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Cautions

Keep safety first in your circuit designs!

1

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to persond injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable materia or (iii) prevention against any malfunction or
mishap.

Notes regarding these materias

1

These materials are intended as areference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectual property rights, or any
other rights, belonging to Renesas Technology Corporation or athird party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, agorithms, or circuit application examples contained in
these materials.

All information contained in these materials, including product data, diagrams, charts, programs and agorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other lossrising from these
inaccuracies or errors.

Please d so pay attention to information published by Renesas Technology Corporation by various means, including the
Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of theinformation contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate al information as atotal system before making afinal decision on the applicability of
theinformation and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other
loss resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in adevice or system that is used
under circumstances in which human lifeis potentialy at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medica, aerospace, nuclear, or undersea
repeater use.

The prior written approva of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under alicense
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Cautions

1

Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information contained in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

Products and product specifications may be subject to change without notice. Confirm that you
have received the latest product standards or specifications before final design, purchase or
use.

Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’ s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristics,
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

This product is not designed to be radiation resistant.

No oneis permitted to reproduce or duplicate, in any form, the whole or part of this document
without written approval from Hitachi.

Contact Hitachi’ s sales office for any questions regarding this document or Hitachi
semiconductor products.




Preface

The H8/3048 Seriesis a series of high-performance microcontrollers that integrate system
supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip supporting functions include ROM, RAM, a 16-bit integrated timer unit (ITU), a
programmabl e timing pattern controller (TPC), awatchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, 1/0 ports, a direct memory access controller
(DMAC), arefresh controller, and other facilities. Of the two SCI channels, one has been
expanded to support the ISO/IEC7816-3 smart card interface. Functions have also been added to
reduce power consumption in battery-powered applications: individual modules can be placed in
standby, and the frequency of the system clock supplied to the chip can be divided down under
software control.

The address space is divided into eight areas. The data bus width and access cycle length can be
selected independently in each area, simplifying the connection of different types of memory.
Seven operating modes (modes 1 to 7) are provided, offering a choice of data bus width and
address space size.

With these features, the H8/3048 Series can be used to implement compact, high-performance
systems easily.

In addition to its mask ROM versions, the H8/3048 Series hasa ZTAT ™™** version with user-
programmable on-chip PROM and an F-ZTAT ™™ version with on-chip flash memory that can be
programmed on-board. These versions enable users to respond quickly and flexibly to changing
application specifications.

The on-chip emulator (E10T) isinstalled on the H8/3048F-ONE in the H8/3048 series
microcomputer. Refer to the H8/3048F-ONE Hardware Manual for details.

This manual describes the H8/3048 Series hardware. For details of the instruction set, refer to the
H8/300H Series Programming Manual.

Notes: *1 ZTAT™ (Zero Turn-Around-Time) isatrademark of Hitachi, Ltd.
*2 F-ZTAT™ (Flexible ZTAT) is atrademark of Hitachi, Ltd.
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List of Items Revised or Added for This Version

Section Page Descriptions
All Description of H8/3048F-ONE deleted.
Comparison of H8/3048 XVii, Description amended.
Sene_s. Pr(_)dUCt xviil Hardware H8/3048 Series H8/3048F-ONE
Specifications Manual (Rev. 6.0) (Rev. 1.0)
ROM Type ZTAT Mask ROM F-ZTAT
Model Type H8/3048 H8/3048 mask ROM version |H8/3048F H8/3048F-ONE
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
Model Spec PROM model |Mask ROM model Dual power supply, |Single power supply,
flash memory is flash memory installed,
installed internal step-down,
high-speed operation
model
Refer to 1.4, Refer to 1.4.3,
Differences between |Differences between
HB8/3048F and H8/3048F and
H8/3048F-ONE. H8/3048F-ONE.
Model Type No. |HD6473048 HD6433048 HD64F3048 HD64F30488
HD6433047
HD6433045
HD6433044

Pin Assignment

Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, H8/3048
Mask ROM Version, H8/3047 Mask ROM Version, H8/3045 Mask
ROM Version, H8/3044 Mask ROM Version, and H8/3048F
(FP-100B or TFP-100B, Top View), in section 1.

5-V operation models
have a Vg, _pin and an
external capacitor must
be connected.

Refer to figure 1.3,
H8/3048F-ONE Pin
[Arrangement (FP-100B
or TFP-100B, Top
View), in section 1.

RAM Capacity |4 kbytes H8/3048: 4 kbytes 4 kbytes 4 kbytes
H8/3045: 2 kbytes
H8/3044: 2 kbytes
Hardware H8/3048 Series H8/3048F-ONE
Manual (Rev. 6.0) (Rev. 1.0)
ROM Type ZTAT Mask ROM F-ZTAT
ROM Capacity ~ [128 kbytes H8/3048: 128 kbytes 128 kbytes 128 kbytes
H8/3047: 96 kbytes
H8/3045: 64 kbytes
H8/3044: 32 kbytes
Flash Memory — — Refer to section 19, |Refer to section 18,
ROM (H8/3048F). Flash Memory
(H8/3048F-ONE Single
Power Supply).
Clock Pulse Refer to section 20, Clock Pulse Generator. Refer to section 19,
Generator Clock Pulse Generator.
Power-Down Refer to section 21, Power-Down State. Refer to section 20,
State Power-Down State.
Clock oscillator settling time: Waiting time of up to 131072 states Clock oscillator settling
time: Waiting time of up
to 262144 states
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 Series Refer to table 21.1,

Characteristics
(Clock Rate)

Products, in section 22.

Electrical
Characteristics of
H8/3048 Series
Products, in section 21.

1to 18 MHz

1to 16 MHz

5 V operation models:
2 to 25 MHz,
3V operation models:
2 to 25 MHz.

List of Registers

Refer to table B.1, Comparison of H8/3048 Series Internal I/O Register Specifications, in

appendix B.

Refer to appendix B.1, Addresses.

Notes on Usage

Refer to section 1.4,
Notes on H8/3048F-
ONE (Single Power
Supply).

On-chip
Emulator (E10T)

On-chip emulator

(E10T)

Rev. 6.0, 09/02, page v of xxxii

RENESAS




Section Page Descriptions
1.1 Overview 2to 6  Feature of CPU, memory, and product lineup: Description of H8/3048F-ONE deleted.
Table 1.1 Features CPU description added
(also usable as sixteen 8-bit registers + eight 16-bit registers or eight 32-bit registers)
1.2 Block Diagram 7 Description of H8/3048F-ONE deleted.
Figure 1.1 Block
Diagram
1.3.1 Pin Arrangement 8 Description of H8/3048F-ONE deleted.
Table 1.2 Comparison Table 1.2
of H8/3048 Series Pin Description of H8/3048F-ONE deleted.
Arrangements )
. . Figure 1.2
Figure 1.2 Connection of
Pin 1 Deleted.
1.3.1 Pin Arrangement 9 Note
Figure 1.2 Pin Description of FWE terminal deleted.
Arrangement of
H8/3048ZTAT, H8/3048
Mask ROM Version,
H8/3047 Mask ROM
Version, H8/3045 Mask
ROM Version, H8/3044
Mask ROM Version, and
H8/3048F (FP-100B or
TFP-100B, Top View)
Figure 1.3(2) — Deleted.
Arrangement (FP-100B
or TFP-100B, Top View)
1.3.2 Pin Assignmentsin 10, 14  Pin No. 1 and 10: Description deleted “Flash memory version with single power supply”
Each Mode Notes: Description of *4 amended, *3 and *4 deleted.
Table 1.3 Pin *4 For the H8/3048 ZTAT version, H8/3048F version, H8/3048 mask ROM version,
Assignments in Each H8/3047 mask ROM version, H8/3045 mask ROM version, and H8/3044 mask
Mode (FP-100B or TFP- ROM version, this pin is used as the RESO terminal.
100B)
1.3.3 Pin Functions 15to 19 Description of H8/3048F-ONE deleted.
Table 1.4 Pin Functions The following types of description deleted.
Internal step-down pin and system control of FWE pin
Notes deleted.
1.4 Notes on H8/3048F- — Deleted.
ONE (Single Power Supply)
1.5 Setting Oscillation — Deleted.
Settling Wait Time
1.6 Caution on Crystal — Deleted.
Resonator Connection
1.4 Differences between 20to 23 Newly added.

H8/3048F and H8/3048F-
ONE
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Section Page Descriptions

2.1.1 Features 25,26 High-speed operation: Description of H8/3048F-ONE deleted.

« Maximum clock frequency: 25MHz description deleted.

« The following description deleted.
— 8/16/32-bit register-register add/subtract: 80 ns @ 25 MHz
— 8- 8-bit register-register multiply: 560 ns @ 25 MHz
— 16 + 8-bit register-register divide: 560 ns @ 25 MHz
— 16 - 16-bit register-register multiply: 880 ns @ 25 MHz
— 32+ 16-bit register-register divide: 880 ns @ 25 MHz

2.7.2 Effective Address 56 Description of normal mode added.
Calculation « Normal mode

Table 2.13 Effective

Address Calculation n abs

23 87y 0
H0000 abs
15 0 23 1615 0
M .

3.2 Mode Control Register 66 Note deleted.
(MDCR)
3.3 System Control 68 Bits 6 to 4
Register (SYSCR) 2. For the H8/3048F-ONE version deleted.
4.2.2 Reset Sequence 84 Description of Flash memory version deleted.

For the flash memory version with single power supply (H8/3048F-ONE), hold the
RES pin low for at least 20 system clock (¢) cycles.

4.3 Interrupts 88 Note deleted.
5.1.1 Features 91 Note deleted.
5.1.3 Pin Configuration 93 Note deleted.
Table 5.1 Interrupt Pins
5.3.1 External Interrupts 105 Notes deleted.
NMI
5.4.1 Interrupt Handling 110 Note deleted.
Process
5.5.4 Usage Notes on 118 Description amended.

External Interrupts The IRQNF flag specification calls for the flag to be cleared by writing O to it after it has

been read while set to 1. However, it is possible for the IRQnF flag to be cleared by
mistake simply by writing O to it, irrespective of whether it has been read while set to 1,
with the result that interrupt exception handling is not executed. This occurs when the
following conditions are fulfilled.

* Setting conditions
1. Multiple external interrupts (IRQa, IRQb) are being used.

2. Different clearing methods are being used: clearing by writing 0 for the IRQaF flag,
and clearing by hardware for the IRQbF flag.

3. A bit manipulation instruction is used on the IRQ status register to clear the IRQaF
flag, or else ISR is read as a byte unit, the IRQaF flag bit is cleared, and the values
read in the other bits are written as a byte unit.
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Section Page Descriptions

5.5.4 Usage Notes on 120 Description amended.

External Interrupts Countermeasure 1: When clears IRQaF flag, do not use the bit manipulation

Countermeasure instruction, read the ISR in bytes. Then write a value in bytes which sets IRQnF flag to
0 and other bits to 1.

6.1.1 Features 123 Description amended.
« Bus arbitration function

— A built-in bus arbiter arbitrates the bus right to the CPU, DMAC, refresh
controller, or an external bus master.

6.3.6 Interconnections with 152 Description amended.
Memory (Example) EPROM
Figure 6.18 Agto A,
Interconnections with — Agto Ao
Memory (Example
y (Bxample) K 11015 10 1/0g
1/07 to 1/0g
— CE
— OE
9.1 Overview 259, Description amended and deleted.
Table 9.1 Port Functions 260 Port 8
Description amended
Port | Description Pins Mode 1 | Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 ‘ Mode 6 | Mode 7
Port 8 |« 5-hit I/O port |P8,/CS, DDR = 0: generic input Generic
« P8, to P8, DDR = 1 (afterreset): CS, output input/
have Schmitt output
inputs P8,/CS,/IRQ;, |IRQ; to IRQ; input, CS; to CS; output, and generic input 1RQ; to
P8/CS,IRQ;, |ppR = o (af B): e input RQ,
P8,/CS,/IRQ, (aver rei). generic npu input and
DDR = 1: CS; to CS; output generic
P8,/RFSH/IRQ,|IRQ, input, RFSH output, and generic input/output input/
output

Port A
Description deleted.
« Schmitt inputs output

Port B
Description amended
PB,/TP,/DREQ,CS,
9.7.2 Register Descriptions 281 Description of pin amended.
Table 9.11 Port 6 Pin P, /WAIT
Functions in Modes 1 to 6
9.11.1 Overview 295 Description amended.
Figure 9.10 Port A Pin Port A: Output deleted
Configuration PA/TP/TIOCA /A, /CS,

PA,/TPTIOCB /A,/CS,
PA,/TP,TIOCA /A, /CS,

Pin function in modes 3, 4, and 6: Output added
A20 (output)
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Section

Descriptions

9.11.3 Pin Functions

Table 9.19 Port A Pin
Functions

PA /TP /TIOCB,/A,,
ITU channel 2 settings amended.

Mode

ITU
channel 2
settings

PA,DDR

1,257

(1) in table
below

(2) in table below

0

1

1

NDER7

[Pin function

TIOCB,

PA;input

0

PA, output

1
TP, output

output

TIOCB, input*

Ay, output

Note: * TIOCB, input when I0B2 = 1 and PWM2 = 0.

PA/TP/TIOCB /A, ICS,
Description amended.

CS, output

PA /TP /TCLKB/TEND,
Pin function amended.

DMAC
channel 1
settings

(1) in table
below

(2) in table
below

PA,DDR

0

1

1

NDER1

0

1

Pin function

TEND, output

PA, input

PA, output

TP, output

TCLKB input*

Note: * TCLKB input when MDF = 1 in TMDR, or when TPSC2 =1, TPSC1 = 0, and
TPSCO = 1 in any of TCR4 to TCRO.

PA /TP JTCLKA/TEND,
Pin function amended.

DMAC
channel 0
settings
PA,DDR
NDERO

(1) in table
below

0

(2) in table
below

1
0

1
1

Pin function

TEND, output

PA, input

PA, output

TP, output

TCLKA input*

Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 =1 and TPSC1=0in
any of TCR4 to TCRO.

10.2.4 Timer Function 332

Control Register (TFCR)

Description amended.

When these bits select complementary PWM mode or reset-synchronized PWM

mode, they take precedence over the setting of the PWM mode bits (PWM4 and
PWM3) in TMDR. Settings of complementary PWM mode or reset-synchronized PWM
mode and settings of timer sync bits SYNC4 and SYNC3 in TSNC are valid
simultaneously, however, when complementary PWM mode is selected, channels 3
and 4 must not be synchronized (do not set bits SYNC3 and SYNC4 both to 1 in
TSNC).

12.1.1 Features 435 Description of H8/3048F-ONE amended.

« Watchdog timer reset signal resets the entire chip internally, and can also be output
externally.

12.1.3 Pin Configuration 436

Table 12.1 WDT Pin

Description of H8/3048F-ONE deleted.

12.2.3 Reset Control/
Status Register (RSTCSR)

440 Description of H8/3048F-ONE deleted.
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Section Page Descriptions

12.3.1 Watchdog Timer 443 Description of H8/3048F-ONE deleted.
Operation

13.2.8 Bit Rate Register 469, Table amended.

(BRR) 470, Description of 20 and 25 MHz deleted.
Table 13.3 Examples of 472,
Bit Rates and BRR 473
Settings in Asynchronous
Mode

Table 13.4 Examples of
Bit Rates and BRR
Settings in Synchronous
Mode

Table 13.5 Maximum Bit
Rates for Various
Frequencies
(Asynchronous Mode)

Table 13.6 Maximum Bit
Rates with External Clock
Input (Asynchronous
Mode)

Table 13.7 Maximum Bit
Rates with External Clock
Input (Synchronous
Mode)

13.3.2 Operation in 482 Description amended.
Asynchronous Mode

PERID FERD

* Receiving Serial Data ORER = 17

(Asynchronous Mode)
Figure 13.7 Sample
Flowchart for
Receiving Serial Data

®

13.3.3 Multiprocessor 489 Description amended.

Communication
Transmitting and FERIOORER =1

Receiving Data

* Receiving
Multiprocessor Serial
Data

Figure 13.12
Sample Flowchart
for Receiving
Multiprocessor
Serial Data (1)
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Section Page

Descriptions

13.3.4 Synchronous 494
Operation

Transmitting and
Receiving Data

« Transmitting Serial
Data (Synchronous
Mode)

Figure 13.16
Sample Flowchart
for Serial
Transmitting

Description of 1 amended.

1. SCl initialization: the transmit data output function of the TxD pin is selected
automatically.

13.5 Usage Notes 503

Restrictions on Usage of
the Serial Clock

Description amended.

When transmitting data using an external clock as the serial clock, an interval of at
least 5 states is necessary between clearing the TDRE bit in SSR and the Start (falling
edge) of the first transmit clock pulse corresponding to each frame (see figure 13.22).
This condition is also needed for continuous transmission. If ti is not fulfilled,
operational error will occur.

14.3.5 Clock 520,

Table 145 BitRates 221
(bits/s) for Different BRR
Settings (when n = 0)

Table 14.6 BRR

Settings for Typical Bit

Rate (bits/s) (when n = 0)

Description of 20 and 25 MHz deleted.

15.1.1 Features 533 « High-speed conversion
Description of 18MHz amended and 25MHz deleted
Conversion time: Minimum 7.45 ps per channel (with 18 MHz system clock)
15.1.4 Register 536 Description of H8/3048F-ONE deleted.
Configuration Initial value of HFFE9: H7E deleted.
Table 15.2 A/D Notes: *4 deleted.
Converter Registers
15.2.3 A/D Control 540 Description of H8/3048F-ONE deleted.
Register (ADCR)
15.6 Usage Notes 550 Description amended.

7. A/D Conversion
Accuracy Definitions: A/D
conversion accuracy in
the H8/3048 Series is
defined as follows:

« Offset error
Deviation from ideal A/D conversion characteristic of analog input voltage required
to raise digital output from minimum voltage value B'0000000000 to B'0000000001
(figure 15.10)

« Full-scale error
Deviation from ideal A/D conversion characteristic of analog input voltage required
to raise digital output from B'1111111110 to B'1111111111 (figure 15.10)

16.1.1 Features 555 Output voltage amended.
¢ Output voltage: 0 V to 255/256 * V.
18.1 Overview 567 Note: Description of H8/3048F-ONE Hardware Manual (Rev. 1.0) added.

Table 18.1 Operating
Mode and ROM

18.4 Notes on Ordering 578
Mask ROM Version Chip

Newly added.

Rev. 6.0, 09/02, page xi of xxxii
RENESAS



Section Page

Descriptions

19.8 Flash Memory 641,
Programming and Erasing 645,
Precautions (Dual-Power 647
Supply)

(1) Program with the

specified voltages and

timing.

(7) If the watchdog timer

generates a reset output

signal when 12 V is not

applied, the rise and fall

of the reset output

waveform will be delayed

by any decoupling

capacitors connected to

the V,, pin.

Figure 19.25 V,,
Power Supply Circuit
Design (Example)
(8) Notes concerning
mounting board
development—handling
of V,, and mode MD2
pins
Figure 19.26 Example
of Mounting Board
Design for the
H8/3048F-ZTAT with
the Dual-Power Supply

Description of H8/3048F-ONE deleted.

Section 20 Flash Memory — —
(H8/3048F-ONE: Single
Power Supply)

Deleted.

20.2.1 Connecting a 653
Crystal Resonator

Figure 20.2 Connection
of Crystal Resonator
(Example)

Description added.
C,=C,=10pF to 20 pF

20.2.1 Connecting a 653
Crystal Resonator

Circuit Configuration

Table 20.1 Damping
Resistance Value

Table 20.2 External
Capacitance Values

Description of 20MHz deleted.
Table 20.1
« H8/3048F-ONE description and damping resistance value of 18 < f < 25 deleted.

« Damping resistance value amended.
4<f<8

* Note amended.
A crystal resonator between 2 MHz and 18 MHz can be used. If the chip is to be
operated at less than 2 MHz, the on-chip frequency divider should be used. (A
crystal resonator of less than 2 MHz cannot be used.)
Table 20.2

Deleted.

20.2.1 Connecting a 654
Crystal Resonator

Crystal Resonator

Table 20.2 Crystal
Resonator Parameters

Description of 20 MHz deleted.
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Descriptions

20.2.2 External Clock Input 655
Circuit Configuration

Description added.

An external clock signal can be input as shown in the examples in figure 20.5. The
external clock is input from the EXTAL pin. If the XTAL pin is left open, the stray
capacitance should not exceed 10 pF.

20.2.2 External Clock Input —
External Clock

Table 21.4(1) Clock
Timing for H8/3048F-
ONE

Table deleted.

20.2.2 External Clock Input 656
External Clock
Table 20.3 Clock Timing

Description of note *2 deleted.

20.5.3 Usage Notes 659

Table 20.5 Comparison
with the Clock Frequency
Ranges in the H8/3048
Series

Descriptions of H8/3048F-ONE and 3.0 to 3.6 V specification deleted.

21.2.1 System Control 664
Register (SYSCR)

Bits 6 to 4—Standby
Timer Select (STS2 to
STS0)

Description amended.
Line 4

If an external clock is used, _

21.2.1 System Control —
Register (SYSCR)

2. For H8/3048F-ONE,
select the setting so that
the waiting time is 100 ps
or more according to the
clock frequency.

Description deleted.

21.4.3 Selection of Waiting 668
Time for Exit from Software
Standby Mode

Crystal Resonator
External Clock

Description of H8/3048F-ONE deleted.

Table 22.3(2) Clock —
Frequency and Waiting
Time for Clock to Settle

Table deleted.

Section 22 Electrical 675,
Characteristics 676
Table 22.1 Electrical
Characteristics of
H8/3048 Series Products

Description of power supply voltage amended.
3V operation model: —0.3 to +4.6
*5 note added.

22.1.3 AC Characteristics 690

Figure 22.3 Output Load
Circuit

Description of 5 V deleted.

22.2.3 AC Characteristics 706

Figure 22.6 Output Load
Circuit

Description of 5 V deleted.
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Section Page Descriptions
22.2.4 A/D Conversion 707 Conversion time amended.
Characteristics Condition A Condition C
Table 22.18 A/D 8 MHz 16 MHz
Converter Characteristics Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time 16.75 — — 8.375 — — Us
Analog input capacitance — — 20 — — 20 pF
Permissible signal-source — — 10%* — — 10™3 kQ
impedance _ _ 5*2 — — 54
Nonlinearity error — — +6.0 — +3.0 LSB
Offset error — — +4.0 — — +2.0 LSB
Full-scale error — — +4.0 — — +2.0 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +4.0 LSB
Notes: *1 The value is for 4.0 < AV <5.5.
*2 The value is for 2.7 < AV < 4.0.
*3 The value is for < 12 MHz.
*4 The value is for ¢>12 MHz.
23.3 Electrical — Deleted.
Characteristics of
H8/3048F-ONE (Single-
Power Supply)
Appendix B Internal /O 753 Description of H8/3048F-ONE deleted.
Register
Table B.1 Comparison
of H8/3048 Series
Internal I/0O Register
Specifications
B.2 Addresses — Deleted.
(For H8/3048F-ONE)
B.2 Function 779 Description of H8/3048F-ONE deleted.
FLMCR
B.2 Function — Deleted.
FLMCR 1
FLMCR (FLMCR2)
B.2 Function 780 Description of H8/3048F-ONE deleted.
EBR1
B.2 Function — Deleted.
EBR
B.2 Function 781 Description of H8/3048F-ONE deleted.
EBR2
B.2 Function — Deleted.
RAMCR (H'47)
B.2 Function 782 Description of H8/3048F-ONE deleted.
RAMCR (H'48)
B.2 Function 811 Description of H8/3048F-ONE deleted.
RSTCSR
B.2 Function 835 Description of H8/3048F-ONE deleted.
ADCR
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Section Page

Descriptions

D.1 Port States in Each 867,

Mode 869
Table D.1 Port States

Description amended.

Pin Name  Mode Reset
[0} — Clock output
RESO *2 — TH2
P1,toP1, 1to4 L
5,6 T
7 T
P2, to P2, lto4 L
56 T
7 T
PA, 3,4,6 L*4
1,2,5,7 T*4

Appendix E  Timing of 873
Transition to and Recovery

from Hardware Standby

Mode

Timing of Transition to
Hardware Standby Mode

Description added.

STBY

RES

"

ty 2 10tey t, 20 ns

Appendix F Product Code 874
Lineup

Table F.1 H8/3048

Series Product Code

Lineup

Description of H8/3048F-ONE deleted.

RENESAS
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Comparison of H8/3048 Series Product Specifications

There are seven members of the H8/3048 Series; the H8/3048F-ZTAT (H8/3048F* ", H8/3048F-
ONE*?), H8/3048ZTAT, H8/3048 mask ROM version, H8/3047 mask ROM version, H8/3045
mask ROM version, and H8/3044 mask ROM version.

The specifications of each model is compared below.

Notes: *1 H8/3048F hasdual power supply with flash memory installed.

*2 HB8/3048F-ONE has single power supply with flash memory and E10T installed.
Refer to the H8/3048F-ONE Hardware Manual (revision 1) for details.

Hardware H8/3048 Series H8/3048F-ONE
Manual (Rev. 6.0) (Rev. 1.0)
ROM Type ZTAT Mask ROM F-ZTAT
Model Type H8/3048 H8/3048 mask ROM version |H8/3048F H8/3048F-ONE
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
Model Spec PROM model |Mask ROM model Dual power supply, |Single power supply,
flash memory is flash memory installed,
installed internal step-down,
high-speed operation
model
Refer to 1.4, Refer to 1.4.3,
Differences between |Differences between
H8/3048F and H8/3048F and
H8/3048F-ONE. H8/3048F-ONE.
Model Type No. |[HD6473048 HD6433048 HD64F3048 HD64F3048B
HD6433047
HD6433045
HD6433044

Pin Assignment |Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, H8/3048 5-V operation models
Mask ROM Version, H8/3047 Mask ROM Version, H8/3045 Mask  |have a V, pin and an
ROM Version, H8/3044 Mask ROM Version, and H8/3048F external capacitor must
(FP-100B or TFP-100B, Top View), in section 1. be connected.

Refer to figure 1.3,
H8/3048F-ONE Pin
Arrangement (FP-100B
or TFP-100B, Top
View), in section 1.

RAM Capacity |4 kbytes H8/3048: 4 kbytes 4 kbytes 4 kbytes
H8/3047: 4 kbytes
H8/3045: 2 kbytes
HB8/3044: 2 kbytes
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Hardware H8/3048 Series H8/3048F-ONE
Manual (Rev. 6.0) (Rev. 1.0)
ROM Type ZTAT Mask ROM F-ZTAT

ROM Capacity |128 kbytes H8/3048: 128 kbytes 128 kbytes 128 kbytes

H8/3047: 96 kbytes
H8/3045: 64 kbytes
H8/3044: 32 kbytes

Flash Memory — — Refer to section 19, |Refer to section 18,
ROM (H8/3048F). Flash Memory
(H8/3048F-ONE Single
Power Supply).
Clock Pulse Refer to section 20, Clock Pulse Generator. Refer to section 19,
Generator Clock Pulse Generator.
Power-Down Refer to section 21, Power-Down State. Refer to section 20,
State Power-Down State.
Clock oscillator settling time: Waiting time of up to 131072 states Clock oscillator settling
time: Waiting time of up
to 262144 states
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 Series Refer to table 21.1,
Characteristics  |Products, in section 22. Electrical

(Clock Rate)

Characteristics of
H8/3048 Series
Products, in section 21.

1to 18 MHz

1to 16 MHz

5 V operation models:
2to 25 MHz,
3 V operation models:
2 to 25 MHz.

List of Registers

Refer to table B.1, Comparison of H8/3048 Series Internal I/O Register Specifications, in

appendix B.

Refer to appendix B.1, Addresses.

Notes on Usage

Refer to section 1.4,
Notes on H8/3048F-
ONE (Single Power
Supply).

On-chip
Emulator (E10T)

On-chip emulator
(E10T)
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Section1l Overview

11 Overview

The H8/3048 Seriesis a series of microcontrollers (MCUSs) that integrate system supporting
functions together with an H8/300H CPU core having an original Hitachi architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITV), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a serial
communication interface (SCI), an A/D converter, a D/A converter, 1/0 ports, a direct memory
access controller (DMAC), arefresh controller, and other facilities.

The four members of the H8/3048 Series are the H8/3048, the H8/3047, H8/3045, and the
H8/3044. The H8/3048 has 128 kbytes of ROM and 4 kbytes of RAM. The H8/3047 has 96 kbytes
of ROM and 4 kbytes of RAM. The H8/3045 has 64 kbytes of ROM and 2 kbytes of RAM. The
H8/3044 has 32 kbytes of ROM and 2 kbytes of RAM.

Seven MCU operating modes offer a choice of data bus width and address space size. The modes
(modes 1 to 7) include one single-chip mode and six expanded modes.

In addition to the mask ROM versions of the H8/3048 Series, the H8/3048 hasa ZTAT ™*!
version with user-programmable on-chip PROM and an F-ZTAT ™*2 version with on-chip flash
memory that can be programmed on-board. These versions enable usersto respond quickly and
flexibly to changing application specifications, growing production volumes, and other conditions.
The F-ZTAT™ version H8/3048F-ONE includes the on-chip emulator E10T.

Table 1.1 summarizes the features of the H8/3048 Series.

Notes: *1 ZTAT (Zero Turn-Around Time) is atrademark of Hitachi, Ltd.
*2 F-ZTAT (Flexible ZTAT) isatrademark of Hitachi, Ltd.
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Tablel.1 Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
¢ General-register machine

O Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers + eight 16-bit registers or eight 32-
bit registers)
« High-speed operation (flash memory version)
H8/3048F
0O Maximum clock rate: 16 MHz
O Add/subtract: 125 ns
O Multiply/divide: 875 ns
« High-speed operation (mask ROM and PROM versions)
0O Maximum clock rate: 18 MHz
O Add/subtract: 111 ns
O Multiply/divide: 778 ns
¢ 16-Mbyte address space
¢ Instruction features
O 8/16/32-bit data transfer, arithmetic, and logic instructions
O Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16
bits)
O Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16
bits)
O Bit accumulator function

O Bit manipulation instructions with register-indirect specification of bit
positions
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Feature Description

Memory « H8/3048, H8/3048F
0O ROM: 128 kbytes
O RAM: 4 kbytes
e H8/3047
O ROM: 96 kbytes
0O RAM: 4 kbytes
* H8/3045
0O ROM: 64 kbytes
O RAM: 2 kbytes
» H8/3044
O ROM: 32 kbytes
0 RAM: 2 kbytes

Interrupt » Seven external interrupt pins: NMI, IRQ, to IRQ,

controller e 30 internal interrupts

* Three selectable interrupt priority levels

Bus controller * Address space can be partitioned into eight areas, with independent bus
specifications in each area

¢ Chip select output available for areas 0 to 7

« 8-bit access or 16-bit access selectable for each area

¢ Two-state or three-state access selectable for each area
¢ Selection of four wait modes

¢ Bus arbitration function

Refresh * DRAM refresh
controller O Directly connectable to 16-bit-wide DRAM
O CAS-before-RAS refresh
O Self-refresh mode selectable
¢ Pseudo-static RAM refresh
O Self-refresh mode selectable
¢ Usable as an interval timer
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Feature Description

DMA controller .
(DMAC)

Short address mode
0 Maximum four channels available
O Selection of /O mode, idle mode, or repeat mode

O Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from
SCI channel 0, or external requests

Full address mode
0 Maximum two channels available
O Selection of normal mode or block transfer mode

O Can be activated by compare match/input capture A interrupts from ITU
channels 0 to 3, external requests, or auto-request

16-bit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pulse outputs or
10 pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 3)

Programmable  «
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using ITU as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Output data can be transferred by DMAC

Watchdog timer
(WDT),
1 channel

Reset signal can be generated by overflow
Reset signal can be output externally
Usable as an interval timer

Rev. 6.0, 09/02, page 4 of 876

RENESAS



Feature

Description

Serial
communication
interface (SCI),
2 channels

3

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added (SCIO only)

A/D converter

Resolution: 10 bits

Eight channels, with selection of single or scan mode
Variable analog conversion voltage range
Sample-and-hold function

A/D conversion can be externally triggered

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

I/O ports e 70 input/output pins
e 8 input-only pins

Operating ¢ Seven MCU operating modes

modes Mode Address Space  Address Pins  Initial Bus Width ~ Max. Bus Width
Mode 1 1 Mbyte A to A, 8 bits 16 bits
Mode 2 1 Mbyte A to A, 16 bits 16 bits
Mode 3 16 Mbytes A, toA, 8 bits 16 bits
Mode 4 16 Mbytes A, to A 16 bits 16 bits
Mode 5 1 Mbyte A oA, 8 bits 16 bits
Mode 6 16 Mbytes A, toA, 8 bits 16 bits
Mode 7 1 Mbyte — — —
+ On-chip ROM is disabled in modes 1 to 4

Power-down ¢ Sleep mode

state

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division
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Feature

Description

Other features

¢ On-chip clock pulse generator

Product lineup

Model (5 V) Model (3V) Package ROM
HD64F3048TF HD64F3048VTF 100-pin TQFP (TFP-100B) Flash memory
HD64F3048F HD64F3048VF 100-pin QFP (FP-100B)

HD6473048TF HD6473048VTF 100-pin TQFP (TFP-100B) PROM
HD6473048F HD6473048VF 100-pin QFP (FP-100B)

HD6433048TF  HD6433048VTF 100-pin TQFP (TFP-100B) Mask ROM
HD6433048F HD6433048VF 100-pin QFP (FP-100B)

HD6433047TF  HD6433047VTF 100-pin TQFP (TFP-100B) Mask ROM
HD6433047F HD6433047VF 100-pin QFP (FP-100B)

HD6433045TF HD6433045VTF 100-pin TQFP (TFP-100B) Mask ROM
HD6433045F HD6433045VF 100-pin QFP (FP-100B)

HD6433044TF HD6433044VTF 100-pin TQFP (TFP-100B) Mask ROM
HD6433044F HD6433044VF 100-pin QFP (FP-100B)
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1.2 Block Diagram

Figure 1.1 shows an internal block diagram.
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Note: * For the mask ROM version, this pin is also used as the RESO (output) terminal. For the flash memory version dual power
supply (Vpp = 12 V) and for the PROM version, this pin is also used as the RESO (output)/Vpp (input) terminal.

Figure1.1 Block Diagram
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13

131

Pin Description

Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8/3048 Series.

The pin arrangement of the H8/3048 Seriesis shown in figure 1.2. Differencesin the H8/3048
Series pin arrangements are shown in table 1.2. Except for the differences shownin table 1.2, the
pin arrangements are the same.

Table1l.2 Comparison of H8/3048 Series Pin Arrangements
Pin H8/3048 H8/3048 H8/3047 H8/3045 H8/3044
Package Mask ROM | Mask ROM | Mask ROM | Mask ROM | H8/3048F
Number ZTAT ) ; ; )
Version Version Version Version
FP-100B 1 Ve Ve Ve Ve Ve Ve
(TFP-100B) 10 V,/RESO | RESO RESO RESO RESO | V,/RESO
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Note: * For the mask ROM version, this pin is also used as the RESO terminal. For the PROM version and
the flash memory version dual power method, this pin is also used as the RESO/Vpp terminal.
For the flash memory version with single power method.

Figure1.2 Pin Arrangement of H8/3048ZTAT, H8/3048 Mask ROM Version, H8/3047
Mask ROM Version, H8/3045 Mask ROM Version, H8/3044 Mask ROM Version, and
H8/3048F (FP-100B or TFP-100B, Top View)
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132 Pin Assignmentsin Each Mode
Table 1.3 lists the pin assignments in each mode.

Table1.3 Pin Assignmentsin Each Mode (FP-100B or TFP-100B)

Pin Name
. PROM Mode
Pin - -
No. Model Mode2 Mode3d Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks
1* ? VCC VCC VCC VCC VCC VCC VCC VCC VCC MaSk
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
2 pB/TP/ B/JTP/ BJTP/ B/JTP/ BJTP/ B/JTP/ BJTP/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
3 pB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/JTP/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
4 pB/TP, PB/TP,/ PB,/TP,/ PB/TP, PB,/TP,/ PB/TP,/ PB,/TP,/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,
5 pB/TP,/ PB/JTP,/ PB/TP, PB/JTP, PB/TP, PB/TP./ PB/JTP,/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
6 rB/TP, PB/TP, PB/TP, PB/TP, PB/TP,/ PBJTP., PB/J/TP,/ NC NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,
7 pB/TP,/ PBJTP. PB/TP. PBJ/TP,. PBJTP,/ PBJTP. PBJ/TP. NC NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
8 rB/TP,/ PBJTP,/ PBJTP,/ PBJ/TP,/ PBJTP, PBJTP, PB/J/TP,/ NC NC
DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ/ DREQ,
CS, CS, CS, CS, CS, CS,
9 PB-/TP+s/ PB-/TP:s/ PB-/TPs/ PB-/TP:s/ PB/TPs/ PB-/TP4s/ PB7/TPs/ NC NC
DREQ, DREQ: DREQ: DREQ: DREQ:/ DREQ: DREQ/
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
10** RESO RESO RESO RESO RESO RESO RESO Voo V.. Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
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Pin Name

Pin PROM Mode
No. Model Mode2 Mode3 Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks
11 Vg Vg Vg Vg Vg Vo Vg Vo Vg
12 P9/TxD, P9/TxD, P9,/TxD, P9/TxD, P9/TxD, P9/TxD, P9/TxD, NC NC
13 P9,/TxD, P9/TxD, P9,/TxD, P9/TxD, P9,/TxD, P9,/TxD, P9/TxD, NC NC
14  P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, NC NC
15 P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, NC NC
16 P9/SCK,/ P9,/SCK,/ P9,/SCK/ P9/SCK, P9,/SCK/ P9,/SCK,/ P9/SCK/ NC NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
17 P9/SCK/ P9,/SCK/ P9,/SCK,/ P9/SCK,/ P9,/SCK/ P9,/SCK, P9/SCK,/ NC NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,
18 P4/D* P4/D}* P4/DF* P4/DF? P4J/DF P4/DF P4, NC NC
19 P4/D*' P4/D** P4/D*' P4/D* P4/D*' P4/D* P4 NC NC
20 P4/D* P4,/D,** P4/D,* P4JD,)* P4/D' P4/DT P4, NC NC
21 P4/D* P4,/D}* P4/D* P4JD* P4/DF' P4/DFT P4, NC NC
22 Vg Ve Vi Ve Vi Ve Vi Ve Vi
23 P4/D* P4,/D}* P4/DF* P4J/D}? P4/DXT P4/DFT P4, NC NC
24 P4/D;' P4,/DS* P4J/DS' P4JDS* P4J/DF' P4/DSFT P4, NC NC
25 P4/DS' P4/DS* P4J/DF' P4JDS* P4/DF'  P4/DFT P4, NC NC
26  P4/D* P4/D}* P4/D* P4JD)* P4/D*' P4/DFT P4, NC NC
27 D, D, D, D, D, D, P3, EQ, 110,
28 D, D, D, D, D, D, P3, EO, 110,
29 D, D, D,, D, D,, D, P3, EO, 1/0,
30 D, D, D, D, D, D, P3, EQ, 110,
31 D, D, D, D, D, D, P3, EO, 1/0,
32 D,, D, D,, D, D,, D, P3, EO, 110,
33 D,, D,, D,, D,, D,, D,, P3, EQ, 110,
34 D, D, D, D, D, D, P3, EO, 1/0,
35 VCC VCC VCC VCC VCC VCC VCC VCC VCC
36 A, A, A, A, P1/A, P1/A, P1, EA, A,
37 A A, A, A, P1,/A, P1/A, P1, EA, A,
38 A, A, A, A, P1,/A, P1,/A, P1, EA, A,
39 A A, A, A, P1/A, P1/A, P1, EA, A,
40 A, A, A, A, P1/A, P1/A, P1, EA, A,
41 A, A, A, A, P1JA, PLJ/A, P1, EA, A,
42 A, A, A, A, P1/A, P1/A, P1, EA, A,
43 A, A, A, A, P1JA, PLJ/A, P1, EA, A,
44 v Y, \Y Y, \Y Y, \Y Y, \Y

1)
»
1)
%]
1)
»
1)
%]

Ss ss Ss ss

1)
»
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Pin Name

Pin PROM Mode
No. Model Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
45 A, A, A, A, P2JA,  P2JA, P2, EA, A,
46 A, A, A, A, P2/A,  P2JA, P2, OE OE
47 A, A, A, A, P2JA, P2JA, P2, EA, A,
48 A, A, A, A, P2JA, P2JA, P2, EA, A,
49 A, A, A, A, P2J/A, P2JA, P2, EA, A,
50 A, A, A, A, P2JA, P2JA, P2, EA, A,
51 A, A, A, A, P2JA, P2JA, P2, EA, A,
52 A, A, A, A, P2,/A, P2JA, P2, CE CE
53 A, A, A, A, P5/A, P5JA, P5; Ve Ve
54 A, A, A, A, P5/A, P5J/A, P5, Ve \
55 A, A, A, A, P5/A, P5JA, P5, NC NC
56 A, A, A, A, P5/A, P5JA, P5, NC NC
57 Vg Ve Vs Ve Vs Ve Vs Ve Vs
58 P8/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, EA, A
WAIT  WAIT WAIT  WAIT WAIT  WAIT
59  P6/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC
BREQ BREQ BREQ BREQ BREQ BREQ
60 P86,/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC
BACK BACK BACK BACK BACK BACK
61 ¢ o} 0 0 0 0 0 NC NC
62 STBY STBY STBY STBY STBY STBY STBY V \
63 RES RES RES RES RES RES RES NC RES
64 NMI NMI NMI NMI NMI NMI NMI EA, A,
65 Vg Ve Vs Ve Vs Ve Vs Ve Vs
66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC EXTAL
67  XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC XTAL
68 VCC VCC VCC VCC VCC VCC VCC VCC VCC
69 AS AS AS AS AS AS P6, NC A,
70 RD RD RD RD RD RD P6, NC NC
71 HWR HWR HWR HWR HWR HWR P6, NC Ve
72 LWR LWR LWR LWR LWR LWR P6, NC NC
73 MD, MD, MD, MD, MD, MD, MD, Ve Vs
74 MD, MD, MD, MD, MD, MD, MD, Vg Vs
75  MD, MD, MD, MD, MD, MD, MD, Ve Vs
76 AVCC AVCC AVCC AVCC AVCC AVCC AVCC VCC VCC
77V, Y \Y Y \Y Y \Y Y \Y

REF REF REF REF REF REF REF
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Pin Name

Pin PROM Mode

No. Model Mode2 Mode3 Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks

78  P7J/AN, P7JAN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC NC

79  P7J/AN, P7/AN, P7/AN, P7/AN, P7JAN, P7/AN, P7/AN, NC NC

80 P7,/AN, PT7/AN, P7/AN, P7,/AN, P7/AN, P7/AN, P7,/AN, NC NC

81 P7/AN, PT7JAN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC NC

82 P7/AN, P7/AN, P7/AN, P7/AN, P7/JAN, P7/AN, P7JAN, NC NC

83 P7J/AN, PT7JAN, P7/AN, P7/AN, P7JAN, P7/AN, P7/AN, NC NC

84 P7/ANJ/ P7JAN/ P7/AN/J P7J/AN/ P7JAN/ P7/ANJ P7JAN/ NC NC
DA, DA, DA, DA, DA, DA, DA,

85 P7,/AN/ PT7/AN,/ P7/AN/ P7,/AN/ PT7JAN,/ P7/AN/ PT7,JAN,/ NC NC
DA, DA, DA, DA, DA, DA, DA,

86 AV AV AV, AV AV, AV AV, Ve Ve

87 P8/ P8,/ P8,/ P8,/ P8,/ P8,/ P8,/IRQ, EA, NC
RFSH/  RFSW/ RAFSH/ RFSH/  RFSH/  RFSH/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

88 ps/CS;/ P8/CS/ P8/CS;/ P8/CS/ P8/CS;/ P8/CS/ P8/IRQ, PGM NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

89 pgJ/CS/ P8/CS,/ P8J/CS/ P8/CS,/ P8J/CS/ P8/CS,/ P8/IRQ, NC Ve
IRQ, RQ, IRQ, IRQ, IRQ, IRQ,

90 pg/CS/ P8/CS/ P8/CS/ P8/CS/ P8/CS/ P8/CS/ P8/IRQ, NC WE
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

91 Pg/CS, P8/CS, P8/CS, Ps/CS, P8/CS, P8/CS, P8, NC NC

92 VSS VSS VSS VSS VSS VSS VSS VSS VSS

93  PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC

TEND/ TEND,/ TEND/ TEND/ TEND/ TEND,/ TEND/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA

94  PAJTP/ PAJTP/ PAJ/TP/ PA/TP/ PA/TP/ PAJ/TP/ PAJ/TP/ NC NC
TEND/ TEND/ TEND/ TEND/ TEND/ TEND/ TEND/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB

95  PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

96 PAJTP/ PAJTP/ PAJTP/ PAJTP]/ PAJTP/ PAJTP/ PAJ/TP/ NC NC
TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

97  PAJTP/ PA/TP/ PAJ/TP/ PAJTPJ/ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA,
CS, CS, CS, CS, CS, A,/CS,

98 PAJTP/ PAJTP/ PAJTP/ PAJTPJ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCB,/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/ TIOCB,
CS Cs CS, CS, CS, A,JCS,

5

5
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Pin Name

Pin PROM Mode
No. Model Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
99 PAJTP./ PAJTP/ PAJTPJ PAJTP/ PAJTP/ PAJTP/ PAJTPJ/ NC NC
TIOCA,/ lOCAZI TIOCA,/ lOCAZI TIOCA,/ TIOC_A2/ TIOCA,
CS, CS, CS, CS, CS, A,ICS,
100 PAJTP,/ PAJTPJ A, A, PAJTP./ A, PAJ/TP./ NC NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: *1 In modes 1, 3, 5, and 6 the P4, to P4, functions of pins P4 /D, to P4./D, are selected
after a reset, but they can be changed by software.

*2 In modes 2 and 4 the D, to D, functions of pins P4,/D, to P4./D, are selected after a
reset, but they can be changed by software.

*3 For the H8/3048 ZTAT version, H8/3048F version, H8/3048 mask ROM version,
H8/3047 mask ROM version, H8/3045 mask ROM version, and H8/3044 mask ROM
version, this pin is also used as the V__ terminal.

*4 For the H8/3048 ZTAT version, H8/3048F version, H8/3048 mask ROM version,
H8/3047 mask ROM version, H8/3045 mask ROM version, and H8/3044 mask ROM
version, this pin is used as the RESO terminal.
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1.3.3 Pin Functions

Table 1.4 summarizes the pin functions.

Table1l.4 Pin Functions

Type Symbol

Pin No.

I/10

Name and Function

Power V

CcC

1, 35,68

Input

Power: For connection to the power supply.
Connect all V__pins to the system power

supply.

Ss

11, 22, 44,
57, 65, 92

Input

Ground: For connection to ground (0 V).
Connect all V pins to the 0-V system
power supply.

Clock XTAL

67

Input

For connection to a crystal resonator.

For examples of crystal resonator and
external clock input, see section 20, Clock
Pulse Generator.

EXTAL

66

Input

For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 20, Clock Pulse
Generator.

¢

61

Output

System clock: Supplies the system clock
to external devices.

Operating mode MD, to MD,
control

0

751073

Input

Mode 2 to mode 0O: For setting the
operating mode, as follows. Inputs at these
pins must not be changed during operation.

MD, MD, MD, Operating Mode

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

PP PPRP OO OO
PP OO P OO
P ORI O OFR| O

Mode 7
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Type Symbol Pin No. 1/0 Name and Function
System control RES 63 Input Reset input: When driven low, this pin
resets the chip
RESO 10 Output Reset output: For the mask ROM version,
outputs a reset signal to external devices
Also used as a power supply for on-board
(RESO/V,,) programming of the flash memory version
with dual power supply.
STBY 62 Input Standby: When driven low, this pin forces a
transition to hardware standby mode
BREQ 59 Input Bus request: Used by an external bus
master to request the bus right
BACK 60 Output Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master
Interrupts NMI 64 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt
IRQ, to 17, 16, Input Interrupt request 5 to 0: Maskable
IRQ, 90 to 87 interrupt request pins
Address bus A to A, 97 to 100, Output Address bus: Outputs address signals
56 to 45,
4310 36
Data bus D, to D, 34 to 23, Input/  Data bus: Bidirectional data bus
21t018 output
Bus control CS,t0CS, 8,97t099, Output Chip select: Select signals for areas 7 to 0
88t091
AS 69 Output Address strobe: Goes low to indicate valid
address output on the address bus
RD 70 Output  Read: Goes low to indicate reading from
the external address space
HWR 71 Output  High write: Goes low to indicate writing to
the external address space; indicates valid
data on the upper data bus (D, to D).
LWR 72 Output Low write: Goes low to indicate writing to
the external address space; indicates valid
data on the lower data bus (D, to D).
WAIT 58 Input Wait: Requests insertion of wait states in

bus cycles during access to the external
address space
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Type

Symbol

Pin No.

I/0

Name and Function

Refresh
controller

0
mm
[92)
T

87

Output

Refresh: Indicates a refresh cycle

|

O
(%]

@

88

Output

Row address strobe RAS: Row address
strobe signal for DRAM connected to area 3

3
O

70

Output

Column address strobe CAS: Column
address strobe signal for DRAM connected
to area 3; used with 2WE DRAM.

Write enable WE: Write enable signal for
DRAM connected to area 3; used with
2CAS DRAM.

T
s )

71

Output

Upper write UW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.

Upper column address strobe UCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.

72

Output

Lower write LW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.

Lower column address strobe LCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.

DMA controller
(DMAC)

9,8

Input

DMA request 1 and 0: DMAC activation
requests

94, 93

Output

Transfer end 1 and 0: These signals
indicate that the DMAC has ended a data
transfer

16-bit integrated
timer unit (ITU)

TCLKD to
TCLKA

96 to 93

Input

Clock input D to A: External clock inputs

TIOCA, to
TIOCA,

4, 2,99,
97, 95

Input/
output

Input capture/output compare A4 to AO:
GRA4 to GRAO output compare or input
capture, or PWM output

TIOCB, to
TIOCB,

5, 3, 100,
98, 96

Input/
output

Input capture/output compare B4 to BO:
GRB4 to GRBO output compare or input
capture

TOCXA,

6

Output

Output compare XA4: PWM output

TOCXB,

7

Output

Output compare XB4: PWM output
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Type Symbol Pin No. I/O Name and Function
Programmable TP, to TP, 9to 2, Output  TPC output 15 to 0: Pulse output
timing pattern 100 to 93
controller (TPC)
Serial TxD,, TxD, 13,12 Output  Transmit data (channels 0 and 1):
communication SCI data output
interface (SCI) RxD,, RxD, 15,14 Input Receive data (channels 0 and 1):
SCI data input
SCK,, SCK, 17,16 Input/ Serial clock (channels 0 and 1):
output  SCI clock input/output
A/D converter AN, to AN, 85to 78 Input Analog 7 to 0: Analog input pins
ADTRG 9 Input A/D trigger: External trigger input for
starting A/D conversion
D/A converter  DA,, DA, 85, 84 Output  Analog output: Analog output from the D/A
converter
A/D and D/A AV . 76 Input Power supply pin for the A/D and D/A
converters converters. Connect to the system power
supply (V..) when not using the A/D and
D/A converters.
AV 86 Input Ground pin for the A/D and D/A converters.
Connect to system ground (V).
Vieer 77 Input Reference voltage input pin for the A/D and
D/A converters. Connect to the system
power supply (V..) when not using the A/D
and D/A converters.
I/O ports P1,toP1l, 43t036 Input/ Port 1: Eight input/output pins.
output  The direction of each pin can be selected in
the port 1 data direction register (P1DDR).
P2,to P2, 52to45 Input/ Port 2: Eight input/output pins.
output  The direction of each pin can be selected in
the port 2 data direction register (P2DDR).
P3,to P3, 34to27 Input/ Port 3: Eight input/output pins.
output  The direction of each pin can be selected in
the port 3 data direction register (P3DDR).
P4,to P4, 26 to 23, Input/ Port 4: Eight input/output pins.
21t018 output  The direction of each pin can be selected in
the port 4 data direction register (P4DDR).
P5,to P5, 561053 Input/ Port 5: Four input/output pins. The direction
output  of each pin can be selected in the port 5

data direction register (P5DDR).
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Type Symbol Pin No. 1/0 Name and Function
I/O ports P6,to P6, 721069, Input/ Port 6: Seven input/output pins. The
60 to 58 output  direction of each pin can be selected in the
port 6 data direction register (P6DDR).
P7,to P7, 85t078 Input Port 7: Eight input pins
P8,to P8, 91to87 Input/ Port 8: Five input/output pins. The direction
output  of each pin can be selected in the port 8
data direction register (P8DDR).
P9, to P9, 17to12 Input/ Port 9: Six input/output pins. The direction
output  of each pin can be selected in the port 9
data direction register (P9DDR).
PA, to PA, 100 to 93 Input/ Port A: Eight input/output pins. The
output  direction of each pin can be selected in the
port A data direction register (PADDR).
PB,toPB, 9to2 Input/ Port B: Eight input/output pins. The
output  direction of each pin can be selected in the

port B data direction register (PBDDR).
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14

Differ ences between H8/3048F and H8/3048F-ONE

Table 1.5 shows the differences between the H8/3048F (dual power supply model) and H8/3048F-
ONE (single power supply model).

Table1.5 Differences between H8/3048F and H8/3048F-ONE

Models with Dual Power Supply: Models with Single Power Supply:
Item H8/3048F H8/3048F-ONE*
Pin Pin 1: V. Pin 1: V (when a model which

specifications

operates at 5 V is used)

Connected to V with 0.1 pF externally
applied. Pin 1 becomes V.. when a
model which operates at 3 V is used.

Pin 10: V_/RESO

Pin 10: FWE

ROM/RAM 128-kbyte flash memory with dual 128-kbyte flash memory with single
power supply, RAM: 4 kbytes power supply, RAM: 4 kbytes
Units of on- Writing in 1-byte units Writing in 128-byte units

board writing

Write/erase
voltage

12 V is externally applied from V,_, pin

Application of 12 V is not required.
V. single power supply

V., pin functions

Multiplexes with RESO

FWE function only (no RESO function)

Boot mode

. RESO =12V FWE =1
settings
MD2 | MD1 | MDO MD2 | MD1 | MDO
Mode 5| 12V 0 1 Mode 5 0 0 1
Mode 6 | 12V Mode 6 0 1
Mode 7 | 12V 1 1 Mode 7 0 1 1
Cancelled by reset Set to mode 1 in mode 5
Set to mode 2 in mode 6
Set to mode 3 in mode 7
Cancelled by reset
settingsfor — BEs5-12v FWE =1
user program
mode MD2 | MD1 | MDO MD2 | MD1 | MDO
Mode 5 Mode 5 1 0 1
Mode 6 1 1 Mode 6 1 1
Mode 7 1 1 1 Mode 7 1 1 1

Cancelled by reset

Cancelled by reset

Prewrite
processing

Necessary before erasing

Not necessary

Erasing blocks

More than one block can be erased at
the same time (verifies in block units
and erases only the unerased blocks)

Erases in one block units. More than
one block cannot be erased at the same
time (the erasing flow is different)
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Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F H8/3048F-ONE*
Write Before writing, sets the block with the No setting
processing address to be written to EBR1/EBR2
FLMCR FLMCR (H'FF40) FLMCR1 (H'FF40)
[ Ver [VepE| — | — [EV [PV ] E | P | [Fwe[swe[esulpsu[ev [pPv] E | P |
FLMCR2 (H'FF41)
Ferl — [ [ -] -[-[-]~]
EBR EBR1 (H'FF42) EBR (H'FF42)
[1B7[1B6 | LB5 [LB4 | LB3 [ LB2 | LB1 | LBO | |EB7 [ EB6 | EB5 | EB4 [ EB3 | EB2 | EB1 | EBO |
EBR2 (H'FF43) Only one block can be selected(setting
for erasing)
| sB7[sB6 | sB5 | SB4 | SB3 | SB2 | SB1 | SBO |
More than one block can be selected
(setting for writing/erasing)
RAMCR RAMCR (H'FF48) RAMCR (H'FF47)
FLer] — | — | — [Ravs|ramzramiramo] [ — [ — [ — | — [RAMS[RAmM2[RAML] — |
Division of Division in 16 blocks Division in 8 blocks

flash memory
block

16 kbytes x 7: LBO to LB6
12 kbytes x 1: LB7
512 kbytes x 8: SBO to SB7

Flash memory

H'00000
LBO (16 kbytes)

LB1 (16 kbytes)
LB2 (16 kbytes)
LB3 (16 kbytes)
LB4 (16 kbytes)
LB5 (16 kbytes)
LB6 (16 kbytes)
LB7 (12 kbytes)
SBO (512 bytes)
SB1 (512 bytes)
SB2 (512 bytes)
SB3 (512 bytes)
SB4 (512 bytes)
SB5 (512 bytes)
SB6 (512 bytes)

SB7 (512 bytes)

H'1FFFF

1 kbyte x 4: EBO to EB3
28 kbytes x 1: EB4
32 kbytes x 3: EB5 to EB7

Flash memory
H'00000

EBO (1 kbyte)
EB1 (1 kbyte)
EB2 (1 kbyte)
EB3 (1 kbyte)
EB4 (28 kbytes)
EB5 (32 kbytes)
EB6 (32 kbytes)
EB7 (32 kbytes)

H'1FFFF
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Iltem

Models with Dual Power Supply:
H8/3048F

Models with Single Power Supply:
H8/3048F-ONE*

Division of RAM
emulation block

On-chip RAM Flash memory

H'EF10

H'F000
HF1FF

H'00000

H'1EFFF
H'1F000
H'1F200
H'1F400
H'1F600
H'1F800
H'1FA00
H'1FC00
H'1FEOO
H'1FFFF

H'FFOF

On-chip RAM Flash memory
H'EF10 H'00000
H'00400
H'FO00 H'00800
H'00C00
H'E3EFE H'01000
H'FFOF
H'1FFFF

Reset during

The RES signal must be kept low during

The RES signal must be kept low during

operation at least 6 system clock (6¢) cycles. at least 20 system clock (20¢) cycles.
(RES pulse width t ., =min. 6.0 t_) (RES pulse width t ., = min. 20 t_)
A/D ADCR ADCR (H'FFE9) ADCR (H'FFE9)
Initial value: H'7F Initial value: H'7E
Only bit 7 can be read or written. Only bit 7 can be read or written.
Other bits are reserved and always read Bit 0 is reserved and must not be set to
as 1; writing to these bits is invalid. 1.
Other bits are reserved and always read
as 1; writing to these bits is invalid.
WDT RSTCSR RSTCSR (H'FFAB) RSTCSR (H'FFAB)

Initial value: H'3F
Only bits 7 and 6 can be read or written.

Other bits are reserved and always read
as 1; writing to these bits is invalid.

Initial value: H'3F
Only bit 7 can be read or written.

Bit 6 is reserved and must not be set to
1.

Other bits are reserved and always read
as 1; writing to these bits is invalid.
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Iltem

Models with Dual Power Supply:
H8/3048F

Models with Single Power Supply:
H8/3048F-ONE*

Clock oscillator

settling time

(SYSCR STS2-

STS0)

Setting of standby timer select
bits 2to 0

Setting of standby timer select
bits 2to 0

STS2 | STS1 | STSO Description STS2 | STS1 | STSO Description
0 0 0 8,192 states 0 0 0 8,192 states
1 16,384 states 1 16,384 states
1 0 32,768 states 1 0 32,768 states
1 65,536 states 1 65,536 states
1 0 0 131,072 states 1 0 0 131,072 states
1 1,024 states 1 262,144 states
1 — | lllegal setting 1 0 1,024 states
1 lllegal setting

Details on flash

Refer to section 19, Flash Memory

Refer to section 18, Flash Memory

memory (H8/3048F, Dual Power Supply). (H8/3048F-ONE, Single Power Supply)
Electrical Clock rate: 1 to 16 MHz Clock rate: 2 to 25 MHz
characteristics

(clock rate)

Refer to section 22, Table 22.1
Electrical Characteristics of H8/3048
Series Products.

Refer to section 21, Table 21.1
Electrical Characteristics of H8/3048
Series Products.

List of registers

Refer to appendix B, Table B.1
Comparison of H8/3048 Series Internal
1/0 Register Specification

Refer to appendix B, Table B.1
Comparison of H8/3048 Series Internal
I/O Register Specification

Refer to appendix B.1, Addresses
(For H8/3048F, H8/3048ZTAT,
H8/3048 mask-ROM, H8/3047 mask-
ROM, H8/3045 mask-ROM, and
H8/3044 mask-ROM Versions)

Refer to appendix B.1, Addresses
(For H8/3048F-ONE)

On-chip
emulator

On-chip emulator (E10T)

Note: * Refer to the “H8/3048F-ONE, H8/3048F-ZTAT™ Hardware Manual” for information about
H8/3048F-ONE.
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Section2 CPU

21 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and isideal for realtime control.

211 Features
The H8/300H CPU has the following features.

» Upward compatibility with H8/300 CPU
Can execute H8/300 Series object programs
» General-register architecture
Sixteen 16-hit general registers (also usable as sixteen 8-hit registers or eight 32-bit registers)
e Sixty-two basic instructions
0 8/16/32-hit data transfer and arithmetic and logic instructions
O Multiply and divide instructions
0 Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @-ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
e 16-Mbyte linear address space
» High-speed operation
O All frequently-used instructions execute in two to four states
0 Maximum clock frequency:

18 MHz (H8/3048ZTAT, H8/3048 mask ROM, H8/3047 mask ROM, H8/3045 mask
ROM, H8/3044 mask ROM)

OO0oOo0oogoOooaog

16 MHz (H8/3048F)
O 8/16/32-hit register-register add/subtract: 111 ns @ 18 MHz/125 ns @ 16 MHz
0 8 x 8-hit register-register multiply: 778 ns @ 18 MHz/875 ns @ 16 MHz
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0 16+ 8-bit register-register divide: 778 ns @ 18 MHz/875 ns @ 16 MHz

0 16 x 16-hit register-register multiply: 1,221 ns @ 18 MHZz/1,375 ns @ 16 MHz

0 32+ 16-bit register-register divide: 1,221 ns @ 18 MHZ/1,375 ns @ 16 MHz
e Two CPU operating modes

0 Normal mode (not available in the H8/3048 Series)

0 Advanced mode
e Low-power mode

Transition to power-down state by SLEEP instruction

212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

* More general registers
Eight 16-bit registers have been added.
* Expanded address space
0 Advanced mode supports a maximum 16-Mbyte address space.
0 Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode is not available in the H8/3048 Series.)
» Enhanced addressing

The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

» Enhanced instructions
0 Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

The H8/3048 Series can be used only in advanced mode. (Information from this point on will

apply to advanced mode unless otherwise stated.)

CPU operating modes

Normal mode

Advanced mode

Maximum 64 kbytes, program
and data areas combined

Maximum 16 Mbytes, program
and data areas combined

Figure2.1 CPU Operating Modes
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2.3 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. The H8/3048 Series has various
operating modes (M CU modes), some providing a 1-Mbyte address space, the others supporting

the full 16 Mbytes.

Figure 2.2 shows the address ranges of the H8/3048 Series. For further details see section 3.6,
Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are

ignored.

H'00000

H'FFFFF

H'000000

H'FFFFFF

a. 1-Mbyte modes b. 16-Mbyte modes

Figure2.2 Memory Map
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2.4 Register Configuration

241 Overview

The H8/300H CPU has the internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H Ra2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

Legend
SP:  Stack pointer

PC: Program counter

CCR: Condition code register

I: Interrupt mask bit

ul: User bit or interrupt mask bit
H: Half-carry flag

u: User bit

N: Negative flag

Z: Zero flag

V: Overflow flag

C: Carry flag

76543210
CCR |1 UIH|UIN|Z]VC]

Figure2.3 CPU Internal Registers

RENESAS
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24.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, it can be accessed as a 32-hbit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

Figure 2.4 illustrates the usage of the general registers. The usage of each register can be selected
independently.

» Address registers
» 32-bit registers » 16-bit registers « 8-bit registers

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7)—

Stack area

/\/

Figure2.5 Stack

243 Control Registers

The control registers are the 24-bit program counter (PC) and the 8-bit condition code register
(CCR).

Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU
will execute. The length of all CPU instructionsis 2 bytes (one word) or amultiple of 2 bytes, so
the least significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

Condition Code Register (CCR): This 8-hit register containsinternal CPU status information,
including the interrupt mask bit (1) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

e Bit 7—Interrupt Mask Bit (I): Masks interrupts other than NMI when set to 1. NMI is
accepted regardless of the | bit setting. The | bit isset to 1 at the start of an exception-handling
sequence.

e Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt
mask hit. For details see section 5, Interrupt Controller.

» Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or
NEG.B instruction is executed, thisflag is set to 1 if thereisacarry or borrow at bit 3, and
cleared to O otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if thereisacarry or borrow at bit 11, and cleared to O otherwise.
When the ADD.L, SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if
thereisacarry or borrow at bit 27, and cleared to O otherwise.
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e Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

« Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
e Bit2—ZeroFlag (Z): Setto 1to indicate zero data, and cleared to O to indicate non-zero data.

« Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at
other times.

* Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
0 Add instructions, to indicate a carry
0 Subtract instructions, to indicate a borrow
O shift and rotate instructions, to store the value shifted out of the end bit
The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. For the | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRisset to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) isnot initialized. The stack pointer must therefore be initialized by an
MOV .L instruction executed immediately after areset.
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2.5 Data Formats
The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1,

2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

251 General Register Data Formats

Figures 2.6 and 2.7 show the data formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH En Don't care 1
7 0

1-bit data RnL : Don't care EE

7 43 0

4-bit BCD data RnH Don't care |

________________ 7 43 0

4-bit BCD data RnL | Don't care

Byte data RnH [:j Don't care :
MSB ts8
________________ 7 0
Byte data RnL Don't care [:]
""""""""MSB LSB

Figure2.6 General Register Data Formats (1)
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General

Data Type Register
Word data RN
Word data En

Longword data ERnN

Legend

ERn: General register
En:  General register E
Rn:  General register R

RnH: General register RH
RnL: General register RL

MSB: Most significant bit
LSB: Least significant bit

Data Format

15 0
MSB LSB
15 0
MSB LSB
31 1615 0
MSB LSB

Figure2.7 General Register Data Formats (2)
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252 Memory Data For mats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the |east
significant bit of the addressis regarded as O, so the access starts at the preceding address. This
also appliesto instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]6|s5]al3|2]1]0
Byte data Address L MSB: :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 LsB
Address 2N MSB: ‘ ‘ ‘ ‘ ‘ ‘
Longword data Address 2N + 1 o
Address 2N + 2 ‘
Address 2N + 3 LsB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size should be word
size or longword size.
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2.6 I nstruction Set

26.1 Instruction Set Overview
The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types
Data transfer MOV, PUSH**, POP**, MOVTPE*?, MOVFPE** 3
Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
DAS, MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS,
EXTU
Logic operations AND, OR, XOR, NOT
Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*®, IMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types
Notes: *1 POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
*2 Not available in the H8/3048 Series.
*3 Bcc is a generic branching instruction.
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2.6.2 Instructions and Addressing M odes
Table 2.2 indicates the instructions available in the H8/300H CPU.

Table2.2 Instructionsand Addressing Modes

Addressing Modes
3
Function Instruction E E g) — o
w w < 8 o ©
eS8 g e |2 | s &g
3 c ] ) z w @ < < e A ®
# 4 ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL | BWL | — — — —
transfer  |pop, puSH _ T T 77T =17 =T7T=T7T=71T_171T=Tw
MOVFPE*, — — — — — — —_ B — — — — —
MOVTPE*
Arithmetic |ADD, CMP BWL | BWL | — — — — — — — — — — _
operations SUB WL | BWL _ _ _ _ _ _ _ _ _ _ _
ADDX, SUBX B B — — — — — — — — — — —
ADDS, SUBS — L — — — — — — — — — — —
INC, DEC — BWL | — — — — — — — — — — —
DAA, DAS — B — — — — — — — — — — —
MULXU, MULXS, — BW — — — — — — — — — — _
DIVXU, DIVXS
NEG —BWL| — | — | — | — | = | = | = | = | — | — | =
EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR BWL | BWL | — — — — — — — — — — —
operations |NOT — |BwWL| — — —_ _ _ — — — — — —
Shift instructions — | BWL| — — — — — — — — — — _
Bit manipulation — B B — — — B — — — — _ _
Branch Bcc, BSR — — — — — — — — — @) @) — —
JMP, JSR — | = O | — | — | = | =] = o — | — o | —
RTS — - = = =] = =] =] = =1=1= )
System | TRAPA — - - - =] = =l =l =] =] =1]=10
control RTE _ _ _ _ _ _ _ _ _ — — — o
SLEEP e e e e e e e e e e e B e
LDC B B w w w w — w w — — — —
STC — B w w w w — w w — — — —
ANDC, ORC, B — — — — — — — — — — —
XORC
NOP e e e e e e e e e e e B e
Block data transfer — — — — — — — — — — — — | BW
Legend
B: Byte
W: Word
L: Longword

Note: * Not availabe in the H8/3048 Series.
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2.6.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR
z Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

ad AND logical

ad OR logical

ad Exclusive OR logical

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-hit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3 Data Transfer Instructions

Instruction Size* Function
MOV B/W/L (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general
register and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in the H8/3048 Series.
MOVTPE B Rs - (EASs)
Cannot be used in the H8/3048 Series.
POP Wi/L @SP+ - Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. Similarly, POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH Wi/L Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. Similarly, PUSH.L ERn is identical to MOV.L
ERn, @-SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table2.4  Arithmetic Operation Instructions

Instruction Size* Function

ADD, SUB B/WI/L Rd + Rs - Rd, Rd + #IMM - Rd

Performs addition or subtraction on data in two general registers, or
on immediate data and data in a general register. (Immediate byte
data cannot be subtracted from data in a general register. Use the
SUBX or ADD instruction.)

ADDX, SUBX B Rd+Rs+C - Rd,Rdx#IMM = C - Rd

Performs addition or subtraction with carry or borrow on data in two
general registers, or on immediate data and data in a general
register.

INC, DEC B/WI/L Rd+1 - Rd,Rd+*2 - Rd

Increments or decrements a general register by 1 or 2. (Byte
operands can be incremented or decremented by 1 only.)

ADDS, SUBS L Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd
Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit
register.

DAA, DAS B Rd decimal adjust - Rd

Decimal-adjusts an addition or subtraction result in a general register
by referring to CCR to produce 4-bit BCD data.

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers:
either 8 bits x 8 hits — 16 bits or 16 bits x 16 bhits - 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Instruction Size* Function

DIVXU B/W Rd +Rs - Rd
Performs unsigned division on data in two general registers: either
16 bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits +~ 16
bits - 16-bit quotient and 16-bit remainder.

DIVXS B/W Rd +Rs - Rd
Performs signed division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits
- 16-bit quotient and 16-bit remainder.

CMP B/W/L Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR according to the
result.

NEG B/W/L 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS WI/L Rd (sign extension) - Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU WI/L Rd (zero extension) - Rd

Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by padding with zeros.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table25 Logic Operation Instructions

Instruction Size* Function

AND B/W/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L Rd ORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd O Rs - Rd, Rd O #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L -Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table2.6  Shift Instructions

Instruction Size* Function
SHAL, B/WI/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/WI/L Rd (rotate) —» Rd
ROTR Rotates general register contents.
ROTXL, B/WI/L Rd (rotate) —» Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table2.7 Bit Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The
bit number is specified by 3-bit immediate data or the lower 3 bits of
a general register.

BTST B = (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory operand and
sets or clears the Z flag accordingly. The bit number is specified by
3-bit immediate data or the lower 3 bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIAND B C [~ (<bit-No.> of <EAd>)] - C

ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Instruction Size* Function

BOR B C O(<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] - C
ORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BXOR B C O (<bit-No.> of <EAd>) - C
Exclusive-ORs the carry flag with a specified bit in a general register
or memory operand and stores the result in the carry flag.

BIXOR B C 0O [~ (<bit-No.> of <EAd>)] - C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory operand to
the carry flag.

BILD B = (<bit-No.> of <EAd>) - C
Transfers the inverse of a specified bit in a general register or
memory operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C - (<hit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register
or memory operand.

BIST B C - = (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.

The bit number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.

B: Byte
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Table2.8 Branching Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cpoz=0
BLS Low or same cuz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONDOV)=0
BLE Less or equal ZONNOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

RENESAS
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Table2.9 System Control Instructions

Instruction Size* Function
TRAPA — Starts trap-instruction exception handling
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition to the power-down state
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register.
The condition code register size is one byte, but in transfer from
memory, data is read by word access.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is
written by word access.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function
EEPMOV.B — if R4L # 0 then
repeat @ER5+ - @ER6+, R4AL—-1 - R4AL
until R4L =0
else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ - @ER6+, R4-1 - R4
until R4=0
else next;

Transfers a data block according to parameters set in general
registers R4L or R4, ERS5, and ER6.

RA4L or R4: Size of block (bytes)
ERS: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the transfer is

completed.
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2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OPfield), aregister field (r field), an effective address extension (EA field), and a condition
field (cc).

Operation Field: Indicates the function of the instruction, the addressing mode, and the operation
to be carried out on the operand. The operation field always includes the first 4 hits of the
instruction. Some instructions have two operation fields.

Register Field: Specifies a general register. Address registers are specified by 3 bits, data
registers by 3 bits or 4 bits. Some instructions have two register fields. Some have no register
field.

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute
address, or adisplacement. A 24-bit address or displacement istreated as 32-bit datain which the
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16, Rn), Rm
EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats
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2.6.5 Notes on Use of Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit in the
byte, then write the byte back. Care is required when these instructions are used to access registers
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the internal 1/0 registers. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

Step Description

1 Read Read data (byte unit) at the specified address

2 Bit manipulation Modify the specified bit in the read data

3 Write Write the modified data (byte unit) to the specified address

In the following example, a BCLR instruction is executed on the data direction register (DDR) of
port 4.

P4, and P4, are set asinput pins, and are inputting low-level and high-level signals, respectively.
P4, to P4, are set as output pins, and are in the low-level output state.
In this example, the BCLR instruction is used to make P4, an input port.

Befor e Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
Input/output Input Input Output  Output Output Output Output  Output
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0

Execution of BCLR Instruction
BCLR #0, @€P4DDR ; Execute BCLR instruction on DDR

After Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4, P4,
Input/output Output  Output Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0
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Explanation of BCLR Instruction

To execute the BCLR instruction, the CPU begins by reading PADDR. Since PADDR isawrite-
only register, it is read as H'FF, even though itstrue value is H'3F.

Next the CPU clears hit 0 of the read data, changing the value to H'FE.
Finally, the CPU writes this value (H'FE) back to DDR to complete the BCLR instruction.

Asaresult, P4 DDR iscleared to 0, making P4, an input pin. In addition, P4,DDR and P4,DDR
are set to 1, making P4, and P4, output pins.

The BCLR instruction can be used to clear flagsin the internal 1/0 registersto 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

2.7 Addressing M odes and Effective Address Calculation

271 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit
number in the operand.

Table2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16, ERn)/@(d:24, ERnN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate H#XX:8HXX:16/#xX:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8
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1 Register Direct—Rn: Theregister field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-hit
registers.

2 Register Indirect—@ERN: Theregister field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERnN) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of amemory operand. A 16-bit displacement is sign-extended when added.

4 Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERnN:

* Register indirect with post-increment—@ERN+
The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand isaccessed, 1, 2, or 4is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn

Thevaluel, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. Theresult is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
register value should be even.

5 Absolute Address—@aa: 8, @aa: 16, or @aa:24: The instruction code contains the absolute
address of a memory operand. The absolute address may be 8 bitslong (@aa:8), 16 bitslong
(@aa:16), or 24 bitslong (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are asign extension. A
24-bit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.
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Table2.12 Absolute Address Access Ranges

Absolute Address  1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 hits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

6 Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction code contains 8-hit (#xx:8), 16-hit
(#xx:16), or 32-bit (#xx:32) immediate data as an operand.

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying abit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.

7 Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismode is used in the Bcc and
BSR ingtructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (-16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand isignored, generating a 24-bit branch address. See figure 2.10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the addressrange is0 to
255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.

Rev. 6.0, 09/02, page 52 of 876
RENESAS



/\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when a branch addressis
specified, if the specified memory addressis odd, the least significant bit isregarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,

Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to

generate a 20-hit effective address.

RENESAS
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Table2.13 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
1 Register direct (Rn) Operand is general
register contents
op |rm|m
2 Register indirect (@ERnN)
31 0 23 0
‘ »  General register contents
op r
3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERN)
31 0
»  General register contents
\ 23

op r disp

Sign extension disp

4. Register indirect with post-increment
or pre-decrement

Register indirect with post-increment

23

@ERN+
31 0
‘ »  General register contents
A
op T
1,2,0r4
Register indirect with pre-decrement
@-ERn
31 0

1 for a byte operand, 2 for a word
operand, 4 for a longword operand

‘ »  General register contents T
A

oo || { e O —»

1,2,0r4 —T

v

23
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Addressing Mode and Effective Address

No. Instruction Format Calculation Effective Address
5 Absolute address
@aa:8
@aa:8 23 87 0
op abs H'FFFF
| f
@aa:l6
23 1615 0
Sign
op abs exten-
sion
@aa:24
op 23 0
abs
6 Immediate Operand is immediate
#xx:8, #xx:16, or #xx:32 data
op IMM
7 Program-counter relative
@(d:8, PC) or @(d:16, PC)
23
PC contents 23 0
—
Sign
exten- disp
sion
op disp T

RENESAS
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address

8 Memory indirect @ @aa:8
¢ Normal mode

op abs

23 87y 0
H'0000 abs
15 0 23 1615
o Memory ,
contents » HO0
¢ Advanced mode
op abs
23 87y 0
H'0000 abs
31 0 23
Memory contents »
Legend:
r, rm, rn: Register field
op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-rel eased state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence
(saving PC and CCR, fetching a vector, etc.) in response to a reset,
interrupt, or other exception

% Bus-released state |

The external bus has been released in response to a bus request
signal from a bus master other than the CPU

% Reset state |

The CPU and all on-chip supporting modules are initialized and halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure2.11 Processing States
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2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all timesin the program execution state.

Table2.14 Exception Handling Typesand Priority

exception-handling sequence

Type of

Priority  Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts immediately
1 when RES changes from low to high
] Interrupt End of instruction When an interrupt is requested,

] execution or end of exception handling starts at the end of
] exception handling* the current instruction or current

[l

(l

Trap instruction ~ When TRAPA instruction  Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or
immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception sources, vector
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interrupt
Controller.
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Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)
Trap instruction

Figure2.12 Classification of Exception Sources

End of bus release

Bus request

End of bus

Program execution state>
release

SLEEP
instruction
with SSBY =0

Sleep mode >

Bus

End of Interrupt SLEEP instruction
exception with SSBY =1
handling

NMI, IRQq, IRQ 4,
or IRQ interrupt

> Software standby mode>

-

CException—handIing State |
A

RES =1

STBY=1, RES =0
C Reset state”* ><

Gardware standby mode*a

Power-down state

Notes: *1 From any state except hardware standby mode, a transition to the reset state occurs
whenever RES goes low.
*2 From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2.13 State Transitions
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284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The reset state is
entered when the RES signal goes low. Reset exception handling starts after that, when RES
changes from low to high. When reset exception handling starts the CPU fetches a start address
from the exception vector table and starts program execution from that address. All interrupts,
including NMI, are disabled during the reset exception-handling sequence and immediately after it
ends.

Interrupt Exception Handling and Trap I nstruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. If the UE hit
iscleared to 0, the CPU sets both the | bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

Figure 2.14 shows the stack after the exception-handling sequence.

\\\‘__//////’”'—"‘\\\ \\\‘__’/////’”'—“\\\

SP-4 SP (ER7) —> CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) — Stack area SP+4 Even

| address

\\\___//////"'—“\\\ \\\-__//////"'—“\\\

Before exception = After exception
handling starts Pushed on stack handling ends

Legend
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling
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2.85 Bus-Released State

In this state the busiis released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the refresh controller, and an
external bus master. While the busis released, the CPU halts except for internal operations.
Interrupt requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The |
bit in the condition code register is set to 1 by areset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three modes: sleep
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY bit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bitisset to 1 in SY SCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The /O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goeslow. Asin software standby mode, the CPU and all clocks halt and the on-chip supporting
modules are reset, but aslong as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 21, Power-Down State.
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2.9 Basic Operational Timing

29.1 Overview

The H8/300H CPU operates according to the system clock (¢). Theinterval from one rise of the
system clock to the next riseisreferred to as a“ state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

29.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states.

‘ Bus cycle ‘
~— T, state —»<—T,state —»

0 I o W W

Internal address bus >< Address ><

Internal read signal \ /
Internal data bus : : \
(read access) :>—< Read data 1>

Internal write signal ‘ ‘\—/7

Internal data bus : \
(write access) > { _Write data >—

Figure2.15 On-Chip Memory Access Cycle
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¢ I W e W

Address bus >< Add‘ress ><

AS, RD, HWR, LWR

High imbedance

D15 to Dg

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the register being accessed. Figure 2.17 shows the on-chip supporting module access
timing. Figure 2.18 indicates the pin states.

! Bus cycle

— o
)

~— T, state —»=— T, state —»<— T, state —

W

Address

Address bus

Internal read signal

Read
access
Internal write signal \ /
Write ! 1
access 1 }
Internal data bus Write data >—

Internal data bus > ( Read data >_

Figure2.17 Access Cyclefor On-Chip Supporting Modules
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Address bus >< Address ><:

AS, RD, HWR,

l_
By

High impedance

Dy5 to Dg

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

The external address spaceis divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection

The H8/3048 Series has seven operating modes (modes 1 to 7) that are selected by the mode pins
(MD, to MD,) asindicated in table 3.1. The input at these pins determines the size of the address
space and the initial bus mode.

Table3.1 Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip  On-Chip
Mode MD, MD, MD, Address Space Mode** ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 hits Disabled Enabled**
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*’
Mode 3 0 1 1 Expanded mode 8 hits Disabled Enabled**
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled**
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled*’
Mode 6 1 1 0 Expanded mode 8 hits Enabled Enabled*’
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

Notes: *1 In modes 1 to 6, an 8-bit or 16-bit data bus can be selected on a per-area basis by
settings made in the area bus width control register (ABWCR). For details see section
6, Bus Controller.

*2 If the RAME bit in SYSCR is cleared to 0, these addresses become external addresses.

For the address space size there are two choices: 1 Mbyte or 16 Mbytes. The external databusis
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for all areas, the
external databusis 8 bitswide. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.

Modes 5 and 6 are externally expanded modes that enable access to external memory and
peripheral devices and also enable access to the on-chip ROM. Mode 5 supports a maximum
address space of 1 Mbyte. Mode 6 supports a maximum address space of 16 Mbytes.
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Mode 7 is a single-chip mode that operates using the on-chip ROM, RAM, and internal 1/0
registers, and makes all 1/O ports available. Mode 7 supports a 1-Mbyte address space.

The H8/3048 Series can be used only in modes 1 to 7. The inputs at the mode pins must select one
of these seven modes. The inputs at the mode pins must not be changed during operation.

312 Register Configuration

The H8/3048 Series has a mode control register (MDCR) that indicates the inputs at the mode pins
(MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Registers

Address* Name Abbreviation R/W Initial Value
H'FFF1 Mode control register MDCR R Undetermined
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.

3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the H8/3048
Series.

Bit 7 6 5 4 3 2 1 0
"~ | — ] — 1 — ] = [wos2|mpst | woso

Initial value 1 1 0 0 0 —* —* —*

Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDy.

Bits 7 and 6—Reserved: Read-only bits, dwaysread as 1.
Bits5to 3—Reserved: Read-only bits, alwaysread as 0.

Bits2to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MD, (the current operating mode). MDS2 to MDSO correspond to MD, to MD,. MDS2 to
MDSO are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when
MDCR isread.

Rev. 6.0, 09/02, page 66 of 876
RENESAS



3.3 System Control Register (SYSCR)

SYSCR isan 8-bit register that controls the operation of the H8/3048 Series.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bitin CCR
as a user bit or an interrupt mask bit

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 21, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1. To clear
this bit, write 0.

Bit 7: SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. When using a crystal oscillator, set these bits so
that the waiting time will be at least 7 ms at the system clock rate. For further information about
waiting time selection, see section 21.4.3, Selection of Waiting Time for Exit from Software
Standby Mode.

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description
0 0

Waiting time = 8,192 states (Initial value)
Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 1,024 states

[EEY
ROl O|Fr| O

1 — lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register as a
user bit or an interrupt mask hit.

Bit 3: UE Description
0 Ul bit in CCR is used as an interrupt mask bit
1 Ul bit in CCR is used as a user bit (Initial value)

Bit 2—NM|I Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2: NMIEG Description
0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Read-only hit, dwaysread as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hit is
initialized by the rising edge of the RES signal. It isnot initialized in software standby mode.

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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34 Operating Mode Descriptions

341 Mode 1

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least
one areais designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto all areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 hits.

343 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit access to
all areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode switches to
16 bits. A, to A,, are valid when 0 iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthismode A, is always used for address output.)

344 Mode 4

Ports 1, 2, and 5 and part of port A function as addresspins A, to A,, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 16 bits, with 16-bit access
to al areas. If al areas are designated for 8-bit accessin ABWCR, the bus mode switchesto

8 bits. A, to A, arevalid when O iswritten in bits 7 to 5 of BRCR. (In this mode A, is always
used for address output.)

345 Mode5

Ports 1, 2, and 5 can function as address pins A , to A, permitting access to a maximum 1-Mbyte
address space, but following areset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bitsin their data direction registers (PLDDR, P2DDR, and PSDDR) must be set
to 1. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at |least one areais
designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.
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346 Mode 6

Ports 1, 2, and 5 and part of port A function as address pins A, to A, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bits in their data direction registers (PADDR, P2DDR,
and PSDDR) must be set to 1. For A, to A, output, clear bits 7 to 5 of BRCR to 0. (In this mode
A, isaways used for address output.)

The initia bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least one areais
designated for 16-bit access in ABWCR, the bus mode switches to 16 hits.

347 Mode 7

This mode operates using the on-chip ROM, RAM, and internal 1/O registers. All I/O ports are
available. Mode 7 supports a 1-Mbyte address space.

35 Pin Functionsin Each Operating Mode

The pin functions of ports 1 to 5 and port A vary depending on the operating mode. Table 3.3
indicates their functions in each operating mode.

Table3.3 Pin Functionsin Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

Portl A t0A, A, t0 A, A t0 A, A 10 A, P1,toP1** P1,toP1** P1,toP1,
Port2 A, toA, A toA, A toA, A t0A, P2, to P2** P2,to P2** P2, to P2,
Port3 D, toD, D, to D, D, to D, D,,to D, D, to D, D, to D, P3, to P3;

Port4 P4 toP4*' D,toD* P4 toP4* D,toD* P4 toP4* P4 toP4* P4, toP4,

Port5 A, toA, A t0A, A t0A, A t0A, P5,to P5** P5,to P5** P5,to P5,

PotA PAtoPA, PAtoPA, PAtoPA*, PAtoPA*, PAtoPA, PAtoPA, PA toPA,
A A A

20 20

Notes: *1 Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P4, to P4, in 8-bit bus mode, and as D, to D, in 16-bit bus mode.
*2 Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
*3 Initial state. A, is always an address output pin. PA, to PA, are switched over to A, to
A, output by writing 0 in bits 7 to 5 of BRCR.
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3.6 Memory Map in Each Operating Mode

Figure 3.1 shows a memory map of the H8/3048. Figure 3.2 shows a memory map of the H8/3047.
Figure 3.3 shows a memory map of the H8/3044. Figure 3.4 shows a memory map of the H8/3045.
The address spaceis divided into eight areas.

The initia bus mode differs between modes 1 and 2, and also between modes 3 and 4.

The address locations of the on-chip RAM and internal 1/O registers differ between the 1-Mbyte
modes (modes 1, 2, 5, and 7) and 16-Mbyte modes (modes 3, 4, and 6). The address range
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa: 16) also
differs.
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
HFEF10

H'FFF00
H'FFFOF
HFFF10

HFFF1B
HFFF1C

HFFFFF

Modes 1 and 2

Vector area

External
address
space

Internal 1/0
registers

******** H'000000
12}
8Hh (L
22|35
5 g 2 a
-E8 |88  HOO0OFF
$‘ © © g
5 8L
£2 |23
0 ad
| =38y H'007FFF
Area 0
””””” H'1FFFFF
(Areal  H200000
Area 2
””””” H'3FFFFF
(Areas H'400000
Area 4
””””” H'SFFFFF
(Area5 1600000
Area 6
””””” H'7FFFFF
Area? H'800000
,,,,,,,,,, H'OFFFFF
H'A00000
%]
2 H'BFFFFF
o |2 H'C00000
) i=}
8 | B
3 |g H'DFFFFF
® |3 H'E00000
s |3
=}
5 |8
2 |5
s |&
E —
Y H'FF8000
”””” H'FFEFOF
H'FFEF10
H'FFFFO00
H'FFFFOF
H'FFFF10
H'FFFF1B
H'FFFF1C
H'FFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

Vector area =8
............. o0 -
(O] >
5813,
------------- 8 |82
ENCENR
S |20
oG |9x=
55|98
- ®
=5
Area 0
Area 1
Area 2
External
address Area 3
space
Area 4
Area 5
Area 6
Area 7
%]
[0}
; 2
- *
On-chip RAM 9 4
_____________ - ]
n e}
o @
[0}
g |5
External « 3
address 2 |3
space S s
? =
g 2
Internal /O = =1
registers =

Figure3.1 HB8/3048 Memory Map in Each Operating M ode
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Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
H'FEF10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
HFFF1C

H'FFFFF

Vector area =2 e
............. o 0 =
L9 =2
= [=}
------------- 1835123
£3 /58
> 89
. c5 |88
On-chip ROM ES |63
08 |a®
=3
Area 0
Area 1
Area 2
‘External address | p onn
____space __| Areas
Area 4
Area 5
Area 6
Area 7
%]
[}

. 9]
On-chip RAM* @ g
............. -0 o

%] =}
o IS
o
e} [
] 5
External ﬂ’ S
address L |2
space ° ®
g |2
Internal /0 = S
registers 2

(16-Mbyte expanded mode with
on-chip ROM enabled)

H'000000

H'0000FF

H'O07FFF

H'O1FFFF
H'020000
H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEFOF
HFFEF10

H'FFFFO0
H'FFFFOF
HFFFFL0

H'FFFF1B
HFFFF1C

H'FFFFFF

Mode 6

Mode 7
(single-chip advanced mode)

”””” H'00000 N
Vector area -2 Vector area -2
............. Cn |2 eeceeeee-2-] | B0 |2
2¢ |2 2¢ |2
------------- 12831228 wooorr|------------{LEZ |8 8
2228 2% |58
. [} o= . o o=
On-chipROM | £2 |38 On-chipROM | E2 |53
Clam Q0 |adam
| =Sy wHoTFFF|___ | =8y
H'1FFFF
Area 0
Area 1
Area 2
External
address
space Area 3
Area 4
"""""""""""" HF8000 ~—~ -~~~}
[}
Area 5 H'FEF10 &
"""""""""""" On-chip RAM 9 3
............. )] =}
H'FFF00 2 |3
______________ Areab ___ HFFFOF 5 |®
® |2
: 3
=}
2 ]
Area 7 2 |z
HFFF1C g |3
Internal 1/0 = =
"""""""""""" registers g
HFFFFF[ vy~ v _
@
. 0
On-chip RAM* | ¢ 4
_____________ 9 B
n T
o &
o Q
g =
External “f 3
address 2 |3
space S s
g |2
Internal 1/0 = =1
registers =

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 H8/3048 Memory Map in Each Operating M ode (cont)
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
H'FEF10

H'FFFO0
H'FFFOF
HFFF10

HFFF1B
HFFF1C

H'FFFFF

Modes 1 and 2

******** H'000000
Vector area - 8
............. cn |2
[} >
5212,
""""""" +£8 /8%  HO000FF
% 15¢
g5 |23
o3 98
L= ®©
R Bt -5 H'007FFF
Area 0
"""""""""""" H'1FFFFF
______________ Areal H'200000
Area 2
‘External address | prnnn H'3FFFFE
__space | A3 H400000
Area 4
"""""""""""" H'SFFFFF
______________ Area5 H'600000
Area 6
"""""""""""" H7FFFFF
Area? H'800000
_______________________ H'OFFFFF
H'A00000
@
g H'BFFFFF
On-chip RAM* g g H'C00000
............. -0 °
1% e}
[} ©
5 |g H'DFFFFF
he] = '
External @ 2 H'E00000
address % 2
space S ©
g |2
Internal /0 = S
registers 2 H'FF8000
”””” H'FFEFOF
H'FFEF10
H'FFFFO0
H'FFFFOF
H'FFFF10
HFFFF1B
HFFFF1C
H'FFFFFF

Note: * External addresses can be accessed by disabling on-chip RAM.

Modes 3 and 4

Vector area

External
address

External
address
space

Internal 1/0
registers

(16-Mbyte expanded modes with
on-chip ROM disabled)

Memory-indirect
branch addresses

8-bit absolute addresses

16-bit absolute addresses

Figure3.2 HB8/3047 Memory Map in Each Operating Mode
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Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

H'00000

H'000FF

H'O7FFF
H'17FFF
H'18000

H'1FFFF
H20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
HFEF10

H'FFF00
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

HFFFFF

Vector area =81,
............. S -
283
T35 (%]
------------- £33 8
>0 %o
_ 55|58
On-chip ROM EE |23
208 o ®
=35
Reserved*!
Area 0
Area 1
Area 2
‘Externaladdress | , o
| __space __|Areas
Area 4
Area 5
Area 6
Area7
[%]
]
-chi *2 n
On-chip RAM 9 4
............. /] =}
%] e}
o IS
S
o Q
° 5
External © 3
address £ |12
space S °
g |2
Internal 1/0 = =
registers g

(16-Mbyte expanded mode with
on-chip ROM enabled)

H'000000

H'0000FF

H'007FFF

HOL7FFF
H018000
HOLFFFF
H020000
H'1FFFFF
H200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

HFF8000
H'FFEFOF
HFFEF10

H'FFFFO0
H'FFFFOF
HFFFF10

H'FFFF18
HFFFF1C

H'FFFFFF

Notes: *1 Do not access the reserved area.
*2 External addresses can be accessed by disabling on-chip RAM.

Mode 6

Mode 7
(single-chip advanced mode)

”””” H'00000 ity S
Vector area =81, Vector area =81
............. o w0 = L —— o 0 =
28 |2 2915
55|82 . 2539
------------- ~E£B |88 HOOFF|-----------1""£3 |2
22|28 2c /58
. o o= . o o=
OnchipROM | E2 |&35 OnchipROM | E£2 | &3
Q8 a4 98 4
R =Sy HOTFFF| | ° =Sy
H'17FFF
Reserved!
Area 0
Area 1
Area 2
External
address
space Area 3
Area 4
"""""""""""" H'F8000 ---------""""""""""3""°
[%]
Area 5 H'FEF10 &
"""""""""""" On-chip RAM 0 3
? |5
HFEFFOO [T g g
______________ Areab _ HFFFOF 5 |
B |3
o
Area 7 g2 |z
HFFF1C S |g
Internal /0 = =
"""""""""""" registers 2
HFFFFF| Yy~ ¥ __
1%
[
. 1%}
On-chip RAM2| ¢ 3
_____________ 9 |5
%] e}
@ @
° [}
° 5
External «© S
address g |2
space S 8
g |2
Internal /0 = 3
registers =

Figure3.2 H8/3047 Memory Map in Each Operating M ode (cont)
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FF70F
H'FF710

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

Modes 1 and 2

Vector area

Reserved™*

On-chip RAM™2

External
address
space

Internal 1/0
registers

Notes: *1 Do not access the reserved area.
*2 External addresses can be accessed by disabling on-chip RAM.

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'SFFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEF10
H'FFF70F
HFFF710

H'FFFFO0
H'FFFFOF
HFFFF10

HFFFF1B
HFFFF1C

HFFFFFF

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

Vector area

External
address

Reserved™!

On-chip RAM™?

External
address
space

Internal I/0O
registers

]
cn &
LB I=2
= o
=] %]
K=} (%]
185|2¢8
58 |S¢a
o5 |6 =
EE|23
8 |a®
=0
Area 0
Area 1
Area 2
Area 3
Area 4
Area 5
Area 6
Area 7
12}
[
17
[ o
9 |3
[%] ©
@ ©
3 2
< =2
[=)
Q %]
5 Q
s |Z
Z |3
© ©
= —
<
[ee)

Figure3.3 HB8/3044 Memory Map in Each Operating M ode
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Mode 5 Mode 6

- yte expanaed mode wit -| yte expanaed mode wit . .
1-Mb ded mode with 16-Mb ded mode with Mode 7
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 ey eh H000000 ———T1 -1 H00000 ——— [ -1
Vector area =8 Vector area =8| Vector area =8|
------------- 3% |5 11 98 |5 Cccttt1 1 98 |5
£¢ |5 2|35 2|5
HOOOFF |------------1 L2328 Hoo0OFF ------ooee e 123188 HOoOFF |---o-oooee e 1235 8¢
1%] 1% %]
" S5|s8 - S5|z8 - 55|58
On-chip ROM Ec |8 On-chip ROM ES |8 On-chip ROM €S| LB
g8 |55 38|55 T3 |S%
H'O7FFF =8y HOOTFFF =Sy HOTFFF =gy
H'08000 H'008000
Reserved™!
*1
Reserved HOLFEFE Area 0
HWIFFFFF| |
H'1FFFF Areal 1200000
H'20000
H3FFFF| | Areal Area 1
e | e B
H'60000 | External address
H7FFFF[___space __| A3 Area 2
H'80000 H'5FFFFF
f Area 4 1 0aYaTa e e B Eiuiunutnntiateie ity R
H'9FFFF _______________________ H'600000 External
Eggg?:('): Area 5 address Area 3
N e Eaaiaieataiat \ space
H'C0000 Area 6 H7FFFFR| _ SPAC® 1
HDFFFF| ___________|°r*ad H'800000
H'E0000 Area 7 Area 4
H'OFFFFF o o
HA00000 |~ TTTTTTTT T H'F8000
H'F8000 [[~7° 77T T TR Area 5 )
. HBFFFFF H'FF710 2
EEE%S Reserved'* " HCOo0000 [ ~TTTTTTTTTTT T T OnchipRAM | o | &
f o« - -0 o
H'FF710 onchipRAM?| o | 8 Area 6 H'FFFO0 ¢ |8
3 |£ HOFFFFF|__ | . H'FFFOF 5 |g
HFFFOO [~777 7777777 ¥g |g  HE00000 B |2
H'FFFOF 5 | 2 |3
HFFF10 External 3 2 Area 3 s
dd L g - 2 |5
address s |3 H'FFF1C =] .
HEFF1B space S s Internal /O = |8
H'EEF1C % 5 HFF8000 |~~~ """ 7T registers 2
Internal 1/0 = = H'EFEF10 R I HFFFFFL vy~ v
’ reglsters » H'FEF70F eserve! g
HFFFFFL v~ vy __ H'FFF710 ) 2 &
On-chip RAM @ 2
_____________ . =}
HFFFFO0 2 |5
H'FFFFOF s |g
HFFFF10 External ? 2
address g |2
HFFFF1B|  Space 2 |
HFFFF1C ] |2
Internal 1/0 = —
registers 2
HFFFFFEL |y ® vy

Notes: *1 Do not access the reserved area.
*2 External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3044 Memory Map in Each Operating M ode (cont)
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'AD000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
HFEF10
HFF70F
HFF710

H'FFF00
H'FFFOF
HFFF10

HFFF1B
HFFF1C

HFFFFF

Modes 1 and 2

Vector area

Reserved'!

On-chip RAM™?

External
address
space

Internal 1/0
registers

Notes: *1 Do not access the reserved area.
*2 External addresses can be accessed by disabling on-chip RAM.

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEF10
H'FFF70F
HFFF710

8-bit absolute addresses

H'FFFF00
H'FFFFOF
HFFFF10

H'FFFF1B
HFFFF1C

H'FFFFFF

Modes 3 and 4

Vector area

External
address

Reserved™

On-chip RAM™

External
address
space

Internal /0
registers

(16-Mbyte expanded modes with
on-chip ROM disabled)

Memory-indirect
branch addresses

8-bit absolute addresses

Figure3.4 HB8/3045 Memory Map in Each Operating M ode
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Mode 5 Mode 6

(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Mo(;ie 7 d d
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 VR H'000000 [ & " H'00000 [ "1 -
Vector area =81 Vector area 81 Vector area 81
""""""" 8|3 1 88 |3 1 88 |3
5= Q0 5= |90 55|20
H'000FF [-=----------1 TEZ |28 HOO000FF |------------1 TEZ |28 HOOOFF [------------1 8|28
Ig|®@ 2 1| ® 2 1@ | ® 2
Sc =0 Sc =0 . Sc =0
on-chpROM | £2 |28 OnchpROM | £8 |23 On-chipROM | 22 | 35
s |S] 28 |3 20 |4
HO7TFFF| | - =Sy HOOTFFF| | ° =Sy HOTFFF| ] ¢ =8y
H'OFFFF H'OOFFFF .
H'10000 H010000 [ oo 1 HOFFFF
R 41 HO1FFFF
eserve H'020000
H'1FFFF Area0 Area 0
H'20000 H'1FFFFF
H3FFFF| .| Areal  oooooo [T
H'40000
e | Areaz Areal
H'60000 | External address Area 3 H3FFFFF | ___ | _________
H7FFFF | ___space __|7'®4~= H'400000
H'80000
Horrrr| | Aread Area 2
H'A0000 HSFFFFF| 1. .
HBFFFF| .| Aread 11600000 | External
:Bg%?:% Area 6 address Area 3
HEOO0O [ T LT H7FFFFF(__ SPA® |
Area 7 H'800000
Area 4 HF8000 -~ --~"-""""""""""""34" "~
S S D HOFFFFF | _____ .1
H'F8000 H'A00000 , 2
HFEF10 1 Area 5 HFFro hip RAM 2
HFF70F |_Reserved » On-chip o |8
H'FF710 & HBFFFFF( ___________1 P S . S
On-chip RAM2| |8 H'C00000 H'FFF00 8 |3
_____________ o |E H'FFFOF s |
H'FFFO0 8 |8 . Area 6 s |2
H'FFFOF 5 |e HDFEFFRL 2 |2
HFFFL0 [ Exorma = % H'E00000 2 |®
@ =
address % _(gu Area 7 H'EFF1C g g
H'EFF1B space ) s Intemal 1/0 = -
' Q Re] reqgisters T
e e - N T s © oy
registers = H'FF8000
HFFFFFL Yy~ v HFFEF10 ™o o
H'FFF70F | _T€serve 9
HFFF710 , v @
On-chip RAM 0 3
_____________ 2 s
%] he]
[o] ©
T |e
External “5 2
address £ |13
HFFFF1B|  SPace 2 |2
HFFFF1C S |2
Internal 1/0 = =
registers Y
HFFFFFF_ [y ® vy

Notes: *1 Do not access the reserved area.
*2 External addresses can be accessed by disabling on-chip RAM.

Figure 3.4 HB8/3045 Memory Map in Each Operating M ode (cont)
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Section 4 Exception Handling

4.1 Overview

41.1 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all timesin the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the
1 RES pin
] Interrupt Interrupt requests are handled when execution of the
[l current instruction or handling of the current exception is
[l completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TRAPA)

412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCRinterrupt mask hit is set to 1.

3. A vector address corresponding to the exception source is generated, and program execution
starts from the addressindicated in that address.

Note: For areset exception, steps 2 and 3 above are carried out.
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4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ to IRQg
Exception
sources * Interrupts
Internal interrupts: 30 interrupts from on-chip
 Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address*

Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B
3 H'000C to H'000F
4 H'0010 to H'0013
5 H'0014 to H'0017
6 H'0018 to H'001B
External interrupt (NMI) 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027
10 H'0028 to H'002B
11 H'002C to H'002F
External interrupt IRQ, 12 H'0030 to H'0033
External interrupt IRQ, 13 H'0034 to H'0037
External interrupt IRQ, 14 H'0038 to H'003B
External interrupt IRQ, 15 H'003C to H'003F
External interrupt IRQ, 16 H'0040 to H'0043
External interrupt IRQ, 17 H'0044 to H'0047
Reserved for system use 18 H'0048 to H'004B
19 H'004C to H'004F
Internal interrupts*? 20 H'0050 to H'0053
to to
60 H'00FO0 to H'O0F3

Notes: *1 Lower 16 bits of the address.

*2 For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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4.2 Reset

421 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
chip entersthe reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

422 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip isreset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock (¢) cycles. See appendix
D.2, Pin States at Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows.

* Theinterna state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 1in CCR.

« The contents of the reset vector address (H'0000 to H'0003) are read, and program execution
starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset sequence in
modes 2 and 4. Figure 4.4 shows the reset sequence in modes 5, 6 and 7.
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Figure4.2 Reset Sequence (Modes 1 and 3)
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Internal

Vector fetch processing Prefetch of first

program instruction

w

Address bus

X X ®

"

@

High !

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4.3 Reset Sequence (Modes 2 and 4)
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Prefetch of
Internal first program
Vector fetch | processing | instruction

RES

Internal
address bus

Internal !
read signal !
i

Internal

write signal !

data bus

Internal | 7) i @ w w © ‘ ‘
(16 bits wide) |

(1), (3) Address of reset vector ((1) = H'000000, (2) = H'000002)
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Figure4.4 Reset Sequence (Modes5, 6, and 7)

423 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, PC and CCR
will not be saved correctly, leading to aprogram crash. To prevent this, al interrupt requests,
including NMI, are disabled immediately after areset. The first instruction of the programis
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV .L #xx:32, SP).
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4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQ,) and
30 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), refresh
controller, 16-hit integrated timer unit (ITU), DMA controller (DMAC), serial communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled by the
interrupt controller. The interrupt controller can assign interrupts other than NMI to two priority
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned in interrupt
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, 10 IRQ; (6)
Interrupts WDT'1 )
Refresh controller *2(1)
ITU (15)
DMAC (4)
SCI (8)
A/D converter (1)

Internal interrupts

Notes: Numbers in parentheses are the number of interrupt sources.
*1 When the watchdog timer is used as an interval timer, it generates an interrupt
request at every counter overflow.
*2 When the refresh controller is used as an interval timer, it generates an interrupt
request at compare match.

Figure4.5 Interrupt Sourcesand Number of Interrupts
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44 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SY SCR), the exception handling sequence setsthe | bitto 1
in CCR. If the UE bitis0, the | and Ul bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, whichiis
specified in the instruction code.

45 Stack Status after Exception Handling

Figure 4.6 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

J\J\

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCe
SP-2 SP+2 PCH
SP-1 SP+3 PCL
SP (ER7) — Stack area SP+4 Even address

J\J\

Before exception handling ——— = After exception handling
Pushed on stack

Legend

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Figure4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3048 Series regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP:ER7) should always be kept even. Use the following instructions to save
registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERnN)

Setting SP to an odd value may lead to a malfunction. Figure 4.7 shows an example of what
happens when the SP value is odd.

SP —*

CCR Sp—> RLL HFFFEFA
SP—> HFFFEFB
i PC | I PC | Hrerere
i | I | HrererD
7777777777777777777777777777777777 HFFFEFF

TRAPA instruction executed
—_———————

MOV. B R1L, @-ER7

_— >

SP set to H'FFFEFF Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure4.7 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features
Theinterrupt controller has the following features:

e Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and |PRB).

e Threelevel masking by the | and Ul bitsin the CPU condition code register (CCR)

* Independent vector addresses
All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

e Seven external interrupt pins
NMI has the highest priority and is always accepted; either therising or falling edge can be
selected. For each of IRQ, to IRQ,, sensing of the falling edge or level sensing can be selected
independently.
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51.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

|ISCR| | IER | | IPRA, IPRB |
NMI >
input
Y L
_ .| IRQ input -
IRQ input section ISR
Interrupt
OVF | Priority request
TME decision logic
Vector
:D - number

ADI :

ADIE

Legend

Interrupt controller

CPU

ul

ISCR: IRQ sense control register
IER: IRQ enable register

ISR: IRQ status register

IPRA: Interrupt priority register A
IPRB: Interrupt priority register B
SYSCR: System control register

CCR
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51.3 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation 110 Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or
falling edge selectable

External interrupt request IRQ, to IRQ, Input Maskable interrupts, falling edge or

5t00 level sensing selectable

514 Register Configuration
Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address** Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER R/W H'00
H'FFF6 IRQ status register ISR R/(W)*? H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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52 Register Descriptions

521 System Control Register (SYSCR)

SYSCR is an 8-hit readable/writable register that controls software standby mode, selectsthe
action of the Ul bit in CCR, selectsthe NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCRiisinitialized to H'OB by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG ‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

Standby timer NMI edge select
select 2to 0 Selects the NMI input edge
Software standby User bit enable

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3: UE Description
0 Ul bit in CCR is used as interrupt mask bit
1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NM|I Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2: NMIEG Description
0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-hit readable/writable registers that control interrupt priority.
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Interrupt Priority Register A (IPRA): IPRA isan 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRA6 ‘ IPRAS ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests

Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel O interrupt requests

Priority level A3
Selects the priority level of WDT and
refresh controller interrupt requests

Priority level A4
Selects the priority level of IRQ, and IRQg
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQj interrupt requests

Priority level A6
Selects the priority level of IRQ; interrupt requests

Priority level A7
Selects the priority level of IRQq interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQ, interrupt requests.

Bit 7: IPRA7 Description
0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG): Selects the priority level of IRQ, interrupt requests.

Bit 6: IPRA6 Description
0 IRQ, interrupt requests have priority level O (low priority) (Initial value)
1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAS): Selects the priority level of IRQ, and IRQ, interrupt requests.

Bit 5: IPRA5 Description
0 IRQ, and IRQ, interrupt requests have priority level 0 (low priority)

(Initial value)
1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ, and IRQ, interrupt requests.

Bit 4: IPRA4 Description
0 IRQ, and IRQ, interrupt requests have priority level O (low priority)

(Initial value)
1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT and refresh controller
interrupt requests.

Bit 3: IPRA3 Description
0 WDT and refresh controller interrupt requests have priority level O (low priority)
(Initial value)
1 WDT and refresh controller interrupt requests have priority level 1 (high
priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of ITU channel O interrupt requests.

Bit 2: IPRA2 Description
0 ITU channel 0 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selectsthe priority level of ITU channel 1 interrupt requests.

Bit 1: IPRA1 Description
0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level AO (IPRAOQ): Selectsthe priority level of ITU channel 2 interrupt requests.

Bit 0: IPRAO Description
0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
channel O interrupt requests

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of ITU channel 4 interrupt requests

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of ITU channel 3 interrupt requests.

Bit 7: IPRB7 Description
0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of ITU channel 4 interrupt requests.

Bit 6: IPRB6 Description
0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5: IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (low priority)
(Initial value)

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (high priority)

Bit 4—Reserved: Thisbit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel O interrupt requests.

Bit 3: IPRB3 Description
0 SCIO interrupt requests have priority level O (low priority) (Initial value)
1 SCI0 interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selectsthe priority level of SCI channel 1 interrupt requests.

Bit 2: IPRB2 Description
0 SCI1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interrupt requests.

Bit 1: IPRB1 Description
0 A/D converter interrupt requests have priority level 0 (low priority) (Initial value)
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: Thisbit can be written and read, but it does not affect interrupt priority.
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523 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ, to IRQ, interrupt
requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(WYy  R/(Wy R/(W)y R/(Wy R/(W)y R/(Wy
Reserved bits IRQ5 to IRQq flags

These bits indicate IRQg to IRQ,
interrupt request status

Note: * Only O can be written, to clear flags.

ISRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: Read-only bits, dwaysread as 0.

Bits5to 0—IRQ, to IRQ, Flags (IRQ5F to IRQOF): These hitsindicate the status of IRQ, to
IRQ, interrupt requests.

Bits 5to O:
IRQ5F to IRQOF  Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQNF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is carried out.
IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]
IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t00
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524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ, to IRQ, interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/IW R/IW R/W R/W RIW R/IW R/IW
Reserved bits IRQ; to IRQ, enable

These bits enable or disable IRQs to IRQq interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable or disable
interrupts.

Bits5to 0—IRQ, to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable IRQ, to
IRQ, interrupts.

Bits 5to O:

IRQ5E to IRQOE  Description

0 IRQ, to IRQ, interrupts are disabled (Initial value)
1 IRQ, to IRQ, interrupts are enabled

Rev. 6.0, 09/02, page 103 of 876
RENESAS



5.25 IRQ Sense Control Register (ISCR)

ISCR is an 8-bit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQ, to IRQ,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQASC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ 5 to IRQy sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7 and 6—Reserved: These bits can be written and read, but they do not select level or
falling-edge sensing.

Bits5to 0—IRQ, to IRQ, Sense Control (IRQ5SC to IRQOSC): These hits select whether
interrupts IRQ, to IRQ, are requested by level sensing of pinsIRQ, to IRQ,, or by falling-edge
sensing.

Bits 5to O: Description

IRQ5SC to IRQOSC

0 Interrupts are requested when IRQ, to IRQ, inputs are low  (Initial value)
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,
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53 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQ,) and 30 internal interrupts.

531 External Interrupts

There are seven external interrupts: NMI, and IRQ, to IRQ,. Of these, NMI, IRQ,, IRQ,, and IRQ,
can be used to exit software standby mode.

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the
| and Ul bitsin CCR. The NMIEG hit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

IRQ, to IRQ, Interrupts: These interrupts are requested by input signals at pins IRQ, to IRQ,.
The IRQ, to IRQ;, interrupts have the following features.

* ISCR settings can select whether an interrupt is requested by the low level of theinput at pins
IRQ, to IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ, to IRQ, interrupts. Interrupt priority levels can be
assigned by four bitsin IPRA (IPRA7 to IPRA4).

» Thestatus of IRQ, to IRQ, interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ.

IRQNSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
. R
IRQn input f
Clear signal

Note: n=5t00

Figure5.2 Block Diagram of InterruptsIRQ,to IRQ,
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQnN
input pin

IRQNF

Note: n=5t00

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ, to IRQ, have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI
input or output.

532 Internal Interrupts
Thirty internal interrupts are requested from the on-chip supporting modules.

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.
e Interrupt priority levels can be assigned in IPRA and IPRB.

e ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is
sent to the interrupt controller, and the | and Ul bits are disregarded.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe default order
shown intable 5.3.
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Table5.3 Interrupt Sources, Vector Addresses, and Priority

Vector
Interrupt Source Origin Number  Vector Address* IPR Priority
NMI External pins 7 H'001C to H'001F — High
IRQ, 12 H'0030 to H'0033 IPRA7 1
IRQ, 13 H'0034 to HO037  IPRA6 E
IRQ, 14 H'0038 to H'003B IPRAS 0
IRQ, 15 H'003C to H'003F 0
IRQ, 16 H'0040 to H'0043 IPRA4 E
IRQ, 17 H'0044 to H'0047 ]
Reserved — 18 H'0048 to H'004B [

19 H'004C to H'004F E
WOVI Watchdog 20 H'0050 to H'0053 IPRA3 []
(interval timer) timer []
cMmI Refresh 21 H'0054 to H'0057 0
(compare match) controller E
Reserved — 22 H'0058 to H'005B W

23 H'005C to H'005F [
IMIAO ITU channel0 24 H'0060 to H'0063 IPRA2 E
(compare match/ 0
input capture AO) 0
IMIBO 25 H'0064 to H'0067 []
(compare match/ []
input capture BO) []
OVI0 (overflow 0) 26 H'0068 to H'006B E
Reserved — 27 H'006C to H'006F 0
IMIAL ITU channel1 28 H'0070 to H'0073 IPRA1 l
(compare match/ ]
input capture Al) ]
IMIB1 29 H'0074 to H'0077 E
(compare match/ B
input capture B1) B
OVI1 (overflow 1) 30 H'0078 to H'007B (]
Reserved — 31 H'007C to H007F N

Low
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Vector

Interrupt Source Origin Number  Vector Address* IPR Priority
IMIA2 ITU channel 2 32 H'0080 to H'0083 IPRAO High
(compare match/
input capture A2) TD
IMIB2 33 H'0084 to H'0087 (]
(compare match/ ]
input capture B2) ]
OVI2 (overflow 2) 34 H'0088 to H'008B E
Reserved — 35 H'008C to H'008F 0
IMIA3 ITU channel 3 36 H'0090 to H'0093 IPRB7 U
(compare match/ 0
input capture A3) [
IMIB3 37 H'0094 to H'0097 E
(compare match/ B
input capture B3) B
OVI3 (overflow 3) 38 H'0098 to H'009B O
Reserved — 39 H'009C to H'009F [
IMIA4 ITU channel 4 40 H'00AO0 to H'00A3 IPRB6 E
(compare match/ 0
input capture A4) 0
IMIB4 41 H'00A4 to H'00A7 []
(compare match/ U]
input capture B4) U]
OVI4 (overflow 4) 42 H'00A8 to H'00AB E
Reserved — 43 H'00AC to H'OOAF W
DENDOA DMAC 44 H'00BO to H'00B3 IPRB5 0
DENDOB 45 H'00B4 to H'00B7 E
DEND1A 46 H'00B8 to H'00BB ]
DEND1B 47 H'00BC to H'00BF E
Reserved — 48 H'00CO to H'00C3 — i
49 H'00C4 to H'00C7 ]
50 H'00C8 to H'00CB N
51 H'00CC to H'00CF H

,_
o
=
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Vector

Interrupt Source Origin Number  Vector Address* IPR Priority
ERIO SClchannel0 52 H'00DO to H'00D3 IPRB3 High
(receive error 0) T
RXI0 53 H'00D4 to H'00D7 ]
(receive data full 0) ]
TXIO (transmit data 54 H'00DS8 to H'00DB B
empty 0) E
TEIO 55 H'00DC to H'00DF 0
(transmit end 0) i
ERI1 SClchannell 56 H'00EO to H'00E3 IPRB2 Ul
(receive error 1) 0
RXI1 57 H'00E4 to H'0O0E7 E
(receive data full 1) B
TXI1 (transmit data 58 H'0O0ES8 to H'00EB O
empty 1) O
TEIL 59 H'00EC to H'00EF i
(transmit end 1) E
ADI (A/D end) A/D 60 H'00FO0 to H'00F3 IPRB1 Low

Note: * Lower 16 bits of the address.
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54 Interrupt Operation

54.1 Interrupt Handling Process

The H8/3048 Series handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the | bit. When UE = 0, interrupts are controlled by the | and
Ul bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
are ignored when the enabl e bits are cleared to 0.

Table5.4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher

priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ, to IRQ, and interrupts from the on-chip supporting modules can all be
masked by the | bit in the CPU’s CCR. Interrupts are masked when the | bit isset to 1, and
unmasked when the | bit is cleared to O. Interrupts with priority level 1 have higher priority. Figure
5.4 isaflowchart showing how interrupts are accepted when UE = 1.
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Interrupt requested?
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]
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Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUp to Interrupt Acceptance when UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the PR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

Theinterrupt controller checksthe | bit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If thel bit isset to 1, only NMI is accepted; other interrupt requests are held
pending.

When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

Next the | bitisset to 1 in CCR, masking all interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.

UE =0: Thel and Ul bitsin the CPU’s CCR and the IPR bits enable three-level masking of IRQ,
to IRQ, interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit is set to 1, and are unmasked
when the | bitiscleared to 0.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both set to 1, and
are unmasked when either the | bit or the Ul bit is cleared to O.

For example, if the interrupt enable bits of all interrupt requests are set to 1, IPRA is set to
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority over other
interrupts), interrupts are masked as follows:

a If 1 =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, >IRQ, ...).

b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.

c. IfI=1and Ul =1, dl interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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a. Allinterrupts are - <1 Ul<o0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl «1,Ul «1

Ul -0 ) )
Exception handling,
orul <1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 is aflowchart showing how interrupts are accepted when UE = 0.

« If aninterrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

« When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the PR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same | PR setting are requested simultaneoudly, the interrupt
controller follows the priority order shown in table 5.3.

e Theinterrupt controller checksthe bit. If the | bit is cleared to 0, the selected interrupt request
is accepted regardless of its PR setting, and regardless of the Ul bit. If the | bitissetto 1 and
the Ul bit iscleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
reguests with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, only
NMI is accepted; al other interrupt requests are held pending.

* When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been compl eted.

« Ininterrupt exception handling, PC and CCR are saved to the stack area. The PC value that is
saved indicates the address of the first instruction that will be executed after the return from the
interrupt service routine.

e Thel and Ul bitsare set to 1 in CCR, masking all interrupts except NMI.

» The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Interrupt Sequence

542

Figure 5.7 shows the interrupt sequence in mode 2 when the program code and stack are in an

external memory area accessed in two states viaa 16-bit bus.

‘SN 11g-9T BIA S81e1S OM] Ul PaSSa9e ealte AIoWwaWl [euldlxa Ul 3oels pue apod welboid yum ‘g apo :910N

T)
(1)

aunnoJ 821A9s 1dnulslul Jo uondnJlsul 1siiq

(z1) ‘(0T) = (£T) ‘Bunnou ad1nI8s 1dnuIdIUl JO SSalppe Buiels
(ssalppe 10199/

JO S1UBU09) aunnol ad1AIas 1dnuaiul Jo ssalppe buiiels (z1) ‘(0T)
ssalppe 10109\ (TT) ‘(6)

%o®lS 0] panes YD pue dd  (8) (9)

en) >« (on >< ® >< (9

L

v —ds ()
Z-ds (S)
(panoaxa jou) ssalppe yoaaid uononasu| (e)
(pa1noaxa jou) apoo uononnsul (v) ‘(2)

(S8u02 Dd Se swes ‘ssaippe uinal
‘pa1ndaxa Jou) ssaippe yalaaid uononisu| (1)

@) X B X 0 X g X

snq
X_@ X ssalppy

feubis
1sanbai

1dnaiayu|

o (O o I o

uononnisul Buissasold
aulIN0J BINIBS [eutaju]
ydnuaul
JO ydiejald

VOETRlOREYN

Buissaosoid
feusaiu|

yolegald | uononasul Jo pus Joy
uononasu| 1em pue uoisioap
[9Aa] 1dnuiaiu|

paidadoe 1dnuiaiu|

Figure5.7 Interrupt Sequence (Mode 2, Two-State Access, Stack in External Memory)
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543

Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table55 Interrupt Response Time
External Memory
On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2%t 2%t 2%t 2%t 2%t
decision
2 Maximum number of 1t023 1to 27 1to 31** 1to023 1 to 25**
states until end of
current instruction
3 Saving PC and CCR 4 8 12** 4 6**
to stack
4 Vector fetch 4 8 12** 4 6**
5 Instruction prefetch*? 4 8 12** 4 6**
6 Internal processing** 4 4 4 4 4
Total 19to 41 31to 57 431073 19to 41 251049
Notes: *1 1 state for internal interrupts.
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*2 Prefetch after the interrupt is accepted and prefetch of the first instruction in the
interrupt service routine.

*3 Internal processing after the interrupt is accepted and internal processing after prefetch.
*4 The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

55.1 Contention between Interrupt and Interrupt-Disabling Instruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs while aBCLR,
MOV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored.
This also appliesto the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bit iscleared to Oin TIER of the ITU.

, TIER write cycle by CPU | IMIA exception handling

[ [
[ ——

Internal | |
address bus >< TIER address >< ><

Internal
write signal

IMIEA

IMIA

IMFA interrupt :
signal

Figure5.8 Contention between Interrupt and Interrupt-Disabling I nstruction

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to O.
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55.2 Instructionsthat Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interrupts during EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing a transfer, no interrupts are accepted until the
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing atransfer, interrupt requests other than NMI are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer cycle boundary. The PC value saved on the stack is the address of the next instruction.
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W execution:

L1: EEPMOV. W
MOV. W R4, R4
BNE L1

554 Usage Noteson External Interrupts

The IRQNF flag specification calls for the flag to be cleared by writing 0 to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing 0 to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. This occurs when the following conditions are fulfilled.

e Setting conditions

1. Multiple external interrupts (IRQa, IRQb) are being used.

2. Different clearing methods are being used: clearing by writing O for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

3. A bit manipulation instruction is used on the IRQ status register to clear the IRQaF flag, or
else ISR isread as a byte unit, the IRQaF flag bit is cleared, and the values read in the other
bits are written as a byte unit.
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* Occurrence conditions

1. When IRQaF = 1, for the IRQaF flag to clear, ISR register read is executed. Thereafter
interrupt processing is carried out and |RQDbF flag clears.

2. IRQaF flag clear and IRQbF flag generation compete (IRQaF flag setting).
(The ISR read needed for IRQaF flag clear was at IRQbF = 0 but in the time taken for ISR
write, IRQbF = 1 was reached.)

In all of the setting conditions 1 to 3 and occurrence conditions 1 and 2 are generated, |RQbF
clearsin error during I SR write for occurrence condition 2 and interrupt processing is not carried
out. However, if IRQbF flag reaches 0 between occurrence conditions 1 and 2, IRQbF flag does
not clear in error.

IRQaF J | )

Read [Write

N

Read |Write IRQb
1 1

Execution

Clear in error

| Occurrence condition 1 | | Occurrence condition 2 |

Figure5.9 IRQnF Flag When Interrupt Processing Is Not Conducted
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In this situation, conduct one of the following countermeasures.

Countermeasure 1: When clears |RQaF flag, do not use the bit manipulation instruction, read the
ISR in bytes. Then write avalue in bytes which sets IRQnF flag to 0 and other bitsto 1.

For example, if a=0

MOV. B @ SR, ROL
MOV. B #HFE, ROL
MOV. B ROL, @ SR

Countermeasure 2: During IRQb interrupt exception processing, carry out |RQbF flag clear
dummy processing.

For example,if b=1

IRQB MOV. B #HFD, ROL
MOV. B ROL, @ SR

555 Notes on Non-Maskable Interrupts (NMI)

NMI is an exception processing that can be executed by the interrupt controller and CPU when the
chip internal circuits are operating normally under a specified electrical characteristics. If an NMI
is executed when the circuits are not operating normally due to some factors such as software or
abnormal interrupt of input to the pins (runaway execution), the operation will not be guaranteed.

Incorrect NMI Operation Factors: Software

1. When an interrupt exception processing is executed in an H8/300H CPU, it is assumed that the
stack pointer (SP(ER7)) has already been set by software, and that the stack pointer (SP(ER7))
points to the stack area set in a system such as RAM. If the program isin arunaway execution,
the stack pointer may be overflowed and updated illegally. Therefore, normal operation will
not be guaranteed.

2. Reguestsfor NMIs can be accepted on the rising or falling edge of a pin. Acceptance of the
rising or falling edge depends on the setting of the bit NMIEG in the system control register
(SYSCR). It is necessary for the customer to set the bit according to the designated system.
When the program isin arunaway execution, this bit may be rewritten illegally. Therefore, the
system may not operate as expected.

3. Thischip has abreak function to implement on-board emulation for specific customers. To use
this break function, execute the BRK instruction (H’5770). Note that the BRK instruction is
usualy undefined. Therefore, if the CPU accidentally executes the instruction, the chip will
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perform exceptional processing and will enter the break mode. In the break mode, interrupts
including the NMI are inhibited and the count of the watch dog timer will be stopped. Then by
executing the RTB (H’56F0) instruction, the break mode will be cancelled, and usual program
execution will resume. When the execution is reset during break mode, the CPU entersthe
reset state and the break mode is cancelled. Once the reset has been cancelled, normal program
execution will resume after the reset exception processing has been executed.

Incorrect NMI Operation Factors: Abnormal InterruptsInput to the Chip Pins

If an abnormal interrupt which was not specified in the electrical characteristicsisinput to apin
during a chip operation, the chip may be destroyed. In this case, the operation of the chip will not
be guaranteed.

When an abnormal interrupt has been input to a pin, the chip may not be destroyed; however, the
internal circuits of the chip may partially or wholly malfunction, and the CPU may enter an
unimagined undefined state when the CPU was designed. If this occurs, it will be impossible to
control the operation of the chip by external pins other than the external reset and standby pins,
and the operation of the NMI will not be guaranteed. In this case, after some specified signals have
been input to the pins, input an external reset so that the chip can enter the normal program
execution state again.
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Section 6 Bus Controller

6.1 Overview

The H8/3048 Series has an on-chip bus controller that divides the address space into eight areas
and can assign different bus specifications to each. This enables different types of memory to be
connected easily.

A bus arbitration function of the bus controller controls the operation of the DMA controller
(DMAC) and refresh controller. The bus controller can aso release the busto an external device.

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 7 to O
0 128-kbyte areasin 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes.
0 Chip select signals (CS, to CS,) can be output for areas 7 to 0.
O Areas can be designated for 8-bit or 16-hit access.
0 Areas can be designated for two-state or three-state access.
» Four wait modes
0 Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
0 Zeroto three wait states can be inserted automatically.
e Busarbitration function

O A built-in bus arbiter arbitrates the bus right to the CPU, DMAC, refresh controller, or an
external bus master.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

§7 to @0
ABWCR
Internal —
address bus A ASTCR
rea —
L decoder | WCER [
Chip select CSCR - Internal signals - - - - -
control signals ! .
- g Bus control ™ Bus mode control signal
circuit ! . .
= Bus size control signal
- *: Access state control signal
] |
' Wait request signal
A o _______
2]
>
o)
]
©
. ©
| Wait-state =
WAIT o controller g
€
WCR
R Internal signals---------- !
f CPU bus request signal e BRCR K
' DMAC bus request signal ]
1 Refresh controller bus request signal ™ .
1 CPU bus acknowledge signal - Bus arbiter
i DMAC bus acknowledge signal |-
i Refresh controller bus acknowledge signal |-«—
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | ]
BACK
Legend — BREQ
ABWCR: Bus width control register

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR: Wait control register

BRCR: Bus release control register

CSCR:  Chip select control register

Figure6.1 Block Diagram of Bus Controller
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6.1.3 Input/Output Pins

Table 6.1 summarizes the bus controller’ s input/output pins.

Table 6.1 Bus Controller Pins

Name Abbreviation 110 Function

Chip select 7to 0 CS, to CS, Output Strobe signals selecting areas 7 to 0

Address strobe AS Output Strobe signal indicating valid address output
on the address bus

Read RD Output Strobe signal indicating reading from the
external address space

High write HWR Output Strobe signal indicating writing to the
external address space, with valid data on
the upper data bus (D,, to D,)

Low write LWR Output Strobe signal indicating writing to the
external address space, with valid data on
the lower data bus (D, to D )

Wait WAIT Input Wait request signal for access to external
three-state-access areas

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating the bus is

released to an external device
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6.1.4 Register Configuration
Table 6.2 summarizes the bus controller’ s registers.

Table6.2 BusController Registers

Initial Value

Modes Modes
Address*  Name Abbreviation R/W 1,3,5,6 2,4,7
H'FFEC Bus width control register ABWCR R/W H'FF H'00
H'FFED Access state control register ASTCR R/W H'FF H'FF
H'FFEE Wait control register WCR R/W H'F3 H'F3
H'FFEF Wait state controller enable WCER R/W H'FF H'FF

register

H'FFF3 Bus release control register BRCR R/W H'FE H'FE
H'FF5F Chip select control register CSCR R/W H'OF H'OF

Note: * Lower 16 bits of the address.

6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

ABWCR is an 8-hit readable/writable register that selects 8-hit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0
‘ ABW7 ‘ ABW6 ‘ ABWS5 ‘ ABWA4 ‘ ABW3 ‘ ABW?2 ‘ ABW1 ‘ ABWO ‘
Initial {Mode 1356 1 1 1 1 1 1 1 1
value | Mode2,47 0 0 0 0 0 0 0 0
Read/Write RIW RW RW RW RW  RW RW  RW

Bits selecting bus width for each area

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D, to D,) is valid, and port 4 is an input/output port. When at least one
bit iscleared to 0 in ABWCR, the chip operatesin 16-bit bus mode with a 16-bit data bus (D,, to
D,). Inmodes1, 3,5, and 6 ABWCR isinitialized to H'FF by areset and in hardware standby
mode. In modes 2, 4, and 7 ABWCR isinitialized to H'00 by areset and in hardware standby
mode. ABWCR is not initialized in software standby mode.
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Bits 7to 0—Areas 7 to 0 Bus Width Control (ABW?7 to ABWO): These bits select 8-bit access
or 16-bit accessto the corresponding address aress.

Bits 7 to O:

ABW?7 to ABWO Description

0 Areas 7 to O are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas

ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and
internal 1/0 registersis fixed and does not depend on ABWCR settings. These settings are
therefore meaningless in single-chip mode (mode 7).

6.2.2 Access State Control Register (ASTCR)

ASTCR isan 8-bit readable/writable register that selects whether each areais accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7to 0—Areas 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is accessed in two or three states.

Bits 7 to O:

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
internal 1/0 registers are accessed in a fixed number of states that does not depend on ASTCR
settings. These settings are therefore meaningless in single-chip mode (mode 7).
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6.2.3 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

Wait mode select 1/0
These bits select the wait mode

WCR isinitialized to H'F3 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1/0): These bits select the wait mode.

Bit 3: WMS1 Bit 2: WMSO Description

0 0 Programmable wait mode (Initial value)
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WCZL/0): These bits select the number of wait states inserted
in access to external three-state-access areas.

Bit 1: WC1 Bit 0: WCO Description
0 0 No wait states inserted by wait-state controller
1 1 state inserted
1 0 2 states inserted
1 3 states inserted (Initial value)
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6.2.4 Wait State Controller Enable Register (WCER)

WCER is an 8-hit readable/writabl e register that enables or disables wait-state control of external
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCES5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘ WCEO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Wait-state controller enable 7 to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEOQ): These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7 to O:

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Initial value)

Since WCER enables or disables wait-state control of externa three-state-access areas, these
settings are meaningless in single-chip mode (mode 7).
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6.2.5 Bus Release Control Register (BRCR)

BRCR is an 8-bit readable/writable register that enables address output on buslines A, to A,, and
enables or disables release of the bus to an external device.

Bit 7 6 5 4 3 2 1 0
‘ A23E ‘ A22E ‘ A21E ‘ — ‘ — ‘ — ‘ — ‘ BRLE ‘
Initial value 1 1 1 1 1 1 1 0
Read/ Mode 1,2,5, 7 — —_ — —_— —_ —_— — R/W
Write | Mode3, 4,6 ~R/W RIW RIW — — — — RIW
Address 23 to 21 enable Reserved bits Bus release enable
These bits enable PAg to Enables or disables
PA 4 to be used for A,3 to release of the bus to
A,;address output an external device

BRCRisinitialized to H'FE by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A, address output pin. Writing
0in this bit enables A,, address output from PA,. In modes other than 3, 4, and 6 this bit cannot be
modified and PA, hasits ordinary input/output functions.

Bit 7: A23E Description
0 PA, is the A, address output pin
1 PA, is the PA /TP /TIOCA, input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PA, to be used asthe A,, address output pin. Writing
0inthisbit enables A, address output from PA.. In modes other than 3, 4, and 6 this bit cannot be
modified and PA, hasits ordinary input/output functions.

Bit 6: A22E Description
0 PA, is the A, address output pin
1 PA, is the PA /TP /TIOCB, input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PA, to be used as the A, address output pin. Writing
0inthisbit enables A,, address output from PA. In modes other than 3, 4, and 6 this bit cannot be
modified and PA, hasits ordinary input/output functions.

Bit 5: A21E Description
0 PA, is the A, address output pin
1 PA, is the PA /TP /TIOCA, input/output pin (Initial value)

Bits4 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an external device.

Bit 0: BRLE Description

0 The bus cannot be released to an external device; BREQ and BACK can be
used as input/output pins (Initial value)

1 The bus can be released to an external device

6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-hit readable/writable register that enables or disables output of chip select signals
(CS,t0 CS)).

If achip select signal (CS, to CS,) output is selected in this register, the corresponding pin
functions as a chip select signal (CS, to CS,) output, this function taking priority over other
functions. CSCR cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0
‘ CS7E ‘ CS6E ‘ CS5E ‘ CS4E ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRisinitialized to H'OF by areset and in hardware standby mode. It is not initialized in
software standby mode.
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Bits 7 to 4—Chip Select 7to 4 Enable (CS7E to CS4E): These hits enable or disable output of
the corresponding chip select signal.

Bit n: CSnE Description
0 Output of chip select signal CS, is disabled (Initial value)
1 Output of chip select signal CS, is enabled

Note: n=7to4

Bits 3 to 0—Reserved: Read-only bits, alwaysread as 1.
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6.3 Operation

6.3.1 Area Division

The external address spaceis divided into areas 0 to 7. Each area has a size of 128 kbytesin the
1-Mbyte modes, or 2 Mbytesin the 16-Mbyte modes. Figure 6.2 shows a general view of the

memory map.
H'00000 H'000000 H'00000 On-chip ROM "1 H'000000 On-chip ROM "1
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF H1FFFF| Area0(128kbytes) | yjppppr| Area0 (2 Mbytes)
H'20000 H'200000 H'20000 H'200000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) Area 1 (2 Mbytes)
H'3FFFF H'3FFFFF H'3FFFF H'3FFFFF
H'40000 H'400000 H'40000 H'400000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes) Area 2 (2 Mbytes)
H'5FFFF H'5FFFFF H'5FFFF H'5FFFFF
H'60000 H'600000 H'60000 H'600000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7TFFFFF H'7FFFF H'7FFFFF
H'80000 H'800000 H'80000 H'800000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) Area 4 (2 Mbytes)
H'OFFFF H'OFFFFF H'OFFFF H'OFFFFF
H'A0000 H'A00000 H'A0000 H'A00000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes) Area 5 (2 Mbytes)
H'BFFFF H'BFFFFF H'BFFFF H'BFFFFF
H'C0000 H'C00000 H'C0000 H'C00000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF H'DFFFF H'DFFFFF
H'EO000|  Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes) H'EO000|  Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes)
On-chip RAM*1 "2 On-chip RAM*1 "2 On-chip RAM*1 "2 On-chip RAM*1 "2
External address space”3 External address space”3 External address space*3 External address space*3
H'FFFFE| Internal I/O registers™? | yrppppp| Internal 1/O registers™® | ppppp| Internal 1/O registers™ | pppppp| Internal 1/O registers™

a. 1-Mbyte modes with
on-chip ROM disabled
(modes 1 and 2)

b. 16-Mbyte modes with
on-chip ROM disabled
(modes 3 and 4)

c. 1-Mbyte mode with
on-chip ROM enabled
(mode 5)

d. 16-Mbyte mode with
on-chip ROM enabled
(mode 6)

Notes: *1 The on-chip ROM, on-chip RAM, and internal I/O registers have a fixed bus width and are accessed in a
fixed number of states.
*2 When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7.
*3 This external address area conforms to the specifications of area 7.

Figure6.2 AccessAreaMap for Modes1to 6
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Chip select signals (CS, to CS,) can be output for areas 7 to 0. The bus specifications for each area
can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6.3.

Table6.3 Bus Specifications

ABWCR ASTCR WCER WCR Bus Specifications
Bus Access
ABWn ASTn WCEn WMS1 WMSO  Width States Wait Mode
0 0 — — — 16 2 Disabled
1 0 — — 16 3 Pin wait mode 0
0 0 16 3 Programmable wait mode
1 16 3 Disabled
1 0 16 3 Pin wait mode 1
1 16 3 Pin auto-wait mode
1 0 — — — 8 2 Disabled
0 — — 8 3 Pin wait mode 0
0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7

6.3.2 Chip Select Signals

For each of areas 7 to 0, the H8/3048 Series can output a chip select signal (CS, to CS,) that goes
low to indicate when the area is selected. Figure 6.3 shows the output timing of aCS, signal (n=0
to 7).

Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, a reset leaves pin CS, in the output state and
pins CS, to CS, in the input state. To output chip select signals CS, to CS,, the corresponding DDR
bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset leaves pins CS, to
CS, in the input state. To output chip select signals CS, to CS,,, the corresponding DDR bits must
be set to 1. For details see section 9, 1/0O Ports.
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Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS, to CS, in the input state. To output chip select signals CS,
to CS,, the corresponding CSCR bits must be set to 1. For details see section 9, /O Ports,

o | L

ﬁudgress >< External address in area n ><

CS,

Figure6.3 CS, Output Timing (n = 7 to 0)

When the on-chip ROM, on-chip RAM, and internal /O registers are accessed, CS, and CS,
remain high. The CS_ signals are decoded from the address signals. They can be used as chip
select signals for SRAM and other devices.
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6.3.3 Data Bus

The H8/3048 Series allows either 8-bit access or 16-bit accessto be designated for each of areas
710 0. An 8-bit-access area uses the upper databus (D, to D,). A 16-bit-access area uses both the
upper data bus (D, to D,) and lower data bus (D, to D).

In read access the RD signal applies without distinction to both the upper and lower data bus. In
write access the HWR signal applies to the upper data bus, and the LWR signal appliesto the
lower data bus.

Table 6.4 indicates how the two parts of the data bus are used under different access conditions.

Table6.4  Access Conditionsand Data Bus Usage

Access Read/W Valid Upper Data Bus Lower Data Bus
Area Size rite Address Strobe (D, to D,) (D,to D)
8-bit-access — Read — RD Valid Invalid
area Write — — HWR Undetermined data
16-bit-access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write Even HWR Valid Undetermined data
Odd LWR Undetermined data  Valid
Word Read — RD Valid Valid
Write  — HWR,  Valid Valid
LWR

Note: Undetermined data means that unpredictable data is output.
Invalid means that the bus is in the input state and the input is ignored.
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6.34 Bus Control Signal Timing

8-Bit, Three-State-Access Areas. Figure 6.4 shows the timing of bus control signals for an 8-bit,
three-state-access area. The upper address bus (D, to D,) is used to access these areas. The LWR
pinisalways high. Wait states can be inserted.

Y

|
- Bus cycle
|

T2

Address bus >< Ex;ternal address in are::;l n ><
CSh —
AS | | | :
o e
s(?caedss Dys to Dg Valid
D, to D, ‘ i i Invalid ‘
R i
Write ! ! ! !
access
Dys 10 Dy Valid
D, to Dy ‘ Undeterminedjdata \
Note:n=7t00

Figure6.4 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6.5 shows the timing of bus control signals for an 8-hit,
two-state-access area. The upper address bus (D, to D,) is used to access these areas. The LWR
pinisalways high. Wait states cannot be inserted.

| |
~——————Buscycle ———
|

T1 ‘ T2 |
0 I I e N
Address bus >< External address in area n ><
CSn :
AS | | | |
RD | | | |
Read : . :
D45 to D,
access 1578 ! ! Valid !
D, to D, - Invalid :
LU R : 1
CWR "High i !
Write ! \ !
access | | |
D;5 to Dg ‘ ! Valid )
D, toD, Undetermined data
Note:n=71t00

Figure6.5 BusControl Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas. Figures 6.6 to 6.8 show the timing of bus control signalsfor a
16-bit, three-state-access area. In these areas, the upper address bus (D, to D,) is used to access
even addresses and the lower address bus (D, to D) is used to access odd addresses. Wait states
can be inserted.

Bus cycle

Y

: LE : Tz : T3

Address bus

m
<
(0]
=
[¢]
x
pat
[9]
=
>
o
QD
o
Q.
=
@
%]
(%]
5
N
=
[0
js¥
>

CSn

Read
D45 to D,
access 15 8

Invalid

Write
access

D;5 to Dg

D, to D, ! Undetermined data 1

Note:n=7to 0

Figure6.6 BusControl Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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Odd external address in area n

Address bus

X

=l kel
L L < = L
T
E >
o
S
©
““““““““““““““““““““““““““““ o T
2 =
g S
M >
(]
e]
c
S
ey
2
T
© o © o
a fa) a a
8 e o o e Q
’S _D 3 ~ = = 3 ~
< [a [a] [a)] T - [a] (a]
? @
R La
o g £3
ra =3

=7t00

Note: n

Figure6.7 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)

(Byte Accessto Odd Address)
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Bus cycle
T2

-~

External address in area n

X

Address bus

=] B
L L = = L L
> >
S =]
© ©
> >
0 o 0 o
S 9 S 9
= [e] [a sy o = [e]
c - —
_S _S _D 9 ~ = 7W 9 ~
() < o o (a] T L [a)] (a]
7 o
To Lo
o] S0
X s =

Note:n=7t0 0

Figure 6.8 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)

(Word Access)
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16-Bit, Two-State-Access Areas. Figures 6.9 to 6.11 show the timing of bus control signalsfor a
16-bit, two-state-access area. In these areas, the upper address bus (D, to D,) is used to access
even addresses and the lower address bus (D, to D) is used to access odd addresses. Wait states
cannot be inserted.

| |
~——Buscycle ————»
|

T : T2

S N S

Address bus ; Even external address in area n ><
CSn |
AS | | | |
RD | ! | |
Read 1 : : :
Dy5 to D, ‘ : :
access 15 8 | | Valid |
D, to D, ‘ ‘ Invalid ‘
AWR : ! !
LWR " High ! i
Write ! ! !
access 1 3 1
Dy to Dg : ' valid }
D, to D, Undetermined data

Note:n=7t0 0

Figure6.9 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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| |
~———Buscycle ————»
| |
| |

T : T2
0 I R O N
Address bus ; Odd external address in area n ><
Sy |
AS | | | |
RD | ! | |
Read 1 : : :
D, to D, : -
access 15 8 | | Invalid |
D, to D, : : Valid ‘
HWR " High ! !
CWR | | J |
Write | ; |
access 1 1
D;5 to Dg ‘ Undetermined data 1
D, to D, : . Valid !

Note:n=7t0 0

Figure6.10 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)

Rev. 6.0, 09/02, page 143 of 876
RENESAS




|
~-———————Buscycle —————»
|

0 ] L]
Address bus >< External address in area n ><
CSh — |
AS

Read
D15 to D,
access 15 8

Valid

D, to D, Valid

i

LWR !
Write |

access

D5 to Dg Valid

D,toDg Valid

Note:n=7to 0

Figure6.11 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)
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6.3.5 Wait M odes

Four wait modes can be selected as shown in table 6.5.

Table6.5 Wait Mode Selection

ASTCR WCER WCR
ASTn Bit WCEn Bit WMS1 Bit WMSO0 Bit WSC Control  Wait Mode
0 — — — Disabled No wait states
1 0 — — Disabled Pin wait mode 0O
0 0 Enabled Programmable wait mode
1 Enabled No wait states
1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mode

Note: n=7t00

Rev. 6.0, 09/02, page 145 of 876
RENESAS



Wait Modein Areas Where Wait-State Controller is Disabled

External three-state access areas in which the wait-state controller isdisabled (ASTn=1, WCEnh =
0) operate in pin wait mode 0. The other wait modes are unavailable. The settings of bits WM S1

and WM S0 are ignored in these areas.

Pin Wait Mode 0: Wait states can only be inserted by WAIT pin control. During accessto an

external three-state-access area, if the WAIT pinislow at thefall of the system clock (¢) inthe T,
state, await state (T,,) isinserted. If the WAIT pin remains low, walit states continue to be inserted
until the WAIT signal goes high. Figure 6.12 shows the timing.

Read
access

Write
access

Inserted by WAIT signal

T3 ‘

I

WAIT pin

Address bus

External address

AS

[k

Read data

W

Data bus

Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.12 Pin Wait Mode 0
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Wait Modesin Areas Where Wait-State Controller is Enabled

External three-state access areas in which the wait-state controller is enabled (ASTn =1, WCEn =
1) can operate in pin wait mode 1, pin auto-wait mode, or programmable wait mode, as selected
by bits WMS1 and WM S0. Bits WM S1 and WM SO apply to all areas, so al areasin which the
walit-state controller is enabled operate in the same wait mode.

Pin Wait Mode 1: In all accessesto external three-state-access areas, the number of wait states
(T,,) selected by bits WC1 and WCO are inserted. If the WAIT pinislow at thefall of the system
clock (@) in the last of these wait states, an additional wait state is inserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode O.

Figure 6.13 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one additional
wait state isinserted by WAIT input.

Inserted by  Inserted by
wait count | WAIT signal

T, ‘ Tw ‘ Tw

WAIT pin \ & /

Address bus X External address X
AS —| ,7
Read RD
eal
access Read data
Data bus
HWR, LWR
Write
access
Data bus Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.13 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pin islow, the number of wait states (T,,) selected by bits
WC1 and WCO are inserted.

In pin auto-wait mode, if the WAIT pin islow at the fall of the system clock (¢) in the T, state, the
number of wait states (T,,) selected by bits WC1 and WCO are inserted. No additional wait states
areinserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal to the WAIT pin.

Figure 6.14 shows the timing when the wait count is 1.

wJHf*/\HHMHH

WAIT

Address bus X External address External address

X
s T
]

1r

RD *‘
Read
access Read data Read data
Data bus
HWR, LWR —\—’—‘
Write
access
Data bus Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.14 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states (T,,) selected by bits WC1 and WCO are
inserted in all accesses to external three-state-access areas. Figure 6.15 shows the timing when the
wait countis1 (WC1 =0, WCO0 =1).

Read
access

Write
access

0 I s N e D
aicressius X rp—

s
]

3
O

UL

Read data

Data bus

:
:
v

Data bus Write data

Figure6.15 Programmable Wait Mode

Rev. 6.0, 09/02, page 149 of 876
RENESAS




Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6.16 shows an example of wait mode settings.

3-state-access area,
Area 0 programmable wait mode | -
(3 states inserted)
3-state-access area,
Area 1l | programmable wait mode |
(3 states inserted)

Area 2 3-state-access area, B
pin wait mode 0

3-state-access area,
pin wait mode 0

Area 3

2-state-access area,

Area 4 no wait states inserted =

2-state-access area,

Area’5 no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

Bt: 7 6 5 4 3 2 1
ASTCR HOF: | 0 | o J o [ o [ 1| 1] 1] 1|

WCER H33: [ 0 | o | 2 | 1 o] o] 1] 1]

Wer HF3: | — | — | — | — ] o] o] 1] 1]

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6.16 Wait Mode Settings (Example)
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6.3.6 I nter connectionswith Memory (Example)

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus
width. In three-state-access areas, wait states can be inserted in avariety of modes, simplifying the
connection of both high-speed and low-speed devices.

Figure 6.18 shows an example of interconnections between the H8/3048 Series and memory.
Figure 6.17 shows a memory map for this example.

A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states via a
16-bit bus.

Two 32-kword x 8-hit SRAM devices (SRAM1 and SRAM?2) are connected to area 1. These
devices are accessed in two states via a 16-bit bus.

One 32-kword x 8-hit SRAM (SRAM3) is connected to area 2. Thisdeviceis accessed via an 8-hit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.

H'000000
EPROM
H'07FFFF Area 0
16-bit, three-state-access area
Not used
H'1FFFFF
H'200000
SRAM 1, 2
H'20FFFF Area 1
H'210000 16-bit, two-state-access area
Not used
H'3FFFFF
H'400000
SRAM 3
H'407FFF Area 2
8-bit, three-state-access area
(one auto-wait state)
Not used
H'5FFFFF
On-chip RAM
H'FFFFFF Internal I/O registers

Figure6.17 Memory Map (Example)
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EPROM

Agto Ay
L Aggto Ag
K /01510 1/0g
H8/3048 Series
|/O7 to I/OO
cSo — ce
Cs, § — — OE
CS,
SRAM1 (even addresses)
A15 to A 1
A14 to AO
K |/O7 to I/OO
WAIT o
CS
RD — OE
HWR | WE
LWR SRAM2 (odd addresses)
A15 to A 1
[ A14 to AO
Azto Ao 110 to 110,
— Ccs
— — OE
— WE
D;stoDg ‘ ‘ ‘
D,toDg > SRAM3
Al4 to AO
R A14 to AO
<] 1/07 to 1/0g
— Ccs
_— — OE
— WE

Figure6.18 Interconnectionswith Memory (Example)

Rev. 6.0, 09/02, page 152 of 876
RENESAS




6.3.7 Bus Arbiter Operation

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There are
four bus masters. the CPU, DMA controller (DMAC), refresh controller, and an external bus
master. When a bus master has the busright it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
then operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master if the bus request signal is active. When two or
more bus masters regquest the bus, the highest-priority bus master receives an acknowledge signal.
The bus master that receives an acknowledge signal can continue to use the bus until the
acknowledge signal is deactivated.

The bus master priority order is:
(High) External bus master > refresh controller > DMAC > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at al times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

CPU: The CPU isthe lowest-priority bus master. If the DMAC, refresh controller, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The busright is transferred at the following times:

e Thebusright istransferred at the boundary of abus cycle. If word data is accessed by two
consecutive byte accesses, however, the busright is not transferred between the two byte
accesses.

« If another bus master requests the bus while the CPU is performing internal operations, such as
executing amultiply or divide instruction, the busright is transferred immediately. The CPU
continues its internal operations.

« If another bus master requests the bus while the CPU isin deep mode, the busright is
transferred immediately.
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests
the bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. The busright is transferred at the following times.

The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC
transfer cycle consists of aread cycle and awrite cycle. The busright is not transferred between
the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 8.4.9, DMAC
Multiple-Channel Operation.

Refresh Controller: When arefresh cycle is requested, the refresh controller requests the bus
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the
bus. For details see section 7, Refresh Controller.

External Bus Master: When the BRLE bit isset to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps
the busright until the BREQ signal goes high. While the bus is released to an external bus master,
the H8/3048 Series holds the address bus and data bus control signals (AS, RD, HWR, and LWR)
in the high-impedance state, holds the chip select signals high (CS,: n = 7 to 0), and holds the
BACK pinin the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (¢). If BREQ islow, the bus
isreleased to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pinis high in two consecutive samples, the BACK signal is driven high to end
the bus-release cycle.
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Figure 6.19 shows the timing when the busright is requested by an external bus master during a
read cycle in atwo-state-access area. Thereisaminimum interval of two states from when the
BREQ signal goes low until the busis released.

Address
bus

Data bus

n=7t00

CPU cycles ‘ External bus released ‘ CPU cycles
T, T, |
High-impedance [
>< Address ‘/ i ‘
: : High level !
\ / : |\
High-impedance
: : High-impedance :,—
High | " ’ p i
1 High-impedance 1/7

\

—\

Minimum 2 cycles

|
e T EE— ]

2 J S )

1 2

Low BREQ signal is sampled at rise of T, state.
BACK signal goes low at end of CPU read cycle, releasing bus right to external bus master.

, 5 HighBREQ signal is sampled twice consecutively.
BREQ signal goes high, ending bus-release cycle.

1

2 [—

3 BREQ pin continues to be sampled while bus is released to external bus master.
4

6

Figure6.19 External-Bus-Released State (Two-State-Access Area, During Read Cycle)
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6.4 Usage Notes

6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is
connected to area 3. For details see section 7, Refresh Controller.

6.4.2 Register Write Timing

ABWCR, ASTCR, and WCER Write Timing: Datawritten to ABWCR, ASTCR, or WCER
takes effect starting from the next bus cycle. Figure 6.20 shows the timing when an instruction
fetched from area 0 changes area 0 from three-state access to two-state access.

Qltjjgress :>< >< ASTCR address >< ><

3-state access to area 0 ' 2-state access
toarea 0

Figure6.20 ASTCR Write Timing
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DDR Write Timing: Datawritten to a data direction register (DDR) to change aCS,, pin from CS,
output to generic input, or vice versa, takes effect starting from the T, state of the DDR write
cycle. Figure 6.21 shows the timing when the CS, pin is changed from generic input to CS, outpuit.

T, T, T3
: L
Address ! :
bus >< P8DDR addre‘ss ><
cs, 1 /

High impedance

Figure6.21 DDR Write Timing

BRCR Write Timing: Data written to switch between A, A,,, or A,, output and generic input or
output takes effect starting from the T, state of the BRCR write cycle. Figure 6.22 shows the
timing when apin is changed from generic input to A,,, A,,, or A, output.

T T, T3
; L
Address >< BRCR address ><
bus : ; ‘
Az 10 Ay ‘

! High impedance !

Figure6.22 BRCR Write Timing

Rev. 6.0, 09/02, page 157 of 876
RENESAS




6.4.3 BREQ Input Timing

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high
level before BACK goes low, the bus arbiter may operate incorrectly.

To terminate the external -bus-released state, hold the BREQ signal high for at least three states. If
BREQ is high for too short an interval, the bus arbiter may operate incorrectly.

6.4.4 Transition To Softwar e Standby Mode

If contention occurs between a transition to software standby mode and a bus request from an
external bus master, the bus may be released for one state just before the transition to software
standby mode (see figure 6.23). When using software standby mode, clear the BRLE bit to 0 in
BRCR before executing the SLEEP instruction.

'Bus-released state:  Software standby mode

BACK

Address bus

Strobe

Figure6.23 Contention between Bus-Released State and Software Standby M ode

Rev. 6.0, 09/02, page 158 of 876
RENESAS




Section 7 Refresh Controller

7.1 Overview

The H8/3048 Series has an on-chip refresh controller that enables direct connection of 16-bit-wide
DRAM or pseudo-static RAM (PSRAM).

DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space.
A maximum 128 kbytes can be connected in modes 1, 2, and 5 (1-Mbyte modes). A maximum
2 Mbytes can be connected in modes 3, 4, and 6 (16-Mbyte modes).

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh controller as
an 8-bit interval timer.

When the refresh controller is not used, it can be independently halted to conserve power. For
details see section 21.6, Module Standby Function.

7.1.1 Features

The refresh controller can be used for one of three functions: DRAM refresh control, pseudo-static
RAM refresh control, or 8-bit interval timing. Features of the refresh controller are listed below.

Features as aDRAM Refresh Controller

e Enablesdirect connection of 16-bit-wide DRAM

 Selection of 2CAS or 2WE mode

» Selection of 8-bit or 9-bit column address multiplexing for DRAM address input
Examples:
0 1-Mbit DRAM: 8-bit row address x 8-bit column address
O 4-Mbit DRAM: 9-bit row address x 9-bit column address
O 4-Mbit DRAM: 10-bit row address x 8-bit column address

» CAS-before-RAS refresh control

» Software-selectable refresh interval

» Software-selectable self-refresh mode

« Wait states can be inserted

Features as a Pseudo-Static RAM Refresh Controller

» RFSH signal output for refresh control
» Software-selectable refresh interval
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» Software-selectable self-refresh mode
* Wait states can be inserted

Features as an Interval Timer

» Refresh timer counter (RTCNT) can be used as an 8-bit up-counter

» Selection of seven counter clock sources: ¢/2, @/8, (/32, ¢/128, ¢/512, (2048, (/4096

« Interrupts can be generated by compare match between RTCNT and the refresh time constant
register (RTCOR)

712 Block Diagram

Figure 7.1 shows a block diagram of the refresh controller.

@2, '8, @32,
@128, @512, Refresh signal
@2048, ¢/4096 T

’ Clock selector ‘

Control logic — CMl interrupt

’ Comparator ‘

0l i)

—

RTCNT
RTCOR
RTMCSR
RFSHCR

Bus interface
Internal data bus

)

00 (0

Module data bus

Legend

RTCNT:  Refresh timer counter

RTCOR: Refresh time constant register
RTMCSR: Refresh timer control/status register
RFSHCR: Refresh control register

Figure7.1 Block Diagram of Refresh Controller
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7.1.3 Input/Output Pins

Table 7.1 summarizes the refresh controller’ s input/output pins.

Table7.1 Refresh Controller Pins
Signal
Pin Name Abbr. /0 Function
RFSH Refresh RFSH Output  Goes low during refresh cycles;
used to refresh DRAM and PSRAM
HWR  Upper write/upper column UW/UCAS Output Connects to the UW pin of 2WE
address strobe DRAM or UCAS pin of 2CAS DRAM
LWR  Lower write/lower column LW/LCAS  Output  Connects to the LW pin of 2WE
address strobe DRAM or LCAS pin of 2CAS DRAM
RD Column address strobe/ ~ CAS/WE ~ Output  Connects to the CAS pin of 2WE
write enable DRAM or WE pin of 2CAS DRAM
CS, Row address strobe RAS Output  Connects to the RAS pin of DRAM
714 Register Configuration

Table 7.2 summarizes the refresh controller’ sregisters.

Table7.2 Refresh Controller Registers

Address* Name Abbreviation R/W Initial Value
H'FFAC Refresh control register RFSHCR R/W H'02
H'FFAD Refresh timer control/status register RTMCSR R/W H'07
H'FFAE Refresh timer counter RTCNT R/W H'00
H'FFAF Refresh time constant register RTCOR R/W H'FF

Note: * Lower 16 bits of the address.

RENESAS
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7.2 Register Descriptions

721 Refresh Control Register (RFSHCR)

RFSHCR is an 8-bit readable/writable register that selects the operating mode of the refresh
controller.

Bit 7 6 5 4 3 2 1 0

‘ SRFMD ‘PSRAMQ DRAME‘CAS/\E‘ M9/M8 ‘ RFSHE ‘ — ‘ RCYCE ‘
Initial value 0 0 0 0 0 0 1 0
Read/Write RIW R/W R/W RIW RIW R/W — R/W

Refresh cycle
enable

Enables or
disables
insertion of
refresh cycles

Reserved bit

Refresh pin enable
Enables refresh signal output
from the refresh pin

Address multiplex mode select
Selects the number of column address bits

Strobe mode selei
Selects 2CAS or 2WE strobing of DRAM

PSRAM enable and DRAM enable
These bits enable or disable connection of pseudo-static RAM and DRAM

Self-refresh mode
Selects self-refresh mode

RFSHCR isinitialized to H'02 by areset and in hardware standby mode.
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Bit 7—Self-Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh
during software standby mode. When PSRAME = 1 and DRAME = 0, &fter the SRFMD bit is set
to 1, pseudo-static RAM can be self-refreshed when the H8/3048 Series enters software standby
mode. When PSRAME = 0 and DRAME = 1, after the SRFMD bit is set to 1, DRAM can be self-
refreshed when the H8/3048 Series enters software standby mode. In either case, the normal
access state resumes on exit from software standby mode.

Bit 7: SRFMD Description
0 DRAM or PSRAM self-refresh is disabled in software standby mode

(Initial value)
1 DRAM or PSRAM self-refresh is enabled in software standby mode

Bit 6—PSRAM Enable (PSRAME) and
Bit 5—DRAM Enable (DRAME): These bits enable or disable connection of pseudo-static RAM
and DRAM to area 3 of the external address space.

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of area 3 consist
of three states, regardless of the setting in the access state control register (ASTCR). If AST3=0
in ASTCR, wait states cannot be inserted.

When the PSRAME or DRAME bit isset to 1, bits 0, 2, 3, and 4 in RFSHCR and registers
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be
cleared by writing O.

Bit 6: PSRAME Bit 5: DRAME Description

0 0 Can be used as an interval timer (Initial value)
(DRAM and PSRAM cannot be directly connected)
DRAM can be directly connected

1 0 PSRAM can be directly connected
lllegal setting

Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is
vaid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or
DRAME bitisset to 1.

Bit 4: CAS/WE Description
0 2WE mode (Initial value)
1 2CAS mode
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Bit 3—Address Multiplex Mode Select (M 9/M8): Selects 8-bit or 9-bit column addressing.

The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled
when the PSRAME or DRAME bit isset to 1.

Bit 3: MO/M8 Description
0 8-bit column address mode (Initial value)
1 9-bit column address mode

Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the RFSH
pin. This bit is write-disabled when the PSRAME or DRAME bit is set to 1.

Bit 2: RFSHE Description

0 Refresh signal output at the RFSH pin is disabled (the RFSH pin can be used
as a generic input/output port) (Initial value)

1 Refresh signal output at the RFSH pin is enabled

Bit 1—Reserved: Read-only bit, awaysread as 1.
Bit 0—Refresh Cycle Enable (RCY CE): Enables or disablesinsertion of refresh cycles.

The setting of this bit isvalid when PSRAME = 1 or DRAME = 1. When PSRAME = 0 and
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit.

Bit 0: RCYCE Description
0 Refresh cycles are disabled (Initial value)
1 Refresh cycles are enabled for area 3
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722 Refresh Timer Control/Status Register (RTMCSR)

RTMCSR is an 8-bit readable/writable register that selects the clock source for RTCNT. It also
enables or disables interrupt requests when the refresh controller is used as an interval timer.

Bit 7 6 5 4 3 2 1 0
| CMF | oMIE | cks2 | cks1 | ckso | — | — | — |
Initial value 0 0 0 0 0 1 1 1

Read/Write ~ R/W)* RW RW  RW  RW — — —

Clock select 2to 0 Reserved bits
These bits select an

internal clock source

for input to RTCNT

Compare match interrupt enable
Enables or disables the CMI interrupt requested by CMF

Compare match flag
Status flag indicating that RTCNT has matched RTCOR

Note: * Only 0 can be written, to clear the flag.

Bits 7 and 6 are initialized by areset and in standby mode. Bits 5 to 3 are initialized by areset and
in hardware standby mode, but retain their previous values on transition to software standby mode.

Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR

values have matched.
Bit 7: CMF Description
0 [Clearing condition]

Cleared by reading CMF when CMF = 1, then writing 0 in CMF

[Setting condition]
When RTCNT = RTCOR

Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt
requested when the CMF flag isset to 1 in RTMCSR. The CMIE bit is aways cleared to 0 when
PSRAME =1 or DRAME = 1.

Bit 6: CMIE Description
0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled
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Bits5to 3—Clock Select 2to 0 (CKS2to CKS0): These hits select an internal clock source for
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an
interval timer, the refresh controller generates CMI interrupts at periodic intervals determined by
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1.

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO Description
0 0 0 Clock input is disabled  (Initial value)
1 @2 clock source
1 0 @8 clock source
1 @32 clock source
1 0 0 @128 clock source
1 @512 clock source
1 0 @2048 clock source
1 @4096 clock source

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 1.

7.2.3 Refresh Timer Counter (RTCNT)

RTCNT isan 8-bit readable/writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT isan up-counter that isincremented by an internal clock selected by bits CKS2 to CKS0
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flagisset to 1 and
RTCNT iscleared to H'00.

RTCNT iswrite-disabled when the PSRAME bit or DRAME bit isset to 1. RTCNT isinitialized
to H'00 by areset and in standby mode.
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724 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit readable/writable register that determines the interval at which RTCNT is
compare matched.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1
in RTMCSR, and RTCNT is simultaneoudly cleared to H'00.

RTCOR iswrite-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR isinitialized
to H'FF by areset and in hardware standby mode. In software standby mode it retains its previous
vaue.
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7.3

731

Operation

Overview

One of three functions can be selected for the H8/3048 Series refresh controller: interfacing to
DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval
timing. Table 7.3 summarizes the register settings when these three functions are used.

Table7.3

Register Settings

Refresh Controller Settings

Usage

DRAM Interface

PSRAM Interface

Interval Timer

RFSHCR SRFMD Selects self-refresh Selects self-refresh Clearedto 0
mode mode
PSRAME Cleared to 0 Setto 1 Cleared to 0
DRAME Setto 1 Clearedto 0 Clearedto 0
CAS/WE Selects 2CAS or — —
2WE mode
M9/M8 Selects column — —
addressing mode
RFSHE Selects RFSH signal  Selects RFSH signal  Cleared to 0
output output
RCYCE Selects insertion of Selects insertion of —
refresh cycles refresh cycles
RTCOR Refresh interval Refresh interval Interrupt interval
RTMCSR CKS2 to setting setting setting
CKSO0
CMF Set to 1 when Set to 1 when Set to 1 when
RTCNT = RTCOR RTCNT = RTCOR RTCNT = RTCOR
CMIE Cleared to 0 Cleared to 0 Enables or disables
interrupt requests
P8DDR P8,DDR Setto 1 (CS, output) Setto 1 (CS, output) SettoOor 1
ABWCR ABW3 Clearedto 0 — —
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DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR,
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1.
Set bit P8,DDR to 1 in the port 8 data direction register (P8DDR) to enable CS, output. In
ABWCR, make area 3 a 16-bit-access area.

Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initialize
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit
DRAME to 0. Set bit P8,DDR to 1 in PSDDR to enable CS, output.

Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1.
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits
CKS2to CKS0in RTMCSR.

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = 0.
Writing is disabled when either of these bitsis set to 1.
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7.3.2 DRAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined by the settings of RTCOR and bits CKS2 to CKS0 in RTMCSR. Figure 7.2 illustrates
the refresh request interval.

RTCOR
RTCNT

Hoo e MW £

Refresh request [ ] [ ] [] [] []

Figure7.2 Refresh Request Interval (RCYCE =1)

Refresh requests are generated at regular intervals as shown in figure 7.2, but the refresh cycleis
not actually executed until the refresh controller gets the bus right.

Table 7.4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and
refresh cycles.

Table7.4 Area3 Settings, DRAM Access Cycles, and Refresh Cycles

Read/Write Cycle by CPU

Area 3 Settings or DMAC Refresh Cycle

2-state-access area ¢ 3 states e 3 states

(AST3=0) ¢ Wait states cannot be inserted ¢ Wait states cannot be inserted
3-state-access area *« 3 states e 3 states

(AST3=1) ¢ Wait states can be inserted ¢ Wait states can be inserted

To insert refresh cycles, set the RCY CE bit to 1 in RFSHCR. Figure 7.3 shows the state transitions
for execution of refresh cycles.

When the first refresh request occurs after exit from the reset state or standby mode, the refresh
controller does not execute arefresh cycle, but goesinto the refresh request pending state. Note
this point when using a DRAM that requires arefresh cycle for initialization.
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When arefresh request occursin the refresh request pending state, the refresh controller acquires
the busright, then executes a refresh cycle. If another refresh request occurs during execution of
the refresh cycle, it isignored.

Exit from reset or standby mode

Refresh request

End of refresh
cycle*

Refresh request pending state

Refresh request

rResz‘ZSS:‘* Requesting bus right
Bus granted
rF({a?quii‘T* Executing refresh cycle

Note: * A refresh request is ignored if it occurs while the refresh controller is requesting the
bus right or executing a refresh cycle.

Figure7.3 State Transitionsfor Refresh Cycle Execution
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Address M ultiplexing: Address multiplexing depends on the setting of the M9/MS bit in
RFSHCR, as described in table 7.5. Figure 7.4 shows the address output timing. Address output is
multiplexed only in area 3.

Table7.5 AddressMultiplexing

A, to
Address Pins A A A A A A A A A A A

Address signals during row A.to A
address output A

Address signals  M9/M8 =0
during column

A
A

address output MOM8=1 A to A A A A A A A A A A
A

T

S e Y s N s O

Ao Ag, A, >< AytoAg A ><
Address
bus
Agto A, >< Agto A >< Ajgto Ag ><
Row address Column address
a. M9/M8 =0
}<7T1 4>}<7T2 4>}<7T3 4>{
0 S N S N S
Axto A, Ag >< A2310 Ap, Ag ><
Address
bus
Agto A, >< Agto Ay >< Agto A ><
Row address Column address
b. M9/M8 =1

Figure7.4 Multiplexed Address Output (Example without Wait States)
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2CAS and 2WE Modes. The CAS/WE bit in RFSHCR can select two control modes for 16-bit-
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins
correspond to H8/3048 Series pins as shown in table 7.6.

Table7.6  DRAM Pinsand H8/3048 Series Pins

DRAM Pin
H8/3048 Series Pin CAS/WE = 0 (2WE Mode) CAS/WE = 1 (2CAS Mode)
HWR uw UCAS

LWR w LCAS

RD CAS WE

CS RAS RAS

w

Figure 7.5 (1) shows the interface timing for 2WE DRAM. Figure 7.5 (2) shows the interface
timing for 2CAS DRAM.

Read cycle ‘ Write cycle* Refresh cycle

Qggress X Row Column >< Row Column >< Area 3 top address X

CS; | | } !
(RAS) !

Ry SR

(CAS)
HWR | | | |
(GW) | | | |
LWR ! !

(tw) | !

RFSH | T
I U U S

Note: * 16-bit access

Figure7.5(1) DRAM Control Signal Output Timing (2WE M ode)
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Read cycle Write cycle* Refresh cycle

Address ‘ ‘ ‘ ‘x
bus X Row Column >< Row Column >< Area 3 top address

CSs : : : :
(RAS) | : : :
HWR

(UCAS)

FWR ‘
QW) : : : :

LWR ! !

W)

Note: * 16-bit access

Figure7.5(2) DRAM Control Signal Output Timing (2CAS Mode)
Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High) External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 issetto 1in ASTCR, bus controller settings can cause wait
states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is
set to 1in RFSHCR, when atransition to software standby mode occurs, the CAS and RAS
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from
software standby mode, the CAS and RAS outputs both go high.

Table 7.7 shows the pin states in software standby mode. Figure 7.6 shows the signal output
timing.

Table7.7 Pin Statesin Software Standby Mode (1) (PSRAME =0, DRAME =1)
Software Standby Mode
SRFMD =0 SRFMD =1 (self-refresh mode)

Signal CAS/WE=0 CASWE=1 CASWE=0 CAS/WE=1
HWR High-impedance High-impedance High Low

LWR High-impedance High-impedance High Low

RD High-impedance High-impedance Low High

CS, High High Low Low

RFSH High High Low Low

RENESAS
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Software : Oscillator
standby mode ; settling time
( ( 1 ( (

Address High-impedance
bus :

CS; (RAS) \ |

HWR (UW) High

LWR (W) High

RFSH

a. 2 WE mode (SRFMD = 1)

Software : Oscillator
standby mode 3 settling time
(( 1 ((

® J—|—,—\—‘ )) 3 ))

Address High-impedance
bus ;

CS; (RAS) \ |

(UCAS)

(LCAS)
RD (WE)

RFSH

b. 2 CAS mode (SRFMD = 1)

Figure7.6 Signal Output Timingin Self-Refresh Mode (PSRAME =0, DRAME =1)
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Operation in Power-Down State: The refresh controller operatesin sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT isinitialized, but RFSHCR,
RTMCSR bits 5to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7.7 shows typical
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7.8 shows a
setup procedure to be followed by a program for this example. After power-up the DRAM must be
refreshed to initialize itsinternal state. Initialization takes a certain length of time, which can be
measured by using an interrupt from another timer module, or by counting the number of times
RTMCSR hit 7 (CMF) is set. Note that no refresh cycle is executed for the first refresh request
after exit from the reset state or standby mode (the first time the CMF flag is set; see figure 7.3).
When using this example, check the DRAM device characteristics carefully and use a procedure
that fits them.

2 WE 1-Mbit DRAM with
x 16-bit organization

H8/3048 Series A

8 7
A, Ag
Ae A,
Ay Az
As Az
A; Ag
Ag Ao

CS; % RAS

RD CAS

HWR uw
LWR w
OE

Dysto Dy /0450 /0,

a. Interconnections (example)

H'60000

DRAM area Area 3 (1-Mbyte mode)
H'7FFFF

b. Address map

Figure7.7 Interconnectionsand Address Map for 2WE 1-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.8 Setup Procedurefor 2WE 1-Mbit DRAM (1-Mbyte Mode)

Rev. 6.0, 09/02, page 178 of 876
RENESAS




Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7.9 shows typical
interconnections to a single 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7.10
shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area
is H'600000 to H'67FFFF.

2 WE 4-Mbit DRAM with 10-bit
row address, 8-bit column address,
and x 16-bit organization

H8/3048 Series

18 Ag
A1z Ag
A7 As
As As
A5 A4
As Az
A, Ag
Ax Ao

S, % RAS

RD CAS

HWR Uw
LWR w
OE

Dysto Dy 1045 to 110,

a. Interconnections (example)

H'600000 b
DRAM area
H'67FFFF
H'680000
Area 3 (16-Mbyte mode)
Not used
H'7FFFFF '

b. Address map

Figure7.9 Interconnectionsand Address Map for 2WE 4-Mbit DRAM (Example)

Rev. 6.0, 09/02, page 179 of 876
RENESAS




Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and 8-Bit
Column Address (16-M byte M ode)
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte Mode): Figure 7.11 shows typical
interconnections to asingle 2CAS 4-Mbit DRAM, and the corresponding address map.

Figure 7.12 shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address areais
H'600000 to H'67FFFF.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column address,
and x 16-bit organization

H8/3048 Series Ag Ag
Ag A
A; A
Ag As
Asg Ay
A, A
A, Ay
A, Ao
_@3 % RAS
HWR UCAS
LWR L[CAS
RD WE
OE
Disto Dy 1/1015t0 11O
a. Interconnections (example)
H'600000 A
DRAM area
H'67FFFF
H'680000
Not used Area 3 (16-Mbyte mode)
H'7FFFFF Y

b. Address map

Figure7.11 Interconnectionsand Address Map for 2CAS 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'3B in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.12 Setup Procedurefor 2CAS 4-Mbit DRAM with 9-Bit Row Addressand 9-Bit
Column Address (16-M byte M ode)
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Example 4: Connection to Multiple 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7.13
shows an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding
address map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits
A, and A,

Figure 7.14 shows a setup procedure to be followed by a program for this example. The DRAM in
this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed
simultaneously, so the RFSH pin must be used.

2 CAS 4-Mbit DRAM with 9-bit
row address, 9-bit column
address, and x 16-bit organization

H8/3048 Series [ Agto Ay
‘ 4DD*P RAS
Agg
Agto Ay
UCAS No. 1
LCAS
| WE
OE
11045 to 110,
% Agto A,
CSs L)y
HWR UCAS
WR LCAS No. 2
D WE
RFSH i% L oe
D15 to Do /045 to 110,
a. Interconnections (example)
H'600000 No. 1
H'67EEEE DRAM area
H'680000 No. 2
weerrre |  DRAM area
H'700000 Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure7.13 Interconnectionsand Address Map for Multiple 2CAS 4-Mbit DRAM Chips
(Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'3F in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.14 Setup Procedurefor Multiple 2CAS 4-Mbit DRAM Chipswith 9-Bit Row
Address and 9-Bit Column Address (16-M byte M ode)
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7.3.3 Pseudo-Static RAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined asin a DRAM interface, by the settings of RTCOR and bits CKS2 to CKS0 in
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh
cycles are the same asfor DRAM (see table 7.4). The state transitions are as shown in figure 7.3.

Pseudo-Static RAM Control Signals: Figure 7.15 shows the control signals for pseudo-static
RAM read, write, and refresh cycles.

| Read cycle | Write cycle * | Refresh cycle |

s X X meaziopssiess 3
s, | ] |
AR ]
o N
o L1
S SIS SIS S o

Note: * 16-bit access

Figure7.15

Pseudo-Static RAM Control Signal Output Timing
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High) External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 issetto 1 in ASTCR, the wait state controller (WSC) can
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.

Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the
SRFMD bhit isset to 1 in RFSHCR, when a transition to software standby mode occurs, the
H8/3048 Series’ CS, output goes high and its RESH output goes low so that the pseudo-static
RAM self-refresh function can be used. On exit from software standby mode, the RFSH output
goes high.

Table 7.8 shows the pin states in software standby mode. Figure 7.16 shows the signal output
timing.

Table7.8 Pin Statesin Software Standby Mode (2) (PSRAME =1, DRAME =0)

Software Standby Mode

Signal SRFMD =0 SRFMD =1 (Self-Refresh Mode)
CS, High High

RD High-impedance High-impedance

HWR High-impedance High-impedance

LWR High-impedance High-impedance

RFSH High Low
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Oscillator

Software standby mode settling time

3
A N O

Address N High-impedance ;

((
)T

bus

CS; High

High-impedance

. High-impedance
D | g p

High-impedance

Figure7.16 Signal Output Timingin Self-Refresh Mode (PSRAME =1, DRAME =0)

Operation in Power-Down State: The refresh controller operatesin sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT isinitialized, but RFSHCR,
RTMCSR bits5to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example: Pseudo-static RAM may have separate OE and RFSH pins, or these may be combined
into asingle OE/RFSH pin. Figure 7.17 shows an example of acircuit for generating an OE/RFSH
signal. Check the device characteristics carefully, and design a circuit that fits them. Figure 7.18
shows a setup procedure to be followed by a program.

H8/3048 Series PSRAM

RD
OE/RFSH

Figure7.17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example)
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Set P8, DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'47 in RFSHCR

Wait for PSRAM to be initialized

i

PSRAM can be accessed

Figure7.18 Setup Procedurefor Pseudo-Static RAM
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734 Interval Timer

To use therefresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After

setting RTCOR, select a clock source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit
to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values
match. The compare match signal is generated in the last state in which the values match (when
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and
RTCOR match, the compare match signal is not generated until the next counter clock pulse.
Figure 7.19 shows the timing.

0 L L L
RTCNT N X H'00
RTCOR N
Compare ,—I
match signal

b
CMF flag

Figure7.19 Timing of Setting of CMF Flag

Operation in Power-Down State: Theinterval timer function operatesin sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6
areinitialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.
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Contention between RTCNT Writeand Counter Clear: If acounter clear signal occursin the
T, state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See figure 7.20.

RTCNT write cycle by CPU

Ty T2 T3

Address bus X RTCNT address ><

Internal
write signal

Counter
clear signal

RTCNT N >< H'00

Figure7.20 Contention between RTCNT Write and Clear
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Contention between RTCNT Writeand Increment: If an increment pulse occursin the T, state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7.21.

RTCNT write cycle by CPU

Address bus X RTCNT address ><

Internal
write signal

RTCNT
input clock

RTCNT N >< M

Counter write data

Figure7.21 Contention between RTCNT Writeand Increment
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Contention between RTCOR Write and Compare Match: If acompare match occursin the T,
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
Seefigure 7.22.

RTCOR write cycle by CPU

LE T, T3
]
Address bus X RTCNT address ><
Internal
write signal
RTCNT N >< N+1
RTCOR N >< P M

RTCOR write data

Compare
match signal : AN

Inhibited

Figure7.22 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 7.9 shows the relation
between the time of the switchover (by writing to bits CKS2 to CK S0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of theinternal clock. If a switchover is made from a high clock source to alow clock source, asin
case No. 3intable 7.9, the switchover will be regarded asafalling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table7.9 Internal Clock Switchover and RTCNT Operation

CKS2 to CKSO
No. Write Timing RTCNT Operation

1 Low - low switchover**

e T[T 1L

New clock
source

ook | [1] [

RTCNT N X

CKS bits rewritten

2 Low — high switchover*’

cource " _| [ R

New clock
source

ock. | [ [ [

RTCNT N N+1 X

CKS bits rewritten
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CKS2 to CKSO

No. Write Timing

RTCNT Operation

3 High - low switchover* ;
Old clock ,—I ’——\1 ,—I
source !
New clock
source
RTCNT
clock
RTCNT N O N+1. X N+2 X
CKS bhits rewritten
4 High - high switchover* ;
Old clock _,—\—,—\—,—\—
source
New clock
source
RTCNT
clock
RTCNT N X N+1 X N+2 X
CKS bits rewritten
Notes: *1 Including switchovers from a low clock source to the halted state, and from the halted

state to a low clock source.
*2 Including switchover from the halted state to a high clock source.
*3 Including switchover from a high clock source to the halted state.
*4 The switchover is regarded as a falling edge, causing RTCNT to increment.
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7.4 Interrupt Source

Compare match interrupts (CM1) can be generated when the refresh controller isused as an
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of

RTMCSR.
7.5 Usage Notes
When using the DRAM or pseudo-static RAM refresh function, note the following points:

« With the refresh controller, if directly connected DRAM or PSRAM is disconnected*, the
P8/RFSH/IRQ, pin and the P8 /CS/IRQ, pin may both become low-level outputs
simultaneousdly.

Note: * When the DRAM enable bit (DRAME) or PSRAM enable bit (PSRAME) in the refresh
control register (RFSHCR) is cleared to O after being set to 1.

B B e B e B e B

Address bus >< Area 3 start address

P8y/RFSH/IRQq

P8,/CS3/IRQ, | ’7

Figure7.23 Operation when DRAM/PSRAM Connection is Switched

» Refresh cycles are not executed while the busis released, during software standby mode, and
when abus cycleis greatly prolonged by insertion of wait states. When these conditions occur,
other means of refreshing are required.

» If refresh requests occur while the busis released, the first request is held and one refresh cycle
is executed after the bus-released state ends. Figure 7.24 shows the bus cyclesin this case.
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Bus-released state | Refreshcycle | CPUcycle | Refresh cycle

o LU L

Refresh
request ﬂsj m

BACK \

Figure7.24 Refresh Cycleswhen BusisReleased

« If abuscycleisprolonged by insertion of wait states, the first refresh request isheld, asin the

bus-released state.
« If thereis contention with a bus request from an external bus master when making atransition

to software standby mode, a one-state bus-rel eased state may occur immediately before the

transition to software standby mode (see figure 7.25).

When using software standby mode, clear the BRLE bit to 0 in BRCR before executing the

SLEEP instruction.

When making a transition to self-refresh mode, the strobe waveform output may not be

guaranteed due to the same kind of contention. This, too, can be prevented by clearing the

BRLE bit to 0in BRCR.

External bus | Software standby mode
‘released state!

BREQ
Address bus / .

Strobe

Figure7.25 Contention between Bus-Released State and Software Standby M ode
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Section8 DMA Controller

8.1 Overview

The H8/3048 Series has an on-chip DMA controller (DMAC) that can transfer data on up to four
channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 21.6, Module Standby Function.

8.1.1 Features
DMAC features are listed bel ow.

» Selection of short address mode or full address mode
Short address mode
0 8-bit source address and 24-bit destination address, or vice versa
0 Maximum four channels available
O Selection of 1/0 mode, idle mode, or repeat mode
Full address mode
0 24-hit source and destination addresses
0 Maximum two channels available
0 Selection of normal mode or block transfer mode
» Directly addressable 16-Mbyte address space
» Selection of byte or word transfer

« Activation by internal interrupts, external requests, or auto-request (depending on transfer
mode)

0 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four)

O Serial communication interface (SCI channel 0) transmit-data-empty/receive-data-full
interrupts

0 External requests
[0 Auto-request
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8.1.2 Block Diagram

Figure 8.1 shows a DMAC block diagram.

Internal address bus

]

|
Internal IMIAQ —»{ 1 Address buffer }C
interrupts IMIAL —
IMIA2 —» Arithmetic-logic unit\Q
IMIA3 —*
;i:g MAROA
Channel
=1
0A IOAROA
DREQO —»| Control logic Channel ETCROA
DREQT1 — 0 MAROB
TENDQ =—
TENDT = Chgg”e' IOAROB
DTCROA| ETCROB
Interrupt  DENDOA =— DTCROB MAR1A
signals  DENDOB -
9 DEND1A < DTCR1A Channel IOARIA
DEND1B ~— DTCR1B e
Channel ETCRIA
1 MAR1B
Channel I0OAR1B
1B
Data buffer ETCR1B
Internal data bus
Legend
DTCR: Data transfer control register

MAR: Memory address register

I0OAR: I/O address register

ETCR: Execute transfer count register

Module data bus
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8.1.3 Functional Overview

Table 8.1 gives an overview of the DMAC functions.

Table8.1 DMAC Functional Overview

Address
Reg. Length
Transfer Mode Activation Source Destination
Short 1/0 mode « Compare match/ 24 8
adddress Transfers one byte or one word input capture A
mode per request interrupts from ITU
« Increments or decrements the channels 0 to 3
memory address by 1 or 2  Transmit-data-empty
« Executes 1 to 65,536 transfers interrupt from SCI
channel 0
Idle mode
* Receive-data-full 8 24
« Transfers one byte or one word )
interrupt from SCI
per request
] channel 0
¢ Holds the memory address fixed
» Executes 1 to 65,536 transfers + External request 24 8

Repeat mode

e Transfers one byte or one word per
request

* Increments or decrements the
memory address by 1 or 2

« Executes a specified number (1 to
255) of transfers, then returns to
the initial state and continues
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Address
Reg. Length

Transfer Mode Activation Source Destination

Full Normal mode * Auto-request 24 24
address

e Auto-request « External request
mode

O Retains the transfer request
internally

O Executes a specified number

(1 to 65,536) of transfers
continuously

0 Selection of burst mode or
cycle-steal mode

e External request

O Transfers one byte or one
word per request

0 Executes 1 to 65,536 transfers

Block transfer * Compare match/ 24 24
« Transfers one block of a specified input capture A
size per request interrupts from ITU

+ Executes 1 to 65,536 transfers channels 0 to 3

+  Allows either the source or *  External request

destination to be a fixed block
area

¢ Block size can be 1 to 255 bytes
or words
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814 Input/Output Pins
Table 8.2 liststhe DMAC pins.

Table8.2 DMAC Pins

Abbre- Input/
Channel Name viation Output Function
0 DMA request 0 DREQ, Input External request for DMAC channel 0
Transfer end 0 TEND, Output Transfer end on DMAC channel 0
1 DMA request 1 DREQ, Input External request for DMAC channel 1
Transfer end 1 TEND, Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.

8.1.5 Register Configuration

Table 8.3 liststhe DMAC registers.

RENESAS
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Table8.3

DMAC Registers

Channel  Address* Name Abbreviation R/W Initial Value

0 H'FF20 Memory address register OAR MAROAR R/W Undetermined
H'FF21 Memory address register OAE MAROAE R/W Undetermined
H'FF22 Memory address register OAH MAROAH R/W Undetermined
H'FF23 Memory address register OAL MAROAL R/W Undetermined
H'FF26 I/O address register 0A IOAROA R/W Undetermined
H'FF24 Execute transfer count register OAH ETCROAH R/W Undetermined
H'FF25 Execute transfer count register OAL ETCROAL R/W Undetermined
H'FF27 Data transfer control register OA DTCROA R/W H'00
H'FF28 Memory address register OBR MAROBR R/W Undetermined
H'FF29 Memory address register OBE MAROBE R/W Undetermined
H'FF2A Memory address register OBH MAROBH R/W Undetermined
H'FF2B Memory address register OBL MAROBL R/W Undetermined
H'FF2E I/O address register OB I0AROB R/W Undetermined
H'FF2C Execute transfer count register 0BH ETCROBH R/W Undetermined
H'FF2D Execute transfer count register OBL ETCROBL R/W Undetermined
H'FF2F Data transfer control register OB DTCROB R/W H'00

1 H'FF30 Memory address register 1AR MAR1AR R/W Undetermined
H'FF31 Memory address register 1AE MAR1AE R/W Undetermined
H'FF32 Memory address register 1AH MAR1AH R/W Undetermined
H'FF33 Memory address register 1AL MARZ1AL R/W Undetermined
H'FF36 I/O address register 1A I0AR1A R/W Undetermined
H'FF34 Execute transfer count register 1AH ETCR1AH R/W Undetermined
H'FF35 Execute transfer count register 1AL ETCR1AL R/W Undetermined
H'FF37 Data transfer control register 1A DTCR1A R/W H'00
H'FF38 Memory address register 1BR MAR1BR R/W Undetermined
H'FF39 Memory address register 1BE MAR1BE R/W Undetermined
H'FF3A Memory address register 1BH MAR1BH R/W Undetermined
H'FF3B Memory address register 1BL MAR1BL R/W Undetermined
H'FF3E I/O address register 1B I0AR1B R/W Undetermined
H'FF3C Execute transfer count register 1BH ETCR1BH R/W Undetermined
H'FF3D Execute transfer count register 1BL ETCR1BL R/W Undetermined
H'FF3F Data transfer control register 1B DTCR1B R/W H'00

Note: * The lower 16 bits of the address are indicated.
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8.2 Register Descriptions (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short

address mode is selected by bits DTS2A and DTSI1A in data transfer control register A (DTCRA)
asindicated in table 8.4.

Table8.4  Selection of Short and Full Address M odes

Bit 2: Bit 1:
Channel DTS2A DTS1A Description
0 1 1 DMAC channel 0 operates as one channel in full address
mode
Other than above DMAC channels OA and OB operate as two independent
channels in short address mode
1 1 1 DMAC channel 1 operates as one channel in full address
mode
Other than above DMAC channels 1A and 1B operate as two independent

channels in short address mode

8.21 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies a source or
destination address. The transfer direction is determined automatically from the activation source.

An MAR consists of four 8-hit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are alwaysread as 1.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvalue 1 1 1 1 1 1 1 1 Undetermined

ReadWrite — — — — — — — — RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW RIW

MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by areceive-data-full interrupt from the
serial communication interface (SCI) (channel 0), and as a source address register otherwise.
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The MAR value isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.2.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

8.2.2 /O Address Registers (IOAR)

An /O address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
areal 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An IOAR functions as a source or destination address register depending on how the DMAC is
activated: as a source address register if activation is by areceive-data-full interrupt from the SCI
(channel 0), and as a destination address register otherwise.

The lIOAR vaueis held fixed. It is not incremented or decremented when atransfer is executed.

The IOARs are not initialized by areset or in standby mode.
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8.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifiesthe
number of transfersto be executed. These registers function in one way in 1/0 mode and idle
mode, and another way in repeat mode.

¢ /O mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

In 1/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by
1 each time one transfer is executed. The transfer ends when the count reaches H'0000.

* Repeat mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRH

Transfer counter

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRL
Initial count

In repeat mode, ETCRH functions as an 8-hit transfer counter and ETCRL holds the initial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL isreloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by areset or in standby mode.
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8.24 Data Transfer Control Registers (DTCR)

A datatransfer control register (DTCR) is an 8-bit readable/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
word size at the end of the transfer

Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable
Selects repeat
mode

The DTCRsareinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for atransfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTS0. When DTE is O, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1.

Bit 7: DTE Description

0

Data transfer is disabled. In I/O mode or idle mode, DTE is cleared to 0 when
the specified number of transfers have been completed. (Initial value)

Data transfer is enabled

If DTIEissetto 1, aCPU interrupt is requested when DTE is cleared to O.
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Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a data transfer in 1/0 mode or repeat mode.

Bit 5: DTID Description

0 MAR is incremented after each data transfer
« IfDTSZ =0, MAR is incremented by 1 after each transfer
« IfDTSZ =1, MAR is incremented by 2 after each transfer

1 MAR is decremented after each data transfer
« IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain 1/0O mode, idle mode, or repeat
mode.

Bit 4: RPE Bit 3: DTIE Description

0 0 I/O mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 8.4.2, 1/0 Mode, 8.4.3, Idle Mode, and 8.4.4,
Repeat Mode.

Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
reguested when the DTE bit is cleared to O.

Bit 3: DTIE Description
0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled
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Bits2to 0—Data Transfer Select (DTS2, DTS1, DT S0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.*

Note: * Refer to section 8.3.4, Data Transfer Control Registers (DTCR).

Bit 2: DTS2 Bit 1: DTS1 Bit 0: DTSO Description

0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Transmit-data-empty interrupt from SCI channel 0

Receive-data-full interrupt from SCI channel 0

1 0 Falling edge of DREQ input (channel B)
Transfer in full address mode (channel A)
1 Low level of DREQ input (channel B)

Transfer in full address mode (channel A)

The same internal interrupt can be selected as an activation source for two or more channels at
once. In that case the channels are activated in a priority order, highest-priority channel first. For
the priority order, see section 8.4.9, DMAC Multiple-Channel Operation.

When achannel isenabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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8.3 Register Descriptions (Full Address M ode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 8.4.

8.3.1 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-hit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are alwaysread as 1.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Iniialvalue 1 1 1 1 1 1 1 1 Undetermined
Read/Write — — — — — — — — RIW RIW RIW RW RIW RW RIW RIW R/W RIW R/W RIW RIW RIW RIW R/W RIW RIW RIW RIW R/W RIW RIW RIW
MARR MARE MARH MARL

Source or destination address

The MAR value isincremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

8.3.2 /O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.

Rev. 6.0, 09/02, page 209 of 876
RENESAS



8.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfersto be executed. The functions of these registers differ between normal mode
and block transfer mode.

* Norma mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined

Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Transfer counter

ETCRB: Is not used in norma mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB
is not used.
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Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAL
Initial block size
ETCRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL holds the
initial block size. ETCRAH is decremented by 1 each time one byte or word is transferred.
When the count reaches H'00, ETCRAH isreloaded from ETCRAL. Blocks consisting of an
arbitrary number of bytes or words can be transferred repeatedly by setting the same initial
block sizevaluein ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB is
decremented by 1 each time one block is transferred. The transfer ends when the count reaches

H'0000.

The ETCRs are not initialized by areset or in standby mode.
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834 Data Transfer Control Registers (DTCR)

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operatesin full address mode when bits DTS2A and
DTSI1A are both set to 1in DTCRA. DTCRA and DTCRB have different functionsin full address
mode.

DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer
Enables or disables select OA
data transfer f Selects block
. !Data transfer transfer mode
Data transfer size interrupt enable
Selects byte or Enables or disables the
word size CPU interrupt at the end
of the transfer
Source address Data transfer select
increment/decrement 2A and 1A
Source address increment/  These bits must both be
decrement enable settol

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

DTCRA isinitialized to H'00 by areset and in standby mode.
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Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel isenabled. If auto-request is specified, data transfer beginsimmediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE bit is automatically cleared to 0. When DTE is O, the channél is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is O, then
writing 1.

Bit 7: DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number of
transfers have been completed) (Initial value)

1 Data transfer is enabled

If DTIEissetto 1, aCPU interrupt is requested when DTE is cleared to 0.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Sour ce Address I ncrement/Decrement (SAID) and

Bit 4—Sour ce Address I ncrement/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) isincremented, decremented, or held fixed during the data
transfer.

Bit 5: SAID Bit 4. SAIDE Description
0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer
« If DTSZ =0, MARA is incremented by 1 after each
transfer
« IfDTSZ =1, MARA is incremented by 2 after each
transfer
1 0 MARA is held fixed

MARA is decremented after each data transfer

e IfDTSZ =0, MARA is decremented by 1 after each
transfer

e IfDTSZ =1, MARA is decremented by 2 after each
transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
reguested when the DTE bit is cleared to O.

Bit 3: DTIE Description
0 The DEND interrupt requested by DTE is disabled (Initial value)
1 The DEND interrupt requested by DTE is enabled

Bits2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operatesin full
address mode when DTS2A and DTS1A are both set to 1.

Bit 0—Data Transfer Select OA (DT S0A): Selects normal mode or block transfer mode.

Bit 0: DTSOA Description
0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block
Transfer Mode.
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DTCRB

Bit 7 6 5 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
Enables or disables data
transfer, together with

the DTE bit, and is cleared

to 0 by an interrupt

Transfer mode select
Selects whether the

Reserved bit
transfer mode

Destination address
increment/decrement
Destination address
increment/decrement enable
These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

block area is the source
or destination in block

Data transfer select

2B to OB

These bits select the data
transfer activation source

DTCRB isinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to O, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block

Transfer Mode.

DTME isset to 1 by reading the register while DTME = 0, then writing 1.

Bit 7: DTME Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI interrupt occurs)
(Initial value)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

Bit 5—Destination Address | ncrement/Decrement (DAID) and

Bit 4—Destination Address | ncrement/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) isincremented, decremented, or held fixed during the
data transfer.

Bit 5: DAID Bit 4. DAIDE Description
0 0 MARSB is held fixed (Initial value)
1 MARB is incremented after each data transfer

« If DTSZ =0, MARB is incremented by 1 after each
data transfer

« IfDTSZ =1, MARB is incremented by 2 after each
data transfer

1 0 MARSB is held fixed
MARB is decremented after each data transfer

e IfDTSZ =0, MARB is decremented by 1 after each
data transfer

e IfDTSZ =1, MARB is decremented by 2 after each
data transfer

Bit 3—Transfer Mode Select (TMYS): Selects whether the source or destination isthe block area
in block transfer mode.

Bit 3: TMS Description
0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode

Rev. 6.0, 09/02, page 216 of 876
RENESAS



Bits2to 0—Data Transfer Select 2B to OB (DTS2B, DT S1B, DT SOB): These bits select the
data transfer activation source. The selectable activation sources differ between norma mode and

block transfer mode.

¢ Norma mode

Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTSOB Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ
» Block transfer mode
Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTSOB Description
0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 8.4.9, DMAC

Multiple-Channel Operation.
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8.4 Operation

8.4.1 Overview
Table 8.5 summarizes the DMAC modes.

Table8.5 DMAC Modes

Transfer Mode Activation Notes
Short address 1/0 mode Compare match/input e Up to four channels can
mode Idle mode capture A interrupt from operate independently
ITU channels 0 to 3
Repeat mode e Only the B channels

Transmit-data-empty and
receive-data-full interrupts
from SCI channel 0

support external requests

External request

Full address Normal mode Auto-request « Aand B channels are

mode External request paired; up to two channels
are available

Block transfer Compare match/input

mode capture A interrupt from ITU ¢ Burst mode or cycle-steal
channels 0 to 3 mode can be selected for
External request auto-requests

A summary of operationsin these modes follows.

/0 Mode: One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of transfers.
One 24-bit address and one 8-hit address are specified. The transfer direction is determined
automatically from the activation source.

Idle Mode: One byte or word istransferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. The
transfer direction is determined automatically from the activation source.

Repeat M ode: One byte or word is transferred per request. A designated number of these transfers
are executed. When the designated number of transfers are completed, the initial address and
counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.
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Normal Mode

e Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
0 Cycle-steal mode

The bus isreleased to another bus master after each byte or word is transferred.
0 Burst mode
Unless requested by a higher-priority bus master, the busis not released until the
designated number of transfers have been completed.
« External request

One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer Mode: One block of a specified sizeis transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one addressis restored
toitsinitial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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8.4.2 /O Mode
I/0 mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in 1/0 mode. A designated number of these
transfers are executed. One address is specified in the memory address register (MAR), the other
in the I/O address register (IOAR). The direction of transfer is determined automatically from the
activation source. The transfer is from the address specified in IOAR to the address specified in
MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the address specified
in MAR to the address specified in IOAR otherwise.

Table 8.6 indicates the register functionsin I/O mode.

Table8.6 Register Functionsin I/O Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or Incremented or
‘ MAR ‘ address address source address decremented
‘ ‘ register register once per
transfer
23 7 0 Source Destination  Source or Held fixed
All 1s ‘ IOAR ‘ add_ress add_ress destination
register register address
15 0 Transfer Transfer Number of Decremented
T counter counter transfers once per
‘ ETPR ‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: I/O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which isincremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 bits of afixed address. The upper 16 bitsare al 1s. IOAR isnot
incremented or decremented.

Figure 8.2 illustrates how 1/0O mode operates.
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Address T—»- - 0AR
1 byte or word is

transferred per request

Y

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B = L + (=1)DPTID « (2DTSZ o N — 1)

Figure8.2 Operationin 1/O Mode

Thetransfer count is specified as a 16-bit valuein ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends.
If the DTIE bit isset to 1, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
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Figure 8.3 shows a sample setup procedure for 1/0 mode.

( I/O mode setup ) 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is

determined automatically from the activation

source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

Set transfer count 2 « Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.

« Clear the RPE bit to 0 to select /O mode.

» Select MAR increment or decrement with the
DTID bit.

Read DTCR 3 « Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

Eal SN

Set DTCR 4

¢

1/0 mode

Figure8.3 1/0 Mode Setup Procedure (Example)

843 Idle Mode
Idle mode can be selected independently for each channel.

One byte or word istransferred at each transfer request in idle mode. A designated number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/O address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel O receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 8.7 indicates the register functionsin idle mode.
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Table8.7 Register Functionsin Idle Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or Held fixed
‘ " MAR | ‘ address address source address
‘ ‘ register register
23 7 0 Source Destination  Source or Held fixed
‘ All 1s ‘ IOAR ‘ ado!ress ado!ress destination
register register address
15 0 Transfer Transfer Number of Decremented
w counter counter transfers once per
‘ ETPR ‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: /O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of afixed address. The upper 16 bitsare all
1s. MAR and IOAR are not incremented or decremented.

Figure 8.4 illustrates how idle mode operates.

\/\ \_/\
MAR — = - |0AR
\/\ \/\

1 byte or word is
transferred per request

Figure8.4 Operationin Idle Mode
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The transfer count is specified as a 16-bit valuein ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to
H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8.5 shows a sample setup procedure for idle mode.

< Idle mode setup > 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is deter-

mined automatically from the activation source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

* Select the DMAC activation source with bits
DTS2 to DTSO.

* Set the DTIE and RPE bits to 1 to select idle mode.

Set transfer count 2 « Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

Ll

Read DTCR 3
Set DTCR 4
Idle mode

Figure8.5 Idle Mode Setup Procedure (Example)
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8.4.4 Repeat Mode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with ITU compare match. Repeat
mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, asin 1/O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCR are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI channel O receive-data-
full interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 8.8 indicates the register functions in repeat mode.
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Table 8.8

Register Functionsin Repeat M ode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
Destination Source Destination or Incremented or
address address source address decremented at
23 : : 0 register register each transfer
| | MAR | | until H0000,
then restored to
initial value
23 7 o Source Destination ~ Source or Held fixed
‘ All 1s ‘ IOAR ‘ ado!ress ado!ress destination
register register address
Transfer Transfer Number of Decremented
counter counter transfers once per
7 0 transfer until
ETCRH H'0000 is
i reached, then
reloaded from
7 0 ETCRL
Initial transfer Initial transfer Number of Held fixed
ETCRL
count count transfers
Legend

MAR: Memory address register

IOAR: I/O address register

ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds theinitial transfer
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR isalso restored to itsinitial value, which is calculated from the DTSZ and DTID
bitsin DTCR. Specifically, MAR isrestored as follows:

MAR < MAR — (~1)DTID . 2DTSZ . ETCRL

ETCRH and ETCRL should be initially set to the same value.

In repeat mode transfers continue until the CPU clears the DTE bit to 0. After DTE iscleared to O,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No

CPU interrupt is requested.
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Asin1/O mode, MAR and IOAR specify the source and destination addresses. MAR specifies a
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper
16 bitsare all 1s. IOAR is not incremented or decremented.

Figure 8.6 illustrates how repeat mode operates.

Address T —m= - |0AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

N = initial setting of ETCRH and ETCRL
Address T =L

\/—\ Address B = L + (~1)PTIP+ (20TSZ. \ _ 1)

Address B —»

Figure8.6 Operation in Repeat Mode

The transfer count is specified as an 8-hit value in ETCRH and ETCRL. The maximum transfer
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
Figure 8.7 shows a sample setup procedure for repeat mode.
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( Repeat mode ) 1. Set the source and destination addresses in MAR

and IOAR. The transfer direction is determined

automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

* Clear the DTIE bit to 0 and set the RPE bit to 1

Set transfer count 2 to select repeat mode.

» Select MAR increment or decrement with the
DTID bit.

« Select byte size or word size with the DTSZ bit.

» Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

PN

Read DTCR 3

Set DTCR 4

¢

Repeat mode

Figure8.7 Repeat Mode Setup Procedur e (Example)
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8.45 Normal Mode

In normal mode the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 8.9 indicates the register functionsin 1/0 mode.

Table8.9 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 0  Source address Source address  Incremented or

‘ 3 MARA 3 ‘ register decremented once per
! ! transfer, or held fixed

23 o Destination Destination Incremented or
MARB address register address decremented once per
! ! transfer, or held fixed
15 o  Transfer counter  Number of Decremented once per

T

‘ ETCRA ‘ transfers transfer

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as data is transferred.

Thetransfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit is set, a CPU interrupt is requested at thistime. The maximum transfer count
is 65,536, obtained by setting ETCRA to H'0000.

Figure 8.8 illustrates how normal mode operates.
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Address Tp—» -«—— Address Tg

Y Y

Address By —» -.—— Address Bg

Legend

L, = initial setting of MARA
Lg =initial setting of MARB
N =initial setting of ETCRA

Tp =L,
By = L + SAIDE » (<1)SAID « (2DTSZ « N — 1)
Tg = Lg

Bg = Lg + DAIDE « (—1)PAID « (2DTSZ o N — 1)

Figure8.8 Operationin Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Figure 8.9 shows a sample setup procedure for normal mode.

< Normal mode > 1. Set the initial source address in MARA.
2. Set the initial destination address in MARB.
3. Set the transfer count in ETCRA.
Set initial source address 1 4. Setthe DTCRB bits as follows.

¢ Clear the DTME bit to O.
» Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.
Set initial destination address | 2 » Select the DMAC activation source with bits
DTS2B to DTSOB.
5. Set the DTCRA bits as follows.
» Clear the DTE bit to 0.
» Select byte or word size with the DTSZ bit.
* Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.
Set DTCRB (1) 4 + Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.
¢ Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Set transfer count 3

Set DTCRA (1) 5

6. Read DTCRB with DTME cleared to 0.
7. Setthe DTME bitto 1 in DTCRB.
8. Read DTCRA with DTE cleared to O.
Read DTCRB 6 9. Setthe DTE bit to 1 in DTCRA to enable the transfer.
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

'

Normal mode

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure8.9 Normal Mode Setup Procedure (Example)

Rev. 6.0, 09/02, page 231 of 876
RENESAS




8.4.6 Block Transfer Mode

In block transfer mode the A and B channels are combined. One block of a specified sizeis
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 8.10 indicates the register functionsin block transfer mode.

Table8.10 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 Source address Source address  Incremented or
| | register decremented once per
‘ | MARA | transfer, or held fixed
23 Destination Destination Incremented or
‘ 1 1 address register address decremented once per
- MARB .
! ! transfer, or held fixed
7 Block size Block size Decremented once per
counter transfer until H'00 is
ETCRAH
] reached, then reloaded
from ETCRAL
7 Initial block size Block size Held fixed
ETCRAL
Block transfer Number of block  Decremented once per
15 ‘ 0 counter transfers block transfer until H'0000
‘ ETQRB is reached and the
transfer ends
Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently

incremented, decremented, or held fixed as datais transferred. One of these registers operates as a
block arearegister: even if it isincremented or decremented, it isrestored to itsinitial value at the
end of each block transfer. The TMShit in DTCRB selects whether the block areais the source or
destination.
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If M (1 to 255) isthe size of the block transferred at each request and N (1 to 65,536) isthe
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and
ETCRB should initialy be set to N.

Figure 8.10 illustrates how block transfer mode operates. In this figure, bit TMSis cleared to O,
meaning the block areais the destination.

Tp—> 1
— — - Address Ty

| | —  Block area l)
By— - |

~4—— Address By

- | \/\

— Block 2 ]

- —1 M bytes or words are
transferred per request

— Block N -

Legend

L o = initial setting of MARA

L g = initial setting of MARB

M = initial setting of ETCRAH and ETCRAL
N =initial setting of ETCRB

TA = LA

Ba =L, + SAIDE » (-1)5AP « 2PTSZ2 e m — 1)
T B~ LB

Bg =L + DAIDE « (-1)PAP « (2PTS2 e M — 1)

Figure8.10 Operation in Block Transfer Mode
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When activated by atransfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore theinitial value. The
memory address register of the block areais also restored to itsinitial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should beinitially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit isset to 1, a CPU interrupt is requested at this
time.

Figure 8.11 shows examples of ablock transfer with byte data size when the block areaisthe
destination. In (a) the block area address is cycled. In (b) the block area addressis held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, and by external request signals.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME = 1)

| Get bus |

Read from MARA address

\
| MARA = MARA + 1 |
\

Write to MARB address

\
| MARB = MARB + 1 |
[

| ETCRAH =ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
ETCRAH = ETCRAL
MARB = MARB - ETCRAL

\
| ETCRB=ETCRB-1 |

ETCRB = H'0000
Y

es

(CIear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID = DAID =0
SAIDE = DAIDE =1

Start
(DTE =DTME = 1)

| Get bus |

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

| ETCRAH =ETCRAH -1 |

ETCRAH = H'00

| Release bus |

\
| ETCRAH = ETCRAL |

| ETCRB =ETCRB -1 |

ETCRB = H'0000
Y

es

(CIear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID =0
SAIDE=1
DAIDE =0

Figure8.11 Block Transfer Mode Flowcharts (Examples)
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Figure 8.12 shows a sample setup procedure for block transfer mode.

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

 Clear the DTME bit to 0.

Set destination address 2 » Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

¢ Set or clear the TMS bit to make the block area
the source or destination.
» Select the DMAC activation source with bits

DTS2B to DTSOB.

6. Setthe DTCRA bits as follows.

Set block size 4 * Clearthe DTE to 0.

« Select byte size or word size with the DTSZ hit.

* Set the SAID and SAIDE bits to select whether

MARA is incremented, decremented, or held fixed.
» Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.
» Set bits DTS2A to DTSO0A all to 1 to select
Set DTCRA (1) 6 block transfer mode.

< Block transfer mode >

rwbdpE

Set source address 1

o

Set block transfer count 3

Set DTCRB (1) 5

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1 in DTCRB.
9. Read DTCRA with DTE cleared to 0.
Read DTCRB 7 10. Setthe DTE bitto 1 in DTCRA to enable
the transfer.
Set DTCRB (2) 8
Read DTCRA 9
Set DTCRA (2) 10

'

Block transfer mode

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure8.12 Block Transfer Mode Setup Procedur e (Example)

Rev. 6.0, 09/02, page 236 of 876
RENESAS




8.4.7 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel asindicated in

table 8.11.

Table8.11 DMAC Activation Sources

Short Address Mode

Full Address Mode

Channels Channels
Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO Yes Yes No Yes
interrupts IMIAL Yes Yes No Yes
IMIA2 Yes Yes No Yes
IMIA3 Yes Yes No Yes
TXIO Yes Yes No No
RXIO Yes Yes No No
External Falling edge of No Yes Yes Yes
requests DREQ
Low input at No Yes Yes No
DREQ
Auto-request No No Yes No

Activation by Internal Interrupts: When an interrupt request is selected asa DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the sameinterrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channelsin the DMAC, which are activated in their priority order.

RENESAS
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge isinput before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ islow, until the transfer
iscompleted. The busis released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during atransfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goes low during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
reguests are possible in block transfer mode. Each time a high-to-low transition of the DREQ

input is detected, ablock of the specified size istransferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles alternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If there is a higher-priority bus request, the busis released after the current
byte or word has been transferred.
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8.4.8

DMAC BusCycle

Figure 8.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (T ), it reads from the source address and
writes to the destination address. During these read and write operations the bus is not released
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

Address
bus

RD

CPU cycle

DMAC cycle (word transfer) CPU cycle

T, Ty T, Ty

Ty, To Ty T, T3 Tg T, T3 Ty T, Ty Tp

' Source 1 1
' address | Destination address : |

Figure8.13

DMA Transfer Bus Timing (Example)
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Figure 8.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows aword-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pin isheld low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle

Ti T2 T3 Tg T2 T2 To T2 To T2 Tg T2 T2 Tp T2 T T2

DREQ 1 1 ! Source Destination ! ! ! Source fDesﬁnationf

! ! ' address |address | ! ' address |address |

Figure8.14 BusTiming of DMA Transfer Requested by L ow DREQ | nput
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Figure 8.15 shows an auto-requested burst-mode transfer. This example shows a transfer of three
words from a 16-bit two-state access area to another 16-bit two-state access area.

CPU cycle ‘ DMAC cycle ‘CPU cycle
-l -
To T2 Tg T T T T, Ty T Ty T2 T T, Tp T T1 T

Source fDestinaIioni

» address address

Address :X
bus ‘

Figure8.15 BusTiming of Burst Mode DMA Transfer

When the DMAC is activated from a DREQ pin there isaminimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode
and normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the
pinisnext sampled at the end of one block transfer.
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Figure 8.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU
CPU cycle DMAC cycle cycle | DMAC cycle

To Ty Tp Ty To Tg Ty T Ty T Ty T Tg T T

-— -
' Minimum 4 states ' " Next sampling point

Figure8.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode
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Figure 8.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.

CPU cycle DMAC cycle CPU cycle
T e -

T, Ty Tp T T Tg Tg T Tp T Ty T T T Ty

_
B
_
~

-~ I

" Minimum 4 states | " Next sampling point

Figure8.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 8.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block
transfer mode.

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle
e B EEE—

Ty T Ty T Tg T Ty T Ty T Ty T, Tg Ty To

o JUUUUUUU UL
DREQ L_I

e (R S B S B

w0 I U I U R U R B
iR LWR || || 3

TEND | Next sampling

Minimum 4 statesi

Figure8.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode
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8.4.9 DMAC Multiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.

Table 8.12 shows the complete priority order.

Table8.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 E
Channel 1B Low

If transfers are requested on two or more channels simultaneously, or if atransfer on one channel
isrequested during a transfer on another channel, the DMAC operates as follows.

1

When atransfer is requested, the DMAC requests the bus right. When it gets the busright, it
starts a transfer on the highest-priority channel at that time.

Once atransfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

After each transfer in short address mode, and each externally-requested or cycle-steal transfer
in normal mode, the DMAC releases the bus and returns to step 1. After releasing the bus, if
thereis atransfer request for another channel, the DMAC requests the bus again.

After completion of aburst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returnsto step 1. If thereisatransfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is atransfer request for another channel, the DMAC reguests the bus

again.

Figure 8.19 shows the timing when channel OA is set up for I/O mode and channel 1 for burst
mode, and a transfer request for channel OA isreceived while channel 1isactive.

Rev. 6.0, 09/02, page 245 of 876
RENESAS



DMAC cycle CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)
T, T

2 Ty To Tq Ty T Ty T Ty T Tg Ty T Ty T

|
0

= U

Figure8.19 Timing of Multiple-Channel Operations

8.4.10 External BusRequests, Refresh Controller, and DMAC

During aDMA transfer, if the busright is requested by an external bus request signal (BREQ) or
by the refresh controller, the DMAC releases the bus after completing the transfer of the current
byte or word. If there is atransfer request at this point, the DMAC requests the bus right again.

Figure 8.20 shows an example of the timing of insertion of arefresh cycle during a burst transfer
on channel 0.

Refresh

DMAC cycle (channel 0) ‘ cycle ‘ DMAC cycle (channel 0)
-t >

Ty To Ty T Ty T Ty T Ty T Tg Ty T Ty T T3 To

Sl s e ——

Figure8.20 BusTiming of Refresh Controller and DMAC
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8.4.11 NMI Interruptsand DMAC
NMI interrupts do not affect DMAC operationsin short address mode.

If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI
input clears the DTME hit to 0. After transferring the current byte or word, the DMAC releases the
bus to the CPU. In normal mode, the suspended transfer resumes when the CPU setsthe DTME

bit to 1 again. Check that the DTE bit is set to 1 and the DTME hit is cleared to 0 before setting
the DTME bitto 1.

Figure 8.21 shows the procedure for resuming a DMA transfer in normal mode on channel 0O after
the transfer was halted by NMI input.

in normal mode 2. Read DTCRB while DTME = 0,

( Resuming DMA transfer ) 1. Check that DTE =1 and DTME = 0.
then write 1 in the DTME bit.

SetDTME to 1 2

#

DMA transfer continues End

Figure8.21 Procedurefor Resuminga DMA Transfer Halted by NM| (Example)

For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts
and Block Transfer Mode.
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8.4.12 AbortingaDMA Transfer

When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE hit is set to 1. In full address mode,
the DTME bit can be used for the same purpose. Figure 8.22 shows the procedure for aborting a
DMA transfer by software.

( DMA transfer abort ) 1. Clear the DTE bit to 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMA transfer aborted

Figure8.22 Procedurefor Abortinga DMA Transfer
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8.4.13  Exiting Full Address M ode

Figure 8.23 shows the procedure for exiting full address mode and initializing the pair of channels.
To set the channels up in another mode after exiting full address mode, follow the setup procedure
for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
‘ to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

'

Initialized and halted

Figure8.23 Procedurefor Exiting Full Address Mode (Example)
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8.4.14 DMAC Statesin Reset State, Standby Modes, and Sleep M ode

When the chip isreset or enters hardware or software standby mode, the DMAC isinitialized and
halts. DMAC operations continue in sleep mode. Figure 8.24 shows the timing of a cycle-steal
transfer in sleep mode.

Sleep mode
CPU cycle ‘ ! DMAC cycle ‘ DMAC cycle ‘
— -~ F—» L«—
T, Tg Tu T T Ty Tg Ta T T Tp Ty

Address bus X X >\ ,< X >\

. | |

Figure8.24 Timing of Cycle-Steal Transfer in Sleep Mode
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8.5 Interrupts
The DMAC generates only DMA-end interrupts. Table 8.13 lists the interrupts and their priority.

Table8.13 DMAC Interrupts

Description Interrupt
Interrupt Short Address Mode Full Address Mode Priority
DENDOA End of transfer on channel OA End of transfer on channel 0 High
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on channel 1 E
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

The interrupt priority order among channelsis channel 0 > channel 1 and channel A > channel B.

Figure 8.25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and
DTIE=1.

DTE

:OD—> DMA-end interrupt

DTIE

Figure8.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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8.6 Usage Notes

8.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O addressregisters (MAR and |OAR).

8.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

8.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example

MOV.L #LBL, ERO
MOV.L ERO, @QMARR

Four byte accesses are performed. Note that the CPU may release the bus between the second byte
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

8.6.4 Note on Full Address Mode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.

8.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedure in figure 8.26.
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[ Enabling of DMAC ) 1. While the DTE bit is cleared to O,
interrupt requests are sent to the
CPU.
2. Clear the interrupt enable bit to 0
1 in the interrupt-generating on-chip
supporting module.
Interrupt hand- 3. Enable the DMAC.
ling by CPU No 4. Enable the DMAC-activating

- . interrupt.

Clear selected interrupt’'s 5
enable bitto 0

Selected interrupt
requested?

Enable DMAC 3

Set selected interrupt’s 4
enable bitto 1

'

DMAC operates

Figure8.26 Procedurefor Enabling DMAC while On-Chip Supporting Moduleis
Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to O, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue
DMAC operations, carry out steps 2 and 4 in figure 8.26 before and after setting the DTME bit to
1.

When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next
interrupt does not occur before the DMA transfers end on all the activated channels. If the next
interrupt occurs before atransfer ends, the channel or channels for which that interrupt was
selected may fail to accept further activation requests.
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8.6.6 NMI Interruptsand Block Transfer Mode

If an NMI interrupt occursin block transfer mode, the DMAC operates as follows.

When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clearsthe DTME bit to 0 and halts. The halt may occur in the middle of a block.

It is possible to find whether atransfer was halted in the middle of ablock by checking the
block size counter. If the block size counter does not have itsinitial value, the transfer was
halted in the middle of a block.

If the transfer is halted in the middle of ablock, the activating interrupt flag is cleared to 0. The
activation regquest is not held pending.

Whilethe DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occursin this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither isa
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. See
section 8.6.5, Note on Activating DMAC by Internal Interrupts.

When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it was halted
in the middle of ablock transfer, the rest of the block is transferred when the next transfer
reguest occurs. Otherwise, the next block is transferred when the next transfer request occurs.

8.6.7 Memory and |/O Address Register Values

Table 8.14 indicates the address ranges that can be specified in the memory and I/O address
registers (MAR and IOAR).

Table8.14 Address Ranges Specifiablein MAR and |OAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFFO0 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.
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8.6.8 Bus Cyclewhen Transfer is Aborted

When atransfer is aborted by clearing the DTE bit or suspended by an NMI that clearsthe DTME
bit, if this halts a channel for which the DMAC has a transfer request pending internally, adead
cycle may occur. This dead cycle does not update the halted channel’ s address register or counter
value. Figure 8.27 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle

Agaressbus | O \

DTE bit is |
cleared |

Figure8.27 BusTimingat Abort of DMA Transfer in Cycle-Steal Mode
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Section 9 1/0O Ports

9.1 Overview

The H8/3048 Series has 10 input/output ports (ports 1, 2, 3,4, 5, 6, 8, 9, A, and B) and one input
port (port 7). Table 9.1 summarizes the port functions. The pinsin each port are multiplexed as
shown intable 9.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
MOS control register (PCR) for switching input pull-up MOS transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A, and B can
driveone TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington
pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins P8, to P8, PA_ to PA,,
and PB, to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/0O Port Block Diagrams.
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Table9.1

Port Functions

Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 | Mode 5 | Mode 6 | Mode 7
Port 1 |+ 8-bit I/O port [P1, to P1/ Address output pins (A, to A) Address output (A, |Generic
. Candrive |A10A _to A,) and generic  |input/
LEDs input output
DDR = 0: generic
input
DDR = 1: address
output
Port 2 |+ 8-bit I/O port P2, to P2/ Address output pins (A, to A;) Address output (A, |Generic
« Input pull-up A to A, 'to A,) and generic  |input/
MOS input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 3 |+ 8-bit I/O port [P3, to P3/ Data input/output (D, to D,) Generic
D,, to D, input/
output
Port 4 | 8-bit I/O port (P4, to P4,/ Data input/output (D, to D,) and 8-bit generic input/output Generic
« Input pull-up D, to D, 8-bit bus mode: generic input/output 'Or:i:tét
MOS 16-bit bus mode: data input/output
Port 5 |+ 4-bit I/O port |P5, to P5/ Address output (A, to A,,) Address output (A,, |Generic
« Input pull-up A t0 A, to Aw)_ apd 4-bit input/
MOS generic input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 6 |+ 7-bit I/0 port |P6/LWR, Bus control signal output (LWR, HWR, RD, AS) Generic
P6/HWR, input/
P6,/RD, output
P6,/AS
P6,/BACK, Bus control signal input/output (BACK, BREQ, WAIT) and 3-
P6,/BREQ, bit generic input/output
P6,/WAIT
Port 7 | 8-bit I/O port [P7,/AN,/DA,,  |Analog input (AN,, AN,) to A/D converter, analog output (DA,, DA from
P7/AN/DA, |D/A converter, and generic input
P7,to P7,/ Analog input (AN, to AN,) to A/D converter, and generic input
AN, to AN,
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Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 ‘ Mode 6 | Mode 7
Port 8 |+ 5-bit I/O port |P8,/CS, DDR = 0: generic input Generic
* P8,to P8, DDR = 1 (after reset): CS, output input/
have Schmitt output
inputs P8,/CS,/IRQ, |IRQ,toIRQ, input, CS, to CS, output, and generic input IRQ, to
P8,/CS,/IRQ,, _ . . IRQ
P8 /CS/IRQ. DDR =0 (ﬂer res_et). generic input inpuot and
DDR = 1: CS, to CS, output generic
P8,/RFSH/IRQ, [TRQ, input, RFSH output, and generic input/output input/
output
Port 9 |+ 6-bit I/O port |P9,/SCK,/IRQ,, |Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,) for serial
P9,/SCK/IRQ,, |communication interfaces 1 and 0 (SCI1/0), IRQ, and IRQ, input, and 6-
P9./RxD,, bit generic input/output
P9,/RxD,,
P9,/TxD,,
P9,/TxD,
Port A |+ 8-bit I/O port [PA/TP./ Output (TP,) from  |Address output TPC Address |TPC
« Schmitt TIOCB,/A,, programmable (A output  |output  |output
inputs timing pattern (TP7_), (A) (TP),
controller (TPC), ITU input ITU input
input or output or output or output
(TIOCB,) for 16-bit (TIOCB,), (TIOCB,),
integrated timer unit and and
(ITU), and generic generic generic
input/output input/ input/
output output
PAJTP,/ TPC output (TP, to |TPC output (TP to |TPC TPC TPC
TIOCA,/A,/CS,|TP,), ITU input and |TP,), ITU input and |output  |output |output
PAJTP,./ output (TIOCA,, output (TIOCA,, (TP,to  |(TP,to |(TP,to
TIOCB,/A,,/CS, |TIOCB,, TIOCA)), [TIOCB,, TIOCA), [TP,), ITU [TP), ITU [TP,), ITU
PAJTP,/ CS, to CS, output, |address output (A,, |input and |input and |input and
TIOCA /A, /CS, |and generic input/  [to A,), CS,to CS, |output |output  |output
output output, and generic |(TIOCA,, ((TIOCA,, ((TIOCA,,
input/output TIOCB,, |TIOCB,, |TIOCB,,
TIOCA,), |TIOCA)), |TIOCA)),
CS,to  |address |and
CS, output  |generic
output, |(A, to input/
and A,), CS, |output
generic |to CS,
input/ output,
output and
generic
input/out
put
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Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7
Port A | 8-bit I/O port [PAJTP,/ TPC output (TP, to TP,), output (TEND,, TEND,) from DMA controller
« Schmitt TIOCB/ (DMAC), ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA,
inputs TCLKD, TIOCB,, TIOCA,), and generic input/output
PAITP,/
TIOCA/
TCLKC,
PAJ/TP./
TEND,/TCLKB,
PAJTP/
TEND,/TCLKA
Port B |+ 8-bit I/O port |PB,/TP.,/ TPC output (TP,,), DMAC input (DREQ,), trigger input (ADTRG) to A/D
« Can drive DREQ,/ADTRG|converter, and generic input/output
LEDs PB/TP,/ TPC output (TP,,), DMAC input (DREQ,), CS, output, and TPC
. PB, to PB, DREQ,/CS, |generic input/output output
have Schmitt (TP.),
inputs _DMAC
input
(DREQ),
and
generic
input/
output
PB./TP./ TPC output (TP, to TP,), ITU input and output (TOCXB,, TOCXA,,
TOCXB,, TIOCB,, TIOCA,, TIOCB,, TIOCA)), and generic input/output
PB,/TP.,/
TOCXA,,
PB,/TP,./
TIOCB,,
PB,/TP,/
TIOCA,,
PB,/TP,/
TIOCB,,
PB,/TP/
TIOCA,
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9.2 Port 1

9.2.1 Overview

Port 1 isan 8-bit input/output port with the pin configuration shown in figure 9.1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1 to 4 (expanded modes with on-chip
ROM disabled), they are address bus output pins (A, to A,).

In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the port 1 data
direction register (PADDR) can designate pins for address bus output (A, to A ) or generic input.
In mode 7 (single-chip mode), port 1 is a generic input/output port.

When DRAM is connected to area 3, A, to A, output row and column addresses in read and write
cycles. For details see section 7, Refresh Controller.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 1 pins Modes1to4 Modes5and6 Mode 7
-~ P1,/A; A+ (output) P1, (input)/A; (output) P11, (input/output)
~— Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
= Plg/Ag As (output) P15 (input)/As (output) Pl (input/output)
- P1,/A, A4 (output) P1, (input)/A,4 (output) P1, (input/output)
Port1 = P13/A; A4 (output) P15 (input)/A; (output) P13 (input/output)
~— P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
~— P1,/A; A4 (output) P1, (input)/A; (output) P1; (input/output)
~— P1,/Aq Ag (output) P1y (input)/Ag (output) Pl (input/output)

Figure9.1 Port 1 Pin Configuration
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9.2.2 Register Descriptions
Table 9.2 summarizes the registers of port 1.

Table9.2 Port 1 Registers

Initial Value
Address*  Name Abbreviation R/W Modes 1to 4 Modes5to7
H'FFCO Port 1 data direction P1DDR W H'FF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (PLDDR)

P1DDR isan 8-bit write-only register that can select input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0
‘ P17DDR‘ PlGDDR‘ P15DDR‘ P14DDR‘ P1;DDR ‘ P1,DDR ‘ PllDDR‘ PlODDR‘
Modes| Initial value 1 1 1 1 1 1 1 1
lto4 {ReadNVrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
S107 | ReadMrite W W W W W W W W

Port 1 data direction 7to O
These bits select input or
output for port 1 pins

Modes 1 to 4 (Expanded M odes with On-Chip ROM Disabled): PLDDR vaues are fixed at 1
and cannot be modified. Port 1 functions as an address bus.

Modes 5 and 6 (Expanded M odes with On-Chip ROM Enabled): A pinin port 1 becomes an
address output pin if the corresponding PIDDR bit is set to 1, and ageneric input pinif thisbit is
cleared to O.

Mode 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pinin port 1 becomes an
output pin if the corresponding PLDDR bit is set to 1, and an input pin if thisbit iscleared to 0.

In modes 5to 7, PADDR isawrite-only register. Its value cannot be read. All bits return 1 when
read.
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P1DDRisinitialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by areset and in hardware
standby mode. In software standby mode it retains its previous setting. If aP1DDR hitisset to 1,
the corresponding pin maintains its output state in software standby mode.

Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores port 1 output data. While port 1 acts asan
output port, the value of this register is output. When this register isread, the pin logic level of a
pinisread for bits for which the PADDR setting is 0, and the P1DR valueis read for bits for which
the PIDDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Plg ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P11 ‘ Plg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 data 7 to O
These bits store data for port 1 pins

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.3 Port 2

9.3.1 Overview

Port 2 isan 8-bit input/output port with the pin configuration shown in figure 9.2. The pin

functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus
output pins (A, to A)). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings
in the port 2 data direction register (P2DDR) can designate pins for address bus output (A, to A,)
or generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to area 3, A, and A, output row and column addresses in read and write

cycles. For details see section 7, Refresh Controller.

Port 2 has software-programmabl e built-in pull-up MOS. Pinsin port 2 can drive one TTL load
and a 90-pF capacitive load. They can also drive adarlington transistor pair.

Port 2 pins

(- P26/A14
-~ P25/As5
> P24/A12
Port 2
= P23/Aq,
> P2,/A1g
> P2,/Aq

i P20/A8

Modes 1to 4 Modes 5and 6

A1s (output)
Aq4 (output)
Aq3 (output)
A1, (output)
A4, (output)
A1o (output)
Ag (output)

Ag (output)

P2, (input)/As (output)
P24 (input)/A14 (output)
P25 (input)/A 3 (output)
P2, (input)/A1, (output)
P23 (input)/A; (output)
P2, (input)/A1q (output)
P2, (input)/Ag (output)
P2, (input)/Ag (output)

Mode 7

P2, (input/output)
P2 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

Figure9.2 Port 2 Pin Configuration

Rev. 6.0, 09/02, page 264 of 876

RENESAS




9.3.2 Register Descriptions
Table 9.3 summarizes the registers of port 2.

Table9.3 Port 2 Registers

Initial Value
Address*  Name Abbreviation R/W Modes 1to 4 Modes5to7
H'FFC1 Port 2 data direction P2DDR W H'FF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up MOS P2PCR R/W H'00 H'00

control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-bit write-only register that can select input or output for each pinin port 2.

Bit 7 6 5 4 3 2 1 0
\ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR \ P2,DDR \ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Read/Write — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
S107 | Read/Write W W W W W W W W

Port 2 data direction 7 to O
These bits select input or
output for port 2 pins

Modes 1 to 4 (Expanded M odeswith On-Chip ROM Disabled): P2DDR values are fixed at 1
and cannot be modified. Port 2 functions as an address bus.

Modes 5 and 6 (Expanded Modeswith On-Chip ROM Enabled): Following areset, port 2 is
an input port. A pinin port 2 becomes an address output pin if the corresponding P2DDR bit is set
to 1, and ageneric input port if thisbit is cleared to 0.

Mode 7 (Single-Chip M ode): Port 2 functions as an input/output port. A pinin port 2 becomes an
output port if the corresponding P2DDR bit is set to 1, and an input port if this bit is cleared to O.

In modes 1 to 4, P2DDR aways returns 1 when read. No value can be written to.
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In modes 5to 7, P2DDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P2DDRisinitialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by areset and in hardware
standby mode. In software standby mode it retains its previous setting. If aP2DDR hitisset to 1,
the corresponding pin maintains its output state in software standby mode.

Port 2 Data Register (P2DR)

P2DR is an 8-bit readable/writable register that stores output data for pins P2, to P2,. While port 2
acts as an output port, the value of thisregister is output. When abit in P2DDR is set to 1, if port 2
isread the value of the corresponding P2DR hit is returned. When a bit in P2DDR is cleared to O,
if port 2 isread the corresponding pin level isread.

Bit 7 6 5 4 3 2 1 0

‘ P27 ‘ P2¢ ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P21 ‘ P2¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 data 7 to O
These bits store data for port 2 pins

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
Port 2 Input Pull-Up MOS Control Register (P2PCR)

P2PCR is an 8-hit readable/writable register that controls the MOS input pull-up transistorsin port
2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P2;PCR ‘ P2,PCR ‘ P21PCR‘ P2oPCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up MOS control 7to 0
These bits control input pull-up
transistors built into port 2

In modes 5 to 7, when aP2DDR hit is cleared to O (selecting generic input), if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up MOS is turned on.
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P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it

retains its previous setting.

Table 9.4 summarizes the states of the input pull-up transistors.

Table9.4 Input Pull-Up MOS States (Port 2)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend

Off:  The input pull-up MOS is always off.

On/off: The input pull-up MOS is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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94 Port 3

9.4.1 Overview

Port 3 isan 8-bit input/output port with the pin configuration shown in figure 9.3. Port 3isadata
busin modes 1 to 6 (expanded modes) and a generic input/output port in mode 7 (single-chip

mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drivea

darlington transistor pair.

Port 3 pins

[ P37/D15
- P36/D14
[ P35/D13
[ P34/D12
Port 3
> P33/D11
I P32/D10
Rl P31/D9

i P30/D8

Modes 1to 6

D45 (input/output)
D4 (input/output)
D43 (input/output)
Dy, (input/output)
D4, (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Mode 7

P3- (input/output)
P3g (input/output)
P35 (input/output)
P3, (input/output)
P35 (input/output)
P3, (input/output)
P3; (input/output)

P3 (input/output)

Figure9.3 Port 3 Pin Configuration

9.4.2 Register Descriptions

Table 9.5 summarizes the registers of port 3.

Table9.5 Port 3Registers

Address* Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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Port 3 Data Direction Register (P3DDR)

P3DDR is an 8-bit write-only register that can select input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0
‘P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘ P30DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W W W w W W

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

Modes 1 to 6 (Expanded Modes): Port 3 functions as a data bus. P3DDR isignored.

Mode 7 (Single-Chip M ode): Port 3 functions as an input/output port. A pinin port 3 becomes an
output port if the corresponding P3DDR bit is set to 1, and an input port if this bit is cleared to O.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 3 Data Register (P3DR)

P3DR is an 8-hit readable/writable register that stores output data for pins P3, to P3,. While port 3
acts as an output port, the value of thisregister is output. When abit in P3BDDRis set to 1, if port 3
isread the value of the corresponding P3DR hit is returned. When abit in P3DDR is cleared to O,
if port 3 isread the corresponding pin level isread.

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P35 ‘ P31 ‘ P3¢ ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 3data7to 0
These bits store data for port 3 pins

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.5 Port 4

9.5.1 Overview

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9.4. The pin
functions differ according to the operating mode.

In modes 1 to 6 (expanded modes), when the bus width control register (ABWCR) designates
areas 0 to 7 al as 8-bit-access areas, the chip operatesin 8-bit bus mode and port 4 isa generic
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip
operates in 16-bit bus mode and port 4 becomes part of the data bus. In mode 7 (single-chip
mode), port 4 is a generic input/output port.

Port 4 has software-programmabl e built-in pull-up MOS.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drivea

darlington transistor pair.

Port 4 pins

- P47/D7
— P45/Dg
- P45/D5
D P44/D4
Port 4
™ P43/D3
R P42/D2

Rl P40/DO

Modes 1to 6

P4 (input/output)/D- (input/output)
P4¢ (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D,4 (input/output)
P4, (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D; (input/output)

P4, (input/output)/Dg (input/output)

Mode 7

P4 (input/output)
P4¢ (input/output)
P4 (input/output)
P4, (input/output)
P4, (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure9.4 Port 4 Pin Configuration
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95.2 Register Descriptions
Table 9.6 summarizes the registers of port 4.

Table9.6 Port 4 Registers

Address* Name Abbreviation R/W Initial Value

H'FFC5 Port 4 data direction register P4ADDR W H'00

H'FFC7 Port 4 data register P4DR R/W H'00

H'FFDA Port 4 input pull-up MOS control P4PCR R/W H'00
register

Note: * Lower 16 bits of the address.

Port 4 Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that can select input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43DDR ‘ P4,DDR ‘ P41DDR‘ P40DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w W W W w w W

Port 4 data direction 7 to 0
These bits select input or output for port 4 pins

Modes 1 to 6 (Expanded Modes): When all areas are designated as 8-bit-access areas using the
bus width control register (ABWCR) of the bus controller, selecting 8-bit bus mode, port 4
functions as a generic input/output port. A pinin port 4 becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if thisbit is cleared to O.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus regardless of the value in PADDR.

Mode 7 (Single-Chip M ode): Port 4 functions as an input/output port. A pinin port 4 becomes an
output port if the corresponding PADDR bit is set to 1, and an input port if this bit is cleared to O.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 by areset and in hardware standby mode. |n software standby mode
it retains its previous setting.

ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a
generic input/output port, if a PADDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.
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Port 4 Data Register (P4DR)

P4DR is an 8-bit readable/writable register that stores output data for pins P4, to P4,. While port 4
acts as an output port, the value of this register is output. When a bit in PADDR is set to 1, if port 4
isread the value of the corresponding PADR hit is returned. When a bit in PADDR is cleared to O,
if port 4 isread the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P44 ‘ P4, ‘ P4, ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data7to 0
These bits store data for port 4 pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
Port 4 Input Pull-Up MOS Control Register (P4PCR)

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up transistorsin port
4.

Bit 7 6 5 4 3 2 1 0

‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘P4OPCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW R/W RIW RIW R/W RIW RIW

Port 4 input pull-up MOS control 7to O
These bits control input pull-up MOS transistors built into port 4

In mode 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 6 (expanded modes), when a
PADDR bit is cleared to O (selecting generic input), if the corresponding PAPCR bit is set to 1, the
input pull-up MOS transistor is turned on.

PAPCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 9.7 summarizes the states of the input pull-ups MOS in the 8-bit and 16-bit bus modes.

Table9.7 Input Pull-Up MOS Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1to 6 8-bit bus mode Off Off On/off On/off
16-bit bus mode Off Off
7 On/off On/off

Legend
Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PAPCR = 1 and PADDR = 0. Otherwise, it is off.
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9.6 Port 5

9.6.1 Overview

Port 5 isa4-hit input/output port with the pin configuration shown in figure 9.5. The pin functions
differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (A, to A,). Inmodes5 and 6 (expanded modes with on-chip ROM enabled), settingsin the
port 5 data direction register (PSDDR) designate pins for address bus output (A, to A,.) or generic
input. In mode 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmabl e built-in pull-up MOS transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drivean LED or
adarlington transistor pair.

Port 5

Port 5
pins

P53/A1g
P5,/A1g
P5,/A 7

P5¢/A 16

Modes 1to 4

Ag (output)
Ag (output)
A17 (output)

A (Output)

Modes 5 and 6

P53 (input)/A,g (output)
P5, (input)/A,g (output)
P5, (input)/A;7 (output)

P54 (input)/A;g (output)

Mode 7

P53 (input/output)
P5, (input/output)
P5, (input/output)

P5¢ (input/output)

Rev. 6.0, 09/02, page 274 of 876

Figure9.5 Port 5 Pin Configuration

RENESAS




9.6.2 Register Descriptions
Table 9.8 summarizes the registers of port 5.

Table9.8 Port 5 Registers

Initial Value
Address*  Name Abbreviation R/W Modes 1to 4 Modes5to7
H'FFC8 Port 5 data direction P5DDR W H'FF H'FO
register
H'FFCA Port 5 data register P5DR R/W H'FO H'FO
H'FFDB Port 5 input pull-up MOS P5PCR R/W H'FO H'FO

control register

Note: * Lower 16 bits of the address.

Port 5 Data Direction Register (P5DDR)
P5DDR is an 8-bit write-only register that can select input or output for each pinin port 5.

Bits 7 to 4 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53DDR ‘ P5,DDR ‘ P51DDR‘ P50DDR‘
Modes | Initial value 1 1 1 1 1 1 1 1
lto4 {ReadNVrite — — — — — — — —
Modes{lnitial value 1 1 1 1 0 0 0 0
S107 | ReadWrite — — — — W W w
Reserved bit‘s Port 5 data c‘iirection 3to0

These bits select input or
output for port 5 pins

Modes 1 to 4 (Expanded M odeswith On-Chip ROM Disabled): PSDDR values are fixed at 1
and cannot be modified. Port 5 functions as an address bus.

Modes 5 and 6 (Expanded Modeswith On-Chip ROM Enabled): Following areset, port 5is
an input port. A pinin port 5 becomes an address output pin if the corresponding PSDDR bit is set
to 1, and an input port if thisbit is cleared to O.
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Mode 7 (Single-Chip Mode): Port 5 functions as an input/output port. A pin in port 5 becomes an
output port if the corresponding PSDDR hit is set to 1, and an input port if thisbit is cleared to O.

In modes 1 to 4, PSDDR aways returns 1 when read. No value can be written to.

In modes 5to 7, PSDDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P5DDR isinitialized to H'FF in modes 1 to 4 and H'FO in modes 5 to 7 by areset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PSDDR bit is set to
1 while port 5 acts as an /O port, the corresponding pin maintains its output state in software
standby mode.

Port 5 Data Register (P5DR)

PSDR is an 8-bit readable/writable register that stores output data for pins P5, to P5,. While port 5
acts as an output port, the value of thisregister is output. When abit in PSDDR isset to 1, if port 5
isread the value of the corresponding PSDR hit is returned. When a bit in PSDDR is cleared to O,
if port 5 isread the corresponding pin level isread.

Bits 7 to 4 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1 0
= = =] — [ e[ P, | psy | ops, |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port5data3to 0

These bits store data
for port 5 pins

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Port 5 Input Pull-Up MOS Control Register (P5PCR)

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘PSSPCR ‘ P5,PCR ‘ P51PCR‘P50PCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS control 3to 0

These bits control input pull-up MOS
transistors built into port 5

P5PCR is an 8-bit readable/writable register that controls the MOS input pull-up MOS transistors
in port 5.

Bits 7 to 4 are reserved. They cannot be modified and are alwaysread as 1.

In modes 5 to 7, when aPSDDR hit is cleared to O (selecting generic input), if the corresponding
bit from P5,PCR to P5,PCR is set to 1, the input pull-up MOS transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 9.9 summarizes the states of the input pull-ups MOS in each mode.

Table9.9 Input Pull-Up MOS Transistor States (Port 5)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/off
6
7
Legend

Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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9.7 Port 6

9.7.1 Overview

Port 6 isa 7-bit input/output port that is also used for input and output of bus control signals

(LWR, HWR, RD, AS, BACK, BREQ, and WAIT). When DRAM is connected to area 3, LWR,
HWR, and RD also function asLW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For
details see section 7, Refresh Controller.

Figure 9.6 shows the pin configuration of port 6. In modes 1 to 6 (expanded modes) the pin
functions are LWR, HWR, RD, AS, P6,/BACK, P6/BREQ, and P6/WAIT. See table 9.11 for the
method of selecting the pin states. In mode 7 (single-chip mode) port 6 is a generic input/output

port.

Pinsin port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a

darlington transistor pair.

Port 6 pins

«— P6s/LWR
~— P65 /HWR
«— P6,/RD

Port6 («—= P6,/AS

~— P6,/BACK
<— P6,/BREQ
~— P6y/WAIT

Modes 1to 6
(expanded modes)

LWR (output)
HWR (output)
RD  (output)
AS  (output)
P6, (input/output)/ BACK (output)
P6 , (input/output)/ BREQ (input)
P6, (input/output)/ WAIT (input)

Mode 7
(single-chip mode)

P6 g (input/output)
P65 (input/output)
P64 (input/output)
P6 5 (input/output)
P6, (input/output)
P6 ; (input/output)

P6 (input/output)

Figure9.6 Port 6 Pin Configuration
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9.7.2 Register Descriptions
Table 9.10 summarizes the registers of port 6.

Table9.10 Port 6 Registers

Initial Value
Address*  Name Abbreviation R/W Mode 1to 5 Mode 6, 7
H'FFC9 Port 6 data direction P6DDR w H'F8 H'80
register
H'FFCB Port 6 data register P6DR R/W H'80 H'80

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

PEDDR is an 8-bit write-only register that can select input or output for each pinin port 6. Bit 7 is
reserved. It cannot be modified and is always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR ‘ P6,DDR ‘ P61DDR‘ P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W w w w w W
Reserved bit Port 6 data direction 6to O

These bits select input or output for port 6 pins

Modes 1 to 6 (Expanded Modes): Ports PG, to P6, function as bus control output pins (LWR,
HWR, RD, AS), regardless of the settings of P6,DDR to P6,DDR. Ports P8, to P, function as the
bus control pins (BACK, BREQ, WAIT) or /O ports. For selecting the pin function, see table
9.11. When ports P6, to P6, function as 1/0 ports and if PGDDR is set to 1, the corresponding pin
of port 6 functions as an output port. If PBDDR is cleared to 0, the corresponding pin functions as
an input port.

Mode 7 (Single-Chip Mode): Port 6 is a generic input/output port. A pinin port 6 becomes an
output port if the corresponding P6DDR bit is set to 1, and an input port if this bit iscleared to O.

PEDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If a PBDDR bit is set to 1 while port 6 acts asan 1/O port, the
corresponding pin maintains its output state in software standby mode.
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P61 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bit Port 6 data6to O

These bits store data for port 6 pins

P6DR is an 8-bit readable/writable register that stores output data for pins P6, to P6,. When this
register isread, bits 6 to 0 each returns the logic level of the pin, when the corresponding bit of
PEDDR is 0. When the corresponding bit of PEBDDR is 1, bits 6 to O return the PEDR value.

Bit 7 isreserved, cannot be modified, and always read as 1.

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table9.11

Port 6 Pin Functionsin Modes 1to 6

Pin Pin Functions and Selection Method
P6,/LWR Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function LWR output
P6./HWR Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function HWR output
P6,/RD Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function RD output
P6,/AS Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows
BRLE 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output BACK output
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follows
BRLE 0 1
P6,DDR 0 1 —
Pin function P6, input P6, output BREQ input
P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the

pin function as follows

WCER All 1s Not all 1s
WMS1 0 1 —
P6,DDR 0 1 0* o*
Pin function P6, input P6, output WAIT input

Note: * Do not set bit P6,DDR to 1.
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9.8 Port 7

9.8.1 Overview

Port 7 isan 8-bit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 9.7
shows the pin configuration of port 7.

For the analog input pins of the A/D converter, see section 15, A/D Converter.

For the analog input pins of the D/A converter, see section 16, D/A Converter.

Port 7 pins

~—— P7, (input)/ AN (input)/DA ; (output)
— P7¢ (input)/ANg (input)/DA g (output)
—— P75 (input)/ANg (input)

—— P7, (input)/AN4 (input)

Port 7
—— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
—— P74 (input)/AN; (input)

~—— P74 (input)/AN (input)

Figure9.7 Port 7 Pin Configuration
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9.8.2 Register Description

Table 9.12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table9.12 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value

H'FFCE Port 7 data register P7DR R Undetermined
Note: * Lower 16 bits of the address.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P77 ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P71 ‘ P7q ‘
Initial value —* —* — —* _* _* _* _
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7q.

When P7DR isread, the logic level of the pin is always read. No data can be written to.
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9.9 Port 8

9.9.1 Overview

Port 8 is a 5-hit input/output port that is also used for CS, to CS, output, RESH output, and IRQ, to
IRQ, input. Figure 9.8 shows the pin configuration of port 8.

In modes 1 to 6 (expanded modes), port 8 can provide CS, to CS, output, RFSH output, and IRQ,
to IRQ, input. See table 9.14 for the selection of pin functions in expanded modes.

In mode 7 (single-chip mode), port 8 can provide IRQ, to IRQ, input. See table 9.15 for the
selection of pin functions in single-chip mode.

The IRQ, to IRQ, functions are selected by |ER settings, regardless of whether the pin is used for
input or output. For details see section 5, Interrupt Controller.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drivea
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 6
(expanded modes)

———» P8,/CS, P8, (input)/ CS, (output)

«— P83/CS,/IRQ; P8 (input)/ CS; (output)/ TRQ3 (input)

Port8 [~— P8,/CS,/IRQ, P8, (input)/CS, (output)/ IRQ, (input)
~—» P8,/CS;3/IRQ, P8, (input)/ CS5 (output)/ TRQ; (input)
= P8,/RFSH/IRQ, P8, (input/output)/ RFSH (output)/TRQ (input)

Pin functions in mode 7
(single-chip mode)

P8,/(input/output)

P83/(input/output)/ TRQ5 (input)
P8, /(input/output)/ IRQ,, (input)
P8, /(input/output)/ TRQ; (input)
P8, /(input/output)/ TRQ (input)

Figure9.8 Port 8 Pin Configuration
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9.9.2 Register Descriptions
Table 9.13 summarizes the registers of port 8.

Table9.13 Port 8 Registers

Initial Value
Address*  Name Abbreviation R/W Mode 1to 4 Mode 5to 7
H'FFCD Port 8 data direction P8DDR W H'FO H'EO
register
H'FFCF Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PS8DDR)
P8DDR is an 8-bit write-only register that can select input or output for each pin in port 8.

Bits 7 to 5 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1 0
‘ — \ — \ — \ P84DDR‘ P83DDR \ P8,DDR \ P8,DDR \ P8,DDR \
Modes{ Initial value 1 1 1 1 0 0 0 0
1104 | ReadWrite — — — w W W W w
Modes{ Initial value 1 1 1 0 0 0 0 0
St07 | Read/Write — — — W W W W W
Reser\‘/ed bits Port 8 data di‘rection 4t00

These bits select input or
output for port 8 pins

Modes 1 to 6 (Expanded M odes): When bitsin PBDDR bit are set to 1, P8, to P8, become CS, to
CS, output pins. When bitsin PSDDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following areset only CS, is
output. The other three pins are input ports. In modes 5 and 6 (expanded modes with on-chip
ROM enabled), following areset all four pins areinput ports.

When the refresh controller is enabled, P8, is used unconditionally for RFSH output. When the
refresh controller is disabled, P8, becomes a generic input/output port according to the PSDDR
setting. For details see table 9.15.
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Mode 7 (Single-Chip M ode): Port 8 is a generic input/output port. A pinin port 8 becomes an
output port if the corresponding PBDDR hit is set to 1, and an input port if this bit is cleared to O.

PB8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO in modes 1 to 4 and H'EQ in modes 5 to 7 by areset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PBDDR bit is set to
1 while port 8 acts as an /O port, the corresponding pin maintains its output state in software
standby mode.

Port 8 Data Register (P8DR)

P8DR is an 8-bit readable/writable register that stores output data for pins P8, to P8,. While port 8
acts as an output port, the value of thisregister is output. When abit in PBDDR isset to 1, if port 8
isread the value of the corresponding P8DR hit is returned. When a bit in PBDDR is cleared to 0,
if port 8 isread the corresponding pin level isread.

Bits 7 to 5 are reserved. They cannot be modified and always are read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P8, ‘ P8y ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table9.14 Port 8 Pin Functionsin Modes1to 6

Pin Pin Functions and Selection Method
P8,/CS, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output
IRQ, input
P8,/CS,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output
IRQ, input
P8,/CS,IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input CS, output

IRQ, input

P8,/RFSH/IRQ,

Bit RFSHE in RF

SHCR and bit P8 DDR select the pin function as follows

RFSHE 0 1

P8,DDR 0 1 —

Pin function P8, input P8, output RFSH output
IRQ, input
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Table9.15 Port 8 Pin Functionsin Mode 7

Pin Pin Functions and Selection Method
P8, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
P8/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
P8,/IRQ, Bit P8 DDR select the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
IRQ, input
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9.10 Port 9

9.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD,, RxD,, RXD,,
SCK,, SCK ) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQ,
and IRQ, input. See table 9.17 for the selection of pin functions.

The IRQ, and IRQ, functions are selected by 1 ER settings, regardless of whether the pin is used for
input or output. For details see section 5, Interrupt Controller.

Port 9 has the same set of pin functionsin all operating modes. Figure 9.9 shows the pin
configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 9 pins

=——»= P9 (input/output)/SCK; (input/output)/IRQ;5 (input)
«——= P9, (input/output)/SCK, (input/output)/IRQ, (input)
~—— P9, (input/output)/RxD; (input)

Port 9
~——> P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~—— P9, (input/output)/TxDgy (output)

Figure9.9 Port 9 Pin Configuration
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9.10.2 Register Descriptions
Table 9.16 summarizes the registers of port 9.

Table9.16 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PODDR w H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.

Port 9 Data Direction Register (PODDR)
PODDR is an 8-bit write-only register that can select input or output for each pinin port 9.

Bits 7 and 6 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — W w W W w W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

While port 9 acts as an /O port, apin in port 9 becomes an output port if the corresponding
PODDR bit isset to 1, and an input port if this bit is cleared to 0. For selecting the pin function, see
table 9.17.

PODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If a PODDR bit is set to 1 while port 9 acts as an /O port, the
corresponding pin maintains its output state in software standby mode.
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Port 9 Data Register (P9DR)

PIDR is an 8-bit readable/writable register that stores output data for pins P9, to P9,. While port 9
acts as an output port, the value of thisregister is output. When abit in PODDR is set to 1, if port 9
isread the value of the corresponding PODR bit is returned. When a bit in PODDR is cleared to O,
if port 9 isread the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9g ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9 data5to 0

These bits store data
for port 9 pins

Bits 7 and 6 are reserved. They cannot be modified and are alwaysread as 1.

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table9.17 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P9,/SCK /IRQ,

Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9.DDR

select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9.DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input

P9,/SCK/IRQ,

Bit C/A in SMR of SCI0, bits CKEO and CKE1 in SCR of SCIO, and bit P9,DDR

select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCK, SCK, SCK,
input output output output input
IRQ, input
P9./RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as follows
RE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output RxD, input
P9,/RxD, Bit RE in SCR of SCIO, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows
SMIF 0 1
RE 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output RxD, input RxD, input
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Pin Pin Functions and Selection Method
P9,/TxD, Bit TE in SCR of SCI1 and bit P9,DDR select the pin function as follows
TE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output TxD, output
P9,/TxD, Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin

function as follows

SMIF 0 1
TE 0 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output TxD, output | TxD, output*

Note: * Functions as the TxD, output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
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9.11 Port A

9.11.1 Overview

Port A is an 8-bit input/output port that is also used for output (TP, to TP,) from the programmable
timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB,, TIOCA,, TIOCB,,
TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer unit (ITU), output
(TEND,, TEND,) from the DMA controller (DMAC), CS, to CS, output, and address output (A,
to A,). A reset or hardware standby leaves port A as an input port, except that in modes 3, 4, and
6, one pin isalways used for A, output. For selecting the pin function, see table 9.19. Usage of
pinsfor TPC, ITU, and DMAC input and output is described in the sections on those modules. For
output of address bits A, to A,, in modes 3, 4, and 6, see section 6.2.5, Bus Release Control
Register (BRCR). For output of CS, to CS, in modes 1 to 6, see section 6.3.2, Chip Select Signals.
Pins not assigned to any of these functions are available for generic input/output. Figure 9.10
shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PAITP;/TIOCB,/A 50
PAg/TPg/TIOCA,/A,,/CS,
PA5/TP5/TIOCB;/A5,/CSs
PA 4/TP4/TIOCA;/A,3/CSg
PA5/TP3/TIOCB,/TCLKD
PA,/TP,/TIOCA,/TCLKC
PA,/TP,/TEND,/TCLKB
PAo/TPo/TEND,/TCLKA

Pin functions in modes 1, 2, and 5

PA- (input/output)/TP; (output)/TIOCB , (input/output)

PAg (input/output)/TPg (output)/TIOCA , (input/output)/CS 4 (output)

PA; (input/output)/TPs (output)/TIOCB ; (input/output)/CSs(output)

PA, (input/output)/TP, (output)/TIOCA ; (input/output)/CSg(output)

PA 3 (input/output)/TP3 (output)/TIOCB  (input/output)/TCLKD (input)

PA, (input/output)/TP, (output)/TIOCA ; (input/output)/TCLKC (input)

PA, (input/output)/TP; (output)/ TEND, (output)/ TCLKB (input)

PA (input/output)/TP, (output)/TEND, (output)/TCLKA (input)

Pin functions in modes 3, 4, and 6

Ay (output)

PA (input/output)/TPg (output)/TIOCA , (input/output)/A»; (output)/CS, (output)
PA s (input/output)/TPs (output)/TIOCB ; (input/output)/A ,, (output)/CSs (output)
PA 4 (input/output)/TP, (output)/TIOCA ; (input/output)/A »3 (output)/CSg (output)
PA ;3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

PA (input/output)/TP, (output)/TIOCA g (input/output)/TCLKC (input)

PA 1 (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA (input/output)/TPq (output)/TEND, (output)/ TCLKA (input)

Pin functions in mode 7

PA; (input/output)/TP; (output)/TIOCB, (input/output)

PAg (input/output)/TPg (output)/TIOCA, (input/output)

PAg (input/output)/TP5 (output)/TIOCB; (input/output)

PA, (input/output)/TP,4 (output)/TIOCA, (input/output)

PA; (input/output)/TP3 (output)/TIOCBy (input/output)/TCLKD (input)

PA, (input/output)/TP, (output)/TIOCAq (input/output)/TCLKC (input)

PA; (input/output)/TP; (output)/TEND; (output)/TCLKB (input)

PA, (input/output)/ TP (output)/ TEND, (output)/ TCLKA (input)

Figure9.10 Port A Pin Configuration
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9.11.2 Register Descriptions
Table 9.18 summarizes the registers of port A.

Table9.18 Port A Registers

Initial Value
Modes Modes
Address* Name Abbreviation R/W 1,2,5,and7 3,4,and 6
H'FFD1 Port A data direction PADDR W H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register that can select input or output for each pinin port A. When
pins are used for TPC output, the corresponding PADDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3DDR‘PA2DDR‘PAlDDR‘PAODDR‘

g”y‘fes { Initial value 1 0 0 0 0 0 0 0

and 6 | Read/Write — W W w w W W w

'i”"’chess’{mitim value 0 0 0 0 0 0 0 0

and 7 | Read/Write W W W w W W W W

Port A data direction 7 to 0
These bits select input or output for port A pins

While port A actsasan 1/O port, apinin port A becomes an output pin if the corresponding
PADDR bit isset to 1, and an input pin if thisbit is cleared to 0. In modes 3, 4, and 6, PA.DDR is
fixed at 1 and PA, functions as an address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PADDR isinitialized to H'00 by areset and in hardware standby mode in modes 1, 2, 5, and 7.

Itisinitialized to H'80 by areset and in hardware standby mode in modes 3, 4, and 6. In software
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin
maintains its output state in software standby mode.
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Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores output data for pins PA, to PA,. While port
A acts as an output port, the value of thisregister is output. When a bit in PADDR isset to 1, if
port A isread the value of the corresponding PADR bit isreturned. When abit in PADDR is
cleared to O, if port A isread the corresponding pin level isread.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA> ‘ PA1 ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port Adata7to 0
These bits store data for port A pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.

Rev. 6.0, 09/02, page 297 of 876
RENESAS



9.11.3

Pin Functions

Table 9.19 describes the selection of pin functions.
Table9.19 Port A Pin Functions

Pin

Pin Functions and Selection Method

PA /TP

The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to I0OBO0 in
TIOCB,/A,, TIOR2), bit NDER7 in NDERA, and bit PA,.DDR in PADDR select the pin function as

follows

Mode

1,2,5 7

3,4,6

ITU
channel 2
settings

(1) in table
below

(2) in table below

PA,DDR

0

1

1

NDER7

0

1

Pin function

TIOCB,
output

PA_ input

PA_ output

TP, output

TIOCB, input*

A,, output

Note: * TIOCB, input when I0B2 = 1 and PWM2 = 0.

ITU
channel 2
settings

)

1)

)

10B2

10B1

10BO
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Pin Pin Functions and Selection Method

PA/TP,/ The mode setting, bit A, E in BRCR, bit CS4E in CSCR, ITU channel 2 settings (bit
TIOCA,/ PWM2 in TMDR and bits I0A2 to IOA0 in TIOR2), bit NDERG in NDERA, and bit
A,/CS, PADDDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS4E 0 1 0 1 —

A, E — — 1 0 — —

ITU 1) in (2) in table — | Min (2) in table — | — | in (2) in table

channel 2 | table below table below table below

settings below below below

PA,DDR — 0 1 1 — — 0 1 1 — — — 0 1 1

NDER6 — — 0 1 — — — | 0 1 — | — — — 0 1

Pin TIOCA,| PA, | PA, | TP, | CS, |TIOCA,| PA, | PA, | TP, | A, | CS, |TIOCA,| PA, | PA, | TP,

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA, input* TIOCA, input* TIOCA, input*

Note: * TIOCA, input when I0A2 = 1.

ITU
channel 2 @) 1) 2 1)
settings

PWM2 0 1

I0A2 0 1 —

I0A1 0 0 1 — —

I0A0 0 1 — — —
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Pin

Pin Functions and Selection Method

PA/TP/
TIOCB,/
A,/CS,

The mode setting, bit A_E in BRCR, bit CS5E in CSCR, ITU channel 1 settings (bit
PWML1 in TMDR and bits IOB2 to IOBO in TIOR1), bit NDERS5 in NDERA, and bit
PA.DDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS5E 0 1 0 1 —

A,E — — 1 0 — —

ITU 1) in (2) in table — | Min (2) in table — | — | in (2) in table

channel 1 | table below table below table below

settings below below below

PA,DDR — 0 1 1 — — 0 1 1 — — — 0 1 1

NDERS5 — — 0 1 — — — | 0 1 — | — — — 0 1

Pin TIOCB,| PA, | PA, | TP, | CS, |TIOCB,| PA, | PA, | TP, | A, | CS, |TIOCB,| PA, | PA, | TP,

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCB, input* TIOCB, input* TIOCB, input*

Note: * TIOCB, input when I0B2 = 1 and PWM1 = 0.

ITU

channel 1 ) (1) 2
settings

10B2 0 1
10B1 0 0 1 —
10B0 0 1 — —
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Pin Pin Functions and Selection Method

PA,/TP,/ The mode setting, bit A,.E in BRCR, bit CS6E in CSCR, ITU channel 1 settings (bit
TIOCA/ PWML1 in TMDR and bits IOA2 to IOAO in TIOR1), bit NDER4 in NDERA, and bit
A/CS, PA,DDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS6E 0 1 0 1 —

A, E — — 1 0 — —

ITU 1) in (2) in table — | Min (2) in table — | — | in (2) in table

channel 2 | table below table below table below

settings below below below

PA,DDR — 0 1 1 — — 0 1 1 — — — 0 1 1

NDER4 — — 0 1 — — — | 0 1 — | — — — 0 1

Pin TIOCA,| PA, | PA, | TP, | CS, |TIOCA,| PA, | PA, | TP, | A, | CS, |TIOCA,| PA, | PA, | TP,

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA, input* TIOCA, input* TIOCA, input*

Note: * TIOCAL input when IOA2 = 1.

ITU
channel 1 @) 1) 2 1)
settings

PWM1 0 1

I0A2 0 1 —

I0A1 0 0 1 — —

I0A0 0 1 — — —
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Pin Pin Functions and Selection Method
PA/TP,/ ITU channel O settings (bit PWMO in TMDR and bits IOB2 to IOBO0 in TIORO), bits
TIOCB/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA,DDR in PADDR
TCLKD  select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA.DDR — 0 1 1

NDER3 — — 0 1

Pin function TIOCB, output PA, input PA, output TP, output

TIOCB, input**
TCLKD input*?
Notes: *1 TIOCB, input when I0OB2 = 1 and PWMO = 0.
*2 TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO.

ITU channel O

settings ) (1) )

10B2 1

I0B1 1 —

[0)=10] — —
PA/TP,/ ITU channel O settings (bit PWMO in TMDR and bits IOA2 to IOAO in TIORO), bits
TIOCA,/ TPSC2to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA,DDR in PADDR
TCLKC  select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA,DDR — 0 1 1
NDER2 — — 0 1

Pin function IOCA, output PA, input PA, output TP, output

TIOCA, input**

TCLKC input*?

Notes: *1 TIOCA, input when IOA2 = 1.
*2 TCLKC input when TPSC2 = TPSC1 =1 and TPSCO =0 in any of TCR4 to

TC

RO.

ITU channel 0
settings

@

1)

@

@

PWMO

I0A2

I0A1

I0A0
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Pin Pin Functions and Selection Method
PA/TP,/  DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
TCLKB/  bit NDER1 in NDERA, and bit PA,DDR in PADDR select the pin function as follows
TEND,  pmac (1) in table (2) in table

channel 1 below below

settings

PA DDR — 0 1 1

NDER1 — — 0 1

Pin function TEND, output PA_ input PA, output TP, output

TCLKB input*
Note: * TCLKB input when MDF = 1 in TMDR, or when TPSC2 = 1, TPSC1 =0, and
TPSCO =1 in any of TCR4 to TCRO.

DMAC

channel 1 2 1) 2 1) (2) (1)

settings

DTS2A, Not both 1 Both 1

DTS1A

DTSOA — 0

DTS2B 0 1 0 1

DTS1B — 0 1 — — — 0 1
PA/TP,/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB),
TCLKA/  bit NDERO in NDERA, and bit PADDR in PADDR select the pin function as follows
TEND,  [pmac (1) in table (2) in table

channel 0 below below

settings

PA,DDR — 0 1 1

NDERO — — 0 1

Pin function TEND, output PA, input PA, output TP, output

TCLKA input*

Note: * TCLKA input when MDF =1 in TMDR, or when TPSC2 =1 and TPSC1 =0n
any of TCR4 to TCRO.

DMAC
channel 0
settings

@

@ @

@

)

1)

DTS2A,
DTS1A

Not both 1

Both 1

DTSOA

DTS2B

DTS1B




9.12 Port B

9.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP, to TP,) from the
programmable timing pattern controller (TPC), input/output (TIOCB,, TIOCB,, TIOCA,, TIOCA,)
and output (TOCXB,, TOCXA,) by the 16-bit integrated timer unit (ITU), input (DREQ,, DREQ,)
to the DMA controller (DMAC), ADTRG input to the A/D converter, and CS, output. A reset or
hardware standby leaves port B as an input port. For selecting the pin function, see table 9.21.
Usage of pinsfor TPC, ITU, DMAC, and A/D converter input and output is described in the
sections on those modules. For output of CS, in modes 1 to 6, see section 6.3.2, Chip Select
Signals. Pins not assigned to any of these functions are available for generic input/output. Figure
9.11 shows the pin configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
darlington transistor pair. Pins PB, to PB, have Schmitt-trigger inputs.
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Port B

Port B pins

PB,/TP,5/DREQ;/ADTRG
PBg/TP14/DREQ,/CS;
PB5/TP13/TOCXB,
PB4/TP12/TOCXA,
PB3/TP,,/TIOCB,
PB,/TPo/TIOCA,
PB,/TPy/TIOCB,
PBy/TPg/TIOCA;

Pin functions in modes 1to 6

PB- (input/output)/TP;5 (output)/DREQ; (input)/ADTRG (input)
PBg (input/output)/TP14 (output)/DREQy (input)/CS; (output)
PBg (input/output)/TP43 (output)/ TOCXB, (output)

PB4 (input/output)/TP4, (output)/ TOCXA, (output)

PB3 (input/output)/TP, (output)/TIOCB, (input/output)

PB, (input/output)/TP4q (output)/TIOCA, (input/output)

PB; (input/output)/TPg (output)/TIOCB3 (input/output)

PBg (input/output)/TPg (output)/TIOCAg (input/output)

Pin functions in mode 7

PB- (input/output)/TP45 (output)/DREQ; (input)/ADTRG (input)
PBg (input/output)/TP14 (output)/DREQq (input)

PBg (input/output)/TP43 (output)/ TOCXB, (output)

PB4 (input/output)/TP4, (output)/ TOCXA, (output)

PB; (input/output)/TP4 (output)/TIOCB, (input/output)

PB, (input/output)/TP4q (output)/TIOCA, (input/output)

PB; (input/output)/TPg (output)/TIOCB3 (input/output)

PBg (input/output)/TPg (output)/TIOCAg (input/output)

Figure9.11 Port B Pin Configuration
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9.12.2 Register Descriptions
Table 9.20 summarizes the registers of port B.

Table9.20 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that can select input or output for each pin in port B. When
pins are used for TPC output, the corresponding PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PB7 DDR‘ PBGDDR‘ PBs DDR‘ PB4 DDR‘ PB3 DDR‘PBZ DDR ‘ PB; DDR‘PBO DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write W W W w w w w w

Port B data direction 7 to O
These bits select input or output for port B pins

While port B acts as an 1/0O port, apin in port B becomes an output pin if the corresponding
PBDDR bitissetto 1, and an input pin if thisbitis cleared to 0.

PBDDR isawrite-only register. Its value cannot be read. All bitsreturn 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. If a PBDDR bit is set to 1 while port B acts as an 1/0 port, the
corresponding pin maintains its output state in software standby mode.
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Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores output data for pins PB7 to PB0O. While port
B acts as an output port, the value of this register is output. When abit in PBDDR isset to 1, if
port B is read the value of the corresponding PBDR bit is returned. When abit in PBDDR is
cleared to O, if port B isread the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ PB~ ‘ PBg ‘ PBsg ‘ PB4 ‘ PBj3 ‘ PB> ‘ PB; ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port B data7to 0
These bits store data for port B pins

PBDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.12.3  Pin Functions
Table 9.21 describes the selection of pin functions.

Table9.21 Port B Pin Functions

Pin Pin Functions and Selection Method

PB_/TP15/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
DREQ,/ bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB,DDR in PBDDR select the pin
ADTRG function as follows

PB,DDR 0 1 1
NDER15 — 0 1
Pin function PB, input PB, output TP, output

DREQ, input**

ADTRG input*’

Notes: *1 DREQ, input under DMAC channel 1 settings (1) in the table below.
*2 ADTRG input when TRGE = 1.

DMAC
channel 2 1) 2 1) 2 1)
1 settings

DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1

DTS2B 0 1 1 0 1 0 1 1

DTS1B — 0 1 — — — 0 1
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Pin Pin Functions and Selection Method
PB,/TP,/  Bit CS7E in CSCR, DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in
DREQ/ DTCROA and DTCROB), bit NDER14 in NDERB, and bit PB,DDR in PBDDR select the
S, pin function as follows
PB,DDR 1 1 —
CS7E 0 0 1
NDER14 — 0 1 —
Pin function PB, input PB, output TP,, output —
DREQ, input* CS, output
Note: * DREQ, input under DMAC channel 0 settings (1) in the table below.
DMAC
channel 0 (2) (1) (2) (1) (2) 1)
settings
DTS2A, DTS1A Not both 1 Both 1
DTSOA — 0 1 1 1
DTS2B 0 1 0 1
DTS1B — 0 1 — — — 0 1
PB./TP,/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TOCXB, NDERB, and bit PB,DDR in PBDDR select the pin function as follows
EXB4, CMD1 Not both 1 Both 1
PB.DDR 0 1 1 —
NDER13 — 0 1 —
Pin function PB, input PB, output TP, output | TOCXB, output
PB,/TP,/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TOCXA, NDERB, and bit PB,DDR in PBDDR select the pin function as follows

EXA4, CMD1 Not both 1 Both 1
PB,DDR 0 1 1 —
NDER12 — 0 1 —

Pin function PB, input PB, output TP, output | TOCXA, output

RENESAS
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Pin Pin Functions and Selection Method
PB,/TP,,/  ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TIOCB, bits IOB2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows
ITU channel 4 (1) in table (2) in table
settings below below
PB.,DDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCB, output PB, input PB, output TP,, output
TIOCB, input*
Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.
ITU channel 4
settings 2) (2) (1) (2) Q)
EB4 0 1
CMD1 — 0 1
10B2 — 0 1 —
10B1 — — —
10B0O — — — —
PB,/TP,/  ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TIOCA, bits IOA2 to IOAOQ in TIOR4), bit NDER10 in NDERB, and bit PB,DDR in PBDDR select

the pin function as follows

ITU channel 4
settings

(1) in table
below

(2) in table
below

PB,DDR

0

1

NDER10

0

Pin function

TIOCA, output

PB, input

PB, output

TP,, output

TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM4 =0 and IOA2 = 1.

ITU channel 4
settings

) ()

)

()

)

EA4

0

CMD1

PWM4

I0A2

I0A1

I0A0
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Pin Pin Functions and Selection Method

PB,/TP,/
TIOCB,

ITU channel 3 settings (bit PWMS3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
bits IOB2 to I0BO in TIOR3), bit NDER9 in NDERB, and bit PB,DDR in PBDDR select

the pin function as follows

ITU channel 3
settings

(1) in table
below

(2) in table
below

PB,DDR

0

1

NDER9

0

Pin function TIOCB, output PB, input PB, output TP, output

TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM3 =0 and IOB2 = 1.

ITU channel 3
settings

) (2) 1) () )

EB3 0 1

CMD1 — 0 1

10B2 — 0 0 0 1 —

10B1 — 0 0 1 — —

10BO — 0 1 — — —

PB,/TP,/
TIOCA,

ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
bits IOA2 to IOAQ in TIOR3), bit NDERS in NDERB, and bit PB,DDR in PBDDR select
the pin function as follows

ITU channel 3 (1) in table
settings below

(2) in table
below

PB,DDR — 0 1 1

NDERS8 — — 0 1

Pin function

TIOCA, output PB, input PB, output TP, output

TIOCA, input*

Note: * TIOCA, input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU channel 3
settings

) () ) () )

EA3 0 1

CMD1 — 0 1

PWM3 — 0 1 —

I0A2 — 0 0 0 1 — —

I0A1 — 0 0 1 — — —

I0A0 — 0 1 — — — —
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10.1

Section 10 16-Bit Integrated Timer Unit (ITU)

Overview

The H8/3048 Series has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer
channels.

When the ITU is not used, it can be independently halted to conserve power. For details see
section 21.6, Module Standby Function.

10.1.1

Features

ITU features are listed below.

« Capabhility to process up to 12 pulse outputs or 10 pulse inputs

e Ten general registers (GRs, two per channel) with independently-assignabl e output compare or
input capture functions

» Selection of eight counter clock sources for each channel:
Internal clocks. ¢, @2, @4, @/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

« Five operating modes selectable in al channels:

O

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or moretimer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
five-phase PWM output is possible

Phase counting mode selectable in channel 2

Two-phase encoder output can be counted automatically.
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* Three additional modes selectable in channels 3 and 4
0 Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

0 Complementary PWM mode
If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering
Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

» High-speed access viainterna 16-bit bus

The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed
viaa 16-bit bus.

» Fifteen interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.

» Activation of DMA controller (DMAC)

Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC.
« Output triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.
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Table 10.1 summarizes the ITU functions.

Table10.1 ITU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Clock sources Internal clocks: @, @2, @4, @8

External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently
General registers GRAO, GRBO GRA1,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4

(output compare/input
capture registers)

Buffer registers — — — BRA3,BRB3  BRA4, BRB4
Input/output pins TIOCA,, TIOCA,, TIOCA,, TIOCA,, TIOCA,,
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,
Output pins — — — — TOCXA,,
TOCXB,
Counter clearing function GRAO/GRBO  GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4
compare compare compare compare compare
match or match or match or match or match or
input capture  input capture  input capture  input capture  input capture
Compare match 0 O O O O O
output 1 o o o o o
Toggle O O — O O
Input capture function (0] (0] (0] (0] (0]
Synchronization (0] (0] (0] (0] (0]
PWM mode (¢} O (e} (¢} o
Reset-synchronized — — — O O
PWM mode
Complementary PWM — — — O O
mode
Phase counting mode — — (0] — —
Buffering — — — O O
DMAC activation GRAO compare GRA1 compare GRA2 compare GRA3 compare —
match or input match or input match or input match or input
capture capture capture capture
Interrupt sources Three sources Three sources Three sources Three sources Three sources
* Compare * Compare * Compare * Compare * Compare
match/input match/input match/input match/input match/input
capture AO capture Al capture A2 capture A3 capture A4
* Compare * Compare « Compare « Compare « Compare
match/input match/input match/input match/input match/input
capture BO capture B1 capture B2 capture B3 capture B4
« Overflow « Overflow « Overflow « Overflow « Overflow
Legend
o: Available
—: Not available
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10.1.2

Block Diagrams

ITU Block Diagram (Overall): Figure 10.1 isablock diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4
— Clock selector > IMIBO to IMIB4
¢ @2, ¢4, @8 > OVI0 to OVI4
TOCXA,, TOCXB, < Control logic
TIOCAq to TIOCA, @
TIOCB( to TIOCB,
TOER K >
< ™ N — o
3| |T||T||T||T TOCR K>
c c c c c
REI R
SIEE]]8]]8 <] TSTR K
o o o o (&)
EI|E||E||E||E TSNC [
S5 (5]|5]|5 TMDR K~
(o] (o] (e} [{e} [{e}
— — — — -
TFCR K >
Module data bus
Legend
TOER: Timer output master enable register (8 bits)

TOCR:
TSTR:
TSNC:
TMDR:
TFCR:

Timer output control register (8 bits)
Timer start register (8 bits)

Timer synchro register (8 bits)

Timer mode register (8 bits)

Timer function control register (8 bits)

Bus interface

Internal data bus

Figure10.1 1TU Block Diagram (Overall)
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Block Diagram of Channels0 and 1: ITU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 10.2.

TCLKA to TCLKD > = TIOCAq
Clock selector < TIOCBy
O @2, @4, @8 _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
= ) o 24
ZlIE|& Sl |ofl|lw| |

Module data bus

Legend

TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
TCR: Timer control register (8 bits)

TIOFé: Timer 1/O control register (8 bits)
TIER: Timer interrupt enable register (8 bits)
TSR: Timer status register (8 bits)

Figure 10.2 Block Diagram of Channels0and 1 (for Channel 0)
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Block Diagram of Channel 2: Figure 10.3 isablock diagram of channel 2. Thisisthe channel
that provides only 0 output and 1 output.

TCLKA to TCLKD > == TIOCA,
Clock selector = TIOCB,
0 @2, @498 > _
Control logic e IMIA2
Comparator — IMIB2
— OVI2
N
ERE IR EARE:
O o o O ) w 0
Module data bus
Legend
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)
(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 10.3 Block Diagram of Channel 2
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Block Diagrams of Channels 3 and 4: Figure 10.4 isablock diagram of channel 3. Figure 10.5 is
ablock diagram of channel 4.

TCLKA to — = TIOCA3
~— TIOCB
-(;C(pl;gD Clock selector 3
(p}4, cp"8 — Control logic
— IMIA3
Comparator - IMIB3
— OVI3
Ellgl gl sll8] |2l gl|g |
51| AR BFAR| S]] o] |G| |5
2| @ O||o o|l|F||EI|F]|F
Module data bus
Legend
TCNT3: Timer counter 3 (16 bits)
GRAS3, GRB3: General registers A3 and B3 (input capture/output compare registers)
(16 bits x 2)
BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)
TCR3: Timer control register 3 (8 bits)
TIORS: Timer 1/O control register 3 (8 bits)
TIER3: Timer interrupt enable register 3 (8 bits)
TSR3: Timer status register 3 (8 bits)

Figure10.4 Block Diagram of Channel 3
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TCLKD > TOCXB4
Clock selector
0, @2, ) ~— TIOCA4
@4, ¢'8 Control logic = TIOCB,
— IMIA4
Comparator IMIB4
0 N 0
< < <
[l < < < E < @ o <
ZlIgr | |8 2|8 |c|| T |6
2| | o O||m O|l|F||EIl|F]|F
Module data bus
Legend
TCNT4: Timer counter 4 (16 bits)
GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)
BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)
TCR4: Timer control register 4 (8 bits)
TIORA4: Timer 1/O control register 4 (8 bits)
TIER4: Timer interrupt enable register 4 (8 bits)
TSR4: Timer status register 4 (8 bits)

Figure10.5 Block Diagram of Channel 4
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10.1.3

Input/Output Pins

Table 10.2 summarizesthe ITU pins.

Table10.2 ITU Pins
Abbre-  Input/
Channel Name viation  Output Function
Common Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting mode)
Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin
0 Input capture/output  TIOCA,  Input/ GRAO output compare or input capture pin
compare AO output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRBO output compare or input capture pin
compare BO output
1 Input capture/output  TIOCA,  Input/ GRAL1 output compare or input capture pin
compare Al output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB1 output compare or input capture pin
compare B1 output
2 Input capture/output  TIOCA,  Input/ GRA2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output  TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
3 Input capture/output  TIOCA,  Input/ GRAS3 output compare or input capture pin
compare A3 output  PWM output pin in PWM mode,
complementary PWM mode, or reset-
synchronized PWM mode
Input capture/output  TIOCB,  Input/ GRB3 output compare or input capture pin
compare B3 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
4 Input capture/output  TIOCA,  Input/ GRA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode,
complementary PWM mode, or reset-
synchronized PWM mode
Input capture/output  TIOCB,  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XA4 TOCXA, Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
Output compare XB4 TOCXB, Output PWM output pin in complementary PWM

mode or reset-synchronized PWM mode
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10.1.4 Register Configuration

Table 10.3 summarizesthe ITU registers.

Table10.3 ITU Registers

Abbre- Initial
Channel Address** Name viation R/W Value
Common  H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W H'FF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer 1/O control register O TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)*?  HF8
H'FF68 Timer counter 0O (high) TCNTOH R/W H'00
H'FF69 Timer counter O (low) TCNTOL R/W H'00
H'FF6A General register A0 (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W H'FF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W H'FF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*?  HF8
H'FF72 Timer counter 1 (high) TCNT1IH R/W H'00
H'FF73 Timer counter 1 (low) TCNTIL R/W H'00
HFF74 General register Al (high) GRA1H R/W H'FF
H'FF75 General register Al (low) GRALL R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W H'FF
H'FF77 General register B1 (low) GRBI1L R/W H'FF
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Abbre- Initial

Channel Address** Name viation R/W Value

2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer 1/O control register 2 TIOR2 R/W H'88
HFF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*?  HF8
H'FF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W H'FF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W H'FF
H'FF81 General register B2 (low) GRB2L R/W H'FF

3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)*?  HF8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L R/W H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W H'FF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W H'FF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W H'FF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W H'FF
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Abbre- Initial
Channel Address*' Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer 1/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)*?  HF8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L R/W H'00
H'FF98 General register A4 (high) GRA4H R/W H'FF
H'FF99 General register A4 (low) GRAA4L R/W H'FF
H'FF9A General register B4 (high) GRB4H R/W H'FF
H'FF9B General register B4 (low) GRBA4L R/W H'FF
H'FFIC Buffer register A4 (high) BRA4H R/W H'FF
H'FF9D Buffer register A4 (low) BRAAL R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFIF Buffer register B4 (low) BRBA4L R/W H'FF

Notes: *1 Lower 16 bits of the address.

*2 Only 0 can be written, to clear flags.
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10.2 Register Descriptions

10.21 Timer Start Register (TSTR)

TSTR is an 8-hit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 1.

Bit 4—Counter Start 4 (STR4): Starts and stopstimer counter 4 (TCNTA4).

Bit 4: STR4 Description
0 TCNTA4 is halted (Initial value)
1 TCNTA4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stopstimer counter 3 (TCNT3).

Bit 3: STR3 Description
0 TCNT3 is halted (Initial value)
1 TCNT3 is counting

Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (TCNT2).

Bit 2: STR2 Description
0 TCNT2 is halted (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stopstimer counter 1 (TCNT1).

Bit 1: STR1 Description
0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stopstimer counter O (TCNTO).

Bit 0: STRO Description
0 TCNTO is halted (Initial value)
1 TCNTO is counting

10.2.2  Timer Synchro Register (TSNC)

TSNC isan 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync4to 0

These bits synchronize
channels 4to 0

TSNC isinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 1.

Bit 4—Timer Sync 4 (SYNC4): Selects whether channel 4 operatesindependently or
synchronously.

Bit 4: SYNC4 Description

0 Channel 4’s timer counter (TCNT4) operates independently (Initial value)
TCNTA4 is preset and cleared independently of other channels

1 Channel 4 operates synchronously
TCNT4 can be synchronously preset and cleared
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Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operatesindependently or

synchronously.

Bit 3: SYNC3 Description

0 Channel 3’s timer counter (TCNT3) operates independently (Initial value)
TCNT3 is preset and cleared independently of other channels

1 Channel 3 operates synchronously

TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operatesindependently or

synchronously.

Bit 2: SYNC2 Description

0 Channel 2's timer counter (TCNT2) operates independently (Initial value)
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNCL1): Selects whether channel 1 operatesindependently or

synchronously.

Bit 1: SYNC1 Description

0 Channel 1's timer counter (TCNT1) operates independently (Initial value)
TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously

TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel O operatesindependently or

synchronously.

Bit 0: Bit 0 Description

0 Channel 0’s timer counter (TCNTO) operates independently (Initial value)
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously

TCNTO can be synchronously preset and cleared
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10.2.3 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM
mode for channels 4to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: Read-only bit, awaysread as 1.

Bit 6—Phase Counting M ode Flag (M DF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6: MDF Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode
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When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling
edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin 1 High I Low 1 Low I High
TCLKB pin Low N High | High ! Low |

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
TCR2. Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and the compare
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective
in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The
FDIR designation isvalid in all modesin channel 2.

Bit 5: FDIR Description
0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows  (Initial value)
1 OVF is set to 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4: PWMA4 Description
0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA4, and to 0 at compare match with GRB4.

If complementary PWM mode or reset-synchronized PWM modeis selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM4 setting is
ignored.
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Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3: PWM3 Description
0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA3, and to 0 at compare match with GRB3.

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM3 setting is
ignored.

Bit 2—PWM Mode 2 (PWM 2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2: PWM2 Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA2, and to 0 at compare match with GRB2.

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1: PWM1 Description
0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM 1 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 at compare match with GRA1, and to 0 at compare match with GRB1.

Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode.

Bit 0: PWMO Description
0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA,, becomes a PWM output pin. The
output goesto 1 at compare match with GRAOQ, and to 0 at compare match with GRBO.
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10.24  Timer Function Control Register (TFCR)

TFCR is an 8-bit readable/writable register that sel ects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRAA4) in channel 4

Buffer mode B3 and A3
These bits select buffering
of general registers (GRB3
and GRAZ3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.
Bits 7 and 6—Reserved: Read-only bits, dwaysread as 1.

Bits5 and 4—Combination Mode 1 and 0 (CM D1, CMDO): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5: CMD1 Bit 4: CMDO Description
0 0 Channels 3 and 4 operate normally (Initial value)
1
1 0 Channels 3 and 4 operate together in complementary
PWM mode
1 Channels 3 and 4 operate together in reset-synchronized
PWM mode
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Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
complementary PWM mode or reset-synchronized PWM mode and settings of timer sync bits
SYNC4 and SYNC3 in TSNC are valid simultaneously, however, when complementary PWM
mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and SYNC4
bothto 1in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3: BFB4 Description
0 GRB4 operates normally (Initial value)
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRAA4.

Bit 2: BFA4 Description
0 GRA4 operates normally (Initial value)
1 GRA4 is buffered by BRA4

Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1: BFB3 Description
0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0: BFA3 Description
0 GRAS3 operates normally (Initial value)
1 GRAS is buffered by BRA3
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10.25 Timer Output Master Enable Register (TOER)

TOER is an 8-hit readable/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA4, TOCXB4
These bits enable or disable output
settings for pins TOCXA, and TOCXB,

Master enable TIOCA3, TIOCB3, TIOCA4, TIOCB4
These bits enable or disable output settings for pins
TIOCA3, TIOCBj3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.
Bits 7 and 6—Reserved: Read-only bits, awaysread as 1.
Bit 5—Master Enable TOCXB4 (EXB4): Enables or disables ITU output at pin TOCXB,.

Bit 5: EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates as
a generic input/output pin).

If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables I TU output at pin TOCXA,.

Bit 4: EXA4 Description

0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates as
a generic input/output pin).

If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA, is enabled for output according to TFCR settings (Initial value)
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Bit 3—Master Enable TIOCB3 (EB3): Enables or disables I TU output at pin TIOCB,,.

Bit 3: EB3 Description
0 TIOCB, output is disabled regardless of TIOR3 and TFCR settings (TIOCB,
operates as a generic input/output pin).
If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.
1 TIOCB, is enabled for output according to TIOR3 and TFCR settings

(Initial value)

Bit 2—Master Enable TIOCB4 (EB4): Enables or disables I TU output at pin TIOCB,.

Bit 2: EB4 Description
0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB,
operates as a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.
1 TIOCB, is enabled for output according to TIOR4 and TFCR settings

(Initial value)

Bit 1—Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1: EA4 Description

0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings
(TIOCA, operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings

(Initial value)

Bit 0—Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA..

Bit 0: EA3 Description

0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings
(TIOCA, operates as a generic input/output pin).
If XTGD =0, EA3 is cleared to 0 when input capture A occurs in channel 1.

1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR settings

(Initial value)
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10.26  Timer Output Control Register (TOCR)

TOCR isan 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ OLS4 ‘ OLS3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OL 4, and OL S3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR isinitialized to H'FF by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, alwaysread as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4: XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in
complementary PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling
ITU output.

1 External triggering is disabled (Initial value)

Bits 3 and 2—Reserved: Read-only bits, awaysread as 1.
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Bit 1—Output Level Select 4 (OL $4): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 1: OLS4 Description
0 TIOCA,, TIOCA,, and TIOCB, outputs are inverted
1 TIOCA,, TIOCA,, and TIOCB, outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWM mode and
reset-synchronized PWM mode.

Bit 0: OLS3 Description
0 TIOCB,, TOCXA,, and TOCXB, outputs are inverted
1 TIOCB,, TOCXA,, and TOCXB, outputs are not inverted (Initial value)

10.2.7 Timer Counters(TCNT)

TCNT isa16-bit counter. The ITU hasfive TCNTS, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter

1 TCNT1

2 TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

3 TCNT3 Complementary PWM mode: up/down-counter
TCNT4 Other modes: up-counter
Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o0 o o o o o o o o o o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock sourceis selected by bits TPSC2 to TPSCO in TCR.

TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.

Rev. 6.0, 09/02, page 336 of 876
RENESAS



TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to GRA
or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the OVF flagisset to 1 in TSR of the
corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the OVF flagis set to 1 in TSR of the
corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.

10.28 General Registers (GRA, GRB)

The general registers are 16-hit registers. The ITU has 10 genera registers, two in each channel.

Channel Abbreviation Function
0 GRAO, GRBO Output compare/input capture register
1 GRA1, GRB1
2 GRA2, GRB2
3 GRAS3, GRB3 Output compare/input capture register; can be buffered by
4 GRA4, GRB4 buffer registers BRA and BRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin TIOR.

When ageneral register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1in TSR. Compare match output can be selected in TIOR.

When ageneral register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the sametime. The
valid edge or edges of the input capture signal are selected in TIOR.
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TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by a reset
and in standby mode. The initial valueis H'FFFF.

1029  Buffer Registers (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering
4 BRA4, BRB4 ¢ When the corresponding GRA or GRB functions as an

output compare register, BRA or BRB can function as an
output compare buffer register: the BRA or BRB value is
automatically transferred to GRA or GRB at compare match
¢ When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input
capture buffer register: the GRA or GRB value is
automatically transferred to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1171 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.

The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers areinitialized to H'FFFF by areset and in standby mode.
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10.2.10 Timer Control Registers (TCR)

TCRisan 8-hit register. The ITU hasfive TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2
2 TCR2 to TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-hit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: Read-only bit, awaysread as 1.
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Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These hits select how TCNT is cleared.

Bit 6: CCLR1 Bit 5: CCLRO Description
0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input
capture**
1 0 TCNT is cleared by GRB compare match or input
capture**
1 Synchronous clear: TCNT is cleared in synchronization

with other synchronized timers*?

Notes: *1 TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input
capture register.

*2 Selected in TSNC.

Bits4 and 3—Clock Edge 1/0 (CKEG1, CKEGO): These hits select external clock input edges
when an external clock sourceis used.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.
Phase counting takes precedence.

Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counter clock
source.

Bit 2: TPSC2 Bit 1: TPSC1 Bit 0: TPSCO Description
0 0 0 Internal clock: @ (Initial value)
1 Internal clock: @2
1 0 Internal clock: @/4
1 Internal clock: @8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1in TMDR), the settings of bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.

10.2.11 Timer 1/O Control Register (TIOR)

TIOR isan 8-bit register. The ITU has five TIORS, one in each channel.

Channel Abbreviation Function
0 TIORO TIOR controls the general registers. Some functions differ in
1 TIOR1 PWM mode. TIOR3 and TIOR4 settings are ignored when
complementary PWM mode or reset-synchronized PWM mode
2 TIOR2 is selected in channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ 10B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0A1 ‘ IOAO0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/0O control A2 to AO
These bits select GRA
functions

Reserved bit

1/0 control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input captureis
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: Read-only bit, awaysread as 1.
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Bits6to 4—I/O Control B2to BO (1I0B2 to |0BO0): These bits select the GRB function.

Bit 6: Bit 5: Bit 4:
10B2 10B1 I0BO Description
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register 0 output at GRB compare match**
1 0 1 output at GRB compare match**
1 Output toggles at GRB compare match
(1 output in channel 2)***?
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input
1

Notes: *1 After a reset, the output is 0 until the first compare match.
*2 Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.

Bit 3—Reserved: Read-only bit, awaysread as 1.

Bits2to 0—I/O Control A2 to A0 (I0A2to 10A0): These bits select the GRA function.

Bit 2: Bit 1: Bit O:
I0A2 I0A1 IOAO0 Description
0 0 0 GRAis an output  No output at compare match (Initial value)
1 compare register 0 output at GRA compare match**
1 0 1 output at GRA compare match**
1 Output toggles at GRA compare match
(1 output in channel 2)***?
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input
1

Notes: *1 After a reset, the output is 0 until the first compare match.
*2 Channel 2 output cannot be toggled by compare match. This setting selects 1 output

instead.
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10.2.12 Timer Status Register (TSR)

TSR isan 8-bit register. The ITU hasfive TSRs, one in each channel.

Channel Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4

Bit 7 6 5 4 3 2 1 0
—‘—‘—‘—‘—‘OVF‘IMFB‘IMFA

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — RI(W)*  R/I(W)* R/(W)*

Reserved bits

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Note: * Only 0 can be written, to clear the flag.

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

Each TSR is an 8-hit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources
and generate CPU interruptsif enabled by corresponding bitsin TIER.

TSRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, alwaysread as 1.
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Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2: OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]
TCNT overflowed from H'FFFF to H'0000, or underflowed from H'0000 to
H'FFFF*

Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:

1. Channel 2 operates in phase counting mode (MDF =1 in TMDR)

2. Channels 3 and 4 operate in complementary PWM mode (CMD1 =1 and CMDO =0 in
TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1: IMFB Description

0 [Clearing condition] (Initial value)
Read IMFB when IMFB = 1, then write O in IMFB

1 [Setting conditions]

TCNT = GRB when GRB functions as an output compare register.

TCNT value is transferred to GRB by an input capture signal, when GRB
functions as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0: IMFA Description

0 [Clearing condition] (Initial value)
Read IMFA when IMFA = 1, then write O in IMFA.
DMAC activated by IMIA interrupt (channels 0 to 3 only).

1 [Setting conditions]
TCNT = GRA when GRA functions as an output compare register.

TCNT value is transferred to GRA by an input capture signal, when GRA
functions as an input capture register.
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10.2.13 Timer Interrupt Enable Register (TIER)

TIER is an 8-bit register. The ITU hasfive TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4

Bit 7 6 5 4 3 2 1 0
‘—‘—‘—‘—‘—‘OVIE‘IMIEB‘IMIEA‘

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match
interrupt enable B
Enables or disables IMFB interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
reguests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, alwaysread as 1.
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
OVF flag in TSR when OVF isset to 1.

Bit 2: OVIE Description
0 OVI interrupt requested by OVF is disabled (Initial value)
1 OVl interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or disablesthe
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1: IMIEB Description
0 IMIB interrupt requested by IMFB is disabled (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the
interrupt requested by the IMFA flagin TSR when IMFA issetto 1.

Bit 0: IMIEA Description
0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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10.3 CPU Interface

10.3.1 16-Bit Accessible Registers

Thetimer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-hit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 10.6 and 10.7 show examples of word access to atimer counter (TCNT). Figures 10.8 to
10.11 show examples of byte accessto TCNTH and TCNTL.

On-chip data bus

H H

()

CPU L Bus interface L

M < 2 ;

| TCNTH | TCNTL |

VN

data bus

> Module
>

Figure10.6 Accessto Timer Counter (CPU Writesto TCNT, Word)

On-chip data bus

) =)
{} L Module

CPU L Bus interface > data bus

TCNTH | TCNTL

H A

Figure10.7 Accessto Timer Counter (CPU Reads TCNT, Word)
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On-chip data bus
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CPU L Bus interface L

R - Y

| TCNTH | TCNTL |
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Figure10.8 Accessto Timer Counter (CPU Writesto TCNT, Upper Byte)

On-chip data bus
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Figure10.9 Accessto Timer Counter (CPU Writesto TCNT, Lower Byte)

On-chip data bus
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Figure10.10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte)
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On-chip data bus
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Figure10.11 Accessto Timer Counter (CPU Reads TCNT, Lower Byte)

10.3.2 8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 10.12 and 10.13 show examples of byte read and write accessto a TCR.

If aword-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus
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Bus interface
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Figure10.12 Accessto Timer Counter (CPU Writesto TCR)

Rev. 6.0, 09/02, page 349 of 876

RENESAS




On-chip data bus
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Figure10.13 Accessto Timer Counter (CPU Reads TCR)
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104 Operation

1041 Overview
A summary of operationsin the various modesis given below.

Normal Operation: Each channel has atimer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channelsis simultaneously written to the
timer countersin the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO hitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting Mode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.
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Buffering

« If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
« If the general register is an input capture register
When input capture occurs the TCNT value is transferred to the general register, and the
previous general register valueis transferred to the buffer register.
e Complementary PWM mode
The buffer register value istransferred to the general register when TCNT3 and TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register valueis transferred to the general register at GRA3 compare match.

10.4.2 Basic Functions

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

» Sample setup procedure for counter
Figure 10.14 shows a sample procedure for setting up a counter.
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( Counter setup )

Select counter clock 1
. No
Type of counting?
Yes

( Free-running counting )
( Periodic counting >

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure10.14 Counter Setup Procedur e (Example)

. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock

source is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the
external clock signal.

. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Setthe STR bitto 1 in TSTR to start the timer counter.
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* Free-running and periodic counter operation
A reset leaves the counters (TCNTS) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the OVF flag isset to 1 in TSR. If the
corresponding OVIE bitisset to 1 in TIER, a CPU interrupt is requested. After the overflow,
the counter continues counting up from H'0000. Figure 10.15 illustrates free-running counting.

TCNT value

H'0000
STRO to ‘ ‘ j

STR4 bit —’ | |

OVF )

Figure10.15 Free-Running Counter Operation

When achannel is set to haveits counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set hit
CCLR1 or CCLRO in TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flagissetto 1 in TSR and the counter is cleared to H'0000. If the
corresponding IMIEA or IMIEB bitissetto 1in TIER, a CPU interrupt is requested at this
time. After the compare match, TCNT continues counting up from H'0000. Figure 10.16
illustrates periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR b ‘ 7777777777777777777777

H'0000

STR bit |
IMF /—2—17

Figure10.16 Periodic Counter Operation

e TCNT count timing
O Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock () or one of three internal clock
sources obtained by prescaling the system clock (¢/2, ¢/4, ¢/8).

Figure 10.17 shows the timing.

: T L L r L rer I

((
el | ]
TCNT input

X N+1

TCNT N-1 X

(( (
)T )
(( ((
) )]
(( (
)T )

Figure10.17 Count Timing for Internal Clock Sources

O Externa clock source
Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and
its valid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge, falling
edge, or both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 10.18 shows the timing when both edges are detected.
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External
clock input 2
TCNT input

~

(
J
§
TCNT N-1 X N X . N+1
7

Figure10.18 Count Timing for External Clock Sources (when Both Edges are Detected)

Waveform Output by Compare Match: In1TU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the
output can only goto O or go to 1.

» Sample setup procedure for waveform output by compare match
Figure 10.19 shows a sample procedure for setting up waveform output by compare match.

( Output setup > 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set avalue in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
l counter.

Waveform output

Figure10.19 Setup Procedurefor Waveform Output by Compare Match (Example)

« Examples of waveform output
Figure 10.20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pinis already at the selected output level, the pin level does not change.
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TCNT value

/
HIFFFF |- g

GRB  [----------oo- R e R R e

GRA | RS A PO
H'0000 i i i j — Time
TIOCB | ' No change ' No change 1 output
TIOCA o No change o No change 0 output

Figure10.20 0and 1 Output (Examples)

Figure 10.21 shows examples of toggle output. TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

1

GRB [ R

GRA  [------=-= GORCEEELEH EELELRERLS R Tty CEORTELELED

H'0000 ‘ - Time

TIOCB ! 3 | Toggle
; | ! ; output

TIOCA ! Toggle

‘ L output

Figure10.21 Toggle Output (Example)
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e Output compare timing
The compare match signal is generated in the last state in which TCNT and the general register
match (when TCNT changes from the matching value to the next value). When the compare
match signal is generated, the output value selected in TIOR is output at the output compare
pin (TIOCA or TIOCB). When TCNT matches a general register, the compare match signal is
not generated until the next counter clock pulse.

Figure 10.22 shows the output compare timing.

9 I e T A s I R
TCNT i
clock nout

TCNT N X N+ 1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure10.22 Output Compare Timing

Input Capture Function: The TCNT value can be captured into a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or period.

» Sample setup procedure for input capture
Figure 10.23 shows a sample procedure for setting up input capture.
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( Input selection ) 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,
or both edges of the input capture signal. Clear the

port data direction bit to 0 before making these
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

l

Input capture

Figure10.23 Setup Procedurefor Input Capture (Example)

Examples of input capture

Figure 10.24 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value Counter cleared by TIOCB

/ input (falling edge)

TIOCA

GRA >< H'0005 0160 X

ere X X H'0180

Figure10.24 Input Capture (Example)
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e Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 10.25 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocksfor capture of both edges.

; | L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure10.25 Input Capture Signal Timing
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10.4.3  Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for al channels (0 to 4).

Sample Setup Procedurefor Synchronization: Figure 10.26 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
- channel?
Write to TCNT 2
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels (synchronized preset).

. Set the CCLR1 or CCLRO bhit in TCR to have the counter cleared by compare match or input capture.

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

abw

Figure 10.26 Setup Procedurefor Synchronization (Example)
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Example of Synchronization: Figure 10.27 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin channels 0, 1, and 2 are synchronously preset, and are synchronously cleared by
compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA
and TIOCA,,. For further information on PWM mode, see section 10.4.4, PWM Mode.

Value of TCNTO to TCNT2
i

Cleared by compare match with GRBO

GRBO
GRB1

GRAO
GRB2

GRA1

GRA2
Hoo0p —————————————————— = Time

moeas | | [ [

TIOCA,

TIOCA,

Figure 10.27 Synchronization (Example)
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1044 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changesto 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in al channels (0 to 4).

Table 10.4 summarizes the PWM output pins and corresponding registers. If the same valueis set
in GRA and GRB, the output does not change when compare match occurs.

Table10.4 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRAl GRB1
2 TIOCA, GRA2 GRB2
3 TIOCA, GRA3 GRB3
4 TIOCA, GRA4 GRB4
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Sample Setup Procedurefor PWM Mode: Figure 10.28 shows a sample procedure for setting
up PWM mode.

[ PWM mode ] 1. Set bits TPSC2 to TPSCO in TCR to
select the counter clock source. If an
‘ external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
| external clock signal.
2. Set bits CCLR1 and CCLRO in TCR
Select counter clear source 2 to select the counter clear source.
3. Set the time at which the PWM
\ waveform should go to 1 in GRA.
4. Set the time at which the PWM
Set GRA 3 waveform should go to 0 in GRB.
5. Set the PWM bit in TMDR to select
‘ PWM mode. When PWM mode is
Set GRB 4 selected, regardless of the TIOR
contents, GRA and GRB become
‘ output compare registers specifying
the times at which the PWM output
Select PWM mode 5 goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
\ output pin. The TIOCB pin conforms
to the settings of bits IOB1 and I0OB0
in TIOR. If TIOCB output is not
desired, clear both IOB1 and IOBO to 0.
i 6. Setthe STR bitto 1 in TSTR to start
the timer counter.

Select counter clock 1

Start counter 6

PWM mode

Figure 10.28 Setup Procedurefor PWM Mode (Example)
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Examples of PWM Mode: Figure 10.29 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goesto 1 at compare match with GRA, and to 0

at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

a. Counter cleared by GRA

TCNT value

GRB

GRA

H'0000

TIOCA

Time

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time

Figure10.29 PWM Mode (Example 1)

RENESAS

Rev. 6.0, 09/02, page 365 of 876




Figure 10.30 shows examples of the output of PWM waveforms with duty cycles of 0% and
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB
is set to ahigher value than GRA, the duty cycle is 100%.

TCNT value Counter cleared by compare match with GRB

GRB [ ) I I

GRA [~

H'0000 1 1 — Time

TIOCA

Write to GRA Write to GRA
a. 0% duty cycle

TCNT value Counter cleared by compare match with GRA

GRA [~ I i

GRB [~

H'0000 ‘ ‘ — “ Time

TIOCA

: o

Write to GRB Write to GRB

b. 100% duty cycle

Figure 10.30 PWM Mode (Example 2)
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1045 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, all having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT3 functions as an up-counter.

Table 10.5 lists the PWM output pins. Table 10.6 summarizes the register settings.

Table10.5 Output Pinsin Reset-Synchronized PWM M ode
Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1" (complementary waveform to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2" (complementary waveform to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3" (complementary waveform to PWM output 3)
Table10.6 Register Settingsin Reset-Synchronized PWM Mode
Register Setting
TCNT3 Initially set to H'0000
TCNT4 Not used (operates independently)
GRA3 Specifies the count period of TCNT3
GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Sample Setup Procedure for Reset-Synchronized PWM M ode: Figure 10.31 shows a sample
procedure for setting up reset-synchronized PWM mode.

A

Geset-synchronized PWM modg . Clear the STR3 bitin TSTR to 0 to
halt TCNT3. Reset-synchronized
‘ PWM mode must be set up while

TCNT3 is halted.
Stop counter 1 2. Setbits TPSC2 to TPSCO in TCR to

| select the counter clock source for

channel 3. If an external clock source

Select counter clock 2 is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
| in TCR.
3. Set bits CCLR1 and CCLRO in TCR3

Select counter clear source 3 to select GRA3 compare match as
‘ the counter clear source.
4. Set bits CMD1 and CMDO in TFCR to
Select reset-synchronized 4 select reset-synchronized PWM mode.
PWM mode TIOCAg, TIOCB3, TIOCA,, TIOCB,,

\ TOCXA,, and TOCXB, automatically

become PWM output pins.

Set TCNT 5 5. Preset TCNT3 to H'0000. TCNT4

need not be preset.

| 6. GRAS is the waveform period register.

6 Set the waveform period value in
GRAS. Set transition times of the

\ PWM output waveforms in GRB3,

GRA4, and GRBA4. Set times within

Set general registers

Start counter 7 the compare match range of TCNT3.
X < GRAS (X: setting value)
i 7. Setthe STR3 bitin TSTR to 1 to start
TCNTS3.

Reset-synchronized PWM mode

Figure10.31 Setup Procedurefor Reset-Synchronized PWM M ode (Example)
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Example of Reset-Synchronized PWM Mode: Figure 10.32 shows an example of operation in
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNT3 is cleared
and resumes counting from H'0000. The PWM outputs toggle at compare match of TCNT3 with
GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared.

TCNT3 value
/ Counter cleared at compare match with GRA3

GRA3 |- B -
GRB3 [~ e -
GRA4 [ N N e.Sl—A—-H
GRB4 . ‘

H'0000 — } Time

TIOCA; |

TIOCB,

TIOCA,

TOCXA, i i i

TIOCB,

TOCXB,

Figure 10.32 Operation in Reset-Synchronized PWM M ode (Example)
(Wwhen OLS3=0LA=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 10.4.8, Buffering.
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10.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM mode is selected TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and
TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as up/down-

counters.

Table 10.7 lists the PWM output pins. Table 10.8 summarizes the register settings.

Table10.7  Output Pinsin Complementary PWM Mode
Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1" (non-overlapping complementary waveform
to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2" (non-overlapping complementary waveform
to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3" (non-overlapping complementary waveform
to PWM output 3)
Table10.8 Register Settingsin Complementary PWM Mode
Register Setting
TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)
TCNT4 Initially set to H'0000
GRA3 Specifies the upper limit value of TCNT3 minus 1
GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIOCB,
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TOCXA,
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TOCXB,
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Setup Procedurefor Complementary PWM M ode: Figure 10.33 shows a sample procedure for
setting up complementary PWM mode.

[ Complementary PWM mode )

Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

l

Complementary PWM mode

[EnY

. Clear bits STR3 and STR4to 0 in

TSTR to halt the timer counters.
Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bits TPSC2 to TPSCO in TCR to

select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEGL1 and CKEGO in TCR. Do not
select any counter clear source

with bits CCLR1 and CCLRO in TCR.

. Set bits CMD1 and CMDO in TFCR

to select complementary PWM mode.
TIOCAgz, TIOCBg3, TIOCA,, TIOCB,,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the

non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRAZ3 is the waveform period

register. Set the upper limit value of
TCNT3 minus 1 in GRAS. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRBA4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to

1 to start TCNT3 and TCNTA4.

Note: After exiting complementary PWM mode, to resume operating in complementary

PWM mode, follow the entire setup procedure from step 1 again.

Figure 10.33 Setup Procedurefor Complementary PWM M ode (Example)
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Clearing Procedurefor Complementary PWM Mode: Figure 10.34 shows the stepsto clear
complementary PWM mode.

[Complementary PWM mode) 1. Clear the CMDL1 bit of TFCR to 0 to
set channels 3 and 4 to normal
‘ operating mode.

2. After setting channels 3 and 4 to
normal operating mode, wait at least
‘ one counter clock period, then clear
bits STR3 and STR4 of TSTR to 0 to
2 stop counter operation of TCNT3 and
TCNTA4.

Clear complementary PWM mode | 1

Stop counter operation

|

Normal operating mode

Figure10.34 Clearing Procedurefor Complementary PWM Mode
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Examples of Complementary PWM Mode: Figure 10.35 shows an example of operation in
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down
from compare match between TCNT3 and GRA3 and counting up from the point at which TCNT4
underflows. During each up-and-down counting cycle, PWM waveforms are generated by
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 isinitially setto a
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4,
TCNT3.

TCNT3 and
TCNT4 values Down-counting starts at compare
/ match between TCNT3 and GRA3
GRA3

TCNT3
GRB3

GRA4

GRB4

Time

Up-counting starts when : |
11 TCNT4 underflows |

H'0000 “———

Figure 10.35 Operation in Complementary PWM Mode (Example 1, OLS3=0L$4=1)
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Figure 10.36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM mode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 10.4.8, Buffering.

TCNT3 and
TCNT4 values

=IA CATA A A

GRB3 |~/ --\-

ii ii T
TIOCA, |_| |_| |_| |_L
TIOCB3 I_’ 0% duty cycle |_’ I_,

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRA3

GRB3 {

H'0000 Time

TIOCA3J _J L__| L__| L
mocss | [ | |

100% duty cycle

b. 100% duty cycle

Figure 10.36 Operation in Complementary PWM Mode (Example2, OLS3=0L$4=1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF hit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 10.37 and 10.38.

TCNT3

GRA3

IMFA

Buffer transfer
signal (BR to GR)

GR

oo n Y wes Y v Yo

N |

\

; Flag not set

Set

tol

Buffer

'
T
|
'
I
X |
|
'
\
i
\
N 7
N ’

transfer .
No buffer transfer

Figure 10.37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

GR ><

Buffer transfer No buffer transfer

Figure 10.38 Undershoot Timing

In channel 3, IMFA isset to 1 only during up-counting. In channel 4, OVFisset to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settingsin Complementary PWM Mode: When setting up general registers
for complementary PWM mode or changing their settings during operation, note the following
points.

* Initia settings
Do not set valuesfrom H'0000 to T — 1 (where T isthe initial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settingsin this
range also become possible.

» Changing settings
Use the buffer registers. Correct waveform output may not be obtained if a general register is
written to directly.

« Cautions on changes of general register settings
Figure 10.39 shows six correct examples and one incorrect example.
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| N ]
GR ><V ><V ><V ><V ><V [] ><V ><V

Figure10.39 Changing a General Register Setting by Buffer Transfer (Example 1)

O Buffer transfer at transition from up-counting to down-counting
If the general register valueisin the range from GRA3 —T + 1 to GRAS, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
thisrange, do not transfer a value within this range. See figure 10.40.

GRA3+1 N

GRA3 " T lllegal changes

GRA3-T+1 A\ TCNT3
GRA3-T T T TN

Figure10.40 Changing a General Register Setting by Buffer Transfer (Caution 1)

O Buffer transfer at transition from down-counting to up-counting
If the general register valueisin the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register valueis outside this
range, do not transfer avalue within thisrange. See figure 10.41.
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TCNT3
/

lllegal changes

Figure10.41 Changing a General Register Setting by Buffer Transfer (Caution 2)

0 General register settings outside the counting range (H'0000 to GRA3)

Waveforms with a duty cycle of 0% or 100% can be output by setting a general register to
avalue outside the counting range. When a buffer register is set to a value outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 10.42.

Output pin

Output pin

e A A X X

\ ) N S
GR ><i Xi\& ><f

Write during down-counting Write during up-counting

Figure10.42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register. They can also be made by using GRA3 compare match
to activate the DMAC.
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10.4.7 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEG1, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO0 in TCR2, and settingsin
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting Mode: Figure 10.43 shows a sample procedure
for setting up phase counting mode.

( Phase counting mode >

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 10.43 Setup Procedurefor Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 10.44 shows an example of operations in phase
counting mode. Table 10.9 lists the up-counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10.45.

TCNT2 value

Counting up

w‘ig down

Time
TCLKB f } f } f { f } f
TCLKA f { 4 ' 4 1 § { f
Figure 10.44 Operation in Phase Counting Mode (Example)
Table10.9 Up/Down Counting Conditions
Counting Direction Up-Counting Down-Counting
TCLKB 1 High | Low High ! Low N
TCLKA Low t High | ! Low 1 High
P_hase P_hase
difference difference . Pulse width Pulse width
TCLKA | | | |
TCLKB
| | Phase difference and overlap: at least 1.5 states
| [ B ] [ ]
‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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10.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode
and complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering
operations under the conditions mentioned above are described next.

» General register used for output compare
The buffer register value is transferred to the general register at compare match.
See figure 10.46.

Compare match signal

BR GR Comparator TCNT

Figure10.46 Compare Match Buffering

» General register used for input capture

The TCNT valueistransferred to the general register at input capture. The previous general
register value is transferred to the buffer register.

Seefigure 10.47.

Input capture signal

BR GR TCNT

Figure 10.47 Input Capture Buffering
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e Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

0 When TCNT3 compare matches GRA3
O When TCNT4 underflows

e Reset-synchronized PWM mode
The buffer register value is transferred to the general register at compare match A3.

Sample Buffering Setup Procedure: Figure 10.48 shows a sample buffering setup procedure.

( Buffering )

| Select general register functions | 1 1. Set TIOR to select the output compare or input
capture function of the general registers.

2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
to select buffering of the required general registers.

3. Setthe STR bits to 1 in TSTR to start the timer
counters.

| Set buffer bits |

| Start counters | 3

'

Buffered operation

Figure 10.48 Buffering Setup Procedure (Example)
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Examples of Buffering: Figure 10.49 shows an example in which GRA is set to function as an
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B.
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA valueis
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs.
Figure 10.50 shows the transfer timing.

TCNT value Counter cleared by compare match B
GRB - mmm s o e
H'0250 ------=-=m==mpfmmemmbommemm oo
H'0200 |--------=-=5Ftemmemmbo e R R
H0100 [~ b O —
H'0000 ; | = Time
BRA H'0200  H0100 | >< | H0200 |
GRA H'0250 >< * H'0200 >< v H'0100 >< * H'0200
TIOCB | IS%?J?
TIOCA | | | ZS%?J?

Compare match A

Figure 10.49 Register Buffering (Example 1: Buffering of Output Compare Register)
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9 N S o B A O

TCNT n X n+1

Compare ,—l
match signal

Buffer transfer ,—l
signal

BR N

|

GR n X =N

Figure 10.50 Compare Match and Buffer Transfer Timing (Example)
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Figure 10.51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA value is smultaneously transferred to BRA. Figure 10.52 shows the transfer timing.

TCNT value

Counter cleared by

/ input capture B

TIOCA 3
GRA >< H0005 H'jOlGO
BRA >< >< ' H‘000j5 ><V H0160

GRB :>< >< H'OlB(;

Input capture A

Figure10.51 Register Buffering (Example 2: Buffering of Input Capture Register)
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25 [ I I R O

TIOC pin b ; \V
N

Input capture ,—l ) ,—l

signal
TCNT n X n+1 N XN+1
¢ . \
GR M X %n . n. X >N
\ 45
BR m X M ) M X \n

Figure10.52 Input Capture and Buffer Transfer Timing (Example)
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Figure 10.53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 valueistransferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and
TCNT4 values

H'1FFF
GRA3

H'0999

Time

H'0000

BRB3

GRB3 H'O;QQ >< H%(;999 >< H'1FFF >< H'1FFF >< H'ofgjgg

TIOCA; :

TIOCB,

Figure 10.53 Register Buffering (Example 3: Buffering in Complementary PWM M ode)
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10.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settingsin TOER or by an external
trigger, or inverted by bit settingsin TOCR.

Timing of Enabling and Disabling of ITU Output by TOER: In thisexample an ITU output is
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by
appropriate settings of the data register (DR) and data direction register (DDR) of the
corresponding input/output port. Figure 10.54 illustrates the timing of the enabling and disabling
of ITU output by TOER.

T T T3
0 B |
Address bus TOER address ><
TOER ><
ITU output pin Timer output I/O port

ITU output 4><7 Generic input/output

Figure 10.54 Timing of Disabling of ITU Output by Writingto TOER (Example)
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Timing of Disabling of ITU Output by External Trigger: If the XTGD bitisclearedto O in
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture
A signal occursin channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU
output. Figure 10.55 shows the timing.

-

TIOCA pin §>\ : !
Input capture \\ : |

signal ,—l '7 ‘

((

)T

‘)‘) )
TOER N >< H'CO s N >< 3 H'CO
ITU output 4 ‘
pins P ITU output >< :: I/0 port ITU output >< I/0 port

)T

ITU output e Generic ITU output e Generic
‘ input/output ‘ input/output

N: Arbitrary setting (H'C1 to H'FF)

Figure10.55 Timing of Disabling of ITU Output by External Trigger (Example)

Timing of Output Inversion by TOCR: The output levelsin reset-synchronized PWM mode and
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and
OLS3) in TOCR. Figure 10.56 shows the timing.

T, T, T3
v N B
Address bus TOCR address ><

TOCR ><
~—

ITU output pin ><

Inverted

Figure10.56 Timing of Inverting of ITU Output Level by Writingto TOCR (Example)
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10.5 Interrupts

The ITU has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

10.5.1  Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 1 by a
compare match signal generated when TCNT matches a general register (GR). The compare match
signal is generated in the last state in which the values match (when TCNT is updated from the
matching count to the next count). Therefore, when TCNT matches a general register, the compare
match signal is not generated until the next timer clock input. Figure 10.57 shows the timing of the
setting of IMFA and IMFB.

; i L

TCNT input
clock

TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure 10.57 Timing of Setting of IMFA and IMFB by Compare Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The TCNT contents are simultaneously transferred to the corresponding
general register. Figure 10.58 shows the timing.

o]

Input capture

signal

IMF

TCNT N

GR >< N
IMI

Figure10.58 Timing of Setting of IMFA and IMFB by Input Capture
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Timing of Setting of Overflow Flag (OVF): OVFissetto 1 when TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 10.59 shows the timing.

o | L

TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure10.59 Timing of Setting of OVF

10.5.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 10.60 shows the timing.

TSR write cycle

Ty T, T3
= | >l -]

o
Address >< TSR address ><

IMF, OVF

Figure10.60 Timing of Clearing of Status Flags
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1053

Interrupt Sourcesand DMA Controller Activation

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt

enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and | PRB). For details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 10.10 lists the interrupt sources.

Table 10.10 ITU Interrupt Sources

Interrupt DMAC
Channel Source Description Activatable Priority*
0 IMIAO Compare match/input capture AO Yes High
IMIBO Compare match/input capture BO No 1
oVIo Overflow 0 No 0
1 IMIAL Compare match/input capture A1 Yes E
IMIB1 Compare match/input capture B1 No 0
ovil Overflow 1 No E
2 IMIA2 Compare match/input capture A2 Yes []
IMIB2 Compare match/input capture B2 No [
oVI2 Overflow 2 No E
3 IMIA3 Compare match/input capture A3 Yes ]
IMIB3 Compare match/input capture B3 No E
oVI3 Overflow 3 No ]
4 IMIA4 Compare match/input capture A4 No i
IMIB4 Compare match/input capture B4 No E
ovi4 Overflow 4 No Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA and IPRB.

RENESAS
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10.6  Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Writeand Clear: If a counter clear signal occursin the T, state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See figure
10.61.

TCNT write cycle
Ty T2 T3

0 N
Address bus X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure 10.61 Contention between TCNT Write and Clear
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Contention between TCNT Word Writeand Increment: If anincrement pulse occursinthe T,
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See figure
10.62.

TCNT word write cycle

Ty T, T3
-l >l -]

-
Address bus X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< ‘ M

TCNT write data

Figure 10.62 Contention between TCNT Word Write and Increment
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Contention between TCNT Byte Write and I ncrement: If an increment pulse occursinthe T,
or T, state of aTCNT byte write cycle, writing takes priority and TCNT is not incremented. The
TCNT byte that was not written retains its previous value. See figure 10.63, which shows an
increment pulse occurring in the T, state of a byte writeto TCNTH.

TCNTH byte write cycle

Ty T, T3
>l >l >

=
Address bus X TCNTH address ><

Internal write signal

TCNT input clock

TCNTH N >< M
A
TCNT write data

TCNTL X >< X+1 >< X

Figure 10.63 Contention between TCNT Byte Write and I ncrement
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Contention between General Register Write and Compare Match: If acompare match occurs
inthe T, state of a general register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 10.64.

General register write cycle

Ty T, T3
>l >l -

[
Address bus X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal ' - Inhibited

Figure 10.64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Underflow: If an overflow occursinthe T,
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is set
to 1. The same holds for underflow. See figure 10.65.

TCNT write cycle
Ty T2 T3

e e e

-
Address bus X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< M

TCNT write data

OVF

Figure 10.65 Contention between TCNT Write and Overflow
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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T, state of a general register read cycle, the value before input capture is read.
See figure 10.66.

General register read cycle

Ty T, T3
>l >l >

[
o N
Address bus :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure10.66 Contention between General Register Read and Input Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 10.67.

: N

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure 10.67 Contention between Counter Clearing by Input Capture and Counter
Increment
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Contention between General Register Writeand Input Capture: If an input capture signal
occursin the T, state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 10.68.

General register write cycle

T, T, T3
e e

=
Address bus X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure10.68 Contention between General Register Writeand I nput Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

)

WD

(f: counter frequency. @ system clock frequency. N: value set in general register.)

Rev. 6.0, 09/02, page 401 of 876
RENESAS




Contention between Buffer Register Write and Input Capture: If abuffer register isused for
input capture buffering and an input capture signal occursin the T, state of awrite cycle, input
capture takes priority and the write to the buffer register is not performed. See figure 10.69.

Buffer register write cycle

Ty T, T3
-l >l -

[
Address bus X BR address ><

Internal write signal

Input capture signal

GR N \>< kX

BR M >< \N

TCNT value

Figure10.69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset: When channels are synchronized, if aTCNT value is modified by
byte write access, all 16 bits of all synchronized counters assume the same value as the counter
that was addressed.

Example: When channels 2 and 3 are synchronized

» Byte write to channel 2 or byte write to channel 3

Write A to upper byte

Tont2 [ w | x| ofchamelz Tent2 | A | x|
Tents |y |z | TeNts | A | x|
Upper byte Lower byte Write A to lower byte Upper byte Lower byte
of channel 3

. Tent2 |y | A
Tents |y | A
Upper byte Lower byte

» Word write to channel 2 or word write to channel 3
Tent2 [ w0 x| _ Tent2 | A | B |
TeNT3 | v |z | Wiite ABwordto TenNTs | A | B |

channel 2 or 3
Upper byte Lower byte Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM M ode and Complementary PWM Mode: When
setting bits CMD1 and CMDO in TFCR, take the following precautions:

*  Writeto bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

« Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-synchronized
PWM mode or complementary PWM mode.
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Table 10.11 (b) 1TU Operating Modes (Channel 1)
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Table10.11 (c) ITU Operating Modes (Channel 2)
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Table 10.11 (d) 1TU Operating Modes (Channel 3)
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Section 11 Programmable Timing Pattern Controller

111 Oveview

The H8/3048 Series has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit integrated timer unit (ITU) asatime base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

11.1.1 Features
TPC features are listed below.

e 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit basis.
 Four output groups
Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.
« Selectable output trigger signals
Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.
* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
e Can operate together with the DMA controller (DMAC)

The compare-match signals selected as trigger signals can activate the DMAC for sequential
output of datawithout CPU intervention.
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11.1.2

Block Diagram

Figure 11.1 shows a block diagram of the TPC.

TP15 ~+—
TP14 =— Pulse output
TP13 -— pins, group 3
TP12 ——|
TPll ]
TP1o ==—1 Pulse output
TPg --— pins, group 2
TPS -
TP, =+
TP¢ < Pulse output
TPg —=— pins, group 1
TP, ~—]
TP3 -
TP, =+ Pulse output
TP, =+ pins, group 0
TPy =+

Legend
TPMR:
TPCR:
NDERB:
NDERA:
PBDDR:
PADDR:
NDRB:
NDRA:
PBDR:
PADR:

ITU compare match signals

L4

Control logic

PADDR

PBDDR

NDERA

NDERB

TPMR

TPCR

PBDR

PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

””” NDRB ----

————— NDRA ----

Internal
data bus

Figure11.1 TPC Block Diagram
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11.1.3

TPC Pins

Table 11.1 summarizes the TPC output pins.

Table11.1 TPC Pins

Name Symbol 1/0 Function

TPC output 0 TP, Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP, Output

TPC output 4 TP, Output Group 1 pulse output
TPC output 5 TP, Output

TPC output 6 TP, Output

TPC output 7 TP, Output

TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output

TPC output 10 TP, Output

TPC output 11 TP, Output

TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output

TPC output 14 TP, Output

TPC output 15 TP, Output

RENESAS
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11.1.4 Registers
Table 11.2 summarizes the TPC registers.

Table11.2 TPC Registers

Address** Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR W H'00
H'FFD3 Port A data register PADR R/(W)*? H'00
H'FFD4 Port B data direction register PBDDR W H'00
H'FFD6 Port B data register PBDR R/(W)*? H'00
H'FFAOQ TPC output mode register TPMR R/W H'FO
H'FFA1 TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
HFFA7*?

H'FFA4 Next data register B NDRB R/W H'00
H'FFAG*®

Notes: *1 Lower 16 bits of the address.

*2 Bits used for TPC output cannot be written.

*3 The NDRA address is H'FFA5 when the same output trigger is selected for TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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11.2  Register Descriptions

11.2.1 Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register that selectsinput or output for each pinin port A.

Bit 7 6 5 4 3 2 1 0

‘ PA, DDR‘ PAg DDR‘ PAg DDR‘ PA,4 DDR‘ PA3DDR ‘ PA,DDR ‘ PA1 DDR‘ PAq DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w W W w

Port A data direction 7to O

These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 9.11, Port A.

11.2.2 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA7 ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA> ‘ PA1 ‘ PAo ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RAW} RIW) RIAW}F RIAWF RIW}F  RIW}  RIW)*

Port A data7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 9.11, Port A.
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11.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-hit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBGDDR‘ PBs DDR‘ PB4 DDR‘ PB3DDR ‘ PB,DDR ‘ PB1 DDR‘ PBg DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W w w w W W w

Port B data direction 7to O

These bits select input or
output for port B pins

Port B is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 9.12, Port B.

11.24 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~; ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBo ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/W)* RAW} RIW) RAW}F RIAWF RIW}  RIW)  RIW)

Port B data7to 0
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 9.12, Port B.
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11.25 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1 and O (pins TP, to TPR,). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bitsin PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA addressis H'FFAS. The upper 4 bits belong to group 1
and the lower 4 bitsto group 0. Address H'FFA7 consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to O
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address H'FFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) isH'FFAS5
and the address of the lower 4 bits (group 0) is H'FFA7. Bits 3 to 0 of address H'FFAS5 and bits 7
to 4 of address H'FFA7 are reserved bits that cannot be modified and are always read as 1.

Address H'FFA5
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
AddressH'FFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 3to O

These bits store the next output
data for TPC output group 0
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11.26 Next Data Register B (NDRB)

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups
3and 2 (pins TP, to TR,). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bitsin PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or
different output triggers.

NDRB isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB addressis H'FFA4. The upper 4 bits belong to group 3
and the lower 4 bitsto group 2. Address H'FFAG6 consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggersfor TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is H'FFA4
and the address of the lower 4 bits (group 2) is H'FFABG. Bits 3 to 0 of address H'FFA4 and bits 7
to 4 of address H'FFAG are reserved bits that cannot be modified and are always read as 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15 to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFA6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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11.2.7 Next Data Enable Register A (NDERA)

NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0
(TP, to TR,)) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDERS ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7 to O
These bits enable or disable
TPC output groups 1 and 0

If abit is enabled for TPC output by NDERA, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit valueis
not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and O (TP, to TPR,) on a bit-by-bit basis.

Bits 7 to O:

NDER7 to NDERO Description

0 TPC outputs TP, to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA, to PA,)

1 TPC outputs TP, to TP, are enabled

(NDR7 to NDRO are transferred to PA, to PA)
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11.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TP, to TR,) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘NDER13‘NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8
These bits enable or disable
TPC output groups 3 and 2

If abit is enabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to the
corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is not
transferred from NDRB to PBDR and the output value does not change.

NDERB isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP, to TP,) on abit-by-bit basis.

Bits 7 to O:

NDER15 to NDERS8 Description

0 TPC outputs TP, _to TP, are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB, to PB,)

1 TPC outputs TP, to TP, are enabled

(NDR15 to NDR8 are transferred to PB, to PB)
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11.2.9

TPC Output Control Register (TPCR)

TPCR is an 8-bit readabl e/writable register that selects output trigger signals for TPC outputson a

group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G3CM81‘G3CMSO‘ GZCMSl‘ GZCMSO‘ G1lCMS1 ‘GlCMSO ‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Group 3 compare

match select 1 and 0

These bits select

the compare match
event that triggers
TPC output group

3 match select 1 and 0

Group 2 compare

These bits select
the compare match
event that triggers  Group 1 compare

TPC output group 2 Match select 1 and 0

These bits select
the compare match
event that triggers

(Tpll to TP8)

Group O compare

TPC output group 1 Match select 1 and 0

(TP7 to TP4 )

These bits select
the compare match
event that triggers
TPC output group 0
(TP to TRy)

TPCR isinitialized to H'FF by areset and in hardware standby mode. It is not initialized in

software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TP, to TP,,).

Bit 7: G3CMS1 Bit 6: G3CMS0 Description
0 0 TPC output group 3 (TP, to TP,,) is triggered by compare
match in ITU channel 0
1 TPC output group 3 (TP, to TP,,) is triggered by compare
match in ITU channel 1
1 0 TPC output group 3 (TP, to TP,,) is triggered by compare
match in ITU channel 2
1 TPC output group 3 (TP, to TP,,) is triggered by compare

match in ITU channel 3

(Initial value)
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Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TP, to TR,).

Bit 5: G2CMS1 Bit 4: G2CMS0

Description

0 0 TPC output group 2 (TP, to TP,) is triggered by compare
match in ITU channel 0

1 TPC output group 2 (TP, to TP,) is triggered by compare
match in ITU channel 1

1 0 TPC output group 2 (TP, to TP,) is triggered by compare
match in ITU channel 2

1 TPC output group 2 (TP, to TP,) is triggered by compare

match in ITU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1ICM S0): These bits
select the compare match event that triggers TPC output group 1 (TP, to TP,).

Bit 3: GICMS1 Bit 2: GICMSO

Description

0 0 TPC output group 1 (TP, to TP,) is triggered by compare
match in ITU channel 0

1 TPC output group 1 (TP, to TP,) is triggered by compare
match in ITU channel 1

1 0 TPC output group 1 (TP, to TP,) is triggered by compare
match in ITU channel 2

1 TPC output group 1 (TP, to TP,) is triggered by compare

match in ITU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): These hits
select the compare match event that triggers TPC output group O (TP, to TR,).

Bit 1: GOCMS1 Bit 0: GOCMSO

Description

0 0 TPC output group 0 (TP, to TP,) is triggered by compare
match in ITU channel O

1 TPC output group 0 (TP, to TP) is triggered by compare
match in ITU channel 1

1 0 TPC output group 0 (TP, to TP) is triggered by compare
match in ITU channel 2

1 TPC output group 0 (TP, to TP,) is triggered by compare

match in ITU channel 3 (Initial value)
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;,)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TPy4 to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TPR,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general
register A (GRA). The output values change at compare match A and B. For details see section
11.3.4, Non-Overlapping TPC Output.

TPMR isinitialized to H'FO by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.
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Bit 3—Group 3 Non-Overlap (G3NOV): Selects normal or non-overlapping TPC output for

group 3 (TP, t0 TP,,).

Bit 3: G3NOV Description

0 Normal TPC output in group 3 (output values change at compare match A in
the selected ITU channel) (Initial value)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC output for

group 2 (TP, to TR,).
Bit 2: G2NOV Description
0 Normal TPC output in group 2 (output values change at compare match A in

the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 2 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC output for

group 1 (TP, to TR)).
Bit 1: GINOV Description
0 Normal TPC output in group 1 (output values change at compare match A in

the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 1 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC output for

group O (TP, to TR)).
Bit 0: GONOV Description
0 Normal TPC output in group 0 (output values change at compare match A in

the selected ITU channel) (Initial value)

Non-overlapping TPC output in group 0 (independent 1 and 0 output at
compare match A and B in the selected ITU channel)
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11.3  Operation

11.3.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
isenabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB hit
contents are transferred to PADR or PBDR to update the output values.

Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC operating
conditions.

DDR NDER
Q Q
Output trigger signal
C
Internal
Q DR D Q NDR D~ 4ata bus
TPC output pin
Figure11.2 TPC Output Operation
Table11.3 TPC Operating Conditions
NDER DDR Pin Function
0 0 Generic input port
Generic output port
1 0 Generic input port (but the DR bit is a read-only bit, and when compare

match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patternsis possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see section
11.3.4, Non-Overlapping TPC Output.
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11.3.2  Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 11.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TPg to TP]_5 m >< n

Figure11.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.33

Normal TPC Output

Sample Setup Procedurefor Normal TPC Output: Figure 11.4 shows a sample procedure for
setting up normal TPC output.

Select GR functions 1 1. Set TIOR to make GRA an output compare
[ register (with output inhibited).
Set GRA value 2 2. Setthe TPC output trigger period.
ITU setup ‘ 3. Select the counter clock source with bits
. - TPSC2 to TPSCO in TCR. Select the counter
Select counting operation 3 clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TIER.
Select interrupt request 4 The DMAC can also be set up to transfer
‘ data to the next data register.
— 5. Set the initial output values in the DR bits
Set initial output data 5 of the input/output port pins to be used for
\ TPC output.
Select port output 6 6. Setthe DDR bits of the input/output port
[ pins to be used for TPC output to 1.
Port and Enable TPC output 7 7. Setthe NDER bits of the pins to be used for
TPC setup ‘ TPC output to 1.
- 8. Select the ITU compare match event to be
Select TPC output trigger 8 used as the TPC output trigger in TPCR.
‘ 9. Set the next TPC output values in the NDR bits.
Set next TPC output data 9 10. Setthe STR bitto 1 in TSTR to start the
timer counter.
‘ 11. At each IMFA interrupt, set the next output
ITU setup Start counter 10 values in the NDR bits.
No

Normal TPC output

Compare match?

Yes

Set next TPC output data

11

Figure11.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which the TPC is used for cyclic five-phase pul se output.

TCNT value Compare match

GRA

TPy5

TP14

TPy3

TPy,

TPqq

e The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
register and the counter will be cleared by compare match A. The trigger period is set in GRA.
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

* H'F8is written in PBDDR and NDERB, and bits G3BCMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRB.

e The timer counter in this ITU channel is started. When compare match A occurs, the NDRB contents
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine
writes the next output data (H'C0) in NDRB.

* Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure11.5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.34 Non-Overlapping TPC Output

Sample Setup Procedurefor Non-Overlapping TPC Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output
[ compare registers (with output inhibited).
| Set GR values | 2 2. Setthe TPC output trigger period in GRB
‘ and the non-overlap margin in GRA.
| Select counting operation | 3 3. Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
| Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
‘ The DMAC can also be set up to transfer
— data to the next data register.
| Set initial output data | 5 5. Set the initial output values in the DR bits
\ of the input/output port pins to be used for
| Set up TPC output | 6 TPC output.
[ 6. Setthe DDR bits of the input/output port pins
| Enable TPC transfer | 7 to be used for TPC output to 1.
7. Setthe NDER bits of the pins to be used for
| TPC output to 1.
8. In TPCR, select the ITU compare match
‘ event to be used as the TPC output trigger.
| Select non-overlapping groups | 9 9. In TPMR, select the groups that will operate
\ in non-overlap mode.
10. Set the next TPC output values in the NDR
bits.
11. Set the STR bitto 1 in TSTR to start the timer
counter.
ITU setup Start counter 11 12. At each IMFA interrupt, write the next output
value in the NDR bits.

ITU setup

Port and [
TPC setup |

Select TPC transfer trigger

Set next TPC output data 10

No

Compare match A?

Yes

Set next TPC output data 12

Figure11.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

TCNT

GRA T A | 4 Ry | 1 s
H0000 —— \ T T Time
nore 95 X 65 X 59 X s X 95 X 65 X |

PEDR o5 Xo8)X 65 XarX 59 Xs0X 56 X14X 95 XosK 65 X_)

r«—= Non-overlap margin

LR I i 8 O O
me L]
e NN
5

TPy

T P8 —v—l

TPyo |

This operation example is described below.

« The output trigger ITU channel is set up so that GRA and GRB are output compare registers and the
counter will be cleared by compare match B. The TPC output trigger period is set in GRB. The non-
overlap margin is set in GRA. The IMIEA bitis setto 1 in TIER to enable IMFA interrupts.

* H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set
in TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRB.

* The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delayed
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.

« Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure11.7 Non-Overlapping TPC Output Example
(Four-Phase Complementary Non-Overlapping Pulse Output)
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11.35 TPC Output Triggering by Input Capture

TPC output can be triggered by 1TU input capture as well as by compare match. If GRA and GRB
functions as an input capture register in the ITU channel selected in TPCR, TPC output will be
triggered by the input capture signal. Figure 11.8 shows the timing.

TIOC pin >L

Input capture

signal
NDR N
\
DR M >< e N

Figure11.8 TPC Output Triggering by Input Capture (Example)
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114  Usage Notes

11.41 Operation of TPC Output Pins

TP, to TP, are multiplexed with ITU, DMAC, address bus, and other pin functions. When ITU,
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC output. The
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR hitsare always transferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their valueis 0. Bits are not transferred
if their valueis 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
B Internal
Q DR D ‘ Q NDR D~—— data bus

TPC output pin

Figure11.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next datain
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11.10 shows the timing relationships.

Compare
match A

Compare
match B

NDR

DR

NDR write

X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure11.10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

121 Overview

The H8/3048 Series has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As awatchdog timer, it generates areset signal for the chip if a system crash allows
the timer counter (TCNT) to overflow before being rewritten. In interval timer operation, an
interval timer interrupt is requested at each TCNT overflow.

12.1.1 Features
WDT features are listed below.

» Selection of eight counter clock sources
@2, @32, @64, /128, /256, ¢/512, 2048, or (/4096

e Interval timer option

< Timer counter overflow generates areset signal or interrupt.

Thereset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

» Watchdog timer reset signal resets the entire chip internally, and can also be output externally.
The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire chip internally. An external reset signal can be output from the RESO pin to reset
other system devices simultaneoudly.
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1212

Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Interrupt signal <—————

Reset
(internal, external)

Legend
TCNT:
TCSR:

Overflow

(interval timer)

Interrupt
control

TCNT
—|

Read/
write
control

RSTCSR

Reset control

Timer counter
Timer control/status register

RSTCSR: Reset control/status register

@2
@32
@64
@128
@256
@512
@2048
4096

Clock

Clock
selector

Internal
data bus
>

TCSR
I
Internal clock sources

12.1.3 Pin Con

Figure12.1 WDT Block Diagram

figuration

Table 12.1 describes the WDT output pin.

Table12.1 WDT Pin

Name

Abbreviation

110 Function

Reset output

RESO

Output*
signal

External output of the watchdog timer reset

Note: * Open-drain output.
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1214

Register Configuration

Table 12.2 summarizes the WDT registers.

Table12.2 WDT Registers

Address™’ Abbre- Initial
Write*? Read Name viation R/W Value
H'FFA8 H'FFA8 Timer control/status register TCSR RI(W)*® H'18

H'FFA9 Timer counter TCNT R/W H'00
H'FFAA H'FFAB Reset control/status register RSTCSR R/(W)*® H'3F

Notes: *1 Lower 16 bits of the address.
*2 Write word data starting at this address.
*3 Only 0 can be written in bit 7, to clear the flag.

12.2  Register Descriptions

1221

Timer Counter (TCNT)

TCNT isan 8-hit readable and writable* up-counter.

Bit

Initial value

Read/Write R/W

R/W R/W R/W

R/W R/W R/W R/W

When the TME bit issetto 1in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bitisset to 1 in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit iscleared to 0.

Note: * TCNT iswrite-protected by a password. For details see section 12.2.4, Notes on Register

Access.

RENESAS
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12.22 Timer Control/Status Register (TCSR)

TCSR is an 8-bit readable and writable* register. Its functions include selecting the timer mode
and clock source.

Note: * TCSR differs from other registersin being more difficult to write. For details see section

12.2.4, Notes on Register Access.

Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/W‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘

Initial value 0 0 0 1 1 0 0 0

Read/Write  R/(W)* RIW RIW — — RIW RIW RIW

Clock select
These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Note: * Only O can be written, to clear the flag.

Bits 7to 5 areinitialized to 0 by areset and in standby mode. Bits 2to O areinitialized to 0 by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.

Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed

from H'FF to H'00.
Bit 7: OVF Description
0 [Clearing condition]

Cleared by reading OVF when OVF = 1, then writing 0 in OVF  (Initial value)

[Setting condition]
Set when TCNT changes from H'FF to H'00
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Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog timer, the WDT generates areset signal when
TCNT overflows.

Bit 6: WTAT Description
0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selectswhether TCNT runs or is halted.

When WT/IT = 1, clear the SY SCR software standby bit (SSBY) to 0, then set the TME to 1.
When SSBY isset to 1, clear TME to O.

Bit 5: TME Description
0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting and CPU interrupt requests are enabled

Bits 4 and 3—Reserved: Read-only hits, dwaysread as 1.

Bits2to 0—Clock Select 2 to 0 (CK S2/1/0): These bits select one of eight internal clock sources,
obtained by prescaling the system clock (¢), for input to TCNT.

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO Description
0 0 0 @2 (Initial value)
1 @32
1 0 @64
1 @128
1 0 0 @256
1 @512
1 0 @2048
1 @4096
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12.23 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable* register that indicates when areset signa has been

generated by watchdog timer overflow, and controls external output of the reset signal.

Note: * RSTCSR differs from other registersin being more difficult to write. For details see

section 12.2.4, Notes on Register Access.

Bit 7 6 5 4 3 2 1 0
WRsT |RsTOE| — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

Read/Write  R/(W)"  R/W — — — — — —

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Note: * Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 areinitialized by input of areset signal at the RES pin. They are not initialized by

reset signals generated by watchdog timer overflow.

Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that

TCNT has overflowed and generated areset signal. Thisreset signal resets the entire chip
internally. If bit RSTOE is set to 1, thisreset signal is also output (low) at the RESO pin to
initialize external system devices.

Bit 7: WRST Description
0 [Clearing conditions]
Cleared to 0 by reset signal input at RES pin (Initial value)

Cleared by reading WRST when WRST = 1, then writing 0 in WRST

1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer

operation
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Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation.

Bit 6: RSTOE Description

0 Reset signal is not output externally (Initial value)

1 Reset signal is output externally

Bits5to 0—Reserved: Read-only bits, alwaysread as 1.

12.24 Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write. The procedures for writing and reading these registers are given below.

Writingto TCNT and TCSR: These registers must be written by aword transfer instruction.
They cannot be written by byte instructions. Figure 12.2 shows the format of datawritten to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'5A (password for
TCNT) or H'A5 (password for TCSR). Thistransfers the write data from the lower byteto TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFA8* | H'5A ‘ Write data |

TCSR write 15 8 7 0
Address H'FFA8* | H'A5 ‘ Write data |

Note: * Lower 16 bits of the address.

Figure12.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 12.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'A5 in the upper byte and H'00 in the lower
byte. The H'00 in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit,
the upper byte must contain H'5A and the lower byte must contain the write data. Writing this
word transfers awrite data value into the RSTOE hit.

Writing 0 in WRST bit 15 8 7 0
Address H'FFAA* | H'A5 ‘ H'00 |
Writing to RSTOE bit 15 8 7 0
Address H'FFAA* | H'5A ‘ Write data |

Note: * Lower 16 bits of the address.

Figure 12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: Theseregisters are read like other registers. Byte access
instructions can be used. The read addresses are H'FFAS8 for TCSR, H'FFA9 for TCNT, and
H'FFAB for RSTCSR, aslisted in table 12.3.

Table12.3 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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12.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described

below.

12.31 Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To usethe WDT as a watchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the chip isinternally reset for a duration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset externa system
devices. Thereset signal is output externally for 132 states. External output can be enabled or

disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can

distinguish a RES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow
[
TCNT count TME setto 1
value
HoO W — K A
Start H'00 written Reset H'00 written
int | in TCNT in TCNT
nternal
reset signal
518 states
RESO

i

132 states

Figure12.4 Watchdog Timer Operation

Rev. 6.0, 09/02, page 443 of 876
RENESAS




12.3.2 Interval Timer Operation

Figure 12.5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WT/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. Thisfunction can be used to generate interval timer interrupts at regular
intervals.

HFF --------mmmmmmmmmmm oo
TCNT
count value
H00 —f------------
y y A J y
WT/IT=0 Interval Interval Interval Interval
TME =1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure12.5 Interval Timer Operation

12.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 12.6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set to 1 when
TCNT overflows. At the sametime, areset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

; | N

TCNT H'FF >< H'00

Overflow signal

OVF

Figure12.6 Timing of Setting of OVF
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12.34 Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 12.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1 when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire chip. Thisinternal reset signal clears OVF to 0, but the WRST bit remains
set to 1. The reset routine must therefore clear the WRST bit.

; | N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure12.7 Timing of Setting of WRST Bit and Internal Reset
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12.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVF bitissetto 1in TCSR.

125 Usage Notes

Contention between TCNT Write and Increment: If atimer counter clock pulseis generated
during the T, state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. Seefigure 12.8.

Write cycle: CPU writes to TCNT

TCNT

Internal write
signal

TCNT input
clock

TCNT N M

Iy

k-

Counter write data

Figure12.8 Contention between TCNT Write and I ncrement

Changing CKS2 to CK S0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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12.6 Notes

This chip incorporates an WDT. The timer counter value of the on-chip WDT is not rewritten,
even if asystem crash occurs. If an overflow occurs, areset signal is generated and the chipis
reset.

However, if the following three events occur due to a CPU overrun, for example, the above
operations cannot be guaranteed since the WDT and the CPU are incorporated in the same chip.

*  Whentheinternal I/O registersrelated to the on-chip WDT are rewritten.
*  When software standby mode isincorrectly entered.
*  When the break mode isincorrectly entered.

In addition, as stated in the NMI above, if an abnormal level isinput into the power supply pins or
the system control pins, correct operations cannot be guaranteed.

Except the above cases, the on-chip WDT functions as a device that supports recovery from a
system crash. Accordingly, when afail-safe function is required in your system, an additional
circuit may be required as necessary.
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Section 13 Serial Communication Interface

13.1 Oveview

The H8/3048 Series has a serial communication interface (SCI) with two independent channels.
The two channels are functionally identical. The SCI can communicate in asynchronous or
synchronous mode. It also has a multiprocessor communication function for serial communication
among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details see section 21.6, Module Standby Function.

Channel 0 (SCI0) also has a smart card interface function conforming to the | SO/IEC7816-3
(Identification Card) standard. This function supports serial communication with a smart card. For
details, see section 14, Smart Card Interface.

13.1.1 Features
SCI features are listed below.

» Selection of asynchronous or synchronous mode for serial communication
O Asynchronous mode

Serial data communication is synchronized one character at atime. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), asynchronous
communication interface adapter (ACIA), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

« Datalength: 7 or 8 bits

e Stop bit length: 1 or 2 bits

 Parity bit: even, odd, or none

e Multiprocessor bit: 1 or 0

» Receive error detection: parity, overrun, and framing errors

» Break detection: by reading the RxD level directly when aframing error occurs
O Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. There is one serial data
communication format.

« Datalength: 8 bits
* Receive error detection: overrun errors

Rev. 6.0, 09/02, page 449 of 876
RENESAS



e Full duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuoudly.

* Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin.

« Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts from SCIO can
activate the DMA controller (DMAC) to transfer data.
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the SCI.

3 | Internal
& | data bus
Module data bus g >
-(7)
=}
y UL
|_RDR | [_TorR | SSR [ BRR | —
i U SCR Y
RD—| RsR | || Tsr SMR Baudrate |« g4
4 Transmit/ generator |, 416
receive control -~ gl6a
TXD =
_ Parity generate | f Clock | 1
Parity check External clock
SCK =
= TEI
= TXI
= RXI
> ERI
Legend

RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure13.1 SCI Block Diagram
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13.1.3

Input/Output Pins

The SCI has serial pins for each channel aslisted in table 13.1.

Table13.1 SCI Pins

Channel Name Abbreviation I/O Function

0 Serial clock pin SCK, Input/output SCl, clock input/output
Receive data pin RxD, Input SClI, receive data input
Transmit data pin TxD, Output SClI, transmit data output

1 Serial clock pin SCK, Input/output SCI, clock input/output
Receive data pin RxD, Input SCI, receive data input
Transmit data pin TxD, Output SCI, transmit data output

13.1.4 Register Configuration

The SCI hasinternal registers as listed in table 13.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver

sections.

Table13.2 Registers

Channel Address** Name Abbreviation R/W Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*?  H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR R/(W)*?  H'84
H'FFBD Receive data register RDR R H'00

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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13.2 Register Descriptions

13.21 Receive Shift Register (RSR)

RSR isthe register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (bit 0) first,
thereby converting the data to parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

13.22 Receive Data Register (RDR)

RDR isthe register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDRisinitialized to
H'00 by areset and in standby mode.
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13.2.3 Transmit Shift Register (TSR)

TSR istheregister that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — _ _

The SCI loads transmit datafrom TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit O) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag isset to 1 in SSR,
however, the SCI does not load the TDR contents into TSR. The CPU cannot read or write TSR
directly.

13.24  Transmit Data Register (TDR)

TDR isan 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can alwaysread and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.
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13.25 Serial Mode Register (SMR)

SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock

source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0
‘ CIA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Clock select 1/0
These bits select the
baud rate generator’s
clock source
Multiprocessor mode
Selects the multiprocessor
function
Stop bit length
Selects the stop bit length
Parity mode
Selects even or odd parity

Parity enable

Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can awaysread and write SMR. SMR isinitialized to H'00 by areset and in standby

mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or

synchronous mode.

Bit 7: C/A Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

RENESAS
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 bits regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E hit setting isvalid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit.
The O/E setting isignored in synchronous mode, or when parity adding and checking is disabled
in asynchronous mode.

Bit 4: O/E Description
0 Even parity** (Initial value)
1 Odd parity*?

Notes: *1 When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

*2 When odd parity is selected, the parity bit added to transmit data makes an odd number
of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting
isused only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit
setting isignored.

Bit 3: STOP Description
0 One stop bit** (Initial value)
1 Two stop bits*?

Notes: *1 One stop bit (with value 1) is added at the end of each transmitted character.
*2 Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1 it istreated as a stop hit. If the second stop bit isQ it istreated as the start bit of the
next incoming character.

Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These hits select the clock source of the on-chip
baud rate generator. Four clock sources are available: ¢, ¢/4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
13.2.8, Bit Rate Register (BRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 [0} (Initial value)
1 @4

1 0 @16
1 @64
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13.26  Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1/0

These bits select the
SCl clock source

Transmit-end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can awaysread and write SCR. SCR isinitialized to H'00 by areset and in standby
mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXI) requested when the TDRE flag in SSR is set to 1 dueto transfer of serial transmit data from
TDRto TSR.

Bit 7: TIE Description
0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RX1)
requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive datafrom RSR to
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6: RIE Description

0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled
(Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing it to 0; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5: TE Description
0 Transmitting disabled** (Initial value)
1 Transmitting enabled*?

Notes: *1 The TDRE bitis locked at 1 in SSR.

*2 In the enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0
after writing of transmit data into TDR. Select the transmit format in SMR before setting
the TE bit to 1.

Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4: RE Description
0 Receiving disabled** (Initial value)
1 Receiving enabled*?

Notes: *1 Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.
*2 In the enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.
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Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting isvalid only in asynchronous mode, and only if the MP bitissetto 1in SMR.
The MPIE setting isignored in synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)

[Clearing conditions]
The MPIE bit is cleared to 0.
MPB =1 in received data.

1 Multiprocessor interrupts are enabled*

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to O,
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the FER and
ORER flags to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to O, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1/0): These hits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEQ,
the SCK pin can be used for generic input/output, serial clock output, or serial clock input.

The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEO setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). Select the SCI operating mode in SMR before setting the
CKEL1 and CKEQ hits. For further details on selection of the SCI clock source, seetable 13.9in

section 13.3, Operation.

Bit 1: Bit O:
CKE1l CKEO Description

0 0 Asynchronous mode

Internal clock, SCK pin available for generic
input/output **

Synchronous mode

Internal clock, SCK pin used for serial clock output **

1 Asynchronous mode

Internal clock, SCK pin used for clock output*?

Synchronous mode

Internal clock, SCK pin used for serial clock output

1 0 Asynchronous mode

External clock, SCK pin used for clock input **

Synchronous mode

External clock, SCK pin used for serial clock input

1 Asynchronous mode

External clock, SCK pin used for clock input **

Synchronous mode

External clock, SCK pin used for serial clock input

Notes: *1 Initial value

*2 The output clock frequency is the same as the bit rate.
*3 The input clock frequency is 16 times the bit rate.
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13.2.7 Serial Status Register (SSR)

SSR is an 8-hit register containing multiprocessor bit values, and status flags that indicate SCI
operating status.

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
a receive parity error

Framing error
Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

Note: * Only O can be written, to clear the flag.

The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.
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Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial transmit data can be writtenin TDR.

Bit 7: TDRE Description

0 TDR contains valid transmit data

[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0.
The DMAC writes data in TDR.

1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

The chip is reset or enters standby mode.

The TE bitin SCR is cleared to 0.

TDR contents are loaded into TSR, so new data can be written in TDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6: RDRF Description
0 RDR does not contain new receive data (Initial value)

[Clearing conditions]

The chip is reset or enters standby mode.

Software reads RDRF while it is set to 1, then writes 0.
The DMAC reads data from RDR.

1 RDR contains new receive data

[Setting condition]
When serial data is received normally and transferred from RSR to RDR.
Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is
lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an

overrun error.

Bit 5: ORER Description

0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads ORER while it is set to 1, then writes 0.

1 A receive overrun error occurred*?

[Setting condition]
Reception of the next serial data ends when RDRF = 1.

Notes: *1 Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.
*2 RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to aframing
error in asynchronous mode.

Bit 4: FER Description

0 Receiving is in progress or has ended normally (Initial value)**
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads FER while it is set to 1, then writes O.

1 A receive framing error occurred*?

[Setting condition]
The stop bit at the end of receive data is checked and found to be 0.

Notes: *1 Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

value.

*2 When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicatesthat data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3: PER Description

0 Receiving is in progress or has ended normally** (Initial value)

[Clearing conditions]
The chip is reset or enters standby mode.
Software reads PER while it is set to 1, then writes O.

1 A receive parity error occurred*?
[Setting condition]
The number of 1s in receive data, including the parity bit, does not match the
even or odd parity setting of O/E in SMR.
Notes: *1 Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains its previous
value.

*2 When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDRF flag. Serial receiving cannot continue while the PER flag is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
aread-only hit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC writes data in TDR.
1 End of transmission (Initial value)

[Setting conditions]

The chip is reset or enters standby mode.

The TE bit is cleared to 0 in SCR.

TDRE is 1 when the last bit of a serial character is transmitted.
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Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-only bit and cannot
be written.

Bit 1: MPB Description
0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: * If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.
The MPBT setting isignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.28 Bit Rate Register (BRR)

BRR is an 8-hit register that, together with the CKS1 and CKS0 hitsin SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The CPU can alwaysread and write BRR. BRR isinitialized to H'FF by areset and in standby
mode. The two SCI channels have independent baud rate generator control, so different values can
be set in the two channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows exampl es of
BRR settings in synchronous mode.
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Table13.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous Mode

@ (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 O 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -248 0 15 0.00 0 19 -2.34
9600 0 6 -699 O 6 -248 0 7 0.00 0 9 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 4.86 0 1 2288 0 2 0.00
38400 0 1 -18.62 0 1 -14.67 O 1 0.00 — - —
@ (MHz)
3.6864 4 49152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 -699 O 0.00 0 1.73
31250 — - — 0 0.00 0 -1.70 O 0.00
38400 0 2 0.00 0 8.51 0 3 0.00 0 3 1.73
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o (MH2)

6.144 7.3728
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -234 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 0 5.33 0 0.00
38400 0 -234 0 0.00 0 0.00 0 —6.99
@ (MHz)
9.8304 10 12 12.288

Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -0.26 2 177 -0.25 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 0 32 -1.36 O 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 -1.70 O 0.00 0 11 0.00 0 11 2.40
38400 0 0.00 0 1.73 0 9 -234 0 9 0.00
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o (MH2)

13 14 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 230 -0.08 2 248 -0.17 3 64 0.70 3 70 0.03
150 2 168 0.16 2 181 0.16 2 191 0.00 2 207 0.16
300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16
600 1 168 0.16 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 84 -0.43 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 168 0.16 0 181 0.16 0 191 0.00 0 207 0.16
4800 0 84 -043 O 90 0.16 0 95 0.00 0 103 0.16
9600 0 41 0.76 0 45 -093 O 47 0.00 0 51 0.16
19200 0 20 0.76 0 22 -093 O 23 0.00 0 25 0.16
31250 0 12 0.00 0 13 0.00 0 14 -1.70 O 15 0.00
38400 0 10 -382 0 10 3.57 0 11 0.00 0 12 0.16
¢ (MH2)
18
Bit Rate Error
(bits/s) n N (%)
110 3 79 -0.12
150 2 233 0.16
300 2 116 0.16
600 1 233 0.16
1200 1 116 0.16
2400 0 233 0.16
4800 0 116 0.16
9600 0 58 -0.69
19200 0 28 1.02
31250 0 17 0.00
38400 0 14 -2.34
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Table13.4 Examplesof Bit Ratesand BRR Settingsin Synchronous Mode

@ (MHz)

8 10 13 16 18
BitRate n N n N n N n N n N n N n N
(bits/s)
110 3 70 — — — — — — — — — — — —
250 2 124 2 249 3 124 — — 3 202 3 249 — —
500 1 249 2 124 2 249 — — 3 101 3 124 3 140
1k 1 124 1 249 2 124 — — 2 202 2 249 3 69
2.5k 0 199 1 99 1 199 1 249 2 80 2 99 2 112
5k 0 99 0 199 1 99 1 124 1 162 1 199 1 224
10k 0 49 0 99 0 199 0 249 1 80 1 99 1 112
25k 0 19 0 39 0 79 0 99 0O 129 0 159 0 179
50 k 0 0 19 0 39 0 49 0 64 0 79 0 89
100 k 0 4 0 0 19 0 24 — — 0 39 0 44
250 k 0 0 0 0 0 12 0 15 0o 17
500 k 0 O* 0 0 0 — — 0 0
1M 0 O* 0 — — — — 0 3 0
2M 0 O* — — — — 0 — —
25M — — 0 O* — — — — — —
4 M 0 O — —

Note: Settings with an error of 1% or less are recommended.

Legend

Blank: No setting available

— Setting possible, but error occurs

*: Continuous transmit/receive not possible
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The BRR setting is calculated as follows:

Asynchronous mode:

N=— ¢ x106-1
64 x 221 x B
Synchronous mode:
¢
N=———— X% 106 -1
8 x 22n—1 x B

B: Bit rate (bits/s)

N: BRR setting for baud rate generator (0 < N < 255)

@ System clock frequency (MHz)

n: Baud rate generator clock source (n=0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKs1 CKSO0
0 (0} 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows.

@ x106

Error (%) = {

(N + 1) x B x 64 x 22n-1

RENESAS

- 1} x 100
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Table 13.5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 13.6 and 13.7 indicate the maximum bit rates with external clock input.

Table13.5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

Settings
®(MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0
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Table13.6 Maximum Bit Rateswith External Clock Input (Asynchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250

Table13.7 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0
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13.3 Operation

13.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 13.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 13.9.

Asynchronous Mode

« Datalengthisselectable: 7 or 8 bits.

» Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These
sel ections determine the communication format and character length.

* Inreceiving, it ispossible to detect framing errors, parity errors, overrun errors, and the break
state.

« Aninterna or external clock can be selected as the SCI clock source.

0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

O When an external clock is selected, the external clock input must have a frequency 16 times
the hit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode

e The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninterna or externa clock can be selected asthe SCI clock source.
0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.
O When an external clock is selected, the SCI operates on the input seria clock. The on-chip
baud rate generator is not used.
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Table13.8 SMR Settingsand Serial Communication Formats

SMR Settings SCI Communication Format
Multi- Stop
Bit 7: Bit6: Bit2: Bit5: Bit3: Data processor Parity Bit
C/A CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous 8-bitdata Absent Absent 1 bit
1 mode 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous 8-bit data Present Absent 1 bit
1 mode (multi- 2 bits
processor - -
1 2 bits
1 — — — — Synchronous 8-bit data Absent None
mode

Table13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Clock

Bit 7 Bit 1: Bit O: Clock

C/A CKE1 CKEO Mode Source  SCK Pin Function

0 0 0 Asynchronous Internal  SCI does not use the SCK pin
1 mode Outputs a clock with frequency

matching the bit rate

1 0 External Inputs a clock with frequency 16
1 times the bit rate
1 0 0 Synchronous Internal  Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1
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13.3.2  Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
astop bit. Serial communication is synchronized one character at atime.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times the bit rate.
Receive datais latched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB) 1

Serialdata| 0 |DO|D1|D2|D3|D4|D5|D6|D7|O/1|1 1

Start Parity| Stop
bit Transmit or receive data bit bit
- e -
1 bit 7 bits or 8 bits 1bitor 1 bitor
no bit 2 bits

One unit of data (character or frame)

Figure 13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)
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Communication For mats: Table 13.10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settingsin SMR.

Table 13.10 Serial Communication Formats (Asynchronous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP ‘1‘2‘3‘4‘5‘6‘7‘8‘9‘10‘11‘12‘
o 0 0 o ‘ s ‘ 8-bit data ‘STOP
o o0 o0 1 ‘ s ‘ 8-bit data ‘STOP‘STOP
o 1 o0 o0 ‘ s | 8-bit data | P JsTop
o 1 o 1 s 8-bit data ‘ P ‘STOP‘STOP
1 0 0 o0 ‘ s | 7-bit data sToP
1 0 o0 1 ‘ s ‘ 7-bit data ‘STOP‘STOP
1 1 0 o0 ‘ s ‘ 7-bit data ‘ P ‘STOP
1 1 0 1 ‘ s ‘ 7-bit data ‘ P ‘STOP‘STOP
0o — 1 o0 ‘ s ‘ 8-bit data ‘MPB ‘STOP
o — 1 1 ‘ s ‘ 8-bit data ‘MPB ‘STOP‘STOP
1 — 1 o0 ‘ s | 7-bit data mPB [sTOP
1 — 1 1 ‘ s ‘ 7-bit data ‘MPB ‘STOP‘STOP
Legend
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock sourceis selected
by the C/A bit in SMR and bits CKE1 and CKEQ in SCR. See table 13.9.

When an external clock isinput at the SCK pin, it must have afrequency egual to 16 timesthe
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase isaligned asin figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

NN EEpEpEpEpEpEyEY

0 |po|p1|p2|D3|[D4a|D5|D6|D7 0] 1 1

1 frame

l‘ ;l

Figure 13.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data

» SCl Initialization (Asynchronous Mode)
Before transmitting or receiving, clear the TE and RE bitsto 0 in SCR, then initialize the SCI
asfollows.

When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing TE to 0 setsthe TDRE flag to 1 and
initializes TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or
subsequent operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 is a sample flowchart for initializing the SCI.
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Start of initialization

Clear TE and RE bits
to 0in SCR

Set CKE1 and CKEO bits
in SCR (leaving TE and 1
RE bits cleared to 0)

Select communication 2
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

#

Transmitting or receiving

Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in
asynchronous mode, clock output starts immediately after
the setting is made in SCR.

Select the communication format in SMR.

Write the value corresponding to the bit rate in BRR.

This step is not necessary when an external clock is used.
Wait for at least the interval required to transmit or receive
1 bit, then set the TE or RE bitto 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary. Setting the TE

or RE bit enables the SCI to use the TxD or RxD pin.

Figure 13.4 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Asynchronous Mode)

Figure 13.5 shows a sample flowchart for transmitting serial data and indicates the procedure
to follow.

| Initialize | 1 1. SCl initialization: the transmit data output function
of the TxD pin is selected automatically.
2. SCI status check and transmit data write: read SSR,
Start transmitting check that the TDRE flag is 1, then write transmit data
— in TDR and clear the TDRE flag to 0.
3. To continue transmitting serial data: after checking
| Read TDRE flag in SSR | 2 that the TDRE flag is 1, indicating that data can be
written, write data in TDR, then clear the TDRE

flag to 0. When the DMAC is activated by a transmit-
No data-empty interrupt request (TXI) to write data in TDR,

the TDRE flag is checked and cleared automatically.
4. To output a break signal at the end of serial transmission:
Yes set the DDR bit to 1 and clear the DR bitto O
(DDR and DR are I/O port registers), then clear the
TE bit to 0 in SCR.

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data No

transmitted? 3
Yes
Read TEND flag in SSR
Output break 4

signal?

Yes

Clear DR bit to 0,
set DDR bitto 1

\
Clear TE bitto 0 in SCR

Figure13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.

b. Transmit data: 7 or 8 bits are output, LSB first.
Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one
multiprocessor bit is output. Formats in which neither a parity bit nor a
multiprocessor hit is output can also be selected.

d. Stop bit: One or two 1 bits (stop bits) are output.
Mark state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checksthe TDRE flag when it outputs the stop hit. If the TDRE flag is O, the SCI
loads new data from TDR into TSR, outputs the stop bit, then begins serial transmission of
the next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs the
stop bit, then continues output of 1 bitsin the mark state. If the TEIE bit isset to 1 in SCR,
atransmit-end interrupt (TEI) isrequested at thistime.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1
T T
0|DO|D1||D7|0/1|1 O|DO|D1||D7|O/1|1 Idle (mark)
I(d I(d
T T

state

(
T
TDRE . |

TEND ? T T
b)Y b)Y
‘ ‘ 1€ ‘ 1€

TXI TXI interrupt handler TXI

interrupt  writes data in TDR and interrupt TEl interrupt request
request clears TDRE flag to O request

| -

‘ 1 frame ‘

Figure13.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and 1 Stop Bit)
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* Receiving Serial Data (Asynchronous Mode)

Figure 13.7 shows a sample flowchart for receiving serial data and indicates the procedure to
follow.

Initialize 1 1. SCl initialization: the receive data function of
the RxD pin is selected automatically.

2, 3. Receive error handling and break
detection: if a receive error occurs, read the
ORER, PER, and FER flags in SSR to identify

- the error. After executing the necessary error

handling, clear the ORER, PER, and FER

Read ORER, PER, flags all to 0. Receiving cannot resume if any
and FER flags in SSR of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.

4. SCI status check and receive data read: read
SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF
flag to 0. Notification that the RDRF flag has

Start receiving

Error handling

(continued on next page) changed from 0 to 1 can also be given by the
RXI interrupt.
Read RDRF flag in SSR | 4 5. To continue receiving serial data: check the

RDRF flag, read RDR, and clear the RDRF
flag to O before the stop bit of the current
No frame is received. If the DMAC is activated
by an RXI interrupt to read the RDR value,
the RDRF flag is cleared automatically.

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

!

End

Figure13.7 Sample Flowchart for Receiving Serial Data (1)
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3

< Error handling >

ORER =17

Yes

Overrun error handling

o
-

FER =17

Yes

Break?

No

Framing error handling

[
|

PER =17

Yes

Parity error handling

Clear RE bitto 0 in SCR

[ —
o

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

1

Note:

The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes
internally and starts receiving.

Receive dataiis stored in RSR in order from LSB to MSB.
The parity bit and stop bit are received.
After receiving, the SCI makes the following checks:

a. Parity check: The number of 1sin the receive data must match the even or odd parity
setting of the O/E bit in SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop hits, only the first
stop bit is checked.

c. Status check: The RDRF flag must be O so that receive data can be transferred from
RSR into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received datais stored in RDR. If
one of the checks fails (receive error), the SCI operates as indicated in table 13.11.

When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sure to clear the error flagsto O.

When the RDRF flagisset to 1, if the RIE bit isset to 1 in SCR, areceive-data-full
interrupt (RXI) is requested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in
SCRisaso set to 1, areceive-error interrupt (ERI) is requested.

Table 13.11 Receive Error Conditions

Receive Error  Abbreviation  Condition Data Transfer
Overrun error ORER Receiving of next data ends Receive data not transferred
while RDRF flag is still set from RSR to RDR
to 1in SSR
Framing error FER Stop bitis 0 Receive data transferred from
RSR to RDR
Parity error PER Parity of receive data differs Receive data transferred from

from even/odd parity setting RSR to RDR
in SMR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit 1
T R
0 | DO | D1 | | D7 |O/l | 1 | 0 | DO | D1 | | D7 |0/l | 1 | Idle (mark)
T R

state

RDRF |_
§ §

)

“ o

b
1€ ‘ ‘ s

—

RXI RXI interrupt handler T

request  reads data in RDR and

- -] clears RDRF flag to 0
1 frame

Framing error,
ERI request

Figure13.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set

to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
data with their IDs. The receiving processor with a matching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive datain thisway.

Figure 13.9 shows an example of communication among different processorsusing a
multiprocessor format.
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a
multiprocessor format is selected. For details see table 13.10.

Clock: See the description of asynchronous mode.

Transmitting

processor
\ Serial communication line
; ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID =02) (ID =03) (ID =04)
Serial data H'01 H'AA
(MPB =1) (MPB = 0)
ID-sending cycle: receiving Data-sending cycle:
processor address data sent to receiving

processor specified by ID
Legend
MPB: Multiprocessor bit

Figure 13.9 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

e Transmitting Multiprocessor Serial Data

Figure 13.10 shows a sample flowchart for transmitting multiprocessor serial dataand

indicates the procedure to follow.

| Initialize |
\
< Start transmitting >

F—

| Read TDRE flag in SSR |

Yes

Write transmit data in
TDR and set MPBT bit in SSR

\
Clear TDRE flag to O

No

All data transmitted?

Yes

—

—~f

| Read TEND flag in SSR |

Yes
. No
Output break signal?
Yes

| Clear DR bit to 0, set DDR bit to 1 |

| Clear TEbitto0OInSCR |

—

—~f

Y
End

. SCl initialization: the transmit data

output function of the TxD pin is
selected automatically.

. SCI status check and transmit data

write: read SSR, check that the TDRE
flag is 1, then write transmit

data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE
flag to O.

. To continue transmitting serial data:

after checking that the TDRE flag is 1,
indicating that data can be

written, write data in TDR, then clear
the TDRE flag to 0. When the DMAC
is activated by a transmit-data-empty
interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and
cleared automatically.

. To output a break signal at the end of

serial transmission: set the DDR bit to
1 and clear the DR bit to O (DDR and

DR are 1/O port registers), then clear

the TE bit to 0 in SCR.

Figure13.10 Sample Flowchart for Transmitting M ultiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty
interrupt (TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

Start bit: One 0 bit is output.

Transmit data: 7 or 8 bits are output, L SB first.

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Stop bit: One or two 1 bits (stop bits) are output.

Mark state: Output of 1 bits continues until the start bit of the next transmit data.

® oo oo

3. The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is O, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the stop
bit, then continues output of 1 bitsin the mark state. If the TEIE bitissetto 1in SCR, a
transmit-end interrupt (TEI) is requested at thistime.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
T T
0 |DO|D1| |D7|0/1| 1 0|DO|D1| |D7|0/l|1 Idle (mark)
T T

state

I

T
TDRE . |

TEND ? ? ?

‘ ‘ ® ‘ 3
TXI TXI interrupt handler TXI T
request  writes data in TDR and request TEI request

clears TDRE flag to O

‘ 1 frame

Figure13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Receiving Multiprocessor Serial Data

Figure 13.12 shows a sample flowchart for receiving multiprocessor serial data and indicates
the procedure to follow.

| Initialize | 1 1. SCl initialization: the receive data function
— of the RxD pin is selected automatically.

2. ID receive cycle: set the MPIE bit to 1 in SCR.

3. SCI status check and ID check: read SSR,
check that the RDRF flag is set to 1, then read

Set MPIE bitto 1 in SCR 2 data from RDR and compare with the

I processor’'s own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the

Read ORER and FER flags in SSR RDREF flag to 0. If the ID matches, clear the
RDRF flag to 0.

4. SCI status check and data receiving: read
SSR, check that the RDRF flag is set to 1,
then read data from RDR.

5. Receive error handling and break detection:
if a receive error occurs, read the
ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.

Yes Receiving cannot resume while either the ORER

| or FER flag remains set to 1. When a framing

error occurs, the RxD pin can be read to detect

N the break state.

Read ORER and FER flags in SSR

| Read receive data from RDR

Yes

FEROORER =1

No
| Read RDRF flag in SSR | 4

5

(_ Error handling )

(continued on next page)

| Clear RE bit to 0 in SCR |

End

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

< Error handling >

No

Yes

Overrun error handling

Yes
Break?

Y

Framing error handling

Clear RE bitto 0 in SCR

Clear ORER, PER, and FER
flags to 0 in SSR

\
End

Figure13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)

Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.
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Start Stop Start Stop
1 bit Data (ID1) MPB it bit Data (datal) MPB  bit 1
I I
|O|DO|D1||D7|1|1|0|D0|D1||D7|0|1 Idle (mark)
§5 55 state
45
MPIE
RDRF /
4 / / 45 r
RDR value >< ID1
MPB detection RXI request RXI handler reads Notown ID, so  No RXI request,
MPIE= 0 (multiprocessor RDR data and clears MPIE bitis set ~ RDR not updated
interrupt) RDREF flag to O to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB  hit bit Data (data2) MPB bit 1
I I(
Rl Rl
|O|DO|D1||D7|l|l|0|D0|D1||D7|0|1 Idle (mark)
i i state
MPIE |
4
RDRE / I_
{5 / / 4 |—
RDR value >< ID2 >< Data 2

MPB detection RXI request RXI interrupt handler Own ID, so receiving MPIE bit is set
MPIE= 0 (multiprocessor reads RDR data and continues, with data to 1 again
interrupt) clears RDRF flag to 0 received by RXI

interrupt handler

b. Own ID matches data

Figure 13.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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13.34  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving isin progress.

Figure 13.14 shows the general format in synchronous serial communication.

One unit (character or frame) of serial data

Serial clock

LSB SB

M
Serialdata 4, X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
| |

Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 13.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remainsin the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The datalength isfixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: Aninternal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKEL bit in SCR. See table 13.9.
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character.

When the SCI operates on an internal clock, the serial clock outputs the clock signal at the SCK
pin. Eight clock pulses are output per transmitted or received character. When the SCI is not
transmitting or receiving, the clock signal remains in the high state. However, when receiving
only, overrun error may occur or the serial clock continues output until the RE bit clears at O.
When transmitting or receiving in single characters, select the external clock.
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Transmitting and Receiving Data

e SCl Initialization (Synchronous Mode)
Before transmitting or receiving, clear the TE and
RE bitsto 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bitsto 0
before following the procedure given below. Clearing the TE hit to 0 setsthe TDRE flag to 1
and initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER,
FER, and ORE flags and RDR, which retain their previous contents.

Figure 13.15 is a sample flowchart for initializing the SCI.

Start of initialization

Clear TE and RE
bits to 0 in SCR

Set RIE, TIE, TEIE, MPIE,
CKEL1, and CKEQ bits in SCR
(leaving TE and RE bits
cleared to 0)

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

SetTEor REto 1in SCR
Set RIE, TIE, TEIE, and
MPIE bits as necessary

i

Start transmitting or receiving

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
3. Write the value corresponding to the bit rate in BRR.
This step is not necessary when an external clock is used.
4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bit to 1 in SCR. Also set
the RIE, TIE, TEIE, and MPIE bits as necessary.
Setting the TE or RE bit enables the SCI to use the
TxD or RxD pin.

Note: In simultaneous transmitting and receiving, the TE and
RE bits should be cleared to O or set to 1 simultaneously.

Figure13.15 Sample Flowchart for SCI Initialization
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e Transmitting Serial Data (Synchronous Mode)
Figure 13.16 shows a sample flowchart for transmitting serial data and indicates the procedure
to follow.

1. SClinitialization: the transmit data output function
of the TxD pin is selected automatically.

2. SCI status check and transmit data write: read SSR,
check that the TDRE flag is 1, then write transmit

Initialize 1

Start transmitting data in TDR and clear the TDRE flag to O.
o 3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TDRE flag

to 0. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in
No TDR, the TDRE flag is checked and cleared
automatically.

Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bitto 0 in SCR

¢

End

Figure13.16 Sample Flowchart for Serial Transmitting

Rev. 6.0, 09/02, page 494 of 876
RENESAS




In transmitting serial data, the SCI operates as follows.

1. The SCI monitorsthe TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the datafrom TDR into TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at thistime.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Datais
output from the TxD pinin order from LSB (bit 0) to MSB (bit 7).

3. The SCI checksthe TDRE flag when it outputs the MSB (bit 7). If the TDRE flag is 0, the
SCI loads datafrom TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the MSB,
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, atransmit-end
interrupt (TEI) isrequested at thistime.

4. After the end of serial transmission, the SCK pin isheld in a constant state.

Figure 13.17 shows an example of SCI transmit operation.

Transmit
direction

-

Serial clock
Serial data Bit 0 X Bit 1 ><:: X Bit7 XBito X Bit1 X X Bit6 X Bit 7

TDRE ]
TEND T
TXI TXI interrupt handler TXI TEI
request writes data in TDR request request
and clears TDRE
flag to O
1 frame

Figure 13.17 Example of SCI Transmit Operation
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* Receiving Serial Data
Figure 13.18 shows a sample flowchart for receiving serial data and indicates the procedure to
follow. When switching from asynchronous mode to synchronous mode, make sure that the
ORER, PER, and FER flags are cleared to O. If the FER or PER flag is set to 1 the RDRF flag
will not be set and both transmitting and receiving will be disabled.

Initialize 1 1. SClinitialization: the receive data function of
the RxD pin is selected automatically.

2, 3. Receive error handling: if a receive error
occurs, read the ORER flag in SSR, then after
executing the necessary error handling, clear

o the ORER flag to 0. Neither transmitting nor
receiving can resume while the ORER flag
remains set to 1.

4. SCI status check and receive data read: read
SSR, check that the RDRF flag is setto 1,
then read receive data from RDR and clear
the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be

Start receiving

Error handling

continued on next page given by the RXI interrupt.
5. To continue receiving serial data: check the
Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the RDRF

flag to O before the MSB (bit 7) of the current
frame is received. If the DMAC is activated
No by a receive-data-full interrupt request (RXI)
to read RDR, the RDRF flag is cleared

automatically.
Yes

Read receive data
from RDR, and clear 5
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

l

End

Figure 13.18 Sample Flowchart for Serial Receiving (1)
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3

< Error handling >

Overrun error handling

Clear ORER flag to 0 in SSR

¢

End

Figure 13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows.

1. The SCI synchronizes with serial clock input or output and initializes internally.

2. Receive dataisstored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the
received datais stored in RDR. If the check does not pass (receive error), the SCI operates
asindicated in table 13.11.

3. After setting the RDRF flag to 1, if the RIE bit isset to 1 in SCR, the SCI requests a
receive-data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCR isalso
set to 1, the SCI requests areceive-error interrupt (ERI).

Figure 13.19 shows an example of SCI receive operation.
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- Receive direction

Serial clock
serialdata X Bit7 X Bit0 )( X Bit7 X Bito X Bit1 X X Bit6 X Bit7

I

RDRF —\_"—, 7
ORER / T T ¢ T

I
‘ ) ‘ 7

RXI RXI interrupt RXI ?

request handler reads request Overrun error,
data in RDR ERI request
and clears

RDRF flag to 0

1 frame

Figure 13.19 Example of SCI Receive Operation

» Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode)

Figure 13.20 shows a sample flowchart for transmitting and receiving seria data
simultaneously and indicates the procedure to follow.
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| Initialize | 1 1. SCl initialization: the transmit data
‘ output function of the TxD pin and

receive data input function of the
( Start transmitting and receiving > RxD pin are selected, enabling
] simultaneous transmitting and
| receiving.
| Read TDRE flag in SSR | 2 2. SCI status check and transmit

data write: read SSR, check that
the TDRE flag is 1, then write
No transmit data in TDR and clear
the TDRE flag to O.
Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.
. . . 3. Receive error handling: if a receive
Write transmit data in TDR and error occurs, read the ORER flag in
clear TDRE flag to 0 in SSR SSR, then after executing the neces-
sary error handling, clear the ORER
flag to O.
Neither transmitting nor receiving
can resume while the ORER flag
| remains set to 1.
4. SCI status check and receive
data read: read SSR, check that
the RDRF flag is 1, then read
receive data from RDR and clear
the RDRF flag to 0. Notification
that the RDRF flag has changed
from 0 to 1 can also be given
by the RXI interrupt.
Read RDRF flag in SSR | 4 5. To continue transmitting and
receiving serial data: check the
RDREF flag, read RDR, and clear
No the RDRF flag to 0 before the
MSB (bit 7) of the current frame
is received. Also check that
Yes the TDRE flag is set to 1, indicat-
ing that data can be written, write
. data in TDR, then clear the TDRE
Read receive data from RDR flag to 0 before the MSB (bit 7) of
and clear RDRF flag to 0 in SSR the current frame is transmitted.
When the DMAC is activated by
a transmit-data-empty interrupt
request (TXI) to write data in TDR,
5 the TDRE flag is checked and
cleared automatically. When the
DMAC is activated by a receive-

Yes

Y

Read ORER flag in SSR

End of transmitting and
receiving?

Yes data-full interrupt request (RXI) to
- - read RDR, the RDRF flag is
Clear TE and RE bits to 0 in SCR cleared automatically.
End

Note: When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear both the TE bit and the RE bit
to 0, then set both bits to 1.

Figure13.20 Sample Flowchart for Serial Transmitting
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134  SCI Interrupts

The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13.12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, TEIE, and RIE bitsin SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flag isset to 1 in SSR. The TEI interrupt is
reguested when the TEND flag isset to 1 in SSR. The TXI interrupt request can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. The
TEI interrupt request cannot activate the DMAC.

The RXI interrupt is requested when the RDRF flag isset to 1 in SSR. The ERI interrupt is
reguested when the ORER, PER, or FER flag isset to 1 in SSR. The RX| interrupt request can
activate the DMAC to transfer data. Data transfer by the DMAC automatically clearsthe RDRF
flag to 0. The ERI interrupt request cannot activate the DMAC.

The DMAC can be activated by interrupts from SCI channel 0.

Table 13.12 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) E

TEI Transmit end (TEND) Low
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13.5 Usage Notes
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR into TSR. The SCI setsthe TDRE flag to 1 when it transfers data from
TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new dataiswrittenin
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check that the TDRE
flagissetto 1.

Simultaneous Multiple Receive Errors: Table 13.13 indicates the state of SSR status flags when
multiple receive errors occur simultaneously. When an overrun error occurs the RSR contents are
not transferred to RDR, so receive dataiis |ost.

Table 13.13 SSR Status Flags and Transfer of Receive Data

Receive Data

Transfer
RDRF ORER FER PER RSR - RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 (0] Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity error

Notes: O: Receive data is transferred from RSR to RDR.
x: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the break state the input from the RxD pin consists of
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continuesto operate, so if the FER flag is cleared to O it will be set to 1 again.

Sending a Break Signal: When the TE hit is cleared to 0 the TxD pin becomes an /O port, the
level and direction (input or output) of which are determined by DR and DDR bits. Thisfeature
can be used to send abreak signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until the TE
bitisset to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore both be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR hit to O, then clear the TE hit to O.
When the TE bit is cleared to 0 the transmitter is initialized, regardless of its current state, so the
TxD pin becomes an output port outputting the value 0.

Receive Error Flagsand Transmitter Operation (Synchronous M ode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagis cleared to 0. Be sure to clear the receive error flags to O when starting to transmit. Note that
clearing the RE bit to 0 does not clear the receive error flagsto O.

Recelve Data Sampling Timing in Asynchronous Mode and Receive Margin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizesinternally with the fall of the start bit, which it samples on the base clock. Receive
dataislatched at the rising edge of the eighth base clock pulse. See figure 13.21.

16 clocks |

8 clocks ‘

0 7 150 7 150
Internal m
base clock H U U

Receive data AI . | |
(RxD) L Start bit Doi D,
Synchronization M

sampling timing  ___ 1

Data sampling I‘l I_l

timing

Figure13.21 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed asin equation (1).

Ip-05 |

M= (05— —1)—(L-05)F— (1+F)| x100% @
2N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0 to 1.0)

Frame length (L = 9 to 12)

Absolute deviation of clock frequency

mrozg

From equation (1), if F=0and D = 0.5 the receive margin is 46.875%, as given by equation (2).

D =05,F=0
M ={0.5 - 1/(2 x 16)} x 100%
=1 YOO @)

Thisisatheoretical value. A reasonable margin to allow in system designsis 20% to 30%.

Restrictions on Usage of DMAC: To have the DMAC read RDR, be sure to select the SCI
receive-data-full interrupt (RXI) asthe activation source with bits DTS2to DTS0in DTCR.

Restrictions on Usage of the Serial Clock: When transmitting data using an external clock as the
serial clock, an interval of at least 5 statesis necessary between clearing the TDRE hit in SSR and
the start (falling edge) of the first transmit clock pulse corresponding to each frame (see figure
13.22). This condition is also heeded for continuous transmission. If it is not fulfilled, operational
error will occur.

SCK

:t*i ;t*i

|
I I

TDREm | |
XD >j<X0><><1><><2><X3><X4><><5><X6><X7>§<YO><Y1><Y2><Y3><:

——— Continuous transmission

Note: * Ensure that t > 5 states.

Figure13.22 Serial Clock Transmission (Example)
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Switching SCK Pin to Port Output Pin Function in Synchronous Mode: When the SCK pinis
used as the seria clock output in synchronous mode, and is then switched to its output port
function at the end of transmission, alow level may be output for one half-cycle. Half-cycle low-
level output occurs when SCK is switched to its port function with the following settings when
DDR=1,DR=1,C/A=1,CKE1=0,CKE0O=0,and TE = 1.

End of serial datatransmission

TEbit=0

C/A bit =0 ... switchover to port output
Occurrence of low-level output (see figure 13.23)

A w DN PR

1 Half-cycle low-level output

SCK/port |_|
1. End of transmission_ | 4. Low-level output

Data Bit 6 >< Bit 7 . 4

2.TE=0 '
TE | : /
C/A 3.C/A=0
CKE1 '
CKEO

Figure 13.23 Operation when Switching from SCK Pin Function to Port Pin Function
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Sample Procedure for Preventing Low-Level Output

Asthis sample procedure temporarily places the SCK pinin the input state, the SCK/port pin
should be pulled up beforehand with an external circuit.

WithDDR=1,DR =1, C/A =1, CKE1 =0, CKEO =0, and TE = 1, make the following settings
in the order shown.

End of serial datatransmission
TEbit=0

CKElbit=1

C/A bit =0 ... switchover to port output
CKE1bit=0

o s~ w DR

High-level output

SCK/port J I_I

1. End of transmission

Data Bit 6 >< Bit 7

2.TE=0

TE |

C/A 4.C/IA=0

3.CKE1=1

CKE1 5.CKE1=0

CKEO

Figure 13.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing L ow-L evel Output)
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Section 14 Smart Card Interface

141 Overview

Asan extension of its serial communication interface functions, SCI0 supports a smart card (IC
card) interface conforming to the | SO/IEC7816-3 (Identification Card) standard. Switchover
between normal serial communication and the smart card interface is controlled by a register
setting.

1411 Features
Features of the smart-card interface supported by the H8/3048 Series are listed below.

» Asynchronous communication

Data length: 8 bits

Parity bits generated and checked

Error signal output in receive mode (parity error)

Error signal detect and automatic data retransmit in transmit mode
Supports both direct convention and inverse convention

* Built-in baud rate generator with selectable bit rates

e Threetypesof interrupts

Transmit-data-empty, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts can activate the DMA
controller (DMAC) to transfer data.

O oOooogdg
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14.1.2

Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

(]
Q
£ Internal
Module data bus % > data
‘o bus
>
J e
| ROR | TDR SCMR | BRR L
¢ U ¢ SSR 0
e
SCR
RxDp—{ [ RSR | [ ] Tsr SVR ~— @4
] le— @/16
Transmit/receive Baudrate | W64
control generator
TXDO y
Parity generate t Clock
Parity check
SCKO -

TXI
= RXI
= ERI

Legend

SCMR: Smart card mode register
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register
BRR: Bit rate register

Figure14.1 Smart Card Interface Block Diagram
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14.1.3  Input/Output Pins
Table 14.1 lists the smart card interface pins.

Table14.1 Smart Card Interface Pins

Name Abbreviation I/0 Function

Serial clock pin SCK, Output Clock output
Receive data pin RxD, Input Receive data input
Transmit data pin TxD, Output Transmit data output

1414 Register Configuration

The smart card interface has the internal registerslisted in table 14.2. BRR, TDR, and RDR have
their normal serial communication interface functions, as described in section 13, Serial
Communication Interface.

Table14.2 Registers

Address** Name Abbreviation  R/W Initial Value
H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR RI(W)**  F'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode register SCMR R/W H'F2

Notes: *1 Lower 16 bits of the address.
*2 Only 0 can be written, to clear flags.
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14.2  Register Descriptions

This section describes the new or modified registers and bit functionsin the smart card interface.

1421 Smart Card Mode Register (SCMR)

SCMR is an 8-bit readable/writable register that selects smart card interface functions.

Bit 7 6 5 4 3 2 1 0
] -] =] = [sor|sw | — | swF|

Initial value 1 1 1 1 0 0 1 0

Read/Write — — — — R/W R/W — R/W

* T
Reserved bits

Smart card interface
mode select
Reserved bits Enables or disables
the smart card
interface function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMRisinitialized to H'F2 by areset and in standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion

format.

Bit 3: SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Received data is stored LSB-first in RDR

1 TDR contents are transmitted MSB-first

Received data is stored MSB-first in RDR
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Bit 2—Smart Card Data Inverter (SINV): Inverts datalogic levels. Thisfunction is used in
combination with bit 3 to communicate with inverse-convention cards. SINV does not affect the
logic level of the parity bit. For parity settings, see section 14.3.4, Register Settings.

Bit 2: SINV Description

0 Unmodified TDR contents are transmitted (Initial value)

Received data is stored unmodified in RDR

1 Inverted TDR contents are transmitted
Received data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, dwaysread as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0: SMIF Description
0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

14.2.2  Serial Status Register (SSR)

The function of SSR bit 4 is modified in the smart card interface. This change also causes a
maodification to the setting conditions for bit 2 (TEND).

Bit 7 6 5 4 3 2 1 0
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W
T

Transmit end
Status flag indicating
end of transmission

Error signal status (ERS)

Status flag indicating that an
error signal has been received

Note: * Only O can be written, to clear the flag.
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Bits 7 to 5: These bits operate asin normal serial communication. For details see section 13,
Serial Communication Interface.

Bit 4—Error Signal Status (ERS): In smart card interface mode, this flag indicates the status of
the error signal sent from the receiving device to the transmitting device. The smart card interface
does not detect framing errors.

Bit 4: ERS Description

0 Indicates normal data transmission, with no error signal returned (Initial value)
[Clearing conditions]
The chip is reset or enters standby mode.
Software reads ERS while it is set to 1, then writes 0.

1 Indicates that the receiving device sent an error signal reporting a parity error
[Setting condition]
A low error signal was sampled.

Note: Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous
value.

Bits 3 to 0: These bits operate asin normal serial communication. For details see section 13,
Serial Communication Interface. The setting conditions for transmit end (TEND, bit 2), however,
are modified as follows.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
The DMAC writes data in TDR.

1 End of transmission (Initial value)
[Setting conditions]
The chip is reset or enters standby mode.
The TE bit and FER/ERS bit are both cleared to 0 in SCR.

TDRE is 1 and FER/ERS is 0 at a time 2.5 etu after the last bit of a 1-byte
serial character is transmitted (normal transmission)

Note: An etu (elementary time unit) is the time needed to transmit one bit.
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14.2.3 Serial Mode Register (SMR)

Bit 7 of SMR has adifferent function in smart card interface mode. The related serial control
register (SCR) changes from bit 1 to bit 0. However, this function does not exist in the flash
memory version.

Bit 7 6 5 4 3 2 1 0

‘ GM ‘ CHR ‘ PR ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7-GSM Mode (GM): Set at 0 when using the regular smart card interface. In GSM mode, set
to 1. When transmission is complete, initially the TEND flag set timing appears followed by clock
output restriction mode. Clock output restriction mode comprises serial control register bit 1 and
bit 0.

Bit 7: GM Description

0 Using the regular smart card interface mode
« The TEND flag is set 12.5 etu after the beginning of the start bit  (Initial value)
¢ Clock output on/off control only

1 Using the GSM mode smart card interface mode
« The TEND flag is set 11.0 etu after the beginning of the start bit
¢ Clock output on/off and fixed-high/fixed-low control

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 13.2.5, Serial Mode Register (SMR).
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14.24  Serial Control Register (SCR)

Bits 1 and 0 have different functions in smart card interface mode. However, this function does
not exist in the flash memory version.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 13.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable (CKE1, CKEOQ): Setting enable or disable for the SCI clock
selection and clock output from the SCK pin. In smart card interface mode, it is possible to switch
between enabling and disabling of the normal clock output, and specify afixed high level or fixed
low level for the clock output.

SMR SCR

Bit 7: Bit 1: Bit O:

GM CKE1 CKEO Description

0 0 0 The internal clock/SCKO pin functions as an I/O port  (Initial value)
0 0 1 The internal clock/SCKO pin functions as the clock output

1 0 0 The internal clock/SCKO pin is fixed at low-level output

1 0 1 The internal clock/SCKO pin functions as the clock output

1 1 0 The internal clock/SCKO pin is fixed at high-level output

1 1 1 The internal clock/SCKO pin functions as the clock output
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14.3 Operation

14.3.1 Overview
The main features of the smart-card interface are as follows.

* Oneframe consists of eight data bits and a parity bit.

e Intransmitting, a guard time of at |east two elementary time units (2 etu) is provided between
the end of the parity bit and the start of the next frame. (An elementary time unit is the time
reguired to transmit one hit.)

« Inreceiving, if aparity error is detected, alow error signal is output for 1 etu, beginning 10.5
etu after the start hit.

e Intransmitting, if an error signal isreceived, after at least 2 etu, the same data is automatically
transmitted again.

*  Only asynchronous communication is supported. There is no synchronous communication
function.

1432  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with asmart card, data is transmitted and received over the same signal line.
The TxD, and RxD, pins should both be connected to this line. The data transmission line should
be pulled up to V. through aresistor.

If the smart card uses the clock generated by the smart card interface, connect the SCK, output pin
to the card’s CLK input. If the card uses its own internal clock, this connection is unnecessary.

The reset signal should be output from one of the H8/3048 Series' generic ports.

In addition to these pin connections, power and ground connections will normally also be
necessary.
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H8/3048 Series
Chip

Vee

Card-processing device

TxDg
RxDy Data line
SCKyp

Clock line
Px (port)

Reset line

/0

CLK

RST
Smart card

Figure14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without connecting a

smart card.
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14.3.3 Data Format

Figure 14.3 shows the data format of the smart card interface. In receive mode, parity is checked
once per frame. If a parity error is detected, an error signal isreturned to the transmitting device to
reguest retransmission. In transmit mode, the error signal is sampled and the same datais
retransmitted if the error signal is low.

No parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

‘ Output from transmitting device ‘
~ ol

Parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE
Output from transmitting device
|« -l
- S
Output from
receiving device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.3 Smart Card Interface Data Format
The operating sequence is as follows.

1. When not in use, the dataline isin the high-impedance state, and is pulled up to the high level
through aresistor.

2. To start transmitting a frame of data, the transmitting device transmits alow start bit (Ds),
followed by eight data bits (DO to D7) and a parity bit (Dp).

3. Next, in the smart card interface, the transmitting device returns the data line to the high-
impedance state. The datalineis pulled up to the high level through aresistor.

4. Thereceiving device performs a parity check. If thereis no parity error, the receiving device
waitsto receive the next data. If a parity error is present, the receiving device outputs alow
error signal (DE) to request retransmission of the data. After outputting the error signal for a
designated interval, the receiving device returns the signal line to the high-impedance state.
Thesignal lineis pulled back up to the high level through the pull-up resistor.

5. If the transmitting device does not receive an error signal, it proceeds to transmit the next data.
If it receives an error signal, it returns to step 2 and transmits the same data again.
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1434 Register Settings

Table 14.3 shows a bit map of the registers used in the smart card interface. Bitsindicated as 0 or
1 should always be set to the indicated value. The settings of the other bits will be described in this
section.

Table14.3 Register Settingsin Smart Card Interface

Register Address*' Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SMR H'FFBO GM 0 1 O/E 1 0 CKS1 CKSO
BRR H'FFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR H'FFB2 TIE RIE TE RE 0 0 CKE1** CKEO
TDR H'FFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR H'FFB4 TDRE RDRF ORER ERS PER TEND O 0

RDR H'FFBS RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFB6 — — — — SDIR  SINV  — SMIF

Notes: — Unused bit.
*1 Lower 16 bits of the address.
*2 When the GM of the SMR is set at 0, be sure the CKEL1 bit is 0.

Serial Mode Register (SMR) Settings: In regular smart card interface mode, set the GM hit at 0.
In regular smart card mode, clear the GM hit to 0. In GSM mode, set the GM bit to 1. Clear the
OJE bit to 0 if the smart card uses the direct convention. Set the O/E bit to 1 if the smart card uses
the inverse convention. Bits CKS1 and CK SO select the clock source of the built-in baud rate
generator. See section 14.3.5, Clock.

Bit Rate Register (BRR) Settings: This register sets the bit rate. Equations for calculating the
setting are given in section 14.3.5, Clock.

Serial Control Register (SCR): The TIE, RIE, TE, and RE bits have their normal serial
communication functions. For details, see section 13, Serial Communication Interface. The CKEL
and CKEQ bits select clock output. When the GM hit of the SMR is cleared to 0O, to disable clock
output, clear this bit to 00. To enable clock output, set this bit to 01. When the GM hit of the SMR
isset to 1, clock output is enabled. Clock output isfixed at high or low.

Smart Card Mode Register (SCMR): If the smart card follows the direct convention, clear the
SDIR and SINV bitsto 0. If the smart card follows the indirect convention, set the SDIR and
SINV bitsto 1. To use the smart card interface, set the SMIF bit to 1.
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The register settings and examples of starting character waveforms are shown below for two smart
cards, one following the direct convention and one the inverse convention.

+ Direct convention (SDIR = SINV = O/E = 0)

(2) A 4 Zz A Zz Z Zz A A z (2) State

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

In the direct convention, state Z correspondsto logic level 1, and state A to logic level 0.
Characters are transmitted and received L SB-first. In the example above the first character data
isH'3B. The parity bit is 1, following the even parity rule designated for smart cards.

« Inverse convention (SDIR = SINV = O/E = 1)

@ A z z A A A A A A Z (2) State

Ds D7 D6 D5 D4 D3 D2 D1 DO Dp

In the inverse convention, state A corresponds to the logic level 1, and state Z to the logic level
0. Characters are transmitted and received M SB-first. In the example above the first character
datais H'3F. Following the even parity rule designated for smart cards, the parity bit logic
level is0, corresponding to state Z.

In the H8/3048 Series, the SINV bit inverts only the data bits D7 to DO. The parity bit is not
inverted, so the O/E bit in SMR must be set to odd parity mode. This appliesin both transmitting
and receiving.
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14.35 Clock

Asits serial communication clock, the smart card interface can use only the internal clock
generated by the on-chip baud rate generator. The bit rate can be selected by setting the bit rate
register (BRR) and bits CKS1 and CKS0 in the serial mode register (SMR). The hit rate can be
calculated from the equation given below. Table 14.5 lists some examples of bit rate settings.

If bit CKEQissetto 1, aclock signal with afrequency equal to 372 times the bit rate is output
from the SCK,, pin.
?

= x 108

1488 x 2201 x (N + 1)

where, N: BRR setting (0 < N < 255)
B: Bitrate (bits/s)
@ System clock frequency (MHz)*
n: Seetable14.4

Table14.4 n-Valuesof CKS1 and CK S0 Settings

n CKS1 CKSO
0 0 0
1 0 1
2 1 0
3 1 1

Note: * If the gear function is used to divide the system clock frequency, use the divided
frequency to calculate the bit rate. The equation above applies directly to 1/1 frequency
division.

Table 14.5 Bit Rates (bitg/s) for Different BRR Settings (when n = 0)

@ (MHz)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00
0 9600.0 13440.9 14400.0 17473.1 19200.0  21505.4 241935
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5

Note: Bit rates are rounded off to one decimal place.
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The following equation calculates the bit rate register (BRR) setting from the system clock
frequency and bit rate. N is an integer from 0 to 255, specifying the value with the smaller error.

Nz—% x106-1
1488 x 22n-1 x B

Table14.6 BRR Settingsfor Typical Bit Rate (bits/s) (when n = 0)

@ (MHz)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00

Bit/s N Error N Error N Error N Error N Error N Error N Error

9600 0 0.00 1 30.00 1 25.00 1 8.99 1 0.00 1 1201 2 15.99

Table14.7 Maximum Bit Ratesfor Various Frequencies (Smart Card Interface)

@ (MHz) Maximum Bit Rate (bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The bit rate error is calculated from the following equation.

)
1488 x 2271 x B x (N + 1)

Error (%) = { x 106 — 1} x 100
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14.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, initialize the smart card interface by the
procedure below. Initialization is also necessary when switching from transmit mode to receive
mode or from receive mode to transmit mode.

1. Clear the TE and RE bitsto 0 in the serial control register (SCR).

2. Clear the ERS, PER, and ORER error flagsto 0 in the serial status register (SSR).

3. Set the parity mode bit (O/E) and baud rate generator clock source select bits (CKS1 and
CK S0) asrequired in the seriadl mode register (SMR). At the same time, clear the C/A, CHR,
and MP bitsto O, and set the STOP and PE bitsto 1.

4. Setthe SMIF, SDIR, and SINV bits as required in the smart card mode register (SMR). When
the SMIF bit is set to 1, the TxD, and RxD, pins switch from their 1/O port functions to their
serial communication interface functions, and are placed in the high-impedance state.

5. Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

6. Set clock enable bit 0 (CKEOQ) asrequired in the serial control register (SCR). Write 0 in the
TIE, RIE, TE, RE, MPIE, TEIE, and CKEL bits. If bit CKEO isset to 1, a serial clock will be
output from the SCK pin.

7. Wait for at least the interval required to transmit or receive one bit, then set the TIE, RIE, TE,
and RE bits as necessary in SCR. Do not set TE and RE both to 1, except when performing a
loop-back test.

Transmitting Serial Data: The transmitting procedure in smart card mode is different from the
normal SCI procedure, because of the need to sample the error signal and retransmit. Figure 14.4
shows a flowchart for transmitting, and figure 14.5 shows the relation between a transmit
operation and the internal registers.

Initialize the smart card interface by the procedure given abovein Initialization.
Check that the ERS error flag is cleared to 0 in SSR.
Check that the TEND flag is set to 1 in SSR. Repeat steps 2 and 3 until this check passes.

Write transmit datain TDR and clear the TDRE flag to 0. The data will be transmitted and the
TEND flag will be cleared to 0.

5. To continue transmitting data, return to step 2.
6. Toterminate transmission, clear the TE bit to 0.

A w NP

This procedure may include interrupt handling and DMA transfer.

If the TIE bit is set to 1 to enable interrupt requests, when transmission is completed and the
TEND flag is set to 1, atransmit-data-empty interrupt (TX1) isrequested. If the RIE bitissetto 1
to enable interrupt requests, when a transmit error occurs and the ERSflag issetto 1, a
transmit/receive-error interrupt (ERI) is requested.
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Thetiming of TEND flag setting depends on the GM bit in SMR. The timing is shown in figure
14.6.

If the TXI interrupt activates the DMAC, the number of bytes designated in the DMAC can be
transmitted automatically, including automatic retransmit.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

( Start )
|
| Initialize |

|
( Start transmitting )

-

FER/ERS =07

Error handling )

Write data in TDR and clear
TDRE flag to 0 in SSR

< Error handling )

| Clear TE bitto 0 |

|
( End )

Figure14.4 Transmit Flowchart (Example)
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(1) Data write

(2) Transfer from

TDR to TSR

(3) Serial data output Data 1

TDR TSR
(shift register)

Data 1

In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set

Steps (2) and (3) above are repeated until the TEND flag is set

Data 1

Data 1 Data 1 ; Data remains in TDR

1/0 signal line output

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure14.5 Relation Between Transmit Operation and Internal Registers

1/0 data DS | Da | Db | Dc | Dd | De | Df | Dg | Dh | Dp ! !
Guard
time
TXI
: 12.5etu
(TEND interrupt) When GM = 0
11.0 etu
When GM =1

Figure14.6 TEND Flag Occurrence Timing

Rev. 6.0, 09/02, page 524 of 876

RENESAS




Receiving Serial Data: The receiving procedurein smart card mode is the same as the normal
SCI procedure. Figure 14.7 shows a flowchart for receiving.

1. Initialize the smart card interface by the procedure given in Initialization at the beginning of
this section.

2. Check that the ORER and PER error flags are cleared to 0 in SSR. If either flag is set, carry out
the necessary error handling, then clear both the ORER and PER flagsto O.

Check that the RDRF flag is set to 1. Repeat steps 2 and 3 until this check passes.
Read receive datafrom RDR.

To continue receiving data, clear the RDRF flag to 0 and return to step 2.

To terminate receiving, clear the RE bit to 0.

o oA~ Ww

( Start )

| Initialize |

( Start receiving )

ORER =0 and No

PER=07

Yes
- < Error handling )
S S
Yes

Read RDR and clear RDRF
flag to 0 in SSR

| Clear RE bitto 0 |

Figure14.7 Receive Flowchart (Example)
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This procedure may include interrupt handling and DMA transfer.

If the RIE bit is set to 1 to enable interrupt requests, when receiving is completed and the RDRF
flag is set to 1, areceive-data-full interrupt (RXI) is requested. If areceive error occurs, either the
ORER or PER flag is set to 1 and a transmit/receive-error interrupt (ERI) is requested.

If the RX1 interrupt activates the DMAC, the number of bytes designated in the DMAC will be
transferred, skipping receive datain which an error occurred.

For details, see Interrupt Operations and Data Transfer by DMAC below.

When a parity error occurs and PER is set to 1, the receive datais transferred to RDR, so the
erroneous data can be read.

Switching M odes: To switch from receive mode to transmit mode, check that receiving
operations have completed, then initialize the smart card interface, clearing RE to 0 and setting TE
to 1. Completion of receive operationsisindicated by the RDRF, PER, or ORER flag.

To switch from transmit mode to receive mode, check that transmitting operations have
completed, then initialize the smart card interface, clearing TE to 0 and setting RE to 1.
Completion of transmit operations can be verified from the TEND flag.

Fixing Clock Output: When the GM hit of the SMR is set to 1, clock output is fixed by CKEL
and CKEO of SCR. In this case, the clock pulse can be set at minimum value.

Figure 14.8 shows clock output fixed timing: CKEOQ is restricted with GM = 1 and CKE1 = 1.

Specified pulse width Specified pulse width
— ! CKEL1 value -

SCK J | | / SS : | —‘
|

SCR write SCR write
(CKEO =0) (CKEO =1)

Figure 14.8 Clock Output Fixed Timing

Rev. 6.0, 09/02, page 526 of 876
RENESAS




Interrupt Operations: The smart card interface has three interrupt sources: transmit-data-empty
(TXI), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
reguest (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flag isset to 1 in SSR. An RXI interrupt is requested
when the RDRF flagis set to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERSflag isset to 1 in SSR. These relationships are shown in table 14.8.

Table14.8 Smart Card Mode Operating States and I nterrupt Sour ces

Interrupt DMAC

Operating State Flag Mask Bit  Source Activation

Transmit mode Normal operation TEND TIE TXI Available
Error ERS RIE ERI Not available

Receive mode Normal operation RDRF RIE RXI Available
Error PER, ORER RIE ERI Not available

Data Transfer by DMAC: The DMAC can be used to transmit and receive in smart card mode,
asin normal SCI operations. In transmit mode, when the TEND flag isset to 1 in SSR, the TDRE
flag is set smultaneoudly, generating a TXI interrupt. If TXI isdesignated in advance asaDMAC
activation source, the DMAC will be activated by the TXI request and will transfer the next
transmit data. This data transfer by the DMAC automatically clears the TDRE and TEND flagsto
0. When an error occurs, the SCI automatically retransmits the same data, keeping TEND cleared
to 0 so that the DMAC is not activated. The SCI and DMAC will therefore automatically transmit
the designated number of bytes, including retransmission when an error occurs. When an error
occurs the ERS flag is not cleared automatically, so the RIE bit should be set to 1 to enable the
error to generate an ERI request, and the ERI interrupt handler should clear ERS.

When using the DMAC to transmit or receive, first set up and enable the DMAC, then make SCI
settings. DMAC settings are described in section 8, DMA Controller.

In receive operations, when the RDRF flag is set to 1 in SSR, an RXI interrupt is requested. If RXI
is designated in advance as a DMAC activation source, the DMAC will be activated by the RXI
reguest and will transfer the received data. This data transfer by the DMAC automatically clears
the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an error flag is set instead.
The DMAC isnot activated. The ERI interrupt request is directed to the CPU. The ERI interrupt
handler should clear the error flags.

Examples of Operation in GSM Mode: When switching between smart card interface mode and
software standby mode, use the following procedures to maintain the clock duty cycle.

» Switching from smart card interface mode to software standby mode
1. Setthe P94 dataregister (DR) and data direction register (DDR) to the values for the fixed

output state in software standby mode.
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5.
6.

Write O to the TE and RE bitsin the serial control register (SCR) to stop transmit/receive
operations. At the same time, set the CKE1 hit to the value for the fixed output state in
software standby mode.

Write O to the CKEO bit in SCR to stop the clock.

Wait for one serial clock cycle. During this period, the duty cycleis preserved and clock
output is fixed at the specified level.

Write H'00 to the serial mode register (SMR) and smart card mode register (SCMR).
Make the transition to the software standby state.

« Returning from software standby mode to smart card interface mode

1
2.

Clear the software standby state.
Set the CKE1 bit in SCR to the value for the fixed output state at the start of software
standby (the current P94 pin state).

Set smart card interface mode and output the clock. Clock signal generation is started with
the normal duty cycle.

Software standby

Normal operation
mode

Normal operation

DEE) 4) (5)(6) @) @3

Figure14.9 Procedurefor Stopping and Restarting the Clock

Use the following procedure to secure the clock duty cycle after powering on.

1. Theinitial stateis port input and high impedance. Use pull-up or pull-down resistorsto fix the
potential.

2. Fix at the output specified by the CKEL1 bit in SCR.
3. Set SMR and SCMR, and switch to smart card interface mode operation.
4. Set the CKEO bit in SCR to 1 to start clock output.

144

Usage Notes

When using the SCI as a smart card interface, note the following points.

Receive Data Sampling Timing in Smart Card Mode and Receive Margin: In smart card
mode the SCI operates on a base clock with 372 times the bit rate frequency. In receiving, the SCI
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synchronizesinternally with the fall of the start bit, which it samples on the base clock. Receive
dataislatched at the rising edge of the 186th base clock pulse. See figure 14.10.

372 clocks

i
Y

186 clocks
0 185 3710 185 371 0

Internal
base clock

Receive data
(RxD)

Start !
bit | |

—

N
o ) Yo o

J
el

Synchronization
sampling timing

—

Data sampling
timing

Figure 14.10 Receive Data Sampling Timing in Smart Card Mode
The receive margin can therefore be expressed as follows.

Receive margin in smart card mode:

(1 +F)| x100%

M lp-os5 |
N

{o.s—i}—(L—o.s)F—
2N

M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 372)
D: Clock duty cycle (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute deviation of clock frequency

From this equation, if F =0 and D = 0.5 the receive margin is as follows.

D =05,F=0
M ={0.5— 1/(2 x 372)} x 100%
= 49.866%
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Retransmission: Retransmission is described below for the separate cases of transmit mode and
receive mode.

* Retransmission when SCI isin Receive Mode (see figure 14.11)

(1) The SCI checksthe received parity bit. If it detects an error, it automatically setsthe PER flag
to 1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is requested. The PER
flag should be cleared to 0 in SSR before the next parity bit sampling timing.

(2) The RDRF hit in SSRis not set to 1 for the error frame.

(3) If an error is not detected when the parity bit is checked, the PER flag is not set in SSR.

(4) If an error is not detected when the parity bit is checked, receiving operations are assumed to
have ended normally, and the RDRF hit is automatically set to 1 in SSR. If the RIE bitin SCR
is set to the enable state, an RX| interrupt is requested. If RX| is enabled asa DMA transfer
activation source, the RDR contents can be read automatically. When the DMAC reads the
RDR data, it automatically clears RDRF to 0.

(5) When anormal frame isreceived, at the error signal transmit timing, the data pinis held in the
high-impedance state.

Frame n Retransmitted frame
k—+—>t<* Framen+1
—|Ds|Do|D1|D2|D3|D4|D5|Ds|D7|Dp|—|D_E,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|@|Ds po|p1|D2|D3|D4

RDRF

b2 k3

PER

[N NE)

Figure14.11 Retransmission in SCI Receive Mode
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* Retransmission when SCI isin Transmit Mode (see figure 14.12)

(6) After transmitting one frame, if the receiving device returns an error signal, the SCI setsthe
ERSflagto 1 in SSR. If the RIE bit in SCR is set to the enable state, an ERI interrupt is
requested. The ERS flag should be cleared to 0 in SSR before the next parity bit sampling
timing.

(7) The TEND hit in SSR is not set for the frame in which the error signal was received, indicating
an error.

(8) If no error signal is returned from the receiving device, the ERS flag is not set in SSR.

(9) If no error signal is returned from the receiving device, transmission of the frame, including
retransmission, is assumed to be complete, and the TEND bit isset to 1 in SSR. If the TIE bit
in SCR is set to the enable state, a TX| interrupt isrequested. If TXI isenabled asa DMA
transfer activation source, the next data can be written in TDR automatically. When the
DMAC writesdatain TDR, it automatically clearsthe TDRE bit to O.

Frame n Retransmitted frame
’4—»‘4—»‘« Frame n + 1
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—BE,—|DslDO|D1|D2|D3|D4|D5|D6|D7|DplLDs Do|D1|D2|D3|D4

J TDRE
4 Transfer from TDR to TSR | 4 Transfer from TDR to TSR Transfer from
! TDR to TSR
TEND |
@ Y0
ERS
X0 ke

Figure 14.12 Retransmission in SCI Transmit Mode
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Section 15 A/D Converter

151 Oveview

The H8/3048 Series includes a 10-bit successive-approximations A/D converter with a selection of
up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 21.6, Module Standby Function.

15.1.1 Features
A/D converter features are listed below.

e 10-bit resolution
« Eight input channels
» Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the V.. pin.

» High-speed conversion

Conversion time: Minimum 7.45 ps per channel (with 18 MHz system clock)
« Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
» Four 16-bit dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

e Sample-and-hold function
« A/D conversion can be externally triggered
e A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
8
8
NANN Q0 |3
IS
2]
= >
bt M
[2])
AVCC — 53
o2
ANHEEEIREE
vV 10-bitDIA 1o Ng5 |6l la Ol9
REF S~ §*a —lalalala a2
SE <|<|<| < <
AVee — ] vy
SS s
Q.
©
ANO —
-+
AN —» —
5 ‘ _
ANy —— ! ! -~ @8
.| Analog | Comparator
AN3 multi- | ! Control circuit
,,,,,,,,,,, |
AN4 plexer Sample-and-
AN — hold circuit ~—— @16
AN6 —
AN7 —
? A
ADI
ADTRG
Legend
ADCR: A/D control register

ADCSR:
ADDRA:
ADDRSB:
ADDRC:
ADDRD:

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure15.1 A/D Converter Block Diagram
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15.1.3 Input Pins

Table 15.1 summarizes the A/D converter’ sinput pins. The eight analog input pins are divided
into two groups: group 0 (AN, to AN,), and group 1 (AN, to AN,). AV and AV are the power
supply for the analog circuitsin the A/D converter. V. isthe A/D conversion reference voltage.

Table15.1 A/D Converter Pins

Abbre-
Pin Name viation I/0 Function
Analog power supply pin AV . Input Analog power supply
Analog ground pin AV Input Analog ground and reference voltage
Reference voltage pin Veer Input Analog reference voltage
Analog input pin 0 AN, Input Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN, Input
Analog input pin 3 AN, Input
Analog input pin 4 AN, Input Group 1 analog inputs
Analog input pin 5 AN, Input
Analog input pin 6 AN, Input
Analog input pin 7 AN, Input
A/D external trigger input pin ~ ADTRG Input External trigger input for starting A/D

conversion
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15.1.4 Register Configuration
Table 15.2 summarizes the A/D converter’ s registers.

Table15.2 A/D Converter Registers

Address** Name Abbreviation R/W Initial Value
H'FFEO A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFES A/D data register C (low) ADDRCL R H'00
H'FFE6 A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL R H'00
H'FFES8 A/D control/status register ADCSR RI(W)*? H'00
H'FFE9 A/D control register ADCR R/W H'7F*?

Notes: *1 Lower 16 bits of the address
*2 Only 0 can be written in bit 7, to clear the flag.

*3 HB8/3048F, H8/3048ZTAT, H8/3048 mask-ROM, H8/3047 mask-ROM, H8/3045 mask-
ROM, and H8/3044 mask-ROM versions
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15.2 Register Descriptions

1521 A/D Data Registers A toD (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADI‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o

ReadWritet R R R R R R R R R R R R R R R R
(n=AtoD) ‘ ‘

A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
dataregister are reserved bits that are always read as 0. Table 15.3 indicates the pairings of analog
input channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte is read through a temporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table15.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN AN ADDRD

3 7
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15.2.2 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/I(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

Note: * Only O can be written, to clear the flag.

ADCSR is an 8-hit readable/writable register that selects the mode and controls the A/D converter.
ADCSRisinitialized to H'00 by areset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7: ADF Description

0 [Clearing condition] (Initial value)
Cleared by reading ADF while ADF =1, then writing 0 in ADF

1 [Setting conditions]
Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels
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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6: ADIE Description
0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5: ADST Description
0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to O when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition
to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST hit to 0 before switching
the conversion mode.

Bit 4: SCAN Description
0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST hit to 0 before
switching the conversion time.

Bit 3: CKS Description
0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)
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Bits2to 0—Channel Select 2to 0 (CH2 to CHO): These hits and the SCAN bit select the analog
input channels. Clear the ADST bit to O before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 AN, (Initial value) AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
1 0 0 AN, AN,
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
15.2.3 A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1 0
wee| — [ — [ — | — [ -] -] -
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR isan 8-hit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR isinitialized to H'7F by areset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7: TRGE Description
0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 0—Reserved: Read-only bits, alwaysread as 1.
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15.3 CPU Interface

ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte isread
through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte isread, the upper-byte valueis
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byte isread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 15.2 shows the data flow for accessto an A/D data register.

Upper-byte read

Module data bus

CPU Bus interface

(H'AA)
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=AtoD)

Lower-byte read

Module data bus
cpPU Bus interface

(H'40) I

TEMP
(H'40)

i

ADDRNH ADDRnNL
(H'AA) (H'40)

(n=AtoD)

Figure15.2 A/D Data Register Access Operation (Reading H'AA40)
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154  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

154.1 Single Mode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel isrequired. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to 0 when
conversion ends.

When conversion ends the ADF bit isset to 1. If the ADIE bitisaso set to 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next.
Figure 15.3 shows atiming diagram for this example.

1. Single mode is selected (SCAN = 0), input channel AN, is selected (CH2 = CH1 =0,
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result istransferred into ADDRB. At the sametime
the ADF flag isset to 1, the ADST hit is cleared to 0, and the A/D converter becomesidle.

Since ADF =1 and ADIE =1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST hitissetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o o M~ w
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Figure15.3 Exampleof A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2 Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bitisset to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN, or AN,)
startsimmediately. A/D conversion continues cyclically on the selected channels until the ADST
bit is cleared to 0. The conversion results are transferred for storage into the A/D data registers
corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 15.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of thefirst channel (AN,) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN,) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN,).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag isset to 1
and conversion of the first channel (AN,) starts again. If the ADIE bit isset to 1, an ADI
interrupt is requested at thistime.

5. Steps2to 4 arerepeated aslong asthe ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit isset to 1, A/D conversion
starts again from thefirst channel (AN,).
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Figure15.4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimet, after the ADST bit is set to 1, then starts conversion. Figure 15.5 showsthe A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

Asindicated in figure 15.5, the A/D conversion time includes t, and the input sampling time. The
length of t, varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS=1.

@

.

Address bus (2

Write signal

Input sampling
timing (c
)T

~

ADF

A
Y
A
Y

tD tSPL

teony

Legend

(2): ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tcony: A/D conversion time

Figure 155 A/D Conversion Timing
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Table15.4 A/D Conversion Time (Single M ode)

CKS =0 CKS=1
Symbol Min Typ Max Min Typ Max
Synchronization delay ty 10 — 17 6 — 9
Input sampling time ten, — 63 — — 31 —
A/D conversion time teony 259 — 266 131 — 134

Note: Values in the table are numbers of states.

1544 External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit isset to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin setsthe
ADST bitto 1in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same asif the ADST bit had been set to 1 by software. Figure 15.6 shows the
timing.

ADTRG

Internal trigger
signal

ADST

\ A/D conversion
\

A

Figure15.6 External Trigger Input Timing
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155 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
reguest can be enabled or disabled by the ADIE bit in ADCSR.

156 Usage Notes

When using the A/D converter, note the following points:

1

Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pinsshould bein therange AV < AN, <V ..

Relationshipsof AV _and AV _toV_.and VAV, AV, V ., and Vg should berelated as
follows: AV =V AV and AV must not be |eft open, even if the A/D converter is not
used.

V.. Programming Range: The reference voltage input at the V.. pin should be in the range
V<AV .

REF —

Analog Voltage: When using an A/D converter, make the following voltage settings.
a V. .=2AV_ .-03V

cc —

b. AV, 2V, =ANN=AV_=V_

cc — REF —

(N=0to7)

Note: Redtriction for the ZTAT version only; The S-mask version of ZTAT, the Flash
Memory version and Mask ROM version can be used regularly without restriction.

Failure to observe points 1, 2, 3, and 4 above may degrade chip reliability.

Note on Board Design: In board layout, separate the digital circuits from the analog circuits as
much as possible. Particularly avoid layoutsin which the signal lines of digital circuits cross or
closely approach the signal lines of analog circuits. Induction and other effects may cause the
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D conversion.
The analog input signals (AN, to AN,), analog reference voltage (V.), and analog supply
voltage (AV ) must be separated from digital circuits by the analog ground (AV). The
analog ground (AV ) should be connected to a stable digital ground (V) at one point on the
board.
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6. Noteon Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (AN, to AN,) and analog reference voltage pin (V..), connect a protection circuit
like the onein figure 15.7 between AV . and AV .. The bypass capacitors connected to AV
and V. and the filter capacitors connected to AN, to AN, must be connected to AV . If filter
capacitors like the onesin figure 15.7 are connected, the voltage values input to the analog
input pins (AN, to AN,) will be smoothed, which may give rise to error. Error can also occur if
A/D conversion is frequently performed in scan mode so that the current that charges and
discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes greater
than that input to the analog input pins via input impedance Rin. The circuit constants should
therefore be selected carefully.

/\/

AVcce

VRerF

ANg to AN,

AVss

/\/

Notes: *1 Numeric values are approximate.

10 pF 0.01 pF

*2 Rin: input impedance

Figure15.7 Example of Analog Input Protection Circuit
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10 kQ

ANg to ANy O—\/\/\/\T> To A/D converter
I 20 pF

Note: Numeric values are approximate.

Figure15.8 Analog Input Pin Equivalent Circuit

Table15.5 Analog Input Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10* kQ

Note: * When V. =4.0Vt0 5.5V and ¢< 12 MHz.

7. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3048 Seriesis
defined as follows:

* Resolution
Digital output code length of A/D converter
+ Offset error

Deviation fromideal A/D conversion characteristic of analog input voltage required to
raise digital output from minimum voltage value B'0000000000 to B'0000000001 (figure
15.10)

* Full-scale error

Deviation fromideal A/D conversion characteristic of analog input voltage required to
raise digital output from B'1111111110 to B'1111111111 (figure 15.10)

e Quantization error
Intrinsic error of the A/D converter; 1/2 LSB (figure 15.9)
e Nonlinearity error

Deviation fromideal A/D conversion characteristic in range from zero voltsto full scale,
exclusive of offset error, full-scale error, and quantization error.

* Absolute accuracy

Deviation of digital value from analog input value, including offset error, full-scale error,
guantization error, and nonlinearity error.
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Digital
output

111
110 -
101
100 -
011
010

001 -

Ideal A/D conversion —»
characteristic

t

Quantization error

000 ‘

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure15.9 A/D Converter Accuracy Definitions (1)
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Full-scale

Digital error

output i
Ideal A/D
conversion
characteristic

Nonlinearity
error
-—— Actual A/D conversion
characteristic

FS

L

Analog input

Offset error voltage

Figure15.10 A/D Converter Accuracy Definitions (2)

8. Allowable Signal-Source Impedance: The analog inputs of the H8/3048 Series are designed to
assure accurate conversion of input signals with a signal-source impedance not exceeding 10
kQ. The reason for thisrating is that it enables the input capacitor in the sample-and-hold
circuit in the A/D converter to charge within the sampling time. If the sensor output impedance
exceeds 10 kQ, charging may be inadequate and the accuracy of A/D conversion cannot be
guaranteed.

If alarge external capacitor is provided in scan mode, then the internal 10-kQ input resistance
becomes the only significant load on the input. In this case the impedance of the signal source
isnot a problem.

A large external capacitor, however, acts as alow-pass filter. This may make it impossible to
track analog signals with high dv/dt (e.g. avariation of 5 mV/us) (figure 15.11). To convert
high-speed analog signals or to use scan mode, insert alow-impedance buffer.
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9. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with ground,
so if thereis noise on the ground line, it may degrade absolute accuracy. The capacitor must be
connected to an electrically stable ground, suchasAV ..

If afilter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna.

H8/3048 Series

Equivalent circuit of

. A/D converter
Sensor output impedance

Up to 10 kQ 10 kQ

Sensor
input VYV l
Cin=

' Low-pass

! L 20 pF
filter : 15 pF
'Upto 0.1 yF

Figure15.11 Analog Input Circuit (Example)
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Section 16 D/A Converter

16.1 Overview

The H8/3048 Seriesincludes a D/A converter with two channels.

16.1.1 Features
D/A converter features are listed below.

« Eight-hit resolution

« Two output channels

e Conversion time: maximum 10 ps (with 20-pF capacitive load)
» Output voltage: 0V to 255/256 * V

« DJ/A outputs can be sustained in software standby mode
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16.1.2 Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

Internal

Module data bus data bus

00 0 0

Bus interface

VRer

DA, = 8-bitD/A

DADRO
DADR1
DACR
DASTCR

DA; =

! U 0

Control circuit

Legend

DACR: DJ/A control register
DADRO: D/A data register 0

DADR1: D/A data register 1
DASTCR: D/A standby control register

Figure16.1 D/A Converter Block Diagram

Rev. 6.0, 09/02, page 556 of 876
RENESAS




16.1.3  Input/Output Pins
Table 16.1 summarizes the D/A converter’ sinput and output pins.

Table16.1 D/A Converter Pins

Pin Name Abbreviation  1/0 Function

Analog power supply pin AV . Input Analog power supply

Analog ground pin AV Input Analog ground and reference voltage
Analog output pin 0 DA, Output Analog output, channel 0

Analog output pin 1 DA Output Analog output, channel 1

1

Reference voltage input pin V, Input Analog reference voltage

REF

16.1.4 Register Configuration
Table 16.2 summarizes the D/A converter’ sregisters.

Table16.2 D/A Converter Registers

Address* Name Abbreviation R/W Initial Value
H'FFDC D/A data register 0 DADRO R/W H'00
H'FFDD D/A data register 1 DADR1 R/W H'00
H'FFDE D/A control register DACR R/W H'1F
H'FF5C D/A standby control register DASTCR R/W H'FE

Note: * Lower 16 bits of the address
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16.2 Register Descriptions

16.2.1 D/A Data Registers0and 1 (DADRO0/1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The D/A dataregisters (DADRO and DADR?1) are 8-bit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A dataregisters areinitialized to H'00 by areset and in standby mode.

16.2.2 D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
‘ DAOEl‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ _ ‘ _ ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — _ _
D/A enable

Controls D/A conversion

D/A output enable 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACRisinitialized to H'1F by areset and in standby mode.

Bit 7—D/A Output Enable 1 (DAOEZ1): Controls D/A conversion and analog output.

Bit 7: DAOE1 Description
0 DA, analog output is disabled (Initial value)
1 Channel-1 D/A conversion and DA, analog output are enabled
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Bit 6—D/A Output Enable 0 (DAOEOQ): Controls D/A conversion and analog output.

Bit 6: DAOEO Description
0 DA, analog output is disabled (Initial value)
1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL.
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0 and
1. When the DAE hit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion resultsis always controlled independently by DAOEO and DAOEL.

Bit 7: Bit 6: Bit 5:
DAOE1 DAOEO DAE Description
0 0 — D/A conversion is disabled in channels 0 and 1
1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1
D/A conversion is enabled in channels 0 and 1
1 0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1
1 D/A conversion is enabled in channels 0 and 1
1 — D/A conversion is enabled in channels 0 and 1

When the DAE hit is set to 1, even if bits DAOEO and DAOEL in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.
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16.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-bit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0
I e e e e

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

Reserved bits ‘
D/A standby enable
Enables or disables D/A output
in software standby mode

DASTCRisinitialized to H'FE by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby
mode.

Bit 0: DASTE Description
0 D/A output is disabled in software standby mode (Initial value)
1 D/A output is enabled in software standby mode
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16.3 Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion

independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADR1 value
ismodified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEO and DAOE1 are set to 1.

An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 16.2.

1. Datato be converted iswritten in DADRO.

2. BitDAOEOQissetto 1in DACR. D/A conversion starts and DA, becomes an output pin. The
converted result is output after the conversion time. The output value is (DADRO

contents/256) x V

REF*

modified or the DAOEDOQ bit is cleared to 0.

3. If the DADRO vaue is modified, conversion startsimmediately, and the result is output after
the conversion time.

4. When the DAOEQO bit is cleared to 0, DA, becomes an input pin.

Output of this conversion result continues until the valuein DADRO is

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
o (UIUL
Address
bus
DADRO Conversion data 1 Conversion data 2
DAOEO
_ Conversion
DAo Conversion | result 2 J—
High-impedance state result 1 T
tbconv tbconv
Legend

tpcony: D/A conversion time

Figure16.2 Example of D/A Converter Operation
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16.4  D/A Output Control
In the H8/3048 Series, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE bit isset to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registersretain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same as
during normal operation.

16.5 Usage Notes
When using an D/A converter, note the following.

1. V 2AV_-03V

cc —

2. AV_2V, =ANn=AV_=V_

cc — REF —

(N=0t07)

Note: Restriction for the ZTATTM version only; The S Mask version of ZTATTM, the Flash
Memory version and Mask ROM version can be used regularly without restriction.
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Section 17 RAM

171 Oveview

The H8/3048 and H8/3047 have 4 kbytes of high-speed static RAM on-chip. The H8/3045 and
H8/3044 have 2 kbytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU
accesses both byte data and word data in two states, making the RAM useful for rapid data
transfer.

The on-chip RAM of the H8/3048 and H8/3047 is assigned to addresses H'FEF10 to H'FFFOF in
modes 1, 2, 5, and 7, and to addresses H'FFEF10 to H'FFFFOF in modes 3, 4, and 6. The on-chip
RAM of the H8/3045 and H8/3044 are assigned to addresses H'FF710 to H'FFFOF in modes 1, 2,
5, and 7, and to addresses H'FFF710 to H'FFFFOF in modes 3, 4, and 6. The RAM enable bit
(RAME) in the system control register (SY SCR) can enable or disable the on-chip RAM.
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17.1.1  Block Diagram

Figure 17.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N N

Internal data bus (lower 8 bits)

VI

Bus interface SYSCR
H'FEF10* H'FEF11*
H'FEF12* H'FEF13*
- On-chip RAM -
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend
SYSCR: System control register

Note: * This example is of the H8/3048 operating in mode 7. The lower 20 bits of the address

are shown.

Figure17.1 RAM Block Diagram

17.1.2 Register Configuration

The on-chip RAM is controlled by SY SCR. Table 17.1 gives the address and initial value of

SYSCR.

Table17.1 System Control Register

Address* Name Abbreviation R/W

Initial Value

H'FFF2 System control register SYSCR R/W

H'0B

Note: * Lower 16 bits of the address.
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17.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit
NMI edge select

User bit enable

Standby timer select 2to 0
Software standby

One function of SY SCR is to enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see section 3.3,
System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is

initialized at the rising edge of the input at the RES pin. It is not initiaized in software standby
mode.

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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17.3 Operation

When the RAME bhit is set to 1, the on-chip RAM is enabled. Accesses to addresses H'FEF10 to
H'FFFOF in the H8/3048 and H8/3047 in modes 1, 2, 5, and 7, addresses H'FFEF10 to H'FFFFOF
in the H8/3048 and H8/3047 in modes 3, 4, and 6, addresses H'FF710 to H'FFFOF in the H8/3045
and H8/3044 in modes 1, 2, 5, and 7, and addresses H'FFF710 to H'FFFFOF in the H8/3045 and
H8/3044 in modes 3, 4, and 6 are directed to the on-chip RAM. In modes 1 to 6 (expanded
modes), when the RAME bit is cleared to O, the off-chip address space is accessed. In mode 7
(single-chip mode), when the RAME bit is cleared to O, the on-chip RAM is not accessed: read
access always resultsin H'FF data, and write access is ignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte datais accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even addressis accessed
in two statesusing all 16 bits of the data bus.
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Section 18 ROM

(H8/3048ZTAT and Mask-ROM Versions)

18.1 Overview

The H8/3048 has 128 kbytes of on-chip ROM, the H8/3047 has 96 kbytes, the H8/3045 has
64 kbytes and the H8/3044 has 32 kbytes. The ROM is connected to the CPU by a 16-bit data bus.
The CPU accesses both byte data and word data in two states, enabling rapid data transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM asindicated in

table 18.1.

Table18.1 Operating M ode and ROM

Mode Pins
Mode MD, MD, MD, On-Chip ROM
Mode 1 0 0 1 Disabled
(1-Mbyte expanded mode with on-chip ROM disabled) (external
Mode 2 0 1 0 address area)
(1-Mbyte expanded mode with on-chip ROM disabled)
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 5 1 0 1 Enabled
(1-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 1 1 0
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 7 (single-chip mode) 1 1 1

The PROM version (H8/3048ZTAT) can be set to PROM mode and programmed with a general-

purpose PROM programmer.

Note: Careisrequired when changing from the H8/3048F-ONE to a model with on-chip mask

ROM (H8/3048, H8/3047, H8/3045, or H8/3044).

For details, refer to the H8/3048F-ONE Hardware Manual (Rev. 1.0) 1.4.5, Note on

Changeover to Mask ROM Version.
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18.1.1 Block Diagram

Figure 18.1 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

()

Bus interface

0 G

H'0000 H'0001
H'0002 H'0003
:V On-chip ROM :V
H'1FFFE H'1FFFF
Even addresses Odd addresses

Figure18.1 ROM Block Diagram (H8/3048, Mode 7)
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182 PROM Mode

1821 PROM Mode Setting

In PROM mode, the H8/3048 (H8/3048ZTAT) version with on-chip PROM suspends its
microcontroller functions, enabling the on-chip PROM to be programmed. The programming
method is the same as for the HN27C101, except that page programming is not supported. Table
18.2 indicates how to select PROM mode.

Table18.2 Selecting PROM Mode

Pins Setting
Three mode pins (MD,, MD,, MD,) Low
STBY pin

P5, and P5, High

18.2.2  Socket Adapter and Memory Map

The PROM is programmed using a general-purpose PROM programmer with a socket adapter to
convert to 32 pins. Table 18.3 lists the socket adapter for each package option. Figure 18.2 shows
the pin assignments of the socket adapter. Figure 18.3 shows a memory map in PROM mode.

Table 18.3 Socket Adapter

Microcontroller Package Socket Adapter
H8/3048 100-pin QFP (FP-100B) HS3042ESHS1H
100-pin TQFP (TFP-100B) HS3042ESNS1H

The size of the H8/3048 PROM is 128 kbytes. Figure 18.3 shows a memory map in PROM mode.
H'FF data should be specified for unused address areas in the on-chip PROM.

When programming the H8/3048 with a PROM programmer, set the address range to H'00000 to
H'1FFFF.
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H8/3048 3 | PROM Socket

FP-100B, TFP-100B | Pin | | Pin | HN27C101 (32 Pins)
10 RESO | ! bl Ve 1
64 NMIE | L] EA 26
58 P6, | Dl EAgs 3
87 P8y | =TV 2
88 P8, | ! L | PGM 31
27 P3, | | L[ EO, 13
28 P3, | ! - | EO, 14
29 P3, | ; EO, 15
30 P3, 3 | EO, 17
31 P3, ; EO, 18
32 P35 ; EOs 19
33 P3g ; EOs 20
34 P3; j i | EO, 21
36 P1, j EAq 12
37 P1, j EA, 11
38 P1, § j EA, 10
39 Pl, j L] EAs 9
40 PL, | | L EA 8
41 Pls I EAs U
42 Plg I EAs 6
43 PL, | ! P EA; 5
45 P2, | | | EAg 27
46 P2, | ¢ | | OE 24
47 P2, bl EAg 23
48 P2, 1 P EAy 25
49 P2, | ! Dl EAL 4
50 P2s | C |l EAg 28
51 P25 | ! - | EAy 29
52 P2, ; 3 CE 22
53 P5, ; Pl Vee 32
54 P5, — ‘

1 VRer ¢
76 AVee
1 Vee 1
35 Vee
68 Vee ‘ |
73 MDy : Vgs 16
74 MD; | . |
75 MD, | ————
62 STBY
?i AV\SSS Legend .
Vpp: Programming voltage (12.5 V)
22 Vss | EO; to EQy: Data input/output
44 Vss ! i EA. to EAy: Address input
57 Vss 7 OE: Output enable
65 Vss ¢ CE: Chip enable
92 Vss PGM: Program

Note: Pins not shown in this diagram should be left open.
This figure shows pin assignments, and does not show the entire socket adapter circuit. When undertaking a new design,
board design (power supply voltage stabilization, noise countermeasures, etc.) as a high-speed CMOS LSl is necessary.

Figure18.2 Socket Adapter Pin Assignments
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Address in Address in

MCU mode PROM mode
H'00000 H'00000
On-chip PROM
H'1FFFF H'1FFFF

Figure18.3 H8/3048ZTAT Memory Map in PROM Mode

18.3 PROM Programming
Table 18.4 indicates how to select the program, verify, and other modesin PROM mode.

Table18.4 Mode Selection in PROM Mode

Pins

Mode CE OE PGM VvV, Ve EO, to EO, EA, to EA,
Program L H L V.. Ve Data input Address input
Verify L L H V.. Ve Data output Address input
Program inhibited L L L V.. Ve High impedance  Address input

L H H

H L L

H H H

Legend

L: Low voltage level
H: High voltage level
V... V., voltage level
V. V. voltage level

Read/write specifications are the same as for the standard HN27C101 EPROM, except that page
programming is not supported. Do not select page programming mode. A PROM programmer that
supports only page-programming mode cannot be used. When selecting a PROM programmer,
check that it supports a byte-at-a-time high-speed programming mode. Be sure to set the address
range to H'00000 to H'1FFFF.
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18.3.1 Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure programs the chip quickly without subjecting it to voltage stress and without
sacrificing data reliability. Unused address areas contain H'FF data. Figure 18.4 shows the basic
high-speed programming flowchart. Tables 18.5 and 18.6 list the electrical characteristics of the
chip during programming. Figure 18.5 shows atiming chart.

Set programming/verification mode
Vce=60V£025V,Vpp=125V+03V

| Program with t pyy = 0.2 ms * 5% |

No
Verification OK?

Yes

| Address + 1 - address
A

| Program with t 5p\, = 0.2n ms |

No

Last address?

Set read mode
Vee=5.0V£0.25V, Vpp =V

Y No
All addresses

read?

Figure 18.4 High-Speed Programming Flowchart
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Table18.5 DC Characteristicsin PROM Mode

(Conditions: V. =6.0V + 025V, V,, =125V + 03V, V_=0V, T, = 25°C + 5°C)

Item Symbol Min  Typ  Max Unit  Test Conditions
Input high EO, to EQO,, V., 24 — V,+03 V
voltage EA, to EA,

OE, CE, PGM
Input low EO, to EO,, V, -03 — 0.8 \
voltage EA, to EA,

OE, CE, PGM
Output high EO, to EO, V,, 24 — — \ on = —200 pA
voltage
Output low EQ, to EQ, Vo, — — 0.45 \ l,,=1.6 mA
voltage
Input leakage EO, to EO,, 1.l — — 2 HA Vv, =525V/0.5V
current EA to EA,,

OE, CE, PGM
V.. current lee — — 40 mA
V., current lp — — 40 mA

Note: For details on absolute maximum ratings, see section 22.1.1, Absolute Maximum Ratings.
Using an LSI in excess of absolute maximum ratings may result in permanent damage.

V.. peak overshoot should not exceed 13 V.
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Table18.6 AC Characteristicsin PROM Mode

(Conditions: V. =6.0V + 025V, V,, = 125V + 03V, T, = 25°C + 5°C)

Item Symbol Min Typ Max Unit Test Conditions
Address setup time t 2 — — us Figure 18.5**
OE setup time toes 2 — — Hs

Data setup time tos 2 — — ps

Address hold time t 0 — — us

Data hold time [ 2 — — ps

Data output disable time t,*° — — 130 ns

V., setup time tps 2 — — ps

Programming pulse width tow 0.19 0.20 0.21 ms

PGM pulse width for overwrite  t_,,*° 019 — 525 ms

programming

V. setup time tes 2 — — us

CE setup time (. 2 — — Hs

Data output delay time tor 0 — 150 ns

Notes: *1 Input pulse level: 0.8 Vto 2.2V
Input rise time and fall time < 20 ns

Timing reference levels: 1.0 V and 2.0 V for input; 0.8 V and 2.0 V for output
*2 t_. is defined at the point where the output is in the open state and the output level

cannot be read.
*3 t.,, is defined by the value given in the flowchart.
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Program Verify

Address X
tas taH|
N
Data — Input data > { Outputdata |——
tbs ton il
DF
Vep
Vee Vee _/Atvps‘
VCC+1
V,
ce Vee _/ tves
CE
tces
PGM 3
N /
hw toes - loe
__ —
OE topw*

Note: * topy is defined by the value given in the flowchart.

Figure 185 PROM Program/Verify Timing

Rev. 6.0, 09/02, page 575 of 876
RENESAS




18.3.2 Programming Precautions

» Program with the specified voltages and timing.
The programming voltage (V) in PROM modeis12.5 V.
Applied voltagesin excess of the rated values can permanently destroy the chip. Be
particularly careful about the PROM programmer’s overshoot characteristics.
If the PROM programmer is set to Hitachi HN27C101 specifications, V,, will be 12.5V.

« Before programming, check that the chip is correctly mounted in the PROM programmer.
Overcurrent damage to the chip can result if the index marks on the PROM programmer,
socket adapter, and chip are not correctly aligned.

« Don't touch the socket adapter or chip while programming. Touching either of these can cause
contact faults and write errors.

» Select the programming mode carefully. The chip cannot be programmed in page
programming mode.

e TheHB8/3048 PROM sizeis 128 kbytes. Set the address range to H'00000 to H'1FFFF.
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18.3.3 Rédliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips
at 150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 18.6 shows the recommended screening procedure.

Program chip and verify programmed data

Bake chip for 24 to 48 hours at
125 C to 150 C with power off

Y

Read and check program

Y

( Install )

Figure18.6 Recommended Screening Procedure

If aseries of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Hitachi of any abnormal conditions noted during or after programming or in screening of program
data after high-temperature baking.

Rev. 6.0, 09/02, page 577 of 876
RENESAS




184 Noteson Ordering Mask ROM Version Chip
When ordering the H8/3048 Series chips with a mask ROM, note the following.

* When ordering through an EPROM, use a 128-kbyte one.

« Fill all the unused addresses with H'FF as shown in figure 18.7 to make the ROM data size 128
kbytes for all H8/3048 Series chips, which incorporate different sizes of ROM. This appliesto
ordering through an EPROM and through electrical datatransfer.

HD6433048 HD6433047 HD6433045 HD6433044
(ROM: 128 kbytes) (ROM: 96 kbytes) (ROM: 64 kbytes) (ROM: 32 kbytes)
Address: Address: Address: Address:
H'00000-H'1FFFF H'00000-H'17FFF H'00000-H'OFFFF H'00000-H'07FFF
H'00000 H'00000 H'00000 H'00000
H'0O7FFF
H'08000
H'OFFFF
H'10000
Not used*
H'17FFF Not used*
H'18000
Not used*®
H'1FFFF H'1FFFF H'1FFFF H'1FFFF

Note: * Program H'FF to all addresses in these areas.

Figure18.7 Masked ROM Addressesand Data
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» The flash memory control registers (FLMCR, EBR1, EBR2, and RAMCR)* for use only by
the on-chip flash memory version (H8/3048F (dual-power-supply model)) are not provided in
the mask ROM version. Reading a corresponding address will always return avalue of 1, and
writes to the corresponding addresses are invalid. This point must be noted when switching
from aflash memory model to a mask ROM version.

* Inthe case of the H8/3048F-ONE (single-power-supply model) on-chip flash memory version,
the 5V version hasaV pin and requires connection of an external capacitor. Careis
therefore required with the board design when switching to a mask ROM version. (For details,
see section 1.4.5, Notes on Switching to Mask ROM Version, in the H8/3048F-ONE Hardware
Manual (First Edition).

Note: * Inthe H8/3048F-ONE with on-chip flash memory, the flash memory control registers are
FLMCR1, FLMCR2, EBR, and RAMCR. (For details, see appendix B, Internal 1/0
Registers, in the H8/3048F-ONE Hardware Manual (First Edition)).
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Section 19 Flash Memory
(H8/3048F: Dual Power Supply (V.. =12 V))

19.1 Oveview

The H8/3048F has 128 kbytes of on-chip flash memory. The flash memory is connected to the
CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two states, enabling

rapid data transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM asindicated in

table 19.1.

Table19.1 Operating Mode and ROM

Mode Pins
Mode MD, MD, MD, On-Chip ROM
Mode 1 0 0 1 Disabled
(1-Mbyte expanded mode with on-chip ROM disabled) (external
Mode 2 0 1 0 address area)
(1-Mbyte expanded mode with on-chip ROM disabled)
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 5 1 0 1 Enabled
(1-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 1 1 0
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 7 (single-chip mode) 1 1 1

The H8/3048F (dual-power supply flash memory version) can be set to PROM mode and

programmed with a general-purpose PROM programmer.

RENESAS
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19.2  Flash Memory Overview

19.21 Flash Memory Operation

Table 19.2 illustrates the principle of operation of the on-chip flash memory of the H8/3048F
(dual-power supply).

Like EPROM, flash memory is programmed by applying a high gate-to-drain voltage that draws
hot electrons generated in the vicinity of the drain into a floating gate. The threshold voltage of a
programmed memory cell istherefore higher than that of an erased cell. Cells are erased by
grounding the gate and applying a high voltage to the source, causing the electrons stored in the
floating gate to tunnel out. After erasure, the threshold voltage drops. A memory cell isread like
an EPROM cell, by driving the gate to the high level and detecting the drain current, which
depends on the threshold voltage. Erasing must be done carefully, because if amemory cell is
overerased, its threshold voltage may become negative, causing the cell to operate incorrectly.

Section 19.5.6, Erasing Flowchart and Sample Program shows an optimal erase control flowchart
and sample program.

Table19.2 Principle of Memory Cell Operation

Program Erase Read

MemOl’y Vg = Vpp Vg = VCC

cell é vd Vs = Vpp % Open % vd
= ==

b oo o]

P
T _ __ _J ___
Memory vd oV Open  Open vd oV
array
N = Vep N2 ov N = Vee
H—L H—L o H—L H—L v H—L H—L o
| oV Nl oV I T oV

Rev. 6.0, 09/02, page 582 of 876
RENESAS



19.2.2 Mode Programming and Flash Memory Address Space

Asits on-chip ROM, the H8/3048F has 128 kbytes of flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word datain two
states.

The flash memory is assigned to addresses H'00000 to H'1FFFF on the memory map. The mode
pins enable either on-chip flash memory or external memory to be selected for thisarea. Table
19.3 summarizes the mode pin settings and usage of the flash memory area.

Table19.3 Mode Pin Settingsand Flash Memory Area

Mode Pin Setting

Mode MD, MD, MD, Flash Memory Area Usage
Mode 0 0 0 0 lllegal setting

Mode 1 0 0 1 External memory area
Mode 2 0 1 0 External memory area
Mode 3 0 1 1 External memory area
Mode 4 1 0 0 External memory area
Mode 5 1 0 1 On-chip flash memory area
Mode 6 1 1 0 On-chip flash memory area
Mode 7 1 1 1 On-chip flash memory area
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19.2.3 Features

Features of the flash memory are listed below.

Five flash memory operating modes

The flash memory has five operating modes. program mode, program-verify mode, erase
mode, erase-verify mode, and prewrite-verify mode.

Block erase designation

Blocksto be erased in the flash memory address space can be selected by hit settings. The
address space includes a large-block area (eight blocks with sizes from 12 kbytes to 16 kbytes)
and a small-block area (eight 512-byte blocks).

Program and erase time

Programming one byte of flash memory typically takes 50 ps. Erasing al blocks (128 kbytes)
typically takes 1 s.

Erase-program cycles
Flash memory contents can be erased and reprogrammed up to 100 times.
On-board programming modes

These modes can be used to program, erase, and verify flash memory contents. There are two
modes. boot mode, and user programming mode.

Automatic bit-rate alignment

In boot-mode data transfer, the H8/3048F aligns its bit rate automatically to the host bit rate
(9600 bps, 4800 bps and 2400 bps).

Flash memory emulation by RAM

Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updates
inrea time.

PROM mode

Asan aternative to on-board programming, the flash memory can be programmed and erased
in PROM mode, using a general-purpose PROM programmer.

Protect modes

Flash memory can be program-, erase-, and/or verify-protected in hardware and software
protect modes.
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19.24 Block Diagram

Figure 19.1 shows a block diagram of the flash memory.

< Internal data bus (upper) >

< Internal data bus (lower) >

U U e,

<:>| FLMCR |—>| Bus interface and control section |¢ Operating — MDq

0 O TR =g
( ] EBR1L | H'00000 H'00001

H'00002 H'00003
(L eere ] 100004 | H00005
On-chip flash memory
(128 kbytes)

H'1FFFC H'1FFFD
H'1FFFE H'1FFFF
Upper byte Lower byte

(even address) (odd address)

Legend

FLMCR: Flash memory control register*
EBR1: Erase block register 1*

EBR2: Erase block register 2*

Note: * The flash memory control registers (FLMCR, EBR1, and EBR2) and RAMCR are
used only by the flash memory version, and must not be accessed in the mask
ROM (ZTAT) version.

Figure19.1 Flash Memory Block Diagram

Rev. 6.0, 09/02, page 585 of 876
RENESAS




19.25 Input/Output Pins

Flash memory is controlled by the pinslisted in table 19.4.

Table19.4 Flash Memory Pins

Pin Name Abbreviation Input/Output Function

Programming power V.. Power supply Apply 12.0V

Mode 2 MD, Input H8/3048F operating mode
programming

Mode 1 MD, Input H8/3048F operating mode
programming

Mode 0 MD, Input H8/3048F operating mode
programming

Transmit data TXD, Output Serial transmit data output

Receive data RXD, Input Serial receive data input

The transmit data and receive data pins are used in boot mode.

19.2.6 Register Configuration

The flash memory is controlled by the registers listed in table 19.5.

Table19.5 Flash Memory Registers

Address Abbreviation R/W Initial Value
H'FF40 Flash memory control register** FLMCR R/W*? H'00**
H'FF42 Erase block register 1** EBR1 R/W*? H'00**
H'FF43 Erase block register 2*° EBR2 R/W*? H'00**
H'FF48 RAM control register RAMCR R/W H'70

Notes: *1 The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled).

*2 In modes 1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be
modified and is always read as H'FF.

*3 Dedicated registers for controlling flash memory, which are not provided by the mask-
ROM and ZTAT versions. Therefore, these registers must not be accessed in the mask-
ROM and ZTAT versions. These registers cannot be modified in the mask-ROM and
ZTAT versions.
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19.3 Flash Memory Register Descriptions

19.3.1 Flash Memory Control Register

The flash memory control register (FLMCR) is an eight-bit register that controls the flash memory
operating modes. Transitions to program mode, erase mode, program-verify mode, and erase-
verify mode are made by setting bitsin thisregister. FLMCR isinitialized to H'00 by areset, in
the standby modes, and when 12 V isnot applied to V.. When 12 V is applied to V., areset or
entry to a standby mode initializes FLMCR to H'80.

Bit 7 6 5 4 3 2 1 0
| Ve | VeeE| — | — | BV | Pv | E P |

Initial value® 0 0 0 0 0 0 0 0

RIW R RIW — — RW*  RW" RW° RW"

Program mode
Designates
transition to

or exit from
program mode

L— Erase mode
Designates transition
to or exit from erase
mode

L— Program-verify mode
Designates transition to
or exit from program-verify
mode

— Erase-verify mode
Designates transition to
or exit from erase-verify
mode

— Reserved bits

— Vpp enable
Disables or enables 12-V
application to Vpp pin

— Programming power
Status flag indicating the
power to Vpp

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is

always read as H'FF.
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Bit 7—Programming Power (V.,.): Programming power bit (V) detects V., and level is
displayed as“1” or “0.” The permissible output currents for impressed high voltage VH are given
in 22.2.2, “DC Characteristics.” The value of VH rangesfromV_.+2V to 11.4 V. If avoltagein
excess of VH isapplied, “1” isdisplayed; otherwise “0” is displayed.

This bit restricts the hardware protect functions during write and erase operations for the flash
memory. For details on hardware protect, see section 19.5.8, “Protect Modes.” For notes on VPP
usage, see section 19.8, “Flash Memory Programming and Erasing Precautions (Dual-Power
Supply).”

Bit7: V., Description

0 [Clear condition] (Initial value)

This is the regular operational mode when a voltage exceeding VH is not
applied to the V_, pin. The flash memory cannot be written or erased.
“Hardware Protect” is displayed.

1 [Set condition]

This is the operational mode when a voltage exceeding V,, is applied to the V,,
pin. The flash memory can be written and erased. “Hardware Protect Disabled”
is displayed*.

Note: * For correct write and erase functions, the setting should be V_,=12.0V1t0 0.6 V (11.4 V to
12.6 V).

Bit 6—V,, Enable (V,,E): Disables or enables 12-V application to the V, pin. After this bit is set,
it is necessary to wait for at least 5 ps for the internal power supply to stabilize; programming and
erasing cannot be performed until stabilization is complete. After thisbit is cleared, it is necessary
to wait for the flash memory read setup time (t..) in order to read flash memory.

Bit 6: V,.E Description
0 V.. pin 12-V power supply is disabled (Initial value)
1 V., pin 12-V supply is enabled

Note: The power supply system used for the flash memory is switched by means of the VppE bit.
After switching, operation is not guaranteed during the period before the power supply
system stabilizes. It is therefore prohibited to fetch from flash memory and execute an
instruction that sets or resets the VppE bit.

Bits 5 and 4—Reserved: Read-only hits, dwaysread as 0.
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Bit 3—Erase-Verify Mode (EV)*": Selects transition to or exit from erase-verify mode.

Bit 3: EV Description
0 Exit from erase-verify mode (Initial value)
1 Transition to erase-verify mode

Bit 2—Erase-Verify Mode (PV)*": Selectstransition to or exit from program-verify mode.

Bit 2: PV Description
0 Exit from program-verify mode (Initial value)
1 Transition to program-verify mode

Bit 1—Erase Mode (E)*'** Selectstransition to or exit from erase mode.

Bit1: E Description
0 Exit from erase mode (Initial value)
1 Transition to erase mode

Bit 0—Program Mode (P)*'** Selects transition to or exit from program mode.

Bit 0: P Description
0 Exit from program mode (Initial value)
1 Transition to program mode

Notes: *1 Do not set two or more of these bits ssmultaneously. Do not turn off power supply
(V—Vy) Whileabit is set.

*2 For each bit setting procedure, follow the algorithm described in section 19.5,
Programming and Erasing Flash Memory. For the notes on programming and erasing,
refer to section 19.8, Flash Memory Programming and Erasing Precautions (Dual-
Power Supply). Particularly, be sure to set the watchdog timer beforehand to prevent
program runaway, when the E or P bit is set.
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19.3.2 EraseBlock Register 1

Erase block register 1 (EBR1) is an eight-bit register that designates large flash-memory blocks

for programming and erasure. EBR1 isinitialized to H'00 by areset, in the standby modes, when
12V isapplied to V,, whilethe V _E bit is 0, and when 12 V is not applied to V... When abit in

EBR1 is set to 1, the corresponding block is selected and can be programmed and erased. Figure
19.2 shows a block map.

Bit 7 6 5 4 3 2 1 0

\ LB7 \ LB6 \ LB5 \ LB4 \ LB3 \ LB2 \ LB1 \ LBO \
Initial value* 0 0 0 0 0 0 0 0
Read/Write RIW*  RMW*  RMW*  RMW*  RW*  RW*  RW*  RW*

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1,
2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always
read as H'FF.

Bits7to0—LargeBlock 7to 0 (LB7 to LBO0): These hits select large blocks (LB7 to LBO) to be
programmed and erased.

Bits 7 to O:

LB7 to LBO Description

0 Block LB7 to LBO is not selected (Initial value)
1 Block LB7 to LBO is selected
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19.3.3 EraseBlock Register 2

Erase block register 2 (EBR2) is an eight-bit register that designates small flash-memory blocks

for programming and erasure. EBR2 isinitialized to H'00 by areset, in the standby modes, when
12V isapplied to V,, whilethe V _E bit is 0, and when 12 V is not applied to V... When abit in

EBR2 is set to 1, the corresponding block is selected and can be programmed and erased. Figure
19.2 shows a block map.

Bit 7 6 5 4 3 2 1 0
\ SB7 \ SB6 \ SB5 \ SB4 \ SB3 \ SB2 \ SB1 \ SBO \
Initial value* 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1,
2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always
read as H'FF.

Bits 7 to 0—Small Block 7to 0 (SB7 to SB0): These bits select small blocks (SB7 to SBO) to be
programmed and erased.

Bits 7 to O:

SB7 to SBO Description

0 Block SB7 to SBO is not selected (Initial value)
1 Block SB7 to SBO is selected
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Bit Addresses

LBO H'00000~H'03FFF
LB1 H'04000-H'07FFF
LB2 H'08000—H'OBFFF
LB3 H'0C000-H'OFFFF
LB4 H'10000-H'13FFF
LB5 H'14000-H'17FFF
LB6 H'18000-H'1BFFF
LB7 H'1C000-H'1EFFF
SBO H'1FO00-H'1F1FF
SB1 H'1F200-H'1F3FF
SB2 H'1F400-H'1F5FF
SB3 H'1F600-H'1F7FF
SB4 H'1F800-H'1F9FF
SB5 H'1FAQ0-H'1FBFF
SB6 H'1FCO0-H'1FDFF
SB7 H'1FEOO-H'1FFFF

Large block
area
(124 kbytes)

Small block
area
(4 kbytes)

H'00000
H'03FFF
H'04000

HO7FFF
H'08000

H'OBFFF
H'0C000

H'OFFFF
H'10000

H'13FFF
H'14000

H'17FFF
H'18000

H'1BFFF
H'1C000

H'1EFFF
H'1F000

H1F1FF
H'1F200

H'1F3FF
H'1F400

H'1F5FF
H'1F600

H'1F7FF
H'1F800

H'1FOFF
H'1FA00

H'1FBFF
H'1FCO00

H'1FDFF
H'1FE00

H'1FFFF

16 kbytes

16 kbytes

16 kbytes

16 kbytes

16 kbytes

16 kbytes

16 kbytes

12 kbytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

512 bytes

Figure19.2 EraseBlock Map
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19.34 RAM Control Register (RAMCR)

The RAM control register (RAMCR) enables flash-memory updates to be emulated in RAM, and
indicates flash memory errors.

Bit 7 6 5 4 3 2 1 0

\ FLER \ — \ — \ — \ RAMS \ RAM2 \ RAM1 \ RAMO \
Initial value 0 1 1 1 0 0 0 0
Read/Write R — — — R/W R/W R/W R/W

Bit 7—Flash Memory Error (FLER): Indicates that an error occurred while flash memory was
being programmed or erased. When bit 7 is set, flash memory is placed in an error-protect mode.**

Bit 7: FLER Description
0 Flash memory is not write/erase-protected (is not in error protect mode**)
(Initial value)
[Clearing condition]
Reset or hardware standby mode
1 Indicates that an error occurred while flash memory was being programmed or

erased, and error protection** is in effect
[Setting conditions]

Flash memory was read*? while being programmed or erased (including vector
or instruction fetch, but not including reading of a RAM area overlapped onto
flash memory).

A hardware exception-handling sequence (other than a reset, trace exception,
invalid instruction, trap instruction, or zero-divide exception) was executed just
before programming or erasing.

The SLEEP instruction (for transition to sleep mode or software standby mode)
was executed during programming or erasing.

A bus was released during programming or erasing.

Notes: *1 For details, see section 19.5.8, Protect Modes.
*2 The read data has undetermined values.

Bits 6 to 4—Reserved: Read-only bits, alwaysread as 1.

Bit 3—RAM Select (RAMS)*: Isused with bits 2 to 0 to reassign an areato RAM (see table
19.6). When bit 3 is set, all flash-memory blocks are protected from programming and erasing,
regardless of the values of bits 2 to 0.

Itisinitialized by areset and in hardware standby mode. It is not initialized in software standby
mode.
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Bits2to 0—RAM2to RAMO*: These bits are used with bit 3 to reassign an areato RAM (see
table 19.6). They areinitialized by areset and in hardware standby mode. They are not initialized
in software standby mode.

Note: * These bits can be written to in modes 5, 6, and 7 (on-chip flash memory enabled). In other
modes, they are always read as 0 and cannot be modified.

Table19.6 RAM Area Reassignment

Bit 3 Bit 2 Bit 1 Bit 0

RAM Area RAMS RAM2 RAM1 RAMO
H'FFFO00 to H'FFF1FF 0 0/1 0/1 0/1
H'01FO000 to H'01F1FF 1 0 0 0
H'01F200 to H'01F3FF 1 0 0 1
H'01F400 to H'01F5FF 1 0 1 0
H'01F600 to H'O1F7FF 1 0 1 1
H'01F800 to H'01F9FF 1 1 0 0
H'01FAQO to H'O1FBFF 1 1 0 1
H'01FCO00 to H'01FDFF 1 1 1 0
H'01FEQO to H'O1FFFF 1 1 1 1

19.4  On-Board Programming M odes

When an on-board programming mode is selected, the on-chip flash memory can be programmed,
erased, and verified. There are two on-board programming modes: boot mode, and user program
mode. These modes are selected by inputs at the mode pins (MD, to MD,) and V, pin. Table 19.7
indicates how to select the on-board programming modes. For information about turning V., on
and off, see note (4) in section 19.8, Flash Memory Programming and Erasing Precautions (Dual-
Power Supply).

Table19.7 On-Board Programming Mode Selection

Mode Selections V.. MD, MD, MD, Notes

Boot mode Mode 5 12V 12V 0 1 0V,
Mode 6 12V 1 0 1V,
Mode 7 12V 1 1

User program Mode 5 1 0 1

mode Mode 6 1 1 0
Mode 7 1 1 1
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19.4.1 Boot Mode

To use boot mode, a user program for programming and erasing the flash memory must be
provided in advance on the host machine (which may be a personal computer). Serial
communication interface 1 (SCI1) is used in asynchronous mode (see figure 19.3). If the
H8/3048F is placed in boot mode, after it comes out of reset, a built-in boot program is activated.
This program starts by measuring the low period of data transmitted from the host and setting the
bit rate register (BRR) accordingly. The H8/3048F s built-in serial communication interface (SCI)
can then be used to download the user program from the host machine. The user program is stored
in on-chip RAM.

After the program has been stored, execution branches to address H'FF300 in modes 5 and 6 and
H'FFF300 in mode 7 in the on-chip RAM, and the program stored on RAM is executed to program
and erase the flash memory. Figure 19.4 shows the boot-mode execution procedure.

H8/3048F
Receive data to be programmed
RXD;
HOST Transmit verification data SCiL
- TXDq

Figure 19.3 Boot-Mode System Configuration
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Boot-M ode Execution Procedure: Figure 19.4 shows the boot-mode execution procedure.

( Start ) 1. Program the H8/3048F pins for boot mode, and start the
I H8/3048F from a reset.
1 | Program H8/3048F pins for | 2. Setthe host's data format to 8 bits + 1 stop bit, select the
boot mOde\ and resets. desired bit rate (2400, 4800 or 9600), and transmit H'00
2 | Host transmits H'00 data | data continuously.
continuously at FES'red bit rate. 3. HB8/3048F measures the duration of repeat when the RDX
| H8/3048F measures H'00 low period | pin is "Low," then computes the bit rate of the serial
3 for data transmitted from the host. transmission from the host.
H8/3048F compule‘,s the bit rate, then 4. Aftelr H8/304§F comp[etes SC_I b'it rate adjustn_]ent, one byte
sets the value in the bit rate register. of H'00 data is transmitted to indicate completion.
After completing b‘it rate adjustment 5. On receiving one byte from H8/3048F to indicate completion
: \ ' of bit rate adjustment, the host confirms regular reception
4 HB/3048F transmits one HO0 byte to the then transmits one byte of H'55. H8/3048F transmits H'AA to
host to indicate completion. S - '
‘ indicate regular reception.
The host confirms that bit rate 6. The host transmits the number of user program bytes to be
5 adjustment was completed successfully, transferred to the H8/3048F. The number of bytes should
then transmits one H'55 byte. be sent as two bytes, upper byte followed by lower byte.
! The host should then sequentially transmit the program set
H8/3048F receives, as 2 bytes, by the user.
6 number of program bytes (N) to be
transferred to on-chip RAM*1 The H8/3048F transmits the received byte count and user
T program sequentially to the host, one byte at a time, as
| verify data (echo-back).
H8/3048F transfers user . i .
program to RAM*2 7. The H8/3048F se_quentlally writes the received user
I program to on-chip RAM area H'FFF300 to H'FFFEFF.
H8/3048F calculates remaining 8. The HB8/3048F transfers part of the boot program to on-chip
bytes to be transferred (N = N-1) RAM area H'FFEF10 to H'FFF2FF.
9. The H8/3048F branches to the RAM boot program area
7 (H'FFEF10 to H'FFF2FF) and checks for the presence of
count N = 0? data written in the flash memory. If data has been written in
Yes the flash memory, the H8/3048F erases all blocks. When
erasing ends normally, the H8/3048F transmits one H'AA
s H8/3048F transfers part of byte.
boot program to RAM . ,
‘ 10. The H8/3048F branches to on—chlp_ RAM address H'FFF300
and executes the user program written in that area.
H8/3048F branches to RAM
— boot area, then checks flash
memory user area data Notes: *1 The user can use 3072 bytes of RAM. The number of
bytes transferred must not exceed 3072 bytes. Be
sure to transmit the byte length in two bytes, most
All data = H'FF? significant byte first and least significant byte second.
For example, if the byte length of the program to be
9 Yes Delete all flash memory transferred is 256 bytes, (H'0100), transmit H'01 as
blocks*3.*4 the most significant byte, followed by H'00 as the
I least significant byte.
*2 The part of the user program that controls the flash
H8/3048F confirms that all flash memory should b/e codedlacgol:ding _to th(le flash
memory data is HFF, then v :?emory program/erase algorithms given later.
— transmits one H'AA byte to host a memory cell maIfL_mctlons fmd cannot be erased,
I the H8/3048F transmits one H'FF byte to report an
erase error, halts erasing, and halts further
H8/3048F Ibranches to RAM area operations.
10 address HFFF300 and executes *4 The allotted boot program area is H'FFF300 to
user program transferred to RAM H'EEEEEE.

Figure19.4 Boot Mode Flowchart
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Automatic Alignment of SCI Bit Rate

ﬁ.ta” DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 |Stop
it bit

This low period (9 bits) is measured (H'00 data)

High for at
least 1 bit

Figure 19.5 Measurement of Low Period in Data Transmitted from Host

When started in boot mode, the H8/3048F measures the low period in asynchronous SCI data
transmitted from the host (figure 19.5). The data format is eight data bits, one stop bit, and no
parity bit. From the measured low period (nine bits), the H8/3048F computes the host’s
transmission bit rate. After aligning its own bit rate, the H8/3048F sends the host one byte of H'00
datato indicate that bit-rate alignment is completed. The host should check that this alignment-
completed indication is received normally, then transmit one H'55 byte. If the host does not
receive anormal alignment-completed indication, the H8/3048F should be reset, then restarted in
boot mode to measure the low period again. There may be some alignment error between the

host’ s and H8/3048F s hit rates, depending on the host’ s bit rate and the H8/3048F' s system clock
frequency. To have the SCI operate normally, set the host’ s bit rate to a value 2400, 4800, or 9600
bps**. Table 19.8 lists typical host bit rates and indicates the clock-frequency ranges over which
the H8/3048F can align its bit rate automatically. Boot mode should be used within these
frequency ranges.*?

Table19.8 System Clock Freguencies Permitting Automatic Bit-Rate Alignment by

H8/3048F
System Clock Frequencies Permitting
Host Bit Rate** Automatic Bit-Rate Alignment by H8/3048F
9600 bps 8 MHz to 16 MHz
4800 bps 4 MHz to 16 MHz
2400 bps 2 MHz to 16 MHz

Notes: *1 Host bit rate settings are 2400, 4800, and 9600 bps; no other settings should be used.

*2 Although the H8/3048F may perform automatic bit-rate alignment with combinations
of bit rate and system clock other than those shown in table 19.8, there may be a
discrepancy between the bit rates of the host and the H8/3048F, preventing subsequent
transfer from being performed normally. Boot mode execution should therefore be
confined to the range of combinations shown in table 19.8.
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RAM Area Allocation in Boot Mode: In boot mode, the H'3FO0 bytes from H'FEF10 to H'FF2FF
in modes 5 and 7, and from H'FFEF10 to H'FFF2FF in mode 6 are reserved for use by the boot
program. The user program is transferred into the area from H'FF300 to H'FFEFF, in modes 5 and
7, and from H'FFF300 to H'FFFEFF in mode 6 (H'CO0 bytes). The boot program areais used
during the transition to execution of the user program transferred into RAM.

H'FEF10 H'FFEF10
Boot Boot
program program
area*! area*!
H'FF300 H'FFF300
User program User program
transfer area transfer area
(H'C00 bytes) (H'C00 bytes)
H'FFEFF H'FFFEFF
H'FFF00 Reserved*2 H'FFFFO00 Reserved*2
H'FFFOF H'FFFFOF
Modes 5 and 7 Mode 6

Notes: *1 This area is unavailable until the user program transferred into RAM enters execution state (branch
to H'FF300 in modes 5 and 7, and H'FFF300 in mode 6). After branching to the user program area,
the boot program is retained in the boot program area (H'FEF10 to H'FF2FF in modes 5 and 7, and
H'FFEF10 to H'FFF2FF in mode 6).

*2 Do not use reversed areas.

Figure19.6 RAM Areasin Boot Mode
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Notes on Use of Boot M ode

1. When the H8/3048F comes out of reset in boot mode, it measures the low period of the input at
the SCI1's RXD, pin. The reset should end with RXD, high. After the reset ends, it takes about
100 states for the H8/3048F to get ready to measure the low period of the RXD, input.

2. Inboot mode, if any data has been programmed into the flash memory (if all data are not
H'FF), all flash memory blocks are erased. Boot mode is for use when user program mode is
unavailable, e.g. the first time on-board programming is performed, or if the update program
activated in user program mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.
4. TheRXD, and TXD, lines should be pulled up on-board.

5. Before branching to the user program (at address H'F300 in the RAM area), the H8/3048F
terminates transmit and receive operations by the on-chip SCI (channel 1) (by clearing the RE
and TE bitsin seria control register (SCR) to 0 in channel 1), but the auto-aligned bit rate
remains set in bit rate register BRR1. The transmit data pin (TXD,) isin the high output state
(in port 9, the P9,DDR hit in port 9 data direction register PODDR and P9,DR bit in port 9 data
register are set to 1).

When the branch to the user program occurs, the contents of general registersin the CPU are
undetermined. After the branch, the user program should begin by initializing general registers,
especialy the stack pointer (SP), which is used implicitly in subroutine calls and at other
times. The stack pointer must be set to provide a stack area for use by the user program. The
other on-chip registers do not have specific initialization requirements.

6. Transition to boot mode are shown in figure 19.7, User Program Mode Operation (Example).
Thisis possible after applying 12 V to pinsMD, and V,, and restarting. In this case, H8/3048F
reset is erased (startup with Low — High) timing**, mode pin status |atches the personal
computer internally to maintain boot mode. Boot mode can be erased if the 12 V applied to the
MD, pin and the V ,, pin is erased, then reset is erased*’. However, please note the following.

a When transferring from boot mode to regular mode (V. # 12V, MD, # 12 V), before
transfer the erase must be carried out by the reset input personal computer internal boot
mode RES pin. After V,, interrupt, erase reset. The time needed until reset vector lead is
flash memory read setup (t..)*’.

b. Whilein boot mode, if the 12 V applied to the MD, pin is erased, aslong as reset input
from the RES pin does not occur, the personal computer internal boot mode status will be
maintained and boot mode will continue. In boot mode, if watchdog timer reset occur, the
personal computer internal boot mode is not erased, and despite mode pin status the
internal boot program restarts.

¢. When transferring to boot mode (reset erase timing) or during boot mode operation,
program voltage V ,, should be within the range 12 V t0 0.6 V. If thisrange is exceeded,
boot mode will not operate correctly. In addition, during boot program operation or writing
and erasing the flash memory, do not interrupt \V,,*°.
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7. During reset (when RES pin input is Low), if MD, pin input changes from 0V to 12 V or vice
versa, by instantaneous transfer to 5V input, the personal computer switches to operation
mode. As aresult, the address port or bus control output signal (AS, RD, HWR, LWR) status
changes, so do not these pins as output signals during reset, as the personal computer internal
section needs to be shut down.

8. Regarding 12 V application to the V. and MD, pins, insure that peak overshoot does not
exceed the maximum rating of 13 V. Also, be sure to connect bypass capacitorsto the V  and
MD, pins*’.

Notes: *1 Mode pin input must satisfy the mode programming setup time (t,,,o) with respect to
the reset release timing. When 12 V is applied to or disconnected from the MD, pin, a
delay occursin the fall and rise waveforms due to the influence of the pull-up/pull-
down resistor connected to the MD, pin, etc. For reset release timing, therefore, this
delay must be confirmed with the actual waveform on the board.

*2 For notes on applying and cutting V ., refer to 19.8, note (4) of “Fash Memory
Programming and Erasing Precautions (Dual-Power Supply).”

19.4.2 User Program Mode

When set to user program mode, the H8/3048F can erase and program its flash memory by
executing a user program. On-board updates of the on-chip flash memory can be carried out by
providing on-board circuits for supplying V,, and data, and storing an update program in part of
the program area.

To select user program mode, select a mode that enables the on-chip ROM (mode 5, 6, or 7) and
apply 12V to the V, pin. In this mode, the on-chip peripheral modules operate as they normally
would in mode 5, 6, or 7, except for the flash memory. A watchdog timer overflow, however,
cannot output areset signal while 12 V isapplied to V .. The watchdog timer’s reset output enable
bit (RSTOE) should not be set to 1.

The flash memory cannot be read while being programmed or erased, so the update program must
either be stored in external memory, or transferred temporarily to the RAM area and executed in
RAM.
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User Program M ode Execution Procedure: Figure 19.7 shows the procedure for user program

mode execution in RAM.

1 Store user application programs

'

Set MD, to MDg to 101, 110, or 111
Apply 0 to 5V to MD,

2 1

Vpp =12V
(user program mode)

'

Transfer on-board update
program into RAM

'

Execute on-board update
program in RAM

'

Set VppE bit

N 1

Wait 5 to 10 ps

'

Update flash memory

1

5 Execute user application program

Procedure

1.

The user stores application programs in flash
memory. One of these is an on-board
update program that will execute steps 3to 5
below.

2. Pininputs are set up for user program mode.

3. Areset starts the CPU, which transfers the

on-board update program into RAM.

Following a branch to the program in RAM,
the on-board update program is executed.

VppE bit in FLMCR is set to update flash
memory.

Wait 5 to 10 ps to stabilize internal power
supply.

Update program is executed.

After the on-board update ends, clear the
VppE bit then a branch is made to the

updated user application program and this
program is executed.

After clearing the VppE bit, before the flash
memory program executes, flash memory
read setup time (trrs) is needed.

Note: To prevent microcontroller errors caused by accidental programming or erasing, apply 12 V to
Vpp only when the flash memory is programmed or erased, or when flash memory is emulated
by RAM; do not apply 12 V to the Vpp pin during normal operation. While 12 V is applied, the
watchdog timer should be running and enabled to halt runaway program execution, so that
program runaway will not lead to overprogramming or overerasing. For further information
about turning Vpp on and off, see section 19.8, Flash Memory Programming and Erasing

Precautions (Dual-Power Supply).

Figure19.7 User Program Mode Operation (Example)
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19.5 Programming and Erasing Flash Memory
The H8/3048F s on-chip flash memory is programmed and erased by software, using the CPU.

The flash memory operating modes and state transition diagram are shown in figure 19.8.
Program/erase modes comprise program mode, erase mode, program-verify mode, erase-verify
mode, and prewrite-verify mode. Transitions to these modes can be made by setting the P, E, PV,
and EV hitsin the flash memory control register (FLMCR). Transition to the prewrite-verify mode
can aso be made by clearing all the bitsin FLMCR.

The flash memory cannot be read while being programmed or erased. The program that controls
the programming and erasing of the flash memory must be stored and executed in on-chip RAM
or in external memory. A description of each mode is given below, with recommended flowcharts
and sample programs for programming and erasing. High-reliability programming and erasing
algorithms are used, which double the programming or erase processing time for each step.
Section 19.8, Flash Memory Programming and Erasing Precautions (Dual-Power Supply), gives
further notes on programming and erasing.

( Normal ROM access mode ]

A

VppE: 0

Vpp off
Flash memory

( Prewrite-verify mode )
program/erase

EV=0 !
E=0 PV=0 operations
E=1 PV=1 Ev=1
P veri Erase.ver

Note: Do not perform simultaneous setting/clearing of the P, E, PV, and EV bits.

Vpp=12 V and
VppE=1

Figure 19.8 Flash Memory Program/Erase Operating M ode State Transition Diagram
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19.5.1 Program Mode

To write data into the flash memory, follow the programming algorithm shown in figure 19.9.
This programming algorithm can write data without subjecting the device to voltage stress or
impairing thereliability of programmed data.

To program data, first set the V E bitin FLMCR, wait 5 to 10 ps, then designate the blocks to be
programmed by erase block registers 1 and 2 (EBR1, EBR2), and write the data to the address to
be programmed, asin writing to RAM. The flash memory latches the address and datain an
address latch and data latch. Next set the P bitin FLMCR, selecting program mode. The
programming duration is the time during which the P bit is set. A software timer should be used to
provide an initial programming duration of 15.8 ps or less. Programming for too long atime, due
to program runaway for example, can cause device damage. Before selecting program mode, set
up the watchdog timer so as to prevent overprogramming.

1952 Program-Verify Mode

In program-verify mode, after data has been programmed in program mode, the datais read to
check that it has been programmed correctly.

After the programming time has elapsed, exit programming mode (clear the P bit to 0) and select
program-verify mode (set the PV bit to 1). In program-verify mode, a program-verify voltage is
applied to the memory cells at the latched address. If the flash memory isread in this state, the
data at the latched address will be read. After selecting program-verify mode, wait 4 us before
reading, then compare the programmed data with the verify data. If they agree, exit program-
verify mode and program the next address. If they do not agree, select program mode again and
repeat the same program and program-verify sequence. Do not repeat the program and program-
verify sequence more than 6 times for the same bit. (When a bit is programmed repeatedly, set a
loop counter so that the total programming time will not exceed 1 ms.)
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19.5.3 Programming Flowchart and Sample Program

Flowchart for Programming One Byte

Start

| n=1 |
\

Set VppE bit
(VppE bit = 1 in FLMCR)
\
| Wait (z) s |
\

Set erase block register
(set bit of block to be programmed to 1)
\

Write data to flash memory (flash
memory latches write address
and data)*1

\
| Wait initial value setting x = 15 ps |
T

| Enable watchdog timer*2 |

Notes: *1 Write the data to be programmed using a
‘ byte transfer instruction.
Select program mode *2 Set the watchdog timer overflow interval
(P bit = 1‘ in FLMCR) by setting CKS2 and CKS1 to 0 and
| Wai | CKSO to 1.
ait (x) ps *3 Read to verify data from the memory
‘ using a byte transfer instruction.
| Clear P bit | Programming ends *4 tysy: 4 s
‘ z: 5to10pus
| Disable watchdog timer | N: 6 (set N so that total programming
\ time does not exceed 1 ms)
Select program-verify mode *5 Programming time x, which is determined
(PV bit=1in FLMCR) by the initial time x 2n-1 (n = 1 to 6),
‘ increases in proportion to n. Thus, set the
| Wait (tysg) Hs | initial time to 15.8 ps or less to make total
programming time 1 ms or less.
R " No good
Verify (read memory)”3 ‘
| Clear PV bit | Verify ends

| Clear PV bit

(clear bit of programmed block to 0) Yes

| S
Clear erase block register

| n+l-n |

‘ Clear erase block register

| Clear VppE bit | (clear bit of block to be

programmed to 0)

Double the programming
time (x x2 - x)

I

( End (1-byte data programmed) ) \
| Clear VppE bit

( Programming error )

Figure19.9 Programming Flowchart
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Sample Program for Programming One Byte: This program uses the following registers.

RO:  Program-verify fail counter

R1:  Program-verify timing loop counter

ER2: Storesthe addressto be programmed as long word data. Valid addresses are H'00000000 to

H'0001FFFF.
R3H: Storesdatato be programmed as byte data
R4: Setsand clears TCSR and FLMCR
E4: Storestheinitial program loop counter value

R5: ClearsFLMCR

E5:  Storesthe program loop counter value

Arbitrary data can be programmed at an arbitrary address by setting the addressin ER2 and the

datain R3H.

The values of #a, #b, and #g depend on the clock frequency. They can be calculated as indicated

under table 19.9.

FLMCR:
EBR1:
EBR2:
TCSR:
PRGM

LOOPO:

PRGVS:

LOOP1L:

.EQU
.EQU
.EQU
.EQU
MOV.
MOV.
MOV.
MOV.
DEC
BPL

T @z s

SWSSsSsSsS0O0w

DEC.
BPL

8 9
s s

FFFF40
FFFF42
FFFF43
FFFFA8
#0001,
#9,
#4140,
RAL,
#1,
LOOPO
Hex
ROH,
R3H,
#a,
#A579,
R4,

E4,
#4140,
RAH,
#1,
LOOP1
RAL,
#A500,
R4,

RO
R1
R4

; Program-verify fail count

@LMCR: 8 ;

R1

ROH

@BR*:8 ;

@R2

E4
R4

Set program loop counter

Set V. .E bit

Set EBR*

; Dummy write

Set initial program loop counter value

; Start watchdog timer

@cCsRk 16 ;

ES
R4

; Set program loop counter

@LMCR: 8 ;

ES

@LMCR: 8 ;

R4

Set P bit

Program

Clear P bit

@CSR: 16 ; Stop watchdog timer
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MOV: W #b

MOV.B  #44,
MOV.B  R4H,
LOOP2: DEC.W  #1,
BPL LOOP2
MOV. B @ER2,
CW.B  R3H,
BEQ PVOK
PUNG  MOV.B  #40,
MOV.B  R5H,
CWP.B  #06,
BEQ NGEND
INC.B  ROL
SHLL.W E4
BRA PRGVB
PVOK:  MOV.W #4000,
MOV.B  R5H,
MOV.B  R5L,
MOV.B  R5L,

NGEND:  MOV. W #4000,

Programming error
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R4H

@LMCR: 8 ;
;. Wait

R1H

R5H

@LMCR 8 ;

ROL

; Set program-verify loop counter

Set PV bit

; Read programmed address
; Compare programmed data with read data

; Program-verify decision

Clear PV bit

; Program-verify executed 6 times?

; If program-verify executed 6 times, branch to NGEND
; Program-verify fail count + 1 - ROL

; Double program loop counter value

; Program again

; Clear PV bit
; Clear EBR*
; Clear V_E bit

One byte programmed

; Clear EBR*
; Clear V_E bit

RENESAS



1954 Erase Mode

To erase the flash memory, follow the erasing algorithm shown in figure 19.10. This erasing
algorithm can erase data without subjecting the device to voltage stress or impairing the reliability
of programmed data.

To erase flash memory, before starting to erase, first place all memory datain all blocksto be
erased in the programmed state (program all memory data to H'00). If all memory datais not in the
programmed state, follow the sequence described later to program the memory datato zero. To
select the flash memory areas to be erased, first set the VE bit in the flash memory control
register (FLMCR), wait 5 to 10 ps, and set up erase block registers 1 and 2 (EBR1 and EBR2).
Next set the E bit in FLMCR, selecting erase mode. The erase time is the time during which the

E bit is set. To prevent overerasing, use a software timer to divide the erase time. Overerasing, due
to program runaway for example, can give memory cells a negative threshold voltage and cause
them to operate incorrectly. Before selecting erase mode, set up the watchdog timer so asto
prevent overerasing.

1955 Erase-Verify Mode

In program-verify mode, after data has been erased, it is read to check that it has been erased
correctly. After the erase time has elapsed, exit erase mode (clear the E bit to 0), select erase-
verify mode (set the EV bit to 1), and wait 4 ps. Before reading data in erase-verify mode, write
H'FF dummy data to the address to be read. This dummy write applies an erase-verify voltage to
the memory cells at the latched address. If the flash memory isread in this state, the data at the
latched address will be read. After the dummy write, wait 2 ps before reading. If the read data has
been successfully erased, perform the dummy write, wait 2 s, and erase-verify for the next
address. If the read data has not been erased, select erase mode again and repeat the same erase
and erase-verify sequence through the last address, until all memory data has been erased to 1. Do
not repeat the erase and erase-verify sequence more than 602 times, however.
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1956

Erasing Flowchart and Sample Program

Flowchart for Erasing One Block

( Start )

‘ Notes: *1

- - Program all addresses to be
Write O data in all addresses . .
| to be erased (prewrite)'1 | erased by following the prewrite
[ flowchart.
| n=1 | *2 Set the watchdog timer overflow
] interval to the value indicated in
| Set VppE bit | table 19.10.
(VppE bit = 1 in FLMCR) *3 For the erase-verify dummy
- ‘ write, write H'FF using a byte
| Wait ‘(Z) HS | transfer instruction.
Set erase block register *4 Read to ver_ify data from the
| (set bit of block to be erased to 1) | memory using a byte transfer
instruction.
| Set top address in block | *5 tysy: 4 US
as verify address z: 5to 10 s
| Wait initial value S(‘ening X =6.25ms | ::I/SZ EOHZS
: *6 The erase time X is successively

Enable watchdog timer*2 |

Select erase mode
(E bit = 1 in FLMCR)

Wait () ms |

Clear E bit | Erasing ends

Disable watchdog timer |

Select erase-verify mode |

(EV bit=1)
[

Wait (tysi) Hs |

Dummy write to verify address*3
(flash memory latches address)

Wait (tys) ps |

Address + 1 - address

incremented by the initial set
value x 2n-1 (n=1, 2, 3, 4). An
initial value of 6.25 ms or less
should be set, and the time for
one erasure should be 50 ms or
less.

OK | Clear EV bit | Erase-verify ends
No
Yes
n+l-n

| Clear EV bit | Yes | |

[ Clear erase block register Yes
Clear erase block register (clear bit of block to be
(clear bit of erased block to 0) erased to 0)

| | No

| Clear VppE bit | | Clear VppE bit | Double the erase time
[ [ (xx2 - x)

( End of block erase ) (

Erase error )

I

Figure19.10 Erasing Flowchart
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Prewrite Flowchart

( Start )
| Address = t‘op address |
Set v!,p E bit
(VppE bit = 1 in FLMCR)
| Wait ‘(z) Us |

Set erase block register
(set bit of block to be erased to 1)

|
| |
I Address + 1 - address

| Wait initial value setting x =15 ps |

Write H'00 to flash memory Notes: *1 Use a byte transfer instruction.
(flash memory latches *2 Set the watchdog timer overflow
write address and write data)"* interval by setting CKS2 =0,
| CKS1=0and CKSO =1.
| Enable watchdog timer*2 | *3 In prewrite-verify mode P, E, PV,
] and EV are all cleared to 0 and
| Select program mode | 12 V is applied to Vpp. Use a
(set P bitto 1 in FLMCR) byte transfer instruction.
‘ *4 tysi: 4 us
| Wait (x) Hs | z. 5to10pus
\ N: 6 (set N so that total
| Clear P bit | Programming ends programming time does not

I exceed 1 ms)
| Disable watchdog timer |
\

| Wait (tysy) s |

Prewrite verify*3
(read data = H'00?)

<

Yes

Clear erase block register Double
(clear bit of block to be erased to 0) the programming
‘ time (x X2 - x)
| Clear VppE bit |
\

( Programming error )

No

Last address?

Clear erase block register
(clear bit of block to be erased to 0)
\
| Clear VppE bit |
\
( End of prewrite )

Figure19.11 Prewrite Flowchart
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Sample Program for Erasing One Block: This program uses the following registers.

RO:  Prewrite-verify and erase-verify fail counter
ER1: Storesaddressusedin prewrite

ER2: Storesaddress used in prewrite and erase-verify
ER3: Storesaddress used in erase-verify

ER4: Timing loop counter

R5:  Setsappropriate registers

R6:  Setsappropriate registers

The values of #a, #c, #d, #e, #f, #g, and #h, in the program depend on the clock frequency. They
can be calculated asindicated in tables 19.9 and 19.10.

FLMCR: . EQU FFFF40
EBRL: .EQU FFFF42
EBR2: . EQU FFFF43
TCSR: . EQU FFFFA8

; #BLKSTR is top address of block to be erased
; #BLKEND is last address of block to be erased

MOV. L #BLKSTR: 32, ER1L ; ER1: top address of block to be erased
MOV. L #BLKEND: 32, ER2 ;. ER2: last address of block to be erased
; Execute prewrite
PREWRT: MOV. W #9, R4 . Set wait counter
MOV. W #4140, R6 ;
MOV. B R6L, @LMCR: 8 ; SetV,E bit
LOOPRO: DEC. W #1, R4 ;
BPL LOOPRO ;
; SET EBR1 or EBR2 bit of block to be erased
MOV. B #r*, R5H ;
MOV. B R5H, @EBR* ; Set EBR*
PREWRN: SUB. B ROH, ROH ;. RO: prewrite-verify fail count
MoV. W #a, E4 ; Set initial prewrite loop counter value
PREVWRS: MV. B #00, R5H ; Write #00 data
MOV. B R5H, @Rl ;
MOV. W #A579, R5 ; Start watchdog timer
MOV. W R5, @cCSR: 16 ;
MOV. W E4, R4 ; Set prewrite loop counter
MOV. W #4140, R6 ;
MOV. B R6H, @LMCR: 8 ; SetP bit
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LOOPR1: DEC. W #1, R4 . Prewrite

BPL LOCOPR1 ;

MOV. B R6L, @LMCR: 8 ; Clear P bit

MoV, W #A500, R5 ; Stop watchdog timer

MOV. W R5, @CSR 16 ;

MoV. W #c R5 ; Set prewrite-verify loop counter
LOOPR2: DEC. W #1, R5 ;. Wait

BPL LOOPR2 ;

MOV. B @R1, R5H ; Read data = H'00?

BEQ PW/FOK ; If read data = H'00, branch to PWVFOK

CWP. B #05, ROH ; Prewrite-verify executed 6 times?

BEQ ABEND1 ; If prewrite-verify executed 6 times, branch to
ABEND1

SHLL. W E4 ; Double prewrite loop counter value

I NC. B ROH ; Prewrite-verify fail count + 1 — ROH

BRA PREWRS ; Prewrite again
PW/FOK: CWP. L ER2, ER1 ; Last address?

BEQ ERASES ;

I NC. L #1, ER1 ; Address +1 - R1

BRA PREWRN ; If not last address, prewrite next address
; Execute erase
ERASES:. SUB. W RO, RO ; RO: erase-verify fail count

MOV. L #BLKSTR: 32, ER3 ; ERS3: top address of block to be erased

MOV. W #d, E4 ; Set initial erase loop counter value
ERASE: CWP. W #025A, RO ;RO =HO025A? (erase-verify fail count = 6037?)

BEQ ABEND2 ; If RO = H'025A, branch to ABEND2

I NC. W #1, RO ; Erase-verify fail count + 1 - RO

MOV. W E4, R4 ;

MOV. W #f, R5 ; Start watchdog timer

MOV. W R5, @CSR 16 ;

MOV. B #42, R5H ; Set E bit

MOV. B R5H, @LMCR: 8 ;
LOOPE: PUSH. L ER5

POP. L ER5

PUSH. L ER5

POP. L ER5

Rev. 6.0, 09/02, page 611 of 876
RENESAS



PUSH. L ER5

POP. L ER5
DEC. W #1, R4 . Erase
BPL LOCPE ;
MOV. B #40, R5H ;
MOV. B R5H, @LMCR: 8 ; Clear E bit
MOV. W #A500, R5 ;
MOV. W R5, @CSR: 16 ; Stop watchdog timer
; Execute erase-verify
MOV. B #48, R5H ;
MOV. B R5H, @LMCR: 8 ; SetEV bit
MoV. W #e , R4 ;. R4: erase-verify loop counter
LOOPEV: DEC. W #1, R4 ;
BPL LOCPEV ;. Wait
EVR2: MOV. B #FF, @R3 ;. Dummy write
MoV. W #h, R4 ;. R4: erase-verify loop counter
LOOPDW DEC. W #1, R4 ;
BPL LOOPDW ;. Wait
MOV. B @ER3+, R4H ; Read
Cw,. B #FF, R4H ; Read data = H'FF?
BNE RERASE ;. If read data # H'FF, branch to RERASE
CWP. L ER2, ER3 ; Last address in block?
BGT EVR2 ; If not last address in block, erase-verify next address
BRA OKEND, ; Branch to OKEND
RERASE: MOV. W #4000, R5 ;
MOV. B R5H, @LMCR: 8 ; Clear EV bit
DEC. L #1, ER3 ; Erase-verify address — 1 - R3
cwP. W #0004, RO ;
BCGE KEEP . Erase executed 4 times?
SHLL. W E4 ; Double erase loop counter value
KEEP: BRA ERASE ; Erase again
OKEND: MOV. W #4000, R5 ;
MOV. B R5H, @LMCR: 8 ; Clear EV bit
MOV. W #0000, R5 ;
MOV. W R5, @BR1: 16 ; Clear EBR1 and EBR2
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MOV. B R5L, @LMCR: 8 ; Clear V,E bit
............................. One block erased
ABEND1: MOV. W #0000, R5 ;
MOV. W R5, @BR1: 16 ; Clear EBR1 and EBR2
MOV. B R5L, @LMCR: 8 ; Clear V,E bit
Programming error
ABEND2: MOV. W #0000, R5 ;
MOV. W R5, @BR1: 16 ; Clear EBR1 and EBR2
MOV. B R5L, @LMCR: 8 ; Clear V,E bit

Erase error
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Flowchart for Erasing Multiple Blocks

( Start ) Notes: *1 Program all addresses to be erased by
I

Write 0 data to all addresses to be

following the prewrite flowchart.

erased (prewrite)*1 *2 Set the watchdog timer overflow interval to

the value indicated in table 19.10.

n=1

*3 For the erase-verify dummy write, write H'FF

(VppE bit= ‘1 in FLMCR) *4 When erasing two or more blocks, clear the

Wait () ps bits of erased blocks in the erase block

register, so that only unerased blocks will be

(set bits of blocks to be erased to 1)

I
Set erase block registers .
erased again.

Set VppE bit | with a byte transfer instruction.

T *5 tysy: 4 ps
Wait initial value setting x = 6.25 ms 7 510 10 s

; :
I

| Enable watchdog timer*2 | tvsa: 2 Us
I N: 602

Select erase mode (E bit = 1 in FLMCR) | *6 The erase time x is successively
I incremented by the initial set value
Wait (9 ms | x2n- (n=1,2, 3, 4). An initial

Clear E bit | Erasing ends value of 10 ms or less should be
I

A m—r | set, and the time for one erasure
Sane warEndog fmer should be 50 ms or less.

Select erase-verify mode |

(EV bit=1in FLMCR)
I

Wait (tysa) is |
T
‘

Erase-verify

Set top address of block as
verify address

—————— ]

next block

(flash memory latches address)

Dummy write to verify address*3 |

Wait (tysp) HS Erase-verify next block

Address + 1 — address

Verify
(read memory)
OK
No Last
address in block?
Yes

All erased blocks

verified?

Clear EV bit |

All blocks erased? No

(EBR1 =EBR2 =07

Clear VppE bit | | Double the erase time (x x 2 - x) |

( End of erase ) ¢ No

Clear erase block registers n+l-n
(clear bits of blocks to be erased to 0)

Clear VppE bit

( Erase error )

Figure19.12 Multiple-Block Erase Flowchart
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Sample Program for Erasing Multiple Blocks: This program uses the following registers.

RO, R6: Specifies blocks to be erased (set as explained below)

R1H: Prewrite-verify fail counter

R1L: Usedtotest bitsOto 15 of RO

ER2:  Specifies address where address used in prewrite and erase-verify is stored
ER3: Storesaddress used in prewrite and erase-verify

ER4: Storesaddress used in prewrite and erase-verify

ER5:  Setsappropriate registers

EO, E1: Timing loop counter

E6: Erase-verify fail counter

Arbitrary blocks can be erased by setting bitsin R6.

A bit map of R6 and an example setting for erasing specific blocks are shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R6 LB7 | LB6 | LB5 | LB4 | LB3 |LB2 | LB1 | LBO | SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO
Corresponds to EBR1 Corresponds to EBR2

Example: to erase blocks LB2, SB7, and SBO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R6 LB7 | LB6 | LB5 | LB4 | LB3 |LB2 | LB1 | LBO | SB7 | SB6 |SB5 | SB4 | SB3 | SB2 | SB1 | SBO
Corresponds to EBR1 Corresponds to EBR2

Setting 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1

R6 is set asfollows:

MOV. W #0481, R6
MOV. W R6, @EBR1

The values of #a, #c, #d, #e, #f, #g, and #h in the program depend on the clock frequency. They
can be calculated as indicated in tables 19.9 and 19.10.

For #RAMSTR in the program, substitute the starting destination addressin RAM, to be used
when this program is moved from flash memory into RAM.
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FLMCR: . EQU FFFF40

EBR1: . EQU FFFF42

EBR2: . EQU FFFF43

TCSR: . EQU FFFFA8

; Set RO value

START: MOV. W #FFFF, R6 ; Select blocks to be erased (R6: EBR1/EBR2)
MOV. W R6, RO ; RO: EBR1/EBR2
SUB. W R1, R1 ; RI1L: used to test R1-th bit in RO

; #RAMSTR is starting destination address to which program is transferred in RAM
; Set #RAMSTR to even number

MOV. L #RAMSTR: 32, ER2 ;  Starting transfer destination address
ADD. L #ERVADR: 32, ER2 ; #RAMSTR + #ERVADR - ER2
SUB. L #START: 32, ER2 : ER2: address of data area used in RAM
PRETST: CMP. B #10, R1L 7 R1L =#107?
BEQ ERASES ; Iffinished checking all RO bits, branch to ERASES
Cw,. B #08, R1L ;
BCC BCO ;
BTST RI1L, ROH ;
BNE PREVRT ;
BRA PWADD1 ;
BCO: BTST RI1L, ROL ; Test R1-th bitin RO
BNE PREVRT ; If R1-th bit in RO is 1, branch to PREWRT
PWADD1: | NC. B R1L ; RIL+1 - RIL
MOV. L @ER2+, ER3 ;  Dummy-increment ER2
BRA PRETST
; Execute prewrite
PREWRT: MOV. L @R2+, ER3 ;. ER3: prewrite starting address
MOV. L @ER2, ER4 ; ER4: top address of next block
MOV. W #9, E5 ;' Wait counter
MOV. W #4140, R5 ;
MOV. B R5L, @LMCR: 8 ; SetV,E bit
LOOPRO DEC. W #1, E5 ;
BPL LOOPRO ;
MoV. W R6, @EBR1: 16 ; SetEBR (R6: EBR1/EBR2)
PREW MOV. B #01, R1H ; Prewrite-verify fail count
MoV. W #a, EO ;  Setinitial prewrite loop counter value
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PREVRS:

LOOPRL:

LOOPR2:

PW/FNG

PW/FOK:

PWADD2:

MOV. B
MOV. B

0
T @ sz

DEC.
BPL

0
sz 0@

BEQ
BRA
I NC. B
BRA

; Execute erase

ERASES:

ERASE:

MOV. W
SUB. W
MOV. W
MOV. W
MOV. W
MOV. W
MOV. W
MOV. B

#00,
RSH,
#A579,
E5,

EO,
#4140,
R5H,
#1,
LOOPR1
RSL,
#A500,
RS,

#c,

#1,
LOOPR2
@ER3,
PW/FOK
#06,
ABEND1
R1H

EO
PREVIRS
#1,

ER4,
PWADD2
PREW
R1L
PRETST

Re,
E6,
#d,

R5H

@ER3

E5

@CSR: 16
El

R5
@LMCR: 8
El

@LMCR: 8
R5
@CSR: 16
R5
R5

R5H

R1H

ER3
ER3

@EBR1: 16
E6
EO
R5
@cCSR: 16
El
R5

@LMCR: 8

Write #00 data

Start watchdog timer

Set program loop counter

Set P bit

Program

Clear P bit

Stop watchdog timer

Prewrite-verify loop counter

Read data = #007?

If read data = #'00, branch to PWVFOK
Prewrite-verify executed 6 times?

If prewrite-verify executed 6 times, branch to ABEND1
Prewrite-verify fail count + 1 -~ R1H

Double prewrite loop counter value

Prewrite again

Address +1 - ER3

Last address?

Used to test (R1L + 1)-th bit in RO
Branch to PRETST

Set EBR1I/EBR2
E6: erase-verify fail count

Set initial erase loop counter value

Start watchdog timer

Set erase-loop counter

Set E bit
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LOOPE: PUSH. L ERS5

POP. L ERS

PUSH. L ERS5

POP. L ERS

PUSH. L ER5

POP. L ERS

DEC. W #1, El

BPL LOOPE

MOV. B R5L, @LMCR: 8

MOV. W #A500, R5

MOV. W R5, @CSR: 16 ;

; Execute erase-verify
EVR: MOV. W R6, RO
SUB. W R1, R1

Erase

Clear E bit

Stop watchdog timer

RO: EBR1/EBR2
R1: used to test R1-th bit in RO

; #RAMSTR is starting destination address to which program is transferred in RAM

MOV. L #RAMBTR: 32, ER2
ADD. L #ERVADR: 32, ER2
SUB. L #START: 32, ER2

MOV.B  #48, R5H
MOV.B  R5H, @LMCR 8 ;
MOV. W  #e | R5
LOOPEV: DEC.W  #1, R5
BPL LOOPEV
EBRTST: CWP.B  #10, RIL
BEQ HANTEI
CWP.B  #08, RIL
BCC BCL
BTST RIL, ROH
BNE ERSEVF
BRA ADDO1
BCL: BTST RIL, ROL
BNE ERSEVF

ADDO1: [INC B R1L
MOV. L @ER2+, ER3
BRA EBRTST
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Starting transfer destination address (RAM)
#RAMSTR + #ERVADR - ER2
ER2: address of data area used in RAM

Set EV bit

R5: set erase-verify loop counter

Program

Wait

R1L = #10?

If finished checking all RO bits, branch to HANTEI

: Test R1-th bit in ROH (EBR1)

Test R1-th bit in ROL (EBR2)
If R1-th bit in RO is 1, branch to ERSEVF
Ri1L+1 - RIL

Dummy-increment R2
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ERSEVF:

EVR2:

LOOPDW

BC2:
ADDO2:

HANTEI :

KEEP:

ERVADR:

MOV. L @R2+, ER3 ;. ERS: top address of block to be erase-verified
MOV. L @R2, ER4 ; ER4: top address of next block

MOV. B #FF, R5H ;

MOV. B R5H, @&R3 ;  Dummy write

MOV. W #h , R5 . R5: erase-verify loop counter

DEC. W #1, R5 ;

BPL LOOPDW ; Wait

MOV. B @ER3+, R5L : Read

CWP. B #FF, R5L . Read data = #FF?

BNE ADDO2 ; If read data # #FF, branch to ADD02
CWP. L ER4, ER3 ;. Last address in block?

BNE EVR2 ; If not last address in block, branch to EVR2
Cw,. B #08, R1L ;

BCC BC2 ;

BCLR RIL, ROH ;' Clear R1L-th bit in ROH (EBR1)

BRA ADDO2 ;

BCLR RIL, ROL ;' Clear R1L-th bit in ROL (EBR2)

I NC. B R1L ; RIL+1 - RIL

BRA EBRTST ;  Erase-verify next erased block

MoV, W #4000, R5 ;

MOV. B R5H, @LMCR: 8 ; Clear EV bit

MOV. W RO, @BR1: 16 ; Clear bit of erased block to 0

BEQ EOMARI ; IfEBR1/EBR2 s all 0, erasing ended normally
CWP. W #025A, E6 ;  E6=025A? (erase-verify fail count = 6027?)
BEQ ABEND2 ; If E6 = 025A, branch to ABEND2

I NC. W #1, E6 ; Erase-verify fail count+ 1 - E6

CcwP. W #0004, E6 ;

BGE KEEP ; Erase executed 4-times?

SHLL. W EO ; Double erase loop counter value

BRA ERASE ; Erase again

<Block address table used in erase-verify

. ALI G\2

. DATA. L 00000000 ; #0000 LBO

. DATA. L 00004000 ; #4000 LB1

. DATA. L 00008000 ; #8000 LB2

. DATA. L 0000C000 ; #C000 LB3

.DATA. L 00010000 ; #10000 LB4
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. DATA
. DATA.
. DATA
. DATA.
. DATA
. DATA.
. DATA
. DATA.
. DATA
. DATA.
. DATA
. DATA.

EOMRI : MOV. B
MOV. B

r~-~rr— - O O O O - - - -

Erase end

ABEND1: MOV. W
MOV. W

MOV. B

00014000
00018000
0001C000
0001F000
0001F200
0001F400
0001F600
0001F800
0001FAQ00
0001FC00
0001FEOO
00020000
#00,

R5L,

#0000,
RS,
R5L,

Programming error

ABEND2: MOV. W
MOV. W

MOV. B

Erase error

#0000,
RS,
R5L,
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R5L

@LMCR 8 ;

R5

@BR1: 16 ;
@LMCR 8 ;

R5

@BR1: 16 ;
@LMCR 8 ;

#14000
#18000
#1C000
#1F000
#1F200
#1F400
#1F600
#1F800
#1FAO0O
#1FCO0
#1FEOO
#20000

LB5
LB6
LB7
SBO
SB1
SB2
SB3
SB4
SB5
SB6
SB7
FLASH AREA END ADDRESS

Clear V,E bit

Clear EBR1 and EBR2
Clear V,E bit

Clear EBR1 and EBR2
Clear V,E bit
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Loop Counter Valuesin Programsand Watchdog Timer Overflow Interval Settings: The
values of ato h in the programs depend on the clock frequency. Table 19.9 indicates the values for
10 MHz. Values for other frequencies can be calculated as shown below, but use the settingsin
table 19.10 for the value off.

Table19.9 Loop Counter Valuesin Program (10 MHZz)

Variable
Clock Frequency a () b @ c d () e ) g h @
f=10 MHz Hexadecimal H'0019 H'0007 H'0007 H'03B3 H'0007 H'0009 H'0004
Decimal 25 7 947 7 9 4
Comments Program t [ Erase t, z [
at write  at pre-write at erase
Formula:
a(toh (f) = Clock frequleoncy f [MHZz] x{a (f=10) to h (f = 10)}
Examplesfor 16 MHz:
_ 16 _ :
a(f) = 10 25 = 40 = H'0028
_ 16 _ .
b () = 10 7 = 11.2 = H'000C
_ 16 _ .
c(f) = 10 7 = 11.2 = H'000C
_ 16 _ .
d( = 10 947 = 1515.2 = H'O5EC
_ 16 _ .
e(f) = 10 7 = 11.2 = H000C
_ 16 _ .
g = 10 9 = 14.4 = HOOOF
_ 16 _ .
h(f) = 10 4 = 6.4 = H'0007

RENESAS
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Table 19.10 Watchdog Timer Overflow Interval Settings

Variable
Clock Frequency f
10 MHz < frequency < 16 MHz H'A57F
2 MHz < frequency < 10 MHz H'AS57E
1 MHz < frequency < 2 MHz H'A57D

Note: The watchdog timer (WDT) set value is calculated based on the number of instructions
including write time and erase time from start to stop of WDT operation. In this program
example, therefore, no more instructions should be added between the start and stop of
WDT operation.

19.5.7 Prewrite-Verify Mode

Prewrite-verify mode is a verify mode used after writing O to all bits to equalize their threshold
voltages before erasure.

To program al bits, write H'00 in accordance with the algorithm shown in figure 19.11. Use this
procedure to set al datain the flash memory to H'00 after programming. After the necessary
programming time has elapsed, exit program mode (by clearing the P bit to 0) and select prewrite-
verify mode (leavethe P, E, PV, and EV hits all cleared to 0). In prewrite-verify mode, a prewrite-
verify voltage is applied to the memory cells at the read address. If the flash memory isread in this
state, the data at the read address will be read. After selecting prewrite-verify mode, wait 4 ps
before reading.

Note: For a sample prewriting program, see the sample erasing program.
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19.5.8 Protect Modes

Flash memory can be protected from programming and erasing by software or hardware methods.
These two protection modes are described below.

Softwar e Protection: Prevents transitions to program mode and erase mode even if the P or E bit
is set in the flash memory control register (FLMCR). Details are as follows.

Function

Protection Description Program  Erase Verify**
Block Individual blocks can be erase and Disabled Disabled Enabled
protect program-protected by the erase block

registers (EBR1 and EBR2). If EBR1 and

EBRZ2 are both set to H'00, all blocks are

erase- and program-protected.
Emulation When the RAMS bit is set in the RAM Disabled*? Disabled*® Enabled
protect control register (RAMCR), all blocks are

protected from both programming and
erasing.

Notes: *1 Three modes: program-verify, erase-verify, and prewrite-verify.
*2 Exceptin RAM areas overlapped onto flash memory.
*3 All blocks are erase-disabled. It is not possible to specify individual blocks.
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Hardwar e Protection: Suspends or disables the programming and erasing of flash memory, and
resets the flash memory control register (FLMCR) and erase block registers (EBR1 and EBR?2).
The error-protect function permits the P and E bits to be set, but prevents transitions to program
mode and erase mode. Details of hardware protection are as follows.

Function

Protection Description Program  Erase Verify**

Programing When V,, is not applied, FLMCR, EBR1, Disabled Disabled*? Disabled
voltage (V,,)  and EBR2 are initialized, disabling
protect programming and erasing. To obtain this

protection, V,, should not exceed V__.**

Reset and When a reset occurs (including a Disabled Disabled** Disabled
standby watchdog timer reset) or standby mode is
protect entered, FLMCR, EBR1, and EBR2 are

initialized, disabling programming and
erasing. Note that RES input does not
ensure a reset unless the RES pin is held
low for at least 20 ms at power-up (to
enable the oscillator to settle), or at least
10 system clock cycles (¢) during
operation.

Error protect  If an operational error is detected during  Disabled Disabled** Enabled
programming or erasing of flash memory
(FLER = 1), the FLMCR, EBR1, and EBR2
settings are preserved, but programming
or erasing is aborted immediately. This
type of protection can be cleared only by a
reset or hardware standby.

Notes: *1 Program-verify, erase-verify, and prewrite-verify modes.
*2 All blocks are erase-disabled. It is not possible to specify individual blocks.

*3 For details, see section 19.8, Flash Memory Programming and Erasing Precautions
(Dual-Power Supply).

Error Protect: This protection mode is entered if one of the error conditions that set the FLER bit
in RAMCR is detected while flash memory is being programmed or erased (while the P bit or E
bit is set in FLMCR). These conditions can occur if microcontroller operations do not follow the
programming or erasing algorithm. Error protect is a flash-memory state. It does not affect other
microcontroller operations.

In this state the settings of the flash memory control register (FLMCR) and erase block registers
(EBR1 and EBR?) are preserved*, but program mode or erase mode is terminated as soon as the
error is detected. While the FLER bit is set, it is not possible to enter program mode or erase
mode, even by setting the P bit or E bit in FLMCR again. The PV and EV bitsin FLMCR remain
valid, however. Transitions to verify modes are possible in the error-protect state.
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The error-protect state can be cleared only by areset or entry to hardware standby mode.

Note: * It is possible to write to these registers. Note that a transition to software standby mode
initializes these registers.

.
or verify mode RES=00rSTBY =0

RD VF PRER or software standby

FLER =0 Reset or standby
RES =1 and STBY =1 (hardware protect)

and not software standby

P=1orE=1 P=0andE=0 o RD\{[’:”_F}RER
RES =0 or :
W =0 FLER =0
Program mode _
-
RD VE PR ER Error occurs 25% :Ooor

FLER =0 (software standby)

Error occurs Error-protect mode
RD: Memory read enabled Software (sciwaf st_anfy)
VF:  Verify read enabled standby RD VF PR ER
PR: Programming enabled Error-protect mode INIT.
ER: FLER=1

Erase enabled
RD:  Memory read disabled RD VF PR ER Software standby
VF: Verify read disabled FLER=1 cleared
PR: Programming disabled
ER: Erase disabled

INIT.: Initialized state of registers (FLMCR, EBR1, EBR2)

Figure19.13 Flash Memory State Transitionsin Modes 5, 6, and 7 (On-Chip ROM
Enabled) when Programming Voltage (V) is Applied

The purpose of error-protect mode is to prevent overprogramming or overerasing damage to flash
memory by detecting abnormal conditions that occur if the programming or erasing algorithm is
not followed, or if a program crashes while the flash memory is being programmed or erased.

This protection function does not cover abnormal conditions other than the setting conditions of
the flash memory error bit (FLER), however. Also, if too much time elapses before the error-
protect state is reached, the flash memory may already have been damaged. This function
accordingly does not offer foolproof protection from damage to flash memory.

To prevent abnormal operations, when programming voltage (V) is applied, follow the
programming and erasing algorithms correctly, and keep microcontroller operations under
constant internal and external supervision, using the watchdog timer for example. If atransition to
error-protect mode occurs, the flash memory may contain incorrect data due to errorsin
programming or erasing, or it may contain data that has been insufficiently programmed or erased

Rev. 6.0, 09/02, page 625 of 876
RENESAS




because of the suspension of these operations. Boot mode should be used to recover to anormal
state.

If the memory contains overerased memory cells, boot mode may not operate correctly. Thisis
because the H8/3048F s built-in boot program is located in part of flash memory, and will not read
correctly if memory cells have been overerased.

1959 NMI Input Masking

NMI input is disabled when flash memory is being programmed or erased (when the P or E hit is
setin FLMCR). NMI input is also disabled while the boot program is executing in boot mode,
until the branch to the on-chip RAM area takes place™ . There are three reasons for this.

« NMI input during programming or erasing might cause a violation of the programming or
erasing algorithm. Normal operation could not be assured.

* Inthe NMI exception-handling sequence during programming or erasing, the vector would not
be read correctly*®. The result might be a program runaway .

e If NMI input occurred during boot program execution, the normal boot-mode sequence could
not be executed.

NMI input is also disabled in the error-protect state while the P or E bit remains set in the flash
memory control register (FLMCR).

NMI requests should be disabled externally whenever V., is applied.

Notes: *1 The disabled state lasts until the branch to the boot program areain on-chip RAM
(addresses H'FFEF10 to H'FFF2FF) that takes place as soon as the transfer of the user
program is completed. After the branch to the RAM area, NMI input is enabled except
during programming or erasing. NMI interrupt requests must therefore be disabled
externally until the user program has completed initial programming (including the
vector table and the NMI interrupt-handling program).

*2 The vector may not be read correctly for the following two reasons.

 If flash memory is read while being programmed or erased (while the P or E bit is
set in FLMCR), correct read data will not be obtained. Undetermined values are
returned.

« If the NMI entry in the vector table has not been programmed yet, NMI exception
handling will not be executed correctly.
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19.6  Flash Memory Emulation by RAM

Erasing and programming flash memory takes time, which can make it difficult to tune parameters
and other datain real time. If necessary, real-time updates of flash memory can be emulated by
overlapping the small-block flash-memory area with part of the RAM (H'FFF000 to H'FFF1FF).
This RAM reassignment is performed using bits 3 to 0 of the RAM control register (RAMCR).

After aflash memory area has been overlapped by RAM, it can be accessed from two address
areas. the overlapped flash memory area, and the original RAM area (H'FFF000 to H'FFF1FF).
Table 19.11 indicates how to reassign RAM.

RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1 0

\ FLER \ — \ — \ — \ RAMS \ RAM2 \ RAM1 \ RAMO \
Initial value* 0 1 1 1 0 0 0 0
Read/Write R — — — RIW RIW RIW RIW

Note: * Bit 7 and bits 3 to 0 are initialized by a reset and in hardware standby mode. They are not
initialized in software standby mode. Bits 3 to O can be written to in modes 5, 6, and 7 (on-
chip flash memory enabled). In other modes, they are always read as 0 and cannot be
modified.

Table19.11 RAM Area Reassignment

Bit 3 Bit 2 Bit 1 Bit 0

RAM Area RAMS RAM2 RAM1 RAMO
H'FFFO00 to H'FFF1FF 0 0/1 0/1 0/1
H'01F000 to H'O1F1FF 1 0 0 0
H'01F200 to H'01F3FF 1 0 0 1
H'01F400 to H'O1F5FF 1 0 1 0
H'01F600 to H'01F7FF 1 0 1 1
H'01F800 to H'01F9FF 1 1 0 0
H'01FAQO to H'O1FBFF 1 1 0 1
H'01FCO00 to H'0O1FDFF 1 1 1 0
H'01FEOQO to H'O1FFFF 1 1 1 1
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Example of Emulation of Real-Time Flash-Memory Update

H'01F000 Procedure

1. Setthe RAME bitto 1 in SYSCR
to enable the on-chip RAM.

2. Overlap part of RAM (H'FFF000
F(;ZSh memory to H'FFF1FF) onto the area
address space requiring real-time update (SB5).

(Set RAMCR bits 3 to 0 to
1101))
Overlapped by RAM

HO1FOFF | | 3. Perform real-time updates in the
H'01FAQO ! ] overlapping RAM.
Small-block ) [ l o
area (SBS5) HO1FBFF Y 4. After finalization of the update
H'01FDFF data, clear the RAM overlap (by
H'01FE00 clearing the RAMS bit).
H'01FFEE 5. P;(C)jgram thf| g;a:tsov(\)/gtten in RAM
addresses H' to
H'FFEF10 H'FFF1FF into the flash memory
H'FFF000 | 1 area.
HFFFLFF . I
H'FFF200

On-chip RAM

area

H'FFFFOF

Notes: 1. When part of RAM (H'FFFO00 to H'FFF1FF) is overlapped onto a small-block area in flash
memory, the overlapped flash memory area cannot be accessed. Access is enabled when the
overlap is cleared.

2. When the RAMS bit is set to 1, all flash memory blocks are write-protected and erase-protected,
regardless of the values of bits RAM2 to RAMO. In this state, no transition to program or erase
mode will take place if the P or E bit is set in the flash memory control register (FLMCR). To
actually program or erase a flash memory area, the RAMS bit must be cleared to 0.

Figure19.14 Example of RAM Overlap
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19.7 Flash Memory PROM Mode

19.71 PROM Mode Setting

The on-chip flash memory of the H8/3048F can be programmed and erased not only in the on-
board programming modes but also in PROM mode, using a general-purpose PROM programmer.
Table 19.12 indicates how to select PROM mode. Be sure to use the indicated table 19.13 socket
adapter in PROM mode.

Table 19.12 Selecting PROM Mode

Pins Setting

Mode pins: MD,, MD,, MD, Low

P8, P8, and P9,

STBY and HWR High

P5,, P5,, and P8,

RES Power on reset circuit
XTAL and EXTAL Oscillator circuit
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19.7.2  Socket Adapter and Memory Map

Programs can be written and verified by attaching a special 100-pin/32-pin socket adapter to the
PROM programmer. Table 19.13 gives ordering information for the socket adapter. Figure 19.15
shows a memory map in PROM mode. Figure 19.16 shows the socket adapter pin
interconnections.

Table 19.13 Socket Adapter

Microcontroller Package Socket Adapter
HD64F3048F 100-pin plastic QFP (FP-100B) HS3048ESHF1H
HD64F3048VF
HD64F3048TF 100-pin plastic TQFP (TFP-100B) HS3048ESNF1H
HD64F3048VTF
MCU mode H8/3048F PROM mode
H'000000 H'00000

On-chip ROM area

H'OLFFFF H'1FFFF

Figure19.15 Memory Map in PROM Mode

Note: The FP-100B and TFP-100B pin pitch is only 0.5 mm. Use an appropriate tool when
inserting the device in the I C socket and removing it. For example, the tool listed in table

19.14 can be used.
Table 19.14
Manufacturer Part Number
ENPLAS CORPORATION HP-100 (vacuum pen)
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H8/3048F
e
Pin No. _ I Socket Adapter | HN28F101 (32 Pins)
Pin Name : |
FP-100B, TFP-100B | ' | PinName | PinNo.
10 RESO ! ‘ Vpp 1
64 NMI 1 A 26
‘
69 P63 ‘ ; A 2
58 P6, : ‘ As 3
90 P8, : ! WE 31
|
27 P3, T : 1104 13
28 P3,; : : 110, 14
29 P3, : ! 110, 15
|
30 P3; T : 1103 17
|
31 P3, : : 1104 18
32 P35 : ! 1105 19
33 P3¢ i : 110g 20
! I
34 P3, : ‘ 10, 21
36 Pl, ; ! Ao 12
37 P1, i ‘ Ay 11
38 P1, : ; A, 10
‘
39 Pl, ; ; Asg 9
|
40 P1, ! ‘ Ay 8
41 Pls : 1 As 7
‘
42 Plg ; ! A 6
‘
43 P, 1 ‘ A; 5
45 P2, : ; Ag 27
46 P2, ; ! OE 24
‘
47 P2, 1 : Ao 23
|
48 P23 ; ; Ay 25
49 P2, ; } A 4
! I
50 P2 ! ‘ Ass 28
! I
51 P2g ‘ ; Ay 29
52 P2, ; : CE 22
53, 54, 89 P5, P5y, P8, : ‘ Vee 32
62,71 STBY, AWR 1 Vss 16
|
731075 MDy, MDy, MD;, 1 ! Legend
|
87, 88, 14 P8, P8, P9, ! ! Vpp: Programming
76,77 AVcc, Vrer ; | power supply
1,35, 68 Vee ! i 1/07101/0p : Data input/output
— ! | AgtoAg : Address input
86 AVss ! | OE: Output enable
11,22, 44 Vss ! . CE: Chip enable
I . WE: Write enable
57, 65, 92 ! Power-on |
63 RES —— reset circuit |
! |
66, 67 EXTAL, XTAL ! :
Other pins NC (OPEN) [ '

Note: This figure shows pin assignments, and does not show the entire socket adapter circuit. When undertaking a new
design, board design (power supply voltage stabilization, noise countermeasures, etc.) and operating timing design
as a high-speed CMOS LS| are necessary.

Figure19.16 Wiring of Socket Adapter
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19.7.3  Operation in PROM Mode

The program/erase/verify specificationsin PROM mode are the same as for the standard
HN28F101 flash memory. Table 19.15 indicates how to select the various operating modes. The
H8/3048F does not have a device recognition code, so the programmer cannot read the device
name automatically.

Table 19.15 Operating M ode Selection in PROM Mode

Pins
Mode V., V. CE OE WE 1/0,tol/0, A t0A,
Read Read Ve Ve L L H Data output ~ Address input
Output Ve Ve L H H High
disable impedance
Standby V. Ve H X X High
impedance
Command Read Voo Ve L L H Data output
write ouput V,, V. L H H  High
disable impedance
Standby V,, Ve H X X High
impedance
Write Voo Ve L H L Data input
Legend
L:  Low level
H: High level
Voo V., level
V. Vg level

X: Don't care
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Table 19.16 PROM M ode Commands

1st Cycle 2nd Cycle
Command Cycles Mode Address Data Mode Address Data
Memory read 1 Write X H'00 Read RA Dout
Erase setup/erase 2 Write X H'20 Write X H'20
Erase-verify 2 Write  EA H'AO Read X EVD
Auto-erase setup/ 2 Write X H'30 Write X H'30
auto-erase
Program setup/ 2 Write X H'40 Write  PA PD
program
Program-verify 2 Write X H'CO Read X PVD
Reset 2 Write X H'FF Write X H'FF

PA: Program address

EA: Erase-verify address

RA: Read address

PD: Program data

PVD: Program-verify output data
EVD: Erase-verify output data
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High-Speed, High-Reliability Programming: Unused areas of the H8/3048F flash memory
contain H'FF data (initial value). The H8/3048F flash memory uses a high-speed, high-reliability
programming procedure. This procedure provides enhanced programming speed without
subjecting the device to voltage stress and without sacrificing the reliability of programmed data.
Figure 19.17 shows the basic high-speed, high-reliability programming flowchart. Tables 19.17
and 19.18 list the electrical characteristics during programming.

| SetVpp=120V0.6V |

| Address =0 |

| Program setup command |

| Program command |
\

| Wait (25 ps) |
\

| Program-verify command |
\
| Wait (6 ps) |

Address + 1 - address |
A

No good

Verification?

No

No

Last address?
Yes

| Set Vpp = VCC |

End ( Fail )

Figure19.17 High-Speed, High-Reliability Programming
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High-Speed, High-Reliability Erasing: The H8/3048F flash memory uses a high-speed, high-
reliability erasing procedure. This procedure provides enhanced erasing speed without subjecting
the device to voltage stress and without sacrificing data reliability. Figure 19.18 shows the basic
high-speed, high-reliability erasing flowchart. Tables 19.17 and 19.18 list the electrical

characteristics during programming.

’ Program O to all bits* ‘

’ Address =0 ‘

’ Erase setup/erase command ‘

’ Wait (10 ms) ‘

.

’ Erase-verify command ‘

[
] Wait (6 is) \

Address + 1 - address ‘

i o No good
Verification?
No
Last ad@
Yes

Yes

End

Note: * Follow the high-speed, high-reliability flowchart in programming all bits.

Figure19.18 High-Speed, High-Reliability Erasing
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Table 19.17 DC Characteristicsin PROM Mode

(Conditions: V. = 5.0V +10%, V,,= 120V +0.6 V, V_= 0V, T, = 25°C +5°C)

Item Symbol Min  Typ Max Unit Test Conditions
Input high I/0, to I/O,, vV, 2.2 — V,+03 V
voltage A_mto_Ao,_
OE, CE, WE
Input low I/0, to I/O,, V, -03 — 0.8 \
voltage A oA,
OE, CE, WE
Output high I/0, to 1/0, V,, 24 — — \ on = —200 pA
voltage
Output low I/0, to 1/O, " — — 0.45 \ lo, = 1.6 mA
voltage
Input leakage /O, to I/O,, l, — — 2 HA V,=0toV_V
current A oA,
OE, CE, WE
V. current Read lee — 40 80 mA
Program lee — 40 80 mA
Erase lee — 40 80 mA
V., current Read lp — — 200 HA V,.=5.0V
— 10 20 mA V,=126V
Program lp — 20 40 mA
Erase | — 20 40 mA

Note: For details on absolute maximum ratings, see section 22.2.1. Using an LSI in excess of
absolute maximum ratings may result in permanent damage*.

*V,, peak overshoot should not exceed 13 V.
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Table 19.18 AC Characteristicsin PROM Mode

(Conditions: V. =5.0V + 10%, V,,= 120V + 0.6 V, V_= 0V, T, = 25°C + 5°C)

Item Symbol Min Typ Max Unit Test Conditions
Command write cycle towe 120 — — ns Figure 19.19
Address setup time t 0 — — ns E:gz:z ig;g*
Address hold time [ 60 — — ns

Data setup time tos 50 — — ns

Data hold time to,, 10 — — ns

CE setup time toes 0 — — ns

CE hold time te 0 — — ns

V., setup time tyes 100 — — ns

V., hold time e 100 — — ns

WE programming pulse ter 70 — — ns

width

WE programming pulse [ 20 — — ns

high time

OE setup time before tocws 0 — — ns

command write

OE setup time before verify — t._.« 6 — — Hs

Verify access time toa — — 500 ns

OE setup time before tocos 120 — — ns

status polling

Status polling access time teon — — 120 ns

Program wait time top 25 — — ns

Erase wait time t, 9 — 11 ms

Output disable time toe 0 — 40 ns

Total auto-erase time t 0.5 — 30 s

AET

Note: CE, OE, and WE should be high during transitions of V., from 5 V to 12 V and from 12 V to

5V.

* Input pulse level: 0.45V to 2.4V
Input rise time and fall time < 10 ns
Timing reference levels: 0.8 V and 2.0 V for input; 0.8 V and 2.0 V for output

RENESAS
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. Auto-erase and status polling |

Auto-erase setup

50V

Vee

XXX XX KX XXX XXX K KX KX KX KX KXKXK

Address

FH
a
5
Yy s i
o))
rY < £
©
a
%)
=2
©
ict
< (%2}
=
i o
n
E% S 2
(5] N I I R S
oA ot
A h o
T
]
Y] O I Y
““““““““ \ AN - e
. www}ww E.= E.=
T o 0 g 15
o) M YNy =
- =S o
R 2
%)
a T
[S] CH w
RN I
] T —
N S
w% N N
\\\\\\\\\\\ Ec £e
NN 1x| E= Es
= 3 8
3 NSV NG
-T-—f 0
gy v 78
)
o
%)
2
w
[e]
ne

WE
1104

IIOO to IIOG

Figure19.19 Auto-Erase Timing
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| Program setup : Program } Program-verify }
Vee 5.0V i = - :
Voo 2V 1 1 —
5.0V i“tvps | | -~
i w ! | tvph
Address :

/N
| ! | | | ! | | |
I 1 [ e I I |
: | [ ! tCEH | ! |
/1t i o \ ‘ ‘ ‘ |
CES
OE Vil Mowe | tcesi itees Lt M
| | I I
Vo fep ‘ il tppw ﬂt ?3 1« CEH ‘ ‘
topwe! = 1 toen |itwep™ 1V IWEP ) topRg 1 i
I e el ‘ |
I I | I I ! I
WE U twen N/ U ! !
— | g t TNy L tya U top
AN <« 2H <H '« DH jU o DH - -
tos et thger thg el | i
| | | — | 7\/_&‘ L
1/0 \Command; ;‘ Data 1\ ‘Command; 'Valid data}
| | | | | | i |
| | | | | | ! \
I | | | | | ! |
I | | I | I ! |
|, |, U |, !
7command‘§ ( Data N /Command™ Valid data !
1/0g to 1/0¢ i Y i i ( out _|
) | ) |

Note: Program-verify data output values may be intermediate between 1 and 0 if programming is insufficient.

Figure19.20 High-Speed, High-Reliability Programming Timing
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Erase setup : Erase | Erase-verify :
s XX RXX XX KX X KXKAX KKK vz KXXXXXKXLIXKK

lan

!
1

} [

.
=
m
o

-
m
=

o
=

m

o

-
[¢]
m
bl
(%)

.
.
-

‘
!
!
!
]
‘
!
!
I
\ i
t,
! CEH
‘ !
!
e I
!
:
!
I
!
!
!
!

| twen | i | tva

[ E——] I I I

[ ¢ ot 1 ol I
tbs 1«2H 1, 4»{ «2H thg — | tor
:#: :Dsw :DS:: ! 4"3‘7
\/ N ! I !

|/o0 to |/o7 ‘Comlr’w'wand} ‘Cnmi:and‘ 7‘Comiz1and‘§ <<} Valigutljata w>>
i I

Note: Erase-verify data output values may be intermediate between 1 and 0 if erasing is insufficient.

Figure19.21 Erase Timing
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19.8 Flash Memory Programming and Erasing Precautions (Dual-Power
Supply)

(1) Program with the specified voltages and timing.
The rated programming voltage (V) of the flash memory is12.0 V.

If the PROM programmer is set to Hitachi HN28F101 specifications, V,, will be 12.0 V. Applied
voltagesin excess of the rating can permanently damage the device. Insure, in particular, that peak
overshoot at the Vpp and MD2 pins does not exceed the maximum rating of 13 V. Also, be very
careful about PROM programmer overshoot.

(2) Before programming, check that the chip is correctly mounted in the PROM
programmer. Overcurrent damage to the device can result if the index marks on the PROM
programmer socket, socket adapter, and chip are not correctly aligned.

(3) Don't touch the socket adapter or chip while programming. Touching either of these can
cause contact faults and write errors.

(4) Precautionsin turning the programming voltage (V..) on and off (seefigures 19.22 to
19.24):

» Apply the programming voltage (V) after therise of V., when the microcontroller isin a
stable condition. Shut off V _ before V., again while the microcontroller isin a stable
condition. If V. isturned on or off while V. is not within its rated voltage range (V. = 2.7 to
5.5 V), since microcontroller operation is unstable and flash memory protection is not
functioning, the flash memory may be programmed or erased by mistake. This can occur even
if V.. =0V. The same danger of incorrect programming or erasing existswhen V_. iswithin
its rated voltage range (V.. = 2.7 to 5.5 V) if the clock oscillator has not stabilized, if the clock
oscillator has stopped (except in standby), or if a program runaway has occurred. After V.
power-up, do not apply V, until the clock oscillator has had time to settle (t_o., = 20 ms min)
and the microcontroller is safely in the reset state, or the reset has been cleared.

These power-on and power-off timing requirements should also be satisfied in the event of a
power failure and recovery from a power failure. If these requirements are not satisfied, the
flash memory may not only be unintentionally programmed or erased; it may be permanently
damaged.

* TheV,, bitin the flash memory control register (FLMCR) is set or cleared when the VE bit
in FLMCR is set or cleared while avoltage of 12.0 + 0.6 V is being applied to the V,, pin.
After the V E bit is set, it becomes possible to write the erase block registers (EBR1 and
EBR2) and the EV, PV, E, and P bitsin FLMCR. Accordingly, program or erase flash memory
5to 10 ps after the V_E bit is set. V, should be turned off only when the P, E and V_E bitsin
FLMCR are cleared. Be sure that these bits are not set by mistaken accessto FLMCR.
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Programming/

erasing
typs®  possible trrs
: < <
v AU (IS
i toscl . min 0 s,
< > ‘ |
271055V 4- ; : 1
Vee / : : ;
112+06V -~ |
0'to Ve V- - # 1 immOus‘ min 1018 ---0toVee V
Vep ! L e— ‘ L
‘ w ‘ >
12+0.6,V -7 : i : : i
0to Vce V- ‘ - > | 1 <"~ --0toVcecV
o tvps ! |
MD2 - ; !
min Ops : ;
RES ; .
VppE VppE
set \ cleared
VppE bit

Period during which flash memory access is prohibited

I Period during which flash memory can be rewritten

(Execution of program in flash memory prohibited, and data reads other than verify

operations prohibited)
Note: * typg: 5to 10us

Figure 19.22 Power-On and Power-Off Timing (Boot M ode)
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Programming/

erasing
tvps*l possible trrs
! - <+
° AL NS
3 toscl |  minOps
2.7to 1 | 1 |
55V T/ ‘ ; ‘
Vee | 1 ; 1
1240.6 Ve--4--- 1 i
Oto ! 1 . ot
Vpp  VeCV 2 ! w v | vee vV
0to ..--3’/ : \:
Vee V ! ! !
MD2 | | Oto
t0 0 -~ Vee V
tvps
RES |
VppE VppE
set . cleared
VppE bit

Period during which flash memory access is prohibited

I Period during which flash memory can be rewritten
(Execution of program in flash memory prohibited, and data reads other than verify
operations prohibited)

Notes: *1 typg: 5t0 10 ps
*2 The level of the mode pins (MD2 to MDO) must be fixed from power-on to power-off
by pulling the pins up or down.

Figure 19.23 Power-On and Power-Off Timing (User Program M ode)
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tvps typs tups typs

Programming/ Programming/ Programming/ Programming/
erasing erasing erasing erasing
possible  trpg possible  trpg possible trpg possible
| —» - —» - —»
|
° AT T T I
.
i
|
2710 |
55V
Vee 3
|
Oto |
Vep Vee V
w0z 2y ‘ i
o0 | .
tvps ! ! !
min Ops | L
N I Lo [
RE 1 P
| L
VepE | |cleared ! p:p i b 3
! I 1 0 ! 1
I I I
VppE bit 1 C o
T T T T
e R : . I —
- b o
Mode Bootmode Mode User User program mode User User program
switch- switch- mode mode  mode

ing*1 ing*1
Period during which flash memory access is prohibited

B Period during which flash memory can be rewritten
(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: *1 When entering boot mode or making a transition from boot mode to another mode, mode switching must be carried
out by means of RES input. The pin output states change during this switchover interval (the interval during which
the RES pin is low), and therefore these pins should not be used as output signals during this time.

*2 When making a transition from boot mode to another mode, the flash memory read setup time trrg and
mode programming setup time ty;pg Must be satisfied with respect to RES clearance timing.

Figure19.24 Mode Transition Timing
(Example: Boot Mode - User Mode « User Program Mode)
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(5) Do not apply 12 V totheV_, pin during normal operation. To prevent microcontroller
errors caused by accidental programming or erasing, apply 12 V to V, only when the flash
memory is programmed or erased, or when flash memory is emulated by RAM. While 12V is
applied, the watchdog timer should be running and enabled to halt runaway program execution, so
that program runaway will not lead to overprogramming or overerasing.

(6) Disable watchdog-timer reset output (RESO) while the programming voltage (V,,) is
turned on. If 12 V isapplied during watchdog timer reset output (while the RESO pinislow),
overcurrent flow will permanently destroy the reset output circuit. The watchdog timers reset
output enable bit (RSTOE) should not be set to 1.

If apull-up resistor is externally attached to the V_/RESO pin, adiode is necessary to prevent
reverse current from flowing to V. when V. is applied (figure 19.25).

(7) If thewatchdog timer generatesareset output signal when 12V isnot applied, therise
and fall of thereset output waveform will be delayed by any decoupling capacitors
connected totheV, pin.

,,,,, ‘ Pull-up resistor and
' o adiode

+12V @

H8/3048F
(dual-power supply)

1.0 yF —— —— 0.01 yF

777 77

Figure19.25 V_, Power Supply Circuit Design (Example)
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(8) Notes concerning mounting board development—handling of V,, and mode MD2 pins

1. Thestandard 12 V high voltage is applied to the V, and mode M D2 pins when erasing or
programming flash memory. The voltage at these pins also includes overshoot and noise, and
the following points should be noted to ensure that the 13 V maximum rated voltage is not
exceeded.

a. Bypass capacitors should be inserted to eliminate overshoot and noise. These should be
positioned as close as possible to the chip’s V. and mode MD2 pins.

1.0pF: Stabilizesfluctuationsin the low-frequency components, such as power supply
ripple.
0.01 yF: Bypasses high-frequency components such as induction noise.

b. TheV,, and mode MD2 pin wiring should be kept as short as possible to suppress
induction noise. When designing a new board, in particular, noise may be increased by
jumper wires, etc. In this case too, the power supply waveform should be monitored and
measures taken to prevent the maximum rating from being exceeded.

c. The maximum rated voltage is based on the potential of the V  pin. If the potential of this
pin oscillates due to current fluctuations, etc., the voltage of the V, and mode MD2 pins
may reciprocally exceed the maximum rated voltage. Careful attention must therefore be
paid to stabilizing the reference potential.

Note: When the user system’s 12 V power supply is connected, attention must be paid to the
current capacity. A power supply with asmall current capacity will not be able to
handle fluctuations in the chip’ s operating voltage, resulting in voltage drops and rises
or oscillation that may make it impossible to obtain the rated operating voltage. If the
power supply has alarge current capacity, or if the 12 V voltage is turned on abruptly
by means of a switch, etc., caution is required since a voltage exceeding the maximum
rating may be generated due to the inductance component of the power supply wiring
or the power supply characteristics.

Before using the power supply, check the power supply waveform to ensure that the
above problems will not arise.
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2. 12V isapplied to the V. and mode MD2 pins when programming or erasing flash memory.
When these pins are pulled up to the V _ linein normal operation, diodes should be inserted to
prevent reverse current from flowing to the V . linewhen 12 V is applied.

Note: In normal operation, if the mode MD2 pin to which 12 V is applied isto be set to 0, it
should be pulled down with aresistor.

A sample circuit is shown figure 19.26.

Vee
Vpp pin
° 12I Vv "~
v O Vep
_L H8/3048F
S T Vee (dual-
0.01 pF 1.0 pF power
supply)
12V
O MD2
1 e O
Mode pin T mﬁde
0.01 uF 1.0 pF

Adapter board
User system

Figure 19.26 Example of Mounting Board Design for the H8/3048F-ZTAT with the Dual-
Power Supply
(Connection to Adapter Board—When V_, Pin and Mode Pin Settings Are 1)

(9) Donot set or clear the VppE bit during execution of a program in flash memory.

Flash memory data cannot be read normally when the VppE bit is set or cleared. After the VppE
bit is cleared, flash memory data can be rewritten after waiting for the elapse of the Vpp enable
setup time (t,..: 5 10 ps), but flash memory cannot be accessed for purposes other than verification
(verification during programming, erasing, or prewriting). After the VppE is cleared, wait for the
elapse of the flash memory read setup time before performing program execution and data reading
in flash memory.

(10) Do not useinterruptswhile programming or erasing flash memory.

When Vpp is applied, disable al interrupt requests, including NMI, to give the programming or
erase operation (including RAM emulation) the highest priority.
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(11) TheVpp flagisset and cleared by a threshold decision on the voltage applied to the
Vpp pin. The threshold level is approximately in the rangefromVec +2V to 11.4 V.

When thisflag is set, it becomes possible to write to the flash memory control register (FLMCR)
and the erase block registers (EBR1 and EBR?2), even though the V pp voltage may not yet have
reached the programming voltage range of 12.0 V +0.6 V. Do not actually program or erase the
flash memory until V pp has reached the programming voltage range.

The programming voltage range for programming and erasing flash memory is12.0V +0.6 V
(11.4V to0 12.6 V). Programming and erasing cannot be performed correctly outside this range.
When not programming or erasing the flash memory, ensure that the V pp voltage does not exceed
the Vcc voltage. Thiswill prevent unintentional programming and erasing.

(12) After the Vpp enablebit (VppE) iscleared, the flash memory read setup time (t..)*
must elapse before the flash memory isread.

When switching from boot mode or user program mode to normal mode (Vpp # 12V, MD2 # 12
V), this setup time is required as the period from VppE bit clearance until the flash memory is
read.

When switching from boot mode to another mode, a mode programming setup time (t,,.J) is
required with respect to the RES release timing.

Note: * The flash memory read setup time stipul ates the interval before flash memory is read after
the VppE bit is cleared (figure 19.24). Also, when using an external clock (EXTAL input),
after powering on and when returning from standby mode, the flash memory read setup
time must elapse before the flash memory isread.
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19.9 Noteswhen Convertingthe F-ZTAT (Dual-Power Supply)
Application Softwareto the Mask-ROM Versions

Please note the following when converting the F-ZTAT (dual-power supply) application software
to the mask-ROM versions.

The values read from the internal registers (refer to appendix B, Internal 1/0 Register, Table B.1)
for the flash ROM of the mask-ROM version and F-ZTAT (dual-power supply) version differ as
follows.

Status
F-ZTAT (Dual-Power Supply)
Register Bit Version Mask-ROM Version
FLMCR V.. 0: Application software running  0: Not read out
1: Programming 1: Application software running

Note: This difference applies to all the F-ZTAT (dual-power supply) versions and all the mask-
ROM versions that have different ROM size.
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Section 20 Clock Pulse Generator

20.1 Oveview

The H8/3048 Series has a built-in clock pulse generator (CPG) that generates the system clock (¢)
and other internal clock signals (¢/2 to ¢/4096). After duty adjustment, a frequency divider divides
the clock frequency to generate the system clock (). The system clock is output at the @ pin** and
furnished as a master clock to prescalers that supply clock signals to the on-chip supporting
modules. Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the frequency
divider by settingsin adivision control register (DIVCR). Power consumption in the chip is
reduced in almost direct proportion to the frequency division ratio*?.

Notes: *1 Usage of the @ pin differs depending on the chip operating mode and the PSTOP bit
setting in the module standby control register (MSTCR). For details, see section 21.7,
System Clock Output Disabling Function.

*2 Thedivision ratio of the frequency divider can be changed dynamically during
operation. The clock output at the ¢ pin also changes when the division ratio is
changed. The frequency output at the @ pin is shown below.

@=EXTAL xn

where, EXTAL: Frequency of crystal resonator or external clock signal
n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)
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20.1.1 Block Diagram

Figure 20.1 shows a block diagram of the clock pulse generator.

———————————————————————————————————————————————————————————————————————————————— CPG ----------
XTAL — Duty
Oscillator adjustment Frequency Prescalers
circuit divider
EXTAL ——

Division
control
register

< Databus >
@2 to (/4096

¢

Figure20.1 Block Diagram of Clock Pulse Generator
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20.2  Ogcillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock
signal.

20.2.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as in the example in figure 20.2.
The damping resistance Rd should be selected according to table 20.1. An AT-cut parallel-
resonance crystal should be used.

Cu
EXTAL T‘ }ﬂT
—
XTAL J\N\,L{ }ﬁT

CLl = CLZ =10 pF to 22 pF

Figure20.2 Connection of Crystal Resonator (Example)

In order to improve the accuracy of the oscillation frequency, a thorough study of oscillation
matching evaluation, etc., should be carried out when deciding the circuit constants.

Table20.1 Damping Resistance Value

Damping Resistance Frequency f (MHz)

Value 2 2<f<4 4<f<8 8<f<10 10<f<13 13<f<16 16<f<18
Rd For products 1k 500 200 0 0 0 0
(Q) listed below*

H8/3048F 1k 1k 500 200 100 0 —

Note: A crystal resonator between 2 MHz and 18 MHz can be used. If the chip is to be operated
at less than 2 MHz, the on-chip frequency divider should be used. (A crystal resonator of
less than 2 MHz cannot be used.)

* H8/3048ZTAT, H8/3048 mask-ROM, H8/3047 mask-ROM, H8/3045 mask-ROM,
H8/3044 mask-ROM
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Crystal Resonator: Figure 20.3 shows an equivalent circuit of the crystal resonator. The crystal
resonator should have the characteristics listed in table 20.2.

XTAL <—9 ¢—» EXTAL

AT-cut parallel-resonance type

Figure20.3 Crystal Resonator Equivalent Cir cuit

Table20.2 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 18
Rs max (Q) 500 120 80 70 60 50 40
C, max (pF) 7

Use acrystal resonator with a frequency equal to the system clock frequency (¢).

Notes on Board Design: When acrystal resonator is connected, the following points should be
noted:

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 20.4.

When the board is designed, the crystal resonator and its load capacitors should be placed as close
as possible to the XTAL and EXTAL pins.
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Avoid — > Signal A Signal B

Ci | H8/3048 Series

1

77%— il ; ‘ EXTAL

Figure20.4 Example of Incorrect Board Design

20.2.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examplesin figure
20.5. The external clock isinput from the EXTAL pin. If the XTAL pin is|eft open, the stray
capacitance should not exceed 10 pF. If the stray capacitance at the XTAL pin exceeds 10 pF in
configuration a, use configuration b instead and hold the clock high in standby mode.

EXTAL External clock input

XTAL | Open

a. XTAL pin left open

EXTAL External clock input

74HCO04
XTAL

b. Complementary clock input at XTAL pin

Figure20.5 External Clock Input (Examples)
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External Clock: The external clock frequency should be equal to the system clock frequency (¢)
when not divided by the on-chip frequency divider. Table 20.3, figures 20.6 and 20.7 indicate the

clock timing.

When the appropriate external clock isinput viathe EXTAL pin, its waveform is corrected by the
on-chip oscillator and duty adjustment circuit. The resulting stable clock is output to external
devices after the external clock settling time (t,.,,) has passed after the clock input. The system
must remain reset with the reset signal low during t,,,, while the clock output is unstable.

Table20.3 Clock Timing

CcC =
27Vto55V

CcC

10%

50V+
Item Symbol  Min Max Min Max Unit Test Conditions
External clock o 40 — 20 — ns Figure 20.6
input low pulse
width
External clock [ 40 — 20 — ns
input high pulse
width
External clock tey, — 10 — 5 ns
rise time
External clock [ — 10 — 5 ns
fall time
Clock low pulse  t_ 0.4 0.6 0.4 0.6 e @=5MHz Figure
width 80 — 80 — ns  @<5MHz 227
Clock high pulse  t_, 0.4 0.6 0.4 0.6 toe ©®=5MHz
width 80 — 80 — ns  @<5 MHz
External clock toer™ 500 — 500 — us Figure 20.7
output settling
delay time
Note: * t.,. includes 10t of RES (t..,)-

DEXT
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texL

T VCC x 0.7

EXTAL
VCC x 0.5

03V

-ty - ey

Figure20.6 External Clock Input Timing

)

Vee ]

STBY VML

U AV AVAVAVAVAVAVAVAVAVAVAVAN
ey i AYAYAVAVAVAVAVAVAY

)

RES T

)

tpEXT

Figure20.7 External Clock Output Settling Delay Timing

20.3  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the signal that becomes the system clock.

204 Prescalers

The prescalers divide the system clock (¢) to generate internal clocks (¢/2 to ¢/4096).
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20.5 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clock (¢). The
frequency division ratio can be changed dynamically by modifying the valuein DIVCR, as
described below. Power consumption in the chip is reduced in almost direct proportion to the
frequency division ratio. The system clock generated by the frequency divider can be output at the

Qpin.

2051 Register Configuration

Table 20.4 summarizes the frequency division register.
Table20.4  Frequency Division Register

Address* Name Abbreviation R/W Initial Value

H'FF5D Division control register DIVCR R/W H'FC

Note: * The lower 16 bits of the address are shown.

20.5.2 Division Control Register (DIVCR)

DIVCR isan 8-hit readable/writable register that selects the division ratio of the frequency
divider.

Bit 7 6 5 4 3 2 1 0
- -] -] -1 -] - [ov|om|

Initial value 1 1 1 1 1 1 0 0

Read/Write — — — — — — R/W R/W

Reserved bits

Divide bits 1 and 0
These bits select the
frequency division ratio

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 2—Reserved: Read-only bits, alwaysread as 1.
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Bits 1 and 0—Divide (DIV1 and DIV0): These bits select the frequency division ratio, as

follows.

Bit 1: DIV1 Bit 0: DIVO Frequency Division Ratio

0 0 1/1 (Initial value)
1 1/2

1 0 1/4
1 1/8

20.5.3 Usage Notes

The DIV CR setting changes the ¢ frequency, so note the following points.

» Select afrequency division ratio that stays within the assured operation range specified for the
clock cycletimet,, in the AC electrical characterigtics. Note that @, must be in the lower
limit of the clock frequency range. Avoid settings that give system clock frequencies less than
the lower limit.

Table 20.5 shows the comparison with the clock frequency range for each version.

Table20.5 Comparison with the Clock Frequency Rangesin the H8/3048 Series

ROM type F-ZTAT ZTAT Mask ROM
H8/3048 H8/3047 H8/3045 H8/3044
Product type H8/3048F H8/3048 Mask ROM | Mask ROM | Mask ROM | Mask ROM
Version Version Version Version
Guaranteed |4.5-5.5V 1-16 MHz 1-18 MHz 1-18 MHz
clock 31555V — 1-13 MHz 1-13 MHz
frequency
range 2.7-55V 1-8 MHz 1-8 MHz 1-8 MHz
Crystal oscillation range | 2-16 MHz | 2-18 MHz 2-18 MHz

» All on-chip module operations are based on ¢. Note that the timing of timer operations, serial
communication, and other time-dependent processing differs before and after any changein
the division ratio. The waiting time for exit from software standby mode also changes when
the division ratio is changed. For details, see section 21.4.3, Selection of Waiting Time for Exit
from Software Standby Mode.
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Section 21 Power-Down State

211 Oveview

The H8/3048 Series has a power-down state that greatly reduces power consumption by halting
the CPU, and a module standby function that reduces power consumption by selectively halting
on-chip modules.

The power-down state includes the following three modes:

e Sleep mode
» Software standby mode
e Hardware standby mode

The module standby function can halt on-chip supporting modules independently of the power-
down state. The modules that can be halted are the ITU, SCI0, SCI1, DMAC, refresh controller,
and A/D converter.

Table 21.1 indicates the methods of entering and exiting the power-down modes and module
standby mode, and gives the status of the CPU and on-chip supporting modules in each mode.
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21.2 Register Configuration

The H8/3048 Series has a system control register (SY SCR) that controls the power-down state,
and a module standby control register (MSTCR) that controls the module standby function. Table
21.2 summarizes these registers.

Table21.2 Control Register

Address* Name Abbreviation R/W Initial Value
H'FFF2 System control register SYSCR R/W H'OB
H'FF5E Module standby control register MSTCR R/W H'40

Note: * Lower 16 bits of the address.

2121  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘ NMIEG ‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

NMI edge select

User bit enable

Standby timer select 2to 0
These bits select the

waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

SYSCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits 6 to 4 (STS2 to STSO0) control
the power-down state. For information on the other SY SCR hits, see section 3.3, System Control
Register (SY SCR).
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Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. When software
standby mode is exited by an external interrupt, this bit remains set to 1 after the return to normal
operation. To clear this bit, write 0.

Bit 7: SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These bits select the length of time the CPU
and on-chip supporting modules wait for the clock to settle when software standby mode is exited
by an external interrupt. If the clock is generated by a crystal resonator, set these bits according to
the clock frequency so that the waiting time will be at least 7 ms. See table 21.3. If an external
clock isused, any value may be selected.

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description
0 0

Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

[EnY
R O|lFr| O|Fr| O

Waiting time = 1,024 states

1 — lllegal setting
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21.2.2 Module Standby Control Register (MSTCR)

MSTCR is an 8-bit readable/writable register that controls output of the system clock (¢). It also
controls the module standby function, which places individual on-chip supporting modulesin the
standby state. Module standby can be designated for the ITU, SCIO, SCI1, DMAC, refresh
controller, and A/D converter modules.

Bit 7 6 5 4 3 2 1 0

‘ PSTOP ‘ — ‘ MSTOPS‘ MSTOP4‘ MSTOP3 ‘ MSTOP2 ‘ MSTOP1 ‘ MSTOPO ‘
Initial value 0 1 0 0 0 0 0 0
Read/Write R/W — R/W R/W R/W R/W R/W R/W

Module standby 5to 0
These bits select modules
to be placed in standby

Reserved bit

@ clock stop
Enables or disables
output of the system clock

MSTCR isinitialized to H'40 by areset and in hardware standby mode. It is hot initialized in
software standby mode.

Bit 7—@Clock Stop (PSTOP): Enables or disables output of the system clock (¢).

Bit 1: PSTOP Description
0 System clock output is enabled (Initial value)
1 System clock output is disabled

Bit 6—Reserved: Read-only bit, dwaysread as 1.
Bit 5—Module Standby 5 (M STOP5): Selects whether to place the ITU in standby.

Bit 5: MSTOP5 Description

0 ITU operates normally (Initial value)

1 ITU is in standby state
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Bit 4—Module Standby 4 (M STOP4): Selects whether to place SCIO0 in standby.

Bit 4: MSTOP4 Description

0 SCIO0 operates normally (Initial value)

1 SCI0 is in standby state

Bit 3—Module Standby 3 (M STOP3): Selects whether to place SCI1 in standby.

Bit 3: MSTOP3 Description

0 SCI1 operates normally (Initial value)

1 SCI1 is in standby state

Bit 2—Module Standby 2 (M STOP?2): Selects whether to place the DMAC in standby.

Bit 2: MSTOP2 Description

0 DMAC operates normally (Initial value)

1 DMAC is in standby state

Bit 1—Module Standby 1 (M STOP1): Selects whether to place the refresh controller in standby.

Bit 1: MSTOP1 Description

0 Refresh controller operates normally (Initial value)

1 Refresh controller is in standby state

Bit 0—M odule Standby 0 (M STOPO): Selects whether to place the A/D converter in standby.

Bit 0: MSTOPO Description

0 A/D converter operates normally (Initial value)

1 A/D converter is in standby state
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21.3 Sleep Mode

21.3.1 Transition to Sleep Mode

When the SSBY bit iscleared to 0 in SY SCR, execution of the SLEEP instruction causes a
transition from the program execution state to sleep mode. Immediately after executing the SLEEP
instruction the CPU halts, but the contents of its internal registers are retained. The DMA
controller (DMAC), refresh controller, and on-chip supporting modules do not halt in sleep mode.
M odules which have been placed in standby by the module standby function, however, remain
halted.

21.3.2 Exit from Sleep Mode
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the interrupt
exception handling state. Sleep mode is not exited by an interrupt source in an on-chip supporting
moduleif the interrupt is disabled in the on-chip supporting module. Sleep mode is not exited by
an interrupt other than NM 1 if the interrupt is masked by the | and Ul bitsin CCR and IPR.

Exit by RES Input: Low input a the RES pin exits from sleep mode to the reset state.

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware standby
mode.

21.4  Software Standby Mode

2141 Transition to Software Standby Mode

To enter software standby mode, execute the SLEEP instruction while the SSBY bitissetto 1in
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level because the
CPU, clock, and on-chip supporting modules al halt. The DMAC and on-chip supporting modules
arereset. Aslong as the specified voltage is supplied, however, CPU register contents and on-chip
RAM data are retained. The settings of the 1/0O ports and refresh controller* are also held.

Note: * RTCNT and bits 7 and 6 of RTMCSR areinitialized. Other bits and registers hold their
previous states.

When the WDT is used as awatchdog timer (WT/IT = 1), the TME bit must be cleared to 0 before
setting SSBY . Also, when setting TME to 1, SSBY should be cleared to O.
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Clear the BRLE bit in BRCR (inhibiting bus release) before making a transition to software
standby mode.

21.42  Exit from Software Standby M ode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ,, IRQ,, or
IRQ, pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, IRQ,, or IRQ, interrupt request signal is received, the
clock oscillator begins operating. After the oscillator settling time selected by bits STS2 to STSO
in SY SCR, stable clock signals are supplied to the entire chip, software standby mode ends, and
interrupt exception handling begins. Software standby mode is not exited if the interrupt enable
bits of interrupts IRQ,, IRQ,, and IRQ, are cleared to 0, or if these interrupts are masked in the
CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock pulses are
supplied immediately to the entire chip. The RES signal must be held low long enough for the
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handling.

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware standby mode.

21.43  Selection of Waiting Timefor Exit from Softwar e Standby Mode
Bits STS2 to STSO in SY SCR and bits DIV1 and DIVO in DIVCR should be set asfollows.

Crystal Resonator: Set STS2 to STSO, DIV1, and DIVO so that the waiting time (for the clock to
stabilize) isat least 7 ms. Table 21.3 indicates the waiting times that are selected by STS2 to
STSO, DIV, and DIVO settings at various system clock frequencies. Refer to table 21.3 for the
operating frequency and the waiting time needed for the oscillator to settle.

External Clock: Any values may be set.
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Table21.3 Clock Frequency and Waiting Timefor Clock to Settle

DIV1 DIVO STS2 STS1 STSO Waiting Time 18 MHz 16 MHz 12 MHz 10 MHz 8 MHz 6 MHz 4 MHz 2 MHz 1 MHz Unit

0 0 0 0 0 8192 states  0.46 0.51 0.65 0.8 1.0 13 2.0 4.1 8.2* ms

0 0 1 16384 states 0.91 1.0 1.3 1.6 2.0 2.7 4.1 8.2* 16.4
0 1 0 32768 states 1.8 2.0 2.7 33 4.1 55 8.2* 164 328
0 1 1 65536 states 3.6 4.1 55 6.6 8.2* 10.9* 164 328 655
1 0 0 131072 states 7.3* 8.2* 10.9* 13.1* 164 218 328 655 131.1
1 0 1 1024 states  0.057 0.064 0.085 0.10 0.13 0.17 026 051 1.0
1 1 — lllegal setting
0 1 0 0 0 8192 states  0.91 1.02 1.4 1.6 2.0 2.7 4.0 8.2* 16.4* ms
0 0 1 16384 states 1.8 2.0 2.7 3.3 4.1 55 8.2 164 328
0 1 0 32768 states 3.6 4.1 55 6.6 8.2* 10.9* 164 328 655
0 1 1 65536 states  7.3* 8.2* 10.9* 13.1* 164 218 328 655 131.1
1 0 0 131072 states 14.6 16.4 21.8 26.2 32.8 437 655 1311 262.1
1 0 1 1024 states  0.11 0.13 0.17 0.20 026 034 051 10 2.0
1 1 — lllegal setting
1 0 0 0 0 8192 states 1.8 2.0 2.7 3.3 4.1 55 8.2 16.4* 32.8* ms
0 0 1 16384 states 3.6 4.1 5.5 6.6 8.2* 10.9* 16.4 328 655
0 1 0 32768 states  7.3* 8.2* 10.9* 13.1* 164 218 328 655 131.1
0 1 1 65536 states  14.6 16.4 21.8 26.2 328 437 655 1311 262.1
1 0 0 131072 states 29.1 328 437 524 655 874 1311 262.1 524.3
1 0 1 1024 states 023 026 034 041 051 068 102 20 4.1
1 1 — lllegal setting
1 1 0 0 0 8192 states 3.6 4.1 5.5 6.6 8.2* 10.9* 16.4* 32.8* 655 ms
0 0 1 16384 states  7.3* 8.2* 10.9* 13.1* 164 218 328 655 131.1
0 1 0 32768 states 146 164 218 26.2 328 437 655 131.1 262.1
0 1 1 65536 states 29.1 328 437 524 655 874 1311 262.1 524.3
1 0 0 131072 states 58.3 65.5 87.4 1049 131.1 174.8 262.1 524.3 1048.6
1 0 1 1024 states  0.46 0.51 0.68 0.82 1.0 1.4 2.0 4.1 8.2
1 1 — lllegal setting

*: Recommended setting
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21.4.4  Sample Application of Software Standby Mode

Figure 21.1 shows an example in which software standby mode is entered at the fall of NMI and
exited at the rise of NMI.

With the NMI edge select bit (NMIEG) cleared to 0 in SY SCR (selecting the falling edge), an
NMI interrupt occurs. Next the NMIEG bit is set to 1 (selecting therising edge) and the SSBY bit
isset to 1; then the SLEEP instruction is executed to enter software standby mode.

Software standby mode is exited at the next rising edge of the NM1 signal.

Seomstor LTI immnm
¢ [ JUUUUUTUUL
NMI ] j [

NMIEG |
SSBY [ N | |
NMI interrupt Software standby  Oscillator NMI exception
handler mode (power- settling time handling
NMIEG =1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure21.1 NMI Timingfor Software Standby Mode (Example)
2145 Note

The 1/O ports retain their existing states in software standby mode. If a port isin the high output
state, its output current is not reduced.
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215 Hardware Standby Mode

2151 Transition to Hardware Standby Mode

Regardless of its current state, the chip enters hardware standby mode whenever the STBY pin
goes low. Hardware standby mode reduces power consumption drastically by halting all functions
of the CPU, DMAC, refresh controller, and on-chip supporting modules. All modules are reset
except the on-chip RAM. Aslong as the specified voltage is supplied, on-chip RAM datais
retained. 1/O ports are placed in the high-impedance state.

Clear the RAME bit to 0 in SY SCR before STBY goes low to retain on-chip RAM data.

The inputs at the mode pins (MD2 to MDQ) should not be changed during hardware standby
mode.

2152 Exit from Hardware Standby M ode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is low, when
STBY goes high, the clock oscillator starts running. RES should be held low long enough for the
clock oscillator to settle. When RES goes high, reset exception handling begins, followed by a
transition to the program execution state.

2153 Timingfor Hardware Standby Mode

Figure 21.2 shows the timing relationships for hardware standby mode. To enter hardware standby
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, first drive
STBY high, wait for the clock to settle, then bring RES from low to high.
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Clock
oscillator (¢
RES
((
)
STBY
((
)
H—»:
~ Oscillator
settling time
Reset
exception
handling

Figure21.2 Hardware Standby Mode Timing

21.6 Module Standby Function

21.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (the ITU, SCIO,
SCI1, DMAC, refresh controller, and A/D converter) independently of the power-down state. This
standby function is controlled by bits MSTOP5 to MSTOPO in MSTCR. When one of these bitsis
set to 1, the corresponding on-chip supporting module is placed in standby and halts at the
beginning of the next bus cycle after the MSTCR write cycle.

21.6.2 Read/Writein Module Standby

When an on-chip supporting module isin module standby, read/write access to itsregistersis
disabled. Read access always results in H'FF data. Write accessisignored.
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21.6.3 Usage Notes
When using the module standby function, note the following points.

DMAC and Refresh Controller: When setting bit MSTOP2 or MSTOPL to 1 to place the
DMAC or refresh controller in module standby, make sure that the DMAC or refresh controller is
not currently requesting the bus right. If bit MSTOP2 or MSTOPL is set to 1 when abusrequest is
present, operation of the bus arbiter becomes ambiguous and a malfunction may occur.

Internal Peripheral Module Interrupt: When MSTCRis set to “1”, prevent module interrupt in
advance. When an on-chip supporting module is placed in standby by the module standby
function, itsregisters, including the interrupt flag, are initialized.

Pin States: Pins used by an on-chip supporting module lose their module functions when the
moduleis placed in module standby. What happens after that depends on the particular pin. For
details, see section 9, 1/0 Ports. Pins that change from the input to the output state require special
care. For example, if SCI1 is placed in module standby, the receive data pin loses its receive data
function and becomes a generic 1/O pin. If its data direction bit is set to 1, the pin becomes a data
output pin, and its output may collide with external serial data. Data collisions should be prevented
by clearing the data direction bit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the module standby
function, al itsregisters are initialized. To restart the module, after its MSTCR bit is cleared to 0,
its registers must be set up again. It is not possible to write to the registers while the MSTCR bit is
setto 1.

MSTCR Access from DMAC Disabled: To prevent malfunctions, MSTCR can only be accessed
from the CPU. It can be read by the DMAC, but it cannot be written by the DMAC.
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21.7  System Clock Output Disabling Function

Output of the system clock (¢) can be controlled by the PSTOP bit in MSTCR. When the PSTOP
bit is set to 1, output of the system clock halts and the @ pin is placed in the high-impedance state.
Figure 21.3 shows the timing of the stopping and starting of system clock output. When the
PSTOP hit is cleared to O, output of the system clock is enabled. Table 21.4 indicates the state of
the @ pin in various operating states.

MSTCR write cycle MSTCR write cycle
(PSTOP =1) (PSTOP = 0)
T1 T2 T3 T1 T2 T3
Qpin () () : :
™~ High impedance EE A S

Figure21.3 Starting and Stopping of System Clock Output

Table21.4 @Pin Statein Various Operating States

Operating State PSTOP =0 PSTOP =1

Hardware standby High impedance High impedance
Software standby Always high High impedance
Sleep mode System clock output High impedance
Normal operation System clock output High impedance
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Section 22 Electrical Characteristics

Table 22.1 shows the electrical characteristics of the various products in the H8/3048 Series.

Table22.1 Electrical Characteristics of H8/3048 Series Products

H8/3048 H8/3048 H8/3048
ltem Svmbol | Unit F-ZTAT H8/3047 H8/3048 F-ONE
y (Dual Power | H8/3045 ZTAT (Single Power
Supply) H8/3044 Supply)*®
Operating |V,.=45t055V MHz 1to 16 1to18 1to18 2t0 25
range V,.=315t055V — 11013 11013 —
V.,.=27t055V 1to8 1to8 1to8 —
V.,.=3.0to3.6V — — — 2to0 25
Operating Regular T °C -20to +75 | -20to +75 | -20to +75 —20 to +75**
temperature |specifications
range Wide-range 4010 +85 | —401t0 +85 | —40to+85 | —40 to +85*'
specifications
Absolute V., pin rating V., Yes — Yes —
maximum FWE pin rating — — — Yes
ratings
V. pin — — — Cannot be
connected
to power
supply*?
(5 V operation
model only)
Power supply \'A \% -0.3to+7.0 |-0.3to+7.0] -0.3to +7.0 |-0.3t0 +7.0
voltage (5 V operation
model)
—-0.3to +4.6
(3 V operation
model)
DC charac- |RESO pin Yes Yes Yes —
teristics specification
FWE pin — — — Yes
specification
Determination Yes — — —
level for applying
high voltage (12 V)
Standby current (W pA Max 5 Max 5 Max 5 Max 10
(T,=<50°C)
Standby current Max 20 Max 20 Max 20 Max 80
(50°C<T)
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H8/3048 H8/3048 H8/3048
item Svmbol | Unit F-ZTAT H8/3047 H8/3048 F-ONE
y (Dual Power | H8/3045 ZTAT (Single Power
Supply) H8/3044 Supply)*®
AC charac- |Clock cycle time t. ns Max 1000 Max 1000 | Max 1000 Max 500
teristics RES pulse width foan o | Min10 Min 10 Min 10 Min 20
RESO output teeso ns Max 100 Max 100 Max 100 —
delay time
RESO output teesow e Min 132 Min 132 Min 132 —
pulse width
Flash Other wait times See table — — See table
memory 22.20 21.11
charac-
teristics**
Notes: *1 The operating temperature range for flash memory programming/erasing is 0°C to +75°.

*2 Connect an external capacitor between the V__pin and GND.
*3 See the DC Characteristics table for current dissipation during operation.

*4 Refer to the program/erase algorithms for details of flash memory characteristics.
*5 Refer to the H8/3048F-ONE Hardware Manual (Rev. 1.0) for details.
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22.1  Electrical Characteristicsfor H8/3048 ZTAT (PROM) and On-Chip
Mask ROM Versions

Target product types. H8/3048 ZTAT, H8/3048 mask-ROM, H8/3047 mask-ROM,
H8/3045 mask-ROM, H8/3044 mask-ROM

2211 Absolute Maximum Ratings
Table 22.2 lists the absolute maximum ratings.

Table22.2 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.3t0 +7.0 \%
Programming voltage (H8/3048 ZTAT) V., -0.3t0 +13.5 \%
Input voltage (except for port 7) A —-0.3toV_+0.3 \%
Input voltage (port 7) A —-0.3t0 AV +0.3 \%
Reference voltage Voer —-0.3t0 AV +0.3 \
Analog power supply voltage AV -0.3t0 +7.0 \%
Analog input voltage Va —-0.3t0 AV +0.3 \
Operating temperature T Regular specifications: —20 to +75 °C
Wide-range specifications: -40to +85  °C
Storage temperature T -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Particularly, insure that peak overshoot at the V,, pin does not exceed 13 V.
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2212 DC Characteristics
Table 22.3 lists the DC characteristics. Table 22.4 lists the permissible output currents.

Table22.3 DC Characteristics (1)

Conditions: V.. =5.0V # 10%, AV =5.0V + 10%, V. =45V to AV,
VL =AV =0V" T, =-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, V.- 1.0 — — \
trigger input P8, to P8, v+ _ _ V_x07 V
voltages PB, to PB, ! «c =
V-V~ 04 — — \Y

Input high RES, STBY, V. V,.—-07 — V,.+03 V
voltage NMI,

MD, to MD,

EXTAL V,.x07 — V,.+03 V

Port 7 2.0 — AV +03V

Ports 1 t0 6, 9, 2.0 — V,.+03 V

P8, P8,, PB,to

PB,
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD, to MD,

NMI, EXTAL, -0.3 — 0.8 \Y,

ports1to 7,9,

P8,, P8,, PB, to

PB,
Output high  All output pins  V, V,.—-05 — — \ l,, =—200 pA
voltage (except RESO) 35 — _ v IL,=—1mA
Output low  All output pins  V_, — — 0.4 \ l,,=1.6 mA
voltage (except RESO)

Ports 1, 2, 5, — — 1.0 \Y l,, =10 mA

and B

RESO — — 0.4 \ l,,=2.6 MA
Input STBY, NMI, 1l — — 1.0 MA  V, ,=05t0
leakage RES, V,.—-05V
current MD, to MD,

Port 7 — — 1.0 MA  V =05to

AV, -0.5V
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Item Symbol  Min Typ Max Unit Test Conditions
Three-state  Ports 1 to 6, [l — — 1.0 MA  V, =05t0
leakage 8toB V,.—-05V
current
RESO — — 10.0 A
(off state) K
Input pull-up Ports 2, 4, -l 50 — 300 MA V=0V
current and 5
Input NMI C, — — 50 pF  V,=0V
capacitance | input pins — — 15 pF f=1MHz
except NMI T =25°C
Current Normal e — 50 65 mA =16 MHz
dissipation™® operation _ 55 75 mA  f=18 MHz
Sleep mode — 35 50 mA f=16 MHz
— 40 55 mA =18 MHz
Module standby — 20 25 mA f=16 MHz
*4
mode — 25 27 mA  f=18 MHz
Standby mode™® — 0.01 5.0 HA T, <50°C
— — 20.0 HA  50°C<T,
Analog During A/D Al — 1.2 2.0 mA
power conversion
supply During A/D and — 1.2 2.0 mA
current D/A conversion
Idle — 0.01 5.0 MA DASTE=0
Reference  During A/D Al — 0.3 0.6 mA V_.=50V
current conversion
During A/D and — 13 3.0 mA
D/A conversion
Idle — 0.01 5.0 MA  DASTE=0
RAM standby voltage Ve 2.0 — — \
Notes: *1 If the A/D and D/A converters are not used, do not leave the AV __, AV, and V___ pins

open. Connect AV_. and V. to V_,, and connect AV to V.

*2 Current dissipation values are for vV, . =V_—-0.5VandV, = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for V,, <V <45V, V,, =V, x09,andV, _=03V.

RAM — ILmax

*4 Module standby current values apply in sleep mode with all modules halted.

IHmin
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Table22.2 DC Characteristics (2)

Conditions; V=27V to55V, AV =27V 1t055V,V =27V I0AV_,
VL =AV =0V" T, =-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, V.- V.x02 — — \
trigger input P8, to P8, v+ _ _ V_x07 V
voltages PB, to PB, ! c -
Vi -V~ V%007 — — \
Input high RES, STBY, V. V%09 — V,.+03 V
voltage NMI,
MD, to MD,
EXTAL Ve x0.7 — V+03 V
Port 7 Ve x07 — AV . +0.3 V
Ports 1 t0 6, 9, V,.x07 — V,.+03 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, vV, -0.3 — Ve x01 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — V%02 V V<40V
ports1to 7,9,
P8,, P8, PB,to 0.8 v V=
" CcC
PB, 40V 1055V
Output high  All output pins ~ V, V,.—-05 — — \ l,, =—200 pA
voltage (except RESO) V.10 — _ v I, =—1mA
Output low  All output pins  V_, — — 0.4 \ l,, =1.6 mA
voltage (except RESO)
Ports 1, 2, 5, — — 1.0 \ V<4V
and B l,, =5 mA,
4V<V, <55V
l,, =10 mA
RESO — — 0.4 \ lo, = 1.6 MA
Input STBY, NMI, 1l — — 1.0 MA  V, =05to
leakage RES, V,—05V
current MD, to MD,
Port 7 — — 1.0 MA  V =05to
AV . —-05V
Three-state  Ports 1 to 6, [ — — 1.0 MA  V, =05to
leakage 8toB V,.—-05V
current
RESO — — 10.0 A
(off state) K
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Item Symbol  Min Typ Max Unit Test Conditions

Input pull-up Ports 2, 4, -l 10 — 300 MA  V_ =27Vto
current and 5 55V,V, =0V
Input NMI C, — — 50 pF  V,=0V
capacitance | input pins — — 15 f=1MHz
except NMI T =925°C
Current Normal ot — 12 35 mA f=8MHz
dissipation™® operation @Bo0V) (B5V)
— 20 55 mA =13 MHz
33V) (5V) (V,c=3.15Vto
5.5V)
Sleep mode — 8 25 mA f=8MHz
3.0V) (5vV)
— 12 40 mA =13 MHz
33V) (5vV) (V,.=38.15Vto
55V)
Module standby — 5 14 mA f=8 MHz
mode™® (3.0V) (55V)
— 7 20 mA 13 MHz
33V) (5V) (V,.=38.15Vto
5.5V)
Standby mode™* — 0.01 5.0 MA T, ,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Al — 0.4 1.0 mA AV =30V
power conversion _ 1.2 _ mA AV =50V
supply B : cc =
current During A/D and — 0.4 1.0 mA AV =30V
D/A conversion —
— 1.2 — mA AV =50V
Idle — 0.01 5.0 MA DASTE=0
Reference  During A/D Al — 0.2 0.4 mA V_,.=3.0V
current conversion —
— 0.3 — mA V.,.=50V
During A/D and — 0.8 2.0 mA V_.=3.0V
D/A conversion —
— 1.3 — mA V.,.=50V
Idle — 0.01 5.0 MA  DASTE=0
RAM standby voltage Ve 2.0 — — \Y

Notes: *1 If the A/D and D/A converters are not used, do not leave the AV _,, AV, and V___ pins
open. Connect AV_. and V___ to V_, and connect AV to V..

*2 Current dissipation values are for vV, .. =V_—-05VandV, = 0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

*3 The values are for V,, < V<27V, V,,,. =V, x0.9 and V,

RAM —

=0.3V.

IHmin ILmax
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*4 |.. depends on V__ and f as follows:
lecmax = 3-0 (MA) + 0.75 (MA/MHz - V) x V__ x f [normal mode]
=3.0 (mA) + 0.55 (MA/MHz - V) x V__ x f [sleep mode]
leema = 3.0 (MA) + 0.25 (MA/MHz - V) x V_ x f [module standby mode]
*5 Module standby current values apply in sleep mode with all modules halted.

ICCmax

Table22.4 Permissible Output Currents

Conditions: V=27V to55V,AV_=27V1t055V,V_.=27VI0AV_,
V=AV_ =0V, T,=-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2,5,and B loo — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins in 2, — — 80 mA
low current (total) ports 1, 2,5, and B
Total of all output pins, — — 120 mA
including the above
Permissible output All output pins on — — 2.0 mA
high current (per pin)
Permissible output Total of all output pins 2l — — 40 mA

OH

high current (total)

Notes: 1. To protect chip reliability, do not exceed the output current values in table 22.4.

2. When driving a darlington pair or LED, always insert a current-limiting resistor in the

output line, as shown in figures 22.1 and 22.2.
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H8/3048
Series

Port

Darlington pair

Figure22.1 Darlington Pair Drive Circuit (Example)

H8/3048
Series

Ports 1, 2, 5,
and B

LED

600 Q

Figure22.2 LED Drive Circuit (Example)
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22.1.3 AC Characteristics

Bustiming parameters are listed in table 22.5. Refresh controller bus timing parameters are listed
in table 22.6. Control signal timing parameters are listed in table 22.7. Timing parameters of the

on-chip supporting modules are listed in table 22.8.

Table22.5 BusTiming

Condition A: V=27V 1055V, AV, =27V 1055V, V,, =27V t0AV

REF
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: V. =315V t055V, AV, =315V t055V,V

REF
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition C: V. =5.0V +10%, AV =50V + 10%, V. =45V to AV

cc?

V=AV, =0V, @=1MHzto 18 MHz, T, =-20°C to +75°C (regular

specifications), T, = —40°C to +85°C (wide-range specifications)

cc?

V=AV_ =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular

=315V to AV
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular

Condition ~ Condition Condition
A B Cc
8 MHz 13 MHz 16 MHz 18 MHz
Test

Item Symbol Min Max Min Max Min Max Min Max Unit Conditions
Clock cycle time teve 125 1000 76.9 1000 62.5 1000 55.5 1000 ns  Figure 22.7,
Clock pulse low width te, 40 — 20 — 20 — 17 — Figure 22.8
Clock pulse high width te, 40 — 20 — 20 — 17 —
Clock rise time ter — 20 — 15 — 10 — 10
Clock fall time ter — 20 — 15 — 10 — 10
Address delay time to — 60 — 50 — 30 — 25
Address hold time to 25 — 20 — 0 — 10 —
Address strobe delay teo — 60 — 50 — 30 — 25
time
Write strobe delay time  t,, — 60 — 50 — 30 — 25
Strobe delay time te — 60 — 50 — 30 — 25
Write data strobe pulse  t,q,.x 8 — 40 — 35 — 32 —
width 1
Write data strobe pulse  t,q,« 150 — 90 — 65 — 62 —
width 2
Address setup time 1 [ 20 — 15 — 0 — 10 —
Address setup time 2 theo 80 — 45 — 40 — 38 —
Read data setup time teos 50 — 30 — 20 — 15 —
Read data hold time t 0 — 0 — 0 — 0 —
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Condition Condition Condition

A B Cc
8 MHz 13 MHz 16 MHz 18 MHz Test

Iltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
Write data delay time oo — 75 — 75 — 60 — 55 ns  Figure 22.7,
Write data setup time 1 t,,., 60 — 20 — 15 — 10 — Figure 22.8
Write data setup time 2 t,,, 5 — -10 — -5 — -10 —
Write data hold time o 25 — 15 — 20 — 20 —
Read data access time 1 t, .« — 120 — 60 — 60 — 50
Read data access time 2 t, .« — 240 — 140 — 120 — 105
Read data access time 3 t, .« — 70 — 30 — 30 — 20
Read data access time 4 t, .« — 180 — 100 — 95 — 80
Precharge time by 8% — 5 — 45 — 40 —
Wait setup time tors 40 — 40 — 25 — 25 — ns  Figure 22.9
Wait hold time o 10 — 0 — 5 — 5 —
Bus request setup ime  t,.qq 40 — 40 — 40 — 40 — ns  Figure22.21
Bus acknowledge delay t,,.., — 60 — 50 — 30 — 30
time 1
Bus acknowledge delay t,,., — 60 — 50 — 30 — 30
time 2
Bus-floating time toso — 70 — 70 — 40 — 40
Note: * At 8 MHz, the times below depend as indicated on the clock cycle time.

tee, = 1.5 %t — 68 (ns) tysw = 1.0 x t_ . — 40 (ns)

tee, = 2.5 %t — 73 (NS) tyswe = 1.5 Xt — 38 (nS)

tee; = 1.0 Xt . — 55 (ns) t.o, = 1.0xt_—40(ns)

tieca = 2.0 X 1o —70 (ns)
At 13 MHz, the times below depend as indicated on the clock cycle time.

tee, = 1.5 %t . — 56 (nS) tyew = 1.0 Xt — 37 (nS)
tee, = 2.5 %t — 53 (ns) tyswe = 1.5 Xt — 26 (NS)
tees = 1.0t . — 47 (nS) to, =1.0xt_ —32(ns)

teea = 2.0 X 10 —54(ns)
At 16 MHz, the times below depend as indicated on the clock cycle time.

tee = 1.5 %t . — 34 (ns) tyew = 1.0 Xt — 28 (nS)
tee, = 2.5 Xt . — 37 (NS) tyewe = 1.5 X 1. — 29 (nS)
tee; = 1.0t . — 33 (ns) to, = 1.0xt_ —28(ns)

teea = 2.0 X 10 —30 (ns)
At 18 MHz, the times below depend as indicated on the clock cycle time.

tee = 1.5 %t — 34 (ns) tyew = 1.0 Xt — 24 (nS)
tee, = 2.5 Xt . — 34 (nS) tyewe = 1.5 X 1. — 22 (nS)
tees = 1.0 Xt — 36 (nS) te, =1.0xt_—21(ns)

=2.0xt, —31(ns)

ACC4
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Table22.6 Refresh Controller Bus Timing

ConditionA: V=27V t055V,AV_ =27V t055V,V =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V_=315Vto55V,AV_ =315V to55V,V_ =315V I0AV_,
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V = 10%, AV =50V +10%, V.. =45V t0o AV,
V=AV_ =0V, @=1MHzto 18 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition ~ Condition Condition
A B C
8 MHz 13 MHz 16 MHz 18 MHz
Test
Iltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
RAS delay time 1 toao — 60 — 50 — 30 — 30 ns  Figure 22.10
"BAG - to
RAS delay time 2 t, — 60 — 50 — 30 — 30
v rac2 Figure 22.16
RAS delay time 3 tenos — 60 — 50 — 30 — 30
Row address hold time* t_,, 25 — 20 — 15 — 15 —
RAS precharge time* tee 85 — 55 — 45 — 40 —
CAS to RAS precharge  t_, 8 — 55 — 45 — 40 —
time*
CAS pulse width teas 100 — 55 — 40 — 3B —
RAS access time* tenc — 160 — 80 — 85 — 70
Address access time [ — 105 — 45 — 55 — 45
CAS access time* teae — 50 — 30 — 30 — 25
Write data setup time 3 t,,., 50 — 20 — 15 — 10 —
CAS setup time* tesr 20 — 0 — 15 — 0 —
Read strobe delay time  t., — 60 — 50 — 30 — 30

Note is on next page.
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Note: * At 8 MHz, the times below depend as indicated on the clock cycle time.
to = 0.5xt,  —38(ns) tc =1.0xt —75(ns)
toc = 2.0 xt_ . —90 (ns) t.r = 0.5 %t —43(ns)
te, =t = 1.0 xt . —40 (ns)

At 13 MHz, the times below depend as indicated on the clock cycle time.

CyC

to =05 xt, —19(ns) toc =1.0xt_ —47(ns)
toc = 2.0 %t —74(ns) tr = 0.5t —29 (ns)
tep =t = 1.0 Xt . — 22 (NS)
At 16 MHz, the times below depend as indicated on the clock cycle time.
to =05 xt - 17 (ns) t=1.0xt_ —33(ns)
toc = 2.0 xt_ . —40(ns) t.e = 0.5 xt_ - 17 (ns)
tep =t = 1.0 Xt . — 18 (nS)
At 18 MHz, the times below depend as indicated on the clock cycle time.
to =05 xt,  —13(ns) tc =1.0xt —31(ns)
tc =2.0xt —41(ns) t.e = 0.5 xt_ . — 18 (ns)

tp =t =1.0xt . —16 (nS)

RP
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Table22.7 Control Signal Timing

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V_=315Vto55V,AV_ =315V to55V,V_ =315V I0AV_,
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V = 10%, AV =50V +10%, V.. =45V t0o AV,
V=AV_ =0V, @=1MHzto 18 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition  Condition Condition
A B C
8 MHz 13 MHz 16 MHz 18 MHz
Test

Item Symbol Min Max Min Max Min Max Min Max Unit Conditions

ES setup time tress 200 — 200 — 200 — 200 — ns  Figure 22.18
RES pulse width tresw 10 — 0 — 0 — 10 — to.
Mode programming setup t,. 200 — 200 — 200 — 200 — ns
time
RESO output delay treso — 100 — 100 — 100 — 100 ns  Figure 22.19
time
RESO output pulse width t g, 132 — 132 — 132 — 132 — to.
NMI setup time towns 200 — 200 — 150 — 150 — ns  Figure 22.20
(NMI, IRQ, to IRQ,)
NMI hold time tanan 10 — 0 — 0 — 10 —
(NMI, IRQ, to IRQ,)
Interrupt pulse width tonw 200 — 200 — 200 — 200 —
(NMI, IRQ, to IRQ,
when exiting software
standby mode)
Clock oscillator settling ~ t_., 20 — 20 — 20 — 20 — ms Figure 22.22
time at reset (crystal)
Clock oscillator settling ~ t_., 7 — 7 — 7 — 7 — ms  Figure 21.1

time in software standby
(crystal)
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Table22.8 Timing of On-Chip Supporting Modules

ConditionA: V=27V to55V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V_=315Vto55V,AV_ =315V 1to55V,V_ =315V I0AV_,
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V = 10%, AV =50V +10%, V.. =45V t0 AV,
V=AV_ =0V, @=1MHzto 18 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition  Condition Condition
A B Cc
8 MHz 13 MHz 16 MHz 18 MHz
Test
Iltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
DMAC DREQ setup toros 40 — 40 — 30 — 30 — ns  Figure 22.30
time
DREQ hold toran 10 — 0 — 0 — 10 —
time
TEND delay treon — 100 — 100 — 50 — 50 Figure 22.28,
time 1 Figure 22.29
TEND delay treos — 100 — 100 — 50 — 50
time 2
ITU Timer output troco — 100 — 100 — 100 — 100 ns  Figure 22.24
delay time
Timer input tres 50 — 50 — 50 — 50 —
setup time
Timer clock trexs 50 — 50 — 50 — 50 — Figure 22.25
input setup time
Timer Single  t . 15 — 15 — 15 — 15 — t.
clock edge
pulse “go 25 — 25 — 25 — 25 —
width edges c
SCI Input  Asyn- teeve 4 — 4 — 4 — 4 —  t,. Figure 22.26
clock chronous
cyele gy . 6 — 6 — 6 — 6 —
chronous
Input clock rise  tg,, — 15 — 15 — 15 — 15
time
Input clock fall  t, — 15 — 15 — 15 — 15
time
Input clock tow 04 06 04 06 04 06 04 06 tg,
pulse width
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Condition  Condition Condition
A B Cc
8 MHz 13 MHz 16 MHz 18 MHz
Test

Iltem Symbol Min Max Min Max Min Max Min Max Unit Conditions
SCI Transmit data tho — 100 — 100 — 100 — 100 ns  Figure 22.27

delay time

Receive data toks 100 — 100 — 100 — 100 —

setup time

(synchronous)

Receive Clock t, 100 — 100 — 100 — 100 —

data input

?S‘"ﬁgm‘: Clock o — o0 — o0 — o0 —

y output

nous)
Ports  Output data towo — 100 — 100 — 100 — 100 ns  Figure 22.23
and delay time
TPC nput data foe 50 — 5 — 50 — 5 —

setup time

Input data toru 50 — 50 — 50 — 50 —

hold time

C =90 pF: ports 4,5, 6,8, A(19to 0),
R. D(15t0 8), @

H8/3048 Series o

output pin

c —

T

§RH

T

C =30 pF: ports 9, A, B, RESO

R, =24kQ
Ry=12kQ

Input/output timing measurement levels
*Low: 0.8V
* High: 2.0V

Figure22.3 Output Load Circuit
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22.1.4 A/D Conversion Characteristics
Table 22.9 lists the A/D conversion characteristics.

Table22.9 A/D Converter Characteristics

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V_=315Vto55V,AV_ =315V to55V,V_ =315V I0AV_,
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V = 10%, AV =50V +10%, V.. =45V t0 AV,
V=AV_ =0V, @=1MHzto 18 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 13 MHz 16 MHz 18 MHz

Item Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 10 10 10 10 10 10  bhits
Conversion time 16.75 — — 1031 — — 8375 — — 745 — — us
Analog input — — 20 — — 20 — — 20 — — 20 pF
capacitance
Permissible - - 10" - - 10" - - 10 — — 10" kQ
_signal—source — _ 5 — — g _ — 5 — g%
impedance
Nonlinearity — — +6.0 — — +6.0 — — +30 — — +3.0 LSB
error
Offset error — — +40 — — +40 — — +20 — — +2.0 LSB
Full-scale error — — #¥0 — — #0 — — ¥20 — — *20 LSB
Quantization — — +05 — — +05 — — +05 — — +0.5 LSB
error
Absolute — — #80 — — 80 — — +#40 — — +40 LSB
accuracy

Notes: *1 The value is for4.0 < AV__<5.5.

cc —
*2 Thevalueis for 2.7 < AV__<4.0.

cc —

*3 The value is for < 12 MHz.
*4 The value is for ¢ > 12 MHz.
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2215 D/A Conversion Characteristics
Table 22.10 lists the D/A conversion characteristics.

Table 22.10 D/A Converter Characteristics

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionB: V_.=315Vto55V,AV_ =315V to55V,V_ =315V I0AV_,
V=AV_ =0V, @=1MHzto 13 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V. =5.0V = 10%, AV =50V +10%, V.. =45V t0o AV,
V=AV_ =0V, =1MHzto 18 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B Condition C
8 MHz 13 MHz 16 MHz 18 MHz
Test
Iltem Min Typ Max Min Typ Max Min Typ Max Min Typ Max Unit Conditions
Resolution 8 8 8 8 8 8 8 8 8 8 8 8 Bits
Conversion — — 10 — — 10 — — 10 — — 10 ps 20-pF
time capacitive
load
Absolute — 20 #3830 — #20 #¥30 — #1.0 #¥x215 — #1.0 *15 LSB 2-MQ
accuracy resistive
load
- — *®¥20 — — ¥20 — — #¥10 — — 10 LSB 4-MQ
resistive
load
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22.2  Electrical Characteristics of H8/3048F (Dual-Power Supply)

22.2.1 Absolute Maximum Ratings
Table 22.11 lists the absolute maximum ratings.

Table 22.11 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage Ve -0.31t0 +7.0 \%
Programming voltage Voo -0.3t0 +13.0 \%
Input voltage V., —-0.3toV_+0.3 \
(except for MD, and port 7
Input voltage (MD,) n -0.3to0 +13.0 \%
Input voltage (port 7) V., —-0.3t0 AV +0.3 \%
Reference voltage Vieer —0.3t0 AV +0.3 \
Analog power supply voltage AV . -0.3t0 +7.0 \%
Analog input voltage Va —-0.3t0 AV +0.3 \
Operating temperature T Regular specifications: —20 to +75 °C
Wide-range specifications: -40to +85  °C
Storage temperature T -55to +125 °C

Caution: Permanent damage to the chip may result if absolute maximum ratings are exceeded.
Particularly, insure that peak overshoot at the V,, and MD2 pins does not exceed 13 V.
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2222 DC Characteristics
Table 22.12 lists the DC characteristics. Table 22.13 lists the permissible output currents.

Table 22.12 DC Characteristics (1)

Conditions: V.. =5.0V # 10%, AV =5.0V + 10%, V. =45V to AV,
VL =AV =0V" T, =-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, V.- 1.0 — — \
trigger input P8, to P8, v+ _ _ V_x07 V
voltages PB, to PB, ! c -
V-V~ 04 — — \Y
Input high RES, STBY, V. V,.—-07 — V,.+03 V
voltage NMI,
MD, to MD,
EXTAL V,.x07 — V,.+03 V
Port 7 2.0 — AV +03V
Ports 1 t0 6, 9, 2.0 — V,.+03 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD, to MD,
NMI, EXTAL, -0.3 — 0.8 \Y,
ports1to 7,9,
P8,, P8,, PB, to
PB,
Output high  All output pins  V, V,.—-05 — — \% l,, =—200 pA
voltage -

9 35 — — Voo, =-1mA
Output low  All output pins  V_, — — 0.4 \ l,,=1.6 mA
voltage (except RESO)

Ports 1, 2, 5, — — 1.0 \Y l,, =10 mA
and B
RESO — — 0.4 \Y, l,,=2.6 MA
High voltage RESO/V,, Vv, V+20 — 114 \ V=
12vVv) MD2 45Vto55V
application
criterion
level*®
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Item Symbol  Min Typ Max Unit Test Conditions

Input STBY, NMI, 1.l — — 1.0 MA V, =05t0
leakage RES, MD,, MD, V,.—-05V
current MD, — — 10.0 WAV, =0510
V. +05V
MD, — — 50.0 MA V=V +
0.5t0126V
Port 7 — — 1.0 MA  V =05to
AV -05V
Three-state  Ports 1 to 6, [l — — 1.0 MA V, =0.5t0
leakage 8toB V,.—-05V
current BEGH,
RESO/V — — 20.0 mA V__to5V<
(off state) " V.CC< 12,6V
— — 10.0 MA  05V<V, <
V, 1005V
Input pull-up Ports 2, 4, -, 50 — 300 HA V, =0V
current and 5
Input NMI C, — — 50 pF Vv, =0V
capacitance i input pins — — 15 pF  f=1MHz
Current Normal e — 50 65 mA =16 MHz
dissipation™® operation
Sleep mode — 35 50 mA f=16 MHz
Module standby — 20 25 mA f=16 MHz
mode™*
Standby mode™® — 0.01 5.0 HA T, <50°C
— — 20.0 HA  50°C<T,
Analog During A/D Al — 1.2 2.0 mA
power conversion
supply During A/D and — 1.2 2.0 mA
current D/A conversion
Idle — 0.01 5.0 MA  DASTE=0
Reference  During A/D Al — 0.3 0.6 mA V,.=50V
current conversion
During A/D and — 1.3 3.0 mA
D/A conversion
Idle — 0.01 5.0 MA  DASTE=0
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Item Symbol  Min Typ Max Unit Test Conditions
V., pin Read output lp — — 10 MA V=50V
current — 10 20 mA V,, =126V
Program — 20 40 mA
execution
Erase — 20 40 mA
RAM standby voltage Ve 2.0 — — \
Notes: *1 If the A/D and D/A converters are not used, do not leave the AV __, AV, and V___ pins

*2

*3
*4
*5

open. Connect AV_. and V. to V_,, and connect AV to V.

Current dissipation values are forV,, . =V_—05VandV,  _ =0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

The values are for V,, <V, .<45V,V,,. . =V, .x09andV, =03V.

Module standby current values apply in sleep mode with all modules halted.

The high-voltage application criterion level is as shown above. However, in boot mode
and during flash memory write and erase it should be set at 12.0 V +0.6 V.

IHmin ILmax
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Table 22.12 DC Characteristics (2)

Conditions; V=27V to55V, AV =27V 1t055V,V =27V I0AV_,
V. =AV =0V" T, =-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol  Min Typ Max Unit Test Conditions
Schmitt Port A, V.- V%02 — — \
trigger input P8, to P8, v+ _ _ V_x07 V
voltages PB, to PB, ! c -
V-V~ V. %007 — — \Y
Input high RES, STBY, V. V%09 — V,.+03 V
voltage NMI,
MD, to MD,
EXTAL V,.x07 — V,.+03 V
Port 7 Ve x07 — AV . +0.3 V
Ports 1 t0 6, 9, V,.x07 — V,.+03 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, vV, -0.3 — Vx01 V
voltage MD, to MD,
NMI, EXTAL, -0.3 — V%02 V V<40V
ports1to 7,9, 0.8 v V=
. cc
P8,, P8,, PB, to 40V1055V
PB,
Output high  All output pins ~ V, V,.—-05 — — \% l,, =—200 pA
voltage —

9 V,.-10 — — Voo, =-1mA
Output low  All output pins  V_, — — 0.4 \ l,,=1.6 mA
voltage (except RESO)

Ports 1, 2, 5, — — 1.0 \Y V,.<4V
and B l,, =5 mA,
4V<V_ <55V
l,, =10 mA
RESO — — 0.4 \Y l,,=1.6 mA
High voltage RESO/V,, v, Ve +20 — 114 \ V=27V
12v) MD2 to5.5V
application
criterion
level™®
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Item Symbol  Min Typ Max Unit Test Conditions
Input STBY, NMI, I — — 1.0 MA V, =05t0
leakage RES, MD,, MD, V,.—-05V
current MD, — — 10.0 WAV, =0510
V. +05V
MD, — — 50.0 MA V=V +
0.5t012.6 V
Port 7 — — 1.0 MA  V =05to
AV -05V
Three-state  Ports 1 to 6, [l — — 1.0 MA V, =0.5t0
leakage 8toB V,.—-05V
current BECON
RESO/V, — — 20.0 mA V_+05<V
(off state) " ce "
<126
— — 10.0 MA 055V, <V,
+0.5V
Input pull-up Ports 2, 4, -, 10 — 300 HA  V_ =27Vto
current and 5 55V,V, =0V
Input NMI C, — — 50 pF Vv, =0V
capacitance  p| input pins — — 15 f=1MHz
Current Normal ot — 12 35 mA f=8 MHz
dissipation™® operation @B0V) (B5V)
Sleep mode — 8 25 mA f=8MHz
(3.0V) (55V)
Module — 5 14 mA f=8MHz
standby mode™® (3.0V) (55V)
Standby mode™** — 0.01 5.0 MA T, ,<50°C
— — 20.0 MA  50°C<T,
Analog During A/D Al — 0.4 1.0 mA AV =30V
power conversion _ 1.2 _ mA AV =50V
supply B : cc =
current During A/D and — 0.4 1.0 mA AV =30V
D/A conversion _ 1.2 _ mA AV_=50V
Idle — 0.01 5.0 MA  DASTE=0
Reference  During A/D Al — 0.2 0.4 mA V_,.=3.0V
current conversion — 03 — mA V_ =50V
During A/D and — 0.8 2.0 mA V_,.=3.0V
D/A conversion _ 13 _ mA V,_ =50V
Idle — 0.01 5.0 MA  DASTE=0
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Item Symbol  Min Typ Max Unit Test Conditions
V., pin Read output lp — — 10 MA V=50V
current _ 10 20 mA
Program — 20 40 mA V=126V
execution
Erase — 20 40 mA
RAM standby voltage Ve 2.0 — — \
Notes: *1 If the A/D and D/A converters are not used, do not leave the AV __, AV, and V___ pins

*2

*3
*4

*5
*6

open. Connect AV_. and V, to V_,, and connect AV to V.

Current dissipation values are forV,, . =V_—05VandV,  _ =0.5V with all output
pins unloaded and the on-chip pull-up transistors in the off state.

The values are for V,, < V.. < 2.7V, V,,,. = V. x 0.9, and V,

RAM —

I depends on V_. and f as follows:
lecma = 3:0 (MA) + 0.75 (MA/MHz - V) x V__ x f [normal mode]
| =3.0 (mA) + 0.55 (MA/MHz - V) x V__ x f [sleep mode]

CCmax

| =3.0 (mA) + 0.25 (MA/MHz - V) x V__ x f [module standby mode]

CCmax

Module standby current values apply in sleep mode with all modules halted.

The high-voltage application criterion level is as shown above. However, in boot mode
and during flash memory write and erase it should be set at 12.0 V £0.6 V.

=0.3V.

IHmin ILmax

Table 22.13 Permissible Output Currents

Conditions; V=27V to55V, AV =27V 1t055V,V =27V I0AV_,

V=AV, =0V, T,=-20°Cto +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit
Permissible output Ports 1, 2, 5, and B lo — — 10 mA
low current (per pin) Other output pins — — 2.0 mA
Permissible output Total of 28 pins in >l — — 80 mA
low current (total) ports 1, 2, 5, and B

Total of all output pins, — — 120 mA

including the above

Permissible output All output pins on — — 2.0 mA
high current (per pin)

Permissible output Total of all output pins >, — — 40 mA
high current (total)

Notes: 1.
2.

To protect chip reliability, do not exceed the output current values in table 22.13.

When driving a darlington pair or LED, always insert a current-limiting resistor in the
output line, as shown in figures 22.4 and 22.5.
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H8/3048
Series

Port

Darlington pair

Figure22.4 Darlington Pair Drive Circuit (Example)

H8/3048
Series
Ports 1, 2, 5,
and B 600Q
>
LED

Figure22.5 LED Drive Circuit (Example)
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22.2.3 AC Characteristics

Bustiming parameters are listed in table 22.14. Refresh controller bus timing parameters are listed
in table 22.15. Control signal timing parameters are listed in table 22.16. Timing parameters of the
on-chip supporting modules are listed in table 22.17.

Table 22.14 Bus Timing

ConditionA: V=27V to55V,AV_ =27V t055V,V .. =27V 1t0AV_,
V=AV_ =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V = 10%, AV =50V = 10%, V.. =45V t0o AV,
V=AV_ =0V, =1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz Test
Iltem Symbol Min Max Min Max Unit  Conditions
Clock cycle time teve 125 1000 62.5 1000 ns Figure 22.7,
Clock pulse low width t. 40 — 20 — Figure 22.8
Clock pulse high width te, 40 — 20 —
Clock rise time ter — 20 — 10
Clock fall time ter — 20 — 10
Address delay time to — 60 — 30
Address hold time to 25 — 10 —
Address strobe delay time theo — 60 — 30
Write strobe delay time twso — 60 — 30
Strobe delay time te — 60 — 30
Write data strobe pulse width 1t 85 — 35 —
Write data strobe pulse width 2t 150 — 65 —
Address setup time 1 e 20 — 10 —
Address setup time 2 toe 80 — 40 —
Read data setup time teps 50 — 20 —
Read data hold time t 0 — 0 —
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Condition A Condition C
8 MHz 16 MHz Test

Item Symbol Min Max Min Max Unit  Conditions
Write data delay time oo — 75 — 60 ns Figure 22.7,
Write data setup time 1 st 60 — 15 — Figure 22.8
Write data setup time 2 tuoss 5 — -5 —
Write data hold time ton 25 — 20 —
Read data access time 1 tocer* — 120 — 60
Read data access time 2 taceo* — 240 — 120
Read data access time 3 | - — 70 — 30
Read data access time 4 tocca® — 180 — 95
Precharge time b 85 — 45 —
Wait setup time trs 40 — 25 — ns Figure 22.9
Wait hold time o 10 — 5 —
Bus request setup time toros 40 — 40 — ns Figure 22.21
Bus acknowledge delay time 1 toncon — 60 — 30
Bus acknowledge delay time 2 toncos — 60 — 30
Bus-floating time toso — 70 — 40

Note: * At 8 MHz, the times below depend as indicated on the clock cycle time.

tee, = 1.5 %t — 68 (ns) tyew = 1.0 x t_, . — 40 (ns)
tee, = 2.5 %t — 73 (NS) tyswe = 1.5 X 1. — 38 (ns)
tee; = 1.0 Xt . — 55 (ns) o =1.0xt. —40(ns)
tieca = 2.0 X 1o —70 (ns)

At 16 MHz, the times below depend as indicated on the clock cycle time.

tee = 1.5 %t — 34 (ns) tyew = 1.0 x 1. — 28 (ns)
tee, = 2.5 %t — 37 (nS) tyswe = 1.5 X 1. — 29 (NS)
tee; = 1.0t . —33(ns) o =1.0xt. —28(ns)
tieea = 2.0 X 10 —30 (ns)
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Table 22.15 Refresh Controller Bus Timing

ConditionA: V=27V to55V,AV =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV =50V +10%, V. =45V to AV,
V=AV_ =0V, @=1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz Test

Iltem Symbol Min Max Min Max Unit  Conditions
RAS delay time 1 toron — 60 — 30 ns Figure 22.10
T delay time 2 toos — 60 — 30 E)igure 2216
RAS delay time 3 tonos — 60 — 30
Row address hold time* toan 25 — 15 —
RAS precharge time* teo 85 — 45 —
CAS to RAS precharge time* tone 85 — 45 —
CAS pulse width tons 100 — 40 —
RAS access time* tonc — 160 — 85
Address access time ton — 105 — 55
CAS access time* ton — 50 — 30
Write data setup time 3 tuoss 50 — 15 —
CAS setup time* toee 20 — 15 —
Read strobe delay time trso — 60 — 30
Note: * At 8 MHz, the times below depend as indicated on the clock cycle time.

tous = 0.5 X t,c — 38 (nS) teae = 1.0 Xt = 75 (nS)

tonc = 2.0 Xt — 90 (nS) tese = 0.5 X t,c — 43 (nS)

te, =t = 1.0 Xt . —40 (ns)

At 16 MHz, the times below depend as indicated on the clock cycle time.
to =05 xt,  —17 (ns) toc =1.0xt, —33(ns)
toc = 2.0 xt_—40(ns) tr = 0.5 %t —17 (ns)

tp =t =1.0xt, . —18(ns)

RP
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Table22.16 Control Signal Timing

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV =50V = 10%, V.. =45V to AV,
V=AV_ =0V, =1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz
Item Symbol Min Max Min Max Unit Test
Conditions
RES setup time toess 200 — 200 — ns Figure 22.18
RES pulse width teesw 10 — 10 — teve
Mode programming setup time tyos 200 — 200 — ns
RESO output delay time teeso — 100 — 100 ns Figure 22.19
RESO output pulse width teesow 132 — 132 — teve
NMI setup time tows 200 — 150 — ns Figure 22.20
(NMI, IRQ, to IRQ,)
NMI hold time tanan 10 — 10 —
(NMI, IRQ, to IRQ,)
Interrupt pulse width tonw 200 — 200 —
(NMI, IRQ, to IRQ,
when exiting software
standby mode)
Clock oscillator settling toser 20 — 20 — ms Figure 22.22
time at reset (crystal)
Clock oscillator settling tosco 7 — 7 — ms Figure 21.1
time in software standby
(crystal)
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Table 22.17 Timing of On-Chip Supporting Modules

Condition A: V=27V 1055V, AV, =27V 1055V,V,, =27V 0AV,,

V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular

specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV =50V +10%, V. =45V to AV,
V=AV_ =0V, @=1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)
Condition A Condition C
8 MHz 16 MHz Test
Iltem Symbol Min Max Min Max Unit  Conditions
DMAC DREQ setup time torgs 40 — 30 — ns Figure 22.30
DREQ hold time toron 10 — 10 —
TEND delay time 1 tros — 100 — 50 Figure 22.28
TEND delay time 2 tren, — 100 — 50 Figure 22.29
ITU Timer output delay time troco — 100 — 100 ns Figure 22.24
Timer input setup time tres 50 — 50 —
Timer clock input setup time  t_ 50 — 50 — Figure 22.25
Timer clock  Single edge | S 15 — 15 — teve
pulse width Both edges - 25 — 25 —
SCI Input clock  Asynchronous  t.. 4 — 4 — teve Figure 22.26
cycle Synchronous  tg.. 6 — 6 —
Input clock rise time teckr — 15 — 15
Input clock fall time ook — 15 — 15
Input clock pulse width tecrw 0.4 0.6 0.4 0.6 teeve
SCI Transmit data delay time tho — 100 — 100 ns Figure 22.27
Receive data setup time toxs 100 — 100 —
(synchronous)
Receive Clock input o 100 — 100 —
data hold
ghmrirgzﬁrs]; Clock output  t., 0 — 0 —
Ports  Output data delay time towo — 100 — 100 ns Figure 22.23
_T_Ef:: Input data setup time tors 50 — 50 —
Input data hold time t 50 — 50 —

PRH
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C =90 pF: ports 4,5, 6, 8, A (19to 0),
R_ D (15t0 8), @

H8/3048 Series I‘ C =30 pF: ports 9, A, B, RESO
output pin _
putp R =24kQ
Ry=12kQ
c —__ § Ry Input/output timing measurement levels

T «Low: 0.8V
* High: 2.0V

T T

Figure22.6 Output Load Circuit
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22.24  A/D Conversion Characteristics
Table 22.18 lists the A/D conversion characteristics.

Table 22.18 A/D Converter Characteristics

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV, =0V, @=1MHzto 8 MHz, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV =50V = 10%, V.. =45V to AV,
V=AV_ =0V, =1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz

Item Min Typ Max Min Typ Max Unit
Resolution 10 10 10 10 10 10 bits
Conversion time 16.75 — — 8.375 — — us
Analog input capacitance — — 20 — — 20 pF
Permissible signal-source — — 10** — — 10*° kQ
impedance — — 5*2 — — 5*e
Nonlinearity error — — +6.0 — — +3.0 LSB
Offset error — — +4.0 — — +2.0 LSB
Full-scale error — — +4.0 — — +2.0 LSB
Quantization error — — +0.5 — — +0.5 LSB
Absolute accuracy — — +8.0 — — +4.0 LSB

Notes: *1 The value is for 4.0 < AV__<5.5.
*2 The value is for 2.7 < AV__ <4.0.
*3 The value is for < 12 MHz.

*4 The value is for ¢ > 12 MHz.
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22.25 D/A Conversion Characteristics
Table 22.19 lists the D/A conversion characteristics.

Table 22.19 D/A Converter Characteristics

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV =0V, 9=1MHzto8MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V +10%, AV =50V +10%, V.. =45V to AV,
V=AV_ =0V, =1MHzto 16 MHz, T, = -20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition C
8 MHz 16 MHz

Item Min Typ Max Min Typ Max Unit Test Conditions

Resolution 8 8 8 8 8 8 Bits

Conversion time — — 10 — — 10 Us 20-pF capacitive
load

Absolute accuracy — +2.0 +3.0 — +1.0 +1.5 LSB 2-MQ resistive
load

— — +2.0 — — +1.0 LSB 4-MQ resistive

load
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22.2.6 Flash Memory Characteristics
Table 22.20 lists the flash memory characteristics.

Table 22.20 Flash Memory

ConditionA: V=27V t055V,AV_ =27V t055V,V_ =27V t0AV,
V=AV =0V,V,=12V + 06V, 9=1MHzto8 MHz, T,=-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

ConditionC: V_=5.0V + 10%, AV_.=5.0V + 10%, V. =45V to AV,
V=AV,=0V,V,=12V 06V, p=1MHzto 16 MHz, T, =-20°C to +75°C
(regular specifications), T, = —40°C to +85°C (wide-range specifications)

Item Symbol Min Typ Max Unit Test Conditions
Programming time** t, — 50 1000 us

Erase time™* t — 1 30 s

Erase-program cycle Noyec — — 100 time

Verify setup time 1** [ 4 — — us

Verify setup time 2** tye, 2 — — us

Flash memory read tens 50 — — ps V245V
setup time™* 100 — — us V_<45V

Notes: *1 To specify each time, follow the appropriate algorithm.
*2 Before reading the flash memory, wait at least for the read setup time after clearing the
V,.E bit; lowering the voltage supplied to V,, from 12 V to 0-5 V; turning on the power
when the external clock is used; or returning from standby mode. When the V,_, voltage
is cut off, t_. indicates the time from when the V_, falls below V. + 2 V to when the

' "FRS

flash memory is read.
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22.3  Operational Timing

This section shows timing diagrams.

2231 BusTiming
Bustiming is shown as follows:

» Basic buscycle: two-state access

Figure 22.7 shows the timing of the external two-state access cycle.
» Basic buscycle: three-state access

Figure 22.8 shows the timing of the external three-state access cycle.
» Basic buscycle: three-state access with one wait state

Figure 22.9 shows the timing of the external three-state access cycle with one wait state
inserted.
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T1 To
_ leve _
ten teL
—
I /] N
tcr ~— = =1Icr
teye
N lt—— tAD -
Ag3t0 Ay >§ §<
€S, t0 CS, t
B PCH N
fasp,  facca Isp | fan
AS tasy | N N
tpch
las taccs Isp | ftan
RD =
t \
(read) ASL ;X R,
tacct trps tRDH
- ol RDS_ JoH
D5 to Dy |
(read) NI ¢
PCH
‘tasp Isp | fan
HWR, LWR ﬁ -+
! t
(write) ASL | | - N
- Wswi _
| twps1 twpH
twpp ™
D15 to Do
(write)

Figure22.7 Basic BusCycle: Two-State Access
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Ayz 1o A, X X

B tacca _
AS \

B tacca |
RD (read) \

_ tacce _|tros
D5 to Dy
(read)
twsp twswa

HWR, LWR t J
(write) A2

twps2
D5 to Dy
(write)

Figure22.8 Basic BusCycle: Three-State Access
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D15 to Dy

(read)

HWR, LWR
(write)

D5 to Dy
(write)

tyrs| twrn  twrs

‘

r—»\o

Figure22.9 Basic BusCycle: Three-State Accesswith One Wait State
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22.3.2 Refresh Controller Bus Timing
Refresh controller bustiming is shown as follows:

* DRAM bustiming
Figures 22.10 to 22.15 show the DRAM bus timing in each operating mode.
e PSRAM bustiming
Figures 22.16 and 22.17 show the pseudo-static RAM bus timing in each operating mode.

- T -l T2 -l Ts -l
[ _/ tap >;/ tao 5Jﬁ \M
Agto A X
A5
trap1 ™ [ tRAD3
s - tRAH - | ~
CS; (RAS) =tA51 ‘ﬁ I N
tasp
- tsp
- tCAS et Lt
RD (CAS) s N V. tere [
AWR (UW),
LWR (LW) .
(read) - RAC -
tsp
FWR (OW) [ t "
, AA
CWR (W) —————— - teac.
(write) - twon, ol ___
RFSH t
=RDS= — - tRDH
D5 to Dy
(read)
twpss

D 15 to DO
(write) 4

Figure22.10 DRAM Bus Timing (Read/Write): Three-State Access
— 2WE Mode —
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Ty T2 T3
ﬁ<—»
Ag to A
ltasp tp
is -
- tesr - tRAD3
CS; (RAS)
t t
St RAD2 <tSD=
RD (CAS)
HWR (UW)
LWR (LW)
tRAD2 tRaps, T
[~
RFSH
tcsr
Figure22.11 DRAM Bus Timing (Refresh Cycle): Three-State Access
— 2WE Mode —
() ()
¢
CS; (RAS) tesr N
et P (
- t
RD (CAS) <R,
(
RFSH N\
(

Figure22.12 DRAM Bus Timing (Self-Refresh Mode)
— 2WE Mode —
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) _/4t \ 7zt_\ Jﬁ\ M
AD AD
Agto A X 5 4
AS
™ ﬁtRAol traD3
CS; (RAS) tasi) 51\: RAH o
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= tsp
HWR (UCAS tcas | <>
M (UC—AS)’ _ tas1 - ‘/A tcrp
LWR (LCAS) S S I 7 SO S N
RD (WE)
(read) B trac .
SD
— - ~—trsp » tan . »
RD (WE) \ tcAC= yw
(write) I
RFSH o
= ™ = tron
D5 to Dy 7
(read) AY f
» twpss N
D5 to Dy s i
(write) Z( 7

Figure22.13 DRAM Bus Timing (Read/Write): Three-State Access
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T X
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AS \
Jesr_ traAD3
E:.; RAS) N A
tasp tRAD2 tsp
HWR (UCAS),
LWR (LCAS)
RD (WE)
trAD2 tRapz, T
[ e —
RFSH
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Figure22.14 DRAM Bus Timing (Refresh Cycle): Three-State Access

— 2CAS Mode —
() ()
0
CS; (RAS) tesr
Jlesr N ()
HWR (UCAS), oSk
LWR (LCAS) o
RFSH N
()

Figure22.15 DRAM Bus Timing (Self-Refresh M ode)
— 2CAS Mode —
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trRADL
|t

CSs

tas1
B e

RD (read)

D15 to Dg

(read)

twsp

HWR, LWR
(write)

Dj5to Do

twps2
[~

trDs RDH
E:ji—

(write)

RFSH

Figure22.16 PSRAM BusTiming (Read/Write): Three-State Access

;

T2 Ts

R

Aoz to Ag >< ><
AS
CSz, HWR
LWR, RD trAD2 trAD3
e ——- [
RFSH ~‘

Figure22.17 PSRAM Bus Timing (Refresh Cycle): Three-State Access
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22.3.3 Control Signal Timing

Control signal timing is shown as follows:

Reset input timing

Figure 22.18 shows the reset input timing.

Reset output timing

Figure 22.19 shows the reset output timing.

Interrupt input timing

Figure 22.20 shows the input timing for NMI and IRQ, to IRQ,.
Bus-release mode timing

Figure 22.21 shows the bus-rel ease mode timing.

‘.

7
m
w0
3
5]
)
o
m
0
|E

MD2 to MDO

Figure22.18 Reset Input Timing

I e NI N e

t t
RESD ) RESD
RESO }‘ K

tRESOW

Figure22.19 Reset Output Timing*

Note: * Thisisafunction for models with on-chip mask ROM (H8/3048, H8/3047, H8/3045, and

H8/3044), PROM (H8/3048ZTAT), and on-chip flash memory with adual power supply
(H8/3048F). The function does not exist in the product with on-chip flash memory with a
single power supply (H8/3048F-ONE).
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tnmis | | tNMIH

NMI X

tnmis | | tNmIH

IRQE: Edge-sensitive IRQ;
L: Level-sensitive IRQ; (i=0to 5)

tNmiw
NMI %

Figure22.20 Interrupt Input Timing

teros - tsros

BREQ " )

)]

teacD2

« > = lgacp1 -
BACK
Ay to Ay, ™ tszp tgzp —*
R — )]
AS, RD, B 4

)]

HWR, LWR

Figure22.21 Bus-Release Mode Timing
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22.3.4 Clock Timing
Clock timing is shown as follows:

» Oscillator settling timing
Figure 22.22 shows the oscillator settling timing.

S (11 AV A AVANAVAVAVAY R fi/V/AUAVAY

v L

tosc N tosc1

Figure22.22 Oscillator Settling Timing

2235 TPCand /O Port Timing

Figure 22.23 shows the TPC and 1/0 port timing.

T1 T T3

o . e B

@ m
tprs tPRH

-
Port1to B >4 L<
(read)

tpwp

Port 1 to 6,
8toB

(write)

Figure22.23 TPC and I/O Port Input/Output Timing
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2236 1TU T Timing
ITU timing is shown as follows:

e ITU input/output timing
Figure 22.24 shows the I TU input/output timing.
e ITU externa clock input timing
Figure 22.25 shows the ITU external clock input timing.

¢ m/—\

troco
Output
compare*l
trics
R S
Input
capture*2

Notes: *1 TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4
*2 TIOCAO to TIOCA4, TIOCBO to TIOCB4

Figure22.24 1TU Input/Output Timing

treks
(p M R‘—» /
treks
-
TCLKA to §
TCLKD { ~_
trekwL trekwh

Figure22.25 ITU External Clock Input Timing
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22.3.7  SCI Input/Output Timing

SCI timing is shown as follows:

SCI input clock timing

Figure 22.26 shows the SCK input clock timing.

SCI input/output timing (synchronous mode)

Figure 22.27 shows the SCI input/output timing in synchronous mode.

tsckw

o Isckr tscks

SCKO, SCK1

Figure22.26 SCK Input Clock Timing

tScyc
trxp
TxDO, TxD1
(transmit
G X X
trxs| |tRxH
RxDO, RxD1 i

g:tzsive >< >< 4 D ><

Figure22.27 SCI Input/Output Timing in Synchronous M ode
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22.3.8 DMAC Timing
DMAC timing is shown as follows.

« DMAC TEND output timing for 2 state access

Figure 22.28 shows the DMAC TEND output timing for 2 state access.
« DMAC TEND output timing for 3 state access

Figure 22.29 shows the DMAC TEND output timing for 3 state access.
« DMAC DREQ input timing

Figure 22.30 shows DMAC DREQ input timing.

trep1 trepz

Figure22.29 DMAC TEND Output Timing for 3 State Access

]
toras | | tbroH
(| |l

DREQ

Figure22.30 DMAC DREQ Input Timing
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Al

Appendix A Instruction Set

Instruction List

Operand Notation

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

S Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

ad Logical AND of the operands on both sides

ad Logical OR of the operands on both sides

ad Exclusive logical OR of the operands on both sides

- NOT (logical complement)

(), <> Contents of operand

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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Condition Code Notation

Symbol Description
1 Changed according to execution result
* Undetermined (no guaranteed value)
0 Clearedto O
Setto 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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TableA.1

Instruction Set

1. Datatransfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States™*
+
e g Condition Code
Mnemonic 3 Operation i
= °
2 c|® ~ |
c x|z O — | o
] c Wy Q| © T | &
5 ¥lslldl ol g|S E S
© x ulzly sl=zle = | >
o Qe = = o | T
o £x|® 0088 | HIN|[Z]|V Z| <
MOV.B #xx:8, Rd B |#xx:8 -~ Rd8 2 —|t|t]O0 2
MOV.B Rs, Rd B |Rs8 - Rd8 2 —lt|t]0 2
MOV.B @ERs, Rd B |@ERs - Rd8 2 —lt|t]0 4
MOV.B @(d:16, ERs), Rd | B |@(d:16, ERs) - Rd8 —lt|t]0 6
MOV.B @(d:24, ERs), Rd | B |@(d:24, ERs) - Rd8 8 —lt|[t]0 10
MOV.B @ERs+, Rd B |@ERs - Rd8 2 —lt|t]0 6
ERs32+1 - ERs32
MOV.B @aa:8, Rd B |@aa:8 - Rd8 —|t|t]O0 4
MOV.B @aa:16, Rd B |@aa:16 - Rd8 —|t|t]O0 6
MOV.B @aa:24, Rd B |(@aa:24 - Rd8 —|t|t]O0 8
MOV.B Rs, @ERd B |Rs8 - @ERd 2 —|t|t]O0 4
MOV.B Rs, @(d:16, ERd) | B |Rs8 - @(d:16, ERd) 4 —|t|t]o 6
MOV.B Rs, @(d:24, ERd) | B |Rs8 - @(d:24, ERd) 8 —|t|t]o 10
MOV.B Rs, @-ERd B |ERd32-1 - ERd32 2 —|t|t]O0 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B |[Rs8 - @aa:8 —|t|t]O0 4
MOV.B Rs, @aa:16 B |[Rs8 - @aa:16 —|t|t]O0 6
MOV.B Rs, @aa:24 B |[Rs8 - @aa:24 —|t|t]O0 8
MOV.W #xx:16, Rd W |#xx:16 — Rd16 4 —|t|t]0 4
MOV.W Rs, Rd W |Rs16 - Rd16 2 —|t|t]O0 2
MOV.W @ERs, Rd W |@ERs - Rd16 2 —|t|t]O0 4
MOV.W @(d:16, ERs), Rd | W |@(d:16, ERs) — Rd16 4 —|t|t]o 6
MOV.W @(d:24, ERs), Rd | W |@(d:24, ERs) - Rd16 8 —|t|t]o 10
MOV.W @ERs+, Rd W |@ERs - Rd16 2 —|t|t]O0 6
ERs32+2 - @ERd32
MOV.W @aa:16, Rd W |@aa:16 - Rd16 —|t] |0 6
MOV.W @aa:24, Rd W |@aa:24 - Rd16 —|t] |0 8
MOV.W Rs, @ERd W |Rs16 - @ERd 2 —|t|t]O0 4
MOV.W Rs, @(d:16, ERd) | W |Rs16 - @(d:16, ERd) 4 —lt|[t]0 6
MOV.W Rs, @(d:24, ERd) | W |Rs16 - @(d:24, ERd) 8 —lt|[t]0 10
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Addressing Mode and

No. of

Instruction Length (bytes) States™*
+
) e ) &g Condition Code
Mnemonic 3 Operation W
© & C\i) 9 _ 8
] c|W| g Q| T | c
5 < |E|S|¥| g|S| E| S
¢) ¥ x|©® Q0 Q0 0 QN6 I|HIN|Z]|V z| <
MOV.W Rs, @-ERd W |ERd32-2 - ERd32 2 —|—]t|t]|0|— 6
Rs16 - @ERd
MOV.W Rs, @aa:16 W |Rsl1l6 - @aa:16 —|—|t|t]|0|— 6
MOV.W Rs, @aa:24 W |Rsl1l6 - @aa:24 —|—|t|t]|0|— 8
MOV.L #xx:32, Rd L |#xx:32 —» Rd32 6 —|—]t|t]|0|— 6
MOV.L ERs, ERd L |ERs32 - ERd32 2 —|—]t|t]|0|— 2
MOV.L @ERs, ERd L |@ERs - ERd32 4 —|—]t|t]|0|— 8
MOV.L @(d:16, ERs), ERd | L |@(d:16, ERs) - ERd32 6 —|—]t|t]|0|— 10
MOV.L @(d:24, ERs), ERd | L |@(d:24, ERs) - ERd32 10 —|—]t|t]|0|— 14
MOV.L @ERs+, ERd L |@ERs - ERd32 4 —|—]t|t]|0]|— 10
ERs32+4 - ERs32
MOV.L @aa:16, ERd L |@aa:16 - ERd32 —|—|t|t]|0|— 10
MOV.L @aa:24, ERd L |@aa:24 - ERd32 —|—|t|t]|0|— 12
MOV.L ERs, @ERd L |[ERs32 -~ @ERd 4 —|—|t]t]|0|— 8
MOV.L ERs, @(d:16, ERd) | L |ERs32 - @(d:16, ERd) 6 —|—|t]|t|0|—] 10
MOV.L ERs, @(d:24, ERd) | L |ERs32 - @(d:24, ERd) 10 —|—|t]|t|0|—] 14
MOV.L ERs, @—ERd L |[ERd32-4 -, ERd32 4 —|—|t]t]|0|— 10
ERs32 -~ @ERd
MOV.L ERs, @aa:16 L |[ERs32 - @aa:16 —|—|t|t]|0|— 10
MOV.L ERs, @aa:24 L |[ERs32 - @aa:24 —|—|t]t|0|— 12
POP.W Rn W |@SP - Rnl16 —|—|t]t]|0|— 6
SP+2 - SP
POP.L ERn L |@SP - ERn32 —|—|t]t]|0|— 10
SP+4 - SP
PUSH.W Rn W |SP-2 - SP —|—|t]t]|0|— 6
Rn16 - @SP
PUSH.L ERn L |SP-4 - SP —|—t]t]|0|— 10
ERN32 . @SP
MOVFPE @aa:16, Rd B |Cannot be used in Cannot be used in
the H8/3048 Series 4 the H8/3048 Series
MOVTPE Rs, @aa:16 B |Cannot be used in Cannot be used in
the H8/3048 Series 4 the H8/3048 Series
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2. Arithmetic instructions

Addressing Mode and No. of
Instruction Length (bytes) States™?
+
. 4 . é Condition Code
Mnemonic @ Operation |y =
T £ o -8
] c|W|y Q| T | 2
3 < |E|S|¥| g|E|o E1S
) SN SICHCHCICICIGC) HIN|[Z|V Z| <
ADD.B #xx:8, Rd B |Rd8+#xx:8 — Rd8 2 F I T 2
ADD.B Rs, Rd B |Rd8+Rs8 - Rd8 2 F I I 2
ADD.W #xx:16, Rd W |Rd16+#xx:16 — Rd16 4 @je|e]s 4
ADD.W Rs, Rd W |Rd16+Rs16 - Rd16 2 @je|e]s 2
ADD.L #xx:32, ERd L |ERd32+#xx:32 - 6 @) t]t]1 6
ERd32
ADD.L ERs, ERd L |ERd32+ERs32 - 2 @) t]t]s 2
ERd32
ADDX.B #xx:8, Rd B |Rd8+#xx:8 +C - Rd8 2 Tt t|(3)) ¢ 2
ADDX.B Rs, Rd B |Rd8+Rs8 +C - Rd8 2 Tt t|(3)) ¢ 2
ADDS.L #1, ERd L |ERd32+1 - ERd32 2 —|—|—— 2
ADDS.L #2, ERd L |ERd32+2 - ERd32 2 —|—|—— 2
ADDS.L #4, ERd L |ERd32+4 - ERd32 2 —|—|—— 2
INC.B Rd B |Rd8+1 - Rd8 2 — |ttt 2
INC.W #1, Rd W |Rd16+1 - Rd16 2 — |ttt 2
INC.W #2, Rd W |Rd16+2 - Rd16 2 — |ttt 2
INC.L #1, ERd L |ERd32+1 - ERd32 2 — |ttt 2
INC.L #2, ERd L |ERd32+2 - ERd32 2 — |ttt 2
DAA Rd B |Rd8 decimal adjust 2 Lo T A 2
- Rd8
SUB.B Rs, Rd B |[Rd8-Rs8 - Rd8 2 2 T I 2
SUB.W #xx:16, Rd W |Rd16—#xx:16 » Rd16 4 @jze|e]s 4
SUB.W Rs, Rd W |Rd16-Rs16 - Rd16 2 @jze|e]zs 2
SUB.L #xx:32, ERd L |ERd32—#xx:32 - ERd32 | 6 @] t]t]1 6
SUBL.L ERs, ERd L |ERd32-ERs32 - ERd32 2 @) t]t]s 2
SUBX.B #xx:8, Rd B |Rd8—#xx:8-C - Rd8 2 Tt t|(3))¢ 2
SUBX.B Rs, Rd B |Rd8-Rs8-C - Rd8 2 t (3] 2
SUBS.L #1, ERd L |ERd32-1 - ERd32 2 —|—|—— 2
SUBS.L #2, ERd L |ERd32-2 - ERd32 2 —|—|—— 2
SUBS.L #4, ERd L |ERd32-4 - ERd32 2 —|—|—— 2
DEC.B Rd B |Rd8-1 - Rd8 2 —l ] 2
DEC.W #1, Rd W |Rd16-1 - Rd16 2 — |ttt 2
DEC.W #2, Rd W |Rd16-2 - Rd16 2 — |ttt 2
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Addressing Mode and

No. of

Instruction Length (bytes) States™*
+
e g Condition Code
Mnemonic 3 Operation w
= °
2 c|® —~ @
c x|z O - | o
] c|W|y 0| © T | &
3 Clolblglol8 £ |
- |l |WlS1|s|2|® 5|3
¢) SN AICHCHGCICICIG) HIN|[Z|V z | <
DEC.L #1, ERd L |ERd32-1 - ERd32 2 — |ttt 2
DEC.L #2, ERd L |ERd32-2 — ERd32 2 — |ttt 2
DAS.Rd B |Rd8 decimal adjust 2 S T A 2
- Rd8
MULXU. B Rs, Rd B |Rd8 x Rs8 - Rd16 2 — === 14
(unsigned multiplication)
MULXU. W Rs, ERd W |Rd16 x Rs16 — ERd32 2 — === 22
(unsigned multiplication)
MULXS. B Rs, Rd B |Rd8 x Rs8 - Rd16 4 — |t ]t |— 16
(signed multiplication)
MULXS. W Rs, ERd W |Rd16 x Rs16 — ERd32 4 — ||t |— 24
(signed muiltiplication)
DIVXU. B Rs, Rd B |Rd16 + Rs8 - Rd16 2 —((6)|(7)| — 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W |ERd32 + Rs16 — ERd32 2 —|®)[(7)|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B |Rd16 + Rs8 — Rd16 4 —(®)|(7)|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W |ERd32 + Rs16 — ERd32 4 — @7 — 24
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B |Rd8—#xx:8 2 L A A 2
CMP.B Rs, Rd B |Rd8-Rs8 2 F I I 2
CMP.W #xx:16, Rd W |Rd16-#xx:16 4 @] 4
CMP.W Rs, Rd W |Rd16-Rs16 2 DIEAERE: 2
CMP.L #xx:32, ERd L |ERd32—#xx:32 6 @)t 4
CMP.L ERs, ERd L |ERd32-ERs32 2 @)t 2
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Addressing Mode and No. of
Instruction Length (bytes) States™*
+
@ & Condition Code
Mnemonic I Operation w
= °
2 c|® —~ @
2 x|z O — | o
I c|W| gy o ] c
5 Cls5lu|g|lg|S E| S
2 WS 1|s|2|® 5|3
o # |®|®® Q@ ||I|H|N|z|v|ic|Z2|<
NEG.B Rd B |0-Rd8 - Rd8 2 — |ttt 2
NEG.W Rd W |0-Rd16 - Rd16 2 — |ttt 2
NEG.L ERd L |0-ERd32 - ERd32 2 — |ttt 2
EXTU.W Rd W |0 - (<bits 15 to 8> 2 —|—|0]t]|0|— 2
of Rd16)
EXTU.L ERd L |0 - (<bits 31 to 16> 2 —|—|0]t]|0|— 2
of ERd32)
EXTS.W Rd W | (<bit 7> of Rd16) — 2 —|—|t]t]|o|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L |(<bit 15> of ERd32) — 2 —|—t|t]0|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic instructions

Addressing Mode and No. of
Instruction Length (bytes) States™?
+
o é Condition Code
Mnemonic @ Operation |y
s c|® ~ B
x| = O - Q
c =
< c Wy o < |
5 Clslu|lels|S E| ¢
2 w2 1|s(2|® 5|3
) SN SICHCHCICIGIG) HIN|Z|V zZ| <
AND.B #xx:8, Rd B |Rd8#xx:8 —» Rd8 2 —|t|t]O0 2
AND.B Rs, Rd B |Rd80Rs8 - Rd8 2 —|t|t]0 2
AND.W #xx:16, Rd W |Rd16#xx:16 — Rd16 4 —|t|t]0 4
AND.W Rs, Rd W |Rd160Rs16 - Rd16 2 —|t|t]O0 2
AND.L #xx:32, ERd L |ERd32#xx:32 -~ ERd32 | 6 —|t|t]O0 6
AND.L ERs, ERd L |ERd32ERs32 - ERd32 4 —|t|t]O0 4
OR.B #xx:8, Rd B |Rd8#xx:8 » Rd8 2 —|t|t]O0 2
OR.B Rs, Rd B |Rd80Rs8 - Rd8 2 —|t|t]O0 2
OR.W #xx:16, Rd W |Rd16[#xx:16 — Rd16 4 —|t|t]O0 4
OR.W Rs, Rd W |Rd1600Rs16 - Rd16 2 —|t|t]O0 2
OR.L #xx:32, ERd L |ERd32[#xx:32 -~ ERd32 | 6 —|t|t]O0 6
OR.L ERs, ERd L |ERd32ERs32 - ERd32 4 —|t|t]O0 4
XOR.B #xx:8, Rd B |Rd80#xx:8 - Rd8 2 —|t|t]O0 2
XOR.B Rs, Rd B |Rd80Rs8 - Rd8 2 —|t|t]O0 2
XOR.W #xx:16, Rd W |Rd160#xx:16 —» Rd16 4 —|t|t]O0 4
XOR.W Rs, Rd W |Rd160Rs16 - Rd16 2 —|t|t]O0 2
XOR.L #xx:32, ERd L |ERd320#xx:32 — ERd32 | 6 —|t|t]O0 6
XOR.L ERs, ERd L |ERd320ERs32 - ERd32 4 —|t|t]O0 4
NOT.B Rd B |- Rd8 - Rd8 2 —|t|t]O0 2
NOT.W Rd W |- Rd16 - Rd16 2 —|t|t]0 2
NOT.L ERd L |- Rd32 - Rd32 2 —|t|t]O0 2
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4. Shift instructions

Addressing Mode and No. of
Instruction Length (bytes) States™?
+
ﬁ é Condition Code
Mnemonic @ Operation |y
o o8| |~ 3
c x| = O — o
g slélg| %8 )&
g | c|u2|Y g 2le 5|8
o £z|®® 088 ®| |[|iI|H|N|z|v|c|Z2]|<
SHAL.B Rd B 2 — =]t ]|t 2
o
SHAL.W Rd w 2 — =]t ]|t 2
SHAL.L ERd L MsB LsB 2 ——]s|t]e]s 2
SHAR.B Rd B 2 —|—lt]|t]o]|t 2
]
SHAR.W Rd w| [ | 2 —|—]¢lslo]l: 2
SHAR.L ERd L| MsB LSB 2 —|—lt]|t]o]|t 2
SHLL.B Rd B 2 —|—lt]|t]o]|t 2
o
SHLL.W Rd w 2 —|—ls]|t]o]|t 2
SHLL.L ERd L MsB LSB 2 —|—]t|t|o]| 2
SHLR.B Rd B 2 —|—lt]|t]o]|t 2
o~ |
SHLR.W Rd w 2 —|—lt]|t]o]|t 2
SHLR.L ERd L MSB LSB 2 —|—|t]|t|0]: 2
ROTXL.B Rd B 2 —|—lt]|t]o]|t 2
ROTXL.W Rd w 2 —|—|t]t|o]| 2
ROTXL.L ERd L MSB <— LSB 2 —|—|t]|t|0]: 2
ROTXR.B Rd B 2 —|—|t|t]o]: 2
ROTXR.W Rd w 2 —|—|t]t|o|s 2
ROTXR.L ERd L| MSB——*LsB 2 —|—l1t]|1]0]1 2
ROTL.B Rd B 2 —|—|t|t]o]: 2
ROTL.W Rd w ;. 2 —|—|s]t|o]s 2
ROTL.L ERd L MSB «=— LSB 2 —|—lst]t|o]s 2
ROTR.B Rd B _ I 2 —|—|t|t]o]: 2
C
ROTR.W Rd w| [L—— 2 ——]tltlol: 2
ROTR.L ERd L| MSB——+LSB 2 —|—|t]|t|0]s 2
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5. Bit manipulation instructions

Addressing Mode and No. of
Instruction Length (bytes) States™?
+
. o ) é Condition Code
Mnemonic 3 Operation - ué) _ =
2 gl=| |0 =!8
© c | w o [a W] © c
g AR S
o SN SICHCHCICIGIGC) HIN[Z]|V Z | <
BSET #xx:3, Rd B |(#xx:3 of Rd8) ~ 1 R P ey 2
BSET #xx:3, @ERd | B |(#xx:3 of @ERd) ~ 1 4 e e 8
BSET #xx:3, @aa:8 | B |(#xx:3 of @aa:8) ~ 1 4 e el el 8
BSET Rn, Rd B |(Rn8 of Rd8) ~ 1 2 — === 2
BSET Rn, @ERd B |(Rn8 of @ERd) ~ 1 4 — === 8
BSET Rn, @aa:8 B |(Rn8 of @aa:8) ~ 1 4 o el el 8
BCLR #xx:3, Rd B |(#xx:3 of Rd8) ~ 0O 2 el el el 2
BCLR #xx:3, @ERd | B |(#xx:3 of @ERd) ~ 0 4 B e 8
BCLR #xx:3, @aa:8 | B |(#xx:3 of @aa:8) — 0 4 o el el 8
BCLR Rn, Rd B |(Rn8 of Rd8) ~ 0 2 — === 2
BCLR Rn, @ERd B |(Rn8 of @ERd) — 0 4 == 8
BCLR Rn, @aa:8 B |(Rn8 of @aa:8) ~ 0 4 — === 8
BNOT #xx:3, Rd B |(#xx:3 of Rd8) 2 B e 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B |(#xx:3 of @ERd) ~ 4 e el el 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B |(#xx:3 of @aa:8) 4 — === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B |(Rn8 of Rd8) - 2 == 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B |(Rn8 of @ERd) ~ 4 e el el 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B |(Rn8 of @aa:8) ~ 4 —|—|—— 8
- (Rn8 of @aa:8)
BTST #xx:3, Rd B |- (#xx:30f Rd8) - Z 2 — =t |— 2
BTST #xx:3, @ERd | B |- (#xx:3 of @ERd) - Z 4 — =t | = 6
BTST #xx:3, @aa:8 | B |- (#xx:3 of @aa:8) - Z 4 — =t |— 6
BTST Rn, Rd B |- (Rn8 of @Rd8) - Z 2 — =t |— 2
BTST Rn, @ERd B |- (Rn8 of @ERd) - Z 4 — =t |—= 6
BTST Rn, @aa:8 B |- (Rn8 of @aa:8) - Z 4 — =t |— 6
BLD #xx:3, Rd B |(#xx:3 of Rd8) -~ C 2 —|—|—— 2
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Addressing Mode and No. of
Instruction Length (bytes) States™*
+
) 9 ] g Condition Code

Mnemonic 3 Operation W 5

2 2 o _| B

a c|W|y Q| T | e

2 < |E|S|Y glE| £l S

o # |® 0606 6 H{N|Z|V zZ | <
BLD #xx:3, @ERd B |(#xx:3 of @ERd) -~ C 4 — === 6
BLD #xx:3, @aa:8 B | (#xx:3 of @aa:8) -~ C 4 — === 6
BILD #xx:3, Rd B |- (#xx:3 of Rd8) -~ C 2 e e 2
BILD #xx:3, @ERd B |- (#xx:3 of @ERd) - C 4 e e 6
BILD #xx:3, @aa:8 B |- (#xx:3 of @aa:8) - C 4 — === 6
BST #xx:3, Rd B |C - (#xx:3 of Rd8) 2 B el 2
BST #xx:3, @ERd B |C - (#xx:3 of @ERd24) 4 B el 8
BST #xx:3, @aa:8 B |C - (#xx:3 of @aa:8) 4 — === 8
BIST #xx:3, Rd B |- C - (#xx:3 of Rd8) 2 B el 2
BIST #xx:3, @ERd B |- C - (#xx:3 of @ERd24) 4 B el 8
BIST #xx:3, @aa:8 B |- C - (#xx:3 of @aa:8) 4 el el el 8
BAND #xx:3, Rd B |CO#xx:3 of Rd8) - C 2 B el 2
BAND #xx:3, @ERd | B |CO#xx:3 of @ERd24) -~ C 4 B el 6
BAND #xx:3, @aa:8 | B |CO#xx:3 of @aa:8) —~ C 4 — === 6
BIAND #xx:3, Rd B |CO- (#xx:3 of Rd8) - C 2 B el 2
BIAND #xx:3, @ERd | B |C~ (#xx:3 of @ERd24) - C 4 — === 6
BIAND #xx:3, @aa:8 | B |CO - (#xx:3 of @aa:8) - C 4 — === 6
BOR #xx:3, Rd B |CO#xx:3 of Rd8) -~ C 2 e e 2
BOR #xx:3, @ERd B |CO#xx:3 of @ERd24) - C 4 — === 6
BOR #xx:3, @aa:8 B |CO#xx:3 of @aa:8) - C 4 — === 6
BIOR #xx:3, Rd B |CO- (#xx:3 of Rd8) -~ C 2 — === 2
BIOR #xx:3, @ERd | B |CO- (#xx:3 of @ERd24) - C 4 — === 6
BIOR #xx:3, @aa:8 | B |CO- (#xx:3 of @aa:8) - C 4 R R p— - 6
BXOR #xx:3, Rd B |CO(#xx:3 of Rd8) - C 2 — === 2
BXOR #xx:3, @ERd | B |CO(#xx:3 of @ERd24) - C 4 el el e 6
BXOR #xx:3, @aa:8 | B |CO(#xx:3 of @aa:8) - C 4 R R p— - 6
BIXOR #xx:3, Rd B |CO - (#xx:30f Rd8) -~ C 2 — === 2
BIXOR #xx:3, @ERd | B |CO - (#xx:3 of @ERd24) - C 4 el el el 6
BIXOR #xx:3, @aa:8 | B |CO - (#xx:3 of @aa:8) -~ C 4 — === 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
) Q ) é Condition Code
Mnemonic D Operation _|w

° g% |o |3

g EISIE| %8 £ 8

g Branch xlc|u|2B1|8|2|O© S|z

o) Condition |#|X|®|®|®|®|®|® H{N|Z|V Z|<
BRA d:8 (BT d:8) — |If condition | Always 2 —|—|—|— 4
BRA d:16 (BT d:16) — |is true then 4 R N D 6
BRN d:8 (BF d:8) —|PC - PC+d[Never 2 — === 4
BRN d:16 (BF d:16) | else next 4 Y I 6
BHI d:8 — cOdz=0 2 — === 4
BHI d:16 — 4 Y I 6
BLS d:8 — cOoz=1 2 — === 4
BLS d:16 — 4 Y I 6
BCC d:8 (BHS d:8) — c=0 2 === 4
BCC d:16 (BHS d:16) | — 4 === 6
BCS d:8 (BLO d:8) — c=1 2 —=l=]= 4
BCS d:16 (BLO d:16) | — 4 —==1= 6
BNE d:8 — Z=0 2 N D 4
BNE d:16 — 4 ——1=]= 6
BEQ d:8 — z=1 2 —=l=]= 4
BEQ d:16 — 4 ——1=]= 6
BVC d:8 — V=0 2 N I 4
BVC d:16 — 4 ——1=]= 6
BVS d:8 — v=1 2 N I 4
BVS d:16 — 4 N R D P 6
BPL d:8 — N=0 2 —=l=]= 4
BPL d:16 — 4 —==]= 6
BMI d:8 — N=1 2 === 4
BMI d:16 — 4 ——T=]= 6
BGE d:8 — NOV=0 2 — === 4
BGE d:16 — 4 N R D 6
BLT d:8 — NOV=1 2 — === 4
BLT d:16 — 4 —==]= 6
BGT d:8 — ZONNOV)=0 2 — === 4
BGT d:16 — 4 R D 6
BLE d:8 — ZONNOV)=1 2 B el el 4
BLE d:16 — 4 —==]= 6
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Addressing Mode and No. of
Instruction Length (bytes) States™?
+
Q & Condition Code
Mnemonic % Operation [
SC) —~ g
© < (9]
c x| = O — | o
a c Wy 0| T |
o) gl aolg|S E|
2 w2 1|s(2|® 513
@) SN ICHCHCICIGIG) HIN|Z|V zZ | <
JMP @ERnN — |PC -~ ERn 2 — === 4
JMP @aa:24 —|PC —~ aa:24 4 _ === 6
JMP @@aa:8 — |PC - @aa:8 2 — === 8 |10
BSR d:8 —|PC - @-SP 2 — === 8
PC ~ PC+d:8
BSR d:16 —|PC -~ @-SP 4 === 8 |10
PC ~ PC+d:16
JSR @ERn —|PC - @-SP 2 — === 6 |8
PC —« @ERN
JSR @aa:24 —|PC - @-SP 4 === 8 |10
PC - @aa:24
JSR @@aa:8 —|PC -~ @-SP 2 === 8 |12
PC -~ @aa:8
RTS —|PC « @SP+ — === 8 |10

RENESAS
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7. System control instructions

Addressing Mode and No. of
Instruction Length (bytes) States™?
+
4 é Condition Code
Mnemonic @ Operation w
= e}
2 = @ ~ @
c x| = O — | o
IS c|W| g 0| T | o
5 Cligiulolg|d E| g
S A= A=1c 513
) SN SICHCHCICIGIGC) HIN[Z]|V zZ | <
TRAPA #x:2 —|PC -~ @-SP — === 14 | 16
CCR - @-SP
<vector> - PC
RTE —|CCR <« @SP+ N A A 10
PC - @SP+
SLEEP — | Transition to power- — === 2
down state
LDC #xx:8, CCR B [#xx:8 - CCR 2 F A I I 2
LDC Rs, CCR B |Rs8 - CCR 2 2 A A 2
LDC @ERs, CCR W |@ERs - CCR 4 2 A A 6
LDC @(d:16, ERs), CCR |W |@(d:16, ERs) - CCR 6 2 A A 8
LDC @(d:24, ERs), CCR |W |@(d:24, ERs) - CCR 10 2 A A 12
LDC @ERs+, CCR W |@ERs -~ CCR 4 I A 8
ERs32+2 -, ERs32 RN
LDC @aa:16, CCR W |@aa:16 — CCR R A 8
LDC @aa:24, CCR W |@aa:24 -~ CCR 2 A A 10
STC CCR, Rd B |CCR - Rd8 2 o el el 2
STC CCR, @ERd W |CCR - @ERd 4 — === 6
STC CCR, @(d:16, ERd) |W |CCR - @(d:16, ERd) 6 — === 8
STC CCR, @(d:24, ERd) |W |CCR - @(d:24, ERd) 10 el el el 12
STC CCR, @-ERd W |ERd32-2 - ERd32 4 — === 8
CCR - @ERd
STC CCR, @aa:16 W |CCR - @aa:16 —|—|—|— 8
STC CCR, @aa:24 W |CCR - @aa:24 —|—|—— 10
ANDC #xx:8, CCR B |CCR[#xx:8 - CCR 2 F T T 4 2
ORC #xx:8, CCR B |CCR[#xx:8 - CCR F T I 4 2
XORC #xx:8, CCR B |CCRO#xx:8 - CCR F T I 2
NOP —|PC « PC+2 e el el 2
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8. Block transfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States™!
+
o & Condition Code
Mnemonic @ Operation [
c|® 3
° < o (3]
c x| = (] — o
T c Wy Q| T | &
o is|llgls|§ E| S
e w2 1|s(2|® 513
o) #2|® Q08| ||1|u|Nn|lz|v|ic|Z2|<
EEPMOV. B — |if R4L # 0 then 4 | —|—|—|—|—|—]| 8+
repeat @R5 — @R6 4n*?
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next
EEPMOV. W — |if R4 £ 0 then 4 | —|—|—|—|—|—]| 8+
repeat @R5 — @R6 4n*?
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next
Notes: *1 The number of states is the number of states required for execution when the

*2
@
@
©)
4
®)

©)
™
®

instruction and its operands are located in on-chip memory. For other cases see
section A.3, Number of States Required for Execution.

n is the value set in register R4L or R4.

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

Retains its previous value when the result is zero; otherwise cleared to 0.

Set to 1 when the adjustment produces a carry; otherwise retains its previous value.

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.
Set to 1 when the divisor is zero; otherwise cleared to 0.
Set to 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code Map

A.2

TableA.2 Operation Code Map

AOW

aNv

"OxX

d0

Xdans

diND

Xaav

aav

(€
2V @lgeL

AOWd33

@
2V @lqeL

(@

zveigey| "\ONW

aug
aid

ANVIg
adNvd

J0XId
d0x4d

dolig
(o]

NOW

1sid
1sg

aNv

=[0)¢

40

1slid

4104

1ONg

13sg

dsr

dsd

dNC

@
¢V alqeL

Vdvdl

ENRS)

dsd

sld

NXAIQ

NXINAN

NXAIQ

NXINN

314

1949 114

399 INgG

1dg

SAd ond

O3g

aNd

sog

004

ST

IHE

Nyd

vyd

g9'’AON

(@
¢V alqeL

Xdans

()

dino ¢V olgel

(@
-V olqelL

ans

(@
¢V alqelL

g9'any

[SR<[0)¢

g'd0

@
¢V alqel

(@
¢V alqeL

(4]
¢V al|qeL

@
¢V alqeL

(@
2V 8lqel

xaav

(@

AOW 2V alqeL

(@
Z-v alqeL

aav

oan

OaNv

2dOX

2d0

oan

als

(@
2V algeL

dON

4

o} a

v

HY
wv

TSI HE JO 10 JUed 1} 1uB s 1S0W Uy UoToNJIsu |

‘0S| HE JO 110 JUed 1} 1