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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 aways the possibility that trouble may occur
with them. Trouble with semiconductors may lead to personal 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 material or (iii) prevention against any malfunction or mishap.

Notes regarding these materias

1.

These materials are intended as a reference to assist our customersin 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, algorithms, or circuit application examples contained in these materials.

All information contained in these materials, including product data, diagrams, charts,
programs and algorithms 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 istherefore 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
loss rising from these inaccuracies or errors.

Please also 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 the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as atotal
system before making afinal decision on the applicability of the information 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 usein

adevice or system that is used under circumstances in which human lifeis potentially 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, medical,
aerospace, nuclear, or undersea repeater use.

The prior written approval 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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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

Generally, theinput pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power isfirst supplied, the product’ s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileit isin this
undefined state. For those products which have a reset function, reset the LS| immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manua comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

* CPU and System-Control Modules

»  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o 00k wbdPRE

When designing an application system that includes this L SI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

10. Main Revisions and Additionsin this Edition (only for revised versions)

Thelist of revisionsis asummary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locationsin this
manual.

11. Index
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Preface

The H8SX/1650 Group is a single-chip microcomputer made up of the high-speed internal 32-bit
H8SX CPU asits core, and the peripheral functions required to configure a system. The H8SX
CPU is upward compatible with the H8/300, H8/300H, and H8S CPUs.

Target Users:  This manual was written for users who will be using the H8SX/1650 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8SX /1650 Group to the target users.
Refer to the H8SX Programming Manual for a detailed description of the
instruction set.

Notes on reading this manual:

» Inorder to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, periphera functions and electrical characteristics.
* Inorder to understand the details of the CPU's functions
Read the H8SX Programming Manual.
* Inorder to understand the details of aregister when its name is known
Read the index that isthe final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 19,
List of Registers.
Examples.  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication interface, isimplemented on more than one

channel:

XXX_N (XXX istheregister name and N is the channel

number)
Bit order: The MSB is on the left and the LSB ison theright.
Number notation:  Binary is B'xxxx, hexadecimal is H'xxxx, decimal is xxxx.
Signal notation: An overbar is added to alow-active signal: xxxx

Related Manuals.  The latest versions of al related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/eng/
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H8SX/1650 Group manuals:

Document Title Document No.
H8SX/1650 Group Hardware Manual This manual
H8/SX Programming Manual REJ09B0102-0100Z
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Section1l Overview

11 Features

e 32-hit high-speed H8SX CPU
Upward compatible with the H8/300 CPU, H8/300H CPU, and H8S CPU
Object programs for those CPUs are executable
Sixteen 16-bit general registers
87 basic instructions
e Extensive peripheral functions
Datatransfer controller (DTC)
16-bit timer pulse unit (TPU)
Programmable pulse generator (PPG)
8-bit timer (TMR)
Watch dog timer (WDT)

Serial communication interface (SCI) can be used in asynchronous and clocked synchronous
mode

10-bit A/D converter
8-bit D/A converter
Clock pulse generator
¢ On-chip memory
Product Classification Product Model ROM RAM
ROMless H8SX/1650 R5S61650 a 24 kbytes

e Genera 1/0 port
82 input/output ports
Eight input ports
e Supports power-down modes

e Small package
Package Code Body Size Pin Pitch
TQFP-120 TFP-120 (TFP-120V*) 14.0 x 14.0 mm 0.40 mm

Note: * Pb-free version
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12 Block Diagram

External bus

. AN
‘- WDT Port 1
Port 2
Interrupt ) TMR (unit 0)
controller K x 2 channels
RAM [
] Port 3
— TMR (unit 1)
x 2 channels
Port 5
BSC K
K| TPU x 6 channels Port 6
H8SX -_— )
CPU 3
g [ Port A
= ) — PPG i
5 @
£ Port B
K| sCIx4channels
DTC [
Port D
S
A/D converter Port E
Clock pulse K D/A converter Port F
generator
Port H
N
Port |

[Legend]

CPU: Central processing unit
DTC: Data transfer controller
BSC: Bus controller

WDT: Watchdog timer

TMR: 8-bit timer

TPU: 16-bit timer pulse unit

PPG: Programmable pulse generator
SCI:  Serial communication interface

Figurel1l.1 Block Diagram
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13

131

Pin Assignments

Pin Assignments

P62/TMO2/SCK4/IRQ10-B
PLLVcc
P63/TMRI3/IRQ11-B
PLLVss

P64/TMCI3
P65/TMO3

MDO
P50/ANO/IRQO-B
P51/AN1/IRQ1-B
P52/AN2/IRQ2-B
AVce
P53/AN3/IRQ3-B
AVss
P54/AN4/IRQ4-B

Vref

P55/AN5/IRQ5-B
P56/AN6/DA0/IRQ6-B
P57/AN7/DAL/IRQ7-B
MD1
PAO/BREQO/BS-A
PA1/BACK/(RD/WR)
PA2/BREQ/WAIT
PA3/LLWR/LLB
PA4/LHWR/LUB
___PAS/RD
PA6/AS/AH/BS-B

Vss

PA7/B@

o 7VCC
PB0/CS0/CS4/CS5-B

890 P60/TMRI2/TxD4/IRQ8-B

880 STBY

©©© ©©©W©O
® NN H 0N Py M pe1/TMCI2/RXDAIRQY-B

99

B 1
3

AICS6-A ]2

PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-
PB3/CS3/CS7-A O

PB2/CS2-,

870 P17/IRQ7-A/ITCLKD-B

86 [0 P16/IRQ6-A/TCLKC-B

PF7/A23 5

PF6/A22 []6

PF5/A21 7

PF4/A20 []8

PF3/A19 ]9

Vss []10

PF2/A18 11

800 P15/IRQ5-A/TCLKB-B
798 P14/IRQ4-AITCLKA-B

PF1/A17 []12

713 PI7/D15
703 PI6/D14
690 PI5/D13
680 Pl4/D12
67| Vss

661 PI3/D11
651 PI12/D10
641 PI11/D9
63|31 PlO/D8

623 Vcc

TFP-120
(top view)

Vss []26

PFO/AL6 []13
PE7/A15 []14
PE6/A14 []15
PE5/A13 []16
PE3/A11 []20
PE2/A10 [J21
PE1/A9 [}22
PEO/A8 []23
PD7/A7 []24
PD6/A6 []25
PD5/A5 [}27
PD4/A4 []28
PD3/A3 []29
PD2/A2 [}30

61|31 PH7/D7

o
o

[1 PH6/D6

[1 PH5/D5

[1 PH4/D4

[ Vss

[] PH3/D3

] PH2/D2

] PH1/D1

[] PHO/DO

(1 NMI

[1 P37/PO15/TIOCA2/TIOCB2/TCLKD-A
1 P36/PO14/TIOCA2

[] P35/PO13/TIOCAL/TIOCB1/TCLKC-A
] P34/PO12/TIOCAL

[] P33/PO11/TIOCCO/TIOCDO/TCLKB-A
[1 P32/PO10/TIOCCO/TCLKA-A

[] P31/PO9/TIOCAO/TIOCBO

] Vee

[1 P30/PO8/TIOCAO

(] Vss

[1 P27/PO7/TIOCAS/TIOCB5

[] P26/PO6/TIOCA5/TMO1/TXxD1

[1 P25/PO5/TIOCA4/TMCI1/RXxD1

[1 P24/PO4/TIOCA4/TIOCB4/TMRIL/SCK1
[J P23/PO3/TIOCC3/TIOCD3/IRQ11-A

[] P22/PO2/TIOCC3/TMO0/TXDO/IRQ10-A
[] P21/PO1/TIOCA3/TMCIO/RXDO/IRQ9-A
[1 P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/IRQ8-A
] EMLE

[] PDO/AO

[0 PD1/AL

Figurel.2 Pin Assignments
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132 Pin Configuration in Each Operating M ode

Tablel.1 Pin Configuration in Each Operating Mode

Operating Mode

Pin No. Mode 4 Mode 5
1 PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B
2 PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A
3 PB3/CS3/CS7-A PB3/CS3/CS7-A
4 MD2 MD2

5 PF7/A23 PF7/A23
6 PF6/A22 PF6/A22
7 PF5/A21 PF5/A21
8 PF4/A20 PF4/A20
9 PF3/A19 PF3/A19
10 Vs Vs

11 PF2/A18 PF2/A18
12 PF1/A17 PF1/A17
13 PFO/A16 PFO/A16
14 PE7/A15 PE7/A15
15 PE6/A14 PE6/A14
16 PE5S/A13 PE5S/A13
17 Vs Vs

18 PE4/A12 PE4/A12
19 Vee Vee

20 PE3/A1l PE3/A1l
21 PE2/A10 PE2/A10
22 PE1/A9 PE1/A9
23 PEO/A8 PEO/A8
24 PD7/A7 PD7/A7
25 PD6/A6 PD6/A6
26 Ves Ves

27 PD5/A5 PD5/A5
28 PD4/A4 PD4/A4
29 PD3/A3 PD3/A3
30 PD2/A2 PD2/A2
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Operating Mode

Pin No. Mode 4 Mode 5

31 PD1/AL PD1/AL

32 PDO/AO PDO/AO

33 EMLE EMLE

34 P20/POO/TIOCA3/TIOCB3/TMRIO/SCKO/IRQ8-A  P20/PO0/TIOCA3/TIOCB3/TMRIO/SCKO/TRQ8-A
35 P21/PO1/TIOCA3/TMCIO/RXDO/IRQ9-A P21/PO1/TIOCA3/TMCIO/RXDO/IRQ9-A
36 P22/PO2/TIOCC3/TMOO0/TxDO/RQ10-A P22/PO2/TIOCC3/TMOO0/TxDO/RQ10-A
37 P23/PO3/TIOCC3/TIOCD3/IRQ1T-A P23/PO3/TIOCC3/TIOCD3/IRQTT-A
38 P24/PO4/TIOCAA/TIOCB4/TMRI1/SCK1 P24/PO4/TIOCA4/TIOCB4/TMRIL/SCK1
39 P25/PO5/TIOCA4/TMCI1/RxD1 P25/POS5/TIOCA4/TMCI1/RxD1

40 P26/PO6/TIOCA5/TMO1/TxD1 P26/PO6/TIOCA5/TMO1/TxD1

41 P27/PO7/TIOCAS/TIOCB5 P27/PO7/TIOCAS/TIOCB5

42 Vs Vs

43 P30/PO8/TIOCAO P30/PO8/TIOCAO

44 Vo %

45 P31/PO9/TIOCAO/TIOCBO P31/PO9/TIOCAO/TIOCBO

46 P32/PO10/TIOCCO/TCLKA-A P32/PO10/TIOCCO/TCLKA-A

47 P33/PO11/TIOCCO/TIOCDO/TCLKB-A P33/PO11/TIOCCO/TIOCDO/TCLKB-A
48 P34/PO12/TIOCAL P34/PO12/TIOCAL

49 P35/PO13/TIOCAL/TIOCBL/TCLKC-A P35/PO13/TIOCA1/TIOCB1/TCLKC-A
50 P36/PO14/TIOCA2 P36/PO14/TIOCA2

51 P37/PO15/TIOCA2/TIOCB2/TCLKD-A P37/PO15/TIOCA2/TIOCB2/TCLKD-A
52 NMI NMI

53 PHO/DO PHO/DO

54 PH1/D1 PH1/D1

55 PH2/D2 PH2/D2

56 PH3/D3 PH3/D3

57 Ves Ves

58 PH4/D4 PH4/D4

59 PH5/D5 PH5/D5

60 PH6/D6 PH6/D6
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Operating Mode

Pin No. Mode 4 Mode 5

61 PH7/D7 PH7/D7

62 Vee Vee

63 P10/D8 PIO/D8

64 PI1/D9 PI1/D9

65 PI2/D10 PI2/D10

66 PI3/D11 PI3/D11

67 Ves Ves

68 Pl4/D12 Pl4/D12

69 PI5/D13 PI5/D13

70 PI6/D14 PI6/D14

71 PI7/D15 PI7/D15

72 P10/TxD2/IRQ0-A P10/TxD2/IRQ0-A

73 P11/RxD2/IRQT-A P11/RxD2/IRQT-A

74 P12/SCK2/IRQ2-A P12/SCK2/IRQ2-A

75 P13/ADTRGO/IRQ3-A P13/ADTRGO/IRQ3-A
76 Vs Vs

77 RES RES

78 V., V.,

79 P14/IRQ4-A/TCLKA-B P14/IRQ4-A/TCLKA-B
80 P15/1RQ5-A/TCLKB-B P15/IRQ5-A/TCLKB-B
81 WDTOVF WDTOVF

82 Ves Ves

83 XTAL XTAL

84 EXTAL EXTAL

85 Vee Vee

86 P16/IRQ6-A/TCLKC-B P16/IRQ6-A/TCLKC-B
87 P17/IRQ7-A/TCLKD-B P17/IRQ7-A/TCLKD-B
88 STBY STBY

89 P60/TMRI2/TxD4/IRQ8-B P60/TMRI2/TxD4/IRQ8-B
90 P61/TMCI2/RxD4/1RQ9-B P61/TMCI2/RxD4/1RQ9-B
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Operating Mode

Pin No. Mode 4

Mode 5

91 P62/TMO2/SCK4/RQ10-B P62/TMO2/SCK4/RQ10-B
92 PLLV,, PLLV,,

93 P63/TMRI3/IRQ11-B P63/TMRI3/IRQ11-B
94 PLLV,, PLLV,,

95 P64/TMCI3 P64/TMCI3

96 P65/TMO3 P65/TMO3

97 MDO MDO

98 P50/ANO/IRQO-B P50/ANO/IRQO-B

99 P51/AN1/IRQ1-B P51/AN1/IRQ1-B

100 P52/AN2/IRQ2-B P52/AN2/IRQ2-B

101 AV, AV,

102 P53/AN3/IRQ3-B P53/AN3/IRQ3-B

103 AV AV

104 P54/AN4/IRQ4-B P54/AN4/IRQ4-B

105 Vref Vref

106 P55/AN5/IRQ5-B P55/AN5/IRQ5-B

107 P56/AN6/DAO/IRQ6-B P56/AN6/DAO/IRQ6-B
108 P57/AN7/DALIRQ7-B P57/AN7/DALIRQ7-B
109 MD1 MD1

110 PAO/BREQO/BS-A PAO/BREQO/BS-A
111 PA1/BACK/(RD/WR) PA1/BACK/(RD/WR)
112 PA2/BREQ/WAIT PA2/BREQ/WAIT

113 PA3/LLWR/LLB PA3/LLWR/LLB

114 PA4/LHWR/LUB PA4/LHWR/LUB

115 PAS/RD PAS/RD

116 PAG6/AS/AH/BS-B PAG6/AS/AH/BS-B

117 Ve Ve

118 PA7/Bo PA7/Bg

119 Ve Ve

120 PB0/CS0/CS4/CS5-B PB0/CS0/CS4/CS5-B
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133

Tablel1.2

Classification

Pin Functions

Pin Functions

Abbreviation

Pin No.
(TFP-120) 1/0

Description

Power supply Ve 19, 44, 62, Input Power supply pins. Connect to the system power
85, 119 supply.
" 78 Input Connect to V via a 0.1-uF capacitor (place it
close to this pin).
Vo 10, 17, 26, Input Ground pins. Connect to the system power
42,57, 67, supply (0 V).
76, 82,
117
PLLV 92 Input Power supply pin for the PLL circuits.
PLLV 94 Input Ground pin for the PLL circuits.
Clock XTAL 83 Input Pins for a crystal resonator. External clock can
EXTAL 84 Input be input to the EXTAL pin. For a connection
example, see section 17, Clock Pulse Generator.
Bo 118 Output  Outputs the system clock for external devices.
Operating mode MD2 4 Input Pins for setting the operating mode. The signal
control MD1 109 levels of these pins must not be changed during
MDO 97 operation.
System control RES 77 Input Reset signal input pin. This LSI enters the reset
state when this signal goes low.
STBY 88 Input This LSI enters hardware standby mode when
this signal goes low.
EMLE 33 Input Input pin for on-chip emulator enable signal.

Normally the signal level should be fixed low.
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Pin No.

Classification  Abbreviation (TFP-120) 1/0 Description
Address bus A23 5 Output  Output pins for the addresses.
A22 6
A21 7
A20 8
Al9 9
Al18 11
Al7 12
Al6 13
Al5 14
Al4 15
Al3 16
Al2 18
All 20
Al10 21
A9 22
A8 23
A7 24
A6 25
A5 27
A4 28
A3 29
A2 30
Al 31
A0 32
Data bus D15 71 Input/ Bidirectional data bus. These pins also output
D14 70 output  addresses when accessing the address/data
D13 69 multiplexed 1/O interface space.
D12 68
D11 66
D10 65
D9 64
D8 63
D7 61
D6 60
D5 59
D4 58
D3 56
D2 55
D1 54
DO 53
Bus control BREQ 112 Input External bus masters request the bus by this
signal.
BREQO 110 Output  The internal bus masters request the bus to

access the external space in the external bus
released state.
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Classification

Abbreviation

Pin No.
(TFP-120) 1/O

Description

Bus control

BACK 111 Output  Bus acknowledge signal which indicates that the
bus has been released.

BS-A/BS-B 110/116  Output Indicates the start of a bus cycle.

AS 116 Output  Strobe signal which indicates that the output
address on the address bus is valid when
accessing the basic bus interface or byte control
SRAM interface space.

AH 116 Output  This signal is used to hold the address when
accessing the address/data multiplexed I/O
interface space.

RD 115 Output Indicates that the basic bus interface space is
being read from.

RD/WR 111 Output Indicates the direction (input/output) of the data
bus.

LHWR 114 Output  Strobe signal which indicates that the upper byte
(D15 to D8) is valid when accessing the basic
bus interface space.

LLWR 113 Output  Strobe signal which indicates that the lower byte
(D7 to DO) is valid when accessing the basic bus
interface space.

LUB 114 Output  Strobe signal which indicates that the upper byte
(D15 to D8) is valid when accessing the byte
control SRAM interface space.

LLB 113 Output  Strobe signal which indicates that the lower byte
(D7 to DO) is valid when accessing the byte
control SRAM interface space.

CSo 120 Output  Select signals for areas 7 to 0.

CSi 1

CS2-A/CS2-B 2/1

CS3 3

CS4 120

CS5-A/CS5-B 1/120

CS6-A/CS6-B 2/1

CS7-A/CS7-B 3/1

WAIT 112 Input Requests wait cycles when accessing the

external space.
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Classification

Abbreviation

Pin No.

(TFP-120) 1/O

Description

Interrupt NMI 52 Input Non-maskable interrupt request signal. When
this pin is not in use, this signal must be fixed
high.

IRQ11-AMRQ11-B  37/93 Input Maskable interrupt request signal.

TRQ10-AMRQ10-B  36/91

TRQ9-A/TRQ9-B 35/90

TRQ8-A/IRQ8-B 34/89

IRQ7-A/IRQ7-B 87/108

IRQ6-A/IRQ6-B 86/107

IRQ5-A/IRQ5-B 80/106

TRQ4-A/IRQ4-B 79/104

TRQ3-A/RQ3-B 75/102

TRQ2-A/IRQ2-B 74/100

IRQ1-AMRQ1-B 73/99

IRQ0-A/IRQ0-B 72/98

16-bit timer TCLKA-A/ITCLKA-B 46/79 Input Input pins for the external clocks.
pulse unit (TPU) TCLKB-A/TCLKB-B 47/80

TCLKC-A/TCLKC-B 49/86

TCLKD-A/TCLKD-B 51/87

TIOCAO 43, 45 Input/ Signals for TGRA_0 to TGRD_0. These are

TIOCBO 45 output  used for the input capture inputs/output compare

TIOCCO 46, 47 outputs/PWM outputs.

TIOCDO 47

TIOCAl 48, 49 Input/ Signals for TGRA_1 and TGRB_1. These are

TIOCB1 49 output  used for the input capture inputs/output compare
outputs/PWM outputs.

TIOCA2 50, 51 Input/ Signals for TGRA_2 and TGRB_2. These are

TIOCB2 51 output  used for the input capture inputs/output compare
outputs/PWM outputs.

TIOCAS 34,35 Input/ Signals for TGRA_3 toTGRD_3. These are used

TIOCB3 34 output  for the input capture inputs/output compare

TIOCC3 36, 37 outputs/PWM outputs.

TIOCD3 37

TIOCA4 38, 39 Input/ Signals for TGRA_4 and TGRB_4. These are

TIOCB4 38 output  used for the input capture inputs/output compare
outputs/PWM outputs.

TIOCA5 40, 41 Input/ Signals for TGRA_5 and TGRB_5. These are

TIOCB5 41 output  used for the input capture inputs/output compare

outputs/PWM outputs.
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Pin No.

Classification  Abbreviation (TFP-120) 1/0 Description
Programmable  PO15 51 Output  Output pins for the pulse signals.
pulse generator PO14 50
(PPG) PO13 49
PO12 48
PO11 47
PO10 46
PO9 45
PO8 43
PO7 41
PO6 40
PO5 39
PO4 38
PO3 37
PO2 36
PO1 35
POO 34
8-bit timer TMOO0 36 Output  Output pins for the compare match signals.
(TMR) TMO1 40
TMO2 91
TMO3 96
TMCIO 35 Input Input pins for the external clock signals used for
TMCI1 39 the counters.
TMCI2 90
TMCI3 95
TMRIO 34 Input Input pins for the counter reset signals.
TMRI1 38
TMRI2 89
TMRI3 93
Watchdog timer WDTOVF 81 Output  Output pin for the counter overflow signal in

(WDT)

watchdog timer mode.

Serial TxDO 36 Output  Output pins for transmit data.
communication TxD1 40
interface (SCI)  TxD2 72
TxD4 89
RxDO 35 Input Input pins for receive data.
RxD1 39
RxD2 73
RxD4 90
SCKO 34 Input/ Input/output pins for clock signals.
SCK1 38 output
SCK2 74
SCK4 91
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Classification

Abbreviation

Pin No.
(TFP-120) 1/O

Description

A/D converter  AN7 108 Input Input pins for the analog signals for the A/D
ANG6 107 converter.
AN5 106
AN4 104
AN3 102
AN2 100
AN1 99
ANO 98
ADTRGO 75 Input Input pin for the external trigger signal to start
A/D conversion.
D/A converter DAl 108 Output  Output pins for the analog signals for the D/A
DAO 107 converter.
A/D converter, AV, 101 Input Analog power supply pin for the A/D and D/A
D/A converter converters. When the A/D and D/A converters
are not in use, connect to the system power
supply.
AV 103 Input Ground pin for the A/D and D/A converters.
Connect to the system power supply (0 V).
Vref 105 Input Reference power supply pin for the A/D and D/A
converters. When the A/D and D/A converters
are not in use, connect to the system power
supply.
1/0 port P17 87 Input/ 8-bit input/output pins.
P16 86 output
P15 80
P14 79
P13 75
P12 74
P11 73
P10 72
P27 41 Input/ 8-bit input/output pins.
P26 40 output
P25 39
P24 38
P23 37
P22 36
P21 35
P20 34
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Pin No.

Classification  Abbreviation (TFP-120) /O Description

1/0 port P37 51 Input/ 8-bit input/output pins.
P36 50 output
P35 49
P34 48
P33 47
P32 46
P31 45
P30 43
P57 108 Input 8-bit input/output pins.
P56 107
P55 106
P54 104
P53 102
P52 100
P51 99
P50 98
P65 96 Input/ 6-bit input/output pins.
P64 95 output
P63 93
P62 91
P61 90
P60 89
PA7 118 Input/ 8-bit input/output pins.
PAG6 116 output
PAS5 115
PA4 114
PA3 113
PA2 112
PAl 111
PAO 110
PB3 3 Input/ 4-bit input/output pins.
PB2 2 output
PB1 1
PBO 120
PD7 24 Input/ 8-bit input/output pins.
PD6 25 output
PD5 27
PD4 28
PD3 29
PD2 30
PD1 31
PDO 32
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Classification

Abbreviation

Pin No.

(TFP-120) 1/O

Description

1/0O port

PE7 14 Input/ 8-bit input/output pins.
PE6 15 output

PES5 16

PE4 18

PE3 20

PE2 21

PE1 22

PEO 23

PF7 5 Input/ 8-bit input/output pins.
PF6 6 output

PF5 7

PF4 8

PF3 9

PF2 11

PF1 12

PFO 13

PH7 61 Input/ 8-bit input/output pins.
PH6 60 output

PH5 59

PH4 58

PH3 56

PH2 55

PH1 54

PHO 53

PI7 71 Input/ 8-bit input/output pins.
P16 70 output

P15 69

P14 68

P13 66

P12 65

P11 64

PIO 63

RRENESAS
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Section2 CPU

21 Overview

The H8SX CPU isa high-speed central processing unit with an internal 32-bit architecture that is
upward-compatible with the H8/300, H8/300H, and H8S CPUs. The H8SX CPU has sixteen 16-
bit general registers, can handle a 4-Gbyte linear address space, and isideal for arealtime control
system.

21.1 Features

» Upward-compatible with H8/300, H8/300H, and H8S CPUs
Can execute these CPU’ s object programs
» General-register architecture
Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)
» 87 basicinstructions
8/16/32-hit arithmetic and logic instructions
Multiply and divide instructions
Bit field transfer instructions
Powerful bit-manipulation instructions
Bit condition branch instructions
Multiply-and-accumulate instruction
» Eleven addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]

Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B), @(d:16,Rn.W),
@(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]

Register indirect with post-/pre-increment or post-/pre-decrement [ @ERn+, @+ERn, @ERN-—,
or @-ERn]

Absolute address [ @aa:8, @aa: 16, @aa:24, or @aa:32]

Immediate [#xx:3, #xX:4, #xX:8, #xX:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]

Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or @(ERn.L,PC)]
Memory indirect [ @@aa:8]

Extended memory indirect [ @@vec:7]
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* Two base registers
Vector base register
Short address base register
* 4-Gbyte address space
Program: 4 Ghytes
Data: 4 Ghytes
» High-speed operation
All frequently-used instructions execute in one or two states
8/16/32-hit register-register add/subtract: 1 state
8 x 8-hit register-register multiply: 1 state (when multiplier supported)
16 + 8-bit register-register divide: 10 states (when divider supported)
16 x 16-bit register-register multiply: 1 state (when multiplier supported)
32 + 16-hit register-register divide: 18 states (when divider supported)
32 x 32-hit register-register multiply: 5 states (when multiplier supported)
32 + 32-hit register-register divide: 18 states (when divider supported)
» Four CPU operating modes
Norma mode
Middle mode
Advanced mode
Maximum mode
» Power-down modes
Transition is made by execution of SLEEP instruction
Choice of CPU operating clocks

Notes: 1. Advanced mode isonly supported as the CPU operating mode of the H8SX/1650
Group. Normal, middle, and maximum modes are not supported.

2. The multiplier and divider are supported by the H8SX/1650 Group.

Rev. 1.00, 09/03, page 18 of 618
RENESAS



2.2 CPU Operating Modes

The H8SX CPU has four operating modes: normal, middle, advanced, and maximum modes. The
mode is selected with the mode pins of the LS| or other sources.

Maximum 64 kbytes for program
| Normal mode and data areas combined

Maximum 16-Mbyte program
| - area and 64-kbyte data area,
Middle mode maximum 16 Mbytes for program
and data areas combined

CPU operating modes I—

Maximum 16-Mbyte program
area and 4-Gbyte data area,
maximum 4 Gbytes for program
and data areas combined

—I Advanced mode

Maximum 4 Gbytes for program

| Maximum mode and data areas combined

Figure2.1 CPU Operating Modes

221 Normal Mode

In normal mode, the exception handling vector table and stack have the same structure asin the
H8/300 CPU.

* Address Space
A maximum address space of 64 kbytes can be accessed.

» Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When Enis used as a 16-bit register it can contain any value, even
when the corresponding general register (Rn) is used as an address register. If the general
register Rn isreferenced in the register indirect addressing mode with pre-/post-increment or
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register will be affected.

* Instruction Set
All instructions and addressing modes can be used. Only the lower 16 bhits of effective
addresses (EA) are valid.

» Exception Handling Vector Table and Memory Indirect Branch Addresses
In normal mode, the top area starting at H'0000 is allocated to the exception handling vector

table. One branch addressis stored per 16 bits. The structure of the exception handling vector
table isshown in figure 2.2.
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H0000 [ _

R X ion vi r --
H'OO0L eset exception vectol

. Exception
HIOOOZ - - Reset exception vector - - handling
H'0003 vector table

Figure2.2 Exception Handling Vector Table (Normal Mode)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes are
used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies amemory location. Execution branches to the address contained in the memory location.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.3. The PC contents are saved or restored in 16-hit units.

\/\\/\

sP—~| PC . SP—~ EXR"!
(16 bits) Reserved*1*3
(SP*2—») CCR
\/\ CCR*
| PC
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 2.3 Stack Structurein Normal Mode
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2.2.2 Middle Mode

The program areain middle mode is extended to 16 Mbytes as compared with that in normal
mode.

» Address Space
A maximum address space of 16 Mbytes can be accessed in atotal of the program and data
areas. For individua areas, up to 16 Mbytes of the program area and up to 64 kbytes of the
data area can be allocated.

» Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When Enis used as a 16-bit register (in other than the IMP and
JSR instructions), it can contain any value even when the corresponding general register (Rn)
isused as an addressregister. If the general register Rn isreferenced in the register indirect
addressing mode with pre-/post-increment or decrement and a carry or borrow occurs,
however, the value in the corresponding extended register will be affected.

* Instruction Set

All instructions and addressing modes can be used. Only the lower 16 hits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

» Exception Handling Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception handling vector
table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one branch addressis
stored in the lower 24 bits. The structure of the exception handling vector table is shown in
figure 2.4.
The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes
are used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies amemory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data areain advanced mode is extended to 4 Gbytes as compared with that in middle mode.

Address Space

A maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to 16
Mbytes of the program area and up to 4 Ghytes of the data area can be allocated.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

Instruction Set

All instructions and addressing modes can be used.

Exception Handling Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception handling
vector table in 32-bit units. In each 32 bits, the upper eight bits are ignored and one branch

addressis stored in the lower 24 bits. The structure of the exception handling vector tableis
shown in figure 2.4.

H'00000000 Reserved
H'00000001
H'00000002 |~ Reset exception vector
H00000003 |
H'00000004 Reserved L Exception handling
H'00000005 vector table

H00000006 | B
H'00000007

Figure 2.4 Exception Handling Vector Table (Middle and Advanced M odes)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes are
used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies amemory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

Rev. 1.00, 09/03, page 22 of 618

RENESAS




e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.5. The PC contents are saved or restored in 24-hit units.

\/\\/\

Sp—~ EXR™®
SP— Reserved Reserved'13
(SP*2—) CCR
PC ---
(24 bits) - PC -
(24 bits) -
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure2.5 Stack Structurein Middle and Advanced Modes

224 Maximum Mode

The program areain maximum mode is extended to 4 Gbytes as compared with that in advanced
mode.

* Address Space
A maximum address space of 4 Gbytes can be linearly accessed.
» Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-bit
segments of 32-bit registers or address registers.
* Instruction Set
All instructions and addressing modes can be used.
» Exception Handling Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception handling
vector table in 32-bit units. One branch addressis stored in 32 bits. The structure of the
exception handling vector table is shown in figure 2.6.
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H00000000 h
H'00000001 |~ i
H'00000002 |
H00000003 |
H00000004 | __ .- Exception handling
H'00000005 vector table

H00000006 | B
H00000007

Reset exception vector

Figure 2.6 Exception Handling Vector Table (Maximum M odes)

The memory indirect (@@aa:8) and extended memory indirect (@@vec:7) addressing modes are
used in the IMP and JSR instructions. An 8-bit absolute address included in the instruction code
specifies amemory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.

» Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling branch are shown in figure 2.7. The PC contents are saved or restored in 32-bit units.
The EXR contents are saved or restored regardless of whether or not EXR isin use.

\/_\\/\

SP—~| L SP—~ EXR
PC L CCR
(32 bits)
PC
(32 bits)
(a) Subroutine Branch (b) Exception Handling

Figure2.7 Stack Structurein Maximum Mode
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2.3 Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode should be set according to the bus width of the memory in which the program is
stored.

The instruction-fetch mode setting does not affect operation other than instruction fetch such as
data accesses.

24 Address Space

Figure 2.8 shows a memory map of the H8SX CPU. The address space differs depending on the
operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
H'007FFF
Program area
Data area
" (64 kbytes) | Program area
HFFFF (16 Mbytes)
Program area
| | Dataarea |~ (16 Mbytes)
(64 kbytes)
HFF8000 Program area
Data area
H'FFFFFF ] H'OOFFFFFF (4 Gbytes)
| _ Dataarea
(4 Gbytes)
HFFFFFFFF] ] HFFFFFFFF]

Figure2.8 Memory Map
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25 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-bit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-hbit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register
(MAC).

General Registers and Extended Registers

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H RIL
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers

31 0
PC |
76543210
cer [1ulH[U[N[z]v]c
76543210
ExR [1]-|-|-[-[i2u[iq
31 12 0
VER | ! (Reserved) |
31 8 0
SBR | : (Reserved) |
63 41 32
Si i ]
MAC ign extension ' MACH
MACL
31 0
[Legend]
SP: Stack pointer Z: Zero flag
PC: Program counter V: Overflow flag
CCR: Condition-code register C: Carry flag
I: Interrupt mask bit EXR:  Extended control register
ul: User bit or interrupt mask bit T: Trace bit
H: Half-carry flag 12 t0 10: Interrupt mask bits
uU: User bit VBR:  Vector base register
N: Negative flag SBR:  Short address base register

MAC:  Multiply-accumulate register

Figure2.9 CPU Registers
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251 General Registers

The H8SX CPU has eight 32-bit general registers. These general registersare all functionally alike
and can be used as both address registers and data registers. When a general register isused asa
dataregister, it can be accessed as a 32-hit, 16-bit, or 8-bit register. Figure 2.10 illustrates the
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designated by
the letters ER (ERO to ERY7).

The ER registers are divided 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 of sixteen 16-
bit registers. The E registers (EO to E7) are also referred to as extended registers.

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

The generd registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The sizein the operand field determines which register is selected.

The usage of each register can be selected independently.

 16-bit registers

« Address registers General registers E

» 32-bit registers (EO to E7)

« 32-bit index registers « 8-bit registers

General registers ER General registers RH
ERO to ER7

( 0 ) « 16-bit registers (ROH to R7H)

 16-bit index registers

General registers R
(RO to R7)

« 8-bit registers
« 8-bit index registers

General registers RL
(ROL to R7L)

Figure 2.10 Usage of General Registers

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 2.11 shows the
stack.
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Free area

SP (ER7) —»

Stack area

/\/

Figure2.11 Stack

252 Program Counter (PC)

PC isa 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of al CPU instructionsis two bytes (one word) or amultiple of two bytes, so the least
significant PC bit isignored. When an instruction is fetched, the least significant PC bit is
regarded as 0.

253 Condition-Code Register (CCR)

CCRisan 8-hit register that contains internal CPU status information, including an interrupt mask
(I and user (Ul, U) bitsand half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)
flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch
(Bcc) instructions.

Initial
Bit Bit Name Value R/W Description
7 I 1 R/W Interrupt Mask Bit

Masks interrupts when set to 1. This bit is set to 1 at the
start of an exception-handling sequence.

6 ul Undefined R/W User Bit or Interrupt Mask Bit

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 bit.
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Bit

Initial

Bit Name Value

R/W

Description

5

H

Undefined

R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry 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 there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

Undefined

R/W

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

Undefined

R/W

Negative Flag

Stores the value of the most significant bit (regarded as
sign bit) of data.

Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to O otherwise.

Undefined

R/W

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry flag indicates the following:

e A carry by an add instruction
« A borrow by a subtract instruction
e A carry by a shift or rotate instruction

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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254 Extended Control Register (EXR)
EXR isan 8-hit register that contains the trace bit (T) and three interrupt mask bits (12 to 10).

Operations can be performed on the EXR hits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see section 4, Exception Handling.

Initial

Bit Bit Name Value R/W Description

7 T 0 R/W Trace Bit
Selects trace mode. When this bit is cleared to O,
instructions are executed in sequence. When this bit is
set to 1, a trace exception is generated each time an
instruction is executed.

6to3 O All 1 R/W Reserved
These bits are always read as 1. The write value should
always be 1.

2 12 1 R/W Interrupt Mask Bits

11 1 R/W These bits designate the interrupt mask level (0 to 7).
0 10 1 R/W

255 Vector Base Register (VBR)

VBR isa32-bit register that has the valid upper 20 bits. The lower 12 bits of this register are read
as 0s. Thisregister value is a base address of the vector areafor exception handling other than a
reset and a CPU address error (extended memory indirect is also out of the target). Theinitial
value is H'00000000.

256 Short Address Base Register (SBR)

SBR is a32-hit register that has the valid upper 24 bits. The lower eight bits are read as 0s. In 8-bit
absolute addressing mode (@aa:8), this register is used as the upper address. The initial valueis
H'FFFFFFOO0.
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257 Multiply-Accumulate Register (MAC)

MAC is a64-hit register that stores the results of multiply-and-accumulate operations. It consists
of two 32-bit registers denoted MACH and MACL. The lower 10 bitsof MACH are valid; the
upper bits are sign-extended.

258 Initial Register Values

Reset exception handling loads the start address from the vector table into the PC contents, clears
the trace bit in EXR to 0, and sets the interrupt mask bitsin CCR and EXR to 1. The other CCR
bits, MAC and the general registers are not initialized. In particular, the stack pointer (ER7) is not
initialized. The stack pointer should therefore be initialized using an MOV .L instruction executed
immediately after areset.
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2.6 Data Formats

The H8SX CPU can process 1-hit, 4-bit BCD, 8-hit (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.

26.1 General Register Data Formats

Figure 2.12 shows the data formats in general registers.

1-bit data RnH 7 0 ..
7]6[s[4[s[2]1]o] _ pontcare
1-bit data rRoL 7 0
i pontcare  [7[6[5[4]3]2[1]0]
4-bit BCD data RnH 7 43 0 ..
[_Upper | tower | pontcare |
4-bit BCD data RnL 7 43 0

Byte data RnH 7 0
MSB Lse T
Byte data RnL 7 0
MSB LSB
Word data Rn s - @ °|
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERnN
31 16 15 0
MSB En Rn LSB
[Legend]
ERn: General register ER RnL: General register RL
En:  General register E MSB: Most significant bit
Rn:  General register R LSB: Least significant bit

RnH:  General register RH

Figure2.12 General Register Data Formats
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2.6.2 Memory Data For mats
Figure 2.13 shows the data formats in memory.

The H8SX CPU can access word data and longword data which are stored at any addressesin
memory. When word data begin at an odd address or longword data begin at an address other than
amultiple of 4, abus cycleisdivided into two or more accesses. For example, when longword
data begins at an odd address, the bus cycle is divided into byte, word, and byte accesses. In this
case, these accesses are assumed to be individual bus cycles.

However, instructions to be fetched, word and longword data to be accessed during execution of
the stack manipulation, block transfer instructions, and MAC instruction should be located to even
addresses.

When the stack pointer (ER7) is used as an address register to access the stack, the operand size
should be word size or longword size.

Data Type Data Format
Address /\/
7 0
1-bit data Address L[ 7] 6 |5[4]3]2][1]0
Byte data AddressL MSB; 1 1 1 1 . iLSB
Word data Address 2M MSBE
Address2M+1| 1 1 1 1 1 0 g
Longword data Address 2N MSBE
Address 2N + 1 R
Address 2N + 2 : : : E : : :
Address 2N + 3 Lo a4 LB

Figure2.13 Memory Data Formats
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2.7 Instruction Set

The H8SX CPU has 87 types of instructions. The instructions are classified by function as shown

intable 2.1.

Table2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 6
MOVFPE, MOVTPE B
POP, PUSH** WI/L
LDM, STM L
MOVA B/W*?
Block transfer EEPMOV B 3
MOVMD B/WI/L
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/L 27
operations DAA. DAS B
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS W/L
MULU/U*®, MULS/U*® L
EXTU, EXTS W/L
TAS B
MAC*® O
LDMAC*®, STMAC*® O
CLRMAC*® O
Logic operations  AND, OR, XOR, NOT B/WI/L
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/WI/L
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B 20
BXOR, BIXOR, BLD, BILD, BST, BIST
BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B

BFLD, BFST
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Function Instructions Size Types

Branch BRA/BS, BRA/BC, BSR/BS, BSR/BC B*® 9
Bcc**, JMP, BSR, JSR, RTS g
RTS/L L*®
BRA/S O
System control TRAPA, RTE, SLEEP, NOP g 10
RTE/L L*®
LDC, STC, ANDC, ORC, XORC B/WI/L
Total 87
[Legend]
B: Byte size
W: Word size

L: Longword size

Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and
MOV.W Rn, @-SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn
and MOV.L ERn, @-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.
Size of a general register to be restored

Only when the multiplier is supported

o0k wN
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2.7.1 Instructions and Addressing M odes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8SX CPU can
use.

Table2.2 Combinations of Instructions and Addressing Modes (1)

Addressing Mode

@d, @-ERn/
RnL.B/ @ERN+/
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #XX Rn  @ERn @(d,ERn)ERn.L) @+ERn @aa:8 @aa:32 O
Data MOV BWL S SO SD sD SD SD SD
transfer B s/D s/D
MOVFPE, B S/D SID**
MOVTPE
POP, PUSH WIL S/ID S/D*?
LDM,STM L S/D S/D*?
MOVA** B/W S S S S S S
Block EEPMOV B SD*?
ransfer \ovMp  B/WIL SD**
MOVSD B SD*®
Arithmetic ADD,CMP  B/W/L S SD SD SD SD SD SD
operations g ;g B s D D D D D
B SD SD SD SD SD SD
WiL S SsD SD SD SD SD SD
ADDX, SUBXB/W/L S SD
BWIL S SD
BWIL S SD**
INC, DEC  B/WIL
ADDS, SUBSL
DAA,DAS B
MULXU, B/W sS4  SD

DIVXU
MULU, DIVU W/L S:4 SD

MULXS, B/W S:4 SD
DIVXS
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERN+/

Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #xx Rn @ERn @(d,ERn)ERn.L) @+ERn @aa:8 @aa:32 O
Arithmetic MULS, DIVS  WI/L S:4 SD
operations NEG B/WIL

EXTU, EXTS WI/L

TAS B

MAC** O

CLRMAC** O O

LDMAC** O

STMAC** O D
Logic AND, OR, XORB/WI/L S SD SD SD SD SD SD
operations 5t B/WIL D
Shift SHLL, SHLR  B/WI/L*® D

B/W/L*" D

SHAL, SHAR B/WI/L D

ROTL, ROTR B/WI/L D

ROTXL, B/WIL D D D

ROTXR
Bit manipu- BSET, BCLR, B D D D D
lation BNOT, BTST,

BSET/cc,

BCLR/cc

BAND, BIAND, B D D D D

BOR, BIOR,

BXOR, BIXOR,

BLD, BILD,

BST, BIST,

BSTZ, BISTZ

BFLD B

BFST B
Branch BRA/BS, B

BRA/BC*®

BSR/BS, B S S S

BSR/BC*®
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Addressing Mode

@(d, @-ERn/
RnL.B/ @ERN+
Classifi- Rn.W/ @ERn-/ @aa:16/
cation Instruction Size #xx Rn  @ERn @(d,ERn)ERn.L) @+ERn @aa:8 @aa:32 O
System LDC B/W*® S S S S S*° S
control (CCR, EXR)
LDC L S
(VBR, SBR)
STC B/W*° D D D D** D
(CCR, EXR)
STC L D
(VBR, SBR)
ANDC, ORC, B S
XORC
SLEEP O (@)
NOP O O
[Legend]
d: d:16 or d:32

S: Can be specified as a source operand.
D: Can be specified as a destination operand.
SD: Can be specified as either source or destination operand or both.
S/D: Can be specified as either source or destination operand.
S:4: 4-bit immediate data can be specified as a source operand.
Notes: 1. @aa:16 is only available.
2. @ERnN+ as a source operand and @-ERn as a destination operand

3. Specified by ER5 as a source address and ER6 as a destination address for data
transfer

4. Size of data to be added with a displacement

5. @ERnN-is only available.

6. When the number of bits to be shifted is 1, 2, 4, 8, or 16

7. When the number of bits to be shifted is specified by 5-bit immediate data or a general
register

8. Size of data to specify a branch condition

9. Byte for immediate or register direct; otherwise, word

10. @ERnN+ is only available.

11. @-ERn is only available.

12. Only when the multiplier is supported
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Table2.2 Combinations of Instructions and Addressing Modes (2)

Addressing Mode

@(RnL.B/
Rn.W/
Classifi- ERN.L,
cation Instruction Size @ERn @(d,PC) PC) @aa:24 @aa:32 @@aa:8 @@vec:7 O
Branch BRA/BS, O (@)
BRA/BC
BSR/BS, O O
BSR/BC
Bcc a O
BRA O O (0]
BRA/S | o*
JMP O @] @] @] e} (e}
BSR O O
JSR O @] @] @] e} e}
RTS, RTS/L O O
System TRAPA ad (@)
control - pTE, RTEIL O 0
Legend:
d: d:8 or d:16

Note: * @(d:8, PC) is only available.

272 Table of Instructions Classified by Function

Tables 2.4 to 2.11 summarize the instructions in each functional category. The notation used in the
tablesis defined in table 2.3.
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Table2.3 Operation Notation

Operation Notation Description

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

Rn General register*

ERN General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

VBR Vector base register

SBR Short address base register

N N (negative) flag in CCR

4 Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Logical exclusive OR

o Move

O Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit 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 registers (ERO to ER?7).
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Table2.4 DataTransfer Instructions

Instruction  Size Function

MOV B/W/L #IMM - (EAd), (EAs) — (EAd)
Transfers data between immediate data, general registers, and memory.
MOVFPE B (EAs) - Rd
MOVTPE B Rs - (EAs)
POP Wi/L @SP+ - Rn
Restores the data from the stack to a general register.
PUSH W/L Rn - @-SP
Saves general register contents on the stack.
LDM L @SP+ - Rn (register list)

Restores the data from the stack to general registers. Two, three, or four
general registers which have serial register numbers can be specified.

STM L Rn (register list) -~ @-SP

Saves the contents of general registers on the stack. Two, three, or four
general registers which have serial register numbers can be specified.

MOVA B/W EA - Rd

Zero-extends the contents of a specified general register or memory data
and adds them with a displacement. The result is stored in a general
register.
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Table2.5 Block Transfer Instructions

Instruction  Size

Function

EEPMOV.B B
EEPMOV.W

Transfers a data block.

Transfers byte data from a memory location specified by ER5 to a memory
location specified by ER6. The number of byte data to be transferred is
specified by R4 or R4L.

MOVMD.B B

Transfers a data block.

Transfers byte data from a memory location specified by ER5 to a memory
location specified by ER6. The number of byte data to be transferred is
specified by R4.

MOVMD.W W

Transfers a data block.

Transfers word data from a memory location specified by ER5 to a
memory location specified by ER6. The number of word data to be
transferred is specified by R4.

MOVMD.L L

Transfers a data block.

Transfers longword data from a memory location specified by ER5 to a
memory location specified by ER6. The number of longword data to be
transferred is specified by R4.

MOVSD.B B

Transfers a data block with zero data detection.

Transfers byte data from a memory location specified by ER5 to a memory
location specified by ER6. The number of byte data to be transferred is
specified by R4. When zero data is detected during transfer, the transfer
stops and execution branches to a specified address.
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Table 2.6

Arithmetic Operation Instructions

Instruction  Size Function

ADD B/WI/L (EAd) + #IMM - (EAd), (EAd) * (EAs) - (EAd)

SUB Performs addition or subtraction on data between immediate data, general
registers, and memory. Immediate byte data cannot be subtracted from
byte data in a general register.

ADDX B/WIL (EAd) + #IMM + C - (EAd), (EAd)+ (EAs) + C - (EAd)

SUBX Performs addition or subtraction with carry on data between immediate
data, general registers, and memory. A memory location can be specified
in the register indirect addressing mode with post-decrement or the
register indirect addressing mode.

INC BW/IL Rdzl - Rd, Rd+2 - Rd

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

ADDS L Rd+1 - Rd, Rd+2 - Rd, Rd+4 - Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a general register.

DAA B Rd decimal adjust -~ Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 2-digit 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.

MULU WI/L Rd xRs - Rd
Performs unsigned multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits or 32 bits x 32 bits - 32 bits.

MULU/U* L Rd xRs - Rd
Performs unsigned multiplication on data in two general registers (32 bits x
32 bits - upper 32 bits).

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits - 16 bits or 16 bits x 16 bits - 32 bits.

MULS WI/L Rd xRs - Rd
Performs signed multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits or 32 bits x 32 bits - 32 bits.

MULS/U* L Rd xRs - Rd

Performs signed multiplication on data in two general registers (32 bits x
32 bits - upper 32 bits).
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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.

DIVU Wi/L Rd +Rs - Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 16 bits - 16-bit quotient or 32 bits + 32 bits - 32-bit quotient.

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
guotient and 16-bit remainder.

DIVS Wi/L Rd +Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
16 bits — 16-bit quotient or 32 bits + 32 bits - 32-bit quotient.

CMP B/WIL (EAd) - #IMM, (EAd) - (EAs)
Compares data between immediate data, general registers, and memory
and stores CCR bits according to the result.

NEG B/WI/L 0 - (EAd) - (EAd)
Takes the two’s complement (arithmetic complement) of the contents of a
general register or a memory location.

EXTU W/L (EAd) (zero extension) — (EAd)
Extends the lower 8 or 16 bits of data in a general register or a memory
location to word or longword size by padding with Os.
The lower eight bits can be extended to word or longword, or lower 16 bits
to longword.

EXTS W/L (EAd) (sign extension) — (EAd)
Extends the lower 8 or 16 bits of data in a general register or a memory
location to word size by padding with signs.
The lower eight bits can be extended to word or longword, or lower 16 bits
to longword.

TAS B @ERd -0, 1 - (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC* O (EAd) x (EAs) + MAC - MAC
Performs signed multiplication on memory contents and adds the result to
the MAC.

CLRMAC* g 0 - MAC

Clears the MAC to zero.
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Instruction  Size Function
LDMAC* O Rs - MAC

Loads data from a general register to the MAC.
STMAC* O MAC - Rd

Stores data from the MAC to a general register.

Note: * Only when the multiplier is supported.

Table2.7 Logic Operation Instructions

Instruction  Size

Function

AND B/WI/L

(EAd) O#IMM — (EAd), (EAd) O(EAs) — (EAd)

Performs a logical AND operation on data between immediate data,
general registers, and memory.

OR B/WIL

(EAd) O#IMM - (EAd), (EAd) O(EAs) — (EAd)

Performs a logical OR operation on data between immediate data, general
registers, and memory.

XOR B/WI/L

(EAd) 0 #IMM — (EAd), (EAd) O (EAs) — (EAd)

Performs a logical exclusive OR operation on data between immediate
data, general registers, and memory.

NOT B/WI/L

O(EAd) - (EAd)

Takes the one’s complement (logical complement) of the contents of a
general register or a memory location.
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Table2.8  Shift Operation Instructions

Instruction  Size

Function

SHLL B/W/L  (EAd) (shift) —» (EAd)

SHLR Performs a logical shift on the contents of a general register or a memory
location.
The contents of a general register or a memory location can be shifted by
1, 2, 4, 8, or 16 bits. The contents of a general register can also be shifted
by any bits. In this case, the number of bits is specified by 5-bit immediate
data or the lower 5 bits of general register contents.

SHAL B/W/L  (EAd) (shift) —» (EAd)

SHAR Performs an arithmetic shift on the contents of a general register or a
memory location.
1-bit or 2-bit shift is possible.

ROTL B/W/L (EAd) (rotate) —» (EAd)

ROTR Rotates the contents of a general register or a memory location.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) — (EAd)

ROTXR Rotates the contents of a general register or a memory location with the

carry flag.
1-bit or 2-bit rotation is possible.

Table2.9 Bit Manipulation Instructions

Instruction  Size

Function

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

BSET/cc B if cc, 1 - (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction sets a specified bit in a
memory location to 1. The bit number can be specified by 3-bit immediate
data, or by the lower three bits of a general register. The Z flag status can
be specified as a condition.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in the contents of a general register or a memory
location to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

Rev. 1.00, 09/03, page 46 of 618

RENESAS



Instruction  Size Function

BCLR/cc B if cc, 0 - (<bit-No.> of <EAd>)
If the specified condition is satisfied, this instruction clears a specified bit in
a memory location to 0. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

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

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

BAND B C O (<bit-No.> of <EAd>) -~ C
Logically ANDs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIAND B C 0[0O(<bit-No.> of <EAd>)] - C
Logically ANDs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result in
the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C O(<bit-No.> of <EAd>) - C
Logically ORs the carry flag with a specified bit in the contents of a general
register or a memory location and stores the result in the carry flag. The bit
number is specified by 3-bit immediate data.

BIOR B C 0[0O(<bit-No.> of <EAd>)] - C
Logically ORs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location 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

Logically exclusive-ORs the carry flag with a specified bit in the contents of
a general register or a memory location and stores the result in the carry
flag.

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

Rev. 1.00, 09/03, page 47 of 618
RENESAS



Instruction  Size Function

BIXOR B C O [O(<bit-No.> of <EAd>)] - C
Logically exclusive-ORs the carry flag with the inverse of a specified bit in
the contents of a general register or a memory location 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 the contents of a general register or a memory
location to the carry flag.
The bit number is specified by 3-bit immediate data.

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

BST B C - (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in the contents of a general
register or a memory location.
The bit number is specified by 3-bit immediate data.

BSTZ B Z - (<bit-No.> of <EAd>)
Transfers the zero flag value to a specified bit in the contents of a memory
location.
The bit number is specified by 3-bit immediate data.

BIST B OC - (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in the
contents of a general register or a memory location.
The bit number is specified by 3-bit immediate data.

BISTZ B OZ - (<bit-No.> of <EAd>)
Transfers the inverse of the zero flag value to a specified bit in the
contents of a memory location.
The bit number is specified by 3-bit immediate data.

BFLD B (EAS) (bit field) -~ Rd
Transfers a specified bit field in memory location contents to the lower bits
of a specified general register.

BFST B Rd - (EAd) (bit field)

Transfers the lower bits of a specified general register to a specified bit
field in memory location contents.
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Table2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified condition

BRA/BC is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified condition

BSR/BC is satisfied, execution branches to a subroutine at a specified address.

Bcc O Branches to a specified address if the specified condition is satisfied.

BRA/S O Branches unconditionally to a specified address after executing the next
instruction. The next instruction should be a 1-word instruction except for
the block transfer and branch instructions.

JMP O Branches unconditionally to a specified address.

BSR O Branches to a subroutine at a specified address.

JSR O Branches to a subroutine at a specified address.

RTS O Returns from a subroutine

RTS/L O Returns from a subroutine, restoring data from the stack to general

registers.
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Table2.11 System Control Instructions

Instruction  Size Function
TRAPA O Starts trap-instruction exception handling.
RTE O Returns from an exception-handling routine.
RTE/L O Returns from an exception-handling routine, restoring data from the stack
to general registers.
SLEEP O Causes a transition to a power-down state.
LDC B/W  #IMM - CCR, (EAs) — CCR, #IMM - EXR, (EAs) - EXR
Loads immediate data or the contents of a general register or a memory
location to CCR or EXR. Although CCR and EXR are 8-bit registers, word-
size transfers are performed between them and memory. The upper eight
bits are valid.
L Rs - VBR, Rs - SBR
Transfers the general register contents to VBR or SBR.
STC B/W CCR - (EAd), EXR - (EAd)
Transfers CCR or EXR contents to a general register or memory. Although
CCR and EXR are 8-bit registers, word-size transfers are performed
between them and memory. The upper eight bits are valid.
L VBR - Rd, SBR - Rd
Transfers the contents of VBR or SBR to a general register.
ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP O PC+2 - PC

Only increments the program counter.
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2.7.3 Basic Instruction For mats

The H8SX CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), aregister field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.14 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m rm

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

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure2.14 Instruction Formats

» 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 four bits of the instruction.
Some instructions have two operation fields.

* Register Field
Specifies ageneral register. Address registers are specified by 3 bits, data registers by 3 bits or
4 hits. 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 a displacement.
» Condition Field
Specifies the branching condition of Bcc instructions.
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2.8 Addressing Modes and Effective Address Calculation

The H8SX CPU supports the 11 addressing modes listed in table 2.12. Each instruction uses a
subset of these addressing modes.

Bit manipulation instructions use register direct, register indirect, or absolute 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.

Table2.12 Addressing Modes

No. Addressing Mode Symbol
1  Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:2,ERn)/@(d:16,ERN)/@(d:32,ERnN)
4 Index register indirect with displacement @(d:16, RnL.B)/@(d:16,Rn.W)/@(d:16,ERn.L)
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:32,ERn.L)
5 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERN
Register indirect with post-decrement @ERN-
6  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
7 Immediate HXX:3HXXAIHXX:BH#XX: 16/#xx:32
8 Program-counter relative @(d:8,PC)/@(d:16,PC)
9 Program-counter relative with index register @ (RnL.B,PC)/@(Rn.W,PC)/@(ERn.L,PC)
10 Memory indirect @@aa:8
11 Extended memory indirect @@vec:7

281 Register Directd Rn

The operand value is the contents of an 8-, 16-, or 32-bit general register which is specified by the
register field in the instruction code. 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-bit registers.
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2.8.2 Register Indirectd] @ERN

The operand value is the contents of a memory location which is pointed to by the contents of an
addressregister (ERn). ERn is specified by the register field in the instruction code.

In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 bits are
valid and the upper eight bits are all assumed to be 0 (H'00).

283 Register Indirect with Displacementd @(d:2, ERn), @(d:16, ERn), or
@(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum of the
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified by the
register field of the instruction code. The displacement isincluded in the instruction code and the
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used: when a
displacement is 1, 2, or 3 and the operand is byte data, when a displacement is 2, 4, or 6 and the
operand isword data, or when adisplacement is 4, 8, or 12 and the operand is longword data.

284 Index Register Indirect with Displacementd @(d:16,RnL .B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum of the
following operation result and a 16- or 32-bit displacement: specified bits of the contents of an
address register (RnL, Rn, ERn) specified by the register field in the instruction code are zero-
extended to 32-bit data and multiplied by 1, 2, or 4.

The displacement isincluded in the instruction code and the 16-bit displacement is sign-extended
when added to ERn. If the operand is byte data, ERn is multiplied by 1. If the operand isword or
longword data, ERn is multiplied by 2 or 4, respectively.

285 Register Indirect with Post-I ncrement, Pre-Decrement, Pre-Increment,
or Post-Decrementd @ERN+, @-ERn, @+ERn, or @ERN-

* Register indirect with post-incrementd @ERN+
The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field in the instruction code. After
the memory location is accessed, 1, 2, or 4 is added to the address register contents 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.
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* Register indirect with pre-decrementl] @-ERn
The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is subtracted from the contents of an address register
(ERn) which is specified by the register field in the instruction code. After that, the subtraction
result is stored in the address register. The value subtracted is 1 for byte access, 2 for word
access, or 4 for longword access.

* Register indirect with pre-incrementd] @+ERn
The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn) which
is specified by the register field in the instruction code. After that, 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.

* Register indirect with post-decrementd] @ERN—
The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field in the instruction code. After
the memory location is accessed, 1, 2, or 4 is subtracted from the address register contents and
the subtraction result is stored in the address register. The value subtracted is 1 for byte access,
2 for word access, or 4 for longword access.

If the contents of ageneral register which is aso used as an address register is written to memory
using this addressing mode, data to be written is the contents of the address register after
calculating an effective address.

2.8.6 Absolute Addressdd @aa: 8, @aa: 16, @aa: 24, or @aa:32

The operand value is the contents of a memory location which is pointed to by an absolute address
included in the instruction code. There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and
32-bit (@aa:32) absolute addresses.

To access the data area, the absolute address of eight bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. For a 16-
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can access the
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32) is used.
For a 24-bit absolute address, the upper eight bits are all assumed to be 0 (H'00).

Table 2.13 shows the accessible absol ute address ranges.
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Table2.13 Absolute Address Access Ranges

Normal Middle Advanced Maximum
Absolute Address Mode Mode Mode Mode
Data area 8 bits A consecutive 256-byte area (the upper address bits are set in SBR)
(@aa:8)
16 bits H'0000 to H'000000 to H'00000000 to H'00007FFF,
(@aa:16) HFFFF H'007FFF, H'FFFF8000 to H'FFFFFFFF
32 bits H'FF8000 to H'00000000 to H'FFFFFFFF
(@aa:32) H'FFFFFF
Program area 24 bits H'000000 to H'00000000 to H'00FFFFFF
(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'00000000 to
(@aa:32) H'O0FFFFFF H'FFFFFFFF

2.8.7 Immediated #xx:8, #xx:16, or #xx:32

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) dataincluded in the
instruction code. This addressing mode has short formats in which 3- or 4-bit immediate data can
be used.

When the size of immediate data is less than that of the operand size (byte, word, or longword),
the immediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit
mani pulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The BFLD and BFST instructions contain 8-bit immediate data in its instruction code,
specifying bit numbers. The TRAPA instruction contains 2-bit immediate datain itsinstruction
code, specifying a vector address.

2.8.8 Program-Counter Relativel @(d:8, PC) or @(d: 16, PC):

Thismode is used in the Bcec and BSR instructions. The operand value is a 32-bit branch address,
which isthe sum of an 8- or 16-hit displacement in the instruction code and the 32-bit address of
the PC contents. The 8-bit or 16-bit displacement is sign-extended when added to the PC contents.

The PC contents 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. In advanced mode, only the lower 24 bits of this branch address are
valid; the upper eight bits are all assumed to be 0 (H'00).
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2.8.9 Program-Counter Relative with Index Register 0 @(RnL.B, PC), @(Rn.W, PC), or
@(ERN.L, PC)

Thismode is used in the Bcec and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of the following operation result and the 32-bit address of the PC contents:
specified bits of the contents of an address register (RnL, Rn, or ERn) specified by the register
field in the instruction code is zero-extended to 32-bit data and multiplied by 2.

The PC contents to which the displacement is added is the address of the first byte of the next
instruction. In advanced mode, only the lower 24 bits of this branch address are valid; the upper
eight bits are all assumed to be 0 (H'00).

2.8.10 Memory Indirectd] @@aa:8

Thismode is used in the IMP and JSR instructions. The operand value is a branch address, which
is the contents of a memory location pointed to by an 8-bit absolute addressin the instruction
code.

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address range to store a
branch addressis 0 to 255 (H'0000 to H'00FF in normal mode, H'000000 to H'0000FF in other
modes). In normal mode, the memory location is pointed to by word-size data and the branch
addressis 16 bits long. In other modes, the memory location is pointed to by longword-size data.
In middle or advanced mode, the first byte of the longword-size data is assumed to be al 0 (H'00).

Note that the top part of the address range is also used as the exception handling vector area. A
vector address of an exception handling other than areset or a CPU address error can be changed
by VBR.

Figure 2.15 shows an example of specification of a branch address using this addressing mode.

\/\\/\

Specified —~ Specified ~| Reserved |
by @aa:8 [ Branch address - - -1 by @aa:8

\/_\

Branch address

\/\

(a) Normal Mode (b) Advanced Mode

Figure2.15 Branch Address Specification in Memory Indirect Mode
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2.8.11 Extended Memory Indirectd] @@vec:7

Thismode is used in the IMP and JSR instructions. The operand value is a branch address, which
is the contents of a memory location pointed to by the following operation result: the sum of 7-bit
datain the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'01FF in normal mode and H'000200 to
H'0003FF in other modes. In assembler notation, an address to store a branch address is specified.

In normal mode, the memory location is pointed to by word-size data and the branch addressis 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size datais assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mode. In
normal mode, the upper eight bits of the effective address are ignored in order to generate a 16-bit
address.
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Table2.14 Effective Address Calculation for Transfer and Operation I nstructions

No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 | Immediate
2 | Register direct
3 31 0 31
'| General register contents —-1
4 31 0
| General register contents 31
31 15 0 [
Sign extension
31 0
II General register contents 31
op v |
| | | %EE
5 | Index register indirect with 16-bit displacement 31 0
1 Zero extension
Contents of general register (RL, R, or ER) 1,2,0r4
31
31 15 1
dis) Sign extension
Index register indirect with 32-bit displacement
11
| gre |
6 | Register indirect with post-increment or post-decrement 31
L General register contents
N
Register indirect with pre-increment or pre-decrement 31
[ General register contents
------------------
lor2ord
7 | 8-bit absolute address
31 7 0 31
e
16-bit absolute address
o ] 31 15 0 31
| aa | [___Sign extension 1 aa ——
T
32-bit absolute address
op 31 0 31
L 2a | L aa F—-7=
T T
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Table2.15 Effective Address Calculation for Branch Instructions

No. | Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register indirect

1 31 0 31 0
[ General register contents —-t1 |
oo 1] |
2 | Program-counter relative with 8-bit displacement
31 0
| PC contents 31 0
31 7 0 — |

Sign extension

dis]

Program-counter relative with 16-bit displacement

31

I PC contents 0
TR a1 15 ]
| T | G
[}
3 | Program-counter relative with index register 31
1 Zero extension |
Contents of general register (RL, R, or ER)
oo [ r] | 0
31 |
1 PC contents
4 | 24-bit absolute address Zero
3lextension 23 0 31 0
| I | aa 2 1 1
T I}
32-bit absolute address
[ op ] 31 0 31 0
| aa | aa F—71 |
T T
5 | Memory indirect
31 7V o
% T ] Zero oxtension =]
31 0 31 0
[ Memory contents —+r |
6 | Extended memory indirect
31 7 1 o
| o] vec 1 Zero extension |1]  vec
2or4
31 0
]
31 0 31 0
[ Memory contents — |

29

Processing States

The H8SX CPU has five main processing states: the reset state, exception-handling state, program
execution state, bus-released state, and program stop state. Figure 2.16 indicates the state

transitions.

* Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, refer to section 4, Exception Handling.

RENESAS
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The reset state can also be entered by a watchdog timer overflow when available.

» Exception-handling state
The exception-handling state is a transient state that occurs when the CPU alters the normal
processing flow due to activation of an exception source, such as, areset, trace, interrupt, or
trap instruction. The CPU fetches a start address (vector) from the exception handling vector
table and branches to that address. For further details, refer to section 4, Exception Handling.

» Program execution state
In this state the CPU executes program instructions in sequence.
* Bus-released state

In a product which hasa DMA controller (DMAC) and a data transfer controller (DTC), the
bus-released state occurs when the bus has been released in response to a bus request from a
bus master other than the CPU. While the busis released, the CPU halts operations.

e Program stop state
Thisis apower-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
refer to section 18, Power-Down Modes.

Reset state*

STBY = high,
RES = low

Exception-handling
state

Bus-released state

Interrupt
request

request
Request for exception| |End of exception

handling handling Bus request| | End of bus request

End of

- bus request
Program execution Program stop state
state SLEEP instruction

Notes: In any state, when the STBY signal goes low, the hardware standby
mode is entered.
*  From any state except hardware standby mode, a transition to the
reset state occurs whenever the RES signal goes low. A transition
can also be made to the reset state when the watchdog timer overflows.

Figure2.16 State Transitions
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Section 3 MCU Operating Modes

31 Operating M ode Selection

This LS| has two operating modes (modes 4 and 5). The operating mode is selected by the setting
of mode pins (MD2 to MDQ). Table 3.1 lists MCU operating mode settings.

Table3.1 MCU Operating Mode Settings

External Data

MCU CPU Bus Width

Operating Operating Address On-Chip us Wi

Mode MD2 MD1 MDO Mode Map Description ROM Default Max.

4 1 0 0 Advanced 16 Mbytes On-chip ROM Disabled 16 bits 16 bits

5 1 o0 1 disabled extended pyicapied g hits 16 bits
mode

In this LSI, advanced mode for the CPU operating mode, 16 Mbytes for the address map, and
eight or 16 hits for the default external bus width are available.

In modes 4 and 5, which are external extended modes, it is possible to access the external memory
and devices. In external extended mode, the external address space can be designated as 8-bit or
16-bit address space for each area by the bus controller after starting program execution. If 16-bit
address space is designated for any one area, the bus mode switchesto 16 bits. If 8-bit address
spaceis designated for al areas, the bus mode switchesto 8 bits.

3.2 Register Descriptions
The following registers are related to the operating mode setting.

« Mode control register (MDCR)
e System control register (SY SCR)
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321

Mode Control Register (MDCR)

MDCR indicates the current operating mode.

Bit 15 14 13 12 11 10 9 8

Bit Name | | [ - MDS2 MDS1 MDS0

Initial Value 0 1 0 1 0 Undefined* Undefined* Undefined*

R/W R R R R R R R R

Bit 7 6 5 4 3 2 1 0

Bit Name - -

Initial Value 0 1 0 1 0 Undefined* Undefined* Undefined*

R/W R R R R R R R R

Note: * Determined by pins MD2 to MDO.

Bit Bit Name Initial Value R/W Descriptions

15 0 R Reserved

14 O 1 R These are read-only bits and cannot be modified.

13 O 0 R

12 O 1 R

11 O 0 R

10 MDS2 Undefined* R Mode Select 2 to 0

MDS1 Undefined* R These bits indicate the operating mode selected by
MDSO Undefined* R the mode pins (MD2 to MDO) (see table 3.2).

When MDCR is read, the signal levels input on pins
MD?2 to MDO are latched into these bits. These
latches are released by a reset.

7 O 0 R Reserved

6 O 1 R These are read-only bits and cannot be modified.

5 O 0 R

4 O 1 R

3 O 0 R

2 O Undefined* R

1 O Undefined* R

0 O Undefined* R

Note: * Determined by pins MD2 to MDO.
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Table3.2  Settingsof BitsMSD2 to MSDO

MCU Operating MDCR

Mode MD2 MD1 MDO MDS2 MDS1 MDSO
4 1 0 0 0 1 0

5 1 0 1 0 0 1

322 System Control Register (SYSCR)

SY SCR controls MAC saturation operation, selects bus width mode for instruction fetch, sets
external bus mode, enables/disables the on-chip RAM, and selects the DTC address mode.

Bit 15 14 13 12 11 10 9 8
gtName | - | - | wmacs | - [rerecamo| - | exee [ rave |
Initial Value 1 1 0 1 0 0 Undefined* 1

RIW RIW RIW RIW RIW RIW RIW RIW RIW

Bit 7 6 5 4 3 2 1 0

Bit Name - - - - - - DTCMD -

Initial Value 0 0 0 0 0 0 1 1

RIW RIW RIW RIW RIW RIW RIW RIW RIW

Note: * The initial value depends on the startup mode.

Initial
Bit Bit Name Value R/W Descriptions
15,14 O All 1 R/W Reserved

These bits are always read as 1. The write value should
always be 1.

13 MACS 0 R/W MAC Saturation Operation Control

Selects either saturation operation or non-saturation
operation for the MAC instruction.

0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation
12 O 1 R/W Reserved

This bit is always read as 1. The write value should
always be 1.
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Initial
Bit Bit Name Value R/W Descriptions

11 FETCHMD 0 R/W Instruction Fetch Mode Select
Selects the bus width for instruction fetch.
0: 32-bit bus width
1: 16-bit bus width

10 O 0 R/W Reserved
This bit is always read as 0. The write value should
always
be 0.

9 EXPE Undefined* R/W External Bus Mode Enable

Selects external bus mode. In external extended mode,
this bit is fixed at 1 and cannot be changed. In single-
chip mode, the initial value of this bit is 0, and can be
read from or written to.

When writing O to this bit after reading EXPE =1, an
external bus cycle should not be executed.

The external bus cycle may be carried out in parallel
with the internal bus cycle depending on the setting of
the write data buffer function.

0: External bus disabled
1: External bus enabled

8 RAME 1 R/W RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is released. Do not write
0 during access to the on-chip RAM.

0: On-chip RAM disabled
1: On-chip RAM enabled

7t02 O AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.

1 DTCMD 1 R/W DTC Mode Select

Selects DTC address mode.
0: DTC is in full-address mode
1: DTC is in short address mode

0 O 1 R/W Reserved

This bit is always read as 1. The write value should
always
be 1.

Note: * The initial value depends on the startup mode.
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3.3 Operating Mode Descriptions

331 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

Theinitial bus mode immediately after areset is 16 bits, with 16-bit accessto al areas. Ports D, E,
and F function as an address bus, ports H and | function as a data bus, and parts of ports A and B
function as bus control signals. However, if al areas are designated as an 8-bit access space by the
bus controller, the bus mode switches to 8 bits, and only port | functions as a data bus.

33.2 Mode5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

Theinitial bus mode immediately after areset is 8 bits, with 8-bit accessto al areas. Ports D, E,
and F function as an address bus, port | functions as a data bus, and parts of ports A and B
function as bus control signals. However, if al areas are designated as a 16-bit access space by the
bus controller, the bus mode switches to 16 bits, and ports H and | function as a data bus.

3.3.3 Pin Functions

Table 3.3 lists the pin functions in each operating mode.
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Table3.3 Pin Functionsin Each Operating M ode (Advanced M ode)

Port Mode 4 Mode 5

Port A P*/C P*/C
Port B P*/C P*/C
Port D A A
Port E A A
Port F PF7 to PF5 P*/A P*/A

PF4 to PFO A A
Port H D D
Port | P/D* P*/D
[Legend]
P: 1/0 port

A: Address bus output

D: Data bus input/output

C: Control signals, clock input/output
*: Immediately after a reset
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34 AddressMap

34.1 Address Map (Advanced Mode)

Figure 3.1 shows the address map.
Modes 4, 5
On-chip ROM disabled
extended mode
(Advanced mode)
H'000000
External address
space
H'FD9000
(Access prohibited
space)
H'FDCO000

External address
space

H'FFE000 on-chip RAM/
external address

space*
H'FFC000
External address
space
H'FFEA00

On-chip /O registers
H'FFFFO0 External address
space
H'FFFF20 _J)_ -
HFEFEEE | On-chip I/O registers

Note:* This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure3.1 AddressMap (Advanced Mode)
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4.1

Section 4 Exception Handling

Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling is caused by areset, atrace, an address error, an
interrupt, atrap instruction, and an illegal instruction (genera illegal instruction or slot illegal
instruction). Exception handling is prioritized as shown in table 4.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Exception sources, the
stack structure, and operation of the CPU vary depending on the interrupt control mode. For
details on the interrupt control mode, see section 5, Interrupt Controller.

Table4.1 Exception Typesand Priority
Priority Exception Type Exception Handling Start Timing
High Reset Exception handling starts at the timing of level change from
A low to high on the RES pin, or when the watchdog timer
overflows. The CPU enters the reset state when the RES
pin is low.

lllegal instruction Exception handling starts when an undefined code is
executed.

Trace** Exception handling starts after execution of the current
instruction or exception handling, if the trace (T) bit in EXR
is setto 1.

Address error After an address error has occurred, exception handling
starts on completion of instruction execution.

Interrupt Exception handling starts after execution of the current
instruction or exception handling, if an interrupt request has
occurred.*?

Low Trap instruction*® Exception handling starts by execution of a trap instruction
(TRAPA).
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests are accepted at all times in program

execution state.
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4.2 Exception Sour ces and Exception Handling Vector Table

Different vector table address offsets are assigned to different exception sources. The vector table
addresses are calculated from the contents of the vector base register (VBR) and vector table
address offset of the vector number. The start address of the exception service routineis fetched
from the exception handling vector table indicated by this vector table address.

Table 4.2 shows the correspondence between the exception sources and vector table address
offsets. Table 4.3 shows the cal culation method of exception handling vector table addresses.

Since the usable modes differ depending on the product, for details on the available modes, see
section 3, MCU Operating Modes.

Table4.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Table Address Offset**

Normal Mode*?

Advanced, Middle*?,
Maximum*> Modes

Reset 0 H'0000 to H'0001 H'0000 to H'0003
Reserved for system use 1 H'0002 to H'0003 H'0004 to H'0007
2 H'0004 to H'0005 H'0008 to H'000B

3 H'0006 to H'0007 H'000C to H'000F

lllegal instruction 4 H'0008 to H'0009 H'0010 to H'0013
Trace 5 H'000A to H'000B H'0014 to H'0017
Reserved for system use 6 H'000C to H'000D H'0018 to H'001B
Interrupt (NMI) 7 H'000E to H'000F H'001C to H'001F
Trap instruction  (#0) 8 H'0010 to H'0011 H'0020 to H'0023
(#1) 9 H'0012 to H'0013 H'0024 to H'0027

(#2) 10 H'0014 to H'0015 H'0028 to H'002B

#3) 11 H'0016 to H'0017 H'002C to H'002F

CPU address error 12 H'0018 to H'0019 H’'0030 to H'0033
DMA address error*® 13 H'001A to H'001B H'0034 to H'0037
Reserved for system use 14 H'001C to H'001D H'0038 to H'003B
GDS H'007E toDH'OO7F H'00FC tE H'00FF

Rev. 1.00, 09/03, page 70 of 618

RRENESAS



Exception Source

Vector Number

Vector Table Address Offset**

Normal Mode*?

Advanced, Middle*?,
Maximum*> Modes

External interrupt IRQO 64 H'0080 to H'0081 H'0100 to H'0103
IRQ1 65 H'0082 to H'0083 H'0104 to H'0107

IRQ2 66 H'0084 to H'0085 H'0108 to H'010B

IRQ3 67 H'0086 to H'0087 H'010C to H'010F

IRQ4 68 H'0088 to H'0089 H'0110 to H'0113

IRQ5 69 H'008A to H'008B H'0114 to H'0117

IRQ6 70 H'008C to H'008D H'0118 to H'011B

IRQ7 71 H'008E to H'008F H'011C to H'011F

IRQ8 72 H'0090 to H'0091 H'0120 to H'0123

IRQ9 73 H'0092 to H'0093 H'0124 to H'0127

IRQ10 74 H'0094 to H'0095 H'0128 to H'012B

IRQ11 75 H'0096 to H'0097 H'012C to H'012F

Reserved for system use 76 H'0098 to H'0099 H'0130 to H'0133
7D9 H'009E toDH'009F H'013C tEH'OlSF

Internal interrupt** 80 H'00AO0 to H'00A1 H'0140 to H'0143
2D55 H'01FE tEH'OlFF H'03FC tE H'O3FF

Notes: 1.

Lower 16 bits of the address.

2. Not available in this LSI.
3. A DMA address error is generated by the DTC.

4. For details of internal interrupt vectors, see section 5.5, Interrupt Exception Handling
Vector Table.

Table 4.3

Exception Source

Calculation Method of Vector Table Address

Calculation Method of Exception Handling Vector Table Address

Reset, CPU address error

Vector table address = (vector table address offset)

Other than above

Vector table address = VBR + (vector table address offset)

[Legend]

VBR: Vector base register
Vector table address offset: See table 4.2.
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4.3 Reset

A reset has priority over any other exception. When the RES pin goes low, all processing halts and
this LS| entersthe reset state. To ensure that this LS| is reset, hold the RES pin low for at least 20
mswith the STBY pin driven high when the power is turned on. When operation isin progress,
hold the RES pin low for at least 20 cycles.

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

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral modules.
The interrupt control mode is 0 immediately after areset.

431 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LS| starts reset
exception handling as follows:

1. Theinternal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to 0 in EXR, and the | bitsare
setto 1in EXR and CCR.

2. The reset exception handling vector addressis read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 4.1 and 4.2 show examples of the reset sequence.

432 Interrupts after Reset

If aninterrupt is accepted after areset but before the stack pointer (SP) isinitiaized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after areset. Since the first instruction of aprogramis
aways executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

4.3.3 On-Chip Peripheral Functions after Reset Release

After the reset state is released, MSTPCRA and MSTPCRB are initialized to H'OFFF and H' FFFF,
respectively, and al modules except the DTC enter modul e stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is canceled.
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First
Vector Internal  instruction
fetch operation  prefetch

l

RES /

Internal
address bus

@ (©)

=

Internal read
signal

|

Internal write

signal , , High i
Ln:zrnal data : / @ ,\ : @_

it

(1): Reset exception handling vector address (when reset, (1) = H'000000)
(2): Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) Firstinstruction in the exception handling routine

Figure4.1 Reset Sequence (On-chip ROM Enabled Advanced M ode)
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Internal First instruction
Vector fetch operation prefetch

J : : : : I

Address bus H )

|

ns)
m
(2]

© | X ®)

y

E

D15 to DO

{ © >—

(1)(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(2)(4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2)(4))

(6) Firstinstruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure4.2 Reset Sequence
(16-Bit External Accessin On-chip ROM Disabled Advanced Mode)

4.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode O, irrespective of the state of the T bit. Before changing interrupt control modes, the T bit
must be cleared. For details on interrupt control modes, see section 5, Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking by CCR. Table
4.4 shows the state of CCR and EXR after execution of trace exception handling. Trace modeis
canceled by clearing the T bit in EXR to 0 during the trace exception handling. However, the T bit
saved on the stack retainsits value of 1, and when control is returned from the trace exception
handling routine by the RTE instruction, trace mode resumes. Trace exception handling is not
carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception handling routine.
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Table4.4 Statusof CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 O O 0

[Legend]

1 Setto 1

0: Cleared to 0

O: Retains the previous value.

45 AddressError

451 AddressError Source

Instruction fetch, stack operation, or data read/write shown in table 4.5 may cause an address

error.

Table45 BusCycleand AddressError

Bus Cycle

Type Bus Master Description Address Error

Instruction fetch CPU Fetches instructions from even addresses No (normal)
Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than ~ No (normal)
on-chip peripheral module space**
Fetches instructions from on-chip peripheral Occurs
module space**
Fetches instructions from external memory  Occurs
space in single-chip mode
Fetches instructions from access prohibited Occurs
area.*’

Stack operation CPU Accesses stack when the stack pointer value No (normal)

is even address

Accesses stack when the stack pointer value Occurs

is odd
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Bus Cycle

Type Bus Master Description Address Error
Data read/write CPU Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single- Occurs
chip mode
Accesses to access prohibited area*’ Occurs
Data read/write DTC Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single- Occurs
chip mode
Accesses to access prohibited area*? Occurs

Notes: 1. For on-chip peripheral module space, see section 6, Bus Controller (BSC).
2. For the access prohibited area, refer to figure 3.1, Address Map (Advanced Mode) in
section 3.4, Address Map.

452 AddressError Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle causing
the address error ends and current instruction execution completes. The address error exception
handling isas follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the address error is generated, the
start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

Even though an address error occurs during a transition to an address error exception handling, the
address error is not accepted. This prevents an address error from occurring due to stacking for
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occurs, the
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC.
e TheERRhitinDTCCRissetto 1.

Table 4.6 shows the state of CCR and EXR after execution of the address error exception
handling.
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Table4.6 Statusof CCR and EXR after Address Error Exception Handling

CCR EXR
Interrupt Control Mode I ul T 12to 10
0 1 O O O
2 1 O 0 7

[Legend]

1 Setto 1

0: Cleared to 0

O: Retains the previous value.

4.6 Interrupts

46.1 Interrupt Sources
Interrupt sources are NMI, IRQO to IRQ11, and on-chip peripheral modules, as shown in table 4.7.

Table4.7 Interrupt Sources

Number of

Type Source Sources
NMI NMI pin (external input) 1
IRQO to IRQ11 Pins IRQO to IRQ11 (external input) 12
On-chip Data transfer controller (DTC) 1
peripheral Watchdog timer (WDT) 1
module

A/D converter 1

16-bit timer pulse unit (TPU) 26

8-bit timer (TMR) 12

Serial communications interface (SCI) 16

Different vector numbers and vector table offsets are assigned to different interrupt sources. For
vector number and vector table offset, refer to table 5.2, Interrupt Sources, Vector Address
Offsets, and Interrupt Priority in section 5, Interrupt Controller.

4.6.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI to eight priority/mask levelsto enable
multiple-interrupt control. The source to start interrupt exception handling and the vector address
differ depending on the product. For details, refer to section 5, Interrupt Controller.
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The interrupt exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the interrupt source is generated,
the start address of the exception service routine isloaded from the vector table to PC, and
program execution starts from that address.

4.7 Instruction Exception Handling

There are two instructions that cause exception handling: trap instruction and illegal instruction.

47.1 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at al timesin the program execution state. The trap
instruction exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the vector number specified in
the TRAPA instruction is generated, the start address of the exception service routineis loaded
from the vector table to PC, and program execution starts from that address.

A start addressis read from the vector table corresponding to a vector number from 0 to 3, as
specified in the instruction code.

Table 4.8 shows the state of CCR and EXR after execution of trap instruction exception handling.

Table4.8 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul T 12to 10
0 1 g g g
2 1 O 0 O
[Legend]
1 Setto 1
0: Cleared to 0
d: Retains the previous value.
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4.7.2 Exception Handling by Illegal Instruction

Theillegal instructions are general illegal instructions and slot illegal instructions. The exception
handling by the general illegal instruction starts when an undefined code is executed. The
exception handling by the dot illegal instruction starts when a particular instruction (e.g. its code
length istwo words or more, or it changes the PC contents) at a delay slot (immediately after a
delayed branch instruction) is executed. The exception handling by the general illegal instruction
and dot illegal instruction is always executable in the program execution state.

The exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. Theinterrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the occurred exception is
generated, the start address of the exception service routine is loaded from the vector table to
PC, and program execution starts from that address.

Table 4.9 shows the state of CCR and EXR after execution of illegal instruction exception
handling.

Table4.9 Statusof CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul T 12to 10
0 1 O O O
2 1 g 0 g

[Legend]

1 Setto 1

0: Cleared to 0

O: Retains the previous value.
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4.8 Stack Status after Exception Handling

Figure 4.3 shows the stack after completion of exception handling.

Advanced mode

SP— EXR
Reserved*
SP— CCR CCR
PC (24 bits) PC (24 bits)
Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure4.3 Stack Statusafter Exception Handling

4.9 Usage Note

When performing stack-manipulating access, this LS| assumes that the lowest address bit is0. The
stack should always be accessed by aword transfer instruction or alongword transfer instruction,
and the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

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

Use the following instructions to restore registers:

e« POPW Rn (or MOV.W @SP+, Rn)
e POPL ERn (or MOV.L @SP+, ERN)

Performing stack manipulation while SPis set to an odd value leads to an address error. Figure 4.4
shows an example of operation when the SP value is odd.
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Address

CCR SP— R1L H'FFFEFA
sp— H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
______________________________________________________ H'FFFEFE
S R N T R H'FFFEFF
TRAP instruction executed MOV.B R1L, @-ER7 executed
—> —_—
SP set to H'FFFEFF ? Data saved above SP Contents of CCR lost
(Address error occurred)
[Legend]
CCR : Condition code register
PC: Program counter
R1L: General register R1L
SP: Stack pointer
Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure4.4 Operation when SP Valuels Odd

Rev. 1.00, 09/03, page 81 of 618
RRENESAS




Rev. 1.00, 09/03, page 82 of 618
RRENESAS



Section 5 Interrupt Controller

5.1 Features

* Two interrupt control modes

Any of two interrupt control modes can be set by means of bitsINTM1 and INTMO in the
interrupt control register (INTCR).

e Priority can be assigned by the interrupt priority register (IPR)
IPR providesfor setting interrupt priory. Eight levels can be set for each module for al
interrupts except for the interrupt requests listed below. The following five interrupt requests
are given priority of 8, therefore they are accepted at all times.

NMI

Illegal instructions

Trace

Trap instructions

CPU address error
O DMA addresserror (occurred inthe DTC)

* Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

¢ Thirteen externa interrupts
NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling edge, rising edge, or both edge detection, or level
sensing, can be selected for IRQ11 to IRQO.

e DTC control
DTC can be activated by means of interrupts.
e CPU priority control function

The priority levels can be assigned to the CPU and DTC. The priority level of the CPU can be
automatically assigned on an exception generation. Priority can be given to the CPU interrupt
exception handling over that of the DTC transfer.

Ooo0Ooo0ood

A block diagram of the interrupt controller is shown in figure 5.1.
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INTM1, INTMO CPU
[nTcr] l
NMIEG |
CCR
12to 10
EXR
CPU
NMI input _,l NMI input unit I_> nterrupt request}
CPU
IRQ input _.>| IRQ input unit |_ vector
Priority
I ISCR ” IER ” SSIERl determination
A
Internal interrupt sources
SWDTEND to TEI4 o Source selecter
CPU priority
DTC activation
request pTC
|ocer|[oTcer| [crupcr] [ ore priority | | Hre vector
control >
jori Activation
DTC priority request
clear signal
Interrupt controller
[Legend]
INTCR: Interrupt control register SSIER:  Software standby release IRQ enable register
CPUPCR: CPU priority control register IPR: Interrupt priority register
ISCR: IRQ sense control register DTCER: DTC enable register
IER: IRQ enable register DTCCR: DTC control register
ISR: IRQ status register

Figure5.1 Block Diagram of Interrupt Controller

5.2 I nput/Output Pins
Table 5.1 shows the pin configuration of the interrupt controller.

Table5.1  Pin Configuration

Name 110 Function

NMI Input Nonmaskable External Interrupt
Rising or falling edge can be selected.

IRQ11 to IRQO Input Maskable External Interrupts
Rising, falling, or both edges, or level sensing, can be selected.
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5.3 Register Descriptions

Theinterrupt controller has the following registers.

Interrupt control register (INTCR)
CPU priority control register (CPUPCR)

Interrupt priority registers A to C, Eto H, K, and L (IPRA to IPRC, IPRE to IPRH, IPRK, and

IPRL)

IRQ enable register (IER)

IRQ sense control registersH and L (ISCRH, ISCRL)
IRQ status register (ISR)

Software standby release IRQ enable register (SSIER)

RRENESAS
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531 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the detected edge for NMI.

Bit 7 6 5 4 3 2 1 0
Bit Name | - | - | INTM1 | INTMO | NMIEG | - |
Initial Value 0 0 0 0 0 0 0 0
RIW R R RIW RIW RIW R R R
Initial

Bit Bit Name Value R/W Description
7,6 a AllO R Reserved

These are read-only bits and cannot be modified.
5 INTM1 0 R/W Interrupt Control Select Mode 1 and 0

INTMO 0 R/W These bits select either of two interrupt control modes for

the interrupt controller.
00: Interrupt control mode O
Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EXR, and
IPR.

11: Setting prohibited.

3 NMIEG 0 R/W NMI Edge Select
Selects the input edge for the NMI pin.
0: Interrupt request generated at falling edge of NMI input
1: Interrupt request generated at rising edge of NMI input

2to0 O All O R Reserved
These are read-only bits and cannot be modified.
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5.3.2 CPU Priority Control Register (CPUPCR)

CPUPCR sets whether or not the CPU has priority over the DTC. The interrupt exception handling
by the CPU can be given priority over that of the DTC transfer. The priority level of theDTCis
set by bits DTCP2 to DTCPO in CPUPCR.

Bit 7 6 5 4 3 2 1 0
Bit Name | CPUPCE | DTCP2 | DTCP1 | DTCPO IPSETE | CPUP2 | CPUP1 | CPUPO
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RI(W)* RI(W)* RI(W)*

Note:* When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 CPUPCE © R/W CPU Priority Control Enable
Controls the CPU priority control function. Setting this bit
to 1 enables the CPU priority control.
0: CPU always has the lowest priority
1: CPU priority control enabled
DTCP2 0 R/W DTC Priority Level 2 to 0
DTCP1 0 R/W These bits set the DTC priority level.
DTCPO 0 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

3 IPSETE 0 R/W Interrupt Priority Set Enable

Controls the function which automatically assigns the
interrupt priority level of the CPU. Setting this bit to 1

automatically sets bits CPUP2 to CPUPO by the CPU
interrupt mask bit (I bit in CCR or bits 12 to 10 in EXR).

0: Bits CPUP2 to CPUPO are not updated automatically

1: The interrupt mask bit value is reflected in bits CPUP2
to CPUPO
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Initial

Bit Bit Name Value
2 CPUP2 0
CPUP1 0
0 CPUPO 0

RIW

RI(W)*
RI(W)*
RI(W)*

Description
CPU Priority Level 2to 0

These bits set the CPU priority level. When the
CPUPCE is set to 1, the CPU priority control function
becomes valid and the priority of CPU processing is
assigned in accordance with the settings of bits CPUP2
to CPUPO.

000: Priority level O (lowest)

001:
010:
011:
100:
101:

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5

110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits

cannot be modified.

5.33 Interrupt Priority RegistersAtoC, EtoH, K,and L (IPRA to IPRC, IPRE to

IPRH, IPRK, and IPRL)
IPR setspriory (levels 7 to 0) for interrupts other than NMI.

Setting a value in the range from B'000 to B'111 in the 3-bit groups of bits 14 to 12, 10t0 8, 6 to
4, and 2 to 0 assigns a priority level to the corresponding interrupt. For the correspondence
between the interrupt sources and the IPR settings, see table 5.2.

Bit 15 14 13 12 11 10 9 8
Bit Name | [ wria | PRz | pri2 | | Prio | ero [ iPrs
Initial Value 0 1 1 1 0 1 1 1
RIW R RIW RIW RIW R RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
Bit Name IPR6 IPRS IPR4 IPR2 IPR1 IPRO
Initial Value 0 1 1 1 0 1 1 1
RIW R RIW RIW RIW R RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description

15 O 0 R Reserved
This is a read-only bit and cannot be modified.

14 IPR14 1 R/W Sets the priority level of the corresponding interrupt
13 IPR13 Riw  Source.
12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

[

11 O 0 R Reserved
This is a read-only bit and cannot be modified.

10 IPR10 1 R/W Sets the priority level of the corresponding interrupt
IPR9 Riw  Source.
IPR8

[EEN

RIW 000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

[

7 O 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description

IPR6 1 R/W Sets the priority level of the corresponding interrupt
IPR5 1 R/w  Source.
IPR4 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

3 O 0 R Reserved
This is a read-only bit and cannot be modified.

2 IPR2 1 R/W Sets the priority level of the corresponding interrupt
IPR1 1 Riw  Source.
0 IPRO 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

534  IRQ Enable Register (IER)

IER enables or disablesinterrupt requests IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9 8
Bit Name | f | ; | ; | ; | IRQ11E | IRQ10E IRQOE IRQSE
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | IRQ7E IRQ6E IRQSE IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial

Bit Bit Name Value R/W Description
15t012 0O All O R/W Reserved

These bits are always read as 0. The write value should

always be 0.
11 IRQ11E 0 R/W IRQ11 Enable

The IRQ11 interrupt request is enabled when this bit is

1.
10 IRQIOE O R/W  IRQ10 Enable

The IRQ10 interrupt request is enabled when this bit is

1.
9 IRQ9E 0 R/W IRQ9 Enable

The IRQ9 interrupt request is enabled when this bit is 1.
8 IRQ8E 0 R/W IRQ8 Enable

The IRQ8 interrupt request is enabled when this bit is 1.
7 IRQ7E 0 R/W IRQ7 Enable

The IRQ?7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W IRQ6 Enable

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W IRQ5 Enable

The IRQ5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQLE 0 R/W  IRQL Enable

The IRQL1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.
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5.35 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)
ISCRH and ISCRL select the source that generates an interrupt request on pinsIRQ11 to IRQO.

Upon changing the setting of ISCR, IRQnF (n =0to 11) in ISR is often set to 1 accidentally
through an internal operation. In this case, an interrupt exception handling is executed if an IRQn
interrupt request is enabled. In order to prevent such an accidental interrupt from occurring, the
setting of 1SCR should be changed while the IRQn interrupt is disabled, and then the IRQnF in
ISR should be cleared to 0.

 |ISCRH
Bit 15 14 13 12 11 10 9 8
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name | IRQ11SR | IRQ11SF | IRQ10SR | IRQ10SF | IRQ9SR IRQISF IRQ8SR IRQ8SF

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W
« |SCRL

Bit 15 14 13 12 11 10 9 8

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF

Initial Value 0 0 0 0 0 0 0 0
RIW RIW R/IW R/IW RIW RIW RIW R/IW RIW
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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* ISCRH

Initial
Bit Bit Name Value R/W Description
15t08 O AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
IRQ11SR R/W IRQ11 Sense Control Rise
IRQ11SF R/W IRQ11 Sense Control Fall
00: Interrupt request generated by low level of IRQ11
01: Interrupt request generated at falling edge of IRQ11
10: Interrupt request generated at rising edge of IRQ11
11: Interrupt request generated at both falling and rising
edges of IRQ11
5 IRQ10SR R/W IRQ10 Sense Control Rise
IRQLOSF R/W IRQ10 Sense Control Fall
00: Interrupt request generated by low level of IRQ10
01: Interrupt request generated at falling edge of IRQ10
10: Interrupt request generated at rising edge of IRQ10
11: Interrupt request generated at both falling and rising
edges of IRQ10
IRQI9SR 0 R/W IRQ9 Sense Control Rise
IRQOSF R/W IRQ9 Sense Control Fall
00: Interrupt request generated by low level of IRQ9
01: Interrupt request generated at falling edge of IRQ9
10: Interrupt request generated at rising edge of IRQ9
11: Interrupt request generated at both falling and rising
edges of IRQ9
IRQ8SR 0 R/W IRQ8 Sense Control Rise
0 IRQ8SF RIW IRQ8 Sense Control Fall

00: Interrupt request generated by low level of IRQ8
01: Interrupt request generated at falling edge of IRQ8
10: Interrupt request generated at rising edge of IRQ8

11: Interrupt request generated at both falling and rising
edges of IRQ8
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ISCRL

Initial
Bit Bit Name Value R/W Description
15 IRQ7SR 0 R/W IRQ7 Sense Control Rise
14 IRQ7SF 0 RIW IRQ7 Sense Control Fall
00: Interrupt request generated by low level of IRQ7
01: Interrupt request generated at falling edge of IRQ7
10: Interrupt request generated at rising edge of IRQ7
11: Interrupt request generated at both falling and rising
edges of IRQ7
13 IRQ6SR 0 R/W IRQ6 Sense Control Rise
12 IRQ6SF RIW IRQ6 Sense Control Fall
00: Interrupt request generated by low level of IRQ6
01: Interrupt request generated at falling edge of IRQ6
10: Interrupt request generated at rising edge of IRQ6
11: Interrupt request generated at both falling and rising
edges of IRQ6
11 IRQ5SR 0 R/W IRQ5 Sense Control Rise
10 IRQ5SF 0 R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of IRQ5
01: Interrupt request generated at falling edge of IRQ5
10: Interrupt request generated at rising edge of IRQ5
11: Interrupt request generated at both falling and rising
edges of IRQ5
IRQ4SR 0 R/W IRQ4 Sense Control Rise
IRQ4SF RIW IRQ4 Sense Control Fall
00: Interrupt request generated by low level of IRQ4
01: Interrupt request generated at falling edge of IRQ4
10: Interrupt request generated at rising edge of IRQ4
11: Interrupt request generated at both falling and rising
edges of IRQ4
IRQ3SR 0 R/W IRQ3 Sense Control Rise
IRQ3SF R/W IRQ3 Sense Control Fall

00: Interrupt request generated by low level of IRQ3
01: Interrupt request generated at falling edge of IRQ3
10: Interrupt request generated at rising edge of IRQ3

11: Interrupt request generated at both falling and rising
edges of IRQ3
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Initial
Bit Bit Name Value R/W Description

5 IRQ2SR 0 R/W IRQ2 Sense Control Rise
4 IRQ2SF 0 R/W IRQ2 Sense Control Fall

00: Interrupt request generated by low level of IRQ2
01: Interrupt request generated at falling edge of IRQ2
10: Interrupt request generated at rising edge of IRQ2

11: Interrupt request generated at both falling and rising
edges of IRQ2

IRQ1SR 0 R/W IRQ1 Sense Control Rise
IRQISF 0 RIW IRQ1 Sense Control Fall

00: Interrupt request generated by low level of IRQ1
01: Interrupt request generated at falling edge of IRQ1
10: Interrupt request generated at rising edge of IRQ1

11: Interrupt request generated at both falling and rising
edges of IRQ1

IRQOSR 0 R/W IRQO Sense Control Rise
0 IRQOSF 0 r/w  IRQO Sense Control Fall

00: Interrupt request generated by low level of IRQO
01: Interrupt request generated at falling edge of IRQO
10: Interrupt request generated at rising edge of IRQ0

11: Interrupt request generated at both falling and rising
edges of IRQO

5.3.6 IRQ Status Register (ISR)

ISR isan IRQ11 to IRQO interrupt request register.

Bit 15 14 13 12 11 10 9 8
gtname | - [ - | - | - [ wour | rquor IRQOF IRQSF
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RI(W)* RI(W)* RI(W)* RI(W)*
Bit 7 6 5 4 3 2 1 0
BitName | IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQLF IRQOF
Initial Value 0 0 0 0 0 0 0 0
RIW RI(W)* RIW)* RIW)* RIW)* RIOW)* RI(W)* RI(W)* RI(W)*

Note: * Only O can be written, to clear the flag. The bit manipulation instructions or memory operation instructions should
be used to clear the flag.
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Initial

Bit Bit Name Value R/W Description
15t012 0O All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ11F 0 R/(W)* [Setting condition]
10 IRQ10F 0 R/(W)* « When the interrupt selected by ISCR occurs
9 IRQ9F 0 R/(W)* [Clearing conditions]
8 IRQ8F 0 R/(W)* « Writing O after reading IRQnF = 1
7 IRQ7F 0 R/(W)* « When interrupt exception handling is executed when
6 IRQ6F 0 RI(W)* low-level sensing is selected and IRQn input is high
5 IRQ5F 0 R/I(W)* <« When IRQn interrupt exception handling is executed
4 IRQ4F 0 RI(W)* when falling-, rising-, or both-edge sensing is
3 IRQ3F 0 Riw)x  Selected
2 IRQ2F 0 RI(W)* ¢ Whenthe DTC i§ gctivated by an IRer interrupt,
and the DISEL bit in MRB of the DTC is cleared to 0
1 IRQ1F 0 R/(W)*
0 IRQOF 0 R/(W)*

Note: * Only O can be written, to clear the flag. The bit manipulation instructions or memory
operation instructions should be used to clear the flag.

5.3.7 Softwar e Standby Release IRQ Enable Register (SSIER)

SSIER selects pins used to leave software standby mode from pinsIRQ11 to IRQO.

The IRQ interrupt used to leave software standby mode should not be set asthe DTC activation

source.

Bit 15 14 13 12 11 10 9 8
Bit Name | - | | ssi11 SSI10 ssio ssig
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
Bit Name ssi7 ssi6 ssi5 sS4 ssi3 ssi2 ssit ssi0
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial

Bit Bit Name Value R/W Description
15t012 0O All O R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSI10 0 R/W These bits select the IRQn pins used to leave software
9 ssI9 0 R/W standby mode (n =11 to 0).
8 ssI8 0 R/W 0: IRQnN requests are not sampled in software standby
7 ssi7 0 RIW mode _
6 SSI6 0 RIW 1: When an. IRQn request occurs in software standby
mode, this LSI leaves software standby mode after
5 SSI5 0 R/W . N
the oscillation settling time has elapsed
4 SSl4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSI1 0 R/W
0 SSI0 0 R/W
54 Interrupt Sources

54.1 External Interrupts

There are thirteen external interrupts: NMI and IRQ11 to IRQO. These interrupts can be used to
|eave software standby mode.

NMI Interrupts. Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is
aways accepted by the CPU regardless of the interrupt control mode or the settings of the CPU
interrupt mask bits. The NMIEG bit in INTCR selects whether an interrupt is requested at the
rising or falling edge on the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error has occurred,
and performs the following procedure.

* Setsthe ERR bitin DTCCRto 1.

IRQn Interrupts: An IRQn interrupt is requested by asignal input on pinsIRQ11 to IRQO. IRQn
(n =11 to 0) have the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling
edge, rising edge, or both edges, on pinsIRQn.
« Enabling or disabling of interrupt requests IRQN can be selected by IER.
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e Theinterrupt priority can be set by IPR.

* Thestatus of interrupt requests IRQn isindicated in ISR. ISR flags can be cleared to 0 by
software. The bit manipulation instructions and memory operation instructions should be used
to clear the flag.

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, and P5ICR register settings,
and does not change regardless of the output setting. However, when a pin is used as an external
interrupt input pin, the pin must not be used as an 1/0 pin for another function by clearing the
corresponding DDR bit to O.

A block diagram of interrupts IRQn is shown in figure 5.2.

Corresponding bit IRQNSF, IRQNSR IRQNE

in ICR
¢ IRQNF

IRQn interrupt request
o Edge/level .
. Input buffer > detection circuit & Q
IRQn input ’_> R

Clear signal

[Legend]
n=11t0 0

Figure5.2 Block Diagram of InterruptsIRQn

When the IRQ sensing control in ISCR is set to alow level of signal IRQn, the level of IRQn
should be held low until an interrupt handling starts. Then set the corresponding input signal IRQn
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be executed
when the corresponding input signal IRQn is set to high before the interrupt handling begins.

54.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

« For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that enable or disable these interrupts. They can be controlled independently.
When the enable bit is set to 1, an interrupt request isissued to the interrupt controller.

e Theinterrupt priority can be set by means of IPR.
e TheDTC can be activated by a TPU, SCI, or other interrupt request.
e DTC activation can be controlled by the CPU priority control enable and DTC priority bits.
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55 Interrupt Exception Handling Vector Table

Table 5.2 listsinterrupt exception handling sources, vector address offsets, and interrupt priority.

In the default priority order, alower vector number corresponds to a higher priority. When

interrupt control mode 2 is set, priority levels can be changed by setting the PR contents. The
priority for interrupt sources alocated to the same level in IPR follows the default priority, that is,

they are fixed.
Table5.2 Interrupt Sources, Vector Address Offsets, and Interrupt Priority
Vector
Vector Address DTC
Classification Interrupt Source Number  Offset* IPR Priority Activation
External pin NMI 7 H'001C O High O
IRQO 64 H'0100  IPRA14 to IPRA12 A o]
IRQ1 65 H'0104 IPRA10 to IPRA8 O
IRQ2 66 H'0108 IPRAG to IPRA4 O
IRQ3 67 H'010C IPRA2 to IPRAO O
IRQ4 68 H'0110 IPRB14 to IPRB12 O
IRQ5 69 H'0114 IPRB10 to IPRB8 O
IRQ6 70 H'0118 IPRB6 to IPRB4 O
IRQ7 71 H'011C IPRB2 to IPRBO O
IRQ8 72 H'0120 IPRC14 to IPRC12 O
IRQ9 73 H'0124 IPRC10 to IPRCS8 O
IRQ10 74 H'0128 IPRC6 to IPRC4 O
IRQ11 75 H'012C IPRC2 to IPRCO O
O Reserved for system use 76 H'0130 O 0
77 H'0134 g
78 H'0138 ad
79 H'013C g
80 H'0140 ad
WDT WOVI 81 H'0144 IPRE10 to IPRES8 g
O Reserved for system use 82 H'0148 O O
83 H'014C 0
84 H'015C g
85 H'0154 g
A/D ADI 86 H'0158 IPRF10 to IPRF8 Low O
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Vector

Vector Address DTC
Classification Interrupt Source Number  Offset* IPR Priority Activation
O Reserved for system use 87 H'015C O High O
TPU O TGIOA 88 H'0160  IPRF6 to IPRF4 4 o)
TGIOB 89 H'0164 O
TGIOC 90 H'0168 O
TGIOD 91 H'016C O
TCIloV 92 H'0170 g
TPU_1 TGI1A 93 H'0174 IPRF2 to IPRFO O
TGI1B 94 H'0178 O
TCl1V 95 H'017C g
TCI1U 96 H'0180 O
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12 O
TGI2B 98 H'0188 O
TCI2V 99 H'018C ad
TCI2U 100 H'0190 ad
TPU_3 TGI3A 101 H'0194 IPRG10 to IPRG8 O
TGI3B 102 H'0198 O
TGI3C 103 H'019C O
TGI3D 104 H'01A0 O
TCI3V 105 H'01A4 g
TPU_4 TGI4A 106 H'01A8 IPRG6 to IPRG4 O
TGl4B 107 H'01AC O
TClav 108 H'01BO g
TCl4U 109 H'01B4 g
TPU_5 TGI5A 110 H'01B8 IPRG2 to IPRGO O
TGI5B 111 H'01BC O
TCI5V 112 H'01CO g
TCI5U 113 H'01C4 g
O Reserved for system use 114 H'01C8 O O
115 H'01CC g
TMR_O CMIOA 116 H'01D0 IPRH14 to IPRH12 O
CMIOB 117 H'01D4 O
OoVol 118 H'01D8 Low g
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Vector

Vector Address DTC
Classification Interrupt Source Number  Offset* IPR Priority Activation
TMR_1 CMI1A 119 H'01DC IPRH10 to IPRH8 High O
CMI1B 120 H'01EO A 0
OV1l 121 H'O1E4 g
TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4 O
CMI2B 123 H'01EC O
ov2] 124 H'01FO0 g
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO O
CMI3B 126 H'01F8 O
ova3l 127 H'01FC g
O Reserved for system use 128 H'0200 O a
129 H'0204 a
130 H'0208 a
131 H'020C a
132 H'0210 a
133 H'0214 a
134 H'0218 a
135 H'021C a
136 H'0220 a
137 H'0224 a
138 H'0228 a
139 H'022C a
140 H'0230 g
141 H'0234 g
142 H'0238 g
143 H'023C ad
SCI_0 ERIO 144 H'0240 IPRK®6 to IPRK4 g
RXIO 145 H'0244 O
TXIO 146 H'0248 O
TEIO 147 H'024C g
SCI_1 ERI1 148 H'0250 IPRK2 to IPRKO g
RXI1 149 H'0254 O
TXI1 150 H'0258 O
TEI1 151 H'025C Low g

RRENESAS
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Vector

Vector Address DTC
Classification Interrupt Source Number  Offset* IPR Priority Activation
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12 High g
RXI2 153 H'0264 4 0
TXI2 154 H'0268 O
TEI2 155 H'026C g
a Reserved for system use 156 H'0270 a O
157 H'0274 a
158 H'0278 a
159 H'027C g
SCI_4 ERI4 160 H'0280 IPRL6 to IPRL4 g
RXl14 161 H'0284 O
TXI4 162 H'0288 O
TEI4 163 H'028C O
O Reserved for system use 164 H'0290 O O
| I |
255 H'O3FC Low g

Note: * Lower 16 bits of the start address in advanced, middle, and maximum modes.

5.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two interrupt control modes: interrupt control mode 0 and interrupt
control mode 2. Interrupt operations differ depending on the interrupt control mode. The interrupt
control mode is selected by INTCR. Table 5.3 shows the differences between interrupt control
mode 0 and interrupt control mode 2.

Table5.3 Interrupt Control Modes

Interrupt Priority Setting Interrupt

Control Mode Register Mask Bit  Description

0 Default | The priority levels of the interrupt sources are
fixed default settings.
The interrupts except for NMI is masked by the |
bit.

2 IPR 12 to 10 Eight priority levels can be set for interrupt

sources except for NMI with IPR.
8-level interrupt mask control is performed by
bits 12 to 10.
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5.6.1 Interrupt Control Mode O

In interrupt control mode O, interrupt requests except for NMI are masked by the | bit in CCR of
the CPU. Figure 5.3 shows a flowchart of the interrupt acceptance operation in this case.

1. If aninterrupt request occurs when the corresponding interrupt enable bit is set to 1, the
interrupt request is sent to the interrupt controller.

2. If thel bitin CCRisset to 1, only an NMI interrupt is accepted, and other interrupt requests
are held pending. If the | bit is cleared to 0, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority, sends the request to the CPU, and holds other interrupt requests pending.

4. When the CPU accepts the interrupt request, it startsinterrupt exception handling after
execution of the current instruction has been compl eted.

5. The PC and CCR contents are saved to the stack area during the interrupt exception handling.
The PC contents saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. Next, thel bitin CCR isset to 1. This masks al interrupts except NMI.

7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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Program execution state

Interrupt generated?

No
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Save PC and CCR
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1

1

Read vector address

|Branch to interrupt handling routinel

A

Pending

Figure 5.3 Flowchart of Procedure Up to Interrupt Acceptance
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5.6.2 Interrupt Control Mode 2

Ininterrupt control mode 2, interrupt requests except for NMI are masked by comparing the
interrupt mask level (12 to 10 bits) in EXR of the CPU and the IPR setting. There are eight levels
in mask control. Figure 5.4 shows a flowchart of the interrupt acceptance operation in this case.

1

If an interrupt request occurs when the corresponding interrupt enable bitisset to 1, an
interrupt request is sent to the interrupt controller.

For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority according to the IPR setting, and holds other interrupt requests pending. If
multiple interrupt requests has the same priority, an interrupt request is selected according to
the default setting shown in table 5.2.

Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. When the interrupt request does not have priority over the mask level set, it isheld
pending, and only an interrupt request with a priority over the interrupt mask level is accepted.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC, CCR, and EXR contents are saved to the stack area during interrupt exception
handling. The PC saved on the stack is the address of thefirst instruction to be executed after
returning from the interrupt handling routine.

The T bitin EXR is cleared to 0. The interrupt mask level isrewritten with the priority of the
accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level isset toH'7.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector addressin the
vector table.
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Level 7 interrupt?
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Level 6 interrupt? e
N
Mask level 6 Yes
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Mask level 5 No
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Mask level 0? No
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/ A
| Save PC, CCR, and EXR | Pending

|

| Clear T bitto 0 |

!

| Update mask level |
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| Read vector address |

!

|Branch to interrupt handling routinel

Figure5.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

5.6.3

Figure 5.5 shows the interrupt exception handling sequence. The exampleisfor the case where

interrupt control mode 0 is set in maximum mode, and the program area and stack areaarein on-

chip memory.
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Figure5.5 Interrupt Exception Handling
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5.6.4 Interrupt Response Times

Table 5.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols for execution
states used in table 5.4 are explained in table 5.5.

ThisLSl is capable of fast word transfer to on-chip memory, so alocating the program areain on-
chip ROM and the stack areain on-chip RAM enables high-speed processing.

Table5.4 Interrupt Response Times

Normal Mode*® Advanced Mode Maximum Mode*®

Interrupt Interrupt Interrupt Interrupt Interrupt Interrupt

Control Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0 Mode 2
Interrupt priority determination** 3
Number of states until executing 1to 19+ 2-S
instruction ends**
PC, CCR, EXR stacking S, to2:5*° 2.8, S, to2:5*° 2.8, 2:S, 2:S,
Vector fetch S,
Instruction fetch*® 2-S,
Internal processing** 2

Total (using on-chip memory) 10to 31 11to 31 10to 31 11to 31 11to0 31 11to 31

Notes: 1. Two states for an internal interrupt.
2. Inthe case of the MULXS or DIVXS instruction
Prefetch after interrupt acceptance or for an instruction in the interrupt handling routine.
Internal operation after interrupt acceptance or after vector fetch
Not available in this LSI.

When setting the SP value to 4n, the interrupt response time is S,; when setting to 4n +
2, the interrupt response time is 2S,.

o v M ®
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Table5.5 Number of Execution Statesin Interrupt Handling Routine

Object of Access

External Device

8-Bit Bus 16-Bit Bus
On-Chip 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Vector fetch S, 1 8 12 +4m 4 6 +2m
Instruction fetch S, 1 4 6 +2m 2 3+m
Stack manipulation S, 1 8 12 +4m 4 6 +2m

[Legend]
m: Number of wait cycles in an external device access.

5.6.5 DTC Activation by Interrupt
The DTC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to the CPU
e Activation request to the DTC
« Combination of the above

For details on interrupt requests that can be used to activate the DTC, see table 5.2 and section 7,
Data Transfer Controller (DTC).

Figure 5.6 shows a block diagram of the DTC and interrupt controller.

Clear signal
DTCER

Select signal
DTC activation request

Interrupt request vector number

on-chip | DTC control :—|— DTC
peripheral ) circuit Clear signal

Interrupt request clear signal

module L
DTC/CPU
select
Interrupt request cireuit CPU interrupt request
h vector number
_ IRQ | Priority cPU
INEIUPt | nterrupt request clear signal determination 121010
Interrupt controller

Figure5.6 Block Diagram of DTC and Interrupt Controller
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Selection of Interrupt Sources: Each interrupt source is set for aDTC activation request or a
CPU interrupt request by the DTCE bit in DTCERA to DTCERH of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU by
clearing the DTCE bit to O after theindividual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the transfer
counter indicates 0, an interrupt request is also made to the CPU by clearing the DTCE bit to 0
after the DTC data transfer.

When the same interrupt source is set as both the DTC activation source and CPU interrupt source,
the DTC must be given priority over the CPU. If the IPSETE is set to 1, the priority is determined
according to the IPR setting. Therefore, the CPUP setting or the IPR setting corresponding to the
interrupt source must be set to lower than or equal to the DTCP setting. If the CPU isgiven
priority over the DTC, the DTC may not be activated, and the data transfer may not be performed.

Priority Determination: The DTC activation source is selected according to the default priority,
and the selection is not affected by its mask level or priority level. For respective priority levels,
seetable 7.1, Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs.

Operation Order: If the same interrupt is selected as both the DTC activation source and CPU
interrupt source, the CPU interrupt exception handling is performed after the DTC data transfer. If
the same interrupt is selected as the DTC activation source or CPU interrupt source, respective
operations are performed independently.

Table 5.6 lists the selection of interrupt sources and interrupt source clear control by means of the
setting of the DTCE bit in DTCERA to DTCERH of the DTC, and the DISEL bit in MRB of the
DTC.

Table5.6 Interrupt Source Selection and Clear Control

DTC Setting Interrupt Source Selection/Clear Control
DTCE DISEL DTC CPU
0 * X v
1 0 v X
v

[Legend]
V: The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X: The corresponding interrupt is not available.
*: Don't care.
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Usage Note: Theinterrupt sources of the SCI and A/D converter are cleared according to the
setting shown in table 5.6, when the DTC reads/writes the prescribed register.

To initiate multiple channels for the DTC with the same interrupt, the same priority should be
assigned.

5.7 CPU Priority Control Function Over DTC

The interrupt controller has a function to control the priority among the DTC and the CPU by
assigning a priority levelsto the DTC and CPU. Since the priority level can automatically be
assigned to the CPU on an interrupt occurrence, it is possible to execute the CPU interrupt
exception handling prior to the DTC transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The priority level
of the DTC isassigned by bits DTCP2 to DTCPO in CPUPCR.

The priority control function over the DTC is enabled by setting the CPUPCE bit in CPUPCR to
1. When the CPUPCE hit is 1, the DTC activation source is controlled according to the respective
priority level.

The DTC activation source is controlled according to the priority level of the CPU indicated by
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTCPO. If the
CPU has priority, the DTC activation source is held. The DTC is activated when the condition by
which the activation source isheld is cancelled (CPUCPCE = 1 and value of bits CPUP2 to
CPUPO is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned by
the DTCP2 to DTCPO bitsin CPUPCR regardless of the activation source.

There are two methods for assigning the priority level to the CPU by the IPSETE bit in CPUPCR.
Setting the IPSETE bit to 1 enables a function to automatically assign the value of the interrupt
mask bit of the CPU to the CPU priority level. Clearing the IPSETE bit to 0 disables the function
to automatically assign the priority level. Therefore, the priority level is assigned directly by
software rewriting bits CPUP2 to CPUPO. Even if the IPSETE bit is 1, the priority level of the
CPU is software assignable by rewriting the interrupt mask bit of the CPU (I bitin CCRor 12to 10
bitsin EXR).

The priority level which isautomatically assigned when the IPSETE bit is 1 differs according to
the interrupt control mode.

In interrupt control mode O, the | bit in CCR of the CPU isreflected in bit CPUP2. Bits CPUP1
and CPUPO are fixed 0. In interrupt control mode 2, the values of bits12to 10 in EXR of the CPU
arereflected in bits CPUP2 to CPUPO.

Table 5.7 shows the CPU priority control.
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Table5.7 CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Updating of CPUP2
Mode Priority Mask Bit CPUPCR CPUP2to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled

1=0 1 B'000 Disabled

1=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled

12t0 10 Disabled

Table 5.8 shows an setting example of the priority control function over the DTC and the transfer
request control state.

Table5.8 Exampleof Priority Control Function Setting and Control State

Transfer Request Control State

Interrupt Control CPUPCE in CPUP2 to DTCP2 to
Mode CPUPCR CPUPO DTCPO DTC
0 0 Any Any Enabled
1 B'000 B'000 Enabled
B'100 B'000 Masked
B'100 B'000 Masked
B'100 B'111 Enabled
B'000 B'111 Enabled
2 0 Any Any Enabled
B'000 B'000 Enabled
B'000 B'011 Enabled
B'011 B'011 Enabled
B'100 B'011 Masked
B'101 B'011 Masked
B'110 B'011 Masked
B'111 B'011 Masked
B'101 B'011 Masked
B'101 B'110 Enabled
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5.8 Usage Notes

5.8.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to mask the interrupt, the masking becomes effective
after execution of the instruction.

When an interrupt enable bit is cleared to 0 by an instruction such as BCLR or MOV, if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if thereis an interrupt request with priority
over that interrupt, interrupt exception handling will be executed for the interrupt with priority,
and another interrupt will be ignored. The same & so applies when an interrupt source flag is
cleared to 0. Figure 5.7 shows an example in which the TCIEV bit in TIER of the TPU is cleared
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared to O while
the interrupt is masked.

TIER_O write cycle by CPU . .
TCIV exception handling

Internal h B
address bus X TIER_O address X

Internal .
write signal :
:
,

TCIEV ' | '

TCIV
interrupt signal

Figure5.7 Conflict between Interrupt Generation and Disabling
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5.8.2 Instructionsthat Disable Interrupts

Instructions that disable interrupts immediately after execution are LDC, ANDC, ORC, and
XORC. After any of these instructions is executed, all interrupts including NMI are disabled and
the next instruction is always executed. When the | bit is set by one of these instructions, the new
value becomes valid two states after execution of the instruction ends.

583 Timeswhen Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a period of
writing to the registers of the interrupt controller.

584 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B and the EEPM OV .W instructions.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt
exception handling starts at the end of the individual transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction. Therefore, if an interrupt is generated
during execution of an EEPMQOV.W instruction, the following coding should be used.

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

5.85 Interrupts during Execution of MOVMD and MOV SD I nstructions

With the MOVMD or MOV SD instruction, if an interrupt request isissued during the transfer,
interrupt exception handling starts at the end of the individual transfer cycle. The PC value saved
on the stack in this caseis the address of the MOVMD or MOV SD instruction. The transfer of the
remaining datais resumed after returning from the interrupt handling routine.
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5.8.6 Interrupts of Peripheral Modules

To clear an interrupt request flag by the CPU, the flag should be read from after clearing if the
peripheral module clock is generated by dividing the system clock. This makes the request signal
synchronized with the system clock. For details, see section 17.5.1, Notes on Clock Pulse
Generator.
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Section 6 Bus Controller (BSC)

This LSl has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has abus arbitration function, and controls the operation of the internal bus
masters; CPU and DTC.

6.1 Features

* Manages external address space in area units
Manages the external address space divided into eight areas
Bus specifications can be set independently for each area
8-hit access or 16-hit access can be selected for each area
Burst ROM, byte control SRAM, or address/data multiplexed 1/O interface can be set
An endian conversion function is provided to connect adevice of little endian
e Basic businterface
This interface can be connected to the SRAM and ROM
Chip select signals (CSO to CS7) can be output for areas 0 to 7
2-state access or 3-state access can be selected for each area
Program wait cycles can be inserted for each area
Wait cycles can be inserted by the WAIT pin.
Extension cycles can be inserted while CSn is asserted for each area(n = 0to 7)
The negation timing of the read strobe signal (RD) can be modified
* Byte control SRAM interface
Byte control SRAM interface can be set for areasOto 7
The SRAM that has a byte control pin can be directly connected
e Burst ROM interface
Burst ROM interface can be set for areas0 and 1
Burst ROM interface parameters can be set independently for areas 0 and 1
e Address/data multiplexed I/O interface
Address/data multiplexed 1/0 interface can be set for areas 3to 7
e Idlecycleinsertion
Idle cycles can be inserted between external read accesses to different areas
Idle cycles can be inserted before the external write access after an external read access
Idle cycles can be inserted before the external read access after an external write access
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Write buffer function

External write cycles and internal accesses can be executed in parallel

Write accesses to the on-chip peripheral module and on-chip memory accesses can be executed

in parallel

» External busrelease function

e Busarbitration function
Includes a bus arbiter that arbitrates bus mastership between the CPU and DTC

e Multi-clock function
Theinternal peripheral functions can be operated in synchronization with the peripheral
module clock (Pq). Accesses to the external address space can be operated in synchronization
with the external bus clock (B¢).

« Thebus start (BS) and read/write (RD/WR) signals can be outpt.
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A block diagram of the bus controller is shown in figure 6.1.

CPU address bus
Address Area decoder [ >CTS7t0Cs0
DTC address bus C——>| selecter
\
Internal bus
Internal bus control unit — External bus
control signals C — External bus I control signals
control unit
CPU bus mastership acknowledge signal ~€— —— WAIT
DTC bus mastership acknowledge signal ~&— Internal
bus
CPU bus mastership request signal = 4rpiter
DTC bus mastership request signal —» >
- External bus ' BREQ
arbiter > BACK
—» BREQO
Control register
Internal data bus{ | ABWCR | | IDLCR |
| ASTCR | | BCR1 |
| WTCRA | | Bcr2| ENDIANCR|
| WTCRB | | SRAMCR |
| RDNCR | | BROMCR |
[ CSACR | ] MPXCR |
[Legend]
ABWCR: Bus width control register IDLCR: Idle control register
ASTCR: Access state control register BCR1: Bus control register 1
WTCRA: Wait control register A BCR2: Bus control register 2
WTCRB: Wait control register B ENDIANCR: Endian control register
RDNCR: Read strobe timing control register SRAMCR: SRAM mode control register
CSACR: CS assertion period control register BROMCR: Burst ROM interface control register
MPXCR: Address/data multiplexed I/O control register

Figure 6.1 Block Diagram of Bus Controller
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6.2 Register Descriptions

The bus controller has the following registers.

Bus width control register (ABWCR)

Access state control register (ASTCR)

Wait control register A (WTCRA)

Wait control register B (WTCRB)

Read strobe timing control register (RDNCR)

CS assertion period control register (CSACR)
Idle control register (IDLCR)

Bus control register 1 (BCR1)

Bus control register 2 (BCR2)

Endian control register (ENDIANCR)

SRAM mode control register (SRAMCR)

Burst ROM interface control register (BROMCR)
Address/data multiplexed 1/0 control register (MPXCR)
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6.2.1 BusWidth Control Register (ABWCR)

ABWCR specifies the data bus width for each areain the external address space.

Bit 15 14 13 12 11 10 9 8

Bit Name | ABWH7 | ABWHG | ABWH5 | ABWH4 ABWH3 | ABWH2 | ABWH1 | ABWHO

Initial Value 1 1 1 1 1 1 1 1/0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWL1 ABWLO

Initial Value 1 1 1 1 1 1 1 1/0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value** R/W  Description

15 ABWH7 1 R/W Area 7 to 0 Bus Width Control
14 ABWH6 1 R/W These bits select whether the corresponding area is to be
13 ABWHS 1 R/IW designated as 8-bit access space or 16-bit access space.
11 ABWHS3 1 R/IW X 0: Setting prohibited
10 ABWH2 1 R/W 0 1: Area n is designated as 16-bit
access space
9 ABWH1 1 R/W . . .
1 1: Area n is designated as 8-bit access
8 ABWLO 1/0 R/W space*’
7 ABWL7 1 R/W
6 ABWL6 1 R/W
5 ABWL5 1 R/W
4 ABWL4 1 R/W
3 ABWL3 1 R/W
2 ABWL2 1 R/W
1 ABWL1 1 R/W
0 ABWLO 1/0 R/W
[Legend]
x: Don't care

Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

2. An address space specified as byte control SRAM interface must not be specified as 8-
bit access space.
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6.2.2 Access State Control Register (ASTCR)

ASTCR designates each area in the external address space as either 2-state access space or 3-state
access space and enables/disables wait cycle insertion.

Bit 15 14 13 12 11 10 9 8
Bit Name | AST7 | AST6 | AST5 | AST4 AST3 AST2 AST1 ASTO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name - - - - - - - -
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Initial

Bit Bit Name Value R/W Description

15 AST7 1 R/W Area 7 to 0 Access State Control
14 AST6 1 R/W These bits select whether the corresponding area is to be
13 AST5 1 R/W designated_ as 2-st_ate access space or 3-s_tate access
space. Wait cycle insertion is enabled or disabled at the
12 AST4 1 R/W same time.
11 AST3 1 RIW 0: Area n is designated as 2-state access space
10 AST2 1 RIW Wait cycle insertion in area n access is disabled
AST1 1 RIW 1. Area n is designated as 3-state access space
ASTO 1 R/W Wait cycle insertion in area n access is enabled
(n=7100)
7t00 O All 0 R Reserved

These are read-only bits and cannot be modified.
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6.2.3 Wait Control RegistersA and B (WTCRA, WTCRB)

WTCRA and WTCRB select the number of program wait cycles for each areain the external
address space.

* WTCRA
Bit 15 14 13 12 11 10 9 8
Bit Name - W72 w71 W70 - W62 we1 W60
Initial Value 0 1 1 1 0 1 1 1
R/IW R RIW RIW RIW R RIW RIW R/IW
Bit 7 6 5 4 3 2 1 0
Bit Name - W52 w51 W50 - W42 w41 W40
Initial Value 0 1 1 1 0 1 1 1
R/IW R RIW RIW RIW R RIW RIW RIW

* WTCRB
Bit 15 14 13 12 11 10 9 8
Bit Name - W32 W31 W30 - w22 w21 W20
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/IW R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name - w12 W11 W10 - w02 wo1 W00
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
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Bit

WTCRA

Initial

Bit Name Value

R/W

Description

15

O 0

Reserved
This is a read-only bit and cannot be modified.

14
13
12

W72
w71
W70

R/W
R/W
R/W

Area 7 Wait Control 2 to O

These bits select the number of program wait cycles
when accessing area 7 while bit AST7 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11

Reserved
This is a read-only bit and cannot be modified.

10

W62
W61
W60

R/W
R/W
R/W

Area 6 Wait Control 2 to 0

These bits select the number of program wait cycles
when accessing area 6 while bit AST6 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

Reserved
This is a read-only bit and cannot be modified.
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Initial

Bit Bit Name Value R/W Description
W52 1 R/W Area 5 Wait Control 2 to 0
W51 1 R/W These bits select the number of program wait cycles
W50 1 R/W when accessing area 5 while bit AST5 in ASTCR is 1.
000: Program cycle wait not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 O 0 R Reserved
This is a read-only bit and cannot be modified.
2 w42 R/W Area 4 Wait Control 2 to 0
w41l R/W These bits select the number of program wait cycles
0 W40 R/W when accessing area 4 while bit AST4 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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Bit

WTCRB

Initial

Bit Name Value

R/W

Description

15

O 0

Reserved
This is a read-only bit and cannot be modified.

14
13
12

W32
w31
W30

R/W
R/W
R/W

Area 3 Wait Control 2 to 0

These bits select the number of program wait cycles
when accessing area 3 while bit AST3 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

11

Reserved
This is a read-only bit and cannot be modified.

10

w22
w21
w20

R/W
R/W
R/W

Area 2 Wait Control 2 to 0

These bits select the number of program wait cycles
when accessing area 2 while bit AST2 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

Reserved
This is a read-only bit and cannot be modified.

Rev. 1.00, 09/03, page 126 of 618

RRENESAS



Initial

Bit Bit Name Value R/W Description
w12 1 R/W Area 1 Wait Control 2 to 0
w1l 1 R/W These bits select the number of program wait cycles
W10 1 R/W when accessing area 1 while bit AST1 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 O 0 R Reserved
This is a read-only bit and cannot be modified.
2 w02 R/W Area 0 Wait Control 2 to 0
wo1 R/W These bits select the number of program wait cycles
0 W00 R/W when accessing area 0 while bit ASTO in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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6.2.4 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the negation timing of the read strobe signal (RD) when reading the external
address spaces specified as a basic bus interface or the address/data multiplexed 1/O interface.

Bit 15 14 13 12 11 10 9 8

Bit Name | RDN7 | RDN6 | RDN5 | RDN4 | RDN3 | RDN2 | RDN1 | RDNO |
Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Bit Name - - - - - - - -

Initial Value 0 0 0 0 0 0 0 0

R/W R R R R R R R R

Initial

Bit Bit Name Value R/W Description

15 RDN7 0 R/W Read Strobe Timing Control
14 RDNG6 0 R/W These bits set the negation timing of the read strobe in a
13 RDN5 0 R/W corresponding area read access.
12 RDN4 0 RIW As shown in figure 6.2, the read strobe for an area for
which the RDNn bit is set to 1 is negated one half-cycle
11 RDN3 0 RIW earlier than that for an area for which the RDNn bit is
10 RDN2 0 R/W cleared to 0. The read data setup and hold time are also
RDN1 0 RIW given one half-cycle earlier.
RDNO 0 RIW 0: In an area n read access, the RD signal is negated at
the end of the read cycle
1: In an area n read access, the RD signal is negated one
half-cycle before the end of the read cycle
(n=71t00)
7t00 O All 0 R Reserved

These are read-only bits and cannot be modified.

Notes: 1. In an external address space which is specified as byte control SRAM interface, the
RDNCR setting is ignored and the same operation when RDNn = 1 is performed.
2. In an external address space which is specified as burst ROM interface, the RDNCR
setting is ignored and the same operation when RDNn = 0 is performed.
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Figure6.2 Read Strobe Negation Timing (Example of 3-State Access Space)

6.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and address
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed 1/0O
interface are to be extended. Extending the assertion period of the CSn and address signals allows
the setup time and hold time of read strobe (RD) and write strobe (LHWR/LLWR) to be assured
and to make the write data setup time and hold time for the write strobe become flexible.

Bit 15 14 13 12 11 10 9 8
BitName | csxH7 | csxve | csxws | csxra [ csxus | csxhz | csxui [ csxwo
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | csxT7 | csxte | csxts | csxta4 | csxta | csxt2 | csxti | csxTo
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description

15 CSXH7 0 R/W  CS and Address Signal Assertion Period Control 1

14 CSXH6 0 R/W These bits specify whether or not the Th cycle is to be

13 CSXH5 0 R/W inserted_(see figur(_a 6.3). When an area for WhiCh b?t
CSXHn is set to 1 is accessed, one Th cycle, in which the

12 CSXH4 0 RIW CSn and address signals are asserted, is inserted before

11 CSXH3 0 R/W the normal access cycle.

10 CSXH2 0 R/W 0: In access to area n, the CSn and address assertion

CSXH1 0 RIW period (Th) is not extended
CSXHO 0 R/W 1: In access to area n, the CSn and address assertion
period (Th) is extended

(n=7100)

7 CSXT7 0 R/W  CS and Address Signal Assertion Period Control 2

6 CSXT6 0 R/W These bits specify whether or not the Tt cycle is to be

5 CSXT5 0 R/W inser‘ted_ (see figur(_a 6.3). When an area for W_hich l_)it
CSXTn is set to 1 is accessed, one Tt cycle, in which the

4 CSXT4 0 RIW CSn and address signals are retained, is inserted after

3 CSXT3 0 R/W the normal access cycle.

2 CSXT2 0 R/W 0: In access to area n, the CSn and address assertion

1 CSXT1 0 R/IW period (Tt) is not extended

0 CSXTO0 0 R/W 1: In access to area n, the CSn and address assertion

period (Tt) is extended
(n=71t00)

Note: * In burst ROM interface, the CSXTn settings are ignored.
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Figure6.3 CS and Address Assertion Period Extension
(Example of Basic Bus Interface, 3-State Access Space, and RDNn = 0)

6.2.6 Idle Control Register (IDLCR)

IDLCR specifiesthe idle cycle insertion conditions and the number of idle cycles.

Bit 15 14 13 12 11 10 9 8
gtName | - | mows2 [ st | bso | s | bieso | ibicar | ibLcao
Initial Value 1 1 1 1 1 1 1 1
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0

Bit Name IDLSEL7 IDLSEL6 IDLSEL5 IDLSEL4 IDLSEL3 IDLSEL2 IDLSEL1 IDLSELO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Bit

Bit Name

Initial
Value

R/W

Description

15

O

1

R/W

Reserved

This bit is always read as 1. The write value should
always be 1.

14

IDLS2

R/W

Idle Cycle Insertion 2

Inserts an idle cycle between the bus cycles when the
external write cycle is followed by external read cycle.

0: No idle cycle is inserted
1: An idle cycle is inserted

13

IDLS1

R/W

Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles when the
external read cycles of different areas continue.

0: No idle cycle is inserted
1: An idle cycle is inserted

12

IDLSO

R/W

Idle Cycle Insertion O

Inserts an idle cycle between the bus cycles when the
external read cycle is followed by external write cycle.

0: No idle cycle is inserted
1: An idle cycle is inserted

11
10

IDLCB1
IDLCBO

R/W
R/W

Idle Cycle State Number Select B

Specifies the number of idle cycles to be inserted for the
idle condition specified by IDLS1 and IDLSO.

00: No idle cycle is inserted

01: 2 idle cycles are inserted
00: 3 idle cycles are inserted
01: 4 idle cycles are inserted

IDLCAL
IDLCAO

R/W
R/W

Idle Cycle State Number Select A

Specifies the number of idle cycles to be inserted for the
idle condition specified by IDLS2 to IDLSO.

00: 1 idle cycle is inserted

01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted
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Initial

Bit Bit Name Value R/W Description

7 IDLSEL7 O R/W Idle Cycle Number Select

6 IDLSEL6 O R/W Specifies the number of idle cycles to be inserted for

5 IDLSEL5 0 R/W each area for the idle insertion condition specified by

IDLS1 and IDLSO.

4 IDLSEL4 O R/W i . .

3 IDLSEL3 0 RIW 0: Number of idle cycles to be inserted for area n is
specified by IDLCA1 and IDLCAO.

2 IDLSEL2 0 RIW 1: Number of idle cycles to be inserted for area n is

1 IDLSELL O RIW specified by IDLCB1 and IDLCBO.

0 IDLSELO O R/W (n=7100)

6.2.7 Bus Control Register 1 (BCR1)

BCR1 isused for selection of the external bus released state protocol, enabling/disabling of the
write data buffer function, and enabling/disabling of the WAIT pin input.

Bit 15 14 12 11 10 9 8
Bit Name | BRLE | BREQOE | | | | | WDBE | WAITE |
Initial Value 0 0 0 0 0 0 0
RIW RIW R/W R RIW RIW RIW R/W
Bit 7 6 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R R R R R

Initial
Bit Bit Name Value R/W Description
15 BRLE 0 R/W External Bus Release Enable

Enables/disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used as /O
ports

1: External bus release enabled*

To set this bit to 1, the DDR bit and ICR bit of the
corresponding pin should be specified to 0 and 1,
respectively. For details, see section 8, 1/0 ports.
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Initial
Bit Bit Name Value R/W

Description

14 BREQOE O R/W

BREQO Pin Enable

Controls outputting the bus request signal (BREQO) to
the external bus master in the external bus released state
when an internal bus master performs an external
address space access.

0: BREQO output disabled
BREQO pin can be used as I/0 port
1: BREQO output enabled

13,12 O All O R

Reserved
These are read-only bits and cannot be modified.

11,10 O AllO R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

9 WDBE 0 R/W

Write Data Buffer Enable

The write data buffer function can be used for an external
write cycle.

0: Write data buffer function not used
1: Write data buffer function used

8 WAITE 0 R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the WAIT pin.
0: Wait input by WAIT pin disabled
WAIT pin can be used as 1/O port
1: Wait input by WAIT pin enabled

To set this bit to 1, the DDR bit and ICR bit of the
corresponding pin should be specified to 0 and 1,
respectively. For details, see section 8, 1/0 ports.

7,6 O All 0 R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

5to0 O All O R

Reserved
These are read-only bits and cannot be modified.
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6.2.8

Bus Control Register 2 (BCR2)

BCR2 is used for bus arbitration control of the CPU and DTC, and enabling/disabling of the write
data buffer function to the peripheral modules.

Bit 7 6 4 3 2 1 0
Bit Name | - | | IBCCS | - | - | - | PWDBE
Initial Value 0 0 0 0 0 1 0
RIW R R RIW RIW R R RIW RIW
Initial
Bit Bit Name Value R/W Description
7,6 a AllO R Reserved
These are read-only bits and cannot be modified.
5 O 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
4 IBCCS 0 R/W Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to the priority
1: Executes the bus cycles alternatively when a CPU bus
mastership request conflicts with a DTC bus
mastership request
3,2 O All O R Reserved
These are read-only bits and cannot be modified.
1 O 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
0 PWDBE O R/W Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data buffer
function for the peripheral module write cycles.

0: Write data buffer function not used
1: Write data buffer function used
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6.2.9 Endian Control Register (ENDIANCR)

ENDIANCR selects the endian format for each area of the external address space. Though the data
format of thisLSl isbig endian, data can be transferred in the little endian format during external
address space access.

Note that the data format for the areas used as a program area or a stack area should be big endian.

Bit 7 6 5 4 3 2 1 0

Bit Name LE7 LE6 LES | LE4 | LE3 LE2 - | - |

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R R
Initial

Bit Bit Name Value R/W Description

7 LE7 0 R/W Little Endian Select

6 LE6 0 R/W Selects the endian for the corresponding area.

5 LES 0 R/W 0: Data format of area n is specified as big endian
4 LE4 0 R/W 1: Data format of area n is specified as little endian
3 LE3 0 RW (h=7t02)

2 LE2 0 R/W

1,0 a AllO R Reserved

These are read-only bits and cannot be modified.
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6.2.10 SRAM Mode Control Register (SRAMCR)

SRAMCR specifies the bus interface of each areain the external address space as a basic bus
interface or abyte control SRAM interface.

When the bus interface of each areain the external address space is specified as other than the
basic bus interface, the SRAMCR specification isignored.

In areas specified as 8-bit access space by ABWCR, the SRAMCR setting isignored and the byte
control SRAM interface cannot be specified.

Bit 15 14 13 12 11 10 9 8

Bit Name | BCSEL7 | BCSEL6 | BCSEL5 | BCSEL4 | BCSEL3 | BCSEL2 | BCSEL1 | BCSELO |

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 7 6 5 4 3 2 1 0

Bit Name

Initial Value 0 0 0 0 0 0 0 0

R/W R R R R R R R R
Initial

Bit Bit Name Value R/W Description

15 BCSEL7 O R/W Byte Control SRAM Interface Select

14 BCSEL6 O R/W Selects the bus interface for the corresponding area.
13 BCSEL5 O R/W 0: Area n is basic bus interface

12 BCSEL4 O R/W 1: Area n is byte control SRAM interface

11 BCSEL3 0 RW (h=7t00)

10 BCSEL2 O R/W

9 BCSEL1 O R/W

8 BCSELO O R/W

7to0 O All 0 R Reserved

These are read-only bits and cannot be modified.
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6.2.11 Burst ROM Interface Control Register (BROMCR)

BROMCR specifies the burst ROM interface.

Bit 15 14 13 12 11 10 9 8
BitName | BSRMO | BSTso2 [ Bstsor | BsTsoo } ; BSWDOL | BSWD0O
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW R R RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | BSRM1 | BSTS12 | BSTS11 | BSTS10 - - BSWD11 | BSWD10
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW R R RIW RIW
Initial
Bit Bit Name Value R/W Description
15 BSRMO 0 R/W Area 0 Burst ROM Interface Select

Specifies the area 0 bus interface as a basic interface or
a burst ROM interface.

0: Basic bus interface
1: Burst ROM interface

14 BSTS02 O R/W Area 0 Burst Cycle Select
13 BSTS01 O R/W Specifies the number of burst cycles of area 0
12 BSTS00 O R/W 000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

11,10 O All 0 R Reserved
These are read-only bits and cannot be modified.
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Bit

Initial

Bit Name Value

R/W

Description

BSWDO1 O
BSWDOO O

R/W
R/W

Area 0 Burst Word Number Select

Selects the number of words in burst access to the area 0
burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)

BSRM1 0

R/W

Area 1 Burst ROM Interface Select

Specifies the area 1 bus interface as a basic interface or
a burst ROM interface.

0: Basic bus interface
1: Burst ROM interface

BSTS12
BSTS11
BSTS10

R/W
R/W
R/W

Area 1 Burst Cycle Select

Specifies the number of cycles of area 1 burst cycle
000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

3,2

0 All O

Reserved
These are read-only bits and cannot be modified.

BSwWD11 O
BSWD10 O

R/W
R/W

Area 1 Burst Word Number Select

Selects the number of words in burst access to the area 1
burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)
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6.2.12 Address/Data Multiplexed I/O Control Register (MPXCR)
MPXCR specifies the address/data multiplexed 1/O interface.

When the bus interface of each areain the external address space is specified as a basic interface
or abyte control SRAM interface, the MPXCR setting has priority over the SRAMCR setting and
the SRAMCR setting isinvalid.

Bit 15 14 13 12 11 10 9 8
BtName | mPxe7 | wpxes | wmexes | wexea [ wexes [ - | - [ - ]
Initial Value 0 0 0 0 0 0 0 0
RIW R/W R/W R/W R/W RIW R R R
Bit 7 6 5 4 3 2 1 0
Bit Name - - - - - - - ADDEX
Initial Value 0 0 0 0 0 0 0 0
R R R R R R R R RIW

Initial

Bit Bit Name Value R/W Description

15 MPXE7 0 R/W Address/Data Multiplexed I/O Interface Select

14 MPXE6 0 R/W Specifies the bus interface for the corresponding area.

13 MPXE5 0 R/W 0: Area n is specified as a basic interface or a byte

12 MPXE4 0 R/W control SRAM interface.

11 MPXE3 0 R/W 1: Area n is specified as an address/data multiplexed /0

interface
(n=71t03)
10to1 O All 0 R Reserved
These are read-only bits and cannot be modified.
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the address
output cycle of address/data multiplexed I/O interface.

0: No wait cycle is inserted for the address output cycle
1: One wait cycle is inserted for the address output cycle
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6.3 Bus Configuration

Figure 6.4 shows the internal bus configuration of thisLSI. The internal bus of this LS| consists of
the following three types.

Internal system bus

A busthat connects the CPU, DTC, on-chip RAM, internal peripheral bus, and external access
bus.

Internal peripheral bus

A bus that accesses registersin the bus controller and interrupt controller and registers of
peripheral modules such as SCI and timer.

External access cycle

A bus that accesses external devices viathe external businterface.

e
synchronization

| cPU | | DTC | |O’F‘Qj§r,\‘,'|p |

< Internal system bus

Bus controller,
interrupt controller,
power-down controller

Write data Write data
buffer 7] 7170 ‘ " buffer
S . - [
Internal peripheral bus > <Externa| access bus>
Po , Bo
synchronization Peripheral \ synchronization External bus
functions i interface

Figure6.4 Internal BusConfiguration
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6.4 Multi-Clock Function and Number of Access Cycles

The internal functions of this LSl operate synchronously with the system clock (I¢), the peripheral
module clock (Pg), or the external bus clock (Bg). Table 6.1 shows the synchronization clock and
their corresponding functions.

Table6.1  Synchronization Clocksand Their Corresponding Functions

Synchronization Clock Function Name

lp MCU operating mode
Interrupt controller
Bus controller
CPU
DTC
Internal memory
Clock pulse generator
Power down control

Po I/O ports
TPU
PPG
TMR
WDT
SCI
A/D
D/A

Bo External bus interface

The frequency of each synchronization clock (1, Pg, and Be) is specified by the system clock
control register (SCKCR) independently. For further details, see section 17, Clock Pulse
Generator.

There will be cases when P and B are equal to 1@ and when Pg and B are different from I
according to the SCK CR specifications. In any case, access cycles for internal peripheral functions
and external space is performed synchronoudly with Pg and B, respectively.

For example, in an external address space access where the frequency rate of Igpand Beisn: 1,
the operation is performed in synchronization with B@. In this case, external 2-state access spaceis
2n cycles and external 3-state access spaceis 3n cycles (no wait cyclesisinserted) if the number
of access cyclesis counted based on | .

If the frequencies of @, Pg and B are different, the start of bus cycle may not synchronize with
P or B according to the bus cycle initiation timing. In this case, clock synchronization cycle
(Tsy) isinserted at the beginning of each bus cycle.
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For example, if an external address space access occurs when the frequency rate of I and Bgis
n: 1, 0ton-1cyclesof Tsy may beinserted. If aninternal peripheral module access occurs when
the frequency rate of Ipand Ppism: 1, 0 to m-1 cycles of Tsy may be inserted.

Figure 6.5 shows the external 2-state access timing when the frequency rate of Ioand Bis4 : 1.
Figure 6.6 shows the external 3-state access timing when the frequency rate of Ipand Bpis2: 1.
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Figure6.5 System Clock: External BusClock = 4:1, External 2-State Access
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Figure6.6 System Clock: External BusClock = 2:1, External 3-State Access
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6.5 External Bus

6.5.1 Input/Output Pins

Table 6.2 shows the pin configuration of the bus controller and table 6.3 shows the pin functions

on each interface.

Table6.2 Pin Configuration

Name Symbol I/O

Function

Bus cycle start BS Output

Signal indicating that the bus cycle has
started

Address strobe/address hold ~ AS/AH Output

« Strobe signal indicating that the basic
bus, byte control SRAM, or burst ROM
space is accessed and address output
on address bus is enabled

« Signal to hold the address during

access to the address/data multiplexed
1/0O interface

Read strobe RD Output  Strobe signal indicating that the basic bus,
byte control SRAM, burst ROM, or
address/data multiplexed I/O space is
being read

Read/write RD/WR Output « Signal indicating the input or output

direction

¢ Write enable signal of the SRAM during
access to the byte control SRAM space

Low-high write/lower-upper LHWR/LUB Output
byte select

« Strobe signal indicating that the basic
bus, burst ROM, or address/data
multiplexed I/O space is written to, and
the upper byte (D15 to D8) of data bus
is enabled

¢ Strobe signal indicating that the byte
control SRAM space is accessed, and
the upper byte (D15 to D8) of data bus
is enabled
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Name

Symbol

1’0

Function

Low-low write/lower-lower byte LLWR/LLB Output

select

¢ Strobe signal indicating that the basic
bus, burst ROM, or address/data
multiplexed I/O space is written to, and
the lower byte (D7 to DO) of data bus is
enabled

¢ Strobe signal indicating that the byte
control SRAM space is accessed, and
the lower byte (D7 to DO) of data bus is
enabled

Chip select 0

Output

Strobe signal indicating that area 0 is
selected

Chip select 1

Output

Strobe signal indicating that area 1 is
selected

Chip select 2

Output

Strobe signal indicating that area 2 is
selected

Chip select 3

Output

Strobe signal indicating that area 3 is
selected

Chip select 4

Output

Strobe signal indicating that area 4 is
selected

Chip select 5

Output

Strobe signal indicating that area 5 is
selected

Chip select 6

Output

Strobe signal indicating that area 6 is
selected

Chip select 7

Output

Strobe signal indicating that area 7 is
selected

Wait

Input

Wait request signal when accessing
external address space.

Bus request

BREQ

Input

Request signal for release of bus to
external bus master

Bus request acknowledge

BACK

Output

Acknowledge signal indicating that bus has
been released to external bus master

Bus request output

BREQO

Output

External bus request signal used when
internal bus master accesses external
address space in the external-bus released
state

External bus clock

Bo

Output

External bus clock
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Table6.3 Pin Functionsin Each Interface

Byte Address/Data
Control Burst Multiplexed
Initial State Basic Bus SRAM ROM 110
Single-
Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remarks
Bo Output Output O (0] (0] O (0] (0] (0] (0]
CSo Output Output O o} o 0 o} o ] ]
CSs1 O O O 0] 0] O 0] (0] O O
Ccs2 a a a o o) o} a a a a
Cs3 0 0 0 ¢} ¢} o 0 0 ¢} ¢}
Cs4 a a a 0 o) o} a o o o
Cs5 0 0 0 ¢} ¢} o 0 0 ¢} ¢}
CS6 0 0 0 ¢} ¢} o 0 0 ¢} ¢}
Ccs7 a a a o) o) o} a o o o
BS O O O 0] (0] O (0] (0] (0] (0]
RD/WR a a a o) o o} O O o o
AS Output Output O o] o] 0 o] o] ] ]
AH a a a a a O a o o o)
RD Output Output O o o} 0 o o o o
LHWR/LUB Output Output 0O o] ] o] o] ] o] ]
LLWR/LB Output Output O o} o 0 o o} o o}
WAIT 0 0 0 0 o) 0 0 0 0 0 Controlled by
WAITE

[Legend]

O: Used as a bus control signal
0 : Not used as a bus control signal (used as a port input when initialized)

6.5.2 AreaDivision

The bus controller divides the 16-Mbyte address space into eight areas, and performs bus control
for the external address space in area units. Chip select signals (CS0 to CS7) can be output for
each area.

Figure 6.7 shows an area division of the 16-Mbyte address space. For details on address map, see
section 3, MCU Operating Mode.
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H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

HBFFFFF
H'C00000

H'DFFFFF
H'E00000

HEFFFFF
H'F00000

H'FFDFFF
HFFE000

HFFFEFF
HFFFFO0
HFFFFFF

Area 0
(2 Mbytes)

Area 1
(2 Mbytes)

Area 2
(8 Mbytes)

Area 3
(2 Mbytes)

Area 4
(1 Mbyte)

Area 5
(1 Mbyte - 8 kbytes)

Area 6
(8 kbytes — 256 bytes)

Area 7
(256 bytes)

16-Mbyte space

Figure6.7 Address Space Area Division

6.5.3 Chip Select Signals

This LS| can output chip select signals (CSO to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external address space area is accessed. Figure 6.8 shows an example of CSn (n

=0to 7) signal output timing.

Enabling or disabling of CSn signal output is set by the port function control register (PFCR). For
details, see section 8.3, Port Function Controller.
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In on-chip ROM disabled extended mode, pin CSO is placed in the output state after areset. Pins
CS1 to CS7 are placed in the input state after areset and so the corresponding PFCR bits should
be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CS0 to CS7 are all placed in the input state after a
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CSO to CS7.

The PFCR can specify multiple CS outputs for apin. If multiple CSn outputs are specified for a
single pin by the PFCR, CS to be output are generated by mixing all the CS signals. In this case,
the settings for the external bus interface areas in which the CSn signal's are output to asingle pin
should be the same.

Figure 6.9 shows the signal output timing when the CS signals to be output to areas 5 and 6 are
output to the same pin.

L Bus cycle !
E T T2 T3 E
B L L |
Address bus X External address of area n X
CSn

Figure6.8 CSn Signal Output Timing (n=0t0 7)

Area 5 access Area 6 access
Bo |
CS5
S6
Output waveform
Address bus X Area 5 access Area 6 access

Figure6.9 Timing When CS Signal is Output to the Same Pin
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6.5.4 External BusInterface

The type of the external businterfaces, bus width, endian format, number of access cycles, and
strobe assert/negate timings can be set for each areain the external address space. The bus width
and the number of access cycles for both on-chip memory and internal 1/0 registers are fixed, and
are not affected by the external bus settings.

Type of External Bus|Interface: Four types of external bus interfaces are provided and can be
selected in area units. Table 6.4 shows each interface name, description, area name to be set for
each interface. Table 6.5 shows the areas that can be specified for each interface. Theinitial state
of each areais abasic businterface.

Table6.4 Interface Namesand Area Names

Interface Description Area Name
Basic interface Directly connected to ROM and Basic bus space
RAM
Byte control SRAM interface Directly connected to byte Byte control SRAM space
SRAM with byte control pin
Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access
Address/data multiplexed 1/0 Directly connected to the Address/data multiplexed 1/0
interface peripheral LSI that requires space

address and data multiplexing

Table6.5 Areas Specifiablefor Each Interface

Related Areas
Interface Registers 0 1 2 3 4 5 6 7
Basic interface SRAMCR o O o] O O o o] O
Byte control SRAM interface (0] (0] (0] o o (0] (0] o
Burst ROM interface BROMCR (0] (0] ad O O d d O
Address/data multiplexed /0 MPXCR ad ad ad o o (0] (0] o

interface

Bus Width: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
busis selected functions as an 8-bit access space and an area for which a 16-bit bus is selected
functions as a 16-bit access space. In addition, the bus width of address/data multiplexed 1/0O space
is 8 bitsor 16 hits, and the bus width for the byte control SRAM space is 16 bits.

Theinitial state of the bus width is specified by the operating mode.
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If all areas are designated as 8-bit access space, 8-bit bus modeis set; if any areais designated as
16-bit access space, 16-bit bus mode is set.

Endian Format: Though the endian format of this LSl is big endian, data can be converted into
little endian format when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to LE2 bitsin
ENDIANCR.

Theinitial state of each areaisthe big endian format.
Note that the data format for the areas used as a program area or a stack area should be big endian.
Number of Access Cycles:

1. Basic BusInterface

The number of access cyclesin the basic businterface is specified as two or three cycles by the
ASTCR. An area specified as 2-state access is specified as 2-state access space; an area
specified as 3-state access is specified as 3-state access space.

For the 2-state access space, await cycle insertion is disabled. For the 3-state access space, a
program wait (0 to 7 cycles) specified by WTCRA and WTCRB or an external wait by WAIT
can be inserted.

Number of access cyclesin the basic businterface

= number of basic cycles (2, 3) + number of program wait cycles (0to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

2. Byte Control SRAM Interface

The number of access cyclesin the byte control SRAM interface is the same asthat in the
basic bus interface.

Number of access cyclesin byte control SRAM interface

= number of basic cycles (2, 3) + number of program wait cycles (0to 7)
+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]
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3. Burst ROM Interface
The number of access cycles at full accessin the burst ROM interface is the same as that in the
basic bus interface. The number of access cyclesin the burst access can be specified as one to
eight cycles by the BSTS bit in BROMCR.

Number of access cyclesin the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0to 7)
+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)

4. Address/data multiplexed I/O interface
The number of access cyclesin data cycle of the address/data multiplexed 1/0 interface is the
same as that in the basic bus interface. The number of access cyclesin address cycle can be
specified astwo or three cycles by the ADDEX bit in MPXCR.

Number of access cyclesin the address/data multiplexed I/O interface

= number of address output cycles (2, 3) + number of data output cycles (2, 3)
+ number of program wait cycles (0to 7)
+ number of CS extension cycles (0, 1, 2)
[+number of external wait cycles by the WAIT pin]

Table 6.6 lists the number of access cycles for each interface.

Table6.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
[0,1] [ [ [0,1] [2to 4]
TETTTTTRTTTTT WT1 T2 v pw  emw e L
[0.1] m [} Ot7 [ 6} [0,1] [3to12+n]
Byte control SRAM interface = Th +T1 +T2 +Tt
[0.1] [1 6] [0.1] [21t0 4]
TETTTTTRTTTTT WTLT T2 T v pw AW AT wTt T TTTTTTTTTTT T
[0.1] &) [ Otw7 [ &} [0,1] [3to12 +n]
Burst ROM interface = Th +T1 +T2 +Th
[0,1] [1] [1 [(1to 8) x m] [(2to3) + (1to 8) xm]
TR ST1 T2 T T emw eTs T L5
[0.1] &) ] Ot7 [ ] [(1to8)xm] [(2toll+n)+(1to8)xm]
Address/data multiplexed /0 =Tma +Th +T1 +T2 +Tt
interface [2,3] [0,1] [1] 1] [0,1] [4t07]
TETmaT TR AT T2 A pw AW 4T3 L5
[2,3] [0,1] [ [1 [0to7]  [n] [1] [0,1] [5t0 15 + n]
[Legend]
Numbers: Number of access cycles
n: Pin wait (0 to «)
m: Number of burst accesses (0 to 63)
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Strobe Assert/Negate Timings. The assert and negate timings of the strobe signals can be
modified as well as number of access cycles.

+ Read strobe (RD) in the basic bus interface
e Chip select assertion period extension cyclesin the basic businterface

6.5.5 Area and External Bus|Interface

Area 0: Area 0 includes on-chip ROM*. All of area 0 is used as external address space in on-chip
ROM disabled extended mode, and the space excluding on-chip ROM is external address spacein
on-chip ROM enabled extended mode.

When area 0 external address space is accessed, the CS0 signal can be output.

Either of the basic businterface, byte control SRAM interface, or burst ROM interface can be
selected for area 0 by bit BSRM0 in BROMCR and bit BCSELO in SRAMCR. Table 6.7 shows
the external interface of areaO.

Note: Applied to the LSl version that incorporates the ROM.

Table6.7 AreaOExternal Interface

Register Setting
Interface BSRMO of BROMCR BCSELO of SRAMCR

Basic bus interface 0 0

Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

Area 1: In externally extended mode, all of area 1 is external address space. In on-chip ROM
enabled extended mode, the space excluding on-chip ROM* is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic businterface, byte control SRAM, or burst ROM interface can be selected for
areal by bit BSRM1 in BROMCR and bit BCSEL 1 in SRAMCR. Table 6.8 shows the external
interface of area 1.

Note: Applied to the LSl version that incorporates the ROM.
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Table6.8 ArealExternal Interface

Register Setting

Interface BSRM1 of BROMCR BCSEL1 of SRAMCR

Basic bus interface 0 0

Byte control SRAM interface

0 1
Burst ROM interface 1 0
Setting prohibited 1 1

Area 2: In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface or byte control SRAM interface can be selected for area 2 by bit
BCSEL2 in SRAMCR. Table 6.9 shows the external interface of area 2.

Table6.9 Area2External Interface

Register Setting

Interface BCSEL2 of SRAMCR
Basic bus interface 0
Byte control SRAM interface 1

Area 3: In externaly extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed 1/0
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL 3 in SRAMCR.
Table 6.10 shows the external interface of area 3.

Table6.10 Area3 External Interface

Register Setting

Interface MPXE3 of MPXCR BCSEL3 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed I/O 1 0

interface

Setting prohibited 1 1
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Area 4. In externaly extended mode, all of area4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed 1/0O
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRAMCR.
Table 6.11 shows the external interface of area 4.

Table6.11 Area4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed I/O 1 0

interface

Setting prohibited 1 1

Area5: Area5 includes the on-chip RAM and access prohibited spaces. In external extended
mode, area 5, other than the on-chip RAM and access prohibited spaces, is external address space.
Note that the on-chip RAM is enabled when the RAME bit in SY SCR are set to 1. If the RAME
bit in SYSCR is cleared to O, the on-chip RAM is disabled and the corresponding addresses are an
external address space. For details, see section 3, MCU Operating Modes.

When area 5 external address space is accessed, the CS5 signal can be output.

Either of the basic businterface, byte control SRAM interface, or address/data multiplexed 1/O
interface can be selected for area 5 by the MPXES bit in MPXCR and the BCSELS5 bit in
SRAMCR. Table 6.12 shows the external interface of area5.

Table6.12 Area5 External Interface

Register Setting

Interface MPXE5 of MPXCR BCSELS5 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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Area 6: Area6 includesinternal 1/0 registers. In external extended mode, area 6 other than on-
chip 1/O register areais external address space.

When area 6 external address space is accessed, the CS6 signal can be outpt.

Either of the basic businterface, byte control SRAM interface, or address/data multiplexed 1/O
interface can be selected for area 6 by the MPXES bit in MPXCR and the BCSEL6 bit in
SRAMCR. Table 6.13 shows the external interface of area 6.

Table6.13 Area6 External Interface

Register Setting

Interface MPXEG6 of MPXCR BCSELG6 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

Area 7: Area7 includesinternal 1/0 registers. In external extended mode, area 7 other than
internal 1/0 register areais external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed 1/0
interface can be selected for area 7 by the MPXE?7 bit in MPXCR and the BCSEL 7 bit in
SRAMCR. Table 6.14 shows the external interface of area 7.

Table6.14 Area7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed I/O 1 0

interface

Setting prohibited 1 1
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6.5.6 Endian and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to D8)
or lower data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space.

8-Bit Access Space: With the 8-bit access space, the lower byte data bus (D7 to DO) is always
used for access. The amount of datathat can be accessed at one time is one byte: aword accessis
performed as two byte accesses, and alongword access, as four byte accesses.

Figures 6.10 and 6.11 illustrate data alignment control for the 8-bit access space. Figure 6.10
shows the data alignment when the data endian format is specified as big endian. Figure 6.11
shows the data alignment when the data endian format is specified as little endian.

Strobe signal
ILHWR/LuiB | LLWRILLB
RD
L |
Data Access Access Bus D15 Dagg 81715 Do
Size Address Count Cycle Data Size L I l
Byte n 1 1st Byte |7i R :0|
Word n 2
Longword n 4

Figure6.10

Access Sizes and Data Alignment Control for 8-Bit Access Space (Big Endian)
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Strobe signal

| LHWR/LUB LLWR/LLB

D
L |
Data Access Access Bus Data bus
Size Address Count Cycle  Data Size 115 D87 Doj
Byte n 1 1st Byte [T
Word n 2
Longword n 4

Figure6.11 Access Sizesand Data Alignment Control for 8-Bit Access Space
(Little Endian)

16-Bit Access Space: With the 16-bit access space, the upper byte data bus (D15 to D8) and lower
byte data bus (D7 to DO) are used for accesses. The amount of data that can be accessed at one
timeis one byte or oneword.

Figures 6.12 and 6.13 illustrate data alignment control for the 16-bit access space. Figure 6.12
shows the data alignment when the data endian format is specified as big endian. Figure 6.13
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data bus and
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte data bus, and
byte access for an odd addressis performed by using the third byte data bus.
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Strobe signal
LHWR/LUB \ LCLWRILLB |
RD
| |
Access Access Access Bus Data bus
Size Address Count Cycle  Data Size D15 D8)D7 DOj
Even R
Byte o 1 1st Byte 7 9
Odd 1
(2n+1)
Even
Word 2n) 1
Odd 2
(2n+1)
Longword Even 2
(2n)
Odd
(2n+1) 3

Figure6.12 Access Sizesand Data Alignment Control for 16-Bit Access Space (Big Endian)

Strobe signal
LAWR/LUB . LLWRILLB
RD
L |
Access Access Access Bus D15 Dgtgl g;’s DO
Size Address Count Cycle Data Size L L |
Byte %’ﬁ;‘ 1 1st Byte 7000010
o 1 1st Byte oo
Word o 1 1st Word TR CRREEEET
o 2 s omve o EEEER
Longword Even 2
(2n)
Odd
(2n+1) 8
3rd Byte El. BERE QJJ

Figure6.13 Access Sizesand Data Alignment Control for 16-Bit Access Space
(Little Endian)

Rev. 1.00, 09/03, page 159 of 618
RRENESAS




6.6 Basic Bus I nterface

The basic bus interface can be connected directly to the ROM and SRAM. The bus specifications
can be specified by the ABWCR, ASTCR, WTCRA, WTCRB, RDNCR, CSACR, and ENDINCR.

6.6.1 Data Bus

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has adata alignment function, and controls whether the upper byte data bus (D15 to D8)
or lower byte data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-hit access space or 16-bit access space), the data size, and endian format when
accessing external address space,. For details, see section 6.5.6, Endian and Data Alignment.

6.6.2 [/O PinsUsed for Basic Bus Interface
Table 6.15 shows the pins used for basic bus interface.

Table6.15 1/O Pinsfor Basic Bus|nterface

Name Symbol 110 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has started

Address strobe AS* Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to

D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to DO)
is valid during write access

Chipselect0to7 CSO0to CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

Note: * When the address/data multiplexed interface is selected, this pin only functions as the
AH output and does not function as the AS output.
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6.6.3 Basic Timing
This section describes the basic timing when the data is specified as big endian.

16-Bit 2-State Access Space: Figures 6.14 to 6.16 show the bustiming of 16-bit 2-state access
space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses access, and the lower byte data bus (D7 to DO) is used for odd addresses. No wait cycles
can beinserted.

~———Busdycle ——»
T1 . T2

AS ' 1
T L
Read D15to D8 Valid
D7 to DO E i Invalid
L[HWR |__,__
wR — : :

High Ieivel

D15t D8 —F—— , Valid

Write <

L D7 to DO E Highi—Z

-
RD/WR :X X:

Notes: 1. n=0to7
2. When RDNn =0

Figure 6.14 16-Bit 2-State Access Space Bus Timing
(Byte Accessfor Even Address)
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Figure 6.15 16-Bit 2-State Access Space Bus Timing
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Figure6.16 16-Bit 2-State Access Space Bus Timing
(Word Accessfor Even Address)
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16-Bit 3-State Access Space: Figures 6.17 to 6.19 show the bustiming of 16-bit 3-state access
space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses, and the lower byte data bus (D7 to DO) is used for odd addresses. Wait cycles can be
inserted.

Bus cycle
! T1 ! T2 \ T3

ol L[ L L T
Address :,X E 5

i R R

i N R

R | 5

Read D15 to D§ —— : Valid

D7 to DO : : . Invalid

mwR | :

LCWR ' ' High level '
Write

D15 to D8 ————( Valid
D7 to DO ! : High-Z '
O s
RD/WR ?(

Notes: 1. n=0to 7
2. When RDNn =0

Figure6.17 16-Bit 3-State Access Space Bus Timing
(Byte Accessfor Even Address)
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RD/WR ><

Notes: 1. n=0to7
2. When RDNn =0

Figure 6.18 16-Bit 3-State Access Space Bus Timing
(Word Access for Odd Address)
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Figure6.19 16-Bit 3-State Access Space Bus Timing
(Word Accessfor Even Address)
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6.6.4 Wait Control

This LSI can extend the bus cycle by inserting wait cycles (Tw) when the external address spaceis
accessed. There are two ways of inserting wait cycles: program wait insertion and pin wait
insertion using the WAIT pin.

Program Wait Insertion: From O to 7 wait cycles can beinserted automatically between the T,
state and T, state for 3-state access space, according to the settingsin WTCRA and WTCRB.

Pin Wait Insertion: For 3-state access space, when the WAITE bit in BCR1 isset to 1, the
corresponding DDR bit is cleared to 0, and the ICR bit is set to 1, wait input by means of the
WAIT pin is enabled. When the external address space is accessed in this state, a program wait
(Tw) isfirst inserted according to the WTCRA and WTCRB settings. If the WAIT pinislow at
the falling edge of Bgin thelast T2 or Tw cycle, another Tw cycle isinserted until the WAIT pin
is brought high. The pin wait insertion is effective when the Tw cycles are inserted to seven cycles
or more, or when the number of Tw cyclesto be inserted is changed according to the external
devices. The WAITE bit is common to all areas. For details on DDR and ICR, see section 8, I/0
port.

Figure 6.20 shows an example of wait cycle insertion timing. After areset, the 3-state accessis
specified, the program wait isinserted for seven cycles, and the WAIT input is disabled.
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Figure 6.20 Example of Wait Cycle Insertion Timing
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6.6.5  Read Strobe (RD) Timing

The read strobe timing can be modified in area units by setting bits RDN7 to RDNO in RDNCR to
1

Figure 6.21 shows an example of timing when the read strobe timing is changed in the basic bus 3-
State access space.

Bus cycle

B

S

RDNn =04

Data bus

RDNn =1 1

Data bus

ISkl iN

Note:n=0to 7

Figure 6.21 Example of Read Strobe Timing
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6.6.6  Extension of Chip Select (CS) Assertion Period

Some external /0O devices require a setup time and hold time between address and CS signals and
strobe signals such asRD, LHWR, and LLWR.

Settings can be made in CSACR to insert cyclesin which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle. Extension of the CS assertion period can
be set in area units. With the CS assertion extension period in write access, the data setup and hold
times are less stringent since the write data is output to the data bus.

Figure 6.22 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt inserted after
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO0) in
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO0).
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Figure 6.22 Example of Timing when Chip Select Assertion Period is Extended
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6.7 Byte Control SRAM Interface

The byte control SRAM interface is amemory interface for outputting a byte select strobe during
aread or awrite bus cycle. Thisinterface has 16-bit data input/output pins and can be connected to
the SRAM that has the upper byte select and the lower byte select strobes such as UB and LB.

The operation of the byte control SRAM interface is the same as the basic bus interface except
that: the byte select strobes (LUB and LLB) are output from the write strobe output pins (LHWR
and LLWR), respectively; the read strobe (RD) negation timing is a half cycle earlier than that in
the case where RDNn = 0 in the basic businterface regardless of the RDNCR settings; and the
RD/WR signal is used as write enable (WE).

6.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas 0 to 7. Each area can be specified as byte
control SRAM interface by setting bits BCSELN (n = 0to 7) in SRAMCR. For the area specified
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting isinvalid
and byte control SRAM interface cannot be used.

6.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control SRAM
space according to bits ABWHn and ABWLn (n=0to 7) in ABWCR. The area specified as 8-bit
access space cannot be specified as the byte control SRAM space.

For the 16-hit byte control SRAM space, data bus (D15 to DO) isvalid.

Access size and data alignment are the same as the basic businterface. For details, see section
6.5.6, Endian and Data Alignment.

6.7.3 1/0 PinsUsed for Byte Control SRAM Interface

Table 6.16 shows the pins used for the byte control SRAM interface.

In the byte control SRAM interface, write strobe signals (LHWR and LLWR) are output from the
byte select strobes. The RD/WR signal is used as awrite enable signal.
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Table6.16 1/0 Pinsfor Byte Control SRAM Interface

When Byte Control

Pin SRAM is Specified Name I/0 Function
AS/AH AS Address Output  Strobe signal indicating that the address
strobe output on the address bus is valid when
a basic bus interface space or byte
control SRAM space is accessed
CSn CSn Chip select Output Strobe signal indicating that area n is

selected

RD RD Read strobe Output Output enable for the SRAM when the
byte control SRAM space is accessed
RD/WR RD/WR Read/write  Output Write enable signal for the SRAM when
the byte control SRAM space is
accessed
LHWR/LUB LUB Lower-upper Output Upper byte select when the 16-bit byte
byte select control SRAM space is accessed
LLWR/LLB LLB Lower-lower Output Lower byte select when the 16-bit byte
byte select control SRAM space is accessed
WAIT WAIT Wait Input  Wait request signal used when an
external address space is accessed
A23t0 A0  A23to AO Address pin  Output Address output pin
D15to DO D15 to DO Data pin Input/  Data input/output pin

output

6.7.4 Basic Timing

2-State Access Space: Figure 6.23 shows the bus timing when the byte control SRAM spaceis

specified as a 2-state access space.

Data buses used for 16-bit access space is the same as those in basic bus interface. No wait cycles

can be inserted.
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Figure 6.23 16-Bit 2-State Access Space Bus Timing
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3-State Access Space: Figure 6.24 shows the bus timing when the byte control SRAM space is
specified as a 3-state access space.

Data buses used for 16-bit access space is the same as those in the basic bus interface. Wait cycles
can beinserted.

Bus cycle
T2 H T3

Bo

Address

&
(@]

'_
@

pot mi R

RD/WR

Read <
D15 to D8

D7 to DO
NS

( RD/WR

RD j High level j

I_
Valid : )_
)_

Write <

D15to D8

D7 to DO Valid
.

BS

Note:n=0to 7

Figure6.24 16-Bit 3-State Access Space Bus Timing
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6.7.5 Wait Control

The bus cycle can be extended for the byte control SRAM interface by inserting wait cycles (Tw)
in the same way as the basic bus interface.

Program Wait Insertion: From 0 to 7 wait cycles can be inserted automatically between T2 cycle
and T3 cycle for the 3-state access space in area units, according to the settingsin WTCRA and
WTCRB.

Pin Wait Insertion: For 3-state access space, when the WAITE bit in BCR1 isset to 1, the
corresponding DDR bit is cleared to 0, and the ICR bit is set to 1, wait input by means of the
WAIT pin isenabled. For detailson DDR and ICR, refer to section 8, 1/O ports.

Figure 6.25 shows an example of wait cycle insertion timing.
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Figure 6.25 Example of Wait Cycle Insertion Timing

Read Strobe (RD)

6.7.6

When the byte control SRAM space is specified, the RDNCR setting for the corresponding space

isinvalid.

1inthe basic businterface.

The read strobe negation timing is the same timing as when RDNn
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6.7.7  Extension of Chip Select (CS) Assertion Period

In the byte control SRAM interface, the extension cycles can be inserted before and after the bus
cyclein the same way as the basic businterface. For details, refer to section 6.6.6, Extension of
Chip Select (CS) Assertion Period.

6.8 Burst ROM Interface

Inthis LSI, external address space areas 0 and 1 can be designated as burst ROM space, and burst
ROM interfacing performed. The burst ROM interface enables ROM with page access capability
to be accessed at high speed.

Areas 1 and 0 can be designated as burst ROM space by means of bits BSRM1 and BSRMO in
BROMCR. Consecutive burst accesses of up to 32 words can be performed, according to the
setting of bits BSWDn1 and BSWDnNO (n =0, 1) in BROMCR. From one to eight cycles can be
selected for burst access.

Settings can be made independently for area 0 and area 1.

In the burst ROM interface, burst access covers only CPU read accesses.

6.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas 0 and 1. Areas 0 and 1 can be specified as burst
ROM space by setting bits BSRMn (n =0, 1) in BROMCR.

6.8.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or16-bit burst ROM interface
space according to the ABWHnN and ABWLn bits (n =0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to D0) isvalid. For the 16-bit bus width, data bus (D15 to
DO) isvalid.

Access size and data alignment are the same as the basic bus interface. For details, see section
6.5.6, Endian and Data Alignment.

6.8.3 /O PinsUsed for Burst ROM Interface

Table 6.17 shows the pins used for the burst ROM interface.
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Table6.17 1/0O PinsUsed for Burst ROM Interface

Name Symbol 110 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has
started.

Address strobe AS Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to DO)

is valid during write access

Chipselect0to7 CSOto CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

6.8.4 Basic Timing

The number of access cyclesin theinitia cycle (full access) on the burst ROM interfaceis
determined by the basic bus interface settingsin ABWCR, ASTCR, WTCRA, WTCRB, and hits
CSXHnin CSACR (n=0to 7). When area 0 or area 1 designated as burst ROM space is read by
the CPU, the settingsin RDNCR and bits CSXTn in CSACR (n = 0to 7) areignored.

From one to eight cycles can be selected for the burst cycle, according to the settings of bits
BSTS02 to BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait cycles cannot be inserted. In
addition, 4-word, 8-word, 16-word, or 32-word consecutive burst access can be performed
according to the settings of BSTS01, BSTS00, BSTS11, and BSTS10 bitsin BROMCR.

The basic access timing for burst ROM space is shown in figures 6.26 and 6.27.
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Full access , Burst access

! T1 ! T2 ! T3 ' T1 ' T2 ! T1 ' T2
o _| | | L[ | L[ 1]
Upper address bus | X : i E : | i :><:
Lower address bus :>< . i X . X i ><:
csn —I i |
s
RD |
BS

Data bus

Note:n=1,0

Figure6.26 Example of Burst ROM Access Timing (ASTn =1, Two Burst Cycles)
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Full access Burst access

T1 , T2 T1 i T1

Upper address bus

Lower address bus | >< E ><

X

RD/WR

Note:n=1,0

Figure6.27 Example of Burst ROM Access Timing (ASTn =0, One Burst Cycle)

6.8.5 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion by the WAIT
pin can be used in the initia cycle (full access) on the burst ROM interface. See section 6.6.4,
Wait Control. Wait cycles cannot be inserted in a burst cycle.

6.8.6  Read Strobe (RD) Timing

When the burst ROM space is read by the CPU, the RDNCR setting for the corresponding spaceis
invalid.

The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus interface.

Rev. 1.00, 09/03, page 181 of 618
RRENESAS




6.8.7  Extension of Chip Select (CS) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the basic bus
interface.

For the burst ROM space, the burst access can be enabled only in read access by the CPU. In this
case, the setting of the corresponding CSXTn bit in CSACR isignored and an extension cycle can
be inserted only before the full access cycle. Note that no extension cycle can be inserted before or
after the burst access cycles.

In read accesses by the CPU, the burst ROM space is equivalent to the basic bus interface space.
Accordingly, extension cycles can be inserted before and after the burst access cycles.

6.9 Address/Data Multiplexed 1/O Interface

If areas 3 to 7 of external address space are specified as address/data multiplexed 1/0O spacein this
LS, the address/data multiplexed 1/O interface can be performed. In the address/data multiplexed

I/O interface, peripheral LSIsthat require the multiplexed address/data can be connected directly
tothisLSI.

6.9.1 Address/Data Multiplexed I/O Space Setting

Address/data multiplexed 1/0 interface can be specified for areas 3 to 7. Each area can be
specified as the address/data multiplexed 1/O space by setting bits MPXEn (n=3t0 7) in
MPXCR.

6.9.2 Addresg/Data Multiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Table 6.18
shows the relationship between the bus width and address output.

Table6.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | pi7 | PI6 | PI5 | PI4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO

8 bits Address - - - - - - - - A7 | A6 | A5 | A | A3 | A2 | Al | AO

Data - - - - - - - - D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

16 bits Address | A15 | Al4 | A13 | A12 | A1l |A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 [ A1 | AO

Data D15 | D14 | D13 | D12 (D11 (D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
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6.9.3 Data Bus

The bus width of the address/data multiplexed 1/O space can be specified for either 8-bit access
space or 16-bit access space by the ABWHn and ABWLn bits(n=3to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit access space,
D15 to DO are valid for both address and data. If the address/data multiplexed 1/0 spaceis
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 6.5.6, Endian and Data Alignment.

6.9.4

1/0 PinsUsed for Address/Data Multiplexed /O Interface

Table 6.19 shows the pins used for the address/data multiplexed 1/0 Interface.

Table6.19 1/0O Pinsfor Address/Data Multiplexed 1/O Interface
When Byte
Control
SRAM is
Pin Specified Name 1/0 Function
CSn CSn Chip select Output Chip select (n = 3 to 7) when area n is specified
as the address/data multiplexed I/O space
AS/AH AH* Address hold Output Signal to hold an address when the address/data
multiplexed 1/O space is specified
RD RD Read strobe Output Signal indicating that the address/data

multiplexed I/O space is being read

LHWR/ULB LHWR

Low-high
write

Output

Strobe signal indicating that the 3rd byte (D15 to
D8) is valid when the address/data multiplexed
I/O space is written

LLWR/LLB LLWR

Low-low write Output

Strobe signal indicating that the lowest byte (D7
to DO) is valid when the address/data multiplexed
I/O space is written

D15to DO D15to DO

Address/data Input/
output

Address and data multiplexed pins for the
address/data multiplexed 1/O space.

Only D7 to DO are valid when the 8-bit space is
specified. D15 to DO are valid when the 16-bit
space is specified.

A23to AO A23to A0

Address Output

Address output pin
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When Byte

Control

SRAM is
Pin Specified Name 110 Function
WAIT WAIT Wait Input  Wait request signal used when the external

address space is accessed
BS BS Bus cycle  Output Signal to indicate the bus cycle start
start

RD/WR  RD/WR Read/write  Output Signal indicating the data bus input or output

direction

Note: * The AH output is multiplexed with the AS output. At the timing that an area is specified
as address/data multiplexed /O, this pin starts to function as the AH output meaning
that this pin cannot be used as the AS output. At this time, when other areas set to the
basic bus interface is accessed, this pin does not function as the AS output. Until an
area is specified as address/data multiplexed 1/O, be aware that this pin functions as
the AS output.
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6.9.5 Basic Timing

The bus cycle in the address/data multiplexed 1/O interface consists of an address cycle and adata
cycle. The datacycle is based on the basic bus interface timing specified by the ABWCR,
ASTCR, WTCRA, WTCRB, RDNCR, and CSACR.

Figures 6.28 and 6.29 show the basic access timings.

! Address cycle | Data Icycle E
C Tmal ! Tma2 T ! T2
o |
Address bus E X E 1 A .><:
Csn E : : |
AH : : '
RD : | 5 5
Read < I I : ! |
LLWR : 5 ' ' !
Write < 1 ' ! ' E
D7 to DO —E—<_'AddL>—< Write data >—
BS i
rRowR X ; ; 5 ><:
Note:n=3to 7

Figure 6.28 8-Bit Access Space Access Timing (ABWHnNn =1, ABWLn=1)
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Address cycle
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Address

D15 to DO

Write data

Address

D15 to DO

Read

Write

Note:n=3to 7

=1)

0, ABWLn

Figure 6.29 16-Bit Access Space Access Timing (ABWHnN
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6.9.6 Address Cycle Control

An extension cycle (Tmaw) can be inserted between Tmal and Tma2 cycles to extend the AH
signal output period by setting the ADDEX bit in MPXCR. By inserting the Tmaw cycle, the
address setup for AH and the AH minimum pulse width can be assured.

Figure 6.30 shows the access timing when the address cycle is three cycles.

! Address cycle ! Data cycle H
i Tmal ! Tmaw ! Tma2 T1 T2 !
Beo J I
Address bus ' X i 1 ! H I><:
Con : : : : l
AH E 5 : !
RD , H ] , i I
Read E E E E ! !
D15 to DO —v—< Address !
I : r r : , —
CAWR ! ! ; : : :
Write LLWR ! ! : ! ' |
D15 to DO :—< i Address | H ! Write data >—
= e e s
ROWR X ; ; . ><:
Note:n=3t0 7

Figure 6.30 Access Timing of 3 Address Cycles (ADDEX =1)
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6.9.7 Wait Control

In the data cycle of the address/data multiplexed /O interface, program wait insertion and pin wait
insertion by the WAIT pin are enabled in the same way asin the basic businterface. For details,
refer to section 6.6.4, Wait Control.

Wait control settings do not affect the address cycles.

6.9.8  Read Strobe (RD) Timing

In the address/data multiplexed 1/0 interface, the read strobe timing of data cycles can be modified
in the same way asin basic bus interface. For details, refer to section 6.6.5, Read Strobe (RD)
Timing.

Figure 6.31 shows an example when the read strobe timing is modified.
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6.9.9  Extension of Chip Select (CS) Assertion Period

In the address/data multiplexed interface, the extension cycles can be inserted before and after the
bus cycle. For details, see section 6.6.6, Extension of Chip Select (CS) Assertion Period.

Figure 6.32 shows an example of the chip select (CS) assertion period extension timing.

' Bus cycle !
H Address cycle ' ' Data cycle ' .
1 1 ! 1 1 !

i Tmal Tma2 Th T 2 Tt |

Address bus \ >< ! i : : E

Bo

AH E
— . . , : .
. .
RD ' ' ' | | '
Read < : A i ] : :
1 1 1 1
D15 to DO ; ! Address ! : : { Read o)

o ; : — [ ;
Write < LLWR E E : : | E | i :

D15 to DO _,_< ' Address :>_< ' ' Write data | :>_

RD/WR

Note:n=3to 7

Figure6.32 Chip Select (CS) Assertion Period Extension Timing in Data Cycle

When consecutively reading from the same area connected to a peripheral LSI whose data hold
timeislong, data outputs from the peripheral LS| and this LSl may conflict. Inserting the chip
select assertion period extension cycle after the access cycle can avoid the data conflict.
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Figure 6.33 shows an example of the operation. In the figure, both bus cycles A and B are read
access cycles to the address/data multiplexed 1/0 space. An example of the data conflict is shown
in (a), and an example of avoiding the data conflict by the CS assertion period extension cyclein

(b).

Bus cycle A

s LML

Bus cycle B

Address bus :)( X X
= i -
o — |
_ i i
SRS s S o e S s 0
Data hold time is long.
(a) Without CS assertion period extension cycle (CSXTn = 0)
; Bus cycle A ; Bus cycle B ;
o i | |
Address bus :)( X X
= -
i — |
o = I I

(b) With CS assertion period extension cycle (CSXTn = 1)

Figure 6.33 Consecutive Read Accessesto Same Area
(Address/Data Multiplexed 1/0 Space)
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6.10 IdleCycle

InthisLSl, idle cycles can be inserted between the consecutive external accesses. By inserting the
idle cycle, data conflicts between ROM read cycle whose output floating timeislong and an
access cycle from/to high-speed memory or 1/0 interface can be prevented.

6.10.1 Operation

When this LS| consecutively accesses external address space, it can insert an idle cycle between
bus cyclesin the following three cases. These conditions are determined by the sequence of read
and write and previously accessed area.

1. When read cycles of different areas in the external address space occur consecutively
2. When an external write cycle occursimmediately after an external read cycle
3. When an external read cycle occursimmediately after an external write cycle

Up to four idle cycles can be inserted under the conditions shown above. The number of idle
cyclesto be inserted should be specified to prevent data conflicts between the output datafrom a
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the number of
idle cycles can be selected from setting A specified by bits IDLCA1 and IDLCAOQO in IDLCR or
setting B specified by bits IDLCB1 and IDLCBO in IDLCR: Setting A can be selected from one to
four cycles, and setting B can be selected from one or two to four cycles. Setting A or B can be
specified for each areaby setting bits IDLSEL7 to IDLSELO in IDLCR. Note that bits IDLSEL7
to IDLSELO correspond to the previously accessed area of the consecutive accesses.

The number of idle cyclesto be inserted under condition 3, which isaconditionto insert idle
cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR isinitialized to four idle cycle insertion under al conditions 1 to 3
shown above.

Table 6.20 shows the correspondence between conditions 1 to 3 and number of idle cyclesto be
inserted for each area. Table 6.21 shows the correspondence between the number of idle cyclesto
be inserted specified by settings A and B, and number of cyclesto be inserted.
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Table6.20 Number of Idle Cycle Insertion Selection in Each Area

Bit Settings
IDLSn Area for Previous Access
Insertion Condition n Setting IDLSELn 0 1 2 3 4 5 6 7
Consecutive reads in differentareas 1 0 O Invalid
1 0 A A A A A A A

1 B B B B B B B B
Write after read 0O O O Invalid

0 A A A A A

1 B B B B B B B B
Read after write 2 0 O Invalid

A
[Legend]
A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.
Invalid: No idle cycle is inserted for the corresponding condition.
Table6.21 Number of Idle CycleInsertions
Bit Settings
A B

IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cycles
0 0 0 0 0
0 0 0 a 1
0 1 0 1 2
1 0 1 0 3
1 1 1 1 4
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Consecutive Readsin Different Areas. If consecutive reads in different areas occur while bit
IDLSLin IDLCRissetto 1, idle cycles specified by bits IDLCAL and IDLCAO when bit IDSELN
inIDLCR iscleared to 0, or bits IDLCB1 and IDLCBO when bit IDLSELnN is set to 1 areinserted
at the start of the second read cycle (h=0to0 7).

Figure 6.34 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isaread cycle for SRAM, each
being located in adifferent area. In (a), an idle cycleis not inserted, and a conflict occursin bus
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycleisinserted,
and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT T2 T3 T1 T2 LT T2 T3 Tit T1 T2

B
Address bus :;X :X ;X: 3 :x i :X:
CS (area A) —i—,l—i i II E E
CS (area B) E i |I : ; i II

m I .

Data conflict

| , ]
-~
Data hold time is lofig

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =0, IDLSELNn = 0, IDLCAL1 = 0, IDLCAO = 0)

Figure6.34 Example of |dle Cycle Operation (Consecutive Readsin Different Areas)
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Write after Read: If an external write occurs after an external read while bit IDLS0 in IDLCRis
set to 1, idle cycles specified by bits IDLCA1 and IDLCAOQ when bit IDSELn in IDLCRis cleared
to O when IDLSELN = 0,or bits IDLCB1 and IDLCBO when IDLSELnisset to 1 are inserted at
the start of the writecycle(n=0t0 7).

Figure 6.35 shows an example of the operation in this case. In this example, bus cycle A isaread
cycle for ROM with along output floating time, and bus cycle B isa CPU write cycle. In (a), an
idle cycleis not inserted, and a conflict occursin bus cycle B between the read datafrom ROM
and the CPU write data. In (b), an idle cycleisinserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LTl T2 T3 T1 T2 Tl T2

T3 E Ti E T1 T2
Address bus .)( :x EX: .)( :X

CS (area A) | | :

CS (area B) : I | ! :

Data bus

(a) No idle cycle inserted
(IDLSO = 0)

(b) Idle cycle inserted
(IDLSO =1, IDLSELNn =0, IDLCA1 =0, IDLCA1 =0)

Figure6.35 Example of Idle Cycle Operation (Write after Read)
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Read after Write: If an external read occurs after an external write while bit IDLS2in IDLCRis
setto 1, idle cycles specified by bits IDLCA1 and IDLCAO are inserted at the start of the read
cycle(n=0to 7).

Figure 6.36 shows an example of the operation in this case. In this example, bus cycle A isa CPU
write cycle and bus cycle B isaread cycle from the SRAM. In (a), an idle cycle is not inserted,
and a conflict occursin bus cycle B between the CPU write data and read data from an SRAM
device. In (b), anidle cycleisinserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT1 T2 T3 T1 T2 T T2 T3 4 Ti o+ TL T2

Bo

Address bus :EX ;X ?X: :EX ;x ? ;X:
CS (area A) —l—,—i | I E E
CS (area B) é I: |I é é I: II

It
T

'_
=
sl

Data bus

-~

I ' Data conflict
! Output floating time js large: T
'

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS2 = 0) (IDLS2 =1, IDLCA1 =0, IDLCAO = 0)

Figure 6.36 Example of Idle Cycle Operation (Read after Write)
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External NOP Cyclesand Idle Cycles: In consecutive external bus accesses, external NOP
cyclesthat perform no external address space access may be inserted for internal processing. The
number of external NOP cycles can be included in that of idle cyclesto be inserted. Accordingly,
the total number of idle cycles which includes Ti and external NOP cycles should be decided so
that it satisfies the specified number of idle cycles.

Figure 6.37 shows an example of external NOP and idle cycle insertion.

No external access Address cycle
(NOP) ,  (remaining) Following bus cycle |

1
Address bus :X X

1

1

CS (area A) _|

CS (area B)

=]

——
-

Data bus

. Specified number of idle cycles or more
including no external access cycles (NOP)

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure 6.37 Idle CycleInsertion Example
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Relationship between Chip Select (CS) Signal and Read (RD) Signal: Depending on the
system’ sload conditions, the RD signal may lag behind the CS signal. An example is shown in
figure 6.38. In this case, with the setting for no idle cycle insertion (a), there may be a period of
overlap between the RD signal in bus cycle A and the CS signal in bus cycle B. Setting idle cycle
insertion, asin (b), however, will prevent any overlap between the RD and CS signals. In the
initial state after reset release, idle cycle indicated in (b) is set.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT T2 T3 TL T2 L T1 T2 T30 T T1 T2,

Address bus :EX X EX: :EX Ex ? Ex:
CS (area A) —l—'—i | I E E
CS (area B) | | |

Overlap time may occur between the
CS (area B) and RD

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 = 0) (IDLS1 =1, IDLSELn =0, IDLCA1 = 0, IDLCAO = 0)

Figure 6.38 Relationship between Chip Select (CS) and Read (RD)
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Table6.22 Idle Cyclesin Mixed Accessesto Normal Space

IDLS IDLSEL IDLCA IDLCB
0 1 0 IdleCycle
O O Disabled

Previous Next
Access Access 2 1 0 7t00

Normal space Normal o o o 0O

read space read o 1 o o0 O 0O 1cycleinserted

2 cycles inserted

3 cycles inserted

4 cycles inserted

o|lr|r|lolo|lolr
Oolr|lo|lr|lo|o

0 cycle inserted

2 cycle inserted

3 cycles inserted

4 cycles inserted

Normal space Normal o o o d Disabled

Oo|lg|rr| Pk, o] O
O|lg|rr| ok, o

read spacewrite 4 1 cycle inserted

2 cycles inserted

3 cycles inserted

4 cycles inserted

Ol k| O| O O
Ol Ok, O O™

0 cycle inserted

2 cycle inserted

3 cycles inserted

4 cycles inserted

Normal space Normal 0 o 0O O Disabled

write space read

OoO|lg|lr|kFk,|oOo| o
OoO|lg|lr| o k| o

1 cycle inserted

2 cycles inserted

3 cycles inserted

Rrlr|lolo| o
rlolr|lo|lO

4 cycles inserted
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6.10.2 Pin Statesin Idle Cycle
Table 6.23 shows the pin statesin an idle cycle.

Table6.23 Pin Statesin Idle Cycle

Pins Pin State

A23to AO Contents of following bus cycle
D15 to DO High impedance

CSn (n=7to00) High

AS High

RD High

BS High

RD/WR High

AH low

CHWR, LLWR High

6.11 BusRedease

This LS can release the external busin response to a bus request from an external device. In the
external bus released state, internal bus masters continue to operate as long as there is no external
access.

In addition, in the external bus released state, the BREQO signal can be driven low to output a bus
request externally.

6.11.1 Operation

In external extended mode, when the BRLE bit in BCR1 is set to 1, and the DDR and ICR bits for
the corresponding pin are set to 0 and 1, respectively, the bus can be released to the external.
Driving the BREQ pin low issues an external bus request to thisLSI. When the BREQ pinis
sampled, at the prescribed timing, the BACK pin is driven low, and the address bus, data bus, and
bus control signals are placed in the high-impedance state, establishing the external bus released
state. For detailson DDR and ICR, see section 8, 1/O Ports.

In the external bus released state, the CPU and DTC can access the internal space using the
internal bus. When either the CPU or DTC attempts to access the external address space, it
temporarily defersinitiation of the bus cycle, and waits for the bus request from the external bus
master to be canceled.
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If the BREQOE bit in BCR1is set to 1, the BREQO pin can be driven low when any of the
following requests are issued, to request cancellation of the bus request externally.

*  When either the CPU or DTC attempts to access the external address space

*  When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clock-stop mode

If an external bus release request and external access occur simultaneously, the priority is as
follows:

(High) External bus release > External access by CPU or DTC (Low)

6.11.2 Pin Statesin External Bus Released State
Table 6.24 shows pin states in the external bus released state.

Table6.24 Pin Statesin Bus Released State

Pins Pin State

A23to AO High impedance
D15 to DO High impedance
BS High impedance
CSn (n=7t00) High impedance
AS High impedance
AH High impedance
RD/WR High impedance
RD High impedance
LUB, LLB High impedance
LHWR, LLWR High impedance
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6.11.3 Transition Timing

Figure 6.39 shows the timing for transition to the bus released state.

External space
access cycle External bus released state | CPU cycle

» JTUUU U UL

csn —] |_\ ..... L HZ T

AS T S T O OSSO e
) 1 I R T T . WO

CFWH, CCWR s —\_ . liowz 4o
siED \ | R [T
BACK i — ] | Y
BREQO | ] R
[1] 21  [3] [41 [7] [5] [6] [8]

[1] A low level of the BREQ signal is sampled at the rising edge of the Bg signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles or
more after the low level of the BREQ signal is sampled.

[3] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[6] The BREQ signal is driven high, ending external bus release cycle.

[7] When the external space is accessed by an internal bus master during external bus released while the BREQOE
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure6.39 BusReleased State Transition Timing
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6.12 Internal Bus

6.12.1  AccesstoInternal Address Space

The internal address spaces of this LSl are the on-chip RAM space and register space for the on-
chip peripheral modules. The number of cycles necessary for access differs according the space.

Table 6.25 shows the number of access cycles for each on-chip memory space.

Table6.25 Number of Access Cyclesfor On-Chip Memory Spaces

Access Space Access Number of Access Cycles
On-chip RAM space Read One lgcycle
Write One lgcycle

In access to the registers for on-chip peripheral modules, the number of access cycles differs
according to the register to be accessed. When the dividing ratio of the operating clock of a bus
master and that of a peripheral moduleis 1 : n, synchronization cycles using a clock divided by 0
to n-1 are inserted for register access in the same way as for external bus clock division.

Table6.26 Number of Access Cyclesfor Registersof On-Chip Peripheral Modules

Number of Cycles
Module to be Accessed Read Write Write Data Buffer Function

MCU operating mode, clock pulse 2l 3l Disabled
generator, power-down control registers,
interrupt controller, bus controller, and DTC

registers
1/0 port PFCR registers and WDT registers  2P@ 3Po Disabled
1/0 port registers other than PFCR, TPU, 2P@ Enabled

PPG, TMR, SCI, A/D, and D/A registers
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6.13 Write Data Buffer Function

6.13.1 Write Data Buffer Function for External Data Bus

This LSl has awrite data buffer function for the external data bus. Using the write data buffer
function enables external writes and internal accessesin parallel. The write data buffer function is
made available by setting the WDBE hit to 1 in BCRL.

Figure 6.40 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write continues for two cycles or longer, and thereis
an internal access next, an external write only is executed in the first two cycles. However, from
the next cycle onward, interna accesses (on-chip memory or internal 1/0O register read/write) and
the external address space write rather than waiting until it ends are executed in parallel.

+=+—On-chip memory read—}<—Peripheral module read —,
1 1 1 1 1

External write cycle !

S s I s I s s O s O W

Internal address bus X no1grﬁro”r’; 1 X n%nrﬁ%r}iypz X Peripheral module address X i

Bo

:
T
A23to AD X : External address

External
space
write

CSn

:
X
S — " : ,
LHWR, LLWR ' : | :
T 1

D15 to DO _._( | i 9_
L " ' !

Figure 6.40 Example of Timing when Write Data Buffer Function is Used
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6.13.2 Write Data Buffer Function for Peripheral Modules

This LS| has awrite data buffer function for the peripheral module access. Using the write data
buffer function enables peripheral module writes and on-chip memory or external accessto be
executed in parallel. The write data buffer function is made available by setting the PWDBE bit in
BCR2to 1.

Figure 6.41 shows an example of the timing when the write data buffer function is used. When this
function is used, if an internal 1/0 register write continues for two cycles or longer and then there
isan on-chip RAM, an on-chip ROM, or an external access, internal 1/0 register write only is
performed in the first two cycles. However, from the next cycle onward an internal memory or an
external access and internal 1/O register write are executed in paralel rather than waiting until it
ends.

On-chip
memory_»:
, i read H

<—Peripheral module write—-;

Internal address bus Ex X X X:

o [T

\
Internal I/O address bus :x Peripheral module address

Internal 1/O data bus :—<:>_

Figure6.41 Example of Timing when Peripheral Module
Write Data Buffer Function is Used
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6.14 BusArbitration

This LSI has bus arbiters that arbitrate bus mastership operations (bus arbitration). This LS|
incorporates internal access and external access bus arbiters that can be used and controlled
independently. The internal bus arbiter handles the CPU and DTC accesses. The external bus
arbiter handles the external access by the CPU and DTC and external bus release request (external
bus master).

The bus arbiters determine priorities at the prescribed timing, and permit use of the bus by means

of the bus request acknowledge signal.

6.14.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the busis requested, sends a
bus request acknowledge signal to the bus master. If there are bus requests from more than one
bus master, the bus request acknowledge signal is sent to the one with the highest priority. When a
bus master receives the bus request acknowledge signal, it takes possession of the bus until that
signal is canceled.

The priority of the internal bus arbitration:
(High) DTC > CPU (Low)
The priority of the external bus arbitration:
(High) External bus release request > External access by the CPU and DTC (Low)

If the DTC accesses continue, the CPU can be given priority over the DTC to execute the bus
cycles alternatively between them by setting the IBCCS bit in BCR2. If the external bus release
reguests continue, an external bus access by the CPU and DTC can be given priority over the
external bus accesses to execute the bus cycles aternatively between them by setting the EBCCS
bitin BCR2.

An internal bus access by internal bus masters and external bus rel ease can be executed in parallel.
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6.14.2 BusTransfer Timing

Even if abus request is received from a bus master with a higher priority over that of the bus
master that has taken control of the bus and is currently operating, the busis not necessarily
transferred immediately. There are specific timings at which each bus master can release the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC,
the bus arbiter transfers the bus to the bus master that issued the request.

The timing for transfer of the busis at the end of the bus cycle. In sleep mode, the busis
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

» Theword or longword accessis performed in some divisions.
e Stack handling is performed in multiple bus cycles.

e Transfer dataread or write by memory transfer instructions, block transfer instructions, or TAS
instruction.

(Inthe block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

« From the target read to write in the bit manipulation instructions or memory operation
instructions.

(In an instruction that performs no write operation according to the instruction condition, up to
acycle corresponding the write cycle)

DTC: The DTC sendsthe internal bus arbiter arequest for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of the bus
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles. If abus
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus to the
higher priority bus master. If the IBCSS hit in BCR2 is set to 1, the DTC transfers the busto the
CPU.

Note, however, that the bus cannot be transferred in the following cases.

e During transfer information read
* During thefirst data transfer
e During transfer information write back

The DTC releases the bus when the consecutive transfer cycles completed.
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External Bus Release: When the BREQ pin goes low and an external bus release request is
issued while the BRLE bit in BCR1is set to 1, abus request is sent to the bus arbiter.

External bus release can be performed on completion of an external bus cycle.

6.15 BusController Operation in Reset

In areset, this LSI, including the bus controller, enters the reset state immediately, and any
executing bus cycleis aborted.

6.16 Usage Notes

Setting Registers: The BSC registers must be specified before accessing the external address
space.

External Bus Release Function and All-Module-Clock-Stop Mode: InthisLSl, if the ACSE bit
in MSTPCR is set to 1, and then a SLEEP instruction is executed with the setting for al peripheral
module clocks to be stopped (M STPCR = H'FFFFFFFF) or for operation of the 8-bit timer module
aone (MSTPCR = H'F[E to O]FFFFFF), and a transition is made to the sleep state, the al-module-
clock-stop mode is entered in which the clock is also stopped for the bus controller and 1/O ports.
For details, see section 18, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release function in
sleep mode, the ACSE bit in MSTPCR must be cleared to 0. Conversely, if a SLEEP instruction to
place the chip in all-module-clock-stop mode is executed in the external bus released state, the
transition to al-module-clock-stop mode is deferred and performed until after the busis
recovered.

External Bus Release Function and Softwar e Standby: InthisLSI, internal bus master
operation does not stop even while the bus is released, aslong as the program is running in on-
chip ROM, etc., and no external access occurs. If a SLEEP instruction to place the chipin
software standby mode is executed while the external busis released, the transition to software
standby mode is deferred and performed after the bus is recovered.

Also, since clock oscillation halts in software standby mode, if the BREQ signal goeslow in this
mode, indicating an external bus rel ease request, the request cannot be answered until the chip has
recovered from the software standby state.

BREQO Output Timing: When the BREQOE bit is set to 1 and the BREQO signal is output,
both the BREQO and BACK signals may go low simultaneously.

Thiswill occur if the next external access request occurs while internal bus arbitration isin
progress after the chip samples alow level of the BREQ signal.
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Section 7 Data Transfer Controller (DTC)

This LSl includes adata transfer controller (DTC). The DTC can be activated to transfer data by
an interrupt request.

7.1 Features

e Transfer possible over any number of channels:

Multiple data transfer enabled for one activation source (chain transfer)

Chain transfer specifiable after data transfer (when the counter is 0)
» Threetransfer modes

Normal/repeat/block transfer modes selectable

Transfer source and destination addresses can be selected from increment/decrement/fixed
» Short address mode or full address mode selectable

0 Short address mode

Transfer information islocated on a 3-longword boundary

The transfer source and destination addresses can be specified by 24 bitsto select a 16-
Mbyte address space directly

O Full address mode
Transfer information is located on a4-longword boundary

The transfer source and destination addresses can be specified by 32 bitsto select a4-
Gbyte address space directly

» Size of datafor data transfer can be specified as byte, word, or longword
Thebuscycleisdivided if an odd addressis specified for aword or longword transfer.
The bus cycleis divided if address 4n + 2 is specified for alongword transfer.

« A CPU interrupt can be requested for the interrupt that activated the DTC
A CPU interrupt can be requested after one data transfer completion
A CPU interrupt can be requested after the specified data transfer completion

» Read skip of the transfer information specifiable

»  Writeback skip executed for the fixed transfer source and destination addresses

» Module stop mode specifiable

Figure 7.1 shows a block diagram of the DTC. The DTC transfer information can be allocated to
the data area* . When the transfer information is allocated to the on-chip RAM, a 32-bit bus
connects the DTC to the on-chip RAM, enabling 32-bit/1-state reading and writing of the DTC
transfer information.

Note: When the transfer information is stored in the on-chip RAM, the RAME hit in SYSCR
must be set to 1.
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E Interrupt controller | ‘ A E DTC A
: to : RAM : »| _MRA
: DTCERH . 2 : Register || MRB
H DTCCR E ” I~ H control
= I ARE - e =
H ' peripheral O = 3 ' ]
' H module i =2 H 2
: : 2l 1 DAR K s
: : S 5
: : el gl crRA K |E
' DTC activation request & | Activation o
E vector number v 8/ : »| control crRB K >
' CPU interrupt request E E
E Interrupt source clear ™ v Interrupt
Lo request ' E control
H Y

E | Q Bus interface

xternal <@ '

memory § '

3 R I S
IS
; Q
External device 5 LJ

(memory mapped

Bus controller  |«REQ

ACK

[Legend]

MRA, MRB: DTC mode registers A, B

SAR: DTC source address register
DAR: DTC destination address register
CRA, CRB: DTC transfer count registers A, B
DTCERA to DTCERH: DTC enable registers A to H
DTCCR: DTC control register

DTCVBR: DTC vector base register

Figure7.1 Block Diagram of DTC
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7.2 Register Descriptions
DTC hasthe following registers.

* DTC mode register A (MRA)

* DTC moderegister B (MRB)

» DTC source addressregister (SAR)

» DTC destination address register (DAR)
» DTC transfer count register A (CRA)

» DTC transfer count register B (CRB)

These six registers MRA, MRB, SAR, DAR, CRA, and CRB cannot be directly accessed by the
CPU. The contents of these registers are stored in the data area as transfer information. When a
DTC activation request occurs, the DTC reads a start address of transfer information that is stored
in the data area according to the vector address, reads the transfer information, and transfers data.
After the datatransfer, it writes a set of updated transfer information back to the data area.

 DTCenableregisters A to H (DTCERA to DTCERH)
e DTC control register (DTCCR)
* DTC vector base register (DTCVBR)
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721 DTC Mode Register A (MRA)

MRA selects DTC operating mode. MRA cannot be accessed directly by the CPU.

Bit 7 6 5 4 3 2 1 0

BitNamel MD1 | MDO | sz71 | S20 | SMm1 | SMO |

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

RIW
Initial
Bit Bit Name Value R/W Description
7 MD1 Undefined 0O DTC Mode 1 and 0O
6 MDO Undefined O Specify DTC transfer mode.
00: Normal mode
01: Repeat mode
10: Block transfer mode
11: Setting prohibited
5 Sz1 Undefined 0O DTC Data Transfer Size 1 and 0
Sz0 Undefined O Specify the size of data to be transferred.
00: Byte-size transfer
01: Word-size transfer
10: Longword-size transfer
11: Setting prohibited
SM1 Undefined 0O Source Address Mode 1 and 0
SMO Undefined O Specify an SAR operation after a data transfer.

Ox: SAR is fixed
(SAR writeback is skipped)

10: SAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0 O Undefined O Reserved
The write value should always be 0.

[Legend]
X: Don'’t care
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722 DTC Mode Register B (MRB)
MRB selects DTC operating mode. MRB cannot be accessed directly by the CPU.

Bit 7 6 5 4 3 2 1 0

Bit Name | CHNE | CHNS | DISEL | DTS | DM1 | DMO |

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined

R/W - - - - -
Initial

Bit Bit Name Value R/W Description

7 CHNE Undefined 0O DTC Chain Transfer Enable

Specifies the chain transfer. For details, see 7.5.7, Chain
Transfer. The chain transfer condition is selected by the
CHNS bit.

0: Disables the chain transfer
1: Enables the chain transfer
6 CHNS Undefined 0O DTC Chain Transfer Select

Specifies the chain transfer condition. If the following
transfer is a chain transfer, the completion check of the
specified transfer count is not performed and activation
source flag or DTCER is not cleared.

0: Chain transfer every time
1: Chain transfer only when transfer counter = 0
5 DISEL Undefined O DTC Interrupt Select

When this bit is set to 1, a CPU interrupt request is
generated every time after a data transfer ends. When
this bit is set to 0, a CPU interrupt request is only
generated when the specified number of data transfer
ends.

4 DTS Undefined 0O DTC Transfer Mode Select

Specifies either the source or destination as repeat or
block area during repeat or block transfer mode.

0: Specifies the destination as repeat or block area
1: Specifies the source as repeat or block area
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Initial

Bit Bit Name Value R/W Description
3 DM1 Undefined 0O Destination Address Mode 1 and 0
2 DMO Undefined O Specify a DAR operation after a data transfer.

0X: DAR is fixed
(DAR writeback is skipped)

10: DAR is incremented after a transfer
(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

11: SAR is decremented after a transfer

(by 1 when Sz1 and Sz0 = B'00; by 2 when Sz1 and
Sz0 = B'01; by 4 when Sz1 and Sz0 = B'10)

1,0 O Undefined 0O Reserved
The write value should always be 0.

[Legend]
X: Don'’t care

7.2.3 DTC Source Address Register (SAR)
SAR isa 32-hit register that designates the source address of datato be transferred by the DTC.

In full address mode, 32 bits of SAR are valid. In short address mode, the lower 24 bitsof SAR is
valid and bits 31 to 24 are ignored. At thistime, the upper eight bits are filled with the value of
bit 23.

If aword or longword access is performed while an odd addressis specified in SAR or if a
longword accessis performed while address 4n + 2 is specified in SAR, the bus cycle is divided
into multiple cyclesto transfer data. For details, see section 7.5.1, Bus Cycle Division.

SAR cannot be accessed directly from the CPU.

7.24 DTC Destination Address Register (DAR)

DAR isa32-hit register that designates the destination address of datato be transferred by the
DTC.

In full address mode, 32 bits of DAR are valid. In short address mode, the lower 24 bits of DARis
valid and bits 31 to 24 are ignored. At thistime, the upper eight bits are filled with the value of
bit 23.
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If aword or longword access is performed while an odd addressis specified in DAR or if a
longword access is performed while address 4n + 2 is specified in DAR, the bus cycleis divided
into multiple cyclesto transfer data. For details, see section 7.5.1, Bus Cycle Division.

DAR cannot be accessed directly from the CPU.

7.25 DTC Transfer Count Register A (CRA)
CRA isa 16-hit register that designates the number of times datais to be transferred by the DTC.

In normal transfer mode, CRA functions as a 16-bit transfer counter (1 to 65,536). It is
decremented by 1 every time datais transferred, and bit DTCEn (n = 15 to 0) corresponding to the
activation source is cleared and then an interrupt is requested to the CPU when the count reaches
H'0000. The transfer count is 1 when CRA = H'0001, 65,535 when CRA = H'FFFF, and 65,536
when CRA = H'0000.

In repeat transfer mode, CRA is divided into two parts: the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the number of transfers while CRAL functions as an 8-hit
transfer counter (1 to 256). CRAL isdecremented by 1 every time datais transferred, and the
contents of CRAH are sent to CRAL when the count reaches H'00. The transfer count is 1 when
CRAH = CRAL = H'01, 255 when CRAH = CRAL = H'FF, and 256 when CRAH = CRAL =
H'00.

In block transfer mode, CRA is divided into two parts. the upper eight bits (CRAH) and the lower
eight bits (CRAL). CRAH holds the block size while CRAL functions as an 8-bit block-size
counter (1 to 256 for byte, word, or longword). CRAL is decremented by 1 every time abyte
(word or longword) datais transferred, and the contents of CRAH are sent to CRAL when the
count reaches H'00. The block sizeis 1 byte (word or longword) when CRAH = CRAL =H'01,
255 bytes (words or longwords) when CRAH = CRAL = H'FF, and 256 bytes (words or
longwords) when CRAH = CRAL =H'00.

CRA cannot be accessed directly from the CPU.

7.2.6 DTC Transfer Count Register B (CRB)

CRB isa16-bit register that designates the number of times dataisto be transferred by the DTC in
block transfer mode. It functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1
every time datais transferred, and bit DTCEn (n = 15 to 0) corresponding to the activation source
is cleared and then an interrupt is requested to the CPU when the count reaches H'0000. The
transfer count is 1 when CRB = H'0001, 65,535 when CRB = H'FFFF, and 65,536 when CRB =
H'0000.

CRB isnot available in normal and repeat modes and cannot be accessed directly by the CPU.
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7.2.7 DTC Enable RegistersA toH (DTCERA to DTCERH)

DTCER which is comprised of eight registers, DTCERA to DTCERH, isaregister that specifies
DTC activation interrupt sources. The correspondence between interrupt sources and DTCE bitsis
shown in table 7.1. Use bit manipulation instructions such as BSET and BCLR to read or write a
DTCE hit. If al interrupts are masked, multiple activation sources can be set at one time (only at
theinitial setting) by writing data after executing a dummy read on the relevant register.

Bit 15 14 13 12 11 10 9 8
Bit Name | DTCE1L5 | DTCE14 | DTCE13 | DTCE12 | DTCE11 | DTCE10 | DTCE9 | DTCES
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
BitName | DTCE? DTCES6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Initial

Bit Bit Name Value R/W Description

15 DTCE15 O R/W DTC Activation Enable 15 to 0

14 DTCE14 O R/W Setting this bit to 1 specifies a relevant interrupt source to
a DTC activation source.

13 DTCE13 O R/W . -
[Clearing conditions]

12 DTCE12 0 RIW * When writing O to the bit to be cleared after reading 1

11 DTCE11 O R/W e When the DISEL bitis 1 and the data transfer has

10 DTCE10 O RIW ended 3

9 DTCE9 0 RIW . Whe_n the specified number of transfers hf'a\{e ended
These bits are not cleared when the DISEL bit is 0 and

8 DTCE8 0 R/W  the specified number of transfers have not ended

7 DTCE7 0 R/W

6 DTCE6 0 R/W

5 DTCES 0 R/W

4 DTCE4 0 R/W

3 DTCE3 0 R/W

2 DTCE2 0 R/W

1 DTCE1 0 R/W

0 DTCEO 0 R/W
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7.2.8 DTC Control Register (DTCCR)

DTCCR specifies transfer information read skip.

Bit 7 6 5

Bit Name |

| RRS | RCHNE - . ERR

Initial Value 0 0 0

R/W R/W R/W R/W

Note: * Only 0 can be written to clear the flag.

Initial
Bit Bit Name Value R/W

RIW RIW R R R/(W)*

Description

7t05 O All 0 R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

4 RRS 0 R/W

DTC Transfer Information Read Skip Enable

Controls the vector address read and transfer information
read. A DTC vector number is always compared with the
vector number for the previous activation. If the vector
numbers match and this bit is set to 1, the DTC data
transfer is started without reading a vector address and
transfer information. If the previous DTC activation is a
chain transfer, the vector address read and transfer
information read are always performed.

0: Transfer read skip is not performed.

1: Transfer read skip is performed when the vector
numbers match.

3 RCHNE 0 R/W

Chain Transfer Enable After DTC Repeat Transfer

Enables/disables the chain transfer while transfer counter
(CRAL) is 0 in repeat transfer mode.

In repeat transfer mode, the CRAH value is written to
CRAL when CRAL is 0. Accordingly, chain transfer may
not occur when CRAL is 0. If this bit is set to 1, the chain
transfer is enabled when CRAH is written to CRAL.

0: Disables the chain transfer after repeat transfer
1: Enables the chain transfer after repeat transfer

2,1 g All 0 R

Reserved
These are read-only bits and cannot be modified.
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Bit

Initial
Bit Name Value

R/W

Description

0

ERR 0

RI(W)*

Transfer Stop Flag

Indicates that an address error or an NMI interrupt
occurs. If an address error or an NMI interrupt occurs, the

DTC stops.

0: No interrupt occurs

1: An interrupt occurs

[Clearing condition]

e When writing O after reading 1

Note: * Only O can be written to clear this flag.

7.29 DTC Vector Base Register (DTCVBR)

DTCVBR isa32-bit register that specifies the base address for vector table address calculation.
Bits 31 to 28 and bits 11 to 0 are fixed 0 and cannot be written to. The initial value of DTCVBR is
H'00000000.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

evae | [ ] ] F T [ F [ | F [ [ | [ ] |

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R R R R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

givame | | [ ] [ 7 [ 1 {1 T [ | | 1 | | ]

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W R/W R/IW R/W R R R R R R R R R R R R
7.3 Activation Sources

The DTCisactivated by an interrupt request. The interrupt sourceis selected by DTCER. A DTC
activation source can be selected by setting the corresponding bit in DTCER; the CPU interrupt
source can be selected by clearing the corresponding bit in DTCER. At the end of a data transfer
(or the last consecutive transfer in the case of chain transfer), the activation source interrupt flag or
corresponding DTCER bit is cleared.
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74

Location of Transfer Information and DTC Vector Table

L ocate the transfer information in the data area. The start address of transfer information
information should be located at the address that is a multiple of four (4n). Otherwise, the lower
two bits are ignored during access ([1:0] = B'00.) Transfer information can be located in either
short address mode (three longwords) or full address mode (four longwords). The DTCMD bit in
SY SCR specifies either short address mode (DTCMD = 1) or full address mode (DTCMD = 0).
For details, see section 3.2.2, System Control Register (SY SCR). Transfer information located in
the dataareais shown in figure 7.2

The DTC reads the start address of transfer information from the vector table according to the
activation source, and then reads the transfer information from the start address. Figure 7.3 shows
correspondences between the DTC vector address and transfer information.

Transfer information
in short address mode

Start

address| 0

/\/

Lower addresses
f—J%

1123

MRA

SAR

Chain | MRB

DAR

transfer CRA

| CRB

MRA

SAR

MRB

DAR

CRA

| CRB

4 bytes

Transfer information
for one transfer
(3 longwords)

Transfer information
for the 2nd transfer
in chain transfer

(3 longwords)

Start
address

Transfer information
in full address mode

/\/

Lower addresses
f—%

0| 1]2]3

MRA | MRB Reserved

(0 write)
SAR

Chain

DAR

transfer

CRA CRB

L

Reserved
(0 write)

MRA|MRB

SAR

DAR

CRA | CRB

Transfer

| information
for one transfer
(4 longwords)

Transfer

information
for the 2nd
L
transfer
in chain transfer

4 bytes

/\/

(4 longwords)

Figure7.2 Transfer Information on Data Area
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Upper: DTCVBR

Lower: H'400 + vect;number x4 Vector table /\/
DTC vector T ~— | Transfer information (1)
address
Transfer information (1) /\/
start address
+4 /\/
Transfer information (2)
start address | Transfer information (2)
+4n .
Transfer information (n) :
start address :
4 bytes
Zl'ransfer information (n)

Figure7.3 Correspondence between DTC Vector Addressand Transfer Information
Table 7.1 shows correspondence between the DTC activation source and vector address.

Table7.1 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCEs

Origin of Activation Vector DTC Vector
Activation Source Source Number Address Offset DTCE* Priority
External pin IRQO 64 H'500 DTCEA15 High
IRQ1 65 H'504 DTCEA14 4
IRQ2 66 H'508 DTCEA13
IRQ3 67 H'50C DTCEA12
IRQ4 68 H'510 DTCEA11
IRQ5 69 H'514 DTCEA10
IRQ6 70 H'518 DTCEA9
IRQ7 71 H'51C DTCEAS8
IRQ8 72 H'520 DTCEA7
IRQ9 73 H'524 DTCEAG6
IRQ10 74 H'528 DTCEAS5
IRQ11 75 H'52C DTCEA4
A/ID ADI 86 H'558 DTCEB15
TPU_O TGIOA 88 H'560 DTCEB13
TGIOB 89 H'564 DTCEB12
TGIOC 90 H'568 DTCEB11 v
TGIOD 91 H'56C DTCEB10 Low
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Origin of Activation Vector DTC Vector

Activation Source Source Number Address Offset DTCE* Priority
TPU_1 TGI1A 93 H'574 DTCEB9 High
TGI1B 94 H'578 DTCEBS8 4
TPU_2 TGI2A 97 H'584 DTCEB7
TGI2B 98 H'588 DTCEBG6
TPU_3 TGI3A 101 H'594 DTCEB5
TGI3B 102 H'598 DTCEB4
TGI3C 103 H'59C DTCEB3
TGI3D 104 H'5A0 DTCEB2
TPU_4 TGI4A 106 H'5A8 DTCEB1
TGI4B 107 H'5AC DTCEBO
TPU_5 TGI5A 110 H'5B8 DTCEC15
TGI5B 111 H'5BC DTCEC14
TMR_O CMIAO 116 H'SDO DTCEC13
CMIBO 117 H'5D4 DTCEC12
TMR_1 CMIAL 119 H'5DC DTCEC11
CMIB1 120 H'5EO0 DTCEC10
TMR_2 CMIA2 122 H'5E8 DTCEC9
CMIB2 123 H'5EC DTCECS
TMR_3 CMIA3 125 H'5F4 DTCEC7
CMIB3 126 H'5F8 DTCEC6
SCI_0 RXI0 145 H'644 DTCED5
TXIO 146 H'648 DTCED4
SCI_1 RXI1 149 H'654 DTCED3
TXI1 150 H'658 DTCED2
SCI_2 RXI2 153 H'664 DTCED1
TXI2 154 H'668 DTCEDO
SCI_4 RXI14 161 H'684 DTCEE13 v
TXI4 162 H'688 DTCEE12 Low

Note: * The DTCE bits with no corresponding interrupt are reserved, and the write value should
always be 0. To leave software standby mode or all-module-clock-stop mode with an
interrupt, write 0 to the corresponding DTCE bit.
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7.5 Operation

The DTC storestransfer information in the data area. When activated, the DTC reads transfer
information that is stored in the data area and transfers data on the basis of that transfer
information. After the data transfer, it writes updated transfer information back to the data area.
Since transfer information isin the data areg, it is possible to transfer data over any required
number of channels. There are three transfer modes. normal, repeat, and block.

The DTC specifies the source address and destination addressin SAR and DAR, respectively.
After atransfer, SAR and DAR are incremented, decremented, or fixed independently.

Table 7.2 showsthe DTC transfer modes.

Table7.2 DTC Transfer Modes

Transfer  Size of Data Transferred at Memory Address Increment or Transfer

Mode One Transfer Request Decrement Count

Normal 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 65536
or fixed

Repeat*' 1 byte/word/longword Incremented/decremented by 1, 2, or 4, 1 to 256*°
or fixed

Block*? Block size specified by CRAH (1 Incremented/decremented by 1, 2, or 4, 1 to 65536
to 256 bytes/words/longwords)  or fixed

Notes: 1. Either source or destination is specified to repeat area.
2. Either source or destination is specified to block area.

3. After transfer of the specified transfer count, initial state is recovered to continue the
operation.

Setting the CHNE bit in MRB to 1 makes it possible to perform a number of transfers with a
single activation (chain transfer). Setting the CHNS bit in MRB to 1 can also be made to have
chain transfer performed only when the transfer counter valueisO.

Figure 7.4 shows a flowchart of DTC operation, and table 7.3 summarizes the chain transfer
conditions (combinations for performing the second and third transfers are omitted).
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Not match | RRS =0

| Read DTC vector

Next transfer

Y
| Read transfer |
information

-

L -

Y

| Transfer data |

| Update transfer |
information

A4

| Write transfer information |

Update the start address
of transfer information
A

Transfer counter = 0

or DISEL =1 Yes

No

Transfer counter = 0

vy v

Clear activation |
source fla

Clear DTCER/request an interrupt
to the CPU

-

\ 4
End

Figure7.4 Flowchart of DTC Operation
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Table7.3 Chain Transfer Conditions

1st Transfer 2nd Transfer
Transfer Transfer
CHNE CHNS DISEL Counter*® CHNE CHNS DISEL Counter** DTC Transfer
0 d 0 Not 0 d d O O Ends at 1st transfer
0 0 0 0*? 0 0 0 Ends at 1st transfer
0 a 1 a a O O Interrupt request to CPU
1 0 O O 0 d 0 Not 0 Ends at 2nd transfer
0 O 0 0** Ends at 2nd transfer
0 ad 1 O Interrupt request to CPU
1 1 0 Not 0 ad ad O Ends at 1st transfer
0*? 0 O 0 Not 0 Ends at 2nd transfer
0 O 0 0*? Ends at 2nd transfer
0 a 1 Interrupt request to CPU
1 1 1 Not 0 d d O O Ends at 1st transfer

Interrupt request to CPU

Notes: 1. CRA in normal mode transfer, CRAL in repeat transfer mode, or CRB in block transfer
mode

2. When the contents of the CRAH is written to the CRAL in repeat transfer mode

7.5.1 BusCycleDivision

When the transfer data size isword and the SAR and DAR values are not amultiple of 2, the bus
cycleisdivided and the transfer datais read from or written to in bytes. Similarly, when the
transfer data size islongword and the SAR and DAR values are not a multiple of 4, the bus cycle
isdivided and the transfer datais read from or written to in words.

Table 7.4 shows the relationship among, SAR, DAR, transfer data size, bus cycle divisions, and
access data size. Figure 7.5 shows the bus cycle division example.
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Table7.4 Number of Bus Cycle Divisions and Access Size

Specified Data Size

SAR and DAR Values Byte (B) Word (W) Longword (LW)
Address 4n 1(B) 1 (W) 1 (LW)

Address 2n + 1 1(B) 2 (B-B) 3 (B-W-B)
Address 4n + 2 1(B) 1 (W) 2 (W-W)
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[Example 1: When an odd address and even address are specified in SAR and DAR, respectively, and when the data size of transfer is specified as word]

Clock

. B T

DTC activation
request
DTC request

Address

[Example 2: When an odd address and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specified as longword]

Clock

. B T

DTC activation
request
DTC request

Transfer information
Twrite !

Data transfer
'
'
'

Vector read  Transfer information

Address

[Example 3: When address 4n + 2 and address 4n are specified in SAR and DAR, respectively, and when the data size of transfer is specified as longword]

Clock

N BT

DTC activation
request
DTC request

Address

Figure7.5 BusCycle Division Example
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752 Transfer Information Read Skip Function

By setting the RRS bit of DTCCR, the vector address read and transfer information read can be
skipped. The current DTC vector number is always compared with the vector number of previous
activation. If the vector numbers match when RRS = 1, aDTC data transfer is performed without
reading the vector address and transfer information. If the previous activation is a chain transfer,
the vector address read and transfer information read are always performed. Figure 7.6 shows the
transfer information read skip timing.

To modify the vector table and transfer information, temporarily clear the RRS bit to 0, modify the
vector table and transfer information, and then set the RRS bit to 1 again. When the RRS bit is
cleared to 0, the stored vector number is deleted, and the updated vector table and transfer
information are read at the next activation.

Clock||||||||||||||||||||||||||||||||||||||||||||||||||
T [ [ B B [ T T

' '
' '
' L L L L L L L L \ ' ' ' ' ' L L L . L L L L L L
DTCactivation fay, &+ &+ &+ & & . N oo @ \ T
request 1 1 1 1 1 1 1 1 1 1 1 1 1 L L L L L L
Lo
' '
'

DTC request | / T e A T T T S R R R\ A T

Transfer information - R - T Y A
read skip ! ' ' ' ' ' ' ' ' ' ' ' ' ' ' y ' ' ' ' ' ' ' ' '
[ T A R T

' ' ' '
' ' ' '
' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' y y ; ' ' ' ; '
Address 1 ' ' ' ' ' ' '
' ' ' ' h \ h A A A A A A A \ ' ' ' h A A A A h '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
L L L L L L L '

Vector read  Transfer information Data  Transfer information Data  Transfer information
read transfer write transfer write

Note: Transfer information read is skipped when the activation sources of (1) and (2) (vector numbers) are the same while RRS = 1.

Figure7.6 Transfer Information Read Skip Timing
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753 Transfer Information Writeback Skip Function

By specifying bit SM1in MRA and bit DM1 in MRB to the fixed address mode, a part of transfer
information will not be written back. This function is performed regardless of short or full address
mode. Table 7.5 shows the transfer information writeback skip condition and writeback skipped
registers. Note that the CRA and CRB are always written back regardless of the short or full
address mode. In addition in full address mode, the writeback of the MRA and MRB are always
skipped.

Table7.5 Transfer Information Writeback Skip Condition and Writeback Skipped

Registers
SM1 DM1 SAR DAR
0 0 Skipped Skipped
0 1 Skipped Written back
1 0 Written back Skipped
1 1 Written back Written back

7.5.4 Normal Transfer Mode

In normal transfer mode, one operation transfers one byte, one word, or one longword of data.
From 1 to 65,536 transfers can be specified. The transfer source and destination addresses can be
specified as incremented, decremented, or fixed. When the specified number of transfers ends, an
interrupt can be requested to the CPU.

Table 7.6 lists the register function in normal transfer mode. Figure 7.7 shows the memory map in
normal transfer mode.

Table7.6 Register Function in Normal Transfer Mode

Register Function Written Back Value

SAR Source address Incremented/decremented/fixed*
DAR Destination address Incremented/decremented/fixed*
CRA Transfer count A CRA-1

CRB Transfer count B Not updated

Note: * Transfer information writeback is skipped.
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SAR—»

Transfer source data area Transfer destination data area

/\_//—\/

<«—— DAR

Transfer

=

/\_//—\/

755 Repeat Transfer Mode

Figure7.7 Memory Map in Normal Transfer Mode

In repeat transfer mode, one operation transfers one byte, one word, or one longword of data. By
the DTS bit in MRB, either the source or destination can be specified as arepeat area. From 1 to
256 transfers can be specified. When the specified number of transfers ends, the transfer counter
and address register specified asthe repeat areais restored to the initial state, and transfer is
repeated. The other address register is then incremented, decremented, or left fixed. In repeat
transfer mode, the transfer counter (CRAL) is updated to the value specified in CRAH when
CRAL becomes H'00. Thus the transfer counter value does not reach H'00, and therefore a CPU
interrupt cannot be requested when DISEL = 0.

Table 7.7 lists the register function in repeat transfer mode. Figure 7.8 shows the memory map in

repeat transfer mode.
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Table7.7 Register Function in Repeat Transfer Mode

Written Back Value

Register Function CRAL isnot 1 CRAL s 1

SAR Source address Incremented/decremented/fixed* DTS =0: Incremented/
decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address Incremented/decremented/fixed* DTS = 0: DAR initial value
DTS =1: Incremented/
decremented/fixed*

CRAH Transfer count CRAH CRAH

storage
CRAL Transfer count A CRAL -1 CRAH
CRB Transfer count B Not updated Not updated

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
(specified as repeat area)
SAR— (7] < DAR

Transfer

=

/\_//—\/

Figure7.8 Memory Map in Repeat Transfer Mode
(When Transfer Sourceis Specified as Repeat Area)
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7.5.6 Block Transfer Mode

In block transfer mode, one operation transfers one block of data. Either the transfer source or the
transfer destination is designated as a block area by the DTS bit in MRB.

The block sizeis 1 to 256 bytes (1 to 256 words, or 1 to 256 longwords). When the transfer of one
block ends, the block size counter (CRAL) and address register (SARwhen DTS =1 or DAR
when DTS = 0) specified as the block areaisrestored to the initial state. The other address register
is then incremented, decremented, or left fixed. From 1 to 65,536 transfers can be specified. When
the specified number of transfers ends, an interrupt is requested to the CPU.

Table 7.8 lists the register function in block transfer mode. Figure 7.9 shows the memory map in
block transfer mode.

Table7.8 Register Function in Block Transfer Mode

Register Function Written Back Value

SAR Source address DTS =0: Incremented/decremented/fixed*
DTS = 1: SAR initial value

DAR Destination address DTS = 0: DAR initial value
DTS =1: Incremented/decremented/fixed*

CRAH Block size storage CRAH

CRAL Block size counter CRAH

CRB Block transfer counter CRB-1

Note: * Transfer information writeback is skipped.

Transfer source data area Transfer destination data area
/\/I (specified as block area)
SAR — | [|— —
1st block
—{Transfer =~

[ ] [ [ Blockarea | D <~—DAR

Nthblock | T~

T~

Figure7.9 Memory Map in Block Transfer Mode
(When Transfer Destination is Specified as Block Area)
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7.5.7 Chain Transfer

Setting the CHNE bit in MRB to 1 enables a number of datatransfers to be performed
consecutively in response to a single transfer request. Setting the CHNE and CHNS bitsin MRB
set to 1 enables achain transfer only when the transfer counter reaches 0. SAR, DAR, CRA, CRB,
MRA, and MRB, which define data transfers, can be set independently. Figure 7.10 shows the
chain transfer operation.

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the
end of the specified number of transfers or by setting the DISEL bit to 1, and the interrupt source
flag for the activation source and DTCER are not affected.

In repeat transfer mode, setting the RCHNE bit in DTCCR and the CHNE and CHNS bitsin MRB
to 1 enables a chain transfer after transfer with transfer counter = 1 has been compl eted.

Data area

/\/

Transfer source data (1)

Transfer information
Vector table stored in user area

T~ 1 T~

DTC vector Transfer information
address Transfer information I: CHNE=1
—

tart . .
start address Transfer information
CHNE =0

[Transfer destination data (1)

Transfer source data (2)

/\//\/

[Transfer destination data (2)

/\/

Figure7.10 Operation of Chain Transfer
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758 Operation Timing

Figures 7.11 to 7.14 show the DTC operation timings.

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' T T T T T T T T T T T T T T T T T T T T T T
DTC activation .’ ' ' ' ' ' ' ' ' .\ ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
request ' ' ' ' ' ' ' ' '
| ' ' ' ' ' ' ' ' ' | | | | | | | | | | | | |
' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' . . . . . . . . . . . ' ' ' ' ' ' ' ' ' '
prereest 1T\
' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
' ' ' ' ' ' ' ' ' '
' ' ' v ' v ) ) ) y 0 .
Address ' ' ' ' ' ' ' ' ' ' ' '
[ T T
' ' ' ' ' ' ' ' ' ' ' '
Vector read | Transfer Data transfer Transfer
' ' ' ' ' ! information ! information | ' ' ' ' ' ' ' '
' ' ' ' ' ' ' read ' ' ' write ' ' ' ' ' ' ' ' '

Figure7.11 DTC Operation Timing
(Example of Short Address Mode in Normal Transfer Mode or Repeat Transfer M ode)

| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
| T T T T T T T T T T T T T T T T T T T T T T
DTC activation | | | | | | | | j | | | | | | | | | | | | |
request | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | |

\ | | | | | | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | | | | | | | | |
| | T T T T T T T T T T T T T | | | | | | |

DTC request ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' :\ ' ' ' ' '
| / | | | | | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | |

| | | | | | | | | | | | | | | | | | | | | | |

| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | | | |

h h h h h h h h h | h h h h h h

| | | | ’ Y | | | | |
Address | | | | | | | | | |

| | | |
| | | | | | | | | |
| | | | | | | | | |
Vectorread ,  Transfer | Data transfer |  Transfer
! ! information ! ! ! information

| | | | | " | | | | | |
' ' ' ' ' ' ' read ' ' ' ' ' write . ' ' ' ' ' ' '

Figure7.12 DTC Operation Timing
(Example of Short Address Modein Block Transfer Mode with Block Size of 2)
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Clock

DTC activation
request
Address

ransf
information
write

Data
transfer
'

Transfer
information
read

information
write

Data
transfer
'

ransf
information
read

Figure7.13 DTC Operation Timing (Example of Short AddressModein Chain Transfer)

Clock

n
'
'
'

write !

fer informatiol
'
'
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DTC activation
request

ata
transfer |
'

Address

Figure7.14 DTC Operation Timing
(Example of Full AddressModein Normal Transfer Mode or Repeat Transfer Mode)

Rev. 1.00, 09/03, page 234 of 618

RENESAS



759

Number of DTC Execution Cycles

Table 7.9 shows the execution status for asingle DTC data transfer, and table 7.10 shows the
number of cycles reguired for each execution.

Table7.9 DTC Execution Status
Transfer Transfer

Vector Information Information Internal

Read Read Write Data Read Data Write Operation
Mode I J L L M N
Normal 1  0*' 4** 3*° Qr' 3%23 %% 1%° g*® %7 1 3%® x7 1 1 Q%!
Repeat 1  0*' 4** 3*° (Qr' 3%23 %% 1%° g*® %7 1 3%® x7 1 1 Q%!
Block 1 O*'  4*? 3% Qo' 3*¥° 2% 1*°  3p 2P 1P 3P 2:P* 1P 1 o**
transfer *° *°
[Legend]

P: Block size (CRAH and CRAL value)

Note:

. When transfer information read is skipped

. In full address mode operation
. In short address mode operation

. When the SAR and DAR are in fixed mode

1
2
3
4. When the SAR or DAR is in fixed mode
5
6

. When a longword is transferred while an odd address is specified in the address

register

7. When a word is transferred while an odd address is specified in the address register or
when a longword is transferred while address 4n + 2 is specified
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Table7.10 Number of Cycles Required for Each Execution State

On- On-
Chip  Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 32 8 16 32 8 16
Access cycles 1 1 2 2 2 2 3 2 3
Execu- Vector read S, 1 1 o 0 O 8 12 +4m 4 6+2m
tion Transfer information read S, 1 1 o 0 O 8 12 +4m 4 6 +2m
s Transfer information write S, 1 1 o 0 O 8 12 +4m 4 6+2m
Byte dataread S, 1 1 2 2 2 2 3+m 2 3+m
Word data read S, 1 1 4 2 2 4 4 +2m 2 3+m
Longword data read S, 1 1 8 4 2 8 12 +4m 4 6 +2m
Byte data write S,, 1 1 2 2 2 2 3+m 2 3+m
Word data write S, 1 1 4 2 2 4 4 +2m 2 3+m
Longword data write S,, 1 1 8 4 2 8 12 +4m 4 6 +2m
Internal operation S, 1

[Legend]
m: Number of wait cycles 0 to 7 (For details, see section 6, Bus Controller (BSC).)

The number of execution cyclesis calculated from the formula below. Note that Z means the sum
of all transfers activated by one activation event (the number in which the CHNE bitisset to 1,
plus 1).

Number of executioncycles=1-S+Z (J+S+K-S§+L-S+M-S,)+N- S

7.5.10 DTC BusRelease Timing

The DTC requests the bus mastership to the bus arbiter when an activation request occurs. The
DTC releases the bus after a vector read, transfer information read, asingle data transfer, or
transfer information writeback. The DTC does not release the bus during transfer information
read, single data transfer, or transfer information writeback.

7.5.11 DTC Priority Level Control tothe CPU

The priority of the DTC activation sources over the CPU can be controlled by the CPU priority
level specified by bits CPUP2 to CPUPO in CPUPCR and the DTC priority level specified by bits
DTCP2 to DTCPO. For details, see section 5, Interrupt Controller.
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7.6 DTC Activation by Interrupt

The procedure for using the DTC with interrupt activation is shown in figure 7.15.

( DTC activation by interrupt )
[

[
| Clear RRS bitin DTCCR to 0 |

[1

Set transfer information
(MRA, MRB, SAR, DAR,
CRA, CRB)

Set starts address of transfer
information in DTC vector table

[2

131

[1] Clearing the RRS bitin DTCCR to O clears the read skip flag

of transfer information. Read skip is not performed when the
DTC is activated after clearing the RRS bit. When updating
transfer information, the RRS bit must be cleared.

Set the MRA, MRB, SAR, DAR, CRA, and CRB transfer
information in the data area. For details on setting transfer
information, see section 7.2, Register Descriptions. For details
on location of transfer information, see section 7.4, Location of
Transfer Information and DTC Vector Table.

Set the start address of the transfer information in the DTC
vector table. For details on setting DTC vector table, see section
7.4, Location of Transfer Information and DTC Vector Table.

Set RRS bitin DTCCRto 1 | [4]
i [4] Setting the RRS bit to 1 performs a read skip of second time or
] later transfer information when the DTC is activated consecu-
Set corresponding bit in tively by the same interrupt source. Setting the RRS bit to 1 is
DTCER to 1 [5] always allowed. However, the value set during transfer will be

T valid from the next transfer.

Il

Set enable bit of interrupt [5] Set the bitin DTCER corresponding to the DTC activation
request for activation source | [6] interrupt source to 1. For the correspondence of interrupts and
tol DTCER, refer to table 7.1. The bit in DTCER may be set to 1 on
T the second or later transfer. In this case, setting the bit is not
I needed.

( Interrupt request generated )

[6] Set the enable bits for the interrupt sources to be used as the
activation sources to 1. The DTC is activated when an interrupt
) used as an activation source is generated. For details on the
settings of the interrupt enable bits, see the corresponding
descriptions of the corresponding module.

( DTC activated

Clear
activation 7
source

After the end of one data transfer, the DTC clears the activation
source flag or clears the corresponding bit in DTCER and
requests an interrupt to the CPU. The operation after transfer
depends on the transfer information. For details, see section
7.2, Register Descriptions and figure 7.4.

Determine
clearing method of
activation source

Clear corresponding
bit in DTCER

Corresponding bit in DTCER
cleared or CPU interrupt
requested
T

'

( Transfer end )

Figure7.15 DTC with Interrupt Activation
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7.7 Examples of Use of the DTC

771 Normal Transfer Mode
An exampleis shown in which the DTC is used to receive 128 bytes of data viathe SCI.

1. Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM 1 =
1, DMO = 0), normal transfer mode (MD1 = MDO = 0), and byte size (Sz1 = Sz0 = 0). The
DTS bit can have any value. Set MRB for one data transfer by one interrupt (CHNE = 0,
DISEL = 0). Set the RDR address of the SCI in SAR, the start address of the RAM areawhere
the datawill be received in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

2. Set the start address of the transfer information for an RXI interrupt at the DTC vector address.
3. Set the corresponding bitin DTCER to 1.

4. Set the SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the receive
end (RXI) interrupt. Since the generation of areceive error during the SCI reception operation
will disable subsequent reception, the CPU should be enabled to accept receive error
interrupts.

5. Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRis set to 1, an
RXI interrupt is generated, and the DTC is activated. The receive datais transferred from RDR
to RAM by the DTC. DAR isincremented and CRA is decremented. The RDRF flag is
automatically cleared to 0.

6. When CRA becomes O after the 128 data transfers have ended, the RDRF flag isheld at 1, the
DTCE hit iscleared to 0, and an RXI interrupt request is sent to the CPU. Termination
processing should be performed in the interrupt handling routine.

7.7.2 Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG.
Chain transfer can be used to perform pulse output data transfer and PPG output trigger cycle
updating. Repeat mode transfer to the PPG’sNDR is performed in the first half of the chain
transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis because clearing
of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

1. Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing
(SM1 =1, SMO = 0), fixed destination address (DM1 = DMO = 0), repeat mode (MD1 = 0,
MDO = 1), and word size (Sz1 = 0, Sz0 = 1). Set the source side as arepeat area (DTS = 1). Set
MRB to chain transfer mode (CHNE = 1, CHNS =0, DISEL = 0). Set the datatable start
addressin SAR, the NDRH addressin DAR, and the data table sizein CRAH and CRAL. CRB
can be set to any value.
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Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing
(SM1 =1, SM0 = 0), fixed destination address (DM 1 = DMO = 0), normal mode (MD1 = MDO
=0), and word size (Sz1 = 0, Sz0 = 1). Set the data table start addressin SAR, the TGRA
addressin DAR, and the datatable size in CRA. CRB can be set to any value.

Locate the TPU transfer information consecutively after the NDR transfer information.

Set the start address of the NDR transfer information to the DTC vector address.

Set the bit corresponding to the TGIA interrupt in DTCER to 1.

Set TGRA as an output compare register (output disabled) with TIOR, and enable the TGIA
interrupt with TIER.

Set the initial output value in PODR, and the next output value in NDR. Set bitsin DDR and
NDER for which output is to be performed to 1. Using PCR, select the TPU compare match to
be used as the output trigger.

Set the CST bitin TSTR to 1, and start the TCNT count operation.

Each time a TGRA compare match occurs, the next output valueis transferred to NDR and the
set value of the next output trigger period is transferred to TGRA. The activation source TGFA
flag is cleared.

10. When the specified number of transfers are completed (the TPU transfer CRA vaueis 0), the

TGFA flagisheld at 1, the DTCE bit iscleared to O, and a TGIA interrupt request is sent to the
CPU. Termination processing should be performed in the interrupt handling routine.

7.7.3 Chain Transfer when Counter =0

By executing a second data transfer and performing re-setting of the first data transfer only when
the counter value is 0, it is possible to perform 256 or more repeat transfers.

An example is shown in which a 128-kbyte input buffer is configured. The input buffer is assumed
to have been set to start at lower address H'0000. Figure 7.16 shows the chain transfer when the
counter valueisO.

1.

For the first transfer, set the normal transfer mode for input data. Set the fixed transfer source
address, CRA = H'0000 (65,536 times), CHNE = 1, CHNS =1, and DISEL = 0.

Prepare the upper 8-bit addresses of the start addresses for 65,536-transfer units for the first
datatransfer in a separate area (in ROM, etc.). For example, if the input buffer is configured at
addresses H'200000 to H' 21FFFF, prepare H'21 and H'20.

For the second transfer, set repeat transfer mode (with the source side as the repeat area) for re-
setting the transfer destination address for the first data transfer. Use the upper eight bits of
DAR inthefirst transfer information area as the transfer destination. Set CHNE = DISEL = 0.
If the above input buffer is specified as H'200000 to H'21FFFF, set the transfer counter to 2.

Execute the first data transfer 65536 times by means of interrupts. When the transfer counter
for thefirst data transfer reaches 0, the second data transfer is started. Set the upper eight bits
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of the transfer source addressfor the first data transfer to H'21. The lower 16 bits of the
transfer destination address of the first data transfer and the transfer counter are H'0000.

5. Next, execute thefirst data transfer the 65536 times specified for the first data transfer by
means of interrupts. When the transfer counter for the first data transfer reaches 0, the second
datatransfer is started. Set the upper eight bits of the transfer source address for the first data
transfer to H'20. The lower 16 bits of the transfer destination address of the first data transfer
and the transfer counter are H'0000.

6. Steps4 and 5 are repeated endlessly. Asrepeat mode is specified for the second data transfer,
no interrupt request is sent to the CPU.

Input circuit
/\/
Transfer information
located on the on-chip memory
/\/ Input buffer
1st data transfer
information Chain transfer
:I (counter = 0)
2nd data transfer s
information
— o~ Upper 8 bits of DAR D
/\/

Figure7.16 Chain Transfer when Counter =0

7.8 Interrupt Sources

An interrupt request isissued to the CPU when the DTC finishes the specified number of data
transfers or a data transfer for which the DISEL bit was set to 1. In the case of interrupt activation,
the interrupt set as the activation source is generated. These interrupts to the CPU are subject to
CPU mask level and priority level control in the interrupt controller.
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7.9 Usage Notes

791 Module Stop M ode Setting

Operation of the DTC can be disabled or enabled using the module stop control register. The
initial setting is for operation of the DTC to be enabled. Register accessis disabled by setting
module stop mode. Module stop mode cannot be set while the DTC is activated. For details, refer
to section 18, Power-Down Modes.

7.9.2 On-Chip RAM

Transfer information can be located in on-chip RAM. In this case, the RAME bit in SY SCR must
not be cleared to 0.

7.9.3 DTCE Bit Setting

For DTCE bit setting, use bit manipulation instructions such as BSET and BCLR. If al interrupts
are disabled, multiple activation sources can be set at one time (only at the initial setting) by
writing data after executing adummy read on the relevant register.

7.9.4 Chain Transfer

When chain transfer is used, clearing of the activation source or DTCER is performed when the
last of the chain of datatransfersis executed. SCI and high-speed A/D converter
interrupt/activation sources, on the other hand, are cleared when the DTC reads or writesto the
relevant register.

Therefore, when the DTC is activated by an interrupt or activation source, if a read/write of the
relevant register is not included in the last chained data transfer, the interrupt or activation source
will be retained.

795 Transfer Information Start Address, Sour ce Address, and Destination Address

The transfer information start address to be specified in the vector table should be address 4n. If an
address other than address 4n is specified, the lower 2 bits of the address are regarded as Os.

The source and destination addresses specified in SAR and DAR, respectively, will be transferred
in the divided bus cycles depending on the address and data size.
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Sect

ion 8

1/O Ports

Table 8.1 summarizes the port functions. The pins of each port also have other functions such as
input/output pins of on-chip peripheral modules or external interrupt input pins. Each 1/0 port
includes a data direction register (DDR) that controls input/output, a dataregister (DR) that stores
output data, a port register (PORT) used to read the pin states, and an input buffer control register
(ICR) that controls input buffer on/off. Port 5 does not have a DR or aDDR register.

PortsD to F, H, and | have internal input pull-up MOSs and a pull-up MOS control register (PCR)
that controls the on/off state of the input pull-up MOSs.

Ports 2 and F include an open-drain control register (ODR) that controls on/off of the output
buffer PMOSs.

All of the 1/O ports can drive asingle TTL load and capacitive loads up to 30 pF.

All of the 1/O ports can drive Darlington transistors when functioning as output ports.

Ports 2 and 3 are Schmitt-trigger inputs. Schmitt-trigger inputs for other ports are enabled when
used asthe IRQ, TPU, or TMR inputs.

Table8.1 Port Functions
Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/O0 Input Output Input** Function Function
Port 1 General /O port 7 P17 IRQ7-A/ O IRQ7-A, O O
also functioning TCLKD-B TCLKD-B
as interrupt inputs, 6 P16 TRQG-A/ 0 TRQB-A,
SCIliOs, ND TCLKC-B TCLKC-B
converter inputs,
and TPU inputs 5 P15 IRQS'A/ O IRQS‘A,
TCLKB-B TCLKB-B
4 P14 IRQ4-A/ O IRQ4-A,
TCLKA-B TCLKA-B
3 P13 ADTRGO/ O TRQ3-A
IRQ3-A
2 P12/SCK2 IRQ2-A O IRQ2-A
1 P11 RxD2/ | IRQ1-A
IRQ1-A
0 P10 IRQO-A TxD2 IRQO-A

RRENESAS
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit I/O Input Output Input ** Function Function
Port 2 General /O port 7 P27/ TIOCA5 PO7 Allinput O o]
also functioning TIOCBS functions
as interrupt inputs, P26/ 0 PO6/ITMOL/ Al input
PPG outputs, TPU TIOCAS TxD1 functions
1/0s, TMR I/Os,
and SCI I/Os 5 P25/ TMCI1/ PO5 P25,
TIOCA4 RxD1 TIOCAA4,
MIOCB4,
TMCI1
4 P24/ TIOCA4/ PO4 P24,
TIOCB4/ TMRI1 TIOCB4,
SCK1 TIOCAA4,
TMRI1
3 P23/ IRQ11-A/ P03 All input
TIOCD3 TIOCC3 functions
2 P22/ IRQ10-A PO2/TMOO/ All input
TIOCC3 TxDO/ functions
1 P21/ TMCI0/ PO1 P21,
TIOCA3 RxDO/ TRQ9-A,
TRQ9-A TIOCA3,
TMCIO
0 P20/ TIOCA3/ POO P20,
TIOCB3/  TMRIO/ IRQ8-A,
SCKO IRQ8-A TIOCB3,
TIOCA3,
TMRIO
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Function Input Open-
Schmitt-  Pull-up Drain

Trigger MOS Output
Port  Description Bit I/O Input Output Input** Function Function
Port 3 General /O port 7 P37/ TIOCA2/ PO15 Allinput O O
also functioning TIOCB2 TCLKD-A functions
as PP/G °“tpzts' 6 P36/ 0 PO14 Al input
TPU/Gs, an TIOCA2 functions
address outputs
5 P35/ TIOCA1/ PO13 All input
TIOCB1 TCLKC-A functions
4 P34/ | PO12 All input
TIOCAl functions
3 P33/ TIOCCO/ PO11 P33,
TIOCDO TCLKB-A TIOCDO,
TIOCCO,
TCLKB-A
2 P32/ TCLKA-A PO10 All input
TIOCCO functions
1 P31/ TIOCAO PO9 All input
TIOCBO functions
0 P30/ a PO8 P30,
TIOCAO TIOCAO
Port 5 General input port 7 O P57/AN7 DAl IRQ7-B O O
also functioning IRQ7-B
as AID Cod”"‘i“er 6 O P56/AN6  DAO IRQ6-B
inputs and D/A TRQG.B
converter outputs
5 O P55/AN5 g IRQ5-B
IRQ5-B
4 O P54/AN4 | IRQ4-B
IRQ4-B
3 O P53/AN3 | IRQ3-B
IRQ3-B
2 O P52/AN2 g IRQ2-B
IRQ2-B
1 O P51/AN1 | IRQ1-B
IRQ1-B
0 O P50/ANO g IRQO-B
IRQ0-B
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit 1/O0 Input Output Input** Function Function
Port 6 General /O port 7 O O O O O O
also functioning 6 0 0 0 0
as TMR I/Os, SCI
I/Os, and interrupt © P65 O TMO3 d
inputs 4  Pe4 T™MCI3 0 TMCI3
3 P63 TMRI3/ | TMRI3
IRQ11-B
2 P62/SCK4 IRQ10-B TMO2 O
1 P61 TMCI2/ | TMCI2
RxD4/
IRQ9-B
0 P60 TMRI2/ TxD4 TMRI2
IRQ8-B
Port A General /O port 7 PA7 O Bo O O O
also functioning 6 PA6 0 AS/AH/
as system clock BS.B
output and bus —
control 1/Os 5 PA5 O RD
4 PA4 O LHWR/LUB
3  PA3 O LLWR/LLB
2 PA2 BREQ/ O
WAIT
1 PAl | BACK/
(RD/WR)
0 PAO O BREQO/
BS-A
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Function Input Open-
Schmitt-  Pull-up Drain
Trigger MOS Output
Port  Description Bit I/O Input Output Input** Function Function
Port B General /O port 7 O O O O O
also functioning 6 0 0
as bus control
outputs 5 O O
4 O g g
3  PB3 O CS3/
CS7-A
2 PB2 O CS2-A/
CS6-A
1 PB1 O Cs1/
CS2-B/
CS5-A/
CS6-B/
CS7-B
0 PBO O CS0/CS4/
CS5-B
Port D General /O port 7 PD7 | A7 O O O
also functioning 6 PD6 0 A6
as address
outputs 5 PD5 O A5
4 PD4 | A4
3 PD3 g A3
2 PD2 | A2
1 PD1 g Al
0 PDO | A0
Port E General /O port 7 PE7 O A15 O (0] O
also functioning 6 PE6 0 Al4
as address
outputs 5 PE5 O A13
4 PE4 g Al12
3 PE3 | All
2 PE2 g A10
1 PE1 | A9
0 PEO | A8
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Function Input Open-
Schmitt-  Pull-up Drain

Trigger MOS Output
Port  Description Bit I/O Input Output Input** Function Function
Port F General /O port 7 PF7 O A23 O (0] 0]
also functioning 6 PF6 0 A2D
as address
Outputs 5 PFS D A21
4 PF4 O A20
3 PF3 O Al19
2 PF2 O Al8
1 PF1 O Al7
0 PFO O Al6
Port H General /O port 7 PH7/D7** O O O O O
also-fuhctlo-nlng 6 PH6/D6* 0 0
as bi-directional
data bus 5 PH5/D5*2 O O
4 PH4/D4*? O O
3 PH3/D3*? O O
2 PH2/D2*? O O
1 PH1/D1*? O O
0 PHO/DO*? O O
Port1 General /O port 7 P17/D15** O O O O O
also.fuhctlo.nlng 6 Pl6/D14** 0 0
as bi-directional
data bus 5 P|5/D13*2 0 0
4 PI4/D12** [ O
3 PI3/D11** [ O
2 PI2/D10** [ O
1 P11/D9*? O O
0 P10/D8** O O

Notes: 1. Pins without Schmitt-trigger input buffer have CMOS input buffer.
2. Addresses are also output when accessing to the address/data multiplexed 1/0O space.
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8.1 Register Descriptions
Table 8.2 lists each port registers.

Table8.2 Register Configuration in Each Port

Registers
PORT ICR PCR ODR

Number of
Port Pins DDR

Port 1 8
Port 2 8
Port 3 8
Port 5 8
Port6** 6
Port A 8
Port B** 4
8
8
8
8
8

@)
Py

Port D

Port E

Port F

Port H

Port |

[Legend]

O: Reqgister exists

O : No register exists
Notes: 1. The lower six bits are valid and the upper two bits are reserved. The write value should
always be the initial value.
2. The lower four bits are valid and the upper four bits are reserved. The write value
should always be the initial value.

Oo|lO0|O0|O0O|O|O|O|O|O|O|0O]|O
O|lO0|O0|O|O|O|O|O|O|O|0O]|O
O|l0|O0|O0|0O|0O|O|0O|0O|0O|0O]|O
O|l0|O0|O0|0O|0O|O|0O|0O|0O|0O]|O
o|o|Oo|o|o|Ojo|ojo|o|o| O
Oo|jgo|jojo|jg|lojo|jlojo|jg|lo| o

811 Data Direction Register (PNnDDR) (n=1t03,6,A,B,DtoF, H,and )

DDR isan 8-bit write-only register that specifies the port input or output for each bit. A read from
the DDRisinvalid and DDR is always read as an undefined value.

When the general /0O port function is selected, the corresponding pin functions as an output port
by setting the corresponding DDR bit to 1; the corresponding pin functions as an input port by
clearing the corresponding DDR bit to O.

Theinitial DDR values are shown in table 8.3.
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Bit 7 6 5 4 3 2 1 0

Bit Name Pn7DDR Pn6DDR Pn5DDR Pn4DDR Pn3DDR Pn2DDR Pn1DDR PnODDR

Initial Value 0 0 0 0 0 0 0 0
R/W w w w W W w w w

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

Table8.3 Startup Modeand Initial Value

Startup Mode

Port External Extended Mode
Port A H'80
Other ports H'00

8.1.2 Data Register (PNDR) (n=1t03,6,A,B,DtoF,H,and )

DR isan 8-bit readable/writable register that stores the output data of the pinsto be used as the
general output port.

Theinitial value of DR is H'00.

Bit 7 6 5 4 3 2 1 0
Bit Name | Pn7DR | Pn6DR Pn5DR Pn4DR Pn3DR Pn2DR Pn1DR PnODR
Initial Value 0 0 0 0 0 0 0 0
RIW RIW R/IW R/IW R/IW R/IW R/IW RIW RIW

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

8.1.3 Port Register (PORTNn) (n=1t03,5,6,A,B,DtoF,H,and )

PORT isan 8-bit read-only register that reflects the port pin status. A write to PORT isinvalid.
When PORT isread, the DR bits that correspond to the respective DDR bits set to 1 are read and
the status of each pin whose corresponding DDR bit is cleared to 0 is also read regardless of the
ICR value.

Theinitial value of PORT is undefined and is determined based on the port pin status.
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Bit 7 6 5 4 3 2 1 0

Bit Name Pn7 Pn6 Pn5 Pn4 Pn3 Pn2 Pnl PnO

Initial Value Undefined  Undefined Undefined Undefined Undefined Undefined Undefined Undefined

RIW R R R R R R R R

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.

8.14 Input Buffer Control Register (PnICR) (n=1t03,5,6,A,B,DtoF,H,and )
ICR is an 8-bit readable/writable register that controls the port input buffers.

For bitsin ICR set to 1, the input buffers of the corresponding pins are valid. For bitsin ICR
cleared to O, the input buffers of the corresponding pins are invalid and the input signals are fixed
high.

When the pin functions as an input for the peripheral modules, the corresponding bits should be
set to 1. Theinitial value should be written to a bit whose corresponding pin is not used as an input
or isused as an analog input/output pin.

When PORT isread, the pin statusis always read regardless of the ICR value.

If ICR is modified, an internal edge may occur depending on the pin status. Accordingly, ICR
should be modified when the corresponding input pins are not used. For example, in IRQ input,
modify ICR while the corresponding interrupt is disabled, clear the IRQF flag in ISR of the
interrupt controller to 0, and then enable the corresponding interrupt. If an edge occurs after the
ICR setting, the edge should be cancelled.

Theinitia value of ICR isH'00.

Bit 7 6 5 4 3 2 1 0

Bit Name | Pn7ICR | Pn6ICR Pn5ICR Pn4ICR Pn3ICR Pn2ICR PnlICR PnOICR

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: The lower six bits are valid and the upper two bits are reserved for port 6 registers.
The lower four bits are valid and the upper four bits are reserved for port B registers.
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8.15

Pull-Up MOS Control Register (PNPCR) (n=DtoF,H,and )

PCR is an 8-bit readable/writable register that controls on/off of the port input pull-up MOS.

If abitin PCRisset to 1 whilethe pinisininput state, the input pull-up MOS corresponding to
the bit in PCR is turned on. Table 8.4 shows the input pull-up MOS status.

Theinitia value of PCR isH'00.

Bit 7 6 3 2 1 0
Bit Name | Pn7PCR | PN6PCR | PnSPCR | Pn4PCR | Pn3PCR | Pn2PCR | PnlPCR | PnOPCR
Initial Value 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table8.4 Input Pull-Up MOS State

Hardware Software Other

Port Pin State Reset Standby Mode Standby Mode  Operation

Port D  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port E  Address output OFF

Port output OFF

Port input OFF ON/OFF
Port F  Address output OFF

Peripheral module output OFF

Port input OFF ON/OFF
Port H Data input/output OFF

Port output OFF

Port input OFF ON/OFF
Port | Data input/output OFF

Port output OFF

Port input OFF ON/OFF

[Legend]

OFF: The input pull-up MOS is always off.

ON/OFF: If PCRis set to 1, the input pull-up MOS is on; if PCR is cleared to 0, the input pull-up

MOS s off.
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8.1.6 Open-Drain Control Register (PNODR) (n=2and F)
ODR is an 8-bit readable/writable register that selects the open-drain output function.

If abitin ODR is set to 1, the pin corresponding to that bit in ODR functions as an NMOS open-
drain output. If abitin ODR is cleared to 0, the pin corresponding to that bit in ODR functions as
aCMOS output.

Theinitial value of ODR is H'00.

Bit 7 6 5 4 3 2 1 0

Bit Name | Pn70DR | Pn60ODR | Pn50DR Pn4ODR Pn30ODR Pn20ODR Pn1ODR PnOODR

Initial Value 0 0 0 0 0 0 0 0

R/W R/W R/W R/W R/W R/W R/W R/W R/W

8.2 Output Buffer Control
This section describes the output priority of each pin.

The name of each peripheral module pinisfollowed by “_OE". This (for example: MIOCA4_OE)
indicates whether the output of the corresponding function isvalid (1) or if another setting is
specified (0). Table 8.5 lists each port output signal’ s valid setting. For details on the
corresponding output signals, see the register description of each peripheral module. If the name
of each peripheral module pin isfollowed by A or B, the pin function can be modified by the port
function control register (PFCR). For details, see section 8.3, Port Function Controller.

For apin whose initial value changes according to the activation mode, “Initial value E” indicates
theinitial value when the LSl is started up in external extended mode (on-chip ROM enabled
extended mode) and “Initial value S’ indicates theinitial value when the LS| is started in single-
chip mode.

821 Port 1

P17/IRQ7-A/TCLKD-B: The pin function is switched as shown below according to the PL7DDR
bit setting.

Setting

I/0 Port
Module Name Pin Function P17DDR
1/0 port P17 output 1

P17 input (initial setting) 0
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P16/IRQ6-A/TCLK C-B: The pin function is switched as shown below according to the PL6DDR
bit setting.

Setting

I/O Port
Module Name Pin Function P16DDR
1/0O port P16 output 1

P16 input (initial setting) 0

P15/IRQ5-A/TCLKB-B: The pin function is switched as shown below according to the PASDDR
bit setting.

Setting

I/0 Port
Module Name Pin Function P15DDR
1/O port P15 output 1

P15 input (initial setting) 0

P14/IRQ4-A/TCLKA-B: The pin function is switched as shown below according to the PL4DDR
bit setting.

Setting

I/0 Port
Module Name Pin Function P14DDR
1/O port P14 output 1

P14 input (initial setting) 0

P13/ADTRGO/IRQ3-A: The pin function is switched as shown below according to the PL3DDR
bit setting.

Setting

I/O Port
Module Name Pin Function P13DDR
1/0O port P13 output 1

P13 input (initial setting) 0
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P12/SCK 2/IRQ2-A: The pin function is switched as shown below according to the combination

of the SCI register setting and P12DDR bit setting.

Setting
SCI I/0 Port
Module Name Pin Function SCK2_OE P12DDR
SCI SCK2 output 1 ad
1/0 port P12 output 0 1
P12 input (initial setting) 0 0

P11/RxD2/IRQ1-A: The pin function is switched as shown below according to the P11DDR bit

setting.
Setting
1/0 Port
Module Name Pin Function P11DDR

1/0O port P11 output 1

P11 input (initial setting) 0

P10/TxD2/IRQ0-A: The pin function is switched as shown below according to the combination of

the SCI register setting and PLODDR bit setting.

Setting
SCI I/O Port
Module Name  Pin Function TxD2_OE P10DDR
SCI TxD2 output 1 O
1/0 port P10 output 0 1
P10 input (initial setting) 0 0
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8.2.2 Port 2

P27/PO7/TIOCAS/TIOCBS: The pin function is switched as shown below according to the
combination of the TPU and PPG register settings and P27DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCB5_OE PO7_OE P27DDR
TPU TIOCBS5 output 1 g 4
PPG PO7 output 0 1 O
1/0O port P27 output 0 0 1
P27 input 0 0 0

(initial setting)

P26/PO6/TIOCAS/TMOL/TxD1: The pin function is switched as shown below according to the
combination of the TPU, TMR, SCI, and PPG register settings and P26DDR bit setting.

Setting
TPU TMR SCI PPG I/O Port
Module Name Pin Function TIOCA5_OE TMO1_OE TxD1_OE PO6_OE P26DDR
TPU TIOCAS output 1 0 O 0
TMR TMO1 output 0O 1 a O a
SCI TxD1 output O 0 1 O ad
PPG PO6 output 0 0 0 1 O
1/0O port P26 output 0 0 0 0 1
P26 input 0 0 0 0 0

(initial setting)
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P25/PO5/TIOCA4/TMCIL/RxD1: The pin function is switched as shown below according to the
combination of the TPU and PPG register settings and P25DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA4_OE PO5_OE P25DDR
TPU TIOCA4 output 1 g 4
PPG POS5 output 0 1 O
1/0O port P25 output 0 0 1
P25 input 0 0 0

(initial setting)

P24/PO4/TIOCA4/TIOCB4/TMRILYSCK 1: The pin function is switched as shown below
according to the combination of the TPU, SCI, and PPG register settings and P24DDR bit setting.

Setting

TPU SCI PPG 1/O Port

Module Name Pin Function TIOCB4_OE SCK1_OE PO4_OE P24DDR
TPU TIOCB4 output 1 a a a
SCI SCK1 output 0 1 ad ad
PPG PO4 output 0 0 1 ad
1/0 port P24 output 0 0 0 1
P24 input 0 0 0 0

(initial setting)

P23/PO3/TIOCC3/TIOCD3I/IRQ11-A: The pin function is switched as shown below according
to the combination of the TPU and PPG register settings and P23DDR hit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCD3_OE PO3_OE P23DDR
TPU TIOCD3 output 1 g g
PPG PO3 output 0 1 O
1/0O port P23 output 0 0 1
P23 input 0 0 0

(initial setting)
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P22 /PO2/TIOCC3/TMOO/TXxDO/IRQ10-A: The pin function is switched as shown below
according to the combination of the TPU, TMR, SCI, and PPG register settings and P22DDR bit

setting.
Setting
TPU TMR SCI PPG I/O Port

Module Name Pin Function TIOCC3_OE TMOO_OE TxDO_OE PO2_OE P22DDR
TPU TIOCC3 1 O O O O

output
TMR TMOO output 0 1 a O a
SCI TxDO output 0O 0 1 O ad
PPG PO2 output 0 0 0 1 O
1/0O port P22 output 0 0 0 0 1

P22 input 0 0 0 0 0

(initial setting)

P21/POLTIOCASI/TMCIO/RXDO/IRQ9-A: The pin function is switched as shown below
according to the combination of the TPU and PPG register settings and P21DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA3_OE PO1_OE P21DDR
TPU TIOCAZ3 output 1 a O
PPG PO1 output 0 1 O
1/0O port P21 output 0 0 1
P21 input 0 0 0

(initial setting)
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P20/POO/TIOCA3ITIOCB3/TMRIO/SCK O/IRQ8-A: The pin function is switched as shown
below according to the combination of the TPU, SCI, and PPG register settings and P20DDR bit

setting.
Setting
TPU SCI PPG I/0 Port
Module Name Pin Function TIOCB3_OE SCKO_OE POO_OE P20DDR
TPU TIOCB3 output 1 g g g
SCI SCKO output 0 1 1 a
PPG POO0 output 0 0 1 ad
1/0O port P20 output 0 0 0 1
P20 input 0 0 0 0

(initial setting)

8.2.3 Port 3

P37/PO15/TIOCA2/TIOCB2/TCLKD-A: The pin function is switched as shown below
according to the combination of the TPU and PPG register settings and P37DDR bit setting.

Setting
TPU PPG I/0O Port
Module Name Pin Function TIOCB2_OE PO15 _OE P37DDR
TPU TIOCB2 output 1 a O
PPG PO15 output 0 1 g
1/0 port P37 output 0 0 1
P37 input 0 0 0

(initial setting)
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P36/PO14/TIOCA2: The pin function is switched as shown below according to the combination
of the TPU and PPG register settings and P36DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCA2_OE PO14_OE P36DDR
TPU TIOCAZ2 output 1 g g
PPG PO14 output 0 1 O
1/0O port P36 output 0 0 1
P36 input 0 0 0

(initial setting)

P35/PO13/TIOCALTIOCBUTCLKC-A: The pin function is switched as shown below
according to the combination of the TPU and PPG register settings and P35DDR bit setting.

Setting
TPU PPG I/0O Port
Module Name Pin Function TIOCB1_OE PO13_OE P35DDR
TPU TIOCB1 output 1 a O
PPG PO13 output 0 1 O
1/0O port P35 output 0 0 1
P35 input 0 0 0

(initial setting)

P34/PO12/TIOCAL: The pin function is switched as shown below according to the combination
of the TPU and PPG register settings and P34DDR bit setting.

Setting
TPU PPG I/0O Port
Module Name Pin Function TIOCA1_OE PO12_OE P34DDR
TPU TIOCAL output 1 a O
PPG PO12 output 0 1 O
1/0 port P34 output 0 0 1
P34 input 0 0 0

(initial setting)
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P33/PO11/TIOCCO/TIOCDO/TCLKB-A: The pin function is switched as shown below
according to the combination of the TPU and PPG register settings and P33DDR bit setting.

Setting
TPU PPG I/O Port
Module Name Pin Function TIOCDO_OE PO11_OE P33DDR
TPU TIOCDO output 1 g 4
PPG PO11 output 0 1 O
1/0O port P33 output 0 0 1
P33 input 0 0 0

(initial setting)

P32/PO10/TIOCCO/TCLKA-A: The pin function is switched as shown below according to the
combination of the TPU and PPG register settings and P32DDR bit setting.

Setting
TPU PPG I/0O Port
Module Name Pin Function TIOCCO_OE PO10_OE P32DDR
TPU TIOCCO output 1 a O
PPG PO10 output 0 1 O
1/0O port P32 output 0 0 1
P32 input 0 0 0

(initial setting)

P31/PO9/TIOCAQ/TIOCBO: The pinfunction is switched as shown below according to the
combination of the TPU and PPG register settings and P31DDR bit setting.

Setting
TPU PPG I/0O Port
Module Name Pin Function TIOCBO_OE PO9_OE P31DDR
TPU TIOCBO output 1 a O
PPG PO9 output 0 1 O
1/0 port P31 output 0 0 1
P31 input 0 0 0

(initial setting)
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P30/PO8/TIOCAO: The pin function is switched as shown below according to the combination of
the TPU and PPG register settings and P30DDR hit setting.

Setting
TPU PPG I/O Port

Module Name Pin Function TIOCAO_OE PO8_OE P30DDR
TPU TIOCAO output 1 a g
PPG PO8 output 0 1 O
1/0O port P30 output 0 0 1

P30 input 0 0 0

(initial setting)
8.24 Port 5
P57/AN7/DALIRQ7-B:
Module Name Pin Function
D/A converter DAL output
P56/AN6/DAO/IRQ6-B:
Module Name Pin Function
D/A converter DAO output
8.25 Port 6

P65/TMO3: The pin function is switched as shown below according to the combination of the
TMR register setting and P65DDR bit setting.

Setting
TMR 1/0 Port
Module Name Pin Function TMO3_OE P65DDR
TMR TMOS3 output 1 O
1/0O port P65 output 0 1
P65 input (initial setting) 0 0
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P64/TM CI 3: The pin function is switched as shown below according to the P64DDR bit setting.

Setting

I/O Port
Module Name Pin Function P64DDR
1/0 port P64 output 1

P64 input (initial setting) 0

P63/TMRI3/IRQ11-B: The pin function is switched as shown below according to the P63DDR
bit setting.

Setting

I/0 Port
Module Name Pin Function P63DDR
1/0 port P63 output 1

P63 input (initial setting) 0

P62/TM O2/SCK 4/IRQ10-B: The pin function is switched as shown below according to the
combination of the TMR and SCI register settings and P62DDR bit setting.

Setting
TMR SCI I/O Port
Module Name Pin Function TMO2_OE SCK4_OE P62DDR
TMR TMO2 output 1 g 4
SCI SCK4 output 0 1 O
1/0 port P62 output 0 0 1
P62 input 0 0 0

(initial setting)

P6L/TMCI2/RxD4/IRQ9-B: The pin function is switched as shown below according to the
P61DDR hit setting.

Setting

I/O Port
Module Name Pin Function P61DDR
1/0 port P61 output 1

P61 input (initial setting) 0
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P60/TMRI2/TxD4/IRQ8-B: The pin function is switched as shown below according to the
combination of the SCI register setting and P6ODDR bit setting.

Setting
SCI I/O Port
Module Name Pin Function TxD4_OE P60DDR
SCI TxD4 output 1 O
1/0 port P60 output 0 1
P60 input (initial setting) 0 0

8.2.6 Port A

PA7/B@: The pin function is switched as shown below according to the PA7DDR bit setting.

Setting

1/0 Port
Module Name Pin Function PA7DDR
1/0O port B output* (initial setting E) 1

PA7 input (initial setting S) 0

[Legend]

Initial setting E: Initial setting in external extended mode

Initial setting S: Initial setting in single-chip mode

Note: * The type of @to be output switches according to the POSEL1 bit in SCKCR. For details,
see section 17.1.1, System Clock Control Register (SCKCR).
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PAG/AS/AH/BS-B: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, bus controller register, port function control register (PFCR), and the
PAGDDR bit settings.

Setting
Bus Controller 1/0 Port

Module Name Pin Function AH_OE BS-B_OE AS_OE PA6DDR
Bus controller  AH output* 1 0 0 0

BS-B output* 0 1 0 0

AS output* 0 0 1 0

(initial setting E)
1/0 port PA6 output 0 0 0

PAG6 input 0 0 0 0

(initial setting S)

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Note: * Valid in external extended mode (EXPE = 1)

PAS/RD: The pin function is switched as shown below according to the combination of operating
mode, the EXPE hit, and the PASDDR hit settings.

Setting
MCU Operating Mode 1/O Port
Module Name Pin Function EXPE PA5DDR
Bus controller ~ RD output* (Initial setting E) 1 O
1/0 port PA5 output 0 1
PAS5 input (initial settingS) 0 0

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Note: * Valid in external extended mode (EXPE = 1)

Rev. 1.00, 09/03, page 265 of 618
RRENESAS



PA4/LHWR/LUB: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, bus controller register, port function control register (PFCR), and the
PA4DDR bit settings.

Setting
Bus Controller 1/0 Port

Module Name  Pin Function LUB_OE** LHWR_OE** PA4DDR
Bus controller  LUB output** 1 O 0

LHWR output** 0 1 0

(initial setting E)
1/0O port PA4 output 0

PA4 input (initial setting S) 0 0 0

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. When the byte control SRAM space is accessed while the byte control SRAM space is
specified or while LHWROE =1, this pin functions as the LUB output; otherwise, the
LHWR output.

PA3/LLWR/LLB: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, bus controller register, and the PA3DDR bit settings.

Setting
Bus Controller 1/0 Port

Module Name Pin Function L[LB_OE** LLWR_OE** PA3DDR
Bus controller ~ LLB output** 1 O 0

LLWR output** O 1 0

(initial setting E)
1/0 port PAS3 output

PA3 input (initial setting S) 0 0 0

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

Notes: 1. Valid in external extended mode (EXPE = 1)

2. If the byte control SRAM space is accessed, this pin functions as the LLB output;
otherwise, the LLWR.
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PA2/BREQ/WAIT: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, bus controller register, and the PA2DDR bit settings.

Setting
Bus Controller I/O Port
Module Name Pin Function BCR_WAITE BCR_BRLE PA2DDR
Bus controller ~ WAIT input 1 O O
BREQ input 0 1 O
1/0O port PA2 output 0 0 1
PA2 input (initial setting) 0 0 0

PA1/BACK/(RD/WR): The pin function is switched as shown below according to the
combination of operating mode, EXPE bit, bus controller register, port function control register
(PFCR), and the PA1DDR bit settings.

Setting

Bus Controller

1/0 Port

Byte control

Module Name Pin Function BACK_OE gzlAegﬂtion (RD/WR)_OE PA1DDR
Bus controller ~ BACK output 1 O 0 O
RD/WR output 0 1 0 O
0 0 1 ad
1/0 port PAL1 output 0 0 0 1
PA1 input 0 0 0 0

(initial setting)

RRENESAS

Rev. 1.00, 09/03, page 267 of 618



PAO/BREQO/BS-A: The pin function is switched as shown below according to the combination
of operating mode, EXPE bit, bus controller register, port function control register (PFCR), and
the PAODDR hit settings.

Setting
1/0 Port Bus Controller I/O Port
Module Name Pin Function BS-A_OE BREQ_OE PAODDR
Bus controller ~ BS-A output* 1 0 O
BREQO output* 0 1 O
1/0O port PAO output 0 0 1
PAO input 0 0 0

(initial setting )

Note: * Valid in external extended mode (EXPE = 1)

8.2.7 Port B

PB3/CS3/CS7-A: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, port function control register (PFCR), and the PB3DDR hit settings.

Setting
I/O Port
Module Name Pin Function CS3 OE CS7A_OE PB3DDR
Bus controller ~ CS3 output* 1 O O
CS7-A output* 0 1 O
1/0 port PB3 output 0 0 1
PB3 input 0 0 0

(initial setting)

Note: * Valid in external extended mode (EXPE = 1)
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PB2/CS2-A/CS6-A: The pin function is switched as shown below according to the combination of
operating mode, EXPE bit, port function control register (PFCR), and the PB2DDR bit settings.

Setting
I/O Port
Module Name  Pin Function CS2A_OE CS6A_OE PB2DDR
Bus controller ~ CS2-A output* 1 O O
CS6-A output* 0 1 O
1/0 port PB2 output 0 0 1
PB2 input 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)

PB1/CS1/CS2-B/CS5-A/CS6-B/CS7-B: The pin function is switched as shown below according
to the combination of operating mode, EXPE bit, port function control register (PFCR), and the
PB1DDR hit settings.

Setting
Module I/0 Port
Name Pin Function CS1_OE CS2B_OE CS5A_OE CS6B_OE CS7B_OE PB1DDR
Bus CS1output* 1 0 O 0 0 O
controller  F&5 g output* O 1 0 0
CS5-A output* O 0 1 0 0 O
CS6-B output* O 0 O 1 0 O
CS7-B output* O 0 O 0 1 O
1/0O port PB1 output 0 0 0 0 0 1
PB1 input 0 0 0 0 0 0

(initial setting)
Note: * Valid in external extended mode (EXPE = 1)
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PBO/CS0/CS4/CS5-B: The pin function is switched as shown below according to the combination
of operating mode, EXPE bit, port function control register (PFCR), and the PBODDR bit settings.

Setting
I/O Port
Module Name  Pin Function CS0_OE CS4_OE CS5B_OE  PBODDR
Bus controller ~ CSO0 output 1 O 0 0
(initial setting E)
CS4 output 0 1 0 0
CS5-B output 0 O 1 0
1/0 port PBO output 0 0 0 1
PBO input 0 0 0 0

(initial setting S)

[Legend]
Initial setting E: Initial setting in on-chip ROM disabled external extended mode
Initial setting S: Initial setting in other modes

8.2.8 Port D

PD7/A7, PD6/A6, PD5/A5, PD4/A4, PD3/A3, PD2/A2, PD1/A1, PDO/AO: The pin function is
switched as shown below according to the combination of operating mode, the EXPE bit, and the
PDNnDDR bit settings.

Setting
I/O Port
Module Name  Pin Function MCU Operating Mode PDNnDDR
Bus controller  Address output On-chip ROM disabled d
extended mode
On-chip ROM enabled 1

extended mode

1/O port PDn output Single-chip mode

o

PDn input (initial setting) ~ Modes other than on-chip
ROM disabled extended mode

[Legend]
n=0to7
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8.29 Port E

PE7/A15, PE6/A14, PES/A13, PE4/A12, PE3/A1l, PE2/A10, PE1/A9, PEO/A8: The pin
function is switched as shown below according to the combination of operating mode, the EXPE
bit, and the PENDDR bhit settings.

Setting
I/O Port

Module Name  Pin Function MCU Operating Mode PEnDDR
Bus controller  Address output On-chip ROM disabled d

extended mode

On-chip ROM enabled 1

extended mode
1/0O port PEn output Single-chip mode

PEn input (initial setting) Modes other than on-chip 0

ROM disabled extended mode

[Legend]
n=0to7
8210 PortF

PF7/A23: The pin function is switched as shown below according to the combination of operating
mode, the EXPE bit, port function control register (PFCR), and the PF7DDR bit settings.

Setting
I/O Port
Module Name Pin Function A23_OE PF7DDR
Bus controller  A23 output 1 d
(initial setting E)
1/0 port PF7 output 0
PF7 input

(initial setting S)

[Legend]
Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode
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PF6/A22: The pin function is switched as shown below according to the combination of operating
mode, the EXPE hit, port function control register (PFCR), and the PF6DDR bit settings.

Setting
I/O Port
Module Name Pin Function A22_OE PF6DDR
Bus controller  A22 output 1 d
1/0 port PF6 output 0 1
PF6 input 0 0

PF5/A21: The pin function is switched as shown below according to the combination of operating
mode, the EXPE bit, port function control register (PFCR), and the PFSDDR bit settings.

Setting
1/0 Port SClI I/O Port
Module Name Pin Function A21_OE TxD5_OE PF5DDR
Bus controller ~ A21 output 1 d O
1/0O port PF5 output 0 0 1
PF5 input 0 0 0

PF4/A20: The pin function is switched as shown below according to the combination of operating
mode, the EXPE bit, port function control register (PFCR), and the PFADDR bit settings.

Setting
I/O Port
Module Name Pin Function A20 OE PF4DDR
Bus controller ~ A20 output 1 ad
1/0O port PF4 output 0 1
PF4 input 0 0
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PF3/A19: The pin function is switched as shown below according to the combination of operating
mode, the EXPE hit, port function control register (PFCR), and the PF3DDR bit settings.

Setting
I/O Port
Module Name Pin Function A19 OE PF3DDR
Bus controller  A19 output 1 d
1/0 port PF3 output 0 1
PF3 input 0 0

PF2/A18: The pin function is switched as shown below according to the combination of operating
mode, the EXPE bit, port function control register (PFCR), and the PF2DDR bit settings.

Setting
I/O Port
Module Name Pin Function A18 OE PF2DDR
Bus controller ~ A18 output 1 d
1/0O port PF2 output 0 1
PF2 input 0 0

PF1/A17: The pin function is switched as shown below according to the combination of operating
mode, the EXPE hit, port function control register (PFCR), and the PFIDDR bit settings.

Setting
I/O Port
Module Name Pin Function Al17_OE PF1DDR
Bus controller ~ A17 output 1 ad
1/0O port PF1 output 0 1
PF1 input 0 0
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PFO/A16: The pin function is switched as shown below according to the combination of operating
mode, the EXPE hit, port function control register (PFCR), and the PFODDR bit settings.

Setting
I/O Port
Module Name Pin Function A16_OE PFODDR
Bus controller ~ A16 output 1 d
1/0 port PFO output 0 1
PFO input 0 0

8211 PortH

PH7/D7, PH6/D6, PH5/D5, PH4/D4, PH3/D3, PH2/D2, PH1/D1, PHO/DO: The pin functionis
switched as shown below according to the combination of operating mode, the EXPE bit, and the
PHNDDR bit settings.

Setting
MCU Operating Mode 1/O Port
Module Name Pin Function EXPE PHNDDR
Bus controller ~ Data I/O* (initial setting E) 1 ad
1/0O port PHn output 0 1
PHn input (initial setting S) 0 0

[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode
n=0to7

Note: * Valid in external extended mode (EXPE = 1)
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8212 Portl

PI7/D15, P16/D14, PI5/D13, P14/D12, PI3/D11, P12/D10, PI1/D9, PI0/D8: The pin function is
switched as shown below according to the combination of operating mode, bus mode, the EXPE

bit, and the PINDDR hit settings.

Setting
Bus Controller I/0 Port
Module Name Pin Function 16-Bit Bus Mode PInDDR
Bus controller ~ Data I/O* (initial setting E) 1 d
1/0O port PIn output 0 1
PIn input (initial setting S) 0 0
[Legend]

Initial setting E: Initial setting in external extended mode
Initial setting S: Initial setting in single-chip mode

n=0to7

Note: * Valid in external extended mode (EXPE = 1)
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Table8.5 Available Output Signalsand Settingsin Each Port

Output Output
Specification Signal  Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
P1 2 SCK2_OE SCK2 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM =0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0
0 TxD2_OE TxD2 SCR.TE=1
P2 7 TIOCB5_OE TIOCBS TPU.TIOR5.10B3 = 0, TPU.TIORS5.10B[1,0] =
01/10/11
PO7_OE PO7 NDERL.NDER7 =1
6 TIOCAS5_OE TIOCAS TPU.TIOR5.I0A3 = 0, TPU.TIORS5.10A[1,0] =
01/10/11
TMO1_OE TMO1 TCSR.0S3,2 = 01/10/11 or TCSR.0S[1,0] =
01/10/11
TxD1_OE TxD1 SCR.TE=1
PO6_OE PO6 NDERL.NDERG6 = 1
5 TIOCA4_OE TIOCA4 TPU.TIOR4.1I0A3 = 0, TPU.TIOR4.10A[1,0] =
01/10/11
PO5_OE PO5 NDERL.NDER5 =1
4 TIOCB4_OE TIOCB4 TPU.TIOR4.10B3 = 0, TPU.TIOR4.10B[1,0] =
01/10/11
SCK1_OE SCK1 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM =0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0
PO4_OE PO4 NDERL.NDER4 =1
3 TIOCD3_OE  TIOCD3 TPU.TMDR.BFB =0, TPU.TIORL3.10D3 = 0,
TPU.TIORL3.I0DJ[1,0] = 01/10/11
PO3_OE PO3 NDERL.NDER3 =1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
P2 TIOCC3_OE TIOCC3 TPU.TMDR.BFA =0, TPU.TIORL3.I0C3 = 0,
TPU.TIORL3.I0DJ[1,0] = 01/10/11
TMOO_OE TMOO TCSR.0S[3,2] = 01/10/11 or TCSR.OS[1,0] =
01/10/11
TxDO_OE TxDO SCR.TE=1
PO2_OE PO2 NDERL.NDER2 =1
TIOCA3_OE TIOCAS TPU.TIORH3.I0A3 = 0, TPU.TIORH3.I0A[1,0]
=01/10/11
PO1_OE PO1 NDERL.NDER1 =1
TIOCB3_OE TIOCB3 TPU.TIORH3.10B3 = 0, TPU.TIORH3.10B[1,0]
=01/10/11
SCKO0_OE SCKO When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM =0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0
POO_OE POO NDERL.NDERO =1
P3 TIOCB2_OE TIOCB2 TPU.TIOR2.10B3 = 0, TPU.TIOR2.10B[1,0] =
01/10/11
PO15_OE PO15 NDERH.NDER15 =1
TIOCA2_OE TIOCA2 TPU.TIOR2.I0A3 = 0, TPU.TIOR2.10A[1,0] =
01/10/11
PO14_OE PO14 NDERH.NDER14 =1
TIOCB1_OE TIOCB1 TPU.TIOR1.10B3 = 0, TPU.TIOR1.10B[1,0] =
01/10/11
PO13_OE PO13 NDERH.NDER13 =1
TIOCA1_OE TIOCAl1 TPU.TIOR1.I0A3 = 0, TPU.TIOR1.10A[1,0] =
01/10/11
PO12_OE PO12 NDERH.NDER12 = 1
TIOCDO_OE  TIOCDO TPU.TMDR.BFB =0, TPU.TIORLO.IOD3 = 0,
TPU.TIORLO.IOD[1,0] = 01/10/11
PO11_OE PO11 NDERH.NDER11 =1
TIOCCO_OE  TIOCCO TPU.TMDR.BFA =0, TPU.TIORLO.IOC3 =0,
TPU.TIORLO.IOD[1,0] = 01/10/11
PO10_OE PO10 NDERH.NDER10 = 1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
P3 1 TIOCBO OE TIOCBO TPU.TIORHO0.I0B3 = 0, TPU.TIORHO.I0B[1,0]
=01/10/11
PO9_OE PO9 NDERH.NDER9 = 1
0 TIOCAO0_OE TIOCAO TPU.TIORHO0.I0A3 = 0, TPU.TIORHO.IOA[1,0]
=01/10/11
PO8_OE PO8 NDERH.NDERS8 = 1
P6 5 TMO3_OE T™MO3 TCSR.0S[3,2] = 01/10/11 or TCSR.0S[1,0] =
01/10/11
2 TMO2_OE T™MO2 TCSR.0S[3,2] = 01/10/11 or TCSR.0OS[1,0] =
01/10/11
SCK4_OE SCK4 When SCMR.SMIF = 1:
SCR.TE =1 or SCR.RE = 1 while
SMR.GM = 0, SCR.CKE [1, 0] = 01 or while
SMR.GM =1
When SCMR.SMIF = 0:
SCR.TE =1 or SCR.RE = 1 while
SMR.C/A = 0, SCR.CKE [1, 0] = 01 or while
SMR.C/A=1,SCR.CKE1=0
0 TxD4_OE TxD4 SCRTE=1
PA 7 BgOE Bo PADDR.PA7DDR = 1, SCKCR.POSEL1 = 0
6 AH OE AH SYSCR.EXPE =1,
MPXCR.MPXEn (n=7t03)=1
BS-B_OE BS PFCR2.BSS =1 SYSCR.EXPE =1, PFCR2.BSE = 1
AS_OE AS SYSCR.EXPE =1, PFCR2.ASOE = 1
5 RD_OE RD SYSCR.EXPE = 1
4 [LUB_OE LUB SYSCR.EXPE = 1, PFCR6.LHWROE =1 or
SRAMCR.BCSELn =1
LHWR_OE LHWR SYSCR.EXPE = 1, PFCR6.LHWROE =1
3 LLB_OE LLB SYSCR.EXPE = 1, SRAMCR.BCSELn = 1
LLWR_OE LLWR SYSCR.EXPE = 1
1 BACK_OE BACK SYSCR.EXPE = 1,BCR1.BRLE = 1
(RD/WR)_OE RD/WR SYSCR.EXPE =1, PFCR2.REWRE =1 or
SRAMCR.BCSELn =1
0 BS-A_OE BS PFCR2.BSS =0 SYSCR.EXPE = 1, PFCR2.BSE = 1
BREQO _OE BREQO SYSCR.EXPE = 1, BCR1.BRLE = 1,

BCR1.BREQOE =1
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Output Output
Specification Signal Signal Selection
Port Signal Name Name  Register Settings Peripheral Module Settings
PB 3 CS3 OE CS3 SYSCR.EXPE =1, PFCRO.CS3E = 1
CS7A_OE CSs7 PFCR1.CS7S[A,B] =00 SYSCR.EXPE =1, PFCRO.CS7E = 1
2 CS2A_OE CSs2 PFCR2.CS2S =0 SYSCR.EXPE = 1, PFCRO.CS2E = 1
CS6A_OE CS6 PFCR1.CS6S[A,B] =00 SYSCR.EXPE =1, PFCR0.CS6E = 1
1 CS1_OE CSs1 SYSCR.EXPE =1, PFCR0.CS1E = 1
CS2B_OE Cs2 PFCR2.CS2S =1 SYSCR.EXPE =1, PFCRO.CS2E = 1
CS5A_OE CS5 PFCR1.CS5S[A,B] =00 SYSCR.EXPE =1, PFCRO.CS5E =1
CS6B_OE CS6 PFCR1.CS6S[A,B] = 01 SYSCR.EXPE =1, PFCRO.CS6E = 1
CS7B_OE CSs7 PFCR1.CS7S[A,B] =01 SYSCR.EXPE =1, PFCRO.CS7E =1
0 CS0_OE CSo SYSCR.EXPE =1, PFCR0.CSOE = 1
CS4 OE Cs4 SYSCR.EXPE =1, PFCRO.CS4E = 1
CS5B_OE CS5 PFCR1.CS5S[A,B] = 01 SYSCR.EXPE =1, PFCRO.CS5E = 1
PD 7 A7_OE A7 SYSCR.EXPE = 1, PDDDR.PD7DDR = 1
6 A6_OE A6 SYSCR.EXPE = 1, PDDDR.PD6DDR = 1
5 A5 OE A5 SYSCR.EXPE = 1, PDDDR.PD5DDR = 1
4 A4 OE A4 SYSCR.EXPE = 1, PDDDR.PD4DDR = 1
3 A3 OE A3 SYSCR.EXPE = 1, PDDDR.PD3DDR = 1
2 A2 OE A2 SYSCR.EXPE = 1, PDDDR.PD2DDR =1
1 Al1_OE Al SYSCR.EXPE = 1, PDDDR.PD1DDR = 1
0 AO0_OE A0 SYSCR.EXPE = 1, PDDDR.PDODDR = 1
PE 7 Al5_OE Al5 SYSCR.EXPE = 1, PDDDR.PE7DDR = 1
6 Al4_OE Al4 SYSCR.EXPE = 1, PDDDR.PE6DDR = 1
5 Al3_OE Al13 SYSCR.EXPE = 1, PDDDR.PE5DDR = 1
4  Al2 OE Al12 SYSCR.EXPE = 1, PDDDR.PE4DDR = 1
3 All OE All SYSCR.EXPE = 1, PDDDR.PE3DDR = 1
2 Al0_OE A10 SYSCR.EXPE = 1, PDDDR.PE2DDR = 1
1 A9 _OE A9 SYSCR.EXPE = 1, PDDDR.PEIDDR = 1
0 A8 OE A8 SYSCR.EXPE = 1, PDDDR.PEODDR = 1
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Output Output
Specification Signal Signal Selection

Port Signal Name Name  Register Settings Peripheral Module Settings
PF 7 A23_OE A23 SYSCR.EXPE =1, PFCR4.A23E =1
6 A22_OE A22 SYSCR.EXPE =1, PFCR4.A22E =1
5 A21_OE A21 SYSCR.EXPE =1, PFCR4.A21E =1
4 A20_OE A20 SYSCR.EXPE =1, PFCR4.A20E =1
3 Al19_OE Al9 SYSCR.EXPE =1, PFCR4.A19E = 1
2 Al18 _OE Al8 SYSCR.EXPE =1, PFCR4.A18E =1
1 Al7_OE Al7 SYSCR.EXPE =1, PFCR4.A17E=1
0 Al6_OE Al6 SYSCR.EXPE =1, PFCR4.A16E = 1
PH 7 D7_E D7 SYSCR.EXPE =1
6 D6_E D6 SYSCR.EXPE =1
5 D5_E D5 SYSCR.EXPE =1
4 D4 E D4 SYSCR.EXPE =1
3 D3_E D3 SYSCR.EXPE =1
2 D2_E D2 SYSCR.EXPE =1
1 D1 E D1 SYSCR.EXPE =1
0 DO_E DO SYSCR.EXPE =1
Pl 7 D15 E D15 SYSCR.EXPE =1, ABWCR.ABWI[H,L]n =
x0/10
6 D14 E D14 SYSCR.EXPE =1, ABWCR.ABW[H,L]n =
x0/10
5 D13 E D13 SYSCR.EXPE =1, ABWCR.ABWI[H,L]n =
x0/10
4 D12_E D12 SYSCR.EXPE =1, ABWCR.ABW[H,L]n =
x0/10
3 D11_E D11 SYSCR.EXPE =1, ABWCR.ABW[H,L]n =
x0/10
2 D10_E D10 SYSCR.EXPE =1, ABWCR.ABWI[H,L]n =
x0/10
1 D9 E D9 SYSCR.EXPE =1, ABWCR.ABW[H,L]n =
x0/10
0 D8_E D8 SYSCR.EXPE =1, ABWCR.ABW[H,L]n =
x0/10
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83 Port Function Controller

The port function controller controls the I/O ports. To specify each pin input or output, first select
the input or output destination and then enable the input or output.

The port function controller incorporates the following registers.

» Port function control register O (PFCRO)
« Port function control register 1 (PFCR1)
» Port function control register 2 (PFCR2)
« Port function control register 4 (PFCR4)
» Port function control register 6 (PFCR6)
« Port function control register 9 (PFCR9)
» Port function control register B (PFCRB)
« Port function control register C (PFCRC)

831 Port Function Control Register 0 (PFCRO)

PFCRO enables/disables the CS outpt.

Bit 7 6 5 4 3 2 1 0
BitName | cs7e | csee | csse | csae CS3E CS2E CS1E CSOE
Initial Value 0 0 0 0 0 0 0 Undefined*
RIW RIW RIW RIW RIW RIW RIW RIW RIW

Note: * 1 in external extended mode; 0 in other modes.

Initial
Bit Bit Name Value R/W Description
7 CS7E 0 R/W CS7 to CS0 Enable
6 CS6E 0 R/W These bits enable/disable the corresponding CSn
5 CSSE 0 Rw  outPut
2 CSAE 0 RIW 0: Pin functions as I/O_port
3 CS3E 0 RIW 1: Pin functions as CSn output pin
2 CS2E 0 rRw (157100
1 CS1E 0 R/W
0 CSOE Undefined* R/W

Note: * 1 in external extended mode; O in other modes.
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8.3.2 Port Function Control Register 1 (PFCR1)

PFCR1 selects the CS output pins.

Bit 7 6 5 4 3 2 1 0
BitName | cs7sa | cs7se | csesa [ csese | csssa | cssse
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

Initial

Bit Bit Name Value R/W Description

7 CS7SA* 0 R/W  CS7 Output Pin Select

6 CS7SB* 0 R/W  Selects the output pin for CS7 when CS7 output is

enabled (CS7E = 1)

00: Specifies pin PB3 as CS7-A output
01: Specifies pin PB1 as CS7-B output
10: Setting prohibited

11: Setting prohibited

5 CS6SA* 0 R/W CS6 Output Pin Select

Ccs6sB* 0 R/W Selects the output pin for CS6 when CS6 output is
enabled (CS6E = 1)

00: Specifies pin PB2 as CS6-A output
01: Specifies pin PB1 as CS6-B output
10: Setting prohibited
11: Setting prohibited

CS5SA* 0 R/W CS5 Output Pin Select

CsS5sSB* 0 R/W Selects the output pin for CS5 when CS5 output is
enabled (CS5E = 1)

00: Specifies pin PB1 as CS5-A output
01: Specifies pin PBO as CS5-B output
10: Setting prohibited
11: Setting prohibited

1,0 O All O R/W Reserved

These bits are always read as 0. The write value should
always be 0.

Note: * If multiple CS outputs are specified to a single pin according to the CSn output pin
select bits (n=4 to 7), multiple CS signals are output from the pin. For details, see
section 6.5.3, Chip Select Signals.
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8.3.3 Port Function Control Register 2 (PFCR2)

PFCR1 selects the CS output pin, enables/disables bus control 1/0, and selects the bus control 1/0

pins.

Bit 7

4 3 2 1 0

Bit Name

CSs2s BSS

BSE - RDWRE ASOE

Initial Value 0

R/W R/W

Bit Bit Name

0

R/W R/W

Initial
Value R/W

0 0 0 1 0

R/W R/W R/W R/W R/W

Description

7 O

0 R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

6 Cs2s*!

0 R/W

CS2 Output Pin Select

Selects the output pin for CS2 when CS2 output is
enabled (CS2E = 1)

0: Specifies pin PB2 as CS2-A output pin
1: Specifies pin PB1 as CS2-B output pin

5 BSS

0 R/W

BS Output Pin Select

Selects the BS output pin

0: Specifies pin PAO as BS-A output pin
1: Specifies pin PA6 as BS-B output pin

4 BSE

BS Output Enable
Enables/disables the BS output
0: Disables the BS output

1: Enables the BS output

0 R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

2 RDWRE*?

0 R/W

RD/WR Output Enable
Enables/disables the RD/WR output
0: Disables the RD/WR output

1: Enables the RD/WR output
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Initial
Bit Bit Name Value R/W Description
1 ASOE 1 R/W  AS Output Enable
Enables/disables the AS output
0: Specifies pin PA6 as I/O port

1: Specifies pin PA6 as AS output pin
0 O 0 R/W Reserved

This bit is always read as 0. The write value should
always be 0.

Notes: 1. If multiple CS outputs are specified to a single pin according to the CSn output pin
select bits (n = 2 and 3), multiple CS signals are output from the pin. For details, see
section 6.5.3, Chip Select Signals.

2. If an area is specified as a byte control SDRAM space, the pin specified by the RDWRS
bit functions as RD/WR output regardless of the RDWRE bit value.

8.34 Port Function Control Register 4 (PFCR4)

PFCR4 enables/disables the address outpuit.

Bit 7 6 5 4 3 2 1 0
BitName | A23e | A2E | AzE |
Initial Value 0 0 0 1 1 1 1 1
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Initial
Bit Bit Name Value R/W Description
7 A23E 0 R/W Address A23 Enable

Enables/disables the address output (A23)
0: Disables the A23 output
1: Enables the A23 output

6 A22E 0 R/W Address A22 Enable
Enables/disables the address output (A22)
0: Disables the A22 output
1: Enables the A22 output

5 A21E 0 R/W Address A21 Enable
Enables/disables the address output (A21)
0: Disables the A21 output
1: Enables the A21 output
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Initial

Bit Bit Name Value R/W Description

4t00 O All 1 R/W Reserved
These bits are always read as 1. The write value should
always be 1.

8.35 Port Function Control Register 6 (PFCR6)

PFCR6 selects the TPU clock input pin and external input pin for the A/D converter.

Bit 7 6 5 4 3 2 1 0
Bit Name | [ chwroe | - ] [ Tcks | |
Initial Value 1 1 1 0 0 0 0 0
R/W R/W R/W R/W R R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 O 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
6 LHWROE 1 R/W  LHWR Output Enable
Enables/disables LHWR output (valid in external
extended mode).
0: Specifies pin PA4 as I/O port
1: Specifies pin PA4 as LHWR output pin
5 O 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
4 O 0 R Reserved
This is a read-only bit and cannot be modified.
3 TCLKS 0 R/W TPU External Clock Input Pin Select
Selects the TPU external clock input pins.
0: Specifies pins P32, P33, P35, and P37 as external
clock inputs
1: Specifies pins P14 to P17 as external clock inputs
2to0 O AllO R/W Reserved

These bits are always read as 0. The write value should
always be 0.
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8.3.6 Port Function Control Register 9 (PFCR9)

PFCR9 selects the multiple functions for the TPU 1/0 pins.

Bit 7 6 5

4 3 2 1 0

BitName | TPUMSs | TPUMs4 | TPums3a [ TPumsas | TPums2 | TPums1 | TPUMsA | TPUMSOB

Initial Value 0 0 0

R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W

0 0 0 0 0

R/W R/W R/W R/W R/W

Description

7 TPUMS5 0 R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCAGS function

0: Specifies pin P26 as output compare output and input
capture

1: Specifies P27 as input capture input and P26 as output
compare

6 TPUMS4 O R/W

TPU 1/O Pin Multiplex Function Select

Selects TIOCA4 function

0: Specifies P25 as output compare output and input
capture

1: Specifies P24 as input capture input and P25 as output
compare

5 TPUMS3A 0 R/W

TPU 1I/O Pin Multiplex Function Select
Selects TIOCA3 function

0: Specifies P21 as output compare output and input
capture

1: Specifies P20 as input capture input and P21 as output
compare

4 TPUMS3B 0 R/W

TPU I/O Pin Multiplex Function Select
Selects TIOCC3 function

0: Specifies P22 as output compare output and input
capture

1: Specifies P23 as input capture input and P22 as output
compare
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Initial
Bit Bit Name Value R/W Description
3 TPUMS2 O R/W TPU I/O Pin Multiplex Function Select
Selects TIOCA2 function

0: Specifies P36 as output compare output and input
capture

1: Specifies P37 as input capture input and P36 as output
compare

2 TPUMS1 O R/W TPU 1/O Pin Multiplex Function Select
Selects TIOCAL function

0: Specifies P34 as output compare output and input
capture

1: Specifies P35 as input capture input and P34 as output
compare

1 TPUMSOA 0 R/W TPU I/O Pin Multiplex Function Select
Selects TIOCAO function

0: Specifies P30 as output compare output and input
capture

1: Specifies P31 as input capture input and P30 as output
compare

0 TPUMSOB 0 R/W TPU 1I/O Pin Multiplex Function Select
Selects TIOCCO function

0: Specifies P32 as output compare output and input
capture

1: Specifies P33 as input capture input and P32 as output
compare

8.3.7 Port Function Control Register B (PFCRB)

PFCRB selectsthe input pinsfor IRQ11 to IRQS.

Bit 7 6 5 4 3 2 1 0
gtName | - | - [ - | - | wsn ITS10 ITS9 ITS8
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description

7t04 O AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.

3 ITS11 0 R/W IRQ11 Pin Select

Selects an input pin for IRQ11.
0: Selects pin P23 as IRQ11-A input
1: Selects pin P63 as IRQ11-B input

2 ITS10 0 R/W IRQ10 Pin Select
Selects an input pin for IRQ10.
0: Selects pin P22 as IRQ10-A input
1: Selects pin P62 as IRQ10-B input

1 ITS9 0 R/W  IRQ9 Pin Select
Selects an input pin for IRQY.
0: Selects pin P21 as IRQ9-A input
1: Selects pin P61 as IRQ9-B input

0 ITS8 0 R/W  IRQ8 Pin Select
Selects an input pin for IRQS.
0: Selects pin P20 as IRQ8-A input
1: Selects pin P60 as IRQ8-B input

8.3.8 Port Function Control Register C (PFCRC)

PFCRC selects input pins for IRQ7 to IRQO.

Bit 7 6 5 4 3 2 1 0
BitName | 1ts7 | tse [ itss | irsa ITS3 ITS2 ITS1 ITSO
Initial Value 0 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW RIW RIW RIW RIW
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Initial
Bit Bit Name Value R/W Description

7 ITS7 0 R/W  IRQ7 Pin Select
Selects an input pin for IRQ7.
0: Selects pin P17 as IRQ7-A input
1: Selects pin P57 as IRQ7-B output

6 ITS6 0 R/W  IRQ6 Pin Select
Selects an input pin for IRQB.
0: Selects pin P16 as IRQ6-A input
1: Selects pin P56 as IRQ6-B output

5 ITS5 0 R/W  IRQ5 Pin Select
Selects an input pin for IRQ5.
0: Selects pin P15 as IRQ5-A input
1: Selects pin P55 as IRQ5-B output

4 ITS4 0 R/W  IRQ4 Pin Select
Selects an input pin for IRQ4.
0: Selects pin P14 as IRQ4-A input
1: Selects pin P54 as IRQ4-B output

3 ITS3 0 R/W  IRQ3 Pin Select
Selects an input pin for IRQ3.
0: Selects pin P13 as IRQ3-A input
1: Selects pin P53 as IRQ3-B output

2 ITS2 0 R/W  IRQ2 Pin Select
Selects an input pin for IRQ2.
0: Selects pin P12 as IRQ2-A input
1: Selects pin P52 as IRQ2-B output

1 ITS1 0 R/W  IRQ1 Pin Select
Selects an input pin for IRQT.
0: Selects pin P11 as IRQ1-A input
1: Selects pin P51 as IRQ1-B output

0 ITSO 0 R/W  IRQO Pin Select
Selects an input pin for IRQO.
0: Selects pin P10 as IRQ0-A input
1: Selects pin P50 as IRQO-B output
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8.4 Usage Notes

84.1 Notes on Input Buffer Control Register (ICR) Setting

*  When the ICR setting is changed, the LSI may malfunction due to an edge occurred internally
according to the pin states. To change the ICR setting, fix the pin high or disable the input
function corresponding to the pin.

e If aninputisenabled by setting |CR while multiple input functions are assigned to the pin, the
pin state is reflected in all the inputs. Care must be taken for each modul e settings for unused
input functions.

*  When apinisused as an output, data to be output from the pin will be latched as the pin state
if the input function corresponding to the pin is enabled. To use the pin as an output, disable
the input function for the pin by setting ICR.

8.4.2 Notes on Port Function Control Register (PFCR) Settings

*  When the input/output destination is changed by the corresponding selection bit, an edge may
occur if the previous pin level differsfrom the pin level after the change. To change the pin
direction correctly, first disable the input function corresponding to the pin, change the pin
setting, and then enable the input/output function.

< If apinfunction has both a selection bit that modifies the input/output destination and an

enable bit that enables the pin function, first specify the input/output destination by the
selection bit and then enabl e the pin function by the enable bit.
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Section 9 16-Bit Timer Pulse Unit (TPU)

This LSl has an on-chip 16-bit timer pulse unit (TPU) that comprises six 16-bit timer channels.

Tables 9.1 lists the 16-bit timer unit functions and figure 9.1 is a block diagram.

9.1 Features

e Maximum 16-pulse input/output
» Selection of eight counter input clocks for each channel
» Thefollowing operations can be set for each channel:
0 Waveform output at compare match
O Input capture function
0 Counter clear operation
O Synchronous operations:
* Multipletimer counters (TCNT) can be written to simultaneously
» Simultaneous clearing by compare match and input capture possible
» Simultaneous input/output for registers possible by counter synchronous operation
e Maximum of 15-phase PWM output possible by combination with synchronous
operation
» Buffer operation settable for channels0 and 3
»  Phase counting mode settable independently for each of channels 1, 2, 4, and 5
» Cascaded operation
» Fast accessviainterna 16-bit bus
» 26 interrupt sources
» Automatic transfer of register data
* Programmable pulse generator (PPG) output trigger can be generated
» Conversion start trigger for the A/D converter can be generated
* Module stop mode can be set
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Table9.1 TPU Functions

Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5
Count clock P@1l P@l P@l P@l P@l P@l
Pq4 Pq4 Pq4 Pq4 Pq4 Pq4
P@16 P@16 P@16 P@16 P@16 P@16
Pq@64 Pq@64 Pq@64 Pq@64 Pq@64 Pq@64

TCLKA  P@256  P@l024 P@256  P@1024  P@256
TCLKB  TCLKA  TCLKA  P@1024 TCLKA  TCLKA
TCLKC ~ TCLKB  TCLKB  P@4096 TCLKC  TCLKC
TCLKD  TCNT2  TCLKC  TCLKA  TCNT5  TCLKD

General registers TGRA_O TGRA_1 TGRA_2 TGRA_3 TGRA 4 TGRA_5

(TGR) TGRB O TGRB 1 TGRB 2 TGRB 3 TGRB 4 TGRB 5

General registers/ TGRC 0 O O TGRC 3 O O

buffer registers TGRD_O TGRD_3

1/0 pins TIOCAO TIOCA1 TIOCA2 TIOCA3 TIOCA4 TIOCAS
TIOCBO TIOCB1 TIOCB2 TIOCB3 TIOCB4 TIOCB5
TIOCCO TIOCC3
TIOCDO TIOCD3

Counter clear function TGR TGR TGR TGR TGR TGR

compare compare compare compare compare compare
match or matchor matchor matchor matchor match or

input input input input input input
capture capture capture capture capture capture
Compare 0 output O (0] (0] (0] (0] (0]
match "o iout . o 0 0 0 0 0
output
Toggle (0] (0] (0] (0] (0] (0]
output
Input capture function O 0] 0] 0] o] 0]
Synchronous operation O o o o o o
PWM mode 0] 0] 0] 0] 0] 0]
Phase counting mode [ (@) (@) O (@) (@)
Buffer operation 0] O O o] O O
DTC activation TGR TGR TGR TGR TGR TGR

compare compare compare compare compare compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture

A/D converter trigger TGRA_0 TGRA_1 TGRA_2 TGRA_3 TGRA_4 TGRA_S
compare compare compare compare compare compare
matchor matchor matchor matchor matchor match or
input input input input input input
capture capture capture capture capture capture
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Item Channel 0 Channel 1 Channel 2 Channel 3 Channel 4 Channel 5

PPG trigger TGRA_ O/ TGRA 1/ TGRA 2/ TGRA 3/ O O
TGRB O TGRB 1 TGRB 2 TGRB_3
compare compare compare compare
match or matchor matchor match or
input input input input
capture capture capture capture

Interrupt sources 5sources 4 sources 4 sources 5sources 4 sources 4 sources

Compare Compare Compare Compare Compare Compare
match or matchor matchor matchor matchor  match or
input input input input input input
capture OA capture 1A capture 2A capture 3A capture 4A capture 5A
Compare Compare Compare Compare Compare Compare
match or matchor matchor matchor matchor  match or
input input input input input input
capture OB capture 1B capture 2B capture 3B capture 4B capture 5B

Compare Overflow Overflow Compare Overflow  Overflow

match or Underflow Underflow match or Underflow Underflow
input input
capture 0C capture 3C
Compare Compare
match or match or
input input
capture OD capture 3D
Overflow Overflow
[Legend]
O : Possible

O : Not possible
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[Legend]
TSTR: Timer start register TIER: Timer interrupt enable register
TSYR: Timer synchronous register TSR: Timer status register
TCR: Timer control register TGR (A, B, C, D): Timer general registers (A, B, C, D)
TMDR: Timer mode register TCNT: Timer counter

TIOR (H, L): Timer I/O control registers (H, L)

Figure9.1 Block Diagram of TPU
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9.2 I nput/Output Pins
Table 9.3 shows TPU pin configurations.

Table9.2  Pin Configuration

Channel Symbol 1/O0 Function
All TCLKA Input External clock A input pin
(Channel 1 and 5 phase counting mode A phase input)

TCLKB Input External clock B input pin
(Channel 1 and 5 phase counting mode B phase input)

TCLKC Input External clock C input pin
(Channel 2 and 4 phase counting mode A phase input)

TCLKD Input External clock D input pin
(Channel 2 and 4 phase counting mode B phase input)

0 TIOCAO 1/O TGRA_O input capture input/output compare output/PWM output pin

TIOCBO 1/0  TGRB_O input capture input/output compare output/PWM output pin

TIOCCO 1/O TGRC_0 input capture input/output compare output/PWM output pin

TIOCDO 1/0  TGRD_O0 input capture input/output compare output/PWM output pin

1 TIOCA1 1/O TGRA_1 input capture input/output compare output/PWM output pin

TIOCB1 1/O TGRB_1 input capture input/output compare output/PWM output pin

2 TIOCA2 1/0  TGRA_2 input capture input/output compare output/PWM output pin

TIOCB2 1/0 TGRB_2 input capture input/output compare output/PWM output pin

3 TIOCA3 1/0  TGRA_3 input capture input/output compare output/PWM output pin

TIOCB3 1/O0 TGRB_3 input capture input/output compare output/PWM output pin

TIOCC3 1/0  TGRC_3 input capture input/output compare output/PWM output pin

TIOCD3 1/0  TGRD_3 input capture input/output compare output/PWM output pin

4 TIOCA4 1/O TGRA_4 input capture input/output compare output/PWM output pin

TIOCB4 1/0  TGRB_4 input capture input/output compare output/PWM output pin

5 TIOCAS 1/O TGRA_5 input capture input/output compare output/PWM output pin

TIOCB5 1/0  TGRB_5 input capture input/output compare output/PWM output pin
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9.3 Register Descriptions
The TPU has the following registersin each channel.

e Channel 0
Timer control register 0 (TCR_0)
Timer moderegister 0 (TMDR_0)
Timer 1/O control register H_0 (TIORH_0)
Timer 1/0O control register L_0 (TIORL_0)
Timer interrupt enable register_0 (TIER_0)
Timer status register_0 (TSR_0)
Timer counter_0 (TCNT_0)
Timer general register A_0 (TGRA_0)
Timer general register B_0 (TGRB_0)
Timer general register C_0 (TGRC_0)
Timer general register D_0 (TGRD_0)
e Channel 1
Timer control register_ 1 (TCR_1)
Timer mode register_1 (TMDR_1)
Timer 1/O control register _1 (TIOR_1)
Timer interrupt enable register_1 (TIER_1)
Timer status register_ 1 (TSR_1)
Timer counter_1 (TCNT_1)
Timer general register A_1 (TGRA_1)
Timer general register B_1 (TGRB_1)
* Channel 2
Timer control register_2 (TCR_2)
Timer moderegister 2 (TMDR_2)
Timer /O control register_2 (TIOR_2)
Timer interrupt enable register_2 (TIER_2)
Timer statusregister_2 (TSR_2)
Timer counter_2 (TCNT_2)
Timer general register A_2 (TGRA_2)
Timer general register B_2 (TGRB_2)
e Channel 3

O Timer control register_3 (TCR_3)

0 Timer moderegister 3 (TMDR_3)

O Timer I/O control register H_3 (TIORH_3)
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OooOoooood

Timer 1/0O control register L_3 (TIORL_3)
Timer interrupt enable register_3 (TIER_3)
Timer statusregister_3 (TSR_3)

Timer counter_3 (TCNT_3)

Timer general register A_3(TGRA_3)
Timer general register B_3 (TGRB_3)
Timer general register C_3 (TGRC_3)
Timer general register D_3 (TGRD_3)

Channel 4

OoOoooogoooao

Timer control register_4 (TCR_4)

Timer mode register_4 (TMDR_4)

Timer 1/O control register _4 (TIOR_4)
Timer interrupt enable register_4 (TIER_4)
Timer status register_4 (TSR_4)

Timer counter_4 (TCNT_4)

Timer general register A_4 (TGRA_4)
Timer general register B_4 (TGRB_4)

Channel 5

OoOoooood

Timer control register 5 (TCR_5)

Timer moderegister 5 (TMDR_5)

Timer 1/O control register_5 (TIOR_5)
Timer interrupt enable register_ 5 (TIER_5)
Timer statusregister_5 (TSR_5)

Timer counter_5 (TCNT_5)

Timer general register A_5(TGRA_5)
Timer general register B_5 (TGRB_5)

Common Registers

g
O

Timer start register (TSTR)
Timer synchronous register (TSYR)
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931 Timer Control Register (TCR)

TCR controlsthe TCNT operation for each channel. The TPU has atotal of six TCR registers, one
for each channel. TCR register settings should be made only while TCNT operation is stopped.

Bit 7 6 4 3 2 1 0
BitName | cctrz | cclri | cciro [ ckeei | ckeco | tesca | tPsca [ TPsco |
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 CCLR2 0 R/W Counter Clear 2to 0
6 CCLR1 0 R/W These bits select the TCNT counter clearing source. See
5 CCLRO 0 R/W tables 9.3 and 9.4 for details.
4 CKEG1 0 R/W Clock Edge 1 and O
3 CKEGO 0 R/W These bits select the input clock edge. For details, see
table 9.5. When the input clock is counted using both
edges, the input clock period is halved (e.g. P@4 both
edges = P@?2 rising edge). If phase counting mode is
used on channels 1, 2, 4, and 5, this setting is ignored
and the phase counting mode setting has priority. Internal
clock edge selection is valid when the input clock is P@/4
or slower. This setting is ignored if the input clock is P@/1,
or when overflow/underflow of another channel is
selected.
2 TPSC2 0 R/W Timer Prescaler 2 to 0
1 TPSC1 0 R/W These bits select the TCNT counter clock. The clock
0 TPSCO 0 R/W source can be selected independently for each channel.

See tables 9.6 to 9.11 for details. To select the external
clock as the clock source, the DDR bit and ICR bit for the
corresponding pin should be set to 0 and 1, respectively.
For details, see section 8, 1/0 Ports.

Rev. 1.00, 09/03, page 298 of 618

RENESAS



Table9.3 CCLR2to CCLRO (Channels0and 3)

Bit 7 Bit 6 Bit 5
Channel CCLR2 CCLR1 CCLRO Description
0,3 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another
channel performing synchronous clearing/
synchronous operation**
1 0 0 TCNT clearing disabled
TCNT cleared by TGRC compare match/input
capture*?
1 1 0 TCNT cleared by TGRD compare match/input
capture*’
1 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. When TGRC or TGRD is used as a buffer register, TCNT is not cleared because the
buffer register setting has priority, and compare match/input capture does not occur.

Table9.4 CCLR2toCCLRO (Channelsi, 2,4, and 5)

Bit 7
Reserved Bit 6 Bit 5
Channel *? CCLR1 CCLRO Description
1,2,4,5 0 0 0 TCNT clearing disabled
0 0 1 TCNT cleared by TGRA compare match/input
capture
0 1 0 TCNT cleared by TGRB compare match/input
capture
0 1 1 TCNT cleared by counter clearing for another

channel performing synchronous clearing/
synchronous operation**

Notes: 1. Synchronous operation is selected by setting the SYNC bit in TSYR to 1.

2. Bit 7 isreserved in channels 1, 2, 4, and 5. It is always read as 0 and cannot be
modified.
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Table9.5 Input Clock Edge Selection

Clock Edge Selection Input Clock
CKEG1 CKEGO Internal Clock External Clock
0 0 Counted at falling edge Counted at rising edge
0 1 Counted at rising edge Counted at falling edge
1 X Counted at both edges Counted at both edges
[Legend]
X: Don't care

Table9.6 TPSC2to TPSCO (Channel 0)

Bit 2
Channel TPSC2

Bit 1

Bit 0

TPSC1 TPSCO Description

0 0

0

0 Internal clock: counts on P@/1

Internal clock: counts on Pg/4

Internal clock: counts on P@/16

Internal clock: counts on P@/64

External clock: counts on TCLKA pin input

External clock: counts on TCLKB pin input

External clock: counts on TCLKC pin input

Rlr|lrk|r|lo|lolo

Rlkr|lo|lolr|r|o

Rr|lo|lr|Oo|lRr|O|R

External clock: counts on TCLKD pin input

Table9.7 TPSC2to TPSCO (Channd 1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@/1
0 0 1 Internal clock: counts on P@/4
0 1 0 Internal clock: counts on P@/16
0 1 1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 Internal clock: counts on P@/256
1 1 1 Counts on TCNT2 overflow/underflow

Note: This setting is ignored when channel 1 is in phase counting mode.
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Table9.8 TPSC2to TPSCO (Channel 2)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
2 0 0 0 Internal clock: counts on P@/1
0 0 1 Internal clock: counts on P@/4
0 1 0 Internal clock: counts on P@/16
0 1 1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKB pin input
1 1 0 External clock: counts on TCLKC pin input

1 1 1 Internal clock: counts on P@/1024
Note: This setting is ignored when channel 2 is in phase counting mode.

Table9.9 TPSC2to TPSCO (Channel 3)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on P@/1
0 0 1 Internal clock: counts on P@/4
0 1 0 Internal clock: counts on P@/16
0 1 1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 Internal clock: counts on P@/1024
1 1 0 Internal clock: counts on P@/256
1 1 1 Internal clock: counts on P@/4096
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Table9.10 TPSC2to TPSCO (Channel 4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
4 0 0 0 Internal clock: counts on P@/1
0 0 1 Internal clock: counts on P@/4
0 1 0 Internal clock: counts on P@/16
0 1 1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P@/1024

1 1 1 Counts on TCNT5 overflow/underflow

Note: This setting is ignored when channel 4 is in phase counting mode.

Table9.11 TPSC2to TPSCO (Channel 5)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
5 0 0 0 Internal clock: counts on P@/1
0 0 1 Internal clock: counts on Pg/4
0 1 0 Internal clock: counts on P@/16
0 1 1 Internal clock: counts on P@/64
1 0 0 External clock: counts on TCLKA pin input
1 0 1 External clock: counts on TCLKC pin input
1 1 0 Internal clock: counts on P@/256
1 1 1 External clock: counts on TCLKD pin input

Note: This setting is ignored when channel 5 is in phase counting mode.
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9.3.2 Timer Mode Register (TMDR)

TMDR sets the operating mode for each channel. The TPU has six TMDR registers, one for each
channel. TMDR register settings should be made only while TCNT operation is stopped.

Bit 7 6 5 4 3 2 1 0
gitname | - | - | es [ A [ wps | wmp2 [ wo1 [ wpo |
Initial Value 1 1 0 0 0 0 0 0
R/W R R R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7,6 0 All 1 R Reserved
These are read-only bits and cannot be modified.
5 BFB 0 R/W Buffer Operation B
Specifies whether TGRB is to normally operate, or TGRB
and TGRD are to be used together for buffer operation.
When TGRD is used as a buffer register, TGRD input
capture/output compare is not generated.
In channels 1, 2, 4, and 5, which have no TGRD, bit 5 is
reserved. It is always read as 0 and cannot be modified.
0: TGRB operates normally
1: TGRB and TGRD used together for buffer operation
4 BFA 0 R/W Buffer Operation A
Specifies whether TGRA is to normally operate, or TGRA
and TGRC are to be used together for buffer operation.
When TGRC is used as a buffer register, TGRC input
capture/output compare is not generated.
In channels 1, 2, 4, and 5, which have no TGRC, bit 4 is
reserved. It is always read as 0 and cannot be modified.
0: TGRA operates normally
1: TGRA and TGRC used together for buffer operation
3 MD3 0 R/W Modes 3to 0
2 MD2 0 R/W Set the timer operating mode.
1 MD1 0 R/W MD3 is a reserved bit. The write value should always be
0 MDO 0 R/W 0. See table 9.12 for details.
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Table9.12 MD3toMDO

Bit 3 Bit 2 Bit 1 Bit 0
MD3** MD2** MD1 MDO Description

0 0 0 0 Normal operation

0 0 0 1 Reserved

0 0 1 0 PWM mode 1

0 0 1 1 PWM mode 2

0 1 0 0 Phase counting mode 1
0 1 0 1 Phase counting mode 2
0 1 1 0 Phase counting mode 3
0 1 1 1 Phase counting mode 4
1 X X X a

[Legend]

X: Don't care

Notes: 1. MD3 is a reserved bit. The write value should always be 0.

2. Phase counting mode cannot be set for channels 0 and 3. In this case, 0 should always
be written to MD2.

9.33 Timer I/O Control Register (TIOR)

TIOR controls TGR. The TPU has eight TIOR registers, two each for channels 0 and 3, and one
each for channels 1, 2, 4, and 5. Careisrequired since TIOR is affected by the TMDR setting.

Theinitial output specified by TIOR isvalid when the counter is stopped (the CST bit in TSTRis
cleared to 0). Note also that, in PWM mode 2, the output at the point at which the counter is
cleared to O is specified.

When TGRC or TGRD is designated for buffer operation, this setting isinvalid and the register
operates as a buffer register.

To designate the input capture pinin TIOR, the DDR hit and ICR hit for the corresponding pin
should be set to 0 and 1, respectively. For details, see section 8, 1/O Ports.
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TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Bit 7 6 5 4 3 2 1 0
gitName | 1083 | 1oB2 [ o1 [ oo [ 10a3 I0A2 I0AL I0AO
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
TIORL_O, TORL_3
Bit 7 6 5 4 3 2 1 0
Bit Name IoD3 I0D2 loD1 I0DO0 loc3 loc2 loc1 10Co
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

TIORH_O, TIOR_1, TIOR_2, TIORH_3, TIOR_4, TIOR_5

Initial
Bit Bit Name Value R/W Description
7 10B3 0 R/W 1/0 Control B3 to BO
6 10B2 0 R/W Specify the function of TGRB.
5 10B1 0 R/W For details, see tables 9.13, 9.15, 9.16, 9.17, 9.19, and
4 I0BO 0 rRw 920
3 IOA3 0 R/W 1/0 Control A3 to AO
2 I0A2 0 R/W Specify the function of TGRA.
1 I0A1 0 R/W For details, see tables 9.21, 9.23, 9.24, 9.25, 9.27, and
0 I0AO 0 RwW 928
e TIORL_O, TIORL_3:
Initial
Bit Bit Name Value R/W Description
7 I0D3 0 R/W 1/0 Control D3 to DO
6 I0D2 0 R/W Specify the function of TGRD.
5 IOD1 0 R/W For details, see tables 9.14, and 9.18.
4 10D0 0 R/W
3 I0C3 0 R/W 1/0 Control C3 to CO
2 I0C2 0 R/W Specify the function of TGRC.
1 IOC1 0 R/W For details, see tables 9.22, and 9.26.
0 I0CO0 0 R/W

RENESAS
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Table9.13 TIORH_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_O
I0B3 10B2 I0B1 I0BO Function TIOCBO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCBO pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCBO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCBO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down*

[Legend]
X: Don'’t care

Note: When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P@/1 is used as the TCNT_1
count clock, this setting is invalid and input capture is not generated.
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Table9.14 TIORL_O

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_O
I0D3 10D2 I0D1 I0DO0 Function TIOCDO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 comparez Initial output is O output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCDO pin
?:;tsut:eer*z Input capture at rising edge
1 0 0 1 Capture input source is TIOCDO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCDO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down**

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_1 are set to B'000 and P@'1 is used as the
TCNT_1 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR_O is set to 1 and TGRD_O0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.15 TIOR 1

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_1
I0B3 10B2 I0B1 I0BO Function TIOCB1 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB1 pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCB1 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB1 pin
Input capture at both edges
1 1 X X TGRC_0 compare match/input capture

Input capture at generation of TGRC_0 compare
match/input capture

[Legend]
X: Don'’t care
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Table9.16 TIOR 2

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_2
I0B3 10B2 I0B1 I0BO Function TIOCB2 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCB2 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCB2 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB2 pin
Input capture at both edges
[Legend]
X: Don't care
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Table9.17 TIORH_3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_3
I0B3 10B2 I0B1 I0BO Function TIOCB3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB3 pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCB3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down*

[Legend]
X: Don'’t care

Note: When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P@/1 is used as the TCNT_4
count clock, this setting is invalid and input capture is not generated.
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Table9.18 TIORL 3

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRD_3
I0D3 10D2 I0D1 I0DO0 Function TIOCD3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?g;‘srig;fz Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCDS3 pin
?:;tsut:eer*z Input capture at rising edge
1 0 0 1 Capture input source is TIOCD3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCD3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down**

[Legend]

X: Don't care

Notes: 1. When bits TPSC2 to TPSCO in TCR_4 are set to B'000 and P@'1 is used as the
TCNT_4 count clock, this setting is invalid and input capture is not generated.

2. When the BFB bitin TMDR_3 is set to 1 and TGRD_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.19 TIOR 4

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_4
I0B3 10B2 I0B1 I0BO Function TIOCB4 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCB4 pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCB4 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCB4 pin
Input capture at both edges
1 1 X X Capture input source is TGRC_3 compare

match/input capture

Input capture at generation of TGRC_3 compare
match/input capture

[Legend]
X: Don'’t care
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Table9.20 TIOR 5

Description

Bit 7 Bit 6 Bit 5 Bit 4 TGRB_5
I0B3 10B2 I0B1 I0BO Function TIOCBS5 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCBS5 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCB5 pin
Input capture at falling edge
1 X 1 X Capture input source is TIOCB5 pin
Input capture at both edges
[Legend]
X: Don't care
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Table9.21 TIORH_O

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA O
I0A3 I0A2 I0A1 I0A0 Function TIOCAO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCAO pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCAO pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAO pin
Input capture at both edges
1 1 X X Capture input source is channel 1/count clock

Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don'’t care

Rev. 1.00, 09/03, page 314 of 618
RENESAS



Table9.22 TIORL_O

Description

Bit 3 Bit 2 Bit 1 Bit O TGRC_O
I0C3 10C2 I0C1 10CO Function TIOCCO Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 Compare jiq| output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCO pin
:::;tsutreer* Input capture at rising edge
1 0 0 1 Capture input source is TIOCCO pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCCO pin
Input capture at both edges

1 1 X X Capture input source is channel 1/count clock
Input capture at TCNT_1 count-up/count-down

[Legend]
X: Don'’t care

Note: 1. When the BFA bitin TMDR_O is set to 1 and TGRC_0 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.23 TIOR 1

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA 1
I0A3 I0A2 I0A1 I0A0 Function TIOCA1 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA1 pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCAL pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCAL pin
Input capture at both edges
1 1 X X Capture input source is TGRA_0 compare

match/input capture

Input capture at generation of channel O/TGRA_O
compare match/input capture

[Legend]
X: Don'’t care
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Table9.24 TIOR 2

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA 2
I0A3 I0A2 I0A1 I0A0 Function TIOCA2 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Capture input source is TIOCA2 pin
capture Input capture at rising edge
register
1 X 0 1 Capture input source is TIOCA2 pin

Input capture at falling edge

1 X 1 X Capture input source is TIOCA2 pin
Input capture at both edges

[Legend]
X: Don'’t care
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Table9.25 TIORH_3

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA_3
I0A3 I0A2 I0A1 I0A0 Function TIOCA3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA3 pin
?:gﬂ;utreer Input capture at rising edge
1 0 0 1 Capture input source is TIOCA3 pin
Input capture at falling edge
1 0 1 X Capture input source is TIOCA3 pin
Input capture at both edges
1 1 X X Capture input source is channel 4/count clock

Input capture at TCNT_4 count-up/count-down

[Legend]
X: Don'’t care
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Table9.26 TIORL 3

Description

Bit 3 Bit 2 Bit 1 Bit O TGRC_3
I0C3 10C2 I0C1 10CO Function TIOCC3 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 Compare jiq| output is 0 output
register*
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCCS3 pin
:::;tsutreer* Input capture at rising edge
1 0 0 1 Capture input source is TIOCC3 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCC3 pin
Input capture at both edges

1 1 X X Capture input source is channel 4/count clock
Input capture at TCNT_4 count-up/count-down

[Legend]
X: Don'’t care

Note: * When the BFA bitin TMDR_3is set to 1 and TGRC_3 is used as a buffer register, this
setting is invalid and input capture/output compare is not generated.
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Table9.27 TIOR 4

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA 4
I0A3 I0A2 I0A1 I0A0 Function TIOCA4 Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 0 0 0 Input Capture input source is TIOCA4 pin
capture Input capture at rising edge
register
1 0 0 1 Capture input source is TIOCA4 pin

Input capture at falling edge

1 0 1 X Capture input source is TIOCA4 pin
Input capture at both edges

1 1 X X Capture input source is TGRA_3 compare
match/input capture

Input capture at generation of TGRA_3 compare
match/input capture

[Legend]
X: Don'’t care
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Table9.28 TIOR 5

Description

Bit 3 Bit 2 Bit 1 Bit O TGRA 5
I0A3 I0A2 I0A1 I0A0 Function TIOCAS Pin Function

0 0 0 0 Output Output disabled
0 0 0 1 ?:;‘Sag:e Initial output is 0 output
0 output at compare match
0 0 1 0 Initial output is 0 output
1 output at compare match
0 0 1 1 Initial output is 0 output
Toggle output at compare match
1 0 0 Output disabled
1 0 1 Initial output is 1 output
0 output at compare match
0 1 1 0 Initial output is 1 output
1 output at compare match
0 1 1 1 Initial output is 1 output
Toggle output at compare match
1 X 0 0 Input Input capture source is TIOCAS5 pin
capture Input capture at rising edge
register
1 X 0 1 Input capture source is TIOCAS pin
Input capture at falling edge
1 X 1 X Input capture source is TIOCAS pin
Input capture at both edges
[Legend]
X: Don't care

Rev. 1.00, 09/03, page 321 of 618
RENESAS



9.34 Timer Interrupt Enable Register (TIER)

TIER controls enabling or disabling of interrupt requests for each channel. The TPU has six TIER

registers, one for each channel.

Bit 7 6 4 3 2 1 0
gitName | T7GE | - | TCEU TCIEV TGIED TCIEC TGIEB TGIEA
Initial Value 0 1 0 0 0 0 0
R/W R/W R R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name value R/W Description
7 TTGE 0 R/W A/D Conversion Start Request Enable
Enables/disables generation of A/D conversion start
requests by TGRA input capture/compare match.
0: A/D conversion start request generation disabled
1: A/D conversion start request generation enabled
6 1l 1 R Reserved
This is a read-only bit and cannot be modified.
5 TCIEU 0 R/W Underflow Interrupt Enable
Enables/disables interrupt requests (TCIU) by the TCFU
flag when the TCFU flag in TSR is set to 1 in channels 1,
2,4,and5.
In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.
0: Interrupt requests (TCIU) by TCFU disabled
1: Interrupt requests (TCIU) by TCFU enabled
4 TCIEV 0 R/W Overflow Interrupt Enable

Enables/disables interrupt requests (TCIV) by the TCFV
flag when the TCFV flag in TSR is set to 1.

0: Interrupt requests (TCIV) by TCFV disabled
1: Interrupt requests (TCIV) by TCFV enabled
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Initial
Bit Bit Name value R/W Description

3 TGIED 0 R/W TGR Interrupt Enable D

Enables/disables interrupt requests (TGID) by the TGFD
bit when the TGFD bit in TSR is set to 1 in channels O
and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGID) by TGFD bit disabled
1: Interrupt requests (TGID) by TGFD bit enabled

2 TGIEC 0 R/W TGR Interrupt Enable C

Enables/disables interrupt requests (TGIC) by the TGFC
bit when the TGFC bit in TSR is set to 1 in channels 0
and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

0: Interrupt requests (TGIC) by TGFC bit disabled
1: Interrupt requests (TGIC) by TGFC bit enabled

1 TGIEB 0 R/W TGR Interrupt Enable B

Enables/disables interrupt requests (TGIB) by the TGFB
bit when the TGFB bitin TSR is set to 1.

0: Interrupt requests (TGIB) by TGFB bit disabled
1: Interrupt requests (TGIB) by TGFB bit enabled

0 TGIEA 0 R/W TGR Interrupt Enable A

Enables/disables interrupt requests (TGIA) by the TGFA
bit when the TGFA bitin TSR is set to 1.

0: Interrupt requests (TGIA) by TGFA bit disabled
1: Interrupt requests (TGIA) by TGFA bit enabled
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9.35 Timer Status Register (TSR)

TSR indicates the status of each channel. The TPU has six TSR registers, one for each channel.

Bit 7 6 5 4 3 2 1 0

Bit Name | TCFD | - | TCFU | TCFV | TGFD | TGFC | TGFB | TGFA |
Initial Value 1 1 0 0 0 0 0 0

RIW R R R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only 0 can be written to bits 5 to O, to clear flags.

Initial

Bit Bit Name value R/W Description

7

TCFD 1 R Count Direction Flag

Status flag that shows the direction in which TCNT counts
in channels 1, 2, 4, and 5.

In channels 0 and 3, bit 7 is reserved. It is always read as
1 and cannot be modified.

0: TCNT counts down
1: TCNT counts up

0 1 R Reserved
This is a read-only bit and cannot be modified.

5

TCFU 0 R/(W)* Underflow Flag

Status flag that indicates that a TCNT underflow has
occurred when channels 1, 2, 4, and 5 are set to phase
counting mode.

In channels 0 and 3, bit 5 is reserved. It is always read as
0 and cannot be modified.

[Setting condition]

When the TCNT value underflows (changes from H'0000
to H'FFFF)

[Clearing condition]
When a 0 is written to TCFU after reading TCFU =1

4

TCFV 0 R/(W)* Overflow Flag

Status flag that indicates that a TCNT overflow has
occurred.

[Setting condition]

When the TCNT value overflows (changes from H'FFFF
to H'0000)

[Clearing condition]
When a 0 is written to TCFV after reading TCFV =1
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Bit

Initial

Bit Name value

R/W

Description

3

TGFD

0

RI(W)*

Input Capture/Output Compare Flag D

Status flag that indicates the occurrence of TGRD input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 3 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

¢ When TCNT = TGRD while TGRD is functioning as
output compare register

¢« When TCNT value is transferred to TGRD by input
capture signal while TGRD is functioning as input
capture register

[Clearing conditions]

< When DTC is activated by a TGID interrupt while the
DISEL bitin MRB of DTC is O

¢ When 0 is written to TGFD after reading TGFD =1

2

TGFC

0

RI(W)*

Input Capture/Output Compare Flag C

Status flag that indicates the occurrence of TGRC input
capture or compare match in channels 0 and 3.

In channels 1, 2, 4, and 5, bit 2 is reserved. It is always
read as 0 and cannot be modified.

[Setting conditions]

¢ When TCNT = TGRC while TGRC is functioning as
output compare register

¢« When TCNT value is transferred to TGRC by input
capture signal while TGRC is functioning as input
capture register

[Clearing conditions]

< When DTC is activated by a TGIC interrupt while the
DISEL bitin MRB of DTC is O

¢ When 0 is written to TGFC after reading TGFC = 1
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Initial
Bit Bit Name value R/W Description

1 TGFB 0 R/(W)* Input Capture/Output Compare Flag B

Status flag that indicates the occurrence of TGRB input
capture or compare match.

[Setting conditions]
¢« When TCNT = TGRB while TGRB is functioning as
output compare register

¢« When TCNT value is transferred to TGRB by input
capture signal while TGRB is functioning as input
capture register

[Clearing conditions]

¢« When DTC is activated by a TGIB interrupt while the
DISEL bitin MRB of DTC is O

¢ When 0 is written to TGFB after reading TGFB = 1

0 TGFA 0 R/(W)* Input Capture/Output Compare Flag A

Status flag that indicates the occurrence of TGRA input
capture or compare match.

[Setting conditions]

¢« When TCNT = TGRA while TGRA is functioning as
output compare register

«  When TCNT value is transferred to TGRA by input
capture signal while TGRA is functioning as input
capture register

[Clearing conditions]

¢« When DTC is activated by a TGIA interrupt while the
DISEL bitin MRB of DTCis O

¢ When 0 is written to TGFA after reading TGFA =1

Note: * Only O can be written to clear the flag.
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9.3.6 Timer Counter (TCNT)

TCNT is a16-bit readable/writable counter. The TPU has six TCNT counters, one for each
channel.

TCNT isinitialized to H'0000 by areset or in hardware standby mode.

TCNT cannot be accessed in 8-bit units. TCNT must always be accessed in 16-bit units.

Bit 15 14 13 12 11 10 9 8
svame [ 1 [ [ T T ]

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

9.3.7 Timer General Register (TGR)

TGR is a 16-bit readable/writable register with a dual function as output compare and input
capture registers. The TPU has 16 TGR registers, four each for channels 0 and 3 and two each for
channels 1, 2, 4, and 5. TGRC and TGRD for channels 0 and 3 can a so be designated for
operation as buffer registers. The TGR registers cannot be accessed in 8-bit units; they must
aways be accessed in 16-bit units. TGR and buffer register combinations during buffer operations
are TGRA-TGRC and TGRB-TGRD.

Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/IW R/W R/W R/IW R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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9.3.8 Timer Start Register (TSTR)

TSTR starts or stops operation for channels 0 to 5. When setting the operating mode in TMDR or
setting the count clock in TCR, first stop the TCNT counter.

Bit 7 6 5 4 3 2 1 0
Bit Name | | | csts [ csm csT3 csT2 csT1 csTo
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

Initial
Bit Bit Name value R/W Description
7,6 1l All0 R/W  Reserved
These bits are always read as 0. The write value should
always be 0.

5 CST5 0 R/W Counter Start 5to 0

4 CST4 0 R/W These bits select operation or stoppage for TCNT.

3 CST3 0 R/W If 0 is written to the CST bit during operation with the

2 CcST2 0 R/W TIOC p?n designated for output, the co.unter _stops but the

TIOC pin output compare output level is retained. If TIOR

1 CsT1 0 R/W is written to when the CST bit is cleared to O, the pin

0 CSTO 0 R/W output level will be changed to the set initial output value.

0: TCNT_5 to TCNT_O count operation is stopped
1: TCNT_5 to TCNT_O performs count operation
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9.3.9

Timer Synchronous Register (TSYR)

TSY R selects independent operation or synchronous operation for the TCNT counters of channels
0to 5. A channel performs synchronous operation when the corresponding bit in TSYR is set to 1.

Bit 7 6 4 3 2 1 0
gitName | — | - | svncs | svnca [ swnes | svnca | svner | svnco
Initial Value 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW R/W R/W R/W

Initial
Bit Bit Name value R/W Description
7,6 1l All0 R/W  Reserved
These bits are always read as 0. The write value should
always be 0.

5 SYNC5 0 R/W Timer Synchronization 5to 0

4 SYNC4 0 R/W These bits select whether operation is independent of or

3 SYNC3 0 RIW synchronized with other channels.

2 SYNC2 0 R/W When s_ynchronogs operation is selected, synchronous_

presetting of multiple channels, and synchronous clearing

1 SYNC1 0 RIW through counter clearing on another channel are possible.

0 SYNCO 0 R/W

To set synchronous operation, the SYNC bits for at least
two channels must be set to 1. To set synchronous
clearing, in addition to the SYNC bit, the TCNT clearing
source must also be set by means of bits CCLR2 to
CCLRO in TCR.

0: TCNT_5 to TCNT_O operate independently (TCNT
presetting/clearing is unrelated to other channels)

1: TCNT_5 to TCNT_O perform synchronous operation
(TCNT synchronous presetting/synchronous clearing
is possible)
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94 Operation

94.1 Basic Functions

Each channel hasa TCNT and TGR register. TCNT performs up-counting, and is also capabl e of
free-running operation, periodic counting, and external event counting.

Each TGR can be used as an input capture register or output compare register.

Counter Operation: When one of bits CSTOto CST5issetto 1in TSTR, the TCNT counter for
the corresponding channel starts counting. TCNT can operate as a free-running counter, periodic
counter, and so on.

1. Example of count operation setting procedure
Figure 9.2 shows an example of the count operation setting procedure.

C Operation selection ) [1] select the counter
clock with bits

TPSC2to TPSCO in
TCR. At the same
Select counter clock [1] time, select the
input clock edge
with bits CKEG1
and CKEGO in TCR.

C Periodic counter ) C Free-running counter ) [2] For pe_rlodlc counter
operation, select the
| TGR to be used as
the TCNT clearing
Select counter clearing source | [2] source with bits
CCLR2to CCLROin
| TCR.

[3] Designate the TGR
selected in [2] as an
| output compare

Select output compare register | [3]

register by means of
TIOR.

Set period [4]

[4] set the periodic
| counter cycle in the
TGR selected in [2].

Set the CST bitin

TSTR to 1 to start
<Periodic counter> <Free-running counter> the counter

operation.

Start count [5] Start count [5]

5

Figure9.2 Example of Counter Operation Setting Procedure
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2. Free-running count operation and periodic count operation
Immediately after areset, the TPU’s TCNT counters are all designated as free-running
counters. When the relevant bit in TSTR is set to 1 the corresponding TCNT counter starts up-
count operation as afree-running counter. When TCNT overflows (changes from H'FFFF to
H'0000), the TCFV bitin TSR isset to 1. If the value of the corresponding TCIEV bit in TIER
is1 at this point, the TPU requests an interrupt. After overflow, TCNT starts counting up again
from H'0000.

Figure 9.3 illustrates free-running counter operation.

TCNT value
H'FFFF

H'0000

Time

CST bit E E

TCFV

Figure 9.3 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for the
relevant channel performs periodic count operation. The TGR register for setting the period is
designated as an output compare register, and counter clearing by compare match is selected
by means of bits CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts
count-up operation as a periodic counter when the corresponding bit in TSTRis set to 1. When
the count value matches the value in TGR, the TGF bitin TSR issetto 1 and TCNT is cleared
to H'0000.

If the value of the corresponding TGIE bit in TIER is 1 at this point, the TPU requests an
interrupt. After acompare match, TCNT starts counting up again from H'0000.

Figure 9.4 illustrates periodic counter operation.
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TCNT value Counter cleared by TGR
_~~compare match

TGR
H'0000 . ! Time
CST bit ! 5
H Flag cleared by software or
. L~ DTC activation
TGF

Figure9.4 Periodic Counter Operation

Waveform Output by Compare Match: The TPU can perform 0, 1, or toggle output from the
corresponding output pin using a compare match.

1. Example of setting procedure for waveform output by compare match

Figure 9.5 shows an example of the setting procedure for waveform output by a compare
match.

) [1] Select initial value from 0-output or 1-output,

and compare match output value from 0-output,
1-output, or toggle-output, by means of TIOR.
The set initial value is output on the TIOC pin
until the first compare match occurs.

( Output selection

Select waveform output mode | [1]

[2] Set the timing for compare match generation in

TGR.
Set output timing 2] [3] Set the_ CST bitin TSTR to 1 to start the count
operation.
Start count [3]

<Waveform output>

Figure9.5 Example of Setting Procedure for Waveform Output by Compare Match
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2. Examples of waveform output operation
Figure 9.6 shows an example of 0-output and 1-output.

In thisexample, TCNT has been designated as a free-running counter, and settings have been
made so that 1 is output by compare match A, and 0 is output by compare match B. When the
set level and the pin level match, the pin level does not change.

TCNT value

HFFFF
TGRA

TGRB

Time

H'0000

: ' i fs\ No change fs\ No change

TIOCA

| I E ~ E ~ 1-output

TiocB ~ No change ~ No change 0-output
= =

Figure 9.6 Example of 0-Output/1-Output Operation

Figure 9.7 shows an example of toggle output.

In thisexample, TCNT has been designated as a periodic counter (with counter clearing
performed by compare match B), and settings have been made so that output istoggled by both
compare match A and compare match B.

TCNT value
Counter cleared by TGRB compare match
[ o o T LT T T T T T LT

e ==

L2 TN P R LT LT T T e i Y T

Time

H'0000

TIoCE I | ' | I | ' | Toggle-output

TIOCA ‘IIToggle-output

Figure 9.7 Exampleof Toggle Output Operation
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Input Capture Function: The TCNT value can be transferred to TGR on detection of the TIOC
pin input edge.

Rising edge, falling edge, or both edges can be selected as the detection edge. For channels 0, 1, 3,
and 4, it is also possible to specify another channel’ s counter input clock or compare match signal
asthe input capture source.

Note: When another channel’ s counter input clock is used as the input capture input for
channels 0 and 3, P@/1 should not be selected as the counter input clock used for input
capture input. Input capture will not be generated if P/l is selected.

1. Example of setting procedure for input capture operation
Figure 9.8 shows an example of the setting procedure for input capture operation.

C ) > [1] Designate TGR as an input capture register by
Input selection .
means of TIOR, and select the input capture

source and input signal edge (rising edge, falling
edge, or both edges).

Select input capture input 1 [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Start count [2]

<Input capture operation>

Figure9.8 Example of Setting Procedurefor Input Capture Operation

2. Example of input capture operation
Figure 9.9 shows an example of input capture operation.
In this example, both rising and falling edges have been selected as the TIOCA pin input
capture input edge, falling edge has been selected as the TIOCB pin input capture input edge,
and counter clearing by TGRB input capture has been designated for TCNT.
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Counter cleared by TIOCB
TCNT value // input (falling edge)
0 {0 v T

HOLB0 |- == == o mmm e T .

H'0010
H'0005

H'0000

TIOCA

TGRA

TGRB X X H'0180

Figure9.9 Exampleof Input Capture Operation

9.4.2 Synchronous Oper ation

In synchronous operation, the values in multiple TCNT counters can be rewritten simultaneously
(synchronous presetting). Also, multiple TCNT counters can be cleared simultaneously
(synchronous clearing) by making the appropriate setting in TCR.

Synchronous operation enables TGR to be incremented with respect to a single time base.

Channels 0 to 5 can al be designated for synchronous operation.
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Example of Synchronous Operation Setting Procedure: Figure 9.10 shows an example of the

synchronous operation setting procedure.

selection

(Synchronous operation)

Set synchronous
operation 1]
(Synchronous presetting) (Synchronous cIearing)
Set TCNT [2] Clearing No

source generation
channel?

Yes

Select counter
clearing source

Start count

<Synchronous presetting>

1

<Counter clearing>

Set synchronous
counter clearing

Start count

l

<Synchronous clearing>

5]

[1] Setthe SYNC bits in TSYR corresponding to the channels to be designated for synchronous operation to 1.

[2] When the TCNT counter of any of the channels designated for synchronous operation is written to, the
same value is simultaneously written to the other TCNT counters.

[3] Use bits CCLR2 to CCLRO in TCR to specify TCNT clearing by input capture/output compare, etc.
[4] Use bits CCLR2 to CCLRO in TCR to designate synchronous clearing for the counter clearing source.

[5] Setthe CST bits in TSTR for the relevant channels to 1, to start the count operation.

Figure9.10 Example of Synchronous Operation Setting Procedure
Example of Synchronous Operation: Figure 9.11 shows an example of synchronous operation.

In this example, synchronous operation and PWM mode 1 have been designated for channels 0 to
2, TGRB_0 compare match has been set as the channel 0 counter clearing source, and
synchronous clearing has been set for the channel 1 and 2 counter clearing source.

Three-phase PWM waveforms are output from pins TIOCAO, TIOCAL, and TIOCAZ2. At this
time, synchronous presetting and synchronous clearing by TGRB_0 compare match are performed
for channel 0to 2 TCNT counters, and the data set in TGRB_0 is used asthe PWM cycle.

For details on PWM modes, see section 9.4.5, PWM Modes.
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Synchronous clearing by TGRB_0 compare match

TCNT_0 to TCNT_2 values / \
TGRB_O | - - mmmmmm o mm e Do
TGRB_1 | -==-===n=nmmnn- R O R ey
TGRA_O | -==========-= e R B
TGRB_2 | ---------, --------------- : -------------
I N S BN .
TGRA_2 | - JL --------- ------ . 1

H'0000 e e Time
TocAO 1 b | | P P
TIOCA_1 | i | | i | | i |

TIOCA 2 | | | | | |

Figure9.11 Example of Synchronous Operation

9.4.3 Buffer Operation

Buffer operation, provided for channels 0 and 3, enables TGRC and TGRD to be used as buffer
registers.

Buffer operation differs depending on whether TGR has been designated as an input capture
register or acompare match register.

Table 9.29 shows the register combinations used in buffer operation.

Table9.29 Register Combinationsin Buffer Operation

Channel Timer General Register Buffer Register

0 TGRA_O TGRC_0
TGRB_0 TGRD_0

3 TGRA_3 TGRC_3
TGRB_3 TGRD_3
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*  When TGR is an output compare register

When a compare match occurs, the value in the buffer register for the corresponding channel is
transferred to the timer generd register.

This operation isillustrated in figure 9.12.

Compare match signal

: Timer general [\ L—
Buffer register
¢} register ] Comparator K TCNT

Figure9.12 Compare Match Buffer Operation

*  When TGR isan input capture register

When input capture occurs, the value in TCNT istransferred to TGR and the value previously
held in TGR istransferred to the buffer register.

This operation isillustrated in figure 9.13.

Input capture
signal

Buffer register Timer general TONT
register

Figure 9.13 Input Capture Buffer Operation

Example of Buffer Operation Setting Procedure: Figure 9.14 shows an example of the buffer
operation setting procedure.

( Buff t' ) [1] Designate TGR as an input capture register or
urier operation output compare register by means of TIOR.
| [2] Designate TGR for buffer operation with bits
| Select TGR function | [1] BFA and BFB in TMDR.
| [3] Setthe CST bitin TSTR to 1 to start the count
| Set buffer operation | [2] operation.
| Start count | [3]

<Buffer operation>

Figure9.14 Example of Buffer Operation Setting Procedure
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Examples of Buffer Operation:

1. When TGR isan output compare register
Figure 9.15 shows an operation example in which PWM mode 1 has been designated for
channel 0, and buffer operation has been designated for TGRA and TGRC. The settings used
in this example are TCNT clearing by compare match B, 1 output at compare match A, and O
output at compare match B.
As buffer operation has been set, when compare match A occurs, the output changes and the
value in buffer register TGRC is simultaneously transferred to timer general register TGRA.
This operation is repeated each time compare match A occurs.

For details on PWM modes, see section 9.4.5, PWM Modes.

TCNT value

]2 1= s

TGRA 0 |- — -
H'0000 : : . Time
TeRC_0 HO02000 X P HO0450 | X | Hos2o

Transfer N E\ . E\ \ !
TGRA_0 X | Hozo0 X H'0450

Figure9.15 Example of Buffer Operation (1)

2. When TGRisan input capture register
Figure 9.16 shows an operation example in which TGRA has been designated as an input
capture register, and buffer operation has been designated for TGRA and TGRC.
Counter clearing by TGRA input capture has been set for TCNT, and both rising and falling
edges have been selected as the TIOCA pin input capture input edge.
As buffer operation has been set, when the TCNT value is stored in TGRA upon occurrence of
input capture A, the value previously stored in TGRA is simultaneously transferred to TGRC.
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TCNT value

HIOFO7 | == == m o m o o o m o e e

0= 2

[R0):3c 7 SR <«gf Rt o

H'0000 Time

TIOCA |

TGRA E X H'0532 X H'OF07 X H'09FB
B \ \

TGRC | X X H'0532 X H'OF07

Figure9.16 Example of Buffer Operation (2)

9.4.4 Cascaded Operation

In cascaded operation, two 16-bit counters for different channels are used together as a 32-hit
counter.

This function works by counting the channel 1 (channel 4) counter clock at overflow/underflow of
TCNT_2 (TCNT_5) asset in bits TPSC2 to TPSCO in TCR.

Underflow occurs only when the lower 16-bit TCNT isin phase-counting mode.
Table 9.30 shows the register combinations used in cascaded operation.

Note: When phase counting mode is set for channel 1 or 4, the counter clock setting isinvalid
and the counter operates independently in phase counting mode.

Table9.30 Cascaded Combinations

Combination Upper 16 Bits Lower 16 Bits
Channels 1 and 2 TCNT_1 TCNT_2
Channels 4 and 5 TCNT_4 TCNT_5
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Example of Cascaded Operation Setting Procedure: Figure 9.17 shows an example of the
setting procedure for cascaded operation.

c ded . [1] Set bits TPSC2 to TPSCO in the channel 1
ascaded operation (channel 4) TCR to B'1111 to select TCNT_2

| (TCNT_5) overflow/underflow counting.

Set cascading [1] [2] Setthe CST bitin TSTR for the upper and lower
| channels to 1 to start the count operation.

Start count [2]

!

<Cascaded operation>

Figure9.17 Cascaded Operation Setting Procedure

Examples of Cascaded Operation: Figure 9.18 illustrates the operation when counting upon
TCNT_2 overflow/underflow has been set for TCNT_1, TGRA _1 and TGRA_2 have been
designated as input capture registers, and the TIOC pin rising edge has been selected.

When arising edge isinput to the TIOCA1 and TIOCA2 pins simultaneously, the upper 16 bits of
the 32-bit data are transferred to TGRA_1, and the lower 16 bitsto TGRA_2.

TCNT_1 1

clock

TCNT_1  Ho03AL X H03A2

TCNT_2 1 1

clock

TCNT.2  HFFFF X H'0000 X H0001
TIOCAL,

TIOCA2 I L
TGRA 1 X H03A2

TGRA 2 X H'0000

Figure 9.18 Example of Cascaded Operation (1)

Figure 9.19 illustrates the operation when counting upon TCNT_2 overflow/underflow has been
set for TCNT_1, and phase counting mode has been designated for channel 2.

TCNT _1isincremented by TCNT_2 overflow and decremented by TCNT_2 underflow.
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TCLKC _,—l—l I—,_

oo —— L [ L [
TCNT 2 FFFE 0000 K0001 X 0002 X 0001 X 0000 X FFFF X

TCNT_1 0000 X 0001 X 0000

Figure9.19 Example of Cascaded Operation (2)

945 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0-, 1-, or toggle-output can be
selected as the output level in response to compare match of each TGR.

Settings of TGR registers can output a PWM waveform in the range of 0% to 100% duty cycle.

Designating TGR compare match as the counter clearing source enables the cycle to be set in that
register. All channels can be designated for PWM mode independently. Synchronous operation is
also possible.

There are two PWM modes, as described below.

1. PWM model
PWM output is generated from the TIOCA and TIOCC pins by pairing TGRA with TGRB and
TGRC with TGRD. The outputs specified by bits |IOA3 to IOAQ and IOC3 to IOCOin TIOR
are output from the TIOCA and TIOCC pins at compare matches A and C, respectively. The
outputs specified by bits IOB3 to 10B0 and IOD3 to 10DO0 in TIOR are output at compare
matches B and D, respectively. Theinitial output valueisthe value set in TGRA or TGRC. If
the set values of paired TGRs are identical, the output value does not change when a compare
match occurs.

In PWM mode 1, a maximum 8-phase PWM output is possible.

2. PWM mode 2
PWM output is generated using one TGR as the cycle register and the others as duty cycle
registers. The output specified in TIOR is performed by means of compare matches. Upon
counter clearing by a synchronous register compare match, the output value of each pinisthe
initial value set in TIOR. If the set values of the cycle and duty cycle registers are identical, the
output value does not change when a compare match occurs.
In PWM mode 2, a maximum 15-phase PWM output is possible by combined use with
synchronous operation.

The correspondence between PWM output pins and registers is shown in table 9.31.
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Table9.31 PWM Output Registersand Output Pins

Output Pins
Channel Registers PWM Mode 1 PWM Mode 2
0 TGRA_O TIOCAO TIOCAO
TGRB_0 TIOCBO
TGRC_O TIOCCO TIOCCO
TGRD_O TIOCDO
1 TGRA_1 TIOCA1 TIOCA1
TGRB_1 TIOCB1
2 TGRA_2 TIOCA2 TIOCA2
TGRB_2 TIOCB2
3 TGRA_3 TIOCA3 TIOCA3
TGRB_3 TIOCB3
TGRC_3 TIOCC3 TIOCC3
TGRD_3 TIOCD3
4 TGRA 4 TIOCA4 TIOCA4
TGRB_4 TIOCB4
5 TGRA_5 TIOCAS TIOCAS
TGRB_5 TIOCB5

Note: In PWM mode 2, PWM output is not possible for the TGR register in which the cycle is set.
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Example of PWM M ode Setting Procedure: Figure 9.20 shows an example of the PWM mode
setting procedure.

[1] Select the counter clock with bits TPSC2 to
PWM mode ) .
TPSCO in TCR. At the same time, select the
| input clock edge with bits CKEG1 and CKEGO in
TCR.

Select counter clock [1]

| [2] Use bits CCLR2 to CCLRO in TCR to select the
TGR to be used as the TCNT clearing source.

Select counter clearing source | [2]
| [3] Use TIOR to designate TGR as an output

compare register, and select the initial value and

Select waveform output level | [3] output value.

| [4] Setthe cycle in TGR selected in [2], and set the

Set TGR [4] duty in the other TGRs.
| [5] Select the PWM mode with bits MD3 to MDO in
TMDR.
Set PWM mode [5]
| [6] Setthe CST bitin TSTR to 1 to start the count
operation.
Start count [6]
<PWM mode>

Figure9.20 Example of PWM Mode Setting Procedure
Examples of PWM Mode Operation: Figure 9.21 shows an example of PWM mode 1 operation.

In this example, TGRA compare match is set asthe TCNT clearing source, 0 is set for the TGRA
initial output value and output value, and 1 is set as the TGRB output value.

In this case, the value set in TGRA is used asthe cycle, and the value set in TGRB register asthe
duty cycle.

TCNT value
Counter cleared by

/ TGRA compare match
TGRA | mmmmmmmm e D oo ---

TGRB |-----
H'0000

TIOCA A I_l I_l |

Figure9.21 Example of PWM Mode Operation (1)
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Figure 9.22 shows an example of PWM mode 2 operation.

In this example, synchronous operation is designated for channels 0 and 1, TGRB_1 compare
match is set asthe TCNT clearing source, and O is set for theinitial output value and 1 for the
output value of the other TGR registers (TGRA_0to TGRD_0, TGRA 1), to output a 5-phase

PWM waveform.

In this case, the value set in TGRB_1 isused as the cycle, and the values set in the other TGRs as

the duty cycle.

TCNT value

TGRB_1
TGRA_1
TGRD_0
TGRC_0
TGRB_0
TGRA O |--
H'0000

Counter cleared by
/ TGRB_1 compare match

________

...............

TIOCAO |

TIOCBO |

TIOCCO

TIOCDO

TIOCAL

Figure 9.22 Example of PWM Mode Operation (2)

Figure 9.23 shows examples of PWM waveform output with 0% duty cycle and 100% duty cycle

in PWM mode.
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TCNT value
TGRB changed

TGRA ]

TGRB changed
L~

TIOCA | 0% duty

Output does not change when compare matches in cycle register
and duty register occur simultaneously

TCNT value

TGRB changed
TGRA |------mn-- o—

Time

o
o
0
>

100% duty |_|

Output does not change when compare matches in cycle register
and duty register occur simultaneously
TCNT value

TGRB changed O"_'_'_'_'_'_'_'_'_'_'_'
TGRA

TGRB changed

Time

TGRIIB changed

100% du 0% du
TIOCA 4 v b

Figure9.23 Example of PWM M ode Operation (3)
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9.4.6 Phase Counting Mode

In phase counting mode, the phase difference between two external clock inputsis detected and
TCNT isincremented/decremented accordingly. This mode can be set for channels 1, 2, 4, and 5.

When phase counting mode is set, an external clock is selected as the counter input clock and
TCNT operates as an up/down-counter regardless of the setting of bits TPSC2 to TPSCO and bits
CKEG1 and CKEGO in TCR. However, the functions of bits CCLR1 and CCLRO in TCR, and of
TIOR, TIER, and TGR are valid, and input capture/compare match and interrupt functions can be
used.

This can be used for two-phase encoder pulse input.

When overflow occurs while TCNT is counting up, the TCFV flag in TSR is set; when underflow
occurswhile TCNT is counting down, the TCFU flag is set.

The TCFD hit in TSR isthe count direction flag. Reading the TCFD flag provides an indication of
whether TCNT is counting up or down.

Table 9.32 shows the correspondence between external clock pins and channels.

Table9.32 Clock Input Pinsin Phase Counting Mode

External Clock Pins

Channels A-Phase B-Phase
When channel 1 or 5 is set to phase counting mode TCLKA TCLKB
When channel 2 or 4 is set to phase counting mode TCLKC TCLKD

Example of Phase Counting M ode Setting Procedure: Figure 9.24 shows an example of the
phase counting mode setting procedure.

: [1] Select phase counting mode with bits MD3 to
C Phase counting mode ) MDO in TMDR.

| [2] Setthe CST bitin TSTR to 1 to start the count
operation.

Select phase counting mode | [1]

Start count [2]

!

<Phase counting mode>

Figure9.24 Example of Phase Counting M ode Setting Procedure
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Examples of Phase Counting M ode Operation: In phase counting mode, TCNT counts up or
down according to the phase difference between two external clocks. There are four modes,
according to the count conditions.

1. Phase counting mode 1

Figure 9.25 shows an example of phase counting mode 1 operation, and table 9.33 summarizes
the TCNT up/down-count conditions.

TCLKC (channels 2 and 4)

TCLKA (channels 1 and 5) I I I I I I I I I I

TCLKB (channels 1 and 5) 'I
TCLKD (channels 2 and 4)

TCNT value R

v :
'Down-count

Time

Figure 9.25 Example of Phase Counting Mode 1 Operation

Table9.33 Up/Down-Count Conditionsin Phase Counting Mode 1

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 5 Up-count
Low level T
Y Low level
2 High level
High level Y Down-count
Low level £y
£ High level
Y Low level
Legend:
4 :Rising edge

b : Falling edge
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2. Phase counting mode 2

Figure 9.26 shows an example of phase counting mode 2 operation, and table 9.34 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) I I I I I I |

nE

TCLKB (channels 1 and 5) ' '
TCLKD (channels 2 and 4) i , | | :

TCNT value

Time

Figure9.26 Example of Phase Counting Mode 2 Operation

Table9.34 Up/Down-Count Conditionsin Phase Counting Mode 2

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level 4 Don't care
Low level T Don't care
Y Low level Don'’t care
T High level Up-count
High level 1 Don't care
Low level 4 Don't care
4 High level Don't care
T Low level Down-count
Legend:

4 :Rising edge

b : Falling edge
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3. Phase counting mode 3

Figure 9.27 shows an example of phase counting mode 3 operation, and table 9.35 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5)
TCLKC (channels 2 and 4) _| I_l I_,_|_|

TCLKB (channels 1 and 5)

TCLKD (channels 2 and 4)

TCNT value

Up-count

.

|

Time

Figure 9.27 Example of Phase Counting M ode 3 Operation

Table9.35 Up/Down-Count Conditionsin Phase Counting Mode 3

TCLKA (Channels 1 and 5)

TCLKB (Channels 1 and 5)

TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level zy Don't care
Low level 1 Don't care
Y Low level Don't care
T High level Up-count
High level T Down-count
Low level zy Don't care
Y High level Don'’t care
T Low level Don't care
Legend:

4 Rising edge

T :Falling edge
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4. Phase counting mode 4

Figure 9.28 shows an example of phase counting mode 4 operation, and table 9.36 summarizes
the TCNT up/down-count conditions.

TCLKA (channels 1 and 5) J
TCLKC (channels 2 and 4)

J S s N s N e N oy N
-

TCLKD (channels 2 and 4)

TCNT value ] ]

Iuﬁm/./

TCLKB (channels 1 and 5) | i | i I I

|

\

|

|

|

' 1

' Down-count
\, . ;

Time

Figure 9.28 Example of Phase Counting Mode 4 Oper ation

Table9.36 Up/Down-Count Conditionsin Phase Counting Mode 4

TCLKA (Channels 1 and 5) TCLKB (Channels 1 and 5)
TCLKC (Channels 2 and 4) TCLKD (Channels 2 and 4) Operation
High level LY Up-count
Low level T
£ Low level Don't care
T High level
High level T Down-count
Low level £
£ High level Don't care
T Low level
Legend:

4 :Rising edge

b : Falling edge

Phase Counting M ode Application Example: Figure 9.29 shows an example in which phase
counting mode is designated for channel 1, and channel 1 is coupled with channel O to input servo
motor 2-phase encoder pulsesin order to detect the position or speed.

Channel 1 is set to phase counting mode 1, and the encoder pulse A-phase and B-phase are input
to TCLKA and TCLKB.
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Channel 0 operates with TCNT counter clearing by TGRC 0 compare match; TGRA_0 and
TGRC_0 are used for the compare match function and are set with the speed control cycle and
position control cycle. TGRB_0 is used for input capture, with TGRB_0 and TGRD_0 operating
in buffer mode. The channel 1 counter input clock is designated as the TGRB_0 input capture
source, and the pulse width of 2-phase encoder 4-multiplication pulsesis detected.

TGRA_1 and TGRB_1 for channel 1 are designated for input capture, channel 0 TGRA_0 and
TGRC_0 compare matches are selected as the input capture source, and the up/down-counter
values for the control cycles are stored.

This procedure enables accurate position/speed detection to be achieved.

Channel 1
TCLKA Edge
detection| TCNT_1
TCLKB circuit
I
TGRA_1 = <]' —
(speed cycle capture) [\ =
i
TGRB_1 - <] B
(position cycle capture) = —

I— TCNT_0

TGRA 0
(speed control cycle)

TGRC_0
(position control cycle)

O v+
|

T, -
TGRB_O (pulse width capture) C<]—

—[>—> TGRD_O0 (buffer operation)

Channel 0

Figure9.29 Phase Counting Mode Application Example
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9.5 Interrupt Sources

There are three kinds of TPU interrupt sources. TGR input capture/compare match, TCNT
overflow, and TCNT underflow. Each interrupt source has its own status flag and enable/disable
bit, allowing generation of interrupt request signals to be enabled or disabled individually.

When an interrupt request is generated, the corresponding status flag in TSR is set to 1. If the
corresponding enable/disable bit in TIER is set to 1 at thistime, an interrupt is requested. The
interrupt request is cleared by clearing the status flag to 0.

Relative channel priority levels can be changed by the interrupt controller, but the priority within a
channel isfixed. For details, see section 5, Interrupt Controller.

Table 9.37 lists the TPU interrupt sources.
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Table9.37 TPU Interrupts

Channel Name Interrupt Source Interrupt Flag DTC Activation
0 TGIOA  TGRA_0 input capture/compare match  TGFA_0O Possible
TGIOB TGRB_0 input capture/compare match  TGFB_0 Possible
TGIOC  TGRC_O0 input capture/compare match  TGFC_0 Possible
TGIOD  TGRD_O input capture/compare match  TGFD_O0 Possible
TCIoV TCNT_O overflow TCFV_0 Not possible
1 TGI1A  TGRA_1 input capture/compare match  TGFA_1 Possible
TGI1IB  TGRB_1 input capture/compare match ~ TGFB_1 Possible
TCl1V TCNT_1 overflow TCFV_1 Not possible
TCI1U TCNT_1 underflow TCFU_1 Not possible
2 TGI2A  TGRA_2 input capture/compare match ~ TGFA_2 Possible
TGI2B  TGRB_2 input capture/compare match ~ TGFB_2 Possible
TCI2V ~ TCNT_2 overflow TCFV_2 Not possible
TCI2U TCNT_2 underflow TCFU_2 Not possible
3 TGI3A  TGRA_3 input capture/compare match  TGFA_3 Possible
TGI3B  TGRB_3 input capture/compare match  TGFB_3 Possible
TGI3C  TGRC_3 input capture/compare match  TGFC_3 Possible
TGI3D  TGRD_3 input capture/compare match  TGFD_3 Possible
TCI3V TCNT_3 overflow TCFV_3 Not possible
4 TGI4A  TGRA_4 input capture/compare match  TGFA_4 Possible
TGI4B  TGRB_4 input capture/compare match ~ TGFB_4 Possible
TClaVv TCNT_4 overflow TCFV_4 Not possible
TCl4U TCNT_4 underflow TCFU_4 Not possible
5 TGI5A  TGRA_5 input capture/compare match ~ TGFA_5 Possible
TGI5B TGRB_5 input capture/compare match  TGFB_5 Possible
TCI5V TCNT_5 overflow TCFV_5 Not possible
TCI5U TCNT_5 underflow TCFU_5 Not possible

Note: This table shows the initial state immediately after a reset. The relative channel priority
levels can be changed by the interrupt controller.
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Input Capture/Compare Match Interrupt: Aninterrupt isrequested if the TGIE bitin TIER is
set to 1 when the TGF flag in TSR is set to 1 by the occurrence of a TGR input capture/compare
match on a channel. The interrupt request is cleared by clearing the TGF flag to 0. The TPU has
16 input capture/compare match interrupts, four each for channels 0 and 3, and two each for
channels 1, 2, 4, and 5.

Overflow Interrupt: Aninterrupt isrequested if the TCIEV bit in TIER is set to 1 when the
TCFV flagin TSR is set to 1 by the occurrence of a TCNT overflow on a channel. The interrupt
request is cleared by clearing the TCFV flag to 0. The TPU has six overflow interrupts, one for
each channel.

Underflow Interrupt: Aninterrupt isrequested if the TCIEU bitin TIER is set to 1 when the
TCFU flagin TSR is set to 1 by the occurrence of a TCNT underflow on a channel. The interrupt
request is cleared by clearing the TCFU flag to 0. The TPU has four underflow interrupts, one
each for channels 1, 2, 4, and 5.

9.6 DTC Activation

The DTC can be activated by the TGR input capture/compare match interrupt for a channel. For
details, see section 7, Data Transfer Controller.

A total of 16 TPU input capture/compare match interrupts can be used as DTC activation sources,
four each for channels 0 and 3, and two each for channels 1, 2, 4, and 5.

9.7 A/D Converter Activation
The TGRA input capture/compare match for each channel can activate the A/D converter.

If the TTGE bit in TIER is set to 1 when the TGFA flag in TSR is set to 1 by the occurrence of a
TGRA input capture/compare match on a particular channel, arequest to start A/D conversion is
sent to the A/D converter. If the TPU conversion start trigger has been selected on the A/D
converter side at thistime, A/D conversion is started.

Inthe TPU, atotal of six TGRA input capture/compare match interrupts can be used as A/D
converter conversion start sources, one for each channel.
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9.8 Operation Timing

9.8.1 Input/Output Timing

TCNT Count Timing: Figure 9.30 shows TCNT count timing in internal clock operation, and
figure 9.31 shows TCNT count timing in external clock operation.

S I I I O O A I

Internal clock ( |) Falling edge

(I) Rising edge

N\

TCNT input

\

clock

TCNT

B I S

CI) Falling edge
N
[

N-1 X N X

N+1 X N+2

Figure9.30 Count Timingin Internal Clock Operation

UL UL
External clock ?} Falling edge

TCNT input | | | | | |
clock
TCNT N-1 ) N X N+ 1 I

Figure9.31 Count Timingin External Clock Operation

Output Compare Output Timing: A compare match signa is generated in thefinal statein
which TCNT and TGR match (the point at which the count value matched by TCNT is updated).
When a compare match signal is generated, the output value set in TIOR is output at the output
compare output pin (TIOC pin). After amatch between TCNT and TGR, the compare match
signal is not generated until the TCNT input clock is generated.

Figure 9.32 shows output compare output timing.
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Po

TCNT input
clock

TCNT

TGR

Compare match

signal

TIOC pin

\

Figure9.32 Output Compare Output Timing

Input Capture Signal Timing: Figure 9.33 showsinput capture signal timing.

Po

Input capture
input

Input capture
signal

TCNT

TGR

A
| |
[

X SR
o~ o~
] : ]

[

N+1

C

Figure 9.33 Input Capturelnput Signal Timing
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Timing for Counter Clearing by Compare Match/Input Capture: Figure 9.34 showsthe
timing when counter clearing by compare match occurrence is specified, and figure 9.35 shows the
timing when counter clearing by input capture occurrence is specified.

S [ A A O
Compare match | |
signal

Counter clear I

signal

TONT N X H'0000

TGR N

Figure9.34 Counter Clear Timing (Compare Match)

» T L L L L
Input capture ‘ |
signal

Counter clear Co |
signal H

TCNT N ! X H'0000
TGR X N

Figure9.35 Counter Clear Timing (Input Capture)
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Buffer Operation Timing: Figures 9.36 and 9.37 show the timings in buffer operation.

Po

TCNT

Compare match | |

signal !
Tona S G
L
rone "
Figure9.36 Buffer Operation Timing (Compare Match)
- LT L L L L L L L

signal

TCNT

TGRA,

TGRB

TGRC,

TGRD

Input capture | | | |

Figure9.37 Buffer Operation Timing (Input Capture)
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9.8.2 Interrupt Signal Timing

TGF Flag Setting Timing in Case of Compare Match: Figure 9.38 shows the timing for setting
of the TGF flag in TSR by compare match occurrence, and the TGI interrupt request signal timing.

S I I O A I I I S A O
TCNT input | |
clock

TCNT N X N+1
TGR N

Compare match I_l

signal

TGF flag |

TGl interrupt |

Figure9.38 TGI Interrupt Timing (Compare Match)

TGF Flag Setting Timing in Case of Input Capture: Figure 9.39 shows the timing for setting of
the TGF flag in TSR by input capture occurrence, and the TGI interrupt request signal timing.

- L L L
Input capture | |
signal

TCNT N
TGR X N
TGF flag |

TGl interrupt |

Figure9.39 TGI Interrupt Timing (Input Capture)
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TCFV Flag/TCFU Flag Setting Timing: Figure 9.40 shows the timing for setting of the TCFV
flag in TSR by overflow occurrence, and the TCIV interrupt request signal timing.

Figure 9.41 shows the timing for setting of the TCFU flag in TSR by underflow occurrence, and
the TCIU interrupt request signal timing.

S I A
TCNT input | |
clock

TCNT ) )
(overflow) H'FFFF X H'0000
Overflow signal | |
TCFV flag

TCIV interrupt

Figure9.40 TCIV Interrupt Setting Timing

S I A
TCNT input | |
clock

TCNT - '
(underflow) H'0000 X H'EFFF
Underflow signal | |
TCFU flag

TCIU interrupt

Figure9.41 TCIU Interrupt Setting Timing
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Status Flag Clearing Timing: After astatusflag isread as 1 by the CPU, it is cleared by writing
Otoit. When the DTC is activated, the flag is cleared automatically. Figure 9.42 shows the timing
for status flag clearing by the CPU, and figures 9.43 and 9.44 show the timing for status flag
clearing by the DTC.

TSR write cycle
T1 T2

o
- LI LT LT L
Address X TSR address X
Write | |

Status flag |

Interrupt request |
signal

Figure9.42 Timing for Status Flag Clearing by CPU

The status flag and interrupt request signal are cleared in synchronization with Pg after the DTC
transfer has started, as shown in figure 9.43. If conflict occurs for clearing the status flag and
interrupt request signal due to activation of multiple DTC transfers, it will take up to five clock
cycles (Pg) for clearing them, as shown in figure 9.44. The next transfer request is masked for a
longer period of either a period until the current transfer ends or a period for five clock cycles (Pg)
from the beginning of the transfer. Note that in the DTC transfer, the status flag may be cleared
during outputting the destination address.

DTC DTC
read cycle write cycle
L1112 . T1 . T2
I T T T 1
& ST L L L L
Source Destination E
Address X address address X !
Status flag | E

\/

Period in which the next transfer request is masked

Interrupt request | '
signal

Figure9.43 Timing for Status Flag Clearing by DTC Activation (1)
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DTC | DTC
~— readcycle write cycle — "
& e
Address X Source address X Destination address
Period in which the next transfer request is masked

Status flag | Period of flag clearing |

Interrupt request

signal |Period of interrupt request signal clearing |

Figure9.44 Timing for Status Flag Clearing by DTC Activation (2)
9.9 Usage Notes

9.9.1 Module Stop M ode Setting

Operation of the TPU can be disabled or enabled using the module stop control register. Theinitial
setting isfor operation of the TPU to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 18, Power-Down Modes.

9.9.2 Input Clock Restrictions

The input clock pulse width must be at least 1.5 statesin the case of single-edge detection, and at
least 2.5 states in the case of both-edge detection. The TPU will not operate properly with a
narrower pulse width.

In phase counting mode, the phase difference and overlap between the two input clocks must be at
least 1.5 states, and the pulse width must be at least 2.5 states. Figure 9.45 shows the input clock
conditions in phase counting mode.
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| Phase Phase . , , ,

: difference  difference ! Pulse width ! ! pulse width !

' Overlap | Overlap, i i . . :
TCLKA ; .
(TCLKC) ' | ' : : \
TCLKB ! ; : D ——
(TCLKD) ! ; |

\ Pulse width |  Pulse width |

Note: Phase difference, Overlap > 1.5 states
Pulse width > 2.5 states

Figure9.45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode

9.9.3 Caution on Cycle Setting

When counter clearing by compare match is set, TCNT is cleared in the final statein which it
matches the TGR value (the point at which the count value matched by TCNT is updated).
Consequently, the actual counter frequency is given by the following formula:

Po
(N+1)

f:  Counter frequency
P@. Operating frequency
N: TGR set value
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9.94 Conflict between TCNT Write and Clear Operations

If the counter clearing signal is generated in the T2 state of a TCNT write cycle, TCNT clearing
takes precedence and the TCNT write is not performed. Figure 9.46 shows the timing in this case.

TCNT write cycle

T1 T2
o T L
Address X TCNT address X

Write | |
Counter clear I_l
signal

TCNT N X H'0000

Figure9.46 Conflict between TCNT Writeand Clear Operations

9.95 Conflict between TCNT Writeand I ncrement Operations

If incrementing occursin the T2 state of a TCNT write cycle, the TCNT write takes precedence
and TCNT is not incremented. Figure 9.47 shows the timing in this case.

TCNT write cycle

T1 T2 ‘
» LU L L L
Address X TCNT address X

wit ]
[ ]

TCNT input

clock

TCNT N X P M
TCNT write data

Figure9.47 Conflict between TCNT Write and Increment Operations
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9.9.6 Conflict between TGR Writeand Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the TGR write takes precedence
and the compare match signal is disabled. A compare match also does not occur when the same
value as before is written.

Figure 9.48 shows the timing in this case.

TGR write cycle
T1 T2

e
& S e
Address X TGR address X

Write | |

Compare match oo _
H \~—— Disabled

signal '

TCNT N X N+1

TGR N X M
i

TGR write data

Figure 9.48 Conflict between TGR Write and Compare Match

997 Conflict between Buffer Register Write and Compare Match

If acompare match occursin the T2 state of a TGR write cycle, the data transferred to TGR by the
buffer operation will be the write data.

Figure 9.49 shows the timing in this case.
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TGR write cycle
T1 T2

e

& T LU L e
X Buffer register X

Address address

Write

signal

4

Compare match | | Data written to buffer register

Buffer register N

=

TGR X

Figure9.49 Conflict between Buffer Register Write and Compare Match

9.9.8 Conflict between TGR Read and Input Capture

If the input capture signal is generated in the T1 state of a TGR read cycle, the data that is read
will be the data after input capture transfer.

Figure 9.50 shows the timing in this case.

TGR read cycle
T1 T2

.
- LU L L
Address X TGR address X

Read | |
Input capture | |
signal

TGR X X M

Internal data X M X
bus

Figure 9.50 Conflict between TGR Read and Input Capture
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9.9.9 Conflict between TGR Write and Input Capture

If the input capture signal is generated in the T2 state of a TGR write cycle, the input capture
operation takes precedence and the write to TGR is not performed.

Figure 9.51 shows the timing in this case.

TGR write cycle

T1 T2 |
o L LT L L L
Address X TGR address X

Write | |
Input capture | |
signal

TCNT 1 M
TGR X M

Figure9.51 Conflict between TGR Write and Input Capture

9.9.10 Conflict between Buffer Register Write and Input Capture

If the input capture signal is generated in the T2 state of abuffer register write cycle, the buffer
operation takes precedence and the write to the buffer register is not performed.

Figure 9.52 shows the timing in this case.
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Buffer register write cycle
T1 T2

D p—
S I I A I

Buffer register X
address

Address

Write

Input capture

| JL

signal

TCNT "N

TGR M - X N
Buffer register X M

Figure9.52 Conflict between Buffer Register Write and Input Capture

9.9.11 Conflict between Overflow/Underflow and Counter Clearing

If overflow/underflow and counter clearing occur simultaneously, the TCFV/TCFU flagin TSR is
not set and TCNT clearing takes precedence.

Figure 9.53 shows the operation timing when a TGR compare match is specified as the clearing
source, and H'FFFF isset in TGR.

S I T I I I
TCNT input | |
clock

TCNT H'FFFF X H'0000
Counter clear | |

signal

TGF |

Disabled —
TCFV

Figure 9.53 Conflict between Overflow and Counter Clearing
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9.9.12 Conflict between TCNT Write and Overflow/Underflow

If an overflow/underflow occurs due to increment/decrement in the T2 state of a TCNT write
cycle, the TCNT write takes precedence and the TCFV/TCFU flag in TSR is not set.

Figure 9.54 shows the operation timing when there is conflict between TCNT write and overflow.

TGR write cycle

| T1 | T2 |
T T |
o LT T T T
Address X TCNT address X
Write | | TCNT write data
2
TCNT H'FFFF X M

TCFV flag !

Figure9.54 Conflict between TCNT Write and Overflow

9.9.13 Multiplexing of 1/0O Pins

InthisLSI, the TCLKA input pin is multiplexed with the TIOCCO I/O pin, the TCLKB input pin
with the TIOCDO 1/O pin, the TCLKC input pin with the TIOCB1 I/O pin, and the TCLKD input
pin with the TIOCBZ2 I/O pin. When an external clock isinput, compare match output should not
be performed from a multiplexed pin.

9.9.14 Interruptsand Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering module stop mode.
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Section 10 Programmable Pulse Generator (PPG)

The programmable pulse generator (PPG) provides pulse outputs by using the 16-bit timer pulse
unit (TPU) as atime base. The PPG pulse outputs are divided into 4-bit groups (groups 3 to 0) that
can operate both simultaneoudly and independently. Figure 10.1 shows a block diagram of the
PPG.

10.1 Features

» 16-bit output data

* Four output groups

» Selectable output trigger signas

* Non-overlapping mode

» Can operate together with the data transfer controller (DTC)
* Inverted output can be set

* Module stop mode can be set
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PO15 ~—
PO14 ~— Pulse output
PO13 =— pins, group 3
PO12 =—]
PO11 ~—]
PO10 =—{ Pulse output
PO9 -—{ pins, group 2
PO8 -=—j P group
PO7 ~=—
PO6 -+—{ Pulse output
PO5 -—{ pins, group 1
PO4 —~—j P group
PO3 —=—
PO2 -+—{ Pulse output
POl --— pins, group 0
PO0 ——j pins, grotp

[Legend]
PMR:
PCR:
NDERH:
NDERL:
NDRH:
NDRL:
PODRH:
PODRL:

Compare match signals

!

Control logic

NDERH

NDERL

PMR

PCR

PODRH

PODRL

PPG output mode register
PPG output control register
Next data enable register H
Next data enable register L
Next data register H

Next data register L

Output data register H
Output data register L

- -~ NDRH-- -

- -~ NDRL----

Internal
data bus

Figure 10.1 Block Diagram of PPG
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10.2  Input/Output Pins

Table 10.1 shows the PPG pin configuration.

Table10.1 Pin Configuration

Pin Name 110 Function

PO15 Output Group 3 pulse output
PO14 Output

PO13 Output

PO12 Output

PO11 Output Group 2 pulse output
PO10 Output

PO9 Output

PO8 Output

PO7 Output Group 1 pulse output
PO6 Output

PO5 Output

PO4 Output

PO3 Output Group 0 pulse output
PO2 Output

PO1 Output

POO Output
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10.3 Register Descriptions
The PPG has the following registers.

* Next data enable register H (NDERH)
* Next dataenable register L (NDERL)
» Output data register H (PODRH)

* OQutput dataregister L (PODRL)

* Next dataregister H (NDRH)

* Next dataregister L (NDRL)

* PPG output control register (PCR)

» PPG output mode register (PMR)

10.3.1 Next Data Enable RegistersH, L (NDERH, NDERL)

NDERH and NDERL enable/disable pulse output on a bit-by-bit basis.

* NDERH
Bit 7 6 5 4 3 2 1 0
Bit Name NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDERS8
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
« NDERL
Bit 7 6 5 4 3 2 1 0
Bit Name NDER7 NDER6 NDERS5 NDER4 NDER3 NDER2 NDER1 NDERO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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NDERH

Initial
Bit Bit Name Value R/W Description
7 NDER15 O R/W Next Data Enable 15 to 8
6 NDER14 O R/W When a bit is set to 1, the value in the corresponding
5 NDER13 0O R/W NDRH b_it is transferred to the PODRH bit by the selected
output trigger. Values are not transferred from NDRH to
4 NDER12 0 R/W " PODRH for cleared bits.
3 NDER11 O R/W
2 NDER10 O R/W
1 NDER9 0 R/W
0 NDERS8 0 R/W
e NDERL
Initial
Bit Bit Name Value R/W Description
7 NDER7 0 R/W Next Data Enable 7 to O
6 NDERG6 0 R/W When a bit is set to 1, the value in the corresponding
5 NDER5S 0 R/W NDRL bi.t is transferred to the PODRL bit by the selected
output trigger. Values are not transferred from NDRL to
4 NDER4 0 RIW PODRL for cleared bits.
3 NDERS3 0 R/W
2 NDER2 0 R/W
1 NDER1 0 R/W
0 NDERO 0 R/W
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10.32  Output Data RegistersH, L (PODRH, PODRL)

PODRH and PODRL store output data for use in pulse output. A bit that has been set for pulse
output by NDER is read-only and cannot be modified.

 PODRH
Bit 7 6 4 3 2 1 0
Bit Name POD15 POD14 POD13 POD12 POD11 POD10 POD9 PODS
Initial Value 0 0 0 0 0 0 0
RIW RIW RIW RIW R/W RIW RIW R/W RIW
 PODRL
Bit 7 6 4 3 2 1 0
Bit Name | POD7 POD6 PODS5 POD4 POD3 POD2 POD2 PODO
Initial Value 0 0 0 0 0 0 0
RIW RIW RIW R/W R/W R/W RIW RIW RIW
« PODRH
Initial
Bit Bit Name Value R/W Description
7 POD15 0 R/W Output Data Register 15to 8
6 POD14 0 R/W For bits which have been set to pulse output by NDERH,
5 POD13 0 R/W the output trigger transfers NDRH values to this register
during PPG operation. While NDERH is set to 1, the CPU
4 POD12 0 RIW cannot write to this register. While NDERH is cleared, the
3 POD11 0 R/W initial output value of the pulse can be set.
2 POD10 0 R/W
1 POD9 0 R/W
0 PODS8 0 R/W
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» PODRL

Initial

Bit Bit Name Value R/W Description
7 POD7 0 R/W Output Data Register 7to 0
6 POD6 0 R/W For bits which have been set to pulse output by NDERL,
5 POD5 0 R/W the_output trigger tr_ansfers_ NDRL valqes to this register

during PPG operation. While NDERL is set to 1, the CPU
4 POD4 0 R/W cannot write to this register. While NDERL is cleared, the
3 POD3 0 R/W initial output value of the pulse can be set.
2 POD2 0 R/W
1 POD1 0 R/W
0 PODO 0 R/W

10.3.3 Next Data RegistersH, L (NDRH, NDRL)

NDRH and NDRL store the next data for pulse output. The NDR addresses differ depending on
whether pulse output groups have the same output trigger or different output triggers.

* NDRH
Bit 7 6 4 3 2 1 0
Bit Name NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDR8
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
« NDRL
Bit 7 6 4 3 2 1 0
Bit Name NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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* NDRH

If pulse output groups 2 and 3 have the same output trigger, all eight bits are mapped to the
same address and can be accessed at one time, as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15to 8
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
4 NDR12 0 R/W
3 NDR11 0 R/W
2 NDR10 0 R/W
1 NDR9 0 R/W
0 NDR8 0 R/W

If pulse output groups 2 and 3 have different output triggers, the upper four bits and lower four
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR15 0 R/W Next Data Register 15 to 12
6 NDR14 0 R/W The register contents are transferred to the
5 NDR13 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
4 NDR12 0 R/W
3to0 O All 1 ad Reserved
These bits are always read as 1 and cannot be modified.
Initial
Bit Bit Name Value R/W Description
7t04 O All 1 ad Reserved
These bits are always read as 1 and cannot be modified.
3 NDR11 0 R/W Next Data Register 11 to 8
2 NDR10 0 R/W The register contents are transferred to the
1 NDR9 0 R/W corresponding PODRH bits by the output trigger specified
with PCR.
0 NDR8 0 R/W
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* NDRL

If pulse output groups 0 and 1 have the same output trigger, all eight bits are mapped to the
same address and can be accessed at one time, as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR7 0 R/W Next Data Register 7 to 0
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
4 NDR4 0 R/W
3 NDR3 0 R/W
2 NDR2 0 R/W
1 NDR1 0 R/W
0 NDRO 0 R/W

If pulse output groups 0 and 1 have different output triggers, the upper four bits and lower four
bits are mapped to different addresses as shown below.

Initial
Bit Bit Name Value R/W Description
7 NDR7 0 R/W Next Data Register 7 to 4
6 NDR6 0 R/W The register contents are transferred to the
5 NDR5 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
4 NDR4 0 R/W
3to0 O All 1 ad Reserved
These bits are always read as 1 and cannot be modified.
Initial
Bit Bit Name Value R/W Description
7t04 O All 1 ad Reserved
These bits are always read as 1 and cannot be modified.
3 NDR3 0 R/W Next Data Register 3to 0
2 NDR2 0 R/W The register contents are transferred to the
1 NDR1 0 R/W corresponding PODRL bits by the output trigger specified
with PCR.
0 NDRO 0 R/W
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10.3.4 PPG Output Control Register (PCR)

PCR selects output trigger signals on a group-by-group basis. For details on output trigger
selection, refer to section 10.3.5, PPG Output Mode Register (PMR).

Bit 7 6 5 4 3 2 1 0
Bit Name | G3cMS1 | GacMmso | Gacmsi | G2CMS0 | G1CMS1 | G1CMS0 | GOCMS1 | GocMso
Initial Value 1 1 1 1 1 1 1 1
R/IW R/W R/W R/W R/W R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
7 G3CMS1 1 R/W Group 3 Compare Match Select 1 and 0
6 G3CMSO0 1 R/W These bits select output trigger of pulse output group 3.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
5 G2CMS1 R/W Group 2 Compare Match Select 1 and 0
G2CMSO0 1 R/W These bits select output trigger of pulse output group 2.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
GICMS1 1 R/W Group 1 Compare Match Select 1 and 0
G1CMSO0 R/W These bits select output trigger of pulse output group 1.
00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
GOCMS1 R/W Group 0 Compare Match Select 1 and 0
0 GOCMSO0 R/W These bits select output trigger of pulse output group 0.

00: Compare match in TPU channel 0
01: Compare match in TPU channel 1
10: Compare match in TPU channel 2
11: Compare match in TPU channel 3
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10.35 PPG Output Mode Register (PMR)

PMR selects the pulse output mode of the PPG for each group. If inverted output is selected, a
low-level pulseis output when PODRH is 1 and a high-level pulse is output when PODRH isO. If
non-overlapping operation is selected, PPG updates its output values at compare match A or B of
the TPU that becomes the output trigger. For details, refer to section 10.4.4, Non-Overlapping
Pulse Output.

Bit 7 6 5 4 3 2 1 0
Bit Name | G3INV G2INV G1INV GOINV G3NOV G2NOV G1NOV GONOV
Initial Value 1 1 1 1 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Initial
Bit Bit Name Value R/W Description
7 G3INV 1 R/W Group 3 Inversion
Selects direct output or inverted output for pulse output
group 3.

0: Inverted output
1: Direct output
6 G2INV 1 R/W Group 2 Inversion

Selects direct output or inverted output for pulse output
group 2.

0: Inverted output
1: Direct output
5 G1INV 1 R/W Group 1 Inversion

Selects direct output or inverted output for pulse output
group 1.

0: Inverted output
1: Direct output
4 GOINV 1 R/W Group 0 Inversion

Selects direct output or inverted output for pulse output
group O.

0: Inverted output
1: Direct output
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Initial
Bit Bit Name Value R/W Description

3 G3NOV 0 R/W Group 3 Non-Overlap

Selects normal or non-overlapping operation for pulse

output group 3.

0: Normal operation (output values updated at compare
match A in the selected TPU channel)

1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)

2 G2NOV 0 R/W Group 2 Non-Overlap

Selects normal or non-overlapping operation for pulse

output group 2.

0: Normal operation (output values updated at compare
match A in the selected TPU channel)

1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)

1 G1NOV 0 R/W Group 1 Non-Overlap

Selects normal or non-overlapping operation for pulse

output group 1.

0: Normal operation (output values updated at compare
match A in the selected TPU channel)

1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)

0 GONOV 0 R/W Group 0 Non-Overlap

Selects normal or non-overlapping operation for pulse

output group 0.

0: Normal operation (output values updated at compare
match A in the selected TPU channel)

1: Non-overlapping operation (output values updated at
compare match A or B in the selected TPU channel)
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104 Operation

Figure 10.2 shows a schematic diagram of the PPG. PPG pulse output is enabled when the
corresponding bitsin NDER are set to 1. An initial output value is determined by its
corresponding PODR initial setting. When the compare match event specified by PCR occurs, the
corresponding NDR bit contents are transferred to PODR to update the output values. Sequential
output of data of up to 16 bitsis possible by writing new output datato NDR before the next
compare match.

NDER
Q

Output trigger signal

C
QPODR D Q NDR D j=— Internal data bus

Pulse output pin

Normal output/inverted output

Figure10.2 Schematic Diagram of PPG

10.4.1 Output Timing

If pulse output is enabled, the NDR contents are transferred to PODR and output when the
specified compare match event occurs. Figure 10.3 shows the timing of these operations for the
case of normal output in groups 2 and 3, triggered by compare match A.

& [ o 0 B B
X v X we X

TGRA N

Compare match | |

A signal

NDRH n

PODRH m X N n

PO8 to PO15 m X n

Figure10.3 Timing of Transfer and Output of NDR Contents (Example)

Rev. 1.00, 09/03, page 383 of 618
RENESAS




104.2

Sample Setup Procedure for Normal Pulse Output

Figure 10.4 shows a sample procedure for setting up normal pulse output.

TPU setup <

PPG setup <

TPU setup

( Normal PPG output

) [1]

Select TGR functions

[ 2

| 3]

Set TGRA value

Set counting operation

| [4]

Select interrupt request

Set initial output data

[5) (5]

Enable pulse output

[6]

| Select output trigger | [7] [l
|

Set next pulse ] 8]

output data 9]

Start counter 10]

Set next pulse
output data

[10]

Set TIOR to make TGRA an output
compare register (with output disabled).

Set the PPG output trigger cycle.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the
counter clear source with bits CCLR1 and
CCLRO.

Enable the TGIA interrupt in TIER. The
DTC can also be set up to transfer data to
NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to be
used for pulse output to 1.

Select the TPU compare match event to
be used as the output trigger in PCR.

Set the next pulse output values in NDR.

Set the CST bitin TSTR to 1 to start the
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure 10.4 Setup Procedurefor Normal Pulse Output (Example)
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10.4.3 Exampleof Normal Pulse Output (Example of 5-Phase Pulse Output)

Figure 10.5 shows an example in which pulse output is used for cyclic 5-phase pulse output.

TCNT value TCNT
TGRA

H'0000

Compare match

Time

NDRH SEOXCEOXAEOXGEOXZEOX3§0X1§0X158XO§8X8§8X8§OXC§0X4§O

PODRH ooiXsochoiXmiX(soiXZOiX%inO5X185XO85X885X80§XC°5X

PO15

PO14 H

PO13 i i

PO12

PO11 ! !

Figure 10.5

Normal Pulse Output Example (5-Phase Pulse Output)

1. Setup TGRA in TPU which is used as the output trigger to be an output compare register. Set
acyclein TGRA so the counter will be cleared by compare match A. Set the TGIEA bit in
TIER to 1 to enable the compare match/input capture A (TGIA) interrupt.

2. Write H'F8 to NDERH, and set bits G3CM S1, G3CM S0, G2CM S1, and G2CM S0 in PCR to
select compare match in the TPU channel set up in the previous step to be the output trigger.
Write output data H'80 in NDRH.

3. Thetimer counter in the TPU channel starts. When compare match A occurs, the NDRH
contents are transferred to PODRH and output. The TGIA interrupt handling routine writes the
next output data (H'CO) in NDRH.

5-phase pulse output (one or two phases active at atime) can be obtained subsequently by

writing H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive TGIA interrupts.
If the DTC is set for activation by the TGIA interrupt, pulse output can be obtained without
imposing aload on the CPU.
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10.4.4  Non-Overlapping Pulse Output
During non-overlapping operation, transfer from NDR to PODR is performed as follows:

» At compare match A, the NDR bits are always transferred to PODR.

» At compare match B, the NDR bits are transferred only if their valueis 0. The NDR bits are
not transferred if their valueis 1.

Figure 10.6 illustrates the non-overlapping pul se output operation.

NDER
Compare match A
Compare match B
C
Pulse Q PODR +1Q NDR Dl«— Internal data bus
output
pin

Normal output/inverted output

Figure10.6 Non-Overlapping Pulse Output

Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A.

The NDR contents should not be altered during the interval from compare match B to compare
match A (the non-overlapping margin).

This can be accomplished by having the TGIA interrupt handling routine write the next datain
NDR, or by having the TGIA interrupt activate the DTC. Note, however, that the next data must
be written before the next compare match B occurs.

Figure 10.7 shows the timing of this operation.
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Compare match A

Compare match B

Write to NDR

M

Write to NDR

NDR

X

)

PODR

A\

0 output

Do not write

0/1 output

Write to NDR
here

to NDR here

0 output  0/1 output

Do not write

Write to NDR
here

to NDR here

Figure 10.7
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Non-Overlapping Operation and NDR Write Timing
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10.4.5

Sample Setup Procedurefor Non-Over lapping Pulse Output

Figure 10.8 shows a sample procedure for setting up non-overlapping pulse output.

TPU setup <

PPG setup <

( Non-overlapping

pulse output

)

Select TGR functions

[ m

Set TGR values

[ 21

Set counting operation

[ 31

Select interrupt request

[

Set initial output data

[ 51

Enable pulse output

[

Select output trigger

| m

| Set non-overlapping groups | [8]

TPU setup

Set next pulse
output data

&)

Start counter

[ 120

ompare match A?

No

Set next pulse
output data

(11]

[1]

[2]

[3]

[4]

[5]

[6]

[71

[8]

[9]
[10]

[11]

Set TIOR to make TGRA and TGRB
output compare registers (with output
disabled).

Set the pulse output trigger cycle in
TGRB and the non-overlapping margin
in TGRA.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the
counter clear source with bits CCLR1
and CCLRO.

Enable the TGIA interrupt in TIER. The
DTC can also be set up to transfer data
to NDR.

Set the initial output values in PODR.

Set the bits in NDER for the pins to be
used for pulse output to 1.

Select the TPU compare match event to
be used as the pulse output trigger in
PCR.

In PMR, select the groups that will
operate in non-overlapping mode.

Set the next pulse output values in NDR.

Set the CST bitin TSTR to 1 to start the
TCNT counter.

At each TGIA interrupt, set the next
output values in NDR.

Figure10.8 Setup Procedurefor Non-Overlapping Pulse Output (Example)
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10.4.6  Example of Non-Overlapping Pulse Output (Example of 4-Phase Complementary

Non-Overlapping Pulse Output)

Figure 10.9 shows an example in which pulse output is used for 4-phase complementary non-
overlapping pulse output.

TCNT value
T = U

H'0000 :\\ |z V. | | Za— Time
NDRH 95 :X 65 :X 59 :X 56 X 95 X 65 :X o

! ' —-—— Non—ovgerlapp'ing margin ! ! ' ! ! ! !
PO15 : I_l ' ' ' ' ' ' |_| ' ' '

PO14 Co - |

PO13 ! ! ! ! ' ' ' ' ' '

PO12

|

PO11 Vo Vo | | | v Vo Vo

PO10 ! \ \ ! ! \ \ \ \ \ \

Figure 10.9 Non-Overlapping Pulse Output Example (4-Phase Complementary)
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1. Set up the TPU channel to be used as the output trigger channel so that TGRA and TGRB are
output compare registers. Set the cycle in TGRB and the non-overlapping margin in TGRA,
and set the counter to be cleared by compare match B. Set the TGIEA bitin TIER to 1 to
enable the TGIA interrupt.

2. Write H'FF to NDERH, and set bits G3CMS1, G3CM S0, G2CMS1, and G2CM S0 in PCR to
select compare match in the TPU channel set up in the previous step to be the output trigger.

Set bits G3NOV and G2NOV in PMR to 1 to select non-overlapping pulse output.
Write output data H'95 to NDRH.

3. Thetimer counter in the TPU channel starts. When a compare match with TGRB occurs,
outputs change from 1 to 0. When a compare match with TGRA occurs, outputs change from 0
to 1 (the changefrom O to 1 is delayed by the value set in TGRA).

The TGIA interrupt handling routine writes the next output data (H'65) to NDRH.

4. 4-phase complementary non-overlapping pulse output can be obtained subsequently by writing
H'59, H'56, H'95... at successive TGIA interrupts.

If the DTC isset for activation by a TGIA interrupt, pulse can be output without imposing a
load on the CPU.

10.4.7 Inverted Pulse Output

If the G3INV, G2INV, G1INV, and GOINV bitsin PMR are cleared to O, values that are the
inverse of the PODR contents can be output.

Figure 10.10 shows the outputs when the G3INV and G2INV bits are cleared to 0, in addition to
the settings of figure 10.9.
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TCNT value

TGRB |- oo oo oo m e e g
TCNT

H0000 : E\ : E : E : E : E : E i o Time
NDRH % X o X o X o X b X s X

s L LT
“————
oo T L L
- — 1
on T L
- —
o T L ]

Figure 10.10 Inverted Pulse Output (Example)
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10.4.8 PulseOutput Triggered by Input Capture

Pulse output can be triggered by TPU input capture as well as by compare match. If TGRA
functions as an input capture register in the TPU channel selected by PCR, pulse output will be
triggered by the input capture signal.

Figure 10.11 shows the timing of this output.

Po S I I Iy

TIOC pin (D\
Input capture I_l
signal

NDR N
PODR M X =N
PO M X N

Figure10.11 Pulse Output Triggered by Input Capture (Example)
10.5 Usage Notes

1051 Module Stop Mode Setting

PPG operation can be disabled or enabled using the module stop control register. The initial value
isfor PPG operation to be halted. Register accessis enabled by clearing module stop mode. For
details, refer to section 18, Power-Down Modes.

10.5.2 Operation of Pulse Output Pins

Pins POO to PO15 are also used for other peripheral functions such as the TPU. When output by
another peripheral function is enabled, the corresponding pins cannot be used for pulse output.
Note, however, that data transfer from NDR bits to PODR bits takes place, regardless of the usage
of the pins.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.
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Section 11 8-Bit Timers (TMR)

This LSl has two units (unit 0 and unit 1) of an on-chip 8-bit timer module that comprise two 8-bit
counter channels, totaling four channels. The 8-bit timer module can be used to count external
events and also be used as a multifunction timer in avariety of applications, such as generation of
counter reset, interrupt requests, and pulse output with a desired duty cycle using a compare-match
signal with two registers.

Figures 11.1 and 11.2 show block diagrams of the 8-bit timer module (unit O and unit 1).

This section describes unit 0 (channels 0 and 1), which has the same functions as the other unit.

11.1 Features

» Selection of seven clock sources

The counters can be driven by one of six internal clock signals (Pq/8, Pe/64, P¢/8192, Pg/2,
Pq/32, or P@/1024) or an external clock input.

» Selection of three waysto clear the counters
The counters can be cleared on compare match A or B, or by an external reset signal.
» Timer output control by a combination of two compare match signals

The timer output signal in each channel is controlled by a combination of two independent
compare match signals, enabling the timer to output pulses with a desired duty cycle or PWM
output.

» Cascading of two channels (TMR_0and TMR_1)

Operation as a 16-bit timer is possible, using TMR_O for the upper 8 bitsand TMR_1 for the
lower 8 bits (16-bit count mode).

TMR _1 can be used to count TMR_0 compare matches (compare match count mode).
» Threeinterrupt sources

Compare match A, compare match B, and overflow interrupts can be requested independently.
» Generation of trigger to start A/D converter conversion
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External clocks

Internal clocks

P@8

P@64
P@8192
P@2
P@32
P@1024

Counter clock 1
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TCCR_2:  Timer counter control register_2 TCCR_3:  Timer counter control register_3

Figure11.2 Block Diagram of 8-Bit Timer Module (Unit 1)
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11.2  Input/Output Pins
Table 11.1 shows the pin configuration of the TMR.

Table11.1 Pin Configuration

Unit Channel Name Symbol /O Function

0 0 Timer output pin TMOO0 Output Outputs compare match

Timer clock input pin TMCIO  Input Inputs external clock for counter

Timer reset input pin TMRIO  Input Inputs external reset to counter

1 Timer output pin TMO1 Output Outputs compare match

Timer clock input pin TMCI1  Input  Inputs external clock for counter

Timer reset input pin TMRI1  Input Inputs external reset to counter

1 2 Timer output pin TMO2 Output Outputs compare match

Timer clock input pin TMCI2  Input Inputs external clock for counter

Timer reset input pin TMRI2  Input Inputs external reset to counter

3 Timer output pin TMO3 Output Outputs compare match

Timer clock input pin TMCI3  Input Inputs external clock for counter

Timer reset input pin TMRI3  Input  Inputs external reset to counter

11.3 Register Descriptions

The TMR has the following registers.

Unit O:
* Channel 0
O Timer counter_O (TCNT_O)
O Time constant register A_0 (TCORA_Q)
0 Time constant register B_0 (TCORB_0)
O Timer control register_ 0 (TCR_0)
O Timer counter control register 0 (TCCR_0)
O Timer control/status register_ 0 (TCSR_0)

e Channel 1
O Timer counter_1 (TCNT_1)
O Time constant register A_1 (TCORA_1)
O Time constant register B_1 (TCORB_1)
O Timer control register_1 (TCR_1)
O Timer counter control register_1 (TCCR_1)
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O Timer control/status register 1 (TCSR_1)

Unit 1:

Channel 2

O Timer counter_2 (TCNT_2)

O Time constant register A_2 (TCORA_2)

O Time constant register B_2 (TCORB_2)

O Timer control register 2 (TCR_2)

O Timer counter control register 2 (TCCR_2)
O Timer control/status register_2 (TCSR_2)
Channel 3

O Timer counter_3 (TCNT_3)

0 Time constant register A_3 (TCORA_3)

O Time constant register B_3 (TCORB_3)

0 Timer control register_3 (TCR_3)

O Timer counter control register_3 (TCCR_3)
O Timer control/status register 3 (TCSR_3)

11.3.1  Timer Counter (TCNT)

TCNT isan 8-hit readable/writable up-counter. TCNT_0 and TCNT_1 comprise asingle 16-bit
register so they can be accessed together by aword transfer instruction. Bits CKS2 to CKS0 in
TCR and bits ICKS1 and ICKS0 in TCCR are used to select aclock. TCNT can be cleared by an
external reset input signal, compare match A signal, or compare match B signal. Which signal isto
be used for clearing is selected by bits CCLR1 and CCLRO in TCR. When TCNT overflows from
H'FFto H'00, bit OVF in TCSRisset to 1. TCNT isinitialized to H'00.

. /
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

L I N I N NN N N I

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RIW RW RW R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W
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11.3.2 TimeConstant Register A (TCORA)

TCORA isan 8-bit readable/writable register. TCORA_0 and TCORA_1 comprise a single 16-bit
register so they can be accessed together by aword transfer instruction. Thevaluein TCORA is
continually compared with the valuein TCNT. When amatch is detected, the corresponding
CMFA flag in TCSR is set to 1. Note however that comparison is disabled during the T2 state of a
TCORA write cycle. The timer output from the TMO pin can be freely controlled by this compare
match signal (compare match A) and the settings of bits OS1 and OS0in TCSR. TCORA is
initialized to H'FF.

TCORA_O TCORA 1
.  — _
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

L I N I N NN N N I

Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RIW RW RW R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W

11.3.3 TimeConstant Register B (TCORB)

TCORSB is an 8-hit readable/writable register. TCORB_0 and TCORB_1 comprise a single 16-bit
register so they can be accessed together by aword transfer instruction. TCORB is continually
compared with the valuein TCNT. When amatch is detected, the corresponding CMFB flag in
TCSRisset to 1. Note however that comparison is disabled during the T2 state of a TCORB write
cycle. The timer output from the TMO pin can be freely controlled by this compare match signal
(compare match B) and the settings of bits OS3 and OS2 in TCSR. TCORB isinitialized to H'FF.

TCORB_0 TCORB 1
; / _
Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0\

L (N N N N

Initial Value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

R/W RW RW R/W RW RW RW RW RW RW RW RW RW RW RW RW R/W
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11.3.4 Timer Control Register (TCR)

TCR selectsthe TCNT clock source and the condition for clearing TCNT, and enables/disables
interrupt requests.

Bit 7 6 5 4 3 2 1 0
Bit Name | CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKS0
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW R/W RIW RIW RIW R/W
Initial
Bit Bit Name Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B

Selects whether CMFB interrupt requests (CMIB) are
enabled or disabled when the CMFB flag in TCSR is set
to 1.

0: CMFB interrupt requests (CMIB) are disabled
1: CMFB interrupt requests (CMIB) are enabled

6 CMIEA 0 R/W Compare Match Interrupt Enable A

Selects whether CMFA interrupt requests (CMIA) are
enabled or disabled when the CMFA flag in TCSR is set
to 1.

0: CMFA interrupt requests (CMIA) are disabled
1: CMFA interrupt requests (CMIA) are enabled

5 OVIE 0 R/W Timer Overflow Interrupt Enable

Selects whether OVF interrupt requests (OVI) are
enabled or disabled when the OVF flag in TCSR is set to
1.

0: OVF interrupt requests (OVI) are disabled
1: OVF interrupt requests (OVI) are enabled

CCLR1 R/W Counter Clear 1 and 0*
CCLRO 0 R/W These bits select the method by which TCNT is cleared.
00: Clearing is disabled

o

01: Cleared by compare match A
10: Cleared by compare match B
11: Cleared at rising edge (TMRIS in TCCR is cleared to

0) of the external reset input or when the external
reset input is high (TMRIS in TCCR is set to 1)
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Initial
Bit Bit Name Value R/W Description

2 CKS2 0 R/W Clock Select 2 to 0*
1 CKS1 0 R/W These bits select the clock input to TCNT and count
0 CKSO 0 R/W condition. See table 11.2.

Note: * To use an external reset or external clock, the DDR and ICR bits in the corresponding
pin should be set to 0 and 1, respectively. For details, see section 8, I/O Ports.

11.35 Timer Counter Control Register (TCCR)

TCCR selectsthe TCNT internal clock source and controls external reset input.

Bit 7 6 5 4 3 2 1 0
gtName | - [ - | - | - [ wmms | - [ kst | ickso
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW R/W R/W RIW RIW RIW RIW
Initial
Bit Bit Name Value R/W Description
7t04 O 0 R/W Reserved
These bits are always read as 0. The write value should
always be 0.
3 TMRIS 0 R/W Timer Reset Input Select

Selects an external reset input when the CCLR1 and
CCLRO bits in TCR are B'11.

0: Cleared at rising edge of the external reset
1: Cleared when the external reset is high

2 d 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0
ICKS1 0 R/W Internal Clock Select 1 and 0
0 ICKSO 0 R/W These bits in combination with bits CKS2 to CKSO0 in TCR

select the internal clock. See table 11.2.
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Table11.2 Clock Input to TCNT and Count Condition

Channel

TCR

TCCR

Bit 2
CKS2

Bit 1

Bit 0
CKS1 CKSO

Bit 1

Bit 0

ICKS1 ICKSO Description

TMR_0

0

0

O

O

Clock input prohibited.

0

1

Uses internal clock.

Counts at rising edge of P@'8.

Uses internal clock.

Counts at rising edge of P@/2.

Uses internal clock.

Counts at falling edge of P@'8.

Uses internal clock.

Counts at falling edge of P@/2.

Uses internal clock.

Counts at rising edge of P@/64.

Uses internal clock.

Counts at rising edge of P@/32.

Uses internal clock.

Counts at falling edge of P@/64.

Uses internal clock.

Counts at falling edge of P@/32.

Uses internal clock.

Counts at rising edge of P@/8192.

Uses internal clock.

Counts at rising edge of P@/1024.

Uses internal clock.

Counts at falling edge of P@8192.

Uses internal clock.

Counts at falling edge of P@/1024.

Counts at TCNT_1

overflow signal**.

TMR_1

Clock input prohibited.

Uses internal clock.

Counts at rising edge of P@'8.

Uses internal clock.

Counts at rising edge of P@/2.

Uses internal clock.

Counts at falling edge of P@'8.

Uses internal clock.

Counts at falling edge of P@/2.

Uses internal clock.

Counts at rising edge of P@/64.

Uses internal clock.

Counts at rising edge of P@/32.

Uses internal clock.

Counts at falling edge of P@/64.

Uses internal clock.

Counts at falling edge of P@/32.

Uses internal clock.

Counts at rising edge of P@/8192.

Uses internal clock.

Counts at rising edge of P@/1024.

Uses internal clock.

Counts at falling edge of P@8192.

Uses internal clock.

Counts at falling edge of P@/1024.

Olr|r|lo|lo|r|r|o|lo|r|r|lolo|lo|lol|l+r|rr|olo|r|r|o|lo|lr|r|o|o

olr|lo|lr|o|lr|lo|r|lo|r|lo|lr|lo|lo|lol|l+r|o|r|lo|lr|lo|lr|lo|lr|o|r]|o

Counts at TCNT_O

compare match A**,
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TCR TCCR

Bit2 Bitl BitO Bitl BitO
Channel CKS2 CKS1 CKSO ICKS1 ICKSO Description

All 1 0 1 O O Uses external clock. Counts at rising edge**.
1 1 0 O O Uses external clock. Counts at falling edge*”.
1 1 1 O O Uses external clock. Counts at both rising and falling
edges*’.

Notes: 1. If the clock input of TMR_O is the TCNT_1 overflow signal and that of TMR_1 is the
TCNT_0 compare match signal, no incrementing clock is generated. Do not use this
setting.

2. To use the external clock, the DDR and ICR bits in the corresponding pin should be set
to 0 and 1, respectively. For details, see section 8, I/O Ports.

11.3.6  Timer Control/Status Register (TCSR)

TCSR displays status flags, and controls compare match output.

« TCSR_0O
Bit 7 6 5 4 3 2 1 0
Bit Name CMFB CMFA OVF ADTE 0S3 0S2 0OSs1 0S0
Initial Value 0 0 0 0 0 0 0 0
RIW RI(W)* RI(W)* R/(W)* RIW RIW RIW RIW RIW

«TCSR_1
Bit 7 6 5 4 3 2 1 0
Bit Name CMFB CMFA OVF - 0S3 0S2 0OS1 0S0
Initial Value 0 0 0 1 0 0 0 0
R/W R/(W)* R/(W)* R/(W)* R RIW R/W R/W R/W

Note: * Only 0 can be written to this bit, to clear the flag.
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« TCSRO

Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/(W)** Compare Match Flag B

[Setting condition]

¢ When TCNT matches TCORB
[Clearing conditions]

e When writing O after reading CMFB =1

¢ When the DTC is activated by a CMIB interrupt while
the DISEL bit in MRB of the DTC is O

6 CMFA 0 R/(W)*' Compare Match Flag A
[Setting condition]
e When TCNT matches TCORA
[Clearing conditions]
e When writing O after reading CMFA = 1

¢ When the DTC is activated by a CMIA interrupt while
the DISEL bit in MRB in the DTC is O

5 OVF 0 R/(W)** Timer Overflow Flag
[Setting condition]
When TCNT overflows from H'FF to H'00
[Clearing condition]
When writing O after reading OVF = 1

4 ADTE 0 R/W A/D Trigger Enable

Selects enabling or disabling of A/D converter start
requests by compare match A.

0: A/D converter start requests by compare match A are

disabled
1: A/D converter start requests by compare match A are
enabled
0S3 0 R/W  Output Select 3 and 2*?
0Ss2 0 R/W These bits select a method of TMO pin output when

compare match B of TCORB and TCNT occurs.
00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs

11: Output is inverted when compare match B occurs
(toggle output)
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Initial
Bit Bit Name Value R/W

Description

1 Os1 0 R/W
0 0S0 0 RIW

Output Select 1 and 0*?

These bits select a method of TMO pin output when
compare match A of TCORA and TCNT occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled whe

n bits OS3 to OSO are all 0. Timer output is O until the first

compare match occurs after resetting.

« TCSR 1
Initial
Bit Bit Name Value R/W

Description

7 CMFB 0 RI(W)**

Compare Match Flag B

[Setting condition]

When TCNT matches TCORB
[Clearing conditions]

When writing O after reading CMFB = 1

When the DTC is activated by a CMIB interrupt while the
DISEL bitin MRB of the DTC is 0

6 CMFA 0 RI(W)**

Compare Match Flag A

[Setting condition]

When TCNT matches TCORA
[Clearing conditions]

When writing O after reading CMFA = 1

When the DTC is activated by a CMIA interrupt while the
DISEL bitin MRB of the DTC is 0

5 OVF 0 RI(W)**

Timer Overflow Flag

[Setting condition]

When TCNT overflows from H'FF to H'00
[Clearing condition]

Cleared by reading OVF when OVF = 1, then writing O to
OVF
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Initial

Bit Bit Name Value R/W Description
4 O 1 R Reserved
This is a read-only bit and cannot be modified.
0S3 0 R/W  Output Select 3 and 2*?
0Ss2 0 R/W These bits select a method of TMO pin output when
compare match B of TCORB and TCNT occurs.
00: No change when compare match B occurs
01: 0 is output when compare match B occurs
10: 1 is output when compare match B occurs
11: Output is inverted when compare match B occurs
(toggle output)
1 0s1 0 R/W  Output Select 1 and 0**
0 0so 0 R/W

These bits select a method of TMO pin output when
compare match A of TCORA and TCNT occurs.

00: No change when compare match A occurs
01: 0 is output when compare match A occurs
10: 1 is output when compare match A occurs

11: Output is inverted when compare match A occurs
(toggle output)

Notes: 1. Only 0 can be written to bits 7 to 5, to clear these flags.

2. Timer output is disabled when bits OS3 to OSO are all 0. Timer output is 0 until the first

compare match occurs after resetting.

114 Operation

11.4.1 Pulse Output

Figure 11.3 shows an example of the 8-bit timer being used to generate a pulse output with a
desired duty cycle. The control bits are set as follows:

1. InTCR, clear bit CCLR1 to 0 and set bit CCLRO to 1 so that TCNT iscleared at a TCORA

compare match.

2. InTCSR, set bits OS3 to OS0 to B'0110, causing the output to change to 1 at a TCORA

compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a cycle determined by TCORA with a
pulse width determined by TCORB. No software intervention is required. The output level of the
8-bit timer holds O until the first compare match occurs after areset.

RENESAS
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Counter clear

H00 ----} REERLLEE ! ommees SERRETD R SEEELED

mo [ L L

Figure11.3 Example of Pulse Output

1142 Reset Input

Figure 11.4 shows an example of the 8-bit timer being used to generate a pulse which is output
after adesired delay time from a TMRI input. The control bits are set as follows:

1. Set both bits CCLR1 and CCLRO in TCR to 1 and set the TMRIS bit in TCCR to 1 so that
TCNT iscleared at the high level input of the TMRI signal.

2. InTCSR, set bits OS3 to OS0 to B'0110, causing the output to change to 1 at a TCORA
compare match and to 0 at a TCORB compare match.

With these settings, the 8-bit timer provides pulses output at a desired delay time from aTMRI
input determined by TCORA and with a pulse width determined by TCORB and TCORA.

H'00

TMRI : !

T™MO | |

Figure1l.4 Example of Reset Input
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115 Operation Timing

1151 TCNT Count Timing

Figure 11.5 shows the TCNT count timing for internal clock input. Figure 11.6 showsthe TCNT
count timing for external clock input. Note that the external clock pulse width must be at least 1.5
states for incrementation at a single edge, and at least 2.5 states for incrementation at both edges.
The counter will not increment correctly if the pulse width isless than these values.

O O e O 1 e Y O o A o R

(
))
Internal clock —l ( | |

))
TCNT input \\’_‘
clock (

(
)
)CS‘; )
TCNT N-1 (} N « X N+

Figure11.5 Count Timingfor Internal Clock Input

TN i e O e e Y O A O

((

External clock _l )]
input pin 4 | I—
TCNT input \AI_L/
clock
(.

(
)
)(:25 5
TCNT N-1 5 N X ?S N+1

(
))

Figure11.6 Count Timing for External Clock Input
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1152 Timing of CMFA and CMFB Setting at Compare Match

The CMFA and CMFB flagsin TCSR are set to 1 by a compare match signal generated when the
TCOR and TCNT values match. The compare match signal is generated at the last state in which
the match istrue, just before the timer counter is updated. Therefore, when the TCOR and TCNT
values match, the compare match signal is not generated until the next TCNT clock input. Figure
11.7 shows this timing.

Po S S I

TCNT N X N+1
TCOR N

Compare match

signal | |

.

CMF |

Figure1l.7 Timing of CMF Setting at Compare Match

1153 Timing of Timer Output at Compare Match

When a compare match signal is generated, the timer output changes as specified by bits OS3 to
OS0in TCSR. Figure 11.8 shows the timing when the timer output is toggled by the compare
match A signal.

Po B Y s o I I

Compare match A

signal (¢

| | . [ ]
™ (, ™~
1 L

Timer output pin Y

Figure11.8 Timing of Toggled Timer Output at Compare Match A
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11.54 Timing of Counter Clear by Compare Match

TCNT is cleared when compare match A or B occurs, depending on the settings of bits CCLR1
and CCLRO in TCR. Figure 11.9 shows the timing of this operation.

Po S [ A I O I I
Compare match
signal | |

TCNT N H'00

Figure11.9 Timing of Counter Clear by Compare Match

1155 Timing of TCNT External Reset

TCNT iscleared at the rising edge or high level of an external reset input, depending on the
settings of bits CCLR1 and CCLRO in TCR. The clear pulse width must be at |east 2 states.
Figures 11.10 and 11.11 show the timing of this operation.

Po S

External reset

input pin |

Clear signal \’_|—
TCNT N—1 X N X Hoo

Figure11.10 Timing of Clearance by External Reset (Rising Edge)
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Po S

External reset
input pin |

Clear signal |

TCNT N-1 X N X Hoo

Figure11.11 Timing of Clearance by External Reset (High Level)

1156 Timing of Overflow Flag (OVF) Setting

The OVF bit in TCSR is set to 1 when TCNT overflows (changes from H'FF to H'00). Figure
11.12 shows the timing of this operation.

Po S I I I I

TCNT H'FF

H'00

Overflow signal

X
—
N

OVF I

Figure11.12 Timing of OVF Setting
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11.6  Operation with Cascaded Connection

If bits CKS2 to CKS0 in either TCR_0 or TCR_1 are set to B'100, the 8-bit timers of the two
channels are cascaded. With this configuration, a single 16-bit timer could be used (16-bit counter
mode) or compare matches of the 8-bit channel 0 could be counted by the timer of channel 1
(compare match count mode).

11.6.1 16-Bit Counter Mode

When bits CKS2 to CKS0in TCR_0 are set to B'100, the timer functions as a single 16-bit timer
with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

Setting of Compare Match Flags:

« TheCMFflagin TCSR_Oisset to 1 when a 16-bit compare match event occurs.
* TheCMFflagin TCSR_1 isset to 1 when alower 8-bit compare match event occurs.

Counter Clear Specification:

» If the CCLR1 and CCLRO hitsin TCR_0 have been set for counter clear at compare match, the
16-bit counter (TCNT_0 and TCNT_1 together) is cleared when a 16-bit compare match event
occurs. The 16-bit counter (TCNTO and TCNT1 together) is cleared even if counter clear by
the TMRIO pin has been set.

* The settings of the CCLR1 and CCLRO bitsin TCR_1 are ignored. The lower 8 bits cannot be
cleared independently.

Pin Output:

e Control of output from the TMOO pin by bits OS3 to OS0 in TCSR_0 isin accordance with the
16-bit compare match conditions.

e Control of output from the TMO1 pin by bits OS3 to OS0 in TCSR_1 isin accordance with the
lower 8-bit compare match conditions.

11.6.2 Compare Match Count Mode

When bits CKS2 to CKS0in TCR_1 are set to B'100, TCNT_1 counts compare match A for
channel 0. Channels 0 and 1 are controlled independently. Conditions such as setting of the CMF
flag, generation of interrupts, output from the TMO pin, and counter clear are in accordance with
the settings for each channel.
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117

11.7.1

Interrupt Sources

Interrupt Sourcesand DTC Activation

There are three interrupt sources for the 8-bit timer (TMR_0 or TMR_1): CMIA, CMIB, and OVI.
Their interrupt sources and priorities are shown in table 11.3. Each interrupt source is enabled or
disabled by the corresponding interrupt enable bit in TCR or TCSR, and independent interrupt
requests are sent for each to the interrupt controller. It is aso possible to activate the DTC by
means of CMIA and CMIB interrupts.

Table11.3 8-Bit Timer (TMR_0or TMR_1) Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation Priority
CMIAO TCORA_0 compare match CMFA Possible High
(VNUM = 2'b00)
CMIBO TCORB_0 compare match CMFB Possible
(VNUM = 2'b01)
oVIO TCNT_O overflow OVF Not possible Low
CMIAL TCORA_1 compare match CMFA Possible High
(VNUM = 2'b10)
CMIB1 TCORB_1 compare match CMFB Possible
(VNUM = 2'b11)
ovil TCNT_1 overflow OVF Not possible Low
Note: VNUM is an internal signal.
11.7.2  A/D Converter Activation

The A/D converter can be activated only by TMR_0 compare match A.

If the ADTE bitin TCSR_0is set to 1 when the CMFA flagin TCSR_0isset to 1 by the
occurrence of TMR_0 compare match A, arequest to start A/D conversion is sent to the A/D
converter. If the 8-bit timer conversion start trigger has been selected on the A/D converter side at
thistime, A/D conversion is started.
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11.8 Usage Notes

11.8.1 Noteson Setting Cycle

If the compare match is selected for counter clear, TCNT iscleared at the last state in the cyclein
which the values of TCNT and TCOR match. TCNT updates the counter value at thislast state.
Therefore, the counter frequency is obtained by the following formula.

f= (p/ (N +1 )

f:  Counter frequency
¢. Operating frequency
N: TCOR value

11.8.2 Conflict between TCNT Write and Clear

If a counter clear signal is generated during the T, state of a TCNT write cycle, the clear takes
priority and the write is not performed as shown in figure 11.13.

TCNT write cycle by CPU
Ty T,

| | |
| | |
Address x TCNT address X

Internal write signal | |
Counter clear signal | |

TCNT N X H'00

Po

Figure11.13 Conflict between TCNT Writeand Clear
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11.8.3 Conflict between TCNT Write and Increment

If aTCNT input clock pulseis generated during the T, state of a TCNT write cycle, the write takes
priority and the counter is not incremented as shown in figure 11.14.

TCNT write cycle by CPU
T T2

I ]
| | |
Address x TCNT address X

Internal write signal | |

TCNT input clock | |
TCNT N X/ v M

Po

Counter write data

Figure11.14 Conflict between TCNT Write and Increment
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11.8.4  Conflict between TCOR Write and Compare Match

If acompare match event occurs during the T, state of a TCOR write cycle, the TCOR write takes
priority and the compare match signal isinhibited as shown in figure 11.15.

TCOR write cycle by CPU
T Tz

|t
Address x TCOR address X

Internal write signal | |

TCNT N X N+1

Po

TCOR N X/ M

TCOR write data

Compare match signal E '\

Inhibited

Figure11.15 Conflict between TCOR Write and Compare Match

11.85 Conflict between Compare Matches A and B

If compare match events A and B occur at the same time, the 8-bit timer operates in accordance
with the priorities for the output statuses set for compare match A and compare match B, as shown
intable 11.4.

Table11.4 Timer Output Priorities

Output Setting Priority
Toggle output High
1-output

0-output T

No change Low
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11.8.6  Switching of Internal Clocksand TCNT Operation

TCNT may be incremented erroneously depending on when the internal clock is switched. Table
11.5 shows the relationship between the timing at which the internal clock is switched (by writing
to bits CKS1 and CKS0) and the TCNT operation.

When the TCNT clock is generated from an internal clock, therising or falling edge of the internal
clock pulse are always monitored. Table 11.5 assumes that the falling edge is selected. If the
signal levels of the clocks before and after switching change from high to low as shown initem 3,
the change is considered as the falling edge. Therefore, a TCNT clock pulse is generated and
TCNT isincremented. Thisis similar to when the rising edge is selected.

The erroneous incrementation of TCNT can also happen when switching between rising and
falling edges of the internal clock, and when switching between internal and external clocks.

Table11.5 Switching of Internal Clock and TCNT Operation

Timing to Change CKS1
No. and CKSO0 Bits TCNT Clock Operation

1 Switching from low to low**  Clock before ] | | | | |
switchover .

Clock after
switchover

TCNT input
clock

TCNT NCX N+1 X

CKS bits changed

2 Switching from low to high*?  Clock before ] | | | | |

switchover

Clock after
switchover

TCNT input
clock

TCNT NoOX N+1 o Xio N+2 X

CKS bits changed
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Timing to Change CKS1
No. and CKSO Bits TCNT Clock Operation

3 Switching from high to low*®  Clock before J | | | | |

switchover

Clock after
switchover

TCNT input
clock

TCNT N X N+1: X N+ 2 X

CKS bits changed

4 Switching from high to high  Clock before
switchover

Clock after
switchover

TCNT input
clock

TCNT N X N+l X N+ 2 X

CKS bits changed

Notes: 1. Includes switching from low to stop, and from stop to low.
2. Includes switching from stop to high.

3. Includes switching from high to stop.
4

. Generated because the change of the signal levels is considered as a falling edge;
TCNT is incremented.

11.8.7 Mode Setting with Cascaded Connection
If 16-hit counter mode and compare match count mode are specified at the same time, input clocks

for TCNT_Oand TCNT_1 are not generated, and the counter stops. Do not specify 16-bit counter
mode and compare match count mode simultaneously.

11.88 Module Stop Mode Setting

Operation of the TMR can be disabled or enabled using the module stop control register. The
initial setting isfor operation of the TMR to be halted. Register accessis enabled by clearing
module stop mode. For details, refer to section 18, Power-Down Modes.
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11.89 Interruptsin Module Stop Mode

If module stop mode is entered when an interrupt has been requested, it will not be possible to
clear the CPU interrupt source or the DTC activation source. Interrupts should therefore be
disabled before entering module stop mode.
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Section 12 Watchdog Timer (WDT)

The watchdog timer (WDT) is an 8-hit timer that outputs an overflow signal (WDTOVF) if a
system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow. At
the same time, the WDT can also generate an internal reset signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. Ininterval
timer operation, an interval timer interrupt is generated each time the counter overflows.

Figure 12.1 shows a block diagram of the WDT.

121  Features

» Selectable from eight counter input clocks
» Switchable between watchdog timer mode and interval timer mode
O Inwatchdog timer mode

If the counter overflows, the WDT outputs WDTOVF. It is possible to select whether or
not the entire LSI isreset at the sametime.

O Ininterval timer mode
If the counter overflows, the WDT generates an interval timer interrupt (WOVI).

i Overflow P@2 E

WOV| .+ | Interrupt . P64 h

(interrupt request ! control «——P@/128 :
signal) ! Clock Clock |«——Pq@512 H

! select |«———P@2048 |

; . p@8192

WDTOVF <—— ————P@32768

Internal reset signal* «— Resetl «—— P@/131072 !
! contro Internal clocks

[ rsTCSR |<—,|_TCNT f~—~ Tcsr |

0 0 0 [a

I Module bus interface

Internal bus

[Legend]

TCSR:  Timer control/status register
TCNT:  Timer counter

RSTCSR: Reset control/status register

Note: * An internal reset signal can be generated by the RSTCSR setting.

Figure12.1 Block Diagram of WDT
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12.2  Input/Output Pin
Table 12.1 shows the WDT pin configuration.

Table12.1 Pin Configuration

Name Symbol I/O Function

Watchdog timer overflow WDTOVF Output Outputs a counter overflow signal in watchdog
timer mode

12.3 Register Descriptions

The WDT has the following three registers. To prevent accidental overwriting, TCSR, TCNT, and
RSTCSR have to be written to in a method different from normal registers. For details, see section
12.6.1, Notes on Register Access.

e Timer counter (TCNT)
» Timer control/status register (TCSR)
* Reset control/status register (RSTCSR)

1231 Timer Counter (TCNT)

TCNT is an 8-bit readable/writable up-counter. TCNT isinitialized to H'00 when the TME hit in
TCSRiscleared to O.

Bit 7 6 5 4 3 2 1 0
Bit Name | |

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

12.3.2 Timer Control/Status Register (TCSR)

TCSR selects the clock source to be input to TCNT, and the timer mode.

Bit 7 6 5 4 3 2 1 0
Bit Name | OVF WTAT | TME | - | - | CKS2 | CKS1 CKSO0
Initial Value 0 0 0 1 1 0 0 0
R/IW R/(W)* R/IW R/IW R R R/IW R/IW R/IW

Note:* Only 0 can be written to this bit, to clear the flag.
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Bit

Bit Name Value

Initial

R/W

Description

OVF

0

RI(W)*

Overflow Flag

Indicates that TCNT has overflowed in interval timer
mode. Only 0 can be written to this bit, to clear the flag.

[Setting condition]

When TCNT overflows in interval timer mode (changes
from H'FF to H'00)

When internal reset request generation is selected in
watchdog timer mode, OVF is cleared automatically by
the internal reset.

[Clearing condition]

Cleared by reading TCSR when OVF = 1, then writing O
to OVF

WTAT

R/W

Timer Mode Select

Selects whether the WDT is used as a watchdog timer or
interval timer.

0: Interval timer mode

When TCNT overflows, an interval timer interrupt
(WOVI) is requested.

1: Watchdog timer mode
When TCNT overflows, the WDTOVF signal is output.

TME

R/W

Timer Enable

When this bit is set to 1, TCNT starts counting. When this
bit is cleared, TCNT stops counting and is initialized to
H'00.

4,3

All 1

Reserved
These are read-only bits and cannot be modified.

CKS2
CKS1
CKSO

R/W
R/W
R/W

Clock Select2t0 0

Select the clock source to be input to TCNT. The overflow
cycle for Po= 20 MHz is indicated in parentheses.

000: Clock P@'2 (cycle: 25.6 us)

001: Clock P@64 (cycle: 819.2 ps)
010: Clock P@128 (cycle: 1.6 ms)
011: Clock P@512 (cycle: 6.6 ms)

100: Clock P@2048 (cycle: 26.2 ms)
101: Clock Pg@/8192 (cycle: 104.9 ms)
110: Clock P@32768 (cycle: 419.4 ms)
111: Clock P@/131072 (cycle: 1.68 s)

Note:

*

Only 0 can be written to this bit, to clear the flag.
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12.3.3 Reset Control/Status Register (RSTCSR)

RSTCSR controls the generation of the internal reset signal when TCNT overflows, and selects
the type of internal reset signal. RSTCSR isinitialized to H'1F by areset signal from the RES pin,
but not by the WDT internal reset signal caused by WDT overflows.

Bit 7 6 5 4 3 2 1 0
BitName [ wove [ RsTE [ - - 1 - ]

Initial Value 0 0 0 1 1 1 1 1
RIW RI(W)* RIW RIW R R R R R

Note: * Only 0 can be written to this bit, to clear the flag.

Initial
Bit Bit Name Value R/W Description

7 WOVF 0 R/(W)* Watchdog Timer Overflow Flag

This bit is set when TCNT overflows in watchdog timer
mode. This bit cannot be set in interval timer mode, and
only O can be written.

[Setting condition]

When TCNT overflows (changed from H'FF to H'00) in
watchdog timer mode

[Clearing condition]

Reading RSTCSR when WOVF = 1, and then writing 0 to
WOVF

6 RSTE 0 R/W Reset Enable

Specifies whether or not this LSl is internally reset if
TCNT overflows during watchdog timer operation.

0: LSl is not reset even if TCNT overflows (Though this
LSl is not reset, TCNT and TCSR in WDT are reset)

1: LSl is reset if TCNT overflows

5 O 0 R/W Reserved

Although this bit is readable/writable, reading from or
writing to this bit does not affect operation.

4t00 O All 1 R Reserved
These are read-only bits and cannot be modified.

Note: * Only 0 can be written to this bit, to clear the flag.
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124  Operation

1241 Watchdog Timer Mode
To usethe WDT in watchdog timer mode, set both the WT/IT and TME bitsin TCSR to 1.

During watchdog timer operation, if TCNT overflows without being rewritten because of a system
crash or other error, the WDTOVF signal isoutput. This ensuresthat TCNT does not overflow
while the system is operating normally. Software must prevent TCNT overflows by rewriting the
TCNT value (normally H'00 is written) before overflow occurs. This WDTOVF signal can be
used to reset the LS| internally in watchdog timer mode.

If TCNT overflows when the RSTE bit in RSTCSR isset to 1, asignal that resetsthis LSl
internally is generated at the same time asthe WDTOVF signal. If areset caused by asignal input
to the RES pin occurs at the same time as a reset caused by aWDT overflow, the RES pin reset
has priority and the WOVF bit in RSTCSR is cleared to 0.

The WDTOVF signal is output for 133 states with Powhen RSTE = 1 in RSTCSR, and for 130
states with Powhen RSTE = 0in RSTCSR. The internal reset signal is output for 519 states with

Pg.

When TCNT overflows in watchdog timer mode, the WOV F bit in RSTCSRisset to 1. If TCNT
overflows when the RSTE bit in RSTCSR is set to 1, an internal reset signal is generated for the
entireLSl.

TCNT value
Overflow

oo —(——<X 7 T A N A
WTAT=1 HOO written WOVF=1 | WTAT=1 H'00 written
= TRTAUE y TME=1 TCNT
TME =1 to TCNT WDTOVE and : toTC
internal reset are
generated * ; !

WDTOVF signal

133 states*2;

Internal reset signal*!

519 states

Notes: 1. If TCNT overflows when the RSTE bit is set to 1, an internal reset signal is generated.
2. 130 states when the RSTE bit is cleared to 0.

Figure12.2 Operation in Watchdog Timer Mode
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12.42 Interval Timer Mode
To usethe WDT as an interval timer, set the WT/IT bit to 0 and the TME bit to 1 in TCSR.

When the WDT isused as an interval timer, an interval timer interrupt (WOVI) is generated each
time the TCNT overflows. Therefore, an interrupt can be generated at intervals.

When the TCNT overflows in interval timer mode, an interval timer interrupt (WOVI) is requested
at the same time the OVF bitinthe TCSR is set to 1.

TCNT value

Overflow Overflow Overflow Overflow

Time

oo } } } }

WT/AT =0 WOVI WOVI WOVI WOVI
TME=1

WOVI: Interval timer interrupt request

Figure12.3 Operation in Interval Timer Mode

125 Interrupt Source

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
Theinterval timer interrupt is requested whenever the OVF flag isset to 1in TCSR. The OVF flag
must be cleared to 0 in the interrupt handling routine.

Table12.2 WDT Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation
WQoVI TCNT overflow OVF Impossible
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12.6  Usage Notes

12.6.1 Noteson Register Access

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other registersin being
more difficult to write to. The procedures for writing to and reading these registers are given
below.

Writingto TCNT, TCSR, and RSTCSR: TCNT and TCSR must be written to by aword
transfer instruction. They cannot be written to by a byte transfer instruction.

For writing, TCNT and TCSR are assigned to the same address. Accordingly, perform data
transfer as shown in figure 12.4. The transfer instruction writes the lower byte datato TCNT or
TCSR.

To write to RSTCSR, execute aword transfer instruction for address H'FFAG. A byte transfer
instruction cannot be used to write to RSTCSR.

The method of writing 0 to the WOVF bit in RSTCSR differs from that of writing to the RSTE hit
in RSTCSR. Perform data transfer as shown in figure 12.4.

At data transfer, the transfer instruction clears the WOVF hit to O, but has no effect on the RSTE
bit. To write to the RSTE bit, perform data transfer as shown in figure 12.4. In this case, the
transfer instruction writes the value in bit 6 of the lower byte to the RSTE bit, but has no effect on
the WOVF hit.

TCNT write or writing to the RSTE bit in RSTCSR:

Address: H'FFA4 (TCNT) 15 8 7 0
H'FFA6 (RSTCSR) H'SA [ Write data |
TCSR write:
, 15 8 7 0
Address: H'FFA4 (TCSR) I TAS I Write data I
Writing O to the WOVF bit in RSTCSR:
15 8 7 0
Address: H'FFA6 (RSTCSR) | Y I o0 |

Figure12.4 Writingto TCNT, TCSR, and RSTCSR

Reading from TCNT, TCSR, and RSTCSR: These registers can be read from in the same way
as other registers. For reading, TCSR is assigned to address H'FFA4, TCNT to address H'FFAS5,
and RSTCSR to address H'FFA7.
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12.6.2 Conflict between Timer Counter (TCNT) Write and Increment

If aTCNT clock pulseis generated during the T2 state of aTCNT write cycle, the write takes
priority and the timer counter is not incremented. Figure 12.5 shows this operation.

TCNT write cycle
T,

Po Ao L
Address X X

Internal write signal

TCNT input clock

L
[

TCNT N X M

S

Counter write data

Figure12.5 Conflict between TCNT Write and Increment

12.6.3 Changing Values of Bits CKS2to CKS0

If bits CKS2 to CKS0 in TCSR are written to while the WDT is operating, errors could occur in
the incrementation. The watchdog timer must be stopped (by clearing the TME bit to 0) before the
values of bits CKS2 to CKS0 are changed.

12.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode

If the timer mode is switched from watchdog timer mode to interval timer mode while the WDT is
operating, errors could occur in the incrementation. The watchdog timer must be stopped (by
clearing the TME bit to 0) before switching the timer mode.
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12.6.5 Internal Reset in Watchdog Timer Mode

ThisLSl isnot reset internally if TCNT overflows while the RSTE bit is cleared to O during
watchdog timer mode operation, but TCNT and TCSR of the WDT are reset.

TCNT, TCSR, and RSTCR cannot be written to while the WDTOVF signal islow. Also note that
aread of the WOVF flag is not recognized during this period. To clear the WOVF flag, therefore,
read TCSR after the WDTOVF signal goes high, then write 0 to the WOV F flag.

12.6.6 System Reset by WDTOVF Signal

If the WDTOVF signal isinput to the RES pin, this LSl will not be initialized correctly. Make
sure that the WDTOVF signal is not input logically to the RES pin. To reset the entire system by
means of the WDTOVF signal, use a circuit like that shown in figure 12.6.

This LSI

Reset input 9 RES

Reset signal to entire system <—C@_—C WOTOVF

Figure12.6 Circuit for System Reset by WDTOVF Signal (Example)

12.6.7 Transition to Watchdog Timer Mode or Softwar e Standby M ode

When the WDT operates in watchdog timer mode, atransition to software standby mode is not
made even when the SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1.
Instead, atransition to sleep mode is made.

To transit to software standby mode, the SLEEP instruction must be executed after halting the
WDT (clearing the TME bit to 0).

When the WDT operates in interval timer mode, a transition to software standby mode is made
through execution of the SLEEP instruction when the SSBY bitin SBYCR is set to 1.
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Section 13 Serial Communication Interface (SCI)

This LSl has four independent serial communication interface (SCI) channels. The SCI can handle
both asynchronous and clocked synchronous serial communication. Asynchronous serial data
communication can be carried out with standard asynchronous communication chips such asa
Universal Asynchronous Receiver/Transmitter (UART) or Asynchronous Communication
Interface Adapter (ACIA). A function is also provided for serial communication between
processors (multiprocessor communication function). The SCI also supports the smart card (IC
card) interface supporting |SO/IEC 7816-3 (Identification Card) as an extended asynchronous
communication mode. Figure 13.1 shows a block diagram of the SCI.

13.1 Features

» Choice of asynchronous or clocked synchronous serial communication mode
*  Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously. Double-buffering is used in both the transmitter and the receiver,
enabling continuous transmission and continuous reception of serial data.

*  On-chip baud rate generator allows any bit rate to be selected

The external clock can be selected as atransfer clock source (except for the smart card
interface).

» Choice of LSB-first or MSB-first transfer (except in the case of asynchronous mode 7-bit data)
* Four interrupt sources

Theinterrupt sources are transmit-end, transmit-data-empty, receive-data-full, and receive
error. The transmit-data-empty and receive-data-full interrupt sources can activate the DTC.

* Module stop mode can be set
Asynchronous Mode:

» Datalength: 7 or 8 bits

» Stop hit length: 1 or 2 bits

» Parity: Even, odd, or none

* Receive error detection: Parity, overrun, and framing errors

» Break detection: Break can be detected by reading the RxD pin level directly in case of a
framing error

* Average transfer rate generator (SCI_2 only)
10.667-MHz operation: 460.606 kbps or 115.152 kbps can be selected
16-MHz operation: 720 kbps, 460.784 kbps, or 115.196 kbps can be selected
32-MHz operation: 720 kbps
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Clocked Synchronous Mode:

» Datalength: 8 bits
* Receive error detection: Overrun errors

Smart Card Interface:

» Anerror signa can be automatically transmitted on detection of a parity error during reception
» Datacan be automatically re-transmitted on receiving an error signal during transmission
» Both direct convention and inverse convention are supported

o 3
Q o
£ 2
Module data bus c 3
s
> c
o 9]
| U :
[ ror | | TR | SCMR [ Brr —
[ SSR
‘ k) l SCR Baud rate Po
RxD | | RSR | | | TSR SMR generator Pl
~— P@/16
Transmission/
5D reception control P64
X
Parity generation 1 Clock Average transfer rate
Parity check generator (SCI_2) )
Y External clock At 10.667-MHz operation:
SCK 115.152 kbps
TEI 460.606 kbps
I At 16-MHz operation:
RXI 115.196 kbps
ERI 460.784 kbps
[Legend] 720 kbps .
RSR:  Receive shift register SCR:  Serial control register At 32-MHz operation:
RDR: Receive data register SSR:  Serial status register 720 kbps
TSR:  Transmit shift register SCMR: Smart card mode register
TDR:  Transmit data register BRR:  Bit rate register
SMR:  Serial mode register SEMR: Serial extended mode register (available only for SCI_2)

Figure 13.1 Block Diagram of SCI
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13.2  Input/Output Pins
Table 13.1 lists the pin configuration of the SCI.

Table13.1 Pin Configuration

Channel  Pin Name*  1/O Function

0 SCKO 1/0 Channel 0 clock input/output
RxDO Input Channel 0 receive data input
TxDO Output Channel 0 transmit data output

1 SCK1 1/0 Channel 1 clock input/output
RxD1 Input Channel 1 receive data input
TxD1 Output Channel 1 transmit data output

2 SCK2 1/0 Channel 2 clock input/output
RxD2 Input Channel 2 receive data input
TxD2 Output Channel 2 transmit data output

4 SCK4 1/0 Channel 4 clock input/output
RxD4 Input Channel 4 receive data input
TxD4 Output Channel 4 transmit data output

Note: * Pin names SCK, RxD, and TxD are used in the text for all channels, omitting the
channel designation.

13.3 Register Descriptions

The SCI has the following registers. Some bits in the serial mode register (SMR), serial status
register (SSR), and serial control register (SCR) have different functionsin different

modes] normal serial communication interface mode and smart card interface mode; therefore,
the bits are described separately for each mode in the corresponding register sections.

Channdl 0:

* Receiveshift register 0 (RSR_0)

» Transmit shift register 0 (TSR _0)

* Receivedataregister 0 (RDR_0)

» Transmit dataregister 0 (TDR_0)

» Serial moderegister 0 (SMR_0)

e Serial control register_0 (SCR_0)

e Serid statusregister_0 (SSR_0)

» Smart card mode register_0 (SCMR_0)

» Bitrateregister 0 (BRR_0)
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Channdl 1:

* Receive shift register_1 (RSR_1)

e Transmit shift register_1 (TSR_1)

* Receive dataregister_1 (RDR_1)

e Transmit dataregister 1 (TDR 1)

* Seria moderegister 1 (SMR_1)

e Seria control register_1 (SCR_1)

o Seria statusregister_1 (SSR_1)

e Smart card moderegister 1 (SCMR_1)
* Bitrateregister_1 (BRR_1)

Channd 2:

* Receveshift register 2 (RSR_2)

» Transmit shift register_2 (TSR_2)

* Recelvedataregister 2 (RDR_2)

» Transmit dataregister_2 (TDR_2)

» Serial moderegister_2 (SMR_2)

* Seria control register_2 (SCR_2)

e Serid statusregister 2 (SSR_2)

* Smart card mode register_2 (SCMR_2)

» Bitrateregister 2 (BRR_2)

* Seria extended mode register_2 (SEMR_2) (SCI_2 only)

Channd 4:

* Receive shift register_4 (RSR_4)

» Transmit shift register_4 (TSR_4)

* Receive dataregister_4 (RDR_4)

» Transmit dataregister_4 (TDR_4)

» Serial moderegister_4 (SMR_4)

* Seria control register_4 (SCR_4)

e Serid statusregister_4 (SSR_4)

* Smart card mode register_4 (SCMR_4)
» Bitrateregister 4 (BRR_4)
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13.3.1 Receive Shift Register (RSR)

RSR is a shift register which is used to receive serial datainput from the RxD pin and convertsiit
into parallel data. When one frame of data has been received, it is transferred to RDR
automatically. RSR cannot be directly accessed by the CPU.

13.3.2 Receive Data Register (RDR)

RDR isan 8-hit register that stores receive data. When the SCI has received one frame of serial
data, it transfers the received serial datafrom RSR to RDR where it is stored. This allows RSR to
receive the next data. Since RSR and RDR function as a double buffer in this way, continuous
receive operations can be performed. After confirming that the RDRF bit in SSRisset to 1, read
RDR only once. RDR cannot be written to by the CPU.

Bit 7 6 5 4 3 2 1 0
Bit Name | | | | |

Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R

13.3.3 Transmit Data Register (TDR)

TDR isan 8-hit register that stores transmit data. When the SCI detects that TSR is empty, it
transfers the transmit data written in TDR to TSR and starts transmission. The double-buffered
structures of TDR and TSR enables continuous serial transmission. If the next transmit data has
already been written to TDR when one frame of data is transmitted, the SCI transfers the written
datato TSR to continue transmission. Although TDR can be read from or written to by the CPU at
all times, to achieve reliable serial transmission, write transmit datato TDR for only once after
confirming that the TDRE bit in SSRis set to 1.

Bit 7 6 5 4 3 2 1 0
Bit Name | | |

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

13.34  Transmit Shift Register (TSR)

TSR is ashift register that transmits serial data. To perform seria datatransmission, the SCI first
automatically transfers transmit datafrom TDR to TSR, then sends the datato the TxD pin. TSR
cannot be directly accessed by the CPU.
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13.35 Serial Mode Register (SMR)

SMR isused to set the SCI’s serial transfer format and select the baud rate generator clock source.
Some bhitsin SMR have different functions in normal mode and smart card interface mode.

* When SMIFin SCMR=0

Bit 7 6 5 4 3 2 1 0
Bit Name | C/A | CHR | PE OfE STOP MP CKS1 CKS0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

* When SMIFin SCMR=1

Bit 7 6 5 4 3 2 1 0
Bit Name | GM | BLK PE OfE BCP1 BCPO CKS1 CKSO
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW

Bit Functionsin Normal Serial Communication Interface Mode (When SMIF in SCMR = 0):

Initial
Bit Bit Name Value R/W Description

7 C/A 0 R/W  Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode

6 CHR 0 R/W Character Length (valid only in asynchronous mode)
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length. LSB-first is fixed and

the MSB (bit 7) in TDR is not transmitted in
transmission.

In clocked synchronous mode, a fixed data length of 8
bits is used.

5 PE 0 R/W Parity Enable (valid only in asynchronous mode)

When this bit is set to 1, the parity bit is added to transmit
data before transmission, and the parity bit is checked in
reception. For a multiprocessor format, parity bit addition
and checking are not performed regardless of the PE bit
setting.
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Initial

Bit Bit Name Value R/W Description

4 OE 0 R/W Parity Mode (valid only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.

3 STOP 0 R/W Stop Bit Length (valid only in asynchronous mode)

Selects the stop bit length in transmission.

0: 1 stop bit

1: 2 stop bits

In reception, only the first stop bit is checked. If the
second stop bit is 0, it is treated as the start bit of the next
transmit frame.

2 MP 0 R/W Multiprocessor Mode (valid only in asynchronous mode)
When this bit is set to 1, the multiprocessor function is
enabled. The PE bit and O/E bit settings are invalid in
multiprocessor mode.

CKS1 0 R/W Clock Select 1, 0
CKSO0 0 R/W These bits select the clock source for the baud rate

generator.

00: Poclock (n =0)
01: P@4 clock (n = 1)
10: P@/16 clock (n = 2)
11: P@64 clock (n = 3)

For the relation between the settings of these bits and the
baud rate, see section 13.3.9, Bit Rate Register (BRR). n
is the decimal display of the value of n in BRR (see
section 13.3.9, Bit Rate Register (BRR)).

Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Initial
Bit Bit Name Value R/W Description
7 GM 0 RIW GSM Mode

Setting this bit to 1 allows GSM mode operation. In GSM
mode, the TEND set timing is put forward to 11.0 etu from
the start and the clock output control function is
appended. For details, see sections 13.7.6, Data
Transmission (Except in Block Transfer Mode) and
13.7.8, Clock Output Control.
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Initial
Bit Bit Name Value

R/W

Description

6 BLK 0

R/W

Setting this bit to 1 allows block transfer mode operation.
For details, see section 13.7.3, Block Transfer Mode.

5 PE 0

R/W

Parity Enable (valid only in asynchronous mode)

When this bit is set to 1, the parity bit is added to transmit
data before transmission, and the parity bit is checked in
reception. Set this bit to 1 in smart card interface mode.

4 O/E 0

R/W

Parity Mode (valid only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity
1: Selects odd parity

For details on the usage of this bit in smart card interface
mode, see section 13.7.2, Data Format (Except in Block
Transfer Mode).

BCP1
BCPO

o O

R/W
R/W

Basic Clock Pulse 1,0

These bits select the number of basic clock cycles in a 1-
bit data transfer time in smart card interface mode.

00: 32 clock cycles (S = 32)
01: 64 clock cycles (S = 64)
10: 372 clock cycles (S = 372)
11: 256 clock cycles (S = 256)

For details, see section 13.7.4, Receive Data Sampling
Timing and Reception Margin. S is described in section
13.3.9, Bit Rate Register (BRR).

1 CKS1 0
0 CKSO 0

R/W
R/W

Clock Select 1,0

These bits select the clock source for the baud rate
generator.

00: Pgclock (n =0)
01: P@4 clock (n = 1)
10: P@/16 clock (n = 2)
11: P@64 clock (n = 3)

For the relation between the settings of these bits and the
baud rate, see section 13.3.9, Bit Rate Register (BRR). n
is the decimal display of the value of n in BRR (see
section 13.3.9, Bit Rate Register (BRR)).

Note: etu (Elementary Time Unit): 1-bit transfer time
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13.3.6  Serial Control Register (SCR)

SCRisaregister that enables/disables the following SCI transfer operations and interrupt requests,
and selects the transfer clock source. For details on interrupt requests, see section 13.8, Interrupt
Sources. Some hitsin SCR have different functions in normal mode and smart card interface
mode.

* When SMIFin SCMR=0

Bit 7 6 5 4 3 2 1 0
Bit Name | TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

* When SMIFin SCMR=1

Bit 7 6 5 4 3 2 1 0
Bit Name | TIE | RIE TE RE MPIE TEIE CKE1 CKEO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit Functionsin Normal Serial Communication I nterface Mode (When SMIF in SCMR = 0):
Initial

Bit Bit Name Value R/W Description

7 TIE 0 R/W Transmit Interrupt Enable

When this bit is set to 1, a TXI interrupt request is
enabled.

A TXI interrupt request can be cancelled by reading 1
from the TDRE flag and then clearing the flag to 0, or by
clearing the TIE bit to O.

6 RIE 0 R/W Receive Interrupt Enable

When this bit is set to 1, RXI and ERI interrupt requests
are enabled.

RXI and ERI interrupt requests can be cancelled by
reading 1 from the RDRF, FER, PER, or ORER flag and
then clearing the flag to O, or by clearing the RIE bit to 0.
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Initial
Bit Bit Name Value R/W

Description

5 TE 0 R/W

Transmit Enable

When this bit is set to 1, transmission is enabled. Under
this condition, serial transmission is started by writing
transmit data to TDR, and clearing the TDRE flag in SSR
to 0. Note that SMR should be set prior to setting the TE
bit to 1 in order to designate the transmission format.

If transmission is halted by clearing this bit to 0, the
TDRE flag in SSR is fixed 1.

Receive Enable

When this bit is set to 1, reception is enabled. Under this
condition, serial reception is started by detecting the start
bit in asynchronous mode or the synchronous clock input
in clocked synchronous mode. Note that SMR should be
set prior to setting the RE bit to 1 in order to designate
the reception format.

Even if reception is halted by clearing this bit to 0, the
RDRF, FER, PER, and ORER flags are not affected and
the previous value is retained.

3 MPIE 0 R/W

Multiprocessor Interrupt Enable (valid only when the MP
bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and ORER status flags in SSR is disabled.
On receiving data in which the multiprocessor bit is 1, this
bit is automatically cleared and normal reception is
resumed. For details, see section 13.5, Multiprocessor
Communication Function.

When receive data including MPB = 0 in SSR is being
received, transfer of the received data from RSR to RDR,
detection of reception errors, and the settings of RDRF,
FER, and ORER flags in SSR are not performed. When
receive data including MPB = 1 is received, the MPB bit
in SSR is set to 1, the MPIE bit is automatically cleared to
0, and RXI and ERI interrupt requests (in the case where
the TIE and RIE bits in SCR are set to 1) and setting of
the FER and ORER flags are enabled.
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Initial
Bit Bit Name Value R/W Description

2 TEIE 0 R/W Transmit End Interrupt Enable

When this bit is set to 1, a TEI interrupt request is
enabled. A TEI interrupt request can be cancelled by
reading 1 from the TDRE flag and then clearing the flag
to 0 in order to clear the TEND flag to O, or by clearing
the TEIE bit to 0.

CKE1 0 R/W Clock Enable 1, 0
CKEO 0 R/W These bits select the clock source and SCK pin function.
e Asynchronous mode
00: On-chip baud rate generator
(SCK pin functions as I/0 port.)
01: On-chip baud rate generator

(Outputs a clock with the same frequency as the bit
rate from the SCK pin.)

1X: External clock

(Inputs a clock with a frequency 16 times the bit rate
from the SCK pin.)

¢ Clocked synchronous mode
0X: Internal clock

(SCK pin functions as clock output.)
1X: External clock

(SCK pin functions as clock input.)

Note: X: Don't care
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Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Bit

Initial
Bit Name Value

R/IW

Description

7

TIE 0

R/W

Transmit Interrupt Enable

When this bit is set to 1,a TXI interrupt request is
enabled.

A TXI interrupt request can be cancelled by reading 1
from the TDRE flag and then clearing the flag to 0, or by
clearing the TIE bit to 0.

RIE 0

R/W

Receive Interrupt Enable

When this bit is set to 1, RXI and ERI interrupt requests
are enabled.

RXI and ERI interrupt requests can be cancelled by
reading 1 from the RDRF, FER, PER, or ORER flag and
then clearing the flag to O, or by clearing the RIE bit to 0.

TE 0

R/W

Transmit Enable

When this bit is set to 1, transmission is enabled. Under
this condition, serial transmission is started by writing
transmit data to TDR, and clearing the TDRE flag in SSR
to 0. Note that SMR should be set prior to setting the TE
bit to 1 in order to designate the transmission format.

If transmission is halted by clearing this bit to 0, the
TDRE flag in SSR is fixed 1.

RE 0

R/IW

Receive Enable

When this bit is set to 1, reception is enabled. Under this
condition, serial reception is started by detecting the start
bit in asynchronous mode or the synchronous clock input
in clocked synchronous mode. Note that SMR should be
set prior to setting the RE bit to 1 in order to designate
the reception format.

Even if reception is halted by clearing this bit to 0, the
RDRF, FER, PER, and ORER flags are not affected and
the previous value is retained.

3

MPIE 0

R/W

Multiprocessor Interrupt Enable (valid only when the MP
bit in SMR is 1 in asynchronous mode)

Write 0 to this bit in smart card interface mode.

2

TEIE 0

R/W

Transmit End Interrupt Enable
Write 0 to this bit in smart card interface mode.
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Initial
Bit Bit Name Value R/W

Description

1
0

CKE1 0
CKEO 0

R/W
R/W

Clock Enable 1, 0

These bits control the clock output from the SCK pin. In
GSM mode, clock output can be dynamically switched.
For details, see section 13.7.8, Clock Output Control.

When GM in SMR =0

00: Output disabled (SCK pin functions as 1/O port.)
01: Clock output

1X: Reserved

When GM in SMR =1

00: Output fixed low

01: Clock output

10: Output fixed high

11: Clock output

13.3.7 Serial Status Register (SSR)

SSR isaregister containing status flags of the SCI and multiprocessor bits for transfer. TDRE,
RDRF, ORER, PER, and FER can only be cleared. Some bitsin SSR have different functionsin
normal mode and smart card interface mode.

When SMIFin SCMR =0

Bit 7 6 5 4 3 2 1 0
Bit Name | TDRE RDRF ORER FRE PER TEND MPB MPBT
Initial Value 1 0 0 0 0 1 0 0
RIW R/(W)* R/(W)* RI(W)* R/(W)* R/(W)* R R RIW
Note: * Only 0 can be written, to clear the flag.

* When SMIFin SCMR =1
Bit 7 6 5 4 3 2 1 0
Bit Name | TDRE | RDRF ORER ERS PER TEND MPB MPBT
Initial Value 1 0 0 0 0 1 0 0
RIW R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/IW

Note: * Only O can be written, to clear the flag.
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Bit Functionsin Normal Serial Communication I nterface Mode (When SMIF in SCMR = 0):

Initial
Bit Bit Name Value R/W

Description

7 TDRE 1 RI(W)*

Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]

¢ When the TE bitin SCR is 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1

¢ When a TXI interrupt request is issued allowing DTC
to write data to TDR

6 RDRF 0 RI(W)*

Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

* When serial reception ends normally and receive data
is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1

¢ When an RXI interrupt request is issued allowing DTC
to read data from RDR

The RDREF flag is not affected and retains its previous

value when the RE bit in SCR is cleared to 0.

Note that when the next serial reception is completed
while the RDRF flag is being set to 1, an overrun error
occurs and the received data is lost.
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Initial

Bit Bit Name Value R/W Description
5 ORER 0 R/(W)* Overrun Error
Indicates that an overrun error has occurred during
reception and the reception ends abnormally.
[Setting condition]
« When the next serial reception is completed while
RDRF =1
In RDR, receive data prior to an overrun error
occurrence is retained, but data received after the
overrun error occurrence is lost. When the ORER flag
is set to 1, subsequent serial reception cannot be
performed. Note that, in clocked synchronous mode,
serial transmission also cannot continue.
[Clearing condition]
¢ When 0 is written to ORER after reading ORER =1
Even when the RE bit in SCR is cleared, the ORER
flag is not affected and retains its previous value.
4 FER 0 R/(W)* Framing Error

Indicates that a framing error has occurred during
reception in asynchronous mode and the reception ends
abnormally.

[Setting condition]
¢ When the stop bitis 0

In 2-stop-bit mode, only the first stop bit is checked
whether it is 1 but the second stop bit is not checked.
Note that receive data when the framing error occurs
is transferred to RDR, however, the RDRF flag is not
set. In addition, when the FER flag is being set to 1,
the subsequent serial reception cannot be performed.
In clocked synchronous mode, serial transmission
also cannot continue.

[Clearing condition]
¢ When 0 is written to FER after reading FER = 1

Even when the RE bit in SCR is cleared, the FER flag
is not affected and retains its previous value.
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Initial
Bit Bit Name Value R/W Description

3 PER 0 R/(W)* Parity Error

Indicates that a parity error has occurred during reception
in asynchronous mode and the reception ends
abnormally.

[Setting condition]
¢ When a parity error is detected during reception

Receive data when the parity error occurs is
transferred to RDR, however, the RDRF flag is not
set. Note that when the PER flag is being set to 1, the
subsequent serial reception cannot be performed. In
clocked synchronous mode, serial transmission also
cannot continue.

[Clearing condition]
e When 0 is written to PER after reading PER =1

Even when the RE bit in SCR is cleared, the PER bit
is not affected and retains its previous value.

2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCR is 0

« When TDRE =1 at transmission of the last bit of a
transmit character

[Clearing conditions]
¢ When 0 is written to TDRE after reading TDRE = 1

e When a TXI interrupt request is issued allowing DTC
to write data to TDR

1 MPB 0 R Multiprocessor Bit

Stores the multiprocessor bit value in the receive frame.
When the RE bit in SCR is cleared to 0 its previous state
is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

Sets the multiprocessor bit value to be added to the
transmit frame.

Note: * Only 0 can be written, to clear the flag.
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Bit Functionsin Smart Card Interface Mode (When SMIF in SCMR = 1):

Bit

Bit Name Value

Initial

R/IW

Description

7

TDRE

1

RI(W)*

Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]

¢ When the TE bitin SCR is 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1

¢ When a TXI interrupt request is issued allowing DTC
to write data to TDR

RDRF

0

RI(W)*

Receive Data Register Full

Indicates whether receive data is stored in RDR.

[Setting condition]

e When serial reception ends normally and receive data
is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF = 1

¢ When an RXI interrupt request is issued allowing DTC
to read data from RDR

The RDREF flag is not affected and retains its previous
value even when the RE bit in SCR is cleared to 0.

Note that when the next reception is completed while the
RDREF flag is being set to 1, an overrun error occurs and
the received data is lost.
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Initial
Bit Bit Name Value R/W Description

5 ORER 0 R/(W)* Overrun Error

Indicates that an overrun error has occurred during
reception and the reception ends abnormally.

[Setting condition]

¢ When the next serial reception is completed while
RDRF =1
In RDR, the receive data prior to an overrun error
occurrence is retained, but data received following the
overrun error occurrence is lost. When the ORER flag
is set to 1, subsequent serial reception cannot be

performed. Note that, in clocked synchronous mode,
serial transmission also cannot continue.

[Clearing condition]
¢ When 0 is written to ORER after reading ORER =1

Even when the RE bit in SCR is cleared, the ORER
flag is not affected and retains its previous value.

4 ERS 0 R/(W)* Error Signal Status
[Setting condition]
« When a low error signal is sampled
[Clearing condition]
e When 0 is written to ERS after reading ERS =1

3 PER 0 R/(W)* Parity Error

Indicates that a parity error has occurred during reception
in asynchronous mode and the reception ends
abnormally.

[Setting condition]
e When a parity error is detected during reception

Receive data when the parity error occurs is
transferred to RDR, however, the RDRF flag is not
set. Note that when the PER flag is being set to 1, the
subsequent serial reception cannot be performed. In
clocked synchronous mode, serial transmission also
cannot continue.

[Clearing condition]
¢ When 0 is written to PER after reading PER = 1

Even when the RE bit in SCR is cleared, the PER flag
is not affected and retains its previous value.
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Initial
Bit Bit Name Value R/W Description

2 TEND 1 R Transmit End

This bit is set to 1 when no error signal is sent from the
receiving side and the next transmit data is ready to be
transferred to TDR.

[Setting conditions]

¢ When both the TE and ERS bits in SCR are 0

e  When ERS =0 and TDRE =1 after a specified time
passed after completion of 1-byte data transfer. The
set timing depends on the register setting as follows:

When GM = 0 and BLK =0, 2.5 etu after transmission
start

When GM = 0 and BLK =1, 1.5 etu after transmission
start

When GM =1 and BLK =0, 1.0 etu after transmission
start

When GM =1 and BLK =1, 1.0 etu after transmission
start

[Clearing conditions]
e When 0 is written to TEND after reading TEND = 1

¢ When a TXI interrupt request is issued allowing DTC
to write the next data to TDR

1 MPB 0 R Multiprocessor Bit
Not used in smart card interface mode.
0 MPBT 0 R/W Multiprocessor Bit Transfer

Write 0 to this bit in smart card interface mode.

Note: * Only 0 can be written, to clear the flag.
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13.38

Smart Card Mode Register (SCMR)

SCMR selects smart card interface mode and its format.

Bit 7 6 4 3 2 1 0
gitName | - | | [ - | sor SINV SMIF
Initial Value 1 1 1 0 0 1 0
R/W R R R R/W R/W R R/W
Initial
Bit Bit Name Value R/W Description
7t0o4 0O All 1 R Reserved
These are read-only bits and cannot be modified.
3 SDIR 0 R/W Smart Card Data Transfer Direction
Selects the serial/parallel conversion format.
0: Transfer with LSB-first
1: Transfer with MSB-first
This bit is valid only when the 8-bit data format is used for
transmission/reception; when the 7-bit data format is
used, data is always transmitted/received with LSB-first.
2 SINV 0 R/W Smart Card Data Invert
Inverts the transmit/receive data logic level. This bit does
not affect the logic level of the parity bit. To invert the
parity bit, invert the O/E bit in SMR.
0: TDR contents are transmitted as they are. Receive
data is stored as it is in RDR.
1: TDR contents are inverted before being transmitted.
Receive data is stored in inverted form in RDR.
1 d 1 R Reserved
This is a read-only bit and cannot be modified.
0 SMIF 0 R/W Smart Card Interface Mode Select

When this bit is set to 1, smart card interface mode is
selected.

0: Normal asynchronous or clocked synchronous mode
1: Smart card interface mode
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13.39 Bit Rate Register (BRR)

BRR is an 8-hit register that adjusts the bit rate. Asthe SCI performs baud rate generator control
independently for each channel, different bit rates can be set for each channel. Table 13.2 shows
the relationships between the N setting in BRR and bit rate B for normal asynchronous mode and
clocked synchronous mode, and smart card interface mode. Theinitial value of BRR is H'FF, and
it can be read from or written to by the CPU at all times.

Table13.2 Relationshipsbetween N Setting in BRR and Bit Rate B

Mode Bit Rate Error

Asynchronous mode No _ Pox 100 1 Eroreg={ Pox 10° _13%100
64x2"""'xB Bx64x22" "Ix(N+1)

Clocked synchronous mode No _ Pox 100 L
8x2"""'xB

Smart card interface mode Pox 10° Pgx 10°

N:m—l Error(%)={Bxsx22n+lx(N+l)—l}><100

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)

Pg Operating frequency (MHz)

n and S: Determined by the SMR settings shown in the following table.

SMR Setting SMR Setting

CKS1 CKSO0 n BCP1 BCPO S

0 0 0 0 0 32

0 1 1 0 1 64

1 0 2 1 0 372

1 1 3 1 1 256

Table 13.3 shows sample N settingsin BRR in normal asynchronous mode. Table 13.4 shows the
maximum bit rate settable for each operating frequency. Tables 13.6 and 13.8 show sample N
settings in BRR in clocked synchronous mode and smart card interface mode, respectively. In
smart card interface mode, the number of basic clock cycles Sin a 1-bit data transfer time can be
selected. For details, see section 13.7.4, Receive Data Sampling Timing and Reception Margin.
Tables 13.5 and 13.7 show the maximum bit rates with external clock input.
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Table13.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (1)

Operating Frequency P (MHz)

Bit 2.097152 2.4576
Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 1 141 0.03 1 148 -0.04 1 174 -026 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 0 63 0.00 o 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 —2.48 0 15 0.00 0 19 -2.34
9600 o O ad 0O 6 —2.48 o 7 0.00 0 9 -2.34
19200 o O d o O d 0o 3 0.00 0o 4 -2.34
31250 0 1 0.00 o O ad o 0O ad 0o 2 0.00
38400 o O d o O d 0 1 0.00 o O O
Operating Frequency P (MHz)
Bit 3.6864 4 49152
Rate Error Error Error Error
(bit/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 0.00 o O ad 0 0.00 0 1.73
31250 o O ad 0 0.00 0 -1.70 O 0.00
38400 0 0.00 O d 0 0.00 0 1.73
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Table13.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (2)

Operating Frequency P (MHz)

Bit 6 6.144 7.3728 8
Rate Error Error Error Error
(bit/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 o 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 ad ad 0 0.00
38400 0 -234 0 0.00 0 5 0.00 d O
Operating Frequency P (MHz)
Bit 9.8304 10 12 12.288
Rate Error Error Error Error
(bit/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 o 77 0.16 0o 79 0.00
9600 0 31 0.00 0 32 -1.36 0 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -2.34 0 19 0.00
31250 0o 9 -1.70 O 0.00 0 11 0.00 0 11 2.40
38400 0 0.00 0 1.73 0 9 -2.34 0 9 0.00
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Table 13.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (3)

Operating Frequency P (MHz)

Bit 14 14.7456 16 17.2032
Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 248 -0.17 3 64 0.70 3 70 0.03 3 75 0.48
150 2 181 0.16 2 191 0.00 2 207 0.16 2 223 0.00
300 2 90 0.16 2 95 0.00 2 103 0.16 2 111 0.00
600 1 181 0.16 1 191 0.00 1 207 0.16 1 223 0.00
1200 1 90 0.16 1 95 0.00 1 103 0.16 1 111 0.00
2400 0 181 0.16 0 191 0.00 0 207 0.16 0 223 0.00
4800 0 90 0.16 0 95 0.00 0 103 0.16 0 111 0.00
9600 0 45 -0.93 0 47 0.00 0 51 0.16 0 55 0.00
19200 0o 22 -0.93 0 23 0.00 0 25 0.16 o 27 0.00
31250 0 13 0.00 0 14 -1.70 O 15 0.00 0 16 1.20
38400 o O d 0 11 0.00 0 12 0.16 0 13 0.00
Operating Frequency P (MHz)
Bit 18 19.6608 20 25
Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 79 -0.12 3 86 0.31 3 88 -0.25 3 110 -0.02
150 2 233 0.16 2 255 0.00 3 64 0.16 3 80 -0.47
300 2 116 0.16 2 127 0.00 2 129 0.16 2 162 0.15
600 1 233 0.16 1 255 0.00 2 64 0.16 2 80 -0.47
1200 1 116 0.16 1 127 0.00 1 129 0.16 1 162 0.15
2400 0 233 0.16 0 255 0.00 1 64 0.16 1 80 -0.47
4800 0 116 0.16 0 127 0.00 0 129 0.16 0 162 0.15
9600 0 58 -0.69 0 63 0.00 0 64 0.16 0 80 -0.47
19200 0 28 1.02 0 31 0.00 0 32 -1.36 0 40 -0.76
31250 0 17 0.00 0 19 -1.70 O 19 0.00 0 24 0.00
38400 0 14 -2.34 0 15 0.00 0 15 1.73 0 19 1.73
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Table 13.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous Mode) (4)

Operating Frequency P (MHz)

o, s z

(bit/s) n N Error (%) n N Error (%)
110 3 132 0.13 3 145 0.33
150 3 97 -0.35 3 106 0.39
300 2 194 0.16 2 214 -0.07
600 2 97 -0.35 2 106 0.39
1200 1 194 0.16 1 214 -0.07
2400 1 97 -0.35 1 106 0.39
4800 0 194 0.16 0 214 -0.07
9600 0 97 -0.35 0 106 0.39
19200 O 48 -0.35 0 53 -0.54
31250 O 29 0 0 32 0
38400 O 23 1.73 0 26 -0.54

Table13.4 Maximum Bit Rate for Each Operating Frequency (Asynchronous Mode)

Maximum Maximum

Bit Rate Bit Rate
Po(MHz) (bit/s) n N P@(MHz) (bit/s) n N
2 62500 0 0 10 312500 0 0
2.097152 65536 0 0 12 375000 0 0
2.4576 76800 0 0 12.288 384000 0 0
3 93750 0 0 14 437500 0 0
3.6864 115200 0 0 14.7456 460800 0 0
4 125000 0 0 16 500000 0 0
4.9152 153600 0 0 17.2032 537600 0 0
5 156250 0 0 18 562500 0 0
6 187500 0 0 19.6608 614400 0 0
6.144 192000 0 0 20 625000 0 0
7.3728 230400 0 0 25 781250 0 0
8 250000 0 0 30 937500 0 0
9.8304 307200 0 0 33 1031250 0 0
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Table13.5

Maximum Bit Rate with External Clock Input (Asynchronous M ode)

External Input

Maximum Bit

External Input

Maximum Bit

P@(MHz) Clock (MHz) Rate (bit/s) P@(MHz) Clock (MHz) Rate (bit/s)
2 0.5000 31250 10 2.5000 156250
2.097152 0.5243 32768 12 3.0000 187500
2.4576 0.6144 38400 12.288 3.0720 192000
3 0.7500 46875 14 3.5000 218750
3.6864 0.9216 57600 14.7456 3.6864 230400
4 1.0000 62500 16 4.0000 250000
49152 1.2288 76800 17.2032 4.3008 268800
5 1.2500 78125 18 4.5000 281250
6 1.5000 93750 19.6608 4.9152 307200
6.144 1.5360 96000 20 5.0000 312500
7.3728 1.8432 115200 25 6.2500 390625
8 2.0000 125000 30 7.5000 468750
9.8304 2.4576 153600 33 8.2500 515625
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Table13.6 BRR Settingsfor Various Bit Rates (Clocked Synchronous M ode)

Operating Frequency P@(MHz)

Bit Rate 2 4 8 10 16
(bit/s) n N n N n N n N n N
110 3 70 O g

250 2 124 2 249 3 124 O 3 249
500 1 249 2 124 2 249 O 3 124
1k 1 124 1 249 2 124 O 2 249
2.5k 0 199 1 99 1 199 1 249 2 99
5k 0 99 0 199 1 99 1 124 1 199
10k 0 49 0 99 0 199 0 249 1 99
25k 0 19 0 39 0 79 0 99 0 159
50k 0 9 0 19 0 39 0 49 0 79
100k 0 4 0 9 0 19 0 24 0 39
250k 0 1 0 3 0 7 0 9 0 15
500k 0 o* 0 1 0 3 0 4 0 7
M 0 o* 0 1 0 3
2.5M 0 0*

5M
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Operating Frequency P@(MHz)

Bit Rate 20 25 30 33
(bit/s) n N n N n N n N
110

250

500 O O 3 233

1k O O 3 97 3 116 3 128
2.5k 2 124 2 155 2 187 2 205
5k 1 249 2 77 2 93 2 102
10k 1 124 1 155 1 187 1 205
25k 0 199 0 249 1 74 1 82
50k 0 99 0 124 0 149 0 164
100k 0 49 0 62 0 74 0 82
250k 0 19 0 24 0 29 0 32
500k 0 9 0 0 0 14 a 0
M 0 4 0 0 O O O ]
2.5M 0 1 0 0 0 a 0
5M 0 0* 0 0 a O ] O
[Legend]

Space : Setting prohibited.

a : Can be set, but there will be error.

* : Continuous transmission or reception is not possible.

Table13.7 Maximum Bit Rate with External Clock Input (Clocked Synchronous Mode)

External Input Maximum Bit External Input Maximum Bit

P@(MHz) Clock (MHz) Rate (bit/s) P@(MHz) Clock (MHz) Rate (bit/s)
2 0.3333 333333.3 16 2.6667 2666666.7
4 0.6667 666666.7 18 3.0000 3000000.0
6 1.0000 1000000.0 20 3.3333 3333333.3
8 1.3333 1333333.3 25 4.1667 4166666.7
10 1.6667 1666666.7 30 5.0000 5000000.0
12 2.0000 2000000.0 33 5.5000 5500000.0
14 2.3333 2333333.3
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Table13.8 BRR Settingsfor VariousBit Rates (Smart Card Interface Mode,n =0, S=

372)

Operating Frequency P (MHz)

Bit Rate 7.1424 10.00 10.7136 13.00

(bit/s) n N Error(%) n N Error (%) n N  Error (%) n N  Error (%)

9600 0 0 0.00 0 1 30 0 1 25 0 1 899
Operating Frequency P@(MHz)

Bit Rate 14.2848 16.00 18.00 20.00

(bit/s) n N Error(%) n N Error (%) n N Error (%) n N Error (%)

9600 0 1 0.00 0 1 1201 0 2 1599 0 2 6.60
Operating Frequency P@(MHz)

Bit Rate 25.00 30.00 33.00

(bit/s) n N Error (%) n N Error (%) n N Error (%)

9600 0 3 12.49 0 3 5.01 0 4 7.59

Table13.9 Maximum Bit Rate for Each Operating Frequency (Smart Card Interface

Mode, S=372)
Maximum Bit Maximum Bit

P@(MHz) Rate (bit/s) n N Pe@(MHz) Rate (bit/s) n N
7.1424 9600 0 0 18.00 24194 0 0
10.00 13441 0 0 20.00 26882 0 0
10.7136 14400 0 0 25.00 33602 0 0
13.00 17473 0 0 30.00 40323 0 0
14.2848 19200 0 0 33.00 44355 0 0
16.00 21505 0 0
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13.3.10 Serial Extended Mode Register (SEMR)

SEMR selects the clock source in asynchronous mode. The basic clock is automatically specified
when the average transfer rate operation is selected.

Bit 7 6 5 4 3 2 1 0
gitName | - | - | [ - | ascs ACS2 ACS1 ACSO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R R R R/W R/W R/W R/W

Initial
Bit Bit Name Value R/W Description
7 ad 0 R/W Reserved
This bit is always read as 0. The write value should
always be 0.
6to4 O AllO R Reserved
These are read-only bits and cannot be modified.
3 ABCS 0 R/W Asynchronous Mode Basic Clock Select (valid only in

asynchronous mode)
Selects the basic clock for a 1-bit period.

0: The basic clock has a frequency 16 times the transfer
rate

1: The basic clock has a frequency 8 times the transfer
rate
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Initial

Bit Bit Name Value R/W Description
ACS2 0 R/W Asynchronous Mode Clock Source Select (valid when
ACS1 0 R/W CKS1 =1 in asynchronous mode)
ACSO 0 R/W These bits select the clock source for the average

transfer rate function. When the average transfer rate
function is enabled, the basic clock is automatically
specified regardless of the ABCS bit value.

000:
001:

010:

011:

100:
101:

110:

111:

External clock input

115.152 kbps of average transfer rate specific to
Pp=10.667 MHz is selected (operated using the
basic clock with a frequency 16 times the transfer
rate)

460.606 kbps of average transfer rate specific to
P@=10.667 MHz is selected (operated using the
basic clock with a frequency 8 times the transfer
rate)

720 kbps of average transfer rate specific to Po=
32 MHz is selected (operated using the basic clock
with a frequency 16 times the transfer rate)

Setting prohibited

115.196 kbps of average transfer rate specific to
P@= 16 MHz is selected (operated using the basic
clock with a frequency 16 times the transfer rate)

460.784 kbps of average transfer rate specific to
P@= 16 MHz is selected (operated using the basic
clock with a frequency 16 times the transfer rate)

720 kbps of average transfer rate specific to Po=
16 MHz is selected (operated using the basic clock
with a frequency 8 times the transfer rate)

The average transfer rate only supports operating
frequencies of 10.667 MHz, 16 MHz, and 32 MHz.
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134  Operation in Asynchronous Mode

Figure 13.2 shows the general format for asynchronous serial communication. One frame consists
of astart bit (low level), followed by transmit/receive data, a parity bit, and finally stop bits (high
level). In asynchronous serial communication, the communication line is usually held in the mark
state (high level). The SCI monitors the communication line, and when it goes to the space state
(low level), recognizes a start bit and starts serial communication. Inside the SCI, the transmitter
and receiver are independent units, enabling full-duplex communication. Both the transmitter and
the receiver also have a double-buffered structure, so that data can be read or written during
transmission or reception, enabling continuous data transmission and reception.

Idle state
(mark state)
1 LSB MSB 1
Serial | 5 | po | p1|p2| D3| D4 | D5 | D6 | D7 On| 1 1
data
Start Parity | Stop bit
bit Transmit/receive data bit
1 bit 7 or 8 bits 1bitor 1 or2 bits
none
One unit of transfer data (character or frame)

Figure 13.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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13.4.1 Data T Transfer Format

Table 13.10 shows the data transfer formats that can be used in asynchronous mode. Any of 12
transfer formats can be selected according to the SMR setting. For details on the multiprocessor

bit, see section 13.5, Multiprocessor Communication Function.

Table 13.10 Serial Transfer Formats (Asynchronous Mode)

SMR Settings Serial Transmit/Receive Format and Frame Length
CHR PE MP STOP 2 | 3 | 4 | 5 | 6 8 | 9 | 10 | 11 | 12 |

0 0 0 0 8-bit data |sto

0 0 0 1 8-bit data |STOP| STOP

0 1 0 0 8-bit data | P |STOP

0 1 0 1 8-bit data | P |STOP|STOP

1 0 0 0 7-bit data |STOP

1 0 0 1 7-bit data | STOP| STOP

1 1 0 0 7-bit data | P | STOP

1 1 0 1 7-bit data | P |STOP|STOP

0 — 1 0 8-bit data | MPB|STOP

0 — 1 1 8-bit data | MPB|STOP|STOP

1 — 1 0 7-bit data | MPB|STOP

1 — 1 1 7-bit data | MPB|STOP|STOP
[Legend]
S: Start bit

STOP: Stop bit
P: Parity bit
MPB: Multiprocessor bit
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13.4.2 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI operates on a basic clock with afrequency of 16 times the bit rate.
In reception, the SCI samples the falling edge of the start bit using the basic clock, and performs
internal synchronization. Since receive data is sampled at the rising edge of the 8th pulse of the
basic clock, dataislatched at the middie of each bit, as shown in figure 13.3. Thus the reception
margin in asynchronous mode is determined by formula (1) below.

M:{(o.s-zl—N)-(L-os)F-J%L(“F)}xloo [%] - Formula (1)

M: Reception margin

N: Ratio of bit rate to clock (N = 16)

D: Duty cycle of clock (D =0.5to 1.0)

L: Frame length (L =9 to 12)

F: Absolute value of clock frequency deviation

Assuming valuesof F=0and D = 0.5 in formula (1), the reception margin is determined by the
formula below.

1
2x16

M=(0.5- )yx 100 [%] = 46.875%

However, thisis only the computed value, and a margin of 20% to 30% should be allowed in
system design.

16 clocks |

8 clocks
0 7 15| 0 7 15 0
Internal m||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
basic clock

Receive data —:I: ! Start bit " | DO i |D1
(RXD) e - =

Synchronization [ I i
sampling timing __&

Data sampling A M
timing n n

Figure 13.3 Receive Data Sampling Timing in Asynchronous Mode
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13.43 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input to
the SCK pin can be selected as the SCI’ s transfer clock, according to the setting of the C/A bit in
SMR and the CKE1 and CKEO bitsin SCR. When an external clock isinput to the SCK pin, the
clock frequency should be 16 times the bit rate used.

When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock isin the middle of the transmit data, as shown in figure 13.4.

« Uy yyyyuya

XD 0 |[po|D1|D2|D3|D4|D5|D6|D7 |02 | 1 1

1 frame

Figure 13.4 Phase Relation between Output Clock and Transmit Data
(Asynchronous M ode)

13.4.4  SClI Initialization (Asynchronous M ode)

Before transmitting and receiving data, first clear the TE and RE bitsin SCR to O, then initialize
the SCI as described in a sample flowchart in figure 13.5. When the operating mode, transfer
format, etc., is changed, the TE and RE bits must be cleared to 0 before making the change. When
the TE bit iscleared to 0, the TDRE flag is set to 1. Note that clearing the RE bit to O does not
initialize the RDRF, PER, FER, and ORER flags, or RDR. When the external clock isused in
asynchronous mode, the clock must be supplied even during initialization.
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C Start initialization )

I [1] Set the bitin ICR for the corresponding

| Clear TE and RE bits in SCR to 0 | pin when receiving data or using an
T external clock.

| Set corresponding bit in ICR to 1 | [1] 2

Set the clock selection in SCR.
Be sure to clear bits RIE, TIE, TEIE, and
[ MPIE, and bits TE and RE, to 0.

Set CKE1 and CKEO bits in SCR 2] When the clock output is selected in
(TE and RE bits are 0) asynchronous mode, the clock is output
immediately after SCR settings are
| made.
Set data transfer format in [3] [38] Set the data transfer format in SMR and
SMR and SCMR SCMR.

Set value in BRR [4]

[4] Write a value corresponding to the bit
rate to BRR. This step is not necessary
if an external clock is used.

Wait

[5] Wait at least one bit interval, then set the
TE bit or RE bitin SCR to 1. Also set
the RIE, TIE, TEIE, and MPIE bits.
Setting the TE and RE bits enables the
TxD and RxD pins to be used.

1-bit interval elapsed

Set TE or RE bitin
SCRto 1, and set RIE, TIE, TEIE, [5]
and MPIE bits

<Initialization completion>

Figure 13.5 Sample SCI Initialization Flowchart

13.45 Serial Data Transmission (Asynchronous Mode)

Figure 13.6 shows an example of the operation for transmission in asynchronous mode. In
transmission, the SCI operates as described below.

1. The SCI monitorsthe TDRE flag in SSR, and if it is cleared to O, recognizes that data has been
written to TDR, and transfers the datafrom TDR to TSR.

2. After transferring datafrom TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCRis set to 1 at thistime, a TXI interrupt request is generated.
Because the TXI interrupt processing routine writes the next transmit datato TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.

3. Dataissent from the TxD pin in the following order: start bit, transmit data, parity bit or
multiprocessor bit (may be omitted depending on the format), and stop bit.

4. The SCI checksthe TDRE flag at the timing for sending the stop bit.

5. If the TDRE flag is 0, the next transmit data is transferred from TDR to TSR, the stop bit is
sent, and then serial transmission of the next frameis started.
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6. If the TDRE flagis1, the TEND flag in SSRis set to 1, the stop bit is sent, and then the mark
stateis entered in which 1 isoutput. If the TEIE bit in SCRisset to 1 at thistime, a TEI
interrupt request is generated.

Figure 13.7 shows a sample flowchart for transmission in asynchronous mode.

Start Data Parity Stop Start Data Parity Stop
1 bit ( bit bit  bit ( bit bit 1

) )T
|0|DO|D1| |D7|O/l|1|O|DO|[)1| |D7|0,1|1ldlestate

( ( (mark state)
1) 1)

((
)

TDRE («
))
TEND (« G
: ) : )
TXI interrupt Data written to TDR and TXI interrupt
request generated TDRE flag clearedto 0in  request generated TEl interrupt
| TXI interrupt processing , request generated
E routine ,
i 1 frame E

Figure13.6 Example of Operation for Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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[1] SCl initialization:

| Initialization | 1] The TxD pin is automatically
I — designated as the transmit data
( Start transmission ) output pin. After the TE bit is set to

| 1, a 1 is output for a frame, and

I - transmission is enabled.
| Read TDRE flag in SSR |

[2] SCI state check and transmit data

write:
No Read SSR and check that the
TDRE flag is set to 1, then write

transmit data to TDR and clear the

TDRE flag to 0.
Write transmit data to TDR [3] Serial transmission continuation
and clear TDRE flag in SSR to 0 procedure:

To continue serial transmission,
read 1 from the TDRE flag to
confirm that writing is possible,
then write data to TDR, and clear
Yes the TDRE flag to 0. However, the
TDRE flag is checked and cleared
automatically when the DTC is
initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

No

All data transmitted?

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the port
corresponding to the TxD pin to 1,
clear DR to 0, then clear the TE bit
in SCRto 0.

Clear DR to 0 and
set DDR to 1

|
Clear TE bitin SCR to 0 |

<End>

Figure 13.7 Sample Serial Transmission Flowchart

1346  Serial Data Reception (Asynchronous Mode)

Figure 13.8 shows an example of the operation for reception in asynchronous mode. In serial
reception, the SCI operates as described below.

1. The SCI monitors the communication line, and if a start bit is detected, performsinternal
synchronization, stores receive datain RSR, and checks the parity bit and stop bit.

2. If an overrun error (when reception of the next datais completed while the RDRF flag in SSR
isstill set to 1) occurs, the ORER hit in SSRisset to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive datais not transferred to RDR. The RDRF
flag remainsto be set to 1.
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3. If aparity error is detected, the PER bit in SSRis set to 1 and receive datais transferred to
RDR. If the RIE bit in SCRisset to 1 at thistime, an ERI interrupt request is generated.

4. If aframing error (when the stop bit is 0) is detected, the FER bit in SSR is set to 1 and receive
dataistransferred to RDR. If the RIE bit in SCR is set to 1 at thistime, an ERI interrupt
request is generated.

5. If reception finishes successfully, the RDRF bit in SSR is set to 1, and receive datais
transferred to RDR. If the RIE bitin SCR is set to 1 at thistime, an RXI interrupt request is
generated. Because the RX| interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.

Start Data Parity Stop Start Data Parity Stop
1 bit . bit bt bit « bt bit 1
)) 1)
o | pbo| b1 p7|o1| 1| o |po| b1 p7 | o | o | |destate
(« ( (mark state)

] ) ' )]

RDRF : ( ! (
1 )) ] Y 1)
FER : (( : (C
' )] " )]
E RXI interrupt E RDR data read and RDRF |
' request 1 flag cleared to 0 in RXI ERI interrupt request
! generated ' interrupt processing routine generated by framing

! ! error
' '

1 frame

Figure 13.8 Example of SCI Operation for Reception
(Example with 8-Bit Data, Parity, One Stop Bit)

Table 13.11 shows the states of the SSR status flags and receive data handling when a receive
error is detected. If areceive error is detected, the RDRF flag retains its state before receiving
data. Reception cannot be resumed while areceive error flag is set to 1. Accordingly, clear the
ORER, FER, PER, and RDRF bits to 0 before resuming reception. Figure 13.9 shows a sample
flowchart for serial data reception.
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Table13.11 SSR Status Flags and Receive Data Handling

SSR Status Flag

RDRF* ORER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR  Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +
parity error

Note: * The RDRF flag retains the state it had before data reception.

Initialization | 6|
|

( Start reception )

Read ORER, PER, and
FER flags in SSR

| Read RDRF flag in SSR | [4]

Read receive data in RDR, and
clear RDRF flag in SSR to 0

[5]

| Clear RE bitin SCR to 0 |

<End>

(Continued on next page)

[1] SCl initialization:
The RxD pin is automatically
designated as the receive data input
pin.

[2] [3] Receive error processing and break
detection:

If a receive error occurs, read the
ORER, PER, and FER flags in SSR to
identify the error. After performing the
appropriate error processing, ensure
that the ORER, PER, and FER flags are
all cleared to 0. Reception cannot be
resumed if any of these flags are set to
1. In the case of a framing error, a
break can be detected by reading the
value of the input port corresponding to
the RxD pin.

[4] SCI state check and receive data read:
Read SSR and check that RDRF =1,
then read the receive data in RDR and
clear the RDRF flag to 0. Transition of
the RDRF flag from 0 to 1 can also be
identified by an RXI interrupt.

[5] Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is
received, read the RDRF flag and RDR,
and clear the RDRF flag to 0.

However, the RDRF flag is cleared
automatically when the DTC is initiated
by an RXI interrupt and reads data from
RDR.

Figure13.9 Sample Serial Reception Flowchart (1)
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(3]

( Error processing )

| Framing error processing | | Clear RE bit in SCR to 0

No

Parity error processing

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure13.9 Sample Serial Reception Flowchart (2)

13.5 Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer to be performed among a
number of processors sharing communication lines by means of asynchronous serial
communication using the multiprocessor format, in which a multiprocessor bit is added to the
transfer data. When multiprocessor communication is carried out, each receiving station is
addressed by aunique ID code. The serial communication cycle consists of two component cycles:
an |D transmission cycle which specifies the receiving station, and a data transmission cycle for
the specified receiving station. The multiprocessor bit is used to differentiate between the ID
transmission cycle and the data transmission cycle. If the multiprocessor bit is 1, the cycleisan ID
transmission cycle, and if the multiprocessor hit is 0, the cycleis a data transmission cycle. Figure
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13.10 shows an example of inter-processor communication using the multiprocessor format. The
transmitting station first sends data which includes the ID code of the receiving station and a
multiprocessor bit set to 1. It then transmits transmit data added with a multiprocessor bit cleared
to 0. The receiving station skips data until data with a1 multiprocessor bit is sent. When data with
a 1 multiprocessor bit is received, the receiving station compares that data with itsown ID. The
station whose ID matches then receives the data sent next. Stations whose ID does not match
continue to skip data until datawith a1 multiprocessor bit is again received.

The SCI uses the MPIE hit in SCR to implement this function. When the MPIE bit is set to 1,
transfer of receive datafrom RSR to RDR, error flag detection, and setting the SSR status flags,
RDRF, FER, and ORER in SSR to 1 are prohibited until datawith a 1 multiprocessor bit is
received. On reception of areceive character with a 1 multiprocessor bit, the MPB bit in SSR is set
to 1 and the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in
SCRisset to 1 at thistime, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting isinvalid. All other bit settings
are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.

Transmitting
station

Communication line

Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID =03) (ID=04)
Serial - ;
data / \ [ Ho1 [ \ [ ran\ \ [

(MPB =1), (MPB =0)

ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID
[Legend]
MPB: Multiprocessor bit

Figure 13.10 Example of Communication Using Multiprocessor For mat
(Transmission of Data H'AA to Receiving Station A)
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1351 Multiprocessor Serial Data Transmission

Figure 13.11 shows a sample flowchart for multiprocessor serial data transmission. For an 1D
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to 0 before transmission. All other SCI operations are the same
as those in asynchronous mode.

| Initialization | [1] [1] SCl initialization:
T The TxD pin is automatically
( Start transmission ) deS|gna'§ed as the transmllt ‘data
output pin. After the TE bit is set

I to 1, a 1 is output for one frame,

| Read TDRE flag in SSR | [2] and transmission is enabled.

[2] SCI status check and transmit

No data write:
Read SSR and check that the
TDRE flag is set to 1, then write

Yes transmit data to TDR. Set the
MPBT bitin SSRto O or 1.
Write transmit data to TDR and Finally, clear the TDRE flag to 0.

set MPBT bit in SSR

[3] Serial transmission continuation
| procedure:
Clear TDRE flag to 0 To continue serial transmission,
be sure to read 1 from the TDRE
flag to confirm that writing is
No 3 possible, then write data to TDR,
B3l and then clear the TDRE flag to 0.
However, the TDRE flag is
checked and cleared
automatically when the DTC is
| Read TEND flag in SSR | initiated by a transmit data empty
interrupt (TXI) request and writes
data to TDR.

All data transmitted?

Yes

[4] Break output at the end of serial
transmission:
To output a break in serial
transmission, set DDR for the
port to 1, clear DR to 0, and then

“l clear the TE bit in SCR to 0.

Clear DR to 0 and set DDR to 1

Clear TE bitin SCR to 0

<End>

Figure13.11 Sample Multiprocessor Serial Transmission Flowchart
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13,52 Multiprocessor Serial Data Reception

Figure 13.13 shows a sample flowchart for multiprocessor serial datareception. If the MPIE bit in
SCRisset to 1, datais skipped until datawith a1 multiprocessor bit is sent. On receiving data
with a1 multiprocessor bit, the receive datais transferred to RDR. An RXI interrupt request is
generated at thistime. All other SCI operations are the same as in asynchronous mode. Figure
13.12 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop  Start Data (Data 1) Stop
1 bit (« MPB  bit bit (« MPB  bit 1
)T )T
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
{ 4 (mark state)

IGé

)

MPIE

RDRF « / | | «

), / / >
RDR
ID1
value X
MPIE =0 RXI interrupt RDR data read If not this station’s ID,  RXI interrupt request is
request and RDRF flag MPIE bitis setto 1 not generated, and RDR
(multiprocessor  cleared to 0 in again retains its state
interrupt) RXI interrupt
generated processing routine
(a) Data does not match station’s ID
Start Data (ID2) Stop Start Data (Data 2) Stop
1 bit % MPB  bit bit (« MPB bit 1
)) )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 |dle state
4 4 (mark state)
MPIE | (c

N e B s |
S/

RDR
ID1 ID2 Data 2
value X X ata

MPIE=0 RXI interrupt RDR data read and  Matches this station’s ID, MPIE bit set to 1

request RDRF flag cleared so reception continues, and  again
(multiprocessor  to 0 in RXI interrupt  data is received in RXI

interrupt) processing routine interrupt processing routine
generated

(b) Data matches station’s ID

Figure 13.12 Example of SCI Operation for Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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| Initialization

[

( Start reception )

1
| Set MPIE bit in SCR to 1 | 2]
1

|Read ORER and FER flags in SSRl

FERVvORER =1

Read RDRF flaginSSR | 3]

’

Read receive data in RDR

This station’s ID?

Yes

Read ORER and FER flags in SSR

Yes
FERVORER=1

Read RDRF flag in SSR

*

| Read receive data in RDR |

All data received?

| Clear RE bit in SCR to 0

<End>

A

SCl initialization:
The RxD pin is automatically designated
as the receive data input pin.

[1]

[2]

ID reception cycle:
Set the MPIE bit in SCR to 1.

[3] SCI state check, ID reception and
comparison:

Read SSR and check that the RDRF
flag is set to 1, then read the receive
data in RDR and compare it with this
station’s ID. If the data is not this
station’s ID, set the MPIE bit to 1 again,
and clear the RDRF flag to 0. If the data
is this station’s ID, clear the RDRF flag
to 0.

[4] SCI state check and data reception:
Read SSR and check that the RDRF
flag is set to 1, then read the data in

RDR.
[5]

Receive error processing and break
detection:

If a receive error occurs, read the ORER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the ORER
and FER flags are both cleared to 0.
Reception cannot be resumed if either
of these flags is set to 1. In the case of a
framing error, a break can be detected
by reading the RxD pin value.

[5]

(' Error processing )

(Continued on
next page)

Figure 13.13 Sample Multiprocessor Serial Reception Flowchart (1)
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[5] ( Error processing )

No

A
| Framing error processing | | Clear RE bitin SCRto 0

Clear ORER, PER, and
FER flags in SSR to 0

<End>

Figure 13.13 Sample Multiprocessor Serial Reception Flowchart (2)

13.6  Operation in Clocked Synchronous Mode

Figure 13.14 shows the general format for clocked synchronous communication. In clocked
synchronous mode, data is transmitted or received in synchronization with clock pulses. One
character in transfer data consists of 8-bit data. In data transmission, the SCI outputs data from one
falling edge of the synchronization clock to the next. In data reception, the SCI receives datain
synchronization with the rising edge of the synchronization clock. After 8-bit datais output, the
transmission line holds the MSB output state. In clocked synchronous mode, no parity bit or
multiprocessor bit is added. Inside the SCI, the transmitter and receiver are independent units,
enabling full-duplex communication by use of acommon clock. Both the transmitter and the
receiver also have a double-buffered structure, so that the next transmit data can be written during
transmission or the previous receive data can be read during reception, enabling continuous data
transfer.
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, One unit of transfer data (character or frame)

* *
' '

SynchronizationIIIlIlIlIlIlIlIlIII
clock

LSB MSB !
Bito X Bit 1 X Bit2 X Bit 3 X Bit4 X Bit5 X Bit6 X Bit7 X 4
l

Don't care Don't care

Serial data A X
I 1

Note: * Holds a high level except during continuous transfer.

Figure 13.14 Data Format in Clocked Synchronous Communication (L SB-First)

13.6.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK pin can be selected, according to the setting of the CKE1
and CKEO bitsin SCR. When the SCI is operated on an internal clock, the synchronization clock
is output from the SCK pin. Eight synchronization clock pulses are output in the transfer of one
character, and when no transfer is performed the clock is fixed high. Note that in the case of
reception only, the synchronization clock is output until an overrun error occurs or until the RE bit
iscleared to 0.

13.6.2 SCI Initialization (Clocked Synchronous M ode)

Before transmitting and receiving data, first clear the TE and RE bitsin SCR to O, then initialize
the SCI as described in a sample flowchart in figure 13.15. When the operating mode, transfer
format, etc., is changed, the TE and RE bits must be cleared to 0 before making the change. When
the TE bit iscleared to 0, the TDRE flag is set to 1. However, clearing the RE bit to 0 does not
initialize the RDRF, PER, FER, and ORER flags, or RDR.
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( Start initialization )

l — [1] Set the bitin ICR for the corresponding
| Clear TE and RE bits in SCR to 0 | pin when receiving data or using an
] external clock.

| Set corresponding bit in ICR fo 1 | (1 [2] Set the clock selection in SCR. Be sure
l to clear bits RIE, TIE, TEIE, and MPIE,
and bits TE and RE, to 0.

Set CKE1 and CKEO bits in SCR

(TE and RE bits are 0) 2] [3] Setthe data transfer format in SMR and
SCMR.
I
Set data transfer format in (3] [4] Write a value corresponding to the bit

rate to BRR. This step is not necessary

SMR and SCMR X .
if an external clock is used.

Set value in BRR [4] [5] Wait at least one bit interval, then set
- the TE bit or RE bit in SCR to 1.
Wait Also set the RIE, TIE TEIE, and MPIE

bits. Setting the TE and RE bits enables
the TxD and RxD pins to be used.

Set TE or RE bitin SCRto 1, and | (5]
set RIE, TIE, TEIE, and MPIE bits

<Transfer start>

Note: In simultaneous transmit and receive operations, the TE and RE bits should both
be cleared to O or set to 1 simultaneously.

Figure13.15 Sample SCI Initialization Flowchart

13.6.3 Serial Data Transmission (Clocked Synchronous Mode)

Figure 13.16 shows an example of the operation for transmission in clocked synchronous mode. In
transmission, the SCI operates as described below.

1.

The SCI monitorsthe TDRE flag in SSR, and if it is 0, recognizes that data has been written to
TDR, and transfers the datafrom TDR to TSR.

After transferring data from TDR to TSR, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit in SCR is set to 1 at thistime, a TXI interrupt request is generated.
Because the TXI interrupt processing routine writes the next transmit datato TDR before
transmission of the current transmit data has finished, continuous transmission can be enabled.
8-bit datais sent from the TxD pin synchronized with the output clock when clock output
mode has been specified and synchronized with the input clock when use of an external clock
has been specified.

The SCI checks the TDRE flag at the timing for sending the last bit.

If the TDRE flag is cleared to 0, the next transmit data is transferred from TDR to TSR, and
seria transmission of the next frame is started.
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6. If the TDRE flagissetto 1, the TEND flag in SSRis set to 1, and the TxD pin retains the
output state of thelast bit. If the TEIE bit in SCR is set to 1 at thistime, a TEI interrupt request
isgenerated. The SCK pinisfixed high.

Figure 13.17 shows a sample flowchart for serial datatransmission. Even if the TDRE flag is
cleared to O, transmission will not start while areceive error flag (ORER, FER, or PER) is set to 1.
Make sure to clear the receive error flags to 0 before starting transmission. Note that clearing the
RE hit to 0 does not clear the receive error flags.

Transfer direction

Synchronization l I | I | I | I l I | I | Issl I | I
clock

. i «
Serial data X Bit0 X Bit 1 )(:: X Bit7 X Bito X Bit1 X . XBit6 X Bit7
[l 1 )
H . I
TDRE ) :
) ' —
TEND ) ; .
) ' )

request generated . and TDRE flag cleared request generated generated
to 0 in TXI interrupt i

|
I
|
:
\
I |
TXI interrupt \ Data written to TDR TXI interrupt TEl interrupt request
\
i
' processing routine
h

1 frame

Figure 13.16 Example of Operation for Transmission in Clocked Synchronous Mode
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| Initialization | £ [1] SCI initiali;atjon: .
The TxD pin is automatically
— designated as the transmit data output
( Start transmission ) ;
pin.
[2] SCI state check and transmit data
| Read TDRE flag in SSR | [2] write:

Read SSR and check that the TDRE

N flag is set to 1, then write transmit data
¢ 0 to TDR and clear the TDRE flag to 0.
[3] Serial transmission continuation

Yes procedure:
To continue serial transmission, be
Write transmit data to TDR and sure to read 1 from the TDRE flag to
clear TDRE flag in SSR to 0 confirm that writing is possible, then
write data to TDR, and then clear the

TDRE flag to 0. However, the TDRE
flag is checked and cleared

All data transmitted (3 automatically when the DTC is
initiated by a transmit data empty
Yes interrupt (TXI) request and writes data
to TDR.

Yes

[ clearTEbitinscrRoo |

<End>

Figure13.17 Sample Serial Transmission Flowchart

13.64  Serial Data Reception (Clocked Synchronous M ode)

Figure 13.18 shows an example of SCI operation for reception in clocked synchronous mode. In
serial reception, the SCI operates as described below.

1. The SCI performsinternal initialization in synchronization with a synchronization clock input
or output, starts receiving data, and stores the receive datain RSR.

2. If an overrun error (when reception of the next data is completed while the RDRF flag in SSR
isstill set to 1) occurs, the ORER hit in SSRisset to 1. If the RIE bit in SCR is set to 1 at this
time, an ERI interrupt request is generated. Receive data is not transferred to RDR. The RDRF
flag remains to be set to 1.

3. If reception finishes successfully, the RDRF bit in SSRis set to 1, and receive dataiis
transferred to RDR. If the RIE bitin SCR is set to 1 at thistime, an RXI interrupt request is
generated. Because the RX1 interrupt processing routine reads the receive data transferred to
RDR before reception of the next receive data has finished, continuous reception can be
enabled.
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Synchronization | I | I | I | I | I | I | I f | I | I

clock

Serial data XBit7XBitoX:‘f XBit7XBnoXBit1X:‘:‘ X(site XBit7 X_
: ) ” | )Y

RDRF [ ] [ :
ORER /o N [

RXI interrupt i RDR data read and E RXl interrupt ERI interrupt request
request + RDREF flag cleared ' request generated generated by overrun

generated to 0in RXIinterrupt ! error

processing routine

1 frame

Figure 13.18 Example of Operation for Reception in Clocked Synchronous Mode

Transfer cannot be resumed while areceive error flag is set to 1. Accordingly, clear the ORER,
FER, PER, and RDRF bits to 0 before resuming reception. Figure 13.19 shows a sample flowchart
for serial data reception.
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| [1] SCl initialization:

| Initialization (1] The RxD pin is automatically
] designated as the receive data input
( Start reception ) pin.
‘I [2] [3] Receive error processing:
- If a receive error occurs, read the
| Read ORER flag in SSR | 2

ORER flag in SSR, and after
performing the appropriate error
processing, clear the ORER flag to 0.
Transfer cannot be resumed if the
ORER flag is set to 1.

SCI state check and receive data

(Continued below) read:
Read SSR and check that the RDRF
| ReadRORFfiaginssk | 14 flag is set to 1, then read the receive

data in RDR and clear the RDRF flag
to 0. Transition of the RDRF flag from

No 0 to 1 can also be identified by an RXI
interrupt.

Yes [5] Serial reception continuation
procedure:
To continue serial reception, before
the MSB (bit 7) of the current frame is
received, reading the RDRF flag,
reading RDR, and clearing the RDRF
flag to 0 should be finished. However,

5] the RDRF flag is cleared automatically
when the DTC is initiated by a receive
data full interrupt (RXI) and reads data
from RDR.

Read receive data in RDR and
clear RDRF flag in SSR to 0

| Clear RE bit in SCR to 0 |

<End>

[3] ( Error processing )
|

| Overrun error processing |

| clearoRERflaginssRto0 |

<End>

Figure 13.19 Sample Serial Reception Flowchart

13.6.5 Simultaneous Serial Data Transmission and Reception (Clocked Synchronous
Mode)

Figure 13.20 shows a sample flowchart for simultaneous serial transmit and receive operations.
After initializing the SCI, the following procedure should be used for simultaneous serial data
transmit and receive operations. To switch from transmit mode to simultaneous transmit and
receive mode, after checking that the SCI has finished transmission and the TDRE and TEND
flags are set to 1, clear the TE bit to 0. Then simultaneously set both the TE and RE bitsto 1 with
asingleinstruction. To switch from receive mode to simultaneous transmit and receive mode, after
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checking that the SCI has finished reception, clear the RE bit to 0. Then after checking that the
RDRF bit and receive error flags (ORER, FER, and PER) are cleared to 0, simultaneously set both
the TE and RE bitsto 1 with asingle instruction.

— [1] SClinitialization:
| Initialization | 1] The TxD pin is designated as the
| transmit data output pin, and the
( Start transmission/reception ) RxD pin is designated as the
= receive data input pin, enabling
| simultaneous transmit and receive
| Read TDREflaginssr | 2 operations.

[2] SCI state check and transmit data

No write:
Read SSR and check that the
TDRE flag is set to 1, then write

Yes transmit data to TDR and clear the
TDRE flag to 0. Transition of the
Write transmit data to TDR and TDRE flag from 0 to 1 can also be
clear TDRE flag in SSR to 0 identified by a TXI interrupt.
[3] Receive error processing:
-] If a receive error occurs, read the

L ORER flag in SSR, and after
| | performing the appropriate error
processing, clear the ORER flag to
0. Transmission/reception cannot
be resumed if the ORER flag is set
to 1.

Read ORER flag in SSR

[4] SCI state check and receive data
read:
Read SSR and check that the
RDREF flag is set to 1, then read the
receive data in RDR and clear the
RDREF flag to 0. Transition of the
RDREF flag from 0 to 1 can also be
identified by an RXI interrupt.

[5] Serial transmission/reception

. . continuation procedure:
Read receive data in RDR, and To continue serial transmission/

clear RDRF flag in SSR to 0 reception, before the MSB (bit 7) of

the current frame is received, finish
All data received?

reading the RDRF flag, reading
Yes

5] RDR, and clearing the RDRF flag to
0. Also, before the MSB (bit 7) of
the current frame is transmitted,
read 1 from the TDRE flag to
confirm that writing is possible.

e Then write data to TDR and clear

Clear TE and RE bits in SCR to 0 the TDRE flag to 0.

However, the TDRE flag is checked
| and cleared automatically when the

<End> DTC is initiated by a transmit data
empty interrupt (TXI) request and
Note: When switching from transmit or receive operation to writes data to TDR. Similarly, the
simultaneous transmit and receive operations, first clear the RDRF flag is cleared automatically
TE bit and RE bit to 0, then set both these bits to 1 when the DTC is initiated by a

receive data full interrupt (RXI) and

simultaneously. reads data from RDR.

Figure13.20 Sample Flowchart of Simultaneous Serial Transmission and Reception
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13.7 Operationin Smart Card Interface Mode

The SCI supportsthe IC card (smart card) interface, supporting the |SO/IEC 7816-3 (Identification
Card) standard, as an extended serial communication interface function. Smart card interface mode
can be selected using the appropriate register.

13.7.1  Sample Connection

Figure 13.21 shows a sample connection between the smart card and thisLSI. Asin the figure,
since this LSI communicates with the | C card using a single transmission line, interconnect the
TxD and RxD pins and pull up the data transmission lineto V. using aresistor. Setting the RE
and TE bitsto 1 with the IC card not connected enables closed transmission/reception allowing
self diagnosis. To supply the IC card with the clock pulses generated by the SCI, input the SCK
pin output to the CLK pin of the IC card. A reset signal can be supplied via the output port of this
LS.

Vce

TxD I ;
t — 110
RxD Data line
SCK Clock line CLK
Rx (port) - RST
This LS Reset line IC card

Main unit of the device
to be connected

Figure13.21 Pin Connection for Smart Card Interface

13.7.2 DataFormat (Except in Block Transfer Mode)
Figure 13.22 shows the data transfer formats in smart card interface mode.

» One frame contains 8-bit data and a parity bit in asynchronous mode.

» During transmission, at least 2 etu (elementary time unit: time required for transferring one hit)
is secured as a guard time after the end of the parity bit before the start of the next frame.

» If aparity error is detected during reception, alow error signal is output for 1 etu after 10.5 etu
has passed from the start bit.

» If anerror signa is sampled during transmission, the same data is automatically re-transmitted
after at least 2 etu.
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In normal transmission/reception

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

Output from the transmitting station

When a parity error is generated

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE

Output from the transmitting station

Output from
[Legend] the receiving station
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 13.22 Data Formatsin Normal Smart Card I nterface Mode

For communication with the IC cards of the direct convention and inverse convention types,
follow the procedure below.

@ A Z Z A Z Z Z A A Z (2) state

Ds | DO, D1 | D2 | D3, D4, D5 | D6, D7 | Dp

Figure13.23 Direct Convention (SDIR = SINV = O/E = 0)

For the direct convention type, logic levels 1 and O correspond to states Z and A, respectively, and
dataistransferred with L SB-first as the start character, as shown in figure 13.23. Therefore, data
in the start character in the figure is H'3B. When using the direct convention type, write O to both
the SDIR and SINV bitsin SCMR. Write 0 to the O/E bit in SMR in order to use even parity,
which is prescribed by the smart card standard.

174) A Z Z A A A A A A Z (2) state

Ds | D7 D6 | D5 , D4 ; D3 ; D2 | D1 ;, DO | Dp

Figure13.24 Inverse Convention (SDIR = SINV = O/E = 1)

For the inverse convention type, logic levels 1 and O correspond to states A and Z, respectively
and datais transferred with MSB-first as the start character, as shown in figure 13.24. Therefore,
datain the start character in the figure is H'3F. When using the inverse convention type, write 1 to
both the SDIR and SINV bitsin SCMR. The parity bit islogic level 0 to produce even parity,
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which is prescribed by the smart card standard, and correspondsto state Z. Since the SNIV bit of
this LSI only inverts data bits D7 to DO, write 1 to the O/E bit in SMR to invert the parity bit in
both transmission and reception.

13.7.3 Block Transfer Mode
Block transfer mode is different from normal smart card interface mode in the following respects.

» Evenif aparity error is detected during reception, no error signal is output. Since the PER bit
in SSR is set by error detection, clear the PER bit before receiving the parity bit of the next
frame.

» During transmission, at least 1 etu is secured as a guard time after the end of the parity bit
before the start of the next frame.

» Sincethe same datais not re-transmitted during transmission, the TEND flag is set 11.5 etu
after transmission start.

» Although the ERS flag in block transfer mode displays the error signal status asin normal
smart card interface mode, the flag is aways read as 0 because no error signal is transferred.

13.7.4 Receive Data Sampling Timing and Reception Margin

Only theinternal clock generated by the on-chip baud rate generator can be used as a transfer
clock in smart card interface mode. In this mode, the SCI can operate on abasic clock with a
frequency of 32, 64, 372, or 256 times the bit rate according to the BCP1 and BCPO bit settings
(the frequency is always 16 times the bit rate in normal asynchronous mode). At reception, the
falling edge of the start bit is sampled using the basic clock in order to perform internal
synchronization. Receive datais sampled on the 16th, 32nd, 186th and 128th rising edges of the
basic clock so that it can be latched at the middle of each bit as shown in figure 13.25. The
reception margin here is determined by the following formula.

M= | (05— zl—N)-(L-o.S)F- J%L(l+F) | x 100%

M: Reception margin (%)

N: Ratio of bit rate to clock (N = 32, 64, 372, 256)
D: Duty cycle of clock (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute value of clock frequency deviation

Assuming valuesof F=0, D = 0.5, and N = 372 in the above formula, the reception margin is
determined by the formula below.

1

M= (05-
2% 372

) x 100% = 49.866%
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372 clock cycles |
186 clock

cycles
0 18;' 3710 185 371 0

Internal

basic clock S S

(( ((

Receive data :li : o | )] HE ) |

(RxD) H HE( Stayt bit DO ( T D1
R AR )) )) o))

Synchronization : | | . .

sampling timing ( (" (" (
VAR )] )] )]

Data sampling

timing { II (( (( ” ((
) )) )) 7

Figure 13.25 Receive Data Sampling Timing in Smart Card Interface Mode
(When Clock Frequency is 372 Timesthe Bit Rate)

13.7.5 Initialization

Before transmitting and receiving data, initialize the SCI using the following procedure.
Initialization is also necessary before switching from transmission to reception and vice versa.

A wDdhPE

Clear the TE and RE bitsin SCR to 0.

Set the ICR bit of the corresponding pin to 1.

Clear the error flags ERS, PER, and ORER in SSR to 0.

Set the GM, BLK, O/E, BCP1, BCP0O, CK S1, and CK S0 bitsin SMR appropriately. Also set
the PE bit to 1.

Set the SMIF, SDIR, and SINV bitsin SCMR appropriately. When the DDR corresponding to
the TxD piniscleared to O, the TxD and RxD pins are changed from port pinsto SCI pins,
placing the pinsinto high impedance state.

Set the value corresponding to the bit rate in BRR.

Set the CKE1 and CKEOQ bitsin SCR appropriately. Clear the TIE, RIE, TE, RE, MPIE, and
TEIE bits to 0 simultaneously.

When the CKEOQ bit is set to 1, the SCK pinis alowed to output clock pulses.

Set the TIE, RIE, TE, and RE bitsin SCR appropriately after waiting for at least a 1-bit
interval. Setting the TE and RE bitsto 1 simultaneously is prohibited except for self diagnosis.

To switch from reception to transmission, first verify that reception has completed, then initialize
the SCI. At the end of initialization, RE and TE should be set to 0 and 1, respectively. Reception
completion can be verified by reading the RDRF, PER, or ORER flag. To switch from
transmission to reception, first verify that transmission has completed, then initialize the SCI. At
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the end of initialization, TE and RE should be set to 0 and 1, respectively. Transmission
completion can be verified by reading the TEND flag.

13.7.6  Data Transmission (Except in Block Transfer Mode)

Data transmission in smart card interface mode (except in block transfer mode) is different from
that in normal serial communication interface mode in that an error signal is sampled and data can
be re-transmitted. Figure 13.26 shows the data re-transfer operation during transmission.

1. If anerror signal from the receiving end is sampled after one frame of data has been
transmitted, the ERS bit in SSR is set to 1. Here, an ERI interrupt request is generated if the
RIE hit in SCR is set to 1. Clear the ERS bit to 0 before the next parity bit is sampled.

2. For the framein which an error signal is received, the TEND bit in SSRisnot set to 1. Datais
re-transferred from TDR to TSR allowing automatic data retransmission.

3. If no error signal isreturned from the receiving end, the ERS bit in SSR is not set to 1. In this
case, one frame of datais determined to have been transmitted including re-transfer, and the
TEND bit in SSRisset to 1. Here, a TXI interrupt request is generated if the TIE bit in SCR is
set to 1. Writing transmit datato TDR starts transmission of the next data.

Figure 13.28 shows a sample flowchart for transmission. All the processing steps are
automatically performed using a TXI interrupt request to activate the DTC. In transmission, the
TEND and TDRE flagsin SSR are smultaneoudly set to 1, thus generating a TXI interrupt request
if the TIE bit in SCR has been set to 1. This activatesthe DTC by a TXI request thus allowing
transfer of transmit dataif the TXI interrupt request is specified as a source of DTC activation
beforehand. The TDRE and TEND flags are automatically cleared to O at data transfer by the
DTC. If an error occurs, the SCI automatically re-transmits the same data. During re-transmission,
TEND remains as 0, thus not activating the DTC. Therefore, the SCI and DTC automatically
transmit the specified number of bytes, including re-transmission in the case of error occurrence.
However, the ERS flag is not automatically cleared; the ERS flag must be cleared by previously
setting the RIE bit to 1 to enable an ERI interrupt request to be generated at error occurrence.

When transmitting/receiving data using the DTC, be sure to set and enable the DTC prior to
making SCI settings. For DTC settings, see section 7, Data Transfer Controller (DTC).
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|<— nth transfer frame —>|<— Retransfer frame —>|<— transfer frame
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TDRE J : I_l
+Transfer from TDR to TSR : * Transfer from TDR to TSR * Transfer from TDR to TSR
TEND 5 [ 1
LA b

FER/ERS

ke b

Figure13.26 Data Re-Transfer Operation in SCI Transmission Mode

Note that the TEND flag is set in different timings depending on the GM hit setting in SMR.
Figure 13.27 shows the TEND flag set timing.

1/0 data Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp E DE : |
I Guard tlmei
(TEND interrupt) \ —
12.5 etu '
GM =0 :
11.0etu E
GM=1 1
[Legend]
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 13.27 TEND Flag Set Timing during Transmission
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( Start )
I
I Initialization I

( Start transmission )

Error processing )

Write data to TDR and clear
TDRE flag in SSR to 0

Error processing )

| Clear TEbitin SCR100 |

|
( End )

Figure 13.28 Sample Transmission Flowchart

13.7.7  Serial Data Reception (Except in Block Transfer Mode)

Data reception in smart card interface mode is similar to that in normal serial communication
interface mode. Figure 13.29 shows the data re-transfer operation during reception.

1. If aparity error isdetected in receive data, the PER bit in SSR is set to 1. Here, an ERI
interrupt request is generated if the RIE bit in SCR is set to 1. Clear the PER bit to O before the
next parity bit is sampled.

2. For the framein which aparity error is detected, the RDRF bit in SSR is not set to 1.

3. If no parity error is detected, the PER bit in SSR isnot set to 1. In this case, datais determined
to have been received successfully, and the RDRF bit in SSR is set to 1. Here, an RX| interrupt
request is generated if the RIE bitin SCRisset to 1.
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Figure 13.30 shows a sample flowchart for reception. All the processing steps are automatically
performed using an RXI interrupt request to activate the DTC. In reception, setting the RIE bit to 1
alows an RXI interrupt request to be generated when the RDRF flag is set to 1. This activates the
DTC by an RXI request thus dlowing transfer of receive dataif the RXI interrupt request is
specified as a source of DTC activation beforehand. The RDRF flag is automatically cleared to O
at data transfer by the DTC. If an error occurs during reception, i.e., either the ORER or PER flag
isset to 1, atransmit/receive error interrupt (ERI) request is generated and the error flag must be
cleared. If an error occurs, the DTC is not activated and receive datais skipped, therefore, the
number of bytes of receive data specified in the DTC istransferred. Even if a parity error occurs
and the PER bit is set to 1 in reception, receive datais transferred to RDR, thus allowing the data
to be read.

Note: For operationsin block transfer mode, see section 13.4, Operation in Asynchronous Mode.

n+1)th
‘47 nth transfer frame H‘P Retransfer frame 4+7tra(nsfer)frame

-|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|-|%—|DleOlD1|D2|D3|D4|D5|D6|D7|DpIE:Ds|D0|D1|D2|D3|D4|
RDRF | |

b b
PER |

by L NE

Figure13.29 Data Re-Transfer Operation in SCI Reception Mode
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( Start )
|

| Initialization |
I

( Start reception )

Error processing )

Read data from RDR and
clear RDRF flag in SSR to 0

All data received?

Yes
[ clear REbitinSCR100 |

Figure 13.30 Sample Reception Flowchart

13.7.8 Clock Output Control

Clock output can be fixed using the CKE1 and CKEQ bitsin SCR when the GM bit in SMR is set
to 1. Specificaly, the minimum width of a clock pulse can be specified.

Figure 13.31 shows an example of clock output fixing timing when the CKEQO bit is controlled
with GM = 1 and CKE1 =0.

CKEO

—

SCK —|

Given pulse width Given pulse width

Figure 13.31 Clock Output Fixing Timing

At power-on and transitions to/from software standby mode, use the following procedure to secure
the appropriate clock duty cycle.
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* At power-on
To secure the appropriate clock duty cycle simultaneously with power-on, use the following
procedure.

1. Initialy, port input is enabled in the high-impedance state. To fix the potentia level, use a
pull-up or pull-down resistor.

2. Fix the SCK pin to the specified output using the CKEL1 bit in SCR.
3. Set SMR and SCMR to enable smart card interface mode.
Set the CKEOQ bit in SCR to 1 to start clock output.
* At mode switching
0 At trangition from smart card interface mode to software standby mode

1. Set the dataregister (DR) and data direction register (DDR) corresponding to the SCK
pin to the values for the output fixed state in software standby mode.

2. Write 0 to the TE and RE bitsin SCR to stop transmission/reception. Simultaneously,
set the CKEL bit to the value for the output fixed state in software standby mode.

3. Write 0 to the CKEOQ bit in SCR to stop the clock.

4. Wait for one cycle of the seria clock. In the mean time, the clock output is fixed to the
specified level with the duty cycle retained.

5. Make the transition to software standby mode.
O Attransition from smart card interface mode to software standby mode
1. Clear software standby mode.

2. Write 1 to the CKEO bit in SCR to start clock output. A clock signa with the
appropriate duty cycle isthen generated.

Software

Normal operation standby

Normal operation

T bttt

(121l [41 [ el 7]

Figure 13.32 Clock Stop and Restart Procedure
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13.8 Interrupt Sources

13.8.1 Interruptsin Normal Serial Communication Interface M ode

Table 13.12 shows the interrupt sourcesin normal serial communication interface mode. A
different interrupt vector is assigned to each interrupt source, and individual interrupt sources can
be enabled or disabled using the enable bitsin SCR.

When the TDRE flag in SSRis set to 1, a TXI interrupt request is generated. When the TEND flag
in SSRissetto 1, aTEI interrupt request is generated. A TXI interrupt request can activate the
DTC to alow datatransfer. The TDRE flag is automatically cleared to O at data transfer by the
DTC.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated. When the ORER,
PER, or FER flag in SSRis set to 1, an ERI interrupt request is generated. An RX1 interrupt can
activate the DTC to allow data transfer. The RDRF flag is automatically cleared to O at data
transfer by the DTC.

A TEl interrupt is requested when the TEND flag is set to 1 whilethe TEIE bit isset to 1. If a TEI
interrupt and a TXI interrupt are requested simultaneously, the TXI interrupt has priority for
acceptance. However, note that if the TDRE and TEND flags are cleared to 0 simultaneously by
the TXI interrupt processing routine, the SCI cannot branch to the TEI interrupt processing routine
later.

Table 13.12 SCI Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation Priority
ERI Receive error ORER, FER, or PER Not possible High
RXI Receive data full RDRF Possible

TXI Transmit data empty =~ TDRE Possible T

TEI Transmit end TEND Not possible Low

13.8.2 Interruptsin Smart Card Interface Mode

Table 13.13 shows the interrupt sources in smart card interface mode. A transmit end (TEI)
interrupt request cannot be used in this mode.
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Table 13.13 SCI Interrupt Sources

Name Interrupt Source Interrupt Flag DTC Activation Priority

ERI Receive error or error ORER, PER, or ERS Not possible High
signal detection T

RXI Receive data full RDRF Possible

TXI Transmit data empty TDRE Possible Low

Data transmission/reception using the DTC is also possible in smart card interface mode, similar
to in the normal SCI mode. In transmission, the TEND and TDRE flagsin SSR are simultaneously
set to 1, thus generating a TXI interrupt. This activatesthe DTC by a TXI request thus allowing
transfer of transmit dataif the TXI request is specified as a source of DTC activation beforehand.
The TDRE and TEND flags are automatically cleared to O at data transfer by the DTC. If an error
occurs, the SCI automatically re-transmits the same data. During re-transmission, the TEND flag
remains as 0, thus not activating the DTC. Therefore, the SCI and DTC automatically transmit the
specified number of bytes, including re-transmission in the case of error occurrence. However, the
ERSflag in SSR, which is set at error occurrence, is not automatically cleared; the ERS flag must
be cleared by previoudy setting the RIE bit in SCR to 1 to enable an ERI interrupt request to be
generated at error occurrence.

When transmitting/receiving data using the DTC, be sure to set and enable the DTC prior to
making SCI settings. For DTC settings, see section 7, Data Transfer Controller (DTC).

In reception, an RXI interrupt request is generated when the RDRF flag in SSRis set to 1. This
activates the DTC by an RXI request thus allowing transfer of receive dataif the RXI request is
specified as a source of DTC activation beforehand. The RDRF flag is automatically cleared to O
at datatransfer by the DTC. If an error occurs, the RDRF flag is hot set but the error flag is set.
Therefore, the DTC is not activated and an ERI interrupt request is issued to the CPU instead; the
error flag must be cleared.

13.9 Usage Notes

139.1 Module Stop Mode Setting

Operation of the SCI can be disabled or enabled using the module stop control register. Theinitial
setting is for operation of the SCI to be halted. Register accessis enabled by clearing module stop
mode. For details, refer to section 18, Power-Down Modes.

13.9.2 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RxD pin value
directly. In abreak, the input from the RxD pin becomes all Os, and so the FER flag is set, and the
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PER flag may also be set. Note that, since the SCI continues the receive operation even after
receiving abreak, even if the FER flag is cleared to O, it will be set to 1 again.

13.9.3 Mark State and Break Detection

When the TE bit is 0, the TxD pin is used as an |/O port whose direction (input or output) and

level are determined by DR and DDR. This can be used to set the TxD pin to mark state (high
level) or send abreak during serial datatransmission. To maintain the communication linein mark
state (the state of 1) until TE is set to 1, set both DDR and DR to 1. Sincethe TE bit is cleared to O
at this point, the TxD pin becomes an /O port, and 1 is output from the TxD pin. To send a break
during serial transmission, first set DDR to 1 and DR to O, and then clear the TE bit to 0. When the
TE bit iscleared to 0, the transmitter isinitialized regardless of the current transmission state, the
TxD pin becomes an I/O port, and 0 is output from the TxD pin.

13.9.4 ReceiveError Flagsand Transmit Operations (Clocked Synchronous Mode Only)

Transmission cannot be started when areceive error flag (ORER, FER, or RER) isset to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flagsto 0 before starting
transmission. Note also that the receive error flags cannot be cleared to 0 even if the RE bit is
cleared to O.

1395 Relation between Writing to TDR and TDRE Flag

The TDRE flag in SSR is a status flag which indicates that transmit data has been transferred from
TDR to TSR. When the SCI transfers datafrom TDR to TSR, the TDRE flag is set to 1.

Data can be written to TDR irrespective of the TDRE flag status. However, if new datais written
to TDR when the TDRE flag is 0, that is, when the previous data has not been transferred to TSR
yet, the previous datain TDR islost. Be sure to write transmit datato TDR after verifying that the
TDRE flag issetto 1.

13.9.6 Restrictionson Using DTC

*  When the external clock sourceis used as a synchronization clock, update TDR by the DTC
and wait for at least five @ clock cycles before allowing the transmit clock to be input. If the
transmit clock isinput within four clock cycles after TDR modification, the SCI may
malfunction (figure 13.33).

* Whenusing the DTC to read RDR, be sure to set the receive end interrupt (RX1) asthe DTC
activation source.
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TDRE | : |
e
Serialdata | XDOXDlXDZXD3XD4XD5XD6XD7)C

Note: When external clock is supplied, t must be more than four clock cycles.

Figure 13.33 Sample Transmission using DTC in Clocked Synchronous Mode

13.9.7 SCI Operationsduring Mode Transitions

Transmission: Before making the transition to module stop mode or software standby mode, stop
the transmit operations (TE = TIE = TEIE = 0). TSR, TDR, and SSR are reset. The states of the
output pins during module stop mode or software standby mode depend on the port settings, and
the pins output a high-level signal after mode cancellation. If the transition is made during data
transmission, the data being transmitted will be undefined.

To transmit datain the same transmission mode after mode cancellation, set the TE bit to 1, read
SSR, writeto TDR, clear TDRE in this order, and then start transmission. To transmit datain a
different transmission mode, initialize the SCI first.

Figure 13.34 shows a sample flowchart for mode transition during transmission. Figures 13.35 and
13.36 show the port pin states during mode transition.

Before making the transition from the transmission mode using DTC transfer to module stop mode
or software standby mode, stop all transmit operations (TE = TIE = TEIE = 0). Setting the TE and
TIE bitsto 1 after mode cancdllation sets the TXI flag to start transmission using the DTC.

Reception: Before making the transition to module stop mode or software standby mode, stop the
receive operations (RE = 0). RSR, RDR, and SSR are reset. If transition is made during data
reception, the data being received will beinvalid.

To receive datain the same reception mode after mode cancellation, set the RE bit to 1, and then
start reception. To receive datain a different reception mode, initialize the SCI first.

Figure 13.37 shows a sample flowchart for mode transition during reception.
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Transmission
|

[1] Data being transmitted is lost
halfway. Data can be normally
transmitted from the CPU by
setting the TE bit to 1, reading
SSR, writing to TDR, and
clearing the TDRE bit to 0 after
clearing software standby mode;
however, if the DTC has been
activated, the data remaining in
the RAM of the DTC will be
transmitted when both the TE
and TIE bits are set to 1.

All data transmitted?

Yes |

Read TEND flag in SSR

[2] Clear the TIE and TEIE bits to 0

Make transition to 3] when they are 1.
software standby mode

[3] Module stop mode is included.

| Cancel software standby mode |

Change operating mode?

Initialization TE=1

Start transmission

Figure 13.34 Sample Flowchart for Mode Transition during Transmission

Transition to
. . software standb Software standby
Transmission start Transmission end Y mode canceled

. | by .
TE bit | |_‘__|7

sck :
outputpin|_||||||;§||||||S§||||||:.\ [ 1]

(4 1
ou;ﬁ?pin_mi@MHigh output | Start £ X Y Stop Port input/output Y High output
SCI TxD output | port —w=— SCI

Port |
TxD output

Figure 13.35 Port Pin Statesduring Mode Transition
(Internal Clock, Asynchronous Transmission)
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o o Transition to Software standby
Transmission start Transmission end software standby mode canceled

: { i mode. P
TE bit | [_‘_‘_'7
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SCI TxD output Port —a|=—_SC!
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Note: * Initialized in software standby mode

Figure 13.36 Port Pin Statesduring Mode Transition
(Internal Clock, Clocked Synchronous Transmission)

Reception

Read RDRF flag in SSR

No [1] [1] Data being received will be invalid.
Yes
| Read receive data in RDR |
|: [2] Module stop mode is included.
| Make transition to | 2]

software standby mode

| Cancel software standby mode |

Change operating mode?

Initialization RE=1

Start reception

Figure 13.37 Sample Flowchart for Mode Transition during Reception
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Section 14 A/D Converter

This LSl includes a successive approximation type 10-bit A/D converter that allows up to eight
analog input channels to be selected.

Figure 14.1 shows a block diagram of the A/D converter.

141  Features

* 10-bit resolution
» Eight input channels
» Conversiontime: 7.6 us per channel (at 35-MHz operation)
» Two kinds of operating modes
O Single mode: Single-channel A/D conversion
0 Scan mode: Continuous A/D conversion on 1 to 4 channels, or 1 to 8 channels
» Eight dataregisters
A/D conversion results are held in a 16-bit data register for each channel
» Sample and hold function
» Threetypesof conversion start

Conversion can be started by software, a conversion start trigger by the 16-bit timer pulse unit
(TPU) or 8-hit timer (TMR), or an external trigger signal.

* Interrupt source
A/D conversion end interrupt (ADI) request can be generated.
* Module stop mode can be set
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ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C

ADDRD: A/D data register D
ADDRE: A/D data register E
ADDRF: A/D data register F
ADDRG: A/D data register G
ADDRH: A/D data register H

Figure14.1 Block Diagram of A/D Converter
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14.2  Input/Output Pins
Table 14.1 shows the pin configuration of the A/D converter.

Table14.1 Pin Configuration

Pin Name Symbol /O Function

Analog input pin 0 ANO Input Analog inputs

Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input

Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin  ADTRGO Input External trigger input for starting A/D conversion
Analog power supply pin AV . Input  Analog block power supply
Analog ground pin AV Input Analog block ground

Reference voltage pin Vref Input A/D conversion reference voltage

14.3 Register Descriptions
The A/D converter has the following registers.

* A/D dataregister A (ADDRA)

« A/D dataregister B (ADDRB)

» A/D dataregister C (ADDRC)

» A/D dataregister D (ADDRD)

* A/D dataregister E (ADDRE)

» A/D dataregister F (ADDRF)

» A/D dataregister G (ADDRG)

» A/D dataregister H (ADDRH)

» A/D control/status register (ADCSR)
» A/D control register (ADCR)
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143.1 A/D Data RegistersA toH (ADDRA to ADDRH)

There are eight 16-bit read-only ADDR registers, ADDRA to ADDRH, used to store the results of
A/D conversion. The ADDR registers, which store a conversion result for each channel, are shown
intable 14.2.

The converted 10-bit datais stored in bits 15 to 6. The lower 6-bit datais alwaysread as 0.

The data bus between the CPU and the A/D converter has a 16-bit width. The data can be read
directly from the CPU. ADDR must not be accessed in 8-bit units and must be accessed in 16-bit
units.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

senvame | [ | | ] | [ | [ [ J-]-f-Q-0-7-]

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R R R R R R R R R R R R R R R R

Table14.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel A/D Data Register Which Stores Conversion Result
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
AN4 ADDRE
ANS ADDRF
ANG6 ADDRG
AN7 ADDRH
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14.3.2 A/D Control/Status Register (ADCSR)

ADCSR controls A/D conversion operations.

Bit 7 6 5 4 3 2 1 0
Bit Name | ADF | ADIE | ADST | - CH3 CH2 CH1 CHO
Initial Value 0 0 0 0 0 0 0 0
RIW RI(W)* RIW RIW R RIW RIW RIW RIW

Note: * Only 0 can be written to this bit, to clear the flag.

Initial
Bit Bit Name Value R/W Description

7 ADF 0 R/(W)* A/D End Flag
A status flag that indicates the end of A/D conversion.

[Setting conditions]

« When A/D conversion ends in single mode

¢ When A/D conversion ends on all specified channels
in scan mode

[Clearing conditions]

¢ When 0 is written after reading ADF = 1

*« When the DTC is activated by an ADI interrupt and
ADDR is read

6 ADIE 0 R/W A/D Interrupt Enable

When this bit is set to 1, ADI interrupts by ADF are
enabled.

5 ADST 0 R/W A/D Start

Clearing this bit to 0 stops A/D conversion, and the A/D
converter enters wait state.

Setting this bit to 1 starts A/D conversion. In single mode,
this bit is cleared to 0 automatically when A/D conversion
on the specified channel ends. In scan mode, A/D
conversion continues sequentially on the specified
channels until this bit is cleared to 0 by software, a reset,
or a transition to software standby mode, hardware
standby mode, or module stop mode.

4 ad 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description

CH3 0 R/W Channel Select3t0 0

CH2 0 R/W Selects analog input together with bits SCANE and
0

R/W e When SCANE =0 and SCANS = X

0000: ANO
0001: AN1
0010: AN2
0011: AN3
0100: AN4
0101: AN5
0110: AN6
0111: AN7
1XXX: Setting prohibited

¢ When SCANE =1 and SCANS =0
0000: ANO
0001: ANO and AN1
0010: ANO to AN2
0011: ANO to AN3
0100: AN4
0101: AN4 and AN5
0110: AN4 to AN6
0111: AN4 to AN7
1XXX: Setting prohibited

¢ When SCANE =1 and SCANS =1
0000: ANO
0001: ANO and AN1
0010: ANO to AN2
0011: ANO to AN3
0100: ANO to AN4
0101: ANO to AN5
0110: ANO to AN6
0111: ANO to AN7
1XXX: Setting prohibited

o B N W

CHO

[Legend]
X: Don't care
Note: * Only 0 can be written to this bit, to clear the flag.
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14.3.3

A/D Control Register (ADCR)

ADCR enables A/D conversion to be started by an external trigger input.

Bit 7 6 5 4 3 2 1 0
Bit Name | TRGS1 | TRGS0 | SCANE | SCANS | CKS1 | CKSO | - -
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R R
Initial
Bit Bit Name Value R/W Description
7 TRGS1 0 R/W Timer Trigger Select 1 and 0
6 TRGSO 0 R/W These bits select enabling or disabling of the start of A/D
conversion by a trigger signal.
00: A/D conversion start by external trigger is disabled
01: A/D conversion start by external trigger from TPU is
enabled
10: A/D conversion start by external trigger from TMR is
enabled
11: A/D conversion start by the ADTRG pin is enabled*
SCANE 0 R/W Scan Mode
SCANS 0 R/W These bits select the A/D conversion operating mode.
0X: Single mode
10: Scan mode. A/D conversion is performed
continuously for channels 1 to 4.
11: Scan mode. A/D conversion is performed
continuously for channels 1 to 8.
CKS1 0 R/W Clock Select 1 and 0
CKSO 0 R/W These bits set the A/D conversion time. Set bits CKS1

and CKSO only while A/D conversion is stopped (ADST =
0).

00: A/D conversion time = 530 states (max)
01: A/D conversion time = 266 states (max)
10: A/D conversion time = 134 states (max)
11: A/D conversion time = 68 states (max)
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Initial
Bit Bit Name Value R/W Description

1,0 ad AllO R Reserved
These are read-only bits and cannot be modified.

[Legend]

X: Don't care

Note: * To set A/D conversion to start by the ADTRG pin, the DDR bit and ICR bit for the
corresponding pin should be set to 0 and 1, respectively. For details, refer to section 8,
I/O Ports.

144  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes: single mode and scan mode. When changing the operating mode or analog input
channel, to prevent incorrect operation, first clear the ADST bit in ADCSR to 0 to halt A/D
conversion. The ADST bit can be set to 1 at the same time as the operating mode or anal og input
channel is changed.

1441 Single Mode

In single mode, A/D conversion is to be performed only once on the analog input of the specified
single channel.

1. A/D conversion for the selected channel is started when the ADST bit in ADCSR isset to 1 by
software or an external trigger input.

2. When A/D conversion is completed, the A/D conversion result is transferred to the
corresponding A/D dataregister of the channel.

3. When A/D conversion is completed, the ADF bitin ADCSR is set to 1. If the ADIE bit is set to
1 at thistime, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion, and is automatically cleared to O when
A/D conversion ends. The A/D converter enterswait state. If the ADST bhit iscleared to 0
during A/D conversion, A/D conversion stops and the A/D converter enters wait state.
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Set*
ADIE l| |

‘ Set* ‘ Set*

A/D conversion start

ADST

ADF

Channel 0 (ANO) Waiting for donversion
operation statel g ford ( ‘\ L I
Channel 1 (AN1) [~ Waiting for A/D conversion 1 Waiting for conversion | A/D conversion 2 Waiting for conversion
operation state I: conversion I 3 J I LY d I

Channel 2 (AN2) [ Waiting for conversion J I

operation state / /

Channel 3 (AN3) [ Waiting for conversion ]

operation state / /
ADDRA | |
l Reading A/D conversion result \ lReading A/D conversion result
ADDRB X A/D conversion result 1 X A/D conversion result 2
ADDRC
ADDRD

Note: * | indicates the timing of instruction execution by software.

Figure 14.2 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)

1442 Scan Mode

In scan mode, A/D conversion isto be performed sequentially on the analog inputs of the specified
channels up to four or eight channels.

1. When the ADST bitin ADCSR is set to 1 by software, TPU, TMR, or an external trigger input,
A/D conversion starts on the first channel in the group. Consecutive A/D conversion on a
maximum of four channels (SCANE and SCANS = B'10) or on amaximum of eight channels
(SCANE and SCANS = B'11) can be selected. When consecutive A/D conversion is
performed on four channels, A/D conversion starts on AN4 when CH3 and CH2 = B'01. When
consecutive A/D conversion is performed on eight channels, A/D conversion starts on ANO
when CH3 = B'0.

2. When A/D conversion for each channel is completed, the A/D conversion result is sequentialy
transferred to the corresponding ADDR of each channel.

3. When A/D conversion of all selected channels is completed, the ADF bit in ADCSRisset to 1.
If the ADIE bit is set to 1 at thistime, an ADI interrupt request is generated. A/D conversion of
the first channel in the group starts again.
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4. The ADST hit isnot cleared automatically, and steps [2] to [3] are repeated as long as the
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops and the
A/D converter enters wait state. If the ADST bit islater set to 1, A/D conversion starts again
from thefirst channel in the group.

A/D conversion consecutive execution

| |
| Set1 ! Clear«1
| |
ADST \ ‘Clear* 1
ADF N L
AD A/D conversion time
e
Channel 0 (ANO) C Waiting for conver- Waiting for conversion | [Waiting for conversion|

operation state

9
conversion sion 1 /\ A conver /\
4
sion b
3

AID .
Channel 1 (AN1) r - f =7~ Waiting for
operation state [ Waiting for conversion ] g%:]vgr & Waiting for conversion Y | g%r:]vgr ¥2_ conversion
Channel 2 (AN2) ™ vaing Tor conversion // <\} ?(IJEver \<+\ // Waiting for conversion |
operation state / / sion 3 \ /
Channel 3 (AN3) = :
operation state [ Waiting for conversion | / | \ |
\ Transfer / /
ADDRA X | A/D conversion reSult 1 X A/D conversion result 2
ADDRB [ AID conversion result 2
ADDRC A/D conversion result 3
ADDRD

Notes: 1. | indicates the timing of instruction execution by software.
2. Data being converted is ignored.

Figure 14.3 Example of A/D Conversion
(Scan Mode, Three Channels (ANO to AN2) Selected)

1443 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 when the A/D conversion start delay time (t,) passes after the ADST bit in ADCSR is set to
1, then starts A/D conversion. Figure 14.4 shows the A/D conversion timing. Table 14.3 indicates
the A/D conversion time.

Asindicated in figure 14.4, the A/D conversion time (t.,,) includes t, and the input sampling time
(ts,)- Thelength 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 14.3.

In scan mode, the values given in table 14.3 apply to the first conversion time. The values given in
table 14.4 apply to the second and subsequent conversions. In either case, bits CKS1 and CKS0 in
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ADCR should be set so that the conversion time is within the ranges indicated by the A/D
conversion characteristics.

m

Address 2)

e

Po

Write signal

Input sampling
timing 0
ADF (q
1) tspL
tconv
[Legend]
(1):  ADCSR write cycle
(2): ADCSR address
tp: A/D conversion start delay time

tspL:  Input sampling time
tconv: A/D conversion time

Figure14.4 A/D Conversion Timing

Table 14.3 A/D Conversion Characteristics (Single Mode)

CKS1=0 CKSs1=1

CKS0=0 CKS0=1 CKS0=0 CKS0=1
Item Symbol Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Min. Typ. Max.
A/D conversion t, 18 O 33 10 O 17 6 O 9 4 O 5
start delay time
Input sampling time tg, O 127 0O O 63 O O 31 O O 15 0O
A/D conversion teony 515 O 530 259 O 266 131 O 134 67 O 68
time
Note: Values in the table are the number of states.
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Table14.4 A/D Conversion Characteristics (Scan Mode)

CKs1 CKSO0 Conversion Time (Number of States)
0 0 512 (Fixed)

1 256 (Fixed)
1 0 128 (Fixed)

1 64 (Fixed)

14.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGS1 and TRGSO bitsare set toB'11 in
ADCR, an external trigger isinput from the ADTRG pin. A/D conversion starts when the ADST
bitin ADCSR is set to 1 on the falling edge of the ADTRG pin. Other operations, in both single
and scan modes, are the same as when the ADST bit has been set to 1 by software. Figure 14.5
shows the timing.

Internal trigger signal

ADST |
| A/D conversion
I

Figure14.5 External Trigger Input Timing

145 Interrupt Source

The A/D converter generates an A/D conversion end interrupt (ADI) at the end of A/D conversion.
Setting the ADIE bit to 1 when the ADF bit in ADCSR is set to 1 after A/D conversion is
completed enables ADI interrupt requests. The data transfer controller (DTC) can be activated by
an ADI interrupt. Having the converted data read by the DTC in response to an ADI interrupt
enables continuous conversion to be achieved without imposing aload on software.

Table14.5 A/D Converter Interrupt Source

Name Interrupt Source Interrupt Flag DTC Activation

ADIO A/D conversion end ADF Possible
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14.6  A/D Conversion Accuracy Definitions

ThisLSI’s A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes.

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 14.6).

Offset error

The deviation of the analog input voltage value from theideal A/D conversion characteristic
when the digital output changes from the minimum voltage value B'0000000000 (H'000) to
B'0000000001 (H'001) (see figure 14.7).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H'3FF) (see
figure 14.7).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero voltage and
the full-scal e voltage. Does not include the offset error, full-scale error, or quantization error
(seefigure 14.7).

Absolute accuracy

The deviation between the digital value and the analog input value. Includes the offset error,
full-scale error, quantization error, and nonlinearity error.
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Digital output

Ideal A/D conversion —=
111 + characteristic
110
101 |-
100
011
010 |- L Quantization error
001 |
000 | | | | |
)
1 2 1022 1023 FS
1024 1024 1024 1024
Analog

input voltage

Figure14.6 A/D Conversion Accuracy Definitions

Digital output Full-scale error

T

7

Ideal A/D conversion /
characteristic

0
”
’

Nonlinearity
error

’
’
’

/" Actual A/D conversion

-l

. characteristic

’

FS

T Analog
Offset error input voltage

Figure14.7 A/D Conversion Accuracy Definitions
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147 Usage Notes

14.7.1 Module Stop Mode Setting

Operation of the A/D converter can be disabled or enabled using the module stop control register.
Theinitial setting isfor operation of the A/D converter to be halted. Register accessis enabled by
clearing module stop mode. For details, refer to section 18, Power-Down Modes.

14.7.2 Permissible Signal Sour ce mpedance

ThisLSI’sanaog input is designed so that the conversion accuracy is guaranteed for an input
signal for which the signal source impedance is 10 kQ or less. This specification is provided to
enable the A/D converter’s sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it
may not be possible to guarantee the A/D conversion accuracy. However, if alarge capacitanceis
provided externally for conversion in single mode, the input load will essentially comprise only
the internal input resistance of 10 kQ, and the signal source impedance isignored. However, since
alow-pass filter effect is obtained in this case, it may not be possible to follow an analog signal
with alarge differential coefficient (e.g., 5 mV/us or greater) (see figure 14.8). When converting a
high-speed analog signal or conversion in scan mode, a low-impedance buffer should be inserted.

This LSI
Equivalent circuit of the A/D converter
Sensor output
impedance
R <10 kQ 10 kQ

Sensor input —\f\f\f‘ _L N\f‘ J_
Cin =

| Low-pass !

- ! 15 pF

v filter H P

| C<0.1pF I : I

20 pF

Figure 14.8 Example of Analog Input Circuit

14.7.3 Influences on Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND such as
AVss.

Careisaso required to insure that filter circuits do not communicate with digital signals on the
mounting board, acting as antennas.
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14.7.4  Setting Range of Analog Power Supply and Other Pins
If the conditions shown below are not met, the reliability of the LSI may be adversely affected.

» Anaog input voltage range
The voltage applied to analog input pin ANn during A/D conversion should be in the range
AVss< VaN < Vref.

» Relation between AVcc, AVssand Vcc, Vss

Asthe relationship between AVcc, AVssand Vg, Vss, set AVec=Vec£ 0.3V and AVss=
Vss. If the A/D converter isnot used, set AVcc = Ve and AVss=Vss,

* Vref setting range
The reference voltage at the Vref pin should be set in the range Vref < AVcc.

1475 Noteson Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as possible,
and layout in which digital circuit signal lines and analog circuit signal lines cross or arein close
proximity should be avoided as far as possible. Failure to do so may result in incorrect operation
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Digital circuitry must be isolated from the analog input pins (ANO to AN7), analog reference
power supply (Vref), and analog power supply (AVcc) by the analog ground (AVss). Also, the
analog ground (AVss) should be connected at one point to a stable ground (Vss) on the board.

14.7.6  Noteson Noise Counter measures

A protection circuit connected to prevent damage due to an abnormal voltage such as an excessive
surge at the analog input pins (ANO to AN7) should be connected between AVcc and AVss as
shown in figure 14.9. Also, the bypass capacitors connected to AV cc and the filter capacitor
connected to the ANO to AN7 pins must be connected to AVss.

If afilter capacitor is connected, the input currents at the ANO to AN7 pins are averaged, and so an
error may arise. Also, when A/D conversion is performed frequently, asin scan mode, if the
current charged and discharged by the capacitance of the sample-and-hold circuit in the A/D
converter exceeds the current input via the input impedance (R,), an error will arise in the analog
input pin voltage. Careful consideration is therefore required when deciding the circuit constants.

Rev. 1.00, 09/03, page 514 of 618
RENESAS



/_\/

AVcc

o
1 1

Vref

L}

100 O

2
Fain*2
al w1 O_W__W__T__E ANO to AN7
= y

I :
0.1 uFT
O E AVss
Notes: Values are reference values. /_\/

1.

10 pyF 0.01 pF

2. Rjy: Input impedance

Figure14.9 Example of Analog Input Protection Circuit

Table14.6 Analog Pin Specifications

Item Min Max Unit

Analog input capacitance ad 20 pF

Permissible signal source impedance d 10 kQ
10 kQ

ANO to AN7 o—\N\j\T. To A/D converter
I 20 pF

Note: Values are reference values.

Figure 14.10 Analog Input Pin Equivalent Cir cuit

14.7.7  A/D Input Hold Function in Softwar e Standby Mode

When this LS| enters software standby mode with A/D conversion enabled, the analog inputs are
retained, and the analog power supply current is equal to asduring A/D conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the ADST, TRGSL, and
TRGSO hits all to 0 to disable A/D conversion.
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Section 15 D/A Converter

151 Features

» 8-bit resolution

»  Two output channels

* Maximum conversion time of 10 ps (with 20 pF load)
* Output voltageof OV to V

» D/A output hold function in software standby mode

* Module stop mode can be set

Internal data
Module data bus bus

>
JUU

Bus interface

Vref ——m]

AVce ——m

8-bit glzlg
DAl —— 21 2|¢
DIA alal g

DAO -—

AVss —m

| U

Control circuit

[Legend]
DADRO: D/A data register 0
DADR1: D/A data register 1
DACRO01: D/A control register 01

Figure15.1 Block Diagram of D/A Converter
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15.2  Input/Output Pins
Table 15.1 shows the pin configuration of the D/A converter.

Table15.1 Pin Configuration

Pin Name Symbol I/0 Function

Analog power supply pin AVcc Input Analog block power supply
Analog ground pin AVss Input Analog block ground

Reference voltage pin Vref Input D/A conversion reference voltage
Analog output pin 0 DAO Output Channel 0 analog output

Analog output pin 1 DAl Output Channel 1 analog output

153 Register Descriptions
The D/A converter has the following registers.

» D/A dataregister 0 (DADRO)
» D/A dataregister 1 (DADR1)
» DJ/A control register 01 (DACRO01)

153.1 D/A Data Registers0and 1 (DADRO and DADR1)

DADR isan 8-hit readable/writable register that stores data to which D/A conversion isto be
performed. Whenever analog output is enabled, the valuesin DADR are converted and output to
the analog output pins.

Bit 7 6 5 4 3 2 1 0
Bit Name | |

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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1532

D/A Control Register 01 (DACRO01)

DACROL1 controls the operation of the D/A converter.

Bit 7 6 5 4 3 2 1 0
BitName | paoE1 [ paoeo [ bae | -
Initial Value 0 0 0 1 1 1 1 1
R/W R/W R/W R/W R R R R R
Initial
Bit Bit Name Value R/W Description
7 DAOE1 0 R/W D/A Output Enable 1
Controls D/A conversion and analog output.
0: Analog output of channel 1 (DA1) is disabled
1: D/A conversion of channel 1 is enabled. Analog output
of channel 1 (DA1) is enabled.
6 DAOEO 0 R/W D/A Output Enable 0
Controls D/A conversion and analog output.
0: Analog output of channel 0 (DAO) is disabled
1: D/A conversion of channel 0 is enabled. Analog output
of channel 0 (DAO) is enabled.
5 DAE 0 R/W D/A Enable
Used together with the DAOEO and DAOEZ1 bits to control
D/A conversion. When this bit is cleared to 0, D/A
conversion is controlled independently for channels 0 and
1. When this bit is set to 1, D/A conversion for channels 0
and 1 is controlled together.
Output of conversion results is always controlled by the
DAOEO and DAOE1 bits. For details, see table 15.2,
Control of D/A Conversion.
4t00 0O All 1 R Reserved

These are read-only bits and cannot be modified.
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Table15.2 Control of D/A Conversion

Bit 5 Bit 7 Bit 6
DAE DAOE1 DAOEO

Description

0 0 0

D/A conversion is disabled.

1

D/A conversion of channel 0 is enabled and D/A conversion
of channel 1 is disabled.

Analog output of channel 0 (DAO) is enabled and analog
output of channel 1 (DA1) is disabled.

D/A conversion of channel 0 is disabled and D/A conversion
of channel 1 is enabled.

Analog output of channel 0 (DAO) is disabled and analog
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) is
enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DA1) is
disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is enabled and analog
output of channel 1 (DA1) is disabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channel 0 (DAO) is disabled and analog
output of channel 1 (DA1) is enabled.

D/A conversion of channels 0 and 1 is enabled.

Analog output of channels 0 and 1 (DAO and DAL1) is
enabled.
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154  Operation

The D/A converter includes D/A conversion circuits for two channels, each of which can operate
independently. When the DAOE bit in DACRO1 is set to 1, D/A conversion is enabled and the
conversion result is output.

An operation example of D/A conversion on channel 0 is shown below. Figure 15.2 showsthe
timing of this operation.

1. Write the conversion datato DADRO.

2. Set the DAOEOQ bit in DACRO01 to 1 to start D/A conversion. The conversion result is output
from the analog output pin DAO after the conversion timet,,,, has elapsed. The conversion
result continues to be output until DADRO is written to again or the DAOEQO bit is cleared to 0.
The output value is expressed by the following formula:

Contents of DADR/256 X V

3. If DADRO iswritten to again, the conversion isimmediately started. The conversion result is
output after the conversion time t,,,, has elapsed.

4. 1If the DAOEQ hit is cleared to 0, analog output is disabled.

DADRO DACRO1 DADRO DACRO1
write cycle write cycle write cycle write cycle

Address j( IX:IX IX IX IX IX IX:

DADRO X Conversion data 1 X Conversion data 2
DAOEO |
DAO Ei—:' , Conversion
High-impedance state i ¢ Conversion .+ "t L_result2 ——
H result 1 ! '
tbcony tbcony

[Legend]
tpcony: D/A conversion time

Figure 15.2 Example of D/A Converter Operation
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155 Usage Notes

1551 Module Stop Mode Setting

Operation of the D/A converter can be disabled or enabled using the module stop control register.
Theinitial setting isfor operation of the D/A converter to be halted. Register accessis enabled by
clearing module stop mode. For details, refer to section 18, Power-Down Modes.

1552 D/A Output Hold Function in Software Standby M ode

When this L S| enters software standby mode with D/A conversion enabled, the D/A outputs are
retained, and the analog power supply current is equal to as during D/A conversion. If the analog
power supply current needs to be reduced in software standby mode, clear the ADST, TRGSL, and
TRGSO bits all to 0 to disable D/A conversion.
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Section 16 RAM

This LSl has a 24-kbyte on-chip high-speed static RAM. The RAM is connected to the CPU by a
32-bit data bus, enabling one-state access by the CPU to all byte data, word data, and longword
data.

The on-chip RAM can be enabled or disabled by means of the RAME hit in the system control
register (SY SCR). For details on SY SCR, refer to section 3.2.2, System Control Register
(SYSCR).

Product Classification RAM Size RAM Addresses
ROMless H8SX/1650 24 kbytes H'FF6000 to H'FFBFFF
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Section 17 Clock Pulse Generator

This LSl has an on-chip clock pulse generator (CPG) that generates the system clock (1),

peripheral module clock (Pg), and external bus clock (Bg).

The clock pulse generator consists of an oscillator, PLL (Phase Locked Loop) circuit, and divider.
Figure 17.1 shows a block diagram of the clock pulse generator.

Clock frequencies can be changed by the PLL circuit and divider in the CPG. Changing the
system clock control register (SCKCR) setting by software can change the clock frequencies.

This LS| supports three types of clocks: a system clock provided to the CPU and bus masters, a
peripheral module clock provided to the peripheral modules, and an external bus clock provided to
the external bus. These clocks can be specified independently. Note, however, that the frequencies
of the peripheral clock and external bus clock are lower than that of the system clock.

EXTAL —
Oscillator

XTAL —

PLL
circuit

EXTAL x 4

1/1

ICK2 to ICKO

12

1/4

System clock (1)

1/8

(to the CPU and

Divider
(a1,
1/2,
1/4,

and 1/8)

1/1

1/2

1/4

1/8

bus masters)
SCKCR
PCK2 to PCKO
Selector Peripheral module
clock (P@)

1/1

(to peripheral modules)

BCK2 to BCKO

1/2

1/4

External bus clock (Bg)

1/8

(to the B pin)

CPGSX00A_000020030600

Figure17.1 Block Diagram of Clock Pulse Generator
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17.1 Register Description
The clock pulse generator has the following register.

» System clock control register (SCKCR)

17.1.1  System Clock Control Register (SCKCR)

SCKCR controls ¢ clock output and frequencies of the system, peripheral module, and external
bus clocks, and selects the @ clock to be output.

Bit 15 14 13 12 11 10 9 8
BtName | pstopr | - | poser | - | - | ke | ek ICKO
Initial Value 0 0 0 0 0 0 1 0
R/W RIW RIW RIW RIW RIW R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name - PCK2 PCK1 PCKO - BCK2 BCK1 BCKO
Initial Value 0 0 1 0 0 0 1 0
R/W RIW RIW RIW RIW R/W R/W R/W R/W
Initial
Bit Bit Name Value R/W Description
15 PSTOP1 O R/W ¢ Clock Output Enable

Controls @ output on PA7.

« Normal operation

0: @output

1: Fixed high

¢ Software standby mode
X: Fixed high

¢ Hardware standby mode
X: Hi-Z

14 O 0 R/W Reserved

This bit is always read as 0. The write value should
always be 0.

13 POSEL1 O R/W @ Output Select 1
Controls the @ output on PA7.
0: External bus clock (B¢)
1: Setting prohibited

Rev. 1.00, 09/03, page 526 of 618
RENESAS



Bit

Bit Name

Initial
Value

R/W

Description

12,11

d

All O

R/W

Reserved

These bits are always read as 0. The write value should
always be 0.

10

ICK2
ICK1
ICKO

o = O

R/W
R/W
R/W

System Clock (lg) Select

These bits select the frequency of the system clock
provided to the CPU and DTC. The ratio to the input clock
is as follows:

000: x4

001: x 2

010: x1

011: x 1/2

1XX: Setting prohibited

The frequencies of the peripheral module clock and
external bus clock change to the same frequency as the
system clock if the frequency of the system clock is lower
than that of the two clocks.

R/W

Reserved

This bit is always read as 0. The write value should
always be 0.

PCK2
PCK1
PCKO

o = O

R/W
R/W
R/W

Peripheral Module Clock (P¢) Select

These bits select the frequency of the peripheral module
clock. The ratio to the input clock is as follows:

000: x 4

001: x 2

010: x1

011: x 1/2

1XX: Setting prohibited

The frequency of the peripheral module clock should be
lower than that of the system clock. Though these bits
can be set so as to make the frequency of the peripheral
module clock higher than that of the system clock, the
clocks will have the same frequency in reality.

R/W

Reserved

This bit is always read as 0. The write value should
always be 0.
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Initial

Bit Bit Name Value R/W Description
2 BCK2 0 R/W External Bus Clock (Bg) Select

BCK1 1 R/W These bits select the frequency of the external bus clock.
0 BCKO 0 R/W The ratio to the input clock is as follows:

000: x4

001: x 2

010: x 1

011: x 1/2

1XX: Setting prohibited

The frequency of the external bus clock should be lower
than that of the system clock. Though these bits can be
set so as to make the frequency of the external bus clock
higher than that of the system clock, the clocks will have
the same frequency in reality.

Note: X: Don't care

17.2 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

17.2.1 Connecting Crystal Resonator

A crystal resonator can be connected as shown in the example in figure 17.2. Select the damping
resistance R, according to table 17.1. An AT-cut parallel-resonance type should be used.

When the clock is provided by connecting a crystal resonator, a crystal resonator having a
frequency of 8 to 18 MHz should be connected.

EXTAL

XTAL

CLl

L r
_WV_T_”_TH

Ry

C, CL1=C,=10t0 22 pF

Figure17.2 Connection of Crystal Resonator (Example)

Table17.1 Damping Resistance Value

Frequency (MHz) 8

12 18

R, (Q) 200
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Figure 17.3 shows an equivalent circuit of the crystal resonator. Use a crystal resonator that has
the characteristics shown in table 17.2.

Co
L R
XTAL — EXTAL
{1
Co AT-cut parallel-resonance type

Figure 17.3 Crystal Resonator Equivalent Cir cuit

Table17.2 Crystal Resonator Characteristics

Frequency (MHz) 8 12 18
R, Max. (Q) 80 60 40
C, Max. (pF) 7

17.2.2  External Clock Input

An external clock signal can be input as shown in the examplesin figure 17.4. If the XTAL pinis
left open, make sure that parasitic capacitance is no more than TBD pF. When the counter clock is
input to the XTAL pin, make sure that the external clock is held high in standby mode.

EXTAL ——— J-I_I-I_n_ External clock input

XTAL |—————————— Open

(a) XTAL pin left open

EXTAL T J-I_I-I_I-I_ External clock input
XTAL

(b) Counter clock input on XTAL pin

Figure17.4 External Clock Input (Examples)

For the input conditions of the external clock, refer to table 20.4, Clock Timing, in section 20.3.1,
Clock Timing. The input external clock should be from 8 to 18 MHz.
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17.3 PLL Circuit

The PLL circuit has the function of multiplying the frequency of the clock from the oscillator by a
factor of 4. The frequency multiplication factor is fixed. The phase difference is controlled so that
the timing of the rising edge of the internal clock is the same as that of the EXTAL pin signal.

174  Frequency Divider

The frequency divider dividesthe PLL clock to generate a1/2, 1/4, or 1/8 clock. After bits ICK2
to ICKO, PCK 2 to PCKO, and BCK2 to BCKO are modified, this LS| operates at the modified

frequency.
175 Usage Notes

1751 Noteson Clock Pulse Gener ator

1. Thefollowing points should be noted since the frequency of @ (1¢: system clock, Pg:
peripheral module clock, Bg: external bus clock) supplied to each module changes according
to the setting of SCKCR.

Select aclock division ratio that is within the operation guaranteed range of clock cycle time
t,. shown in the AC timing of electrical characteristics.

For example, the following settings are not permitted under the conditions of 8 MHz < 1< 35
MHz, 8 MHz < Pp < 35 MHz, and 8 MHz < Bp< 35 MHz: I[p< 8 MHz, 35 MHz < |, Pp< 8
MHz, 35 MHz < Pg, Bo< 8 MHz, and 35 MHz < Ba.

2. All the on-chip peripheral modules (except for the DTC) operate on the Pg. Therefore, note
that the time processing of modules such as atimer and SCI differs before and after changing
the clock division ratio.

In addition, wait time for clearing software standby mode differs by changing the clock
division ratio. For details, see section 18.5.3, Setting Oscillation Settling Time after Clearing
Software Standby Mode.

3. Therelationship among the system clock, peripheral module clock, and external bus clock is 1@
= P and l@= Bg. In addition, the system clock setting has the highest priority. Accordingly,
P or Bo may have the frequency set by bits ICK2 to | CKO regardless of the settings of bits
PCK2 to PCKO or BCK2 to BCKO.

4. Note that the frequency of @will be changed in the middle of a bus cycle when setting SCKCR
while executing the external bus cycle with the write-data-buffer function.

5. Figure 17.5 shows the clock modification timing. After avalue iswritten to SCKCR, thisL Sl
waits for the current bus cycle to complete. After the current bus cycle completes, each clock
frequency will be modified within one cycle (worst case) of the external input clock ¢.
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6. When l@> Pois specified by SCKCR, signals from the peripheral modules must be
synchronized with the system clock. When CPU instructions are used to clear the interrupt
source flag of a peripheral module, the flag must be read after being cleared to 0.

' One cycle (worst case) '
after the bus cycle completion

External i i
clock @ | | ' | | ' | |
o U UUUUUUUY e

|
|
Bus master | CPU | CPU | CPU

Operating clock Operating clock changed
specified in SCKCR

Figure17.5 Clock Modification Timing

17.5.2 Noteson Resonator

Since various characteristics related to the resonator are closely linked to the user’ s board design,
thorough evaluation is necessary on the user’s part, using the resonator connection examples
shown in this section as areference. As the parameters for the resonator will depend on the
floating capacitance of the resonator and the mounting circuit, the parameters should be
determined in consultation with the resonator manufacturer. The design must ensure that a voltage
exceeding the maximum rating is not applied to the resonator pin.

1753 Noteson Board Design

When using the crystal resonator, place the crystal resonator and its load capacitors as close as
possible to the XTAL and EXTAL pins. Other signal lines should be routed away from the
oscillation circuit as shown in figure 17.6 to prevent induction from interfering with correct
oscillation.
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Inhibited ——Signal A Signal B

This LSI
C2
11
[N}

XTAL

—H

EXTAL

11
[N} ! !
Cu : :

r
r

Figure17.6 Noteon Board Design for Oscillation Circuit

Figure 17.7 shows the external circuitry recommended for the PLL circuit. Separate PLLVcc and
PLLVssfrom the other Vcc and Vsslines at the board power supply source, and be sure to insert
bypass capacitors CPB and CB close to the pins.

Rp: 100 Q
PLLVcc My
CPB: 0.1 pF*

PLLVss T

Vce

+ CB: 0.1 uF* 4|.'
Vss
T

Note: * CB and CPB are laminated ceramic capacitors.

Figure17.7 Recommended External Circuitry for PLL Circuit
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Section 18 Power-Down Modes

This LSl has power consumption reduction functions, such as multi-clock function, module stop
function, and transition function to power-down mode.

18.1 Features

¢ Multi-clock function

The frequency division ratio is settable independently for the system clock, peripheral module
clock, and external bus clock.

e Module stop function

The functions for each peripheral modules can be stopped to make a transition to a power-
down mode.

e Transition function to power-down mode

Transition to a power-down mode is possible to stop the CPU, peripheral modules, and
oscillator.

« Four power-down modes
Sleep mode
All-module-clock-stop mode
Software standby mode
Hardware standby mode

Table 18.1 shows conditions for making atransition to a power-down mode, states of the CPU and
peripheral modules, and clearing method for each mode. After the reset state, since thisL Sl
operates in normal program execution state, the modules, other than the DTC are stopped.

Rev. 1.00, 09/03, page 533 of 618
RRENESAS



Table18.1 Operating States

All-Module-Clock- Software Standby Hardware

Operating State  Sleep Mode Stop Mode Mode Standby Mode
Transition Control register + Control register + Control register +  Pin input
condition instruction instruction instruction

Cancellation Interrupt Interrupt*? External interrupt

method

Oscillator Functions Functions Halted Halted
CPU Halted (retained) Halted Halted (retained) Halted
Watchdog timer Functions Functions Halted (retained) Halted
8-bit timer Functions Functions** Halted (retained) Halted
Other peripheral  Functions Halted Halted** Halted*®
modules

1/0 port Functions Retained Retained Hi-Z

Notes: “Halted (retained)” in the table means that the internal register values are retained and
internal operations are suspended.

PO bdPE

SCI enters the reset state, and other peripheral modules retain their states.

External interrupt and some internal interrupts (8-bit timer and watchdog timer)
All peripheral modules enter the reset state.
“Functions” or “Halted” is selectable through the setting of bits MSTPA11 to MSTPAS8 in

MSTPCRA. However, pin output is disabled even when “Functions” is selected.
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STBY pin = low

STBY pin = high
Reset state
—/ RES pin = low Hardware standby mode

SSBY =0

ES pin = high
SLEEP
instruction

Sleep mode

A\

SSBY =0, ACSE =1
MSTPCR = H'F[0-F]FFFFFF

All interrupts

SLEEP instruction

Program execution state All-module-clock-

Interrupt* 1 stop mode
SLEEP instruction
SSBY =1
External =
interrupt*2 [~ Software standby mode

Program halted state

—————— Transition after exception handling

Notes: From any state, a transition to hardware standby mode occurs when STBY is driven low.
From any state except for hardware standby mode, a transition to the reset state occurs when RES is driven low.
1. NMI, IRQO to IRQ11, 8-bit timer interrupts, and watchdog timer interrupts.
The 8-bit timer is valid when bits MSTPCRA11 to MSTPCRAS are all cleared to 0.
2. NMl and IRQO to IRQ11. Note that IRQ is valid only when the corresponding bit in SSIER is set to 1.

Figure18.1 Mode Transitions

18.2 Register Descriptions

The registers related to the power-down modes are shown below. For details on the system clock
control register (SCKCR), refer to section 17.1.1, System Clock Control Register (SCKCR).

« Standby control register (SBYCR)

* Module stop control register A (MSTPCRA)
¢ Module stop control register B (MSTPCRB)
e Module stop control register C (MSTPCRC)

Rev. 1.00, 09/03, page 535 of 618
RRENESAS




18.2.1

Standby Control Register (SBYCR)

SBY CR controls software standby mode.

Bit

7

6

4 3 2 1 0

BitName | ssBY | OPE

| STS4 STS3 STS2 STS1 STSO

Initial Value 0

R/W

Bit

R/W

1
R/W

Initial

Bit Name Value

R/W

R/W

0 1 1 1 1

R/W R/W R/W R/W R/W

Description

7

SSBY

0

R/W

Software Standby

Specifies the transition mode after executing the SLEEP
instruction

0: Shifts to sleep mode after the SLEEP instruction is
executed

1: Shifts to software standby mode after the SLEEP
instruction is executed

This bit does not change when clearing the software
standby mode by using external interrupts and shifting to
normal operation. For clearing, write O to this bit. When
the WDT is used as the watchdog timer, the setting of this
bit is disabled. In this case, a transition is always made to
sleep mode or all-module-clock-stop mode after the
SLEEP instruction is executed.

OPE

R/W

Output Port Enable
Specifies whether the output of the address bus and bus

control signals (CSO0 to CS7, AS, RD, HWR, and LWR) is
retained or set to the high-impedance state in software

standby mode.

0: In software standby mode, address bus and bus
control signals are high-impedance

1: In software standby mode, address bus and bus
control signals retain output state

R/W

Reserved

This bit is always read as 0. The write value should
always be 0.
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Bit Bit Name Value R/W Description

4 STS4 0 R/W Standby Timer Select 4to 0

3 STS3 1 R/W These bits select the time the MCU waits for the clock to

2 STS?2 1 R/W settle when software standby mode is cleared by an
external interrupt. With a crystal resonator, refer to table

1 STS1 1 RIW 18.2 and make a selection according to the operating

0 STSO 1 R/W frequency so that the standby time is at least equal to the

oscillation settling time. With an external clock, a PLL
circuit settling time is necessary. Refer to table 18.2 to set
the standby time.

While oscillation is being settled, the timer is counted on
the Pgclock frequency. Careful consideration is required
in multi-clock mode.

00000: Reserved

00001: Reserved

00010: Reserved

00011: Reserved

00100: Reserved

00101: Standby time = 64 states
00110: Standby time = 512 states
00111: Standby time = 1024 states
01000: Standby time = 2048 states
01001: Standby time = 4096 states
01010: Standby time = 16384 states
01011: Standby time = 32768 states
01100: Standby time = 65536 states
01101: Standby time = 131072 states
01110: Standby time = 262144 states
01111: Standby time = 524288 states
IXXXX: Reserved

Notes: 1. X: Don't care
2. With the F-ZTAT version, the flash memory settling time must be reserved.
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18.2.2 Module Stop Control RegistersA and B (MSTPCRA and M STPCRB)

MSTPCRA and MSTPCRB control module stop mode. Setting a bit to 1 makes the corresponding
module enter module stop mode, while clearing the bit to 0 clears module stop mode.

¢ MSTPCRA
Bit 15 14 13 12 11 10 9 8
Bit Name ACSE MSTPA14 MSTPA13 MSTPA12 MSTPA11 MSTPA10 MSTPA9 MSTPA8
Initial Value 0 0 0 0 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name MSTPA7 MSTPAG MSTPAS MSTPA4 MSTPA3 MSTPA2 MSTPAL MSTPAO

Initial Value 1 1 1 1 1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W
¢ MSTPCRB

Bit 15 14 13 12 11 10 9 8

Bit Name MSTPB15 | MSTPB14 | MSTPB13 | MSTPB12 | MSTPB11 | MSTPB10 MSTPB9 MSTPB8

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO

Initial Value 1 1 1 1 1 1 1 1

RIW R/IW RIW R/IW RIW R/IW R/IW RIW R/IW
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* MSTPCRA

Initial

Bit Bit Name Value R/W Module

15 ACSE 0 R/W All-Module-Clock-Stop Mode Enable
Enables/disables all-module-clock-stop mode for
reducing current consumption by stopping the bus
controller and I/O ports operations when the CPU
executes the SLEEP instruction after module stop mode
has been set for all the on-chip peripheral modules
controlled by MSTPCR.
0: All-module-clock-stop mode disabled
1: All-module-clock-stop mode enabled

14 MSTPA14 0 R/W Reserved

13 MSTPA13 0 R/W These bits are always read as 0. The write value should
always be 0.

12 MSTPA12 0 R/W Data transfer controller (DTC)

11 MSTPA1l 1 R/W Reserved

10 MSTPA10 1 R/W These bits are always read as 1. The write value should
always be 1.

9 MSTPA9 1 R/W  8-bit timer (TMR_3 and TMR_2)

8 MSTPA8 1 R/W 8-bit timer (TMR_1 and TMR_0)

7 MSTPA7 1 R/W Reserved

6 MSTPA6 1 R/W These bits are always read as 1. The write value should
always be 1.

5 MSTPAS 1 R/W D/A converter (channels 1 and 0)

4 MSTPA4 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

MSTPA3 1 R/W A/D converter (unit 0)
2 MSTPA2 1 R/W Reserved
MSTPA1l 1 R/W These bits are always read as 1. The write value should

always be 1.

0 MSTPAO 1 R/W 16-bit timer pulse unit (TPU channels 5 to 0)
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+ MSTPCRB

Initial
Bit Bit Name Value R/W Module
15 MSTPB15 1 R/W Programmable pulse generator (PPG)
14 MSTPB14 1 R/W Reserved
13 MSTPB13 1 R/W These bits are always read as 1. The write value should
always be 1.
12 MSTPB12 1 R/W Serial communication interface_4 (SCI_4)
11 MSTPB11 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
10 MSTPB10 1 R/W Serial communication interface_2 (SCI_2)
9 MSTPB9 1 R/W Serial communication interface_1 (SCI_1)
8 MSTPB8 1 R/W Serial communication interface_0 (SCI_0)
7 MSTPB7 1 R/W Reserved
6 MSTPB6 1 R/W These bits are always read as 1. The write value should
5 MSTPB5 1 Rw  alwaysbe 1.
4 MSTPB4 1 R/W
3 MSTPB3 1 R/W
2 MSTPB2 1 R/W
1 MSTPB1 1 R/W
0 MSTPBO 1 R/W

18.23 Module Stop Control Register C (MSTPCRC)

When bits MSTPC7 to MSTPCO are set to 1, the corresponding on-chip RAM stops. Do not set
the corresponding MSTPC7 to MSTPCO bits to 1 while accessing on-chip RAM.

Bit 15 14 13 12 11 10 9 8

Bit Name | MSTPC15 | MSTPC14 | MSTPC13 | MSTPC12 | MSTPC11 | MSTPC10 | MSTPC9 MSTPC8

Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W RIW R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name MSTPC7 MSTPC6 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Bit Bit Name Value R/W Module

15 MSTPC15 1 R/W Reserved

14 MSTPC14 1 R/W These bits are always read as 1. The write value should
13 MSTPC13 1 Rw  alwaysbe 1.

12 MSTPC12 1 R/W

11 MSTPC11 1 R/W

10 MSTPC10 1 R/W

9 MSTPC9 1 R/W

8 MSTPC8 1 R/W

7 MSTPC7 O R/W Reserved

6 MSTPC6 O R/W These bits are always read as 0. The write value should
5 MSTPC5 0 Rw  aways be0.

4 MSTPC4 O R/W

3 MSTPC3 0 R/W

2 MSTPC2 O R/W On-chip RAM_2 (H'FFF6000 to H'FFF7FFF)

1 MSTPC1 O R/W On-chip RAM_1 (H'FFF8000 to H'FFFOFFF)

0 MSTPCO O R/W On-chip RAM_0 (H'FFFAOQ00 to H'FFFBFFF)

18.3 Multi-Clock Function

When bits ICK2 to ICKO0, PCK2 to PCKO0, and BCK2 to BCKO in SCKCR are set, atransition is
made to multi-clock mode at the end of the bus cycle. In multi-clock mode, the CPU and bus
masters operate on the operating clock specified by bits ICK2 to ICKO. The peripheral modules
operate on the operating clock specified by bits PCK2 to PCKO0. The external bus operates on the
operating clock specified by bits BCK2 to BCKO.

Even if the frequencies specified by bits PCK2 to PCKO0 and BCK2 to BCKO are higher than the
frequency specified by bits ICK2 to ICKO, the specified values are not reflected in the peripheral
module and external bus clocks. The peripheral module and external bus clocks are restricted to
the operating clock specified by bits ICK2 to ICKO.

Multi-clock modeis cleared by clearing al of bits ICK2 to ICK0, PCK2 to PCKO0, and BCK2 to
BCKOto 0. A transition is made to normal mode at the end of the bus cycle, and multi-clock mode
iscleared.

If a SLEEP instruction is executed while the SSBY hit in SBY CR is cleared to 0, thisLSI enters
sleep mode. When sleep modeis cleared by an interrupt, multi-clock mode is restored.
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If a SLEEP instruction is executed while the SSBY bit in SBYCRisset to 1, thisLS| enters
software standby mode. When software standby mode is cleared by an external interrupt, multi-
clock modeis restored.

When the RES pin is driven low, the reset state is entered and multi-clock modeis cleared. The
same appliesto areset caused by watchdog timer overflow.

When the STBY pin isdriven low, atransition is made to hardware standby mode.
184  Sleep Mode

18.4.1 Transition to Sleep Mode

When the SLEEP instruction is executed when the SSBY hit in SBY CR is 0, the CPU enters dleep
mode. In sleep mode, CPU operation stops but the contents of the CPU’ sinternal registers are
retained. Other periphera functions do not stop.

18.4.2 Clearing Sleep Mode

Sleep mode is exited by any interrupt, signals on the RES or STBY pin, and areset caused by a
watchdog timer overflow.

1. Clearing by interrupt
When an interrupt occurs, sleep mode is exited and interrupt exception processing starts. Sleep
mode is not exited if the interrupt is disabled, or interrupts other than NMI are masked by the
CPU.

2. Clearing by RES pin
Setting the RES pin level low selects the reset state. After the stipulated reset input duration,
driving the RES pin high makes the CPU start the reset exception processing.
3. Clearing by STBY pin
When the STBY pin level isdriven low, atransition is made to hardware standby mode.
4. Clearing by reset caused by watchdog timer overflow
Sleep mode is exited by an internal reset caused by a watchdog timer overflow.
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18,5 Software Standby Mode

18.5.1 Transition to Software Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBY CR is set to 1, software standby
mode is entered. In this mode, the CPU, on-chip peripheral functions, and oscillator all stop.
However, the contents of the CPU’ s interna registers, on-chip RAM data, and the states of on-
chip peripheral functions other than the SCI, and the states of the 1/0 ports, are retained. Whether
the address bus and bus control signals are placed in the high-impedance state or retain the output
state can be specified by the OPE bit in SBY CR. In this mode the oscillator stops, allowing power
consumption to be significantly reduced.

If the WDT isused as awatchdog timer, it isimpossible to make a transition to software standby
mode. The WDT should be stopped before the SLEEP instruction execution.

18.5.2 Clearing Software Standby Mode

Software standby mode is cleared by an external interrupt (NMI pin, or pins IRQO to IRQ11*), or
by means of the RES pin or STBY pin.

1. Clearing by interrupt
When an NMI or IRQO to IRQ11* interrupt request signal isinput, clock oscillation starts, and
after the elapse of thetime set in bits STS4 to STS0 in SBY CR, stable clocks are supplied to
the entire L SI, software standby mode is cleared, and interrupt exception handling is started.
When clearing software standby mode with an IRQO to IRQ11* interrupt, set the
corresponding enable bit to 1 and ensure that no interrupt with a higher priority than interrupts
IRQO to IRQ11* is generated. Software standby mode cannot be cleared if the interrupt has
been masked on the CPU side or has been designated asa DTC activation source.
Note: * By setting the SSIn bitin SSIER to 1, IRQO to IRQ11 can be used as a software

standby mode clearing source.

2. Clearing by RES pin
When the RES pin is driven low, clock oscillation is started. At the same time as clock
oscillation starts, clocks are supplied to the entire L SI. Note that the RES pin must be held low
until clock oscillation settles. When the RES pin goes high, the CPU begins reset exception
handling.

3. Clearing by STBY pin
When the STBY pin is driven low, atransition is made to hardware standby mode.
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18.5.3 Setting Oscillation Settling Time after Clearing Software Standby Mode
Bits STS4 to STS0 in SBY CR should be set as described below.

1. Using acrystal resonator
Set bits STS4 to STSO0 so that the standby time is at least equal to the oscillation settling time.

Table 18.2 shows the standby times for operating frequencies and settings of bits STS4 to
STSO.

2. Using an external clock
A PLL circuit settling time is necessary. Refer to table 18.2 to set the standby time.

Table18.2 Oscillation Settling Time Settings

Standby Pg [MHz]
STS4 STS3 STS2 STS1 STSO Time 35 25 20 Unit
0 0 0 0 0 Reserved 0O O O us
1 Reserved 0O O O
1 0 Reserved O O O
1 Reserved 0O O O
1 0 0 Reserved O O O
1 64 1.8 2.6 3.2
1 0 512 14.6 20.5 25.6
1 1024 29.3 41.0 51.2
1 0 0 0 2048 58.5 81.9 102.4
1 4096 0.12 0.16 0.20 ms
1 0 16384 0.47 0.66 0.82
1 32768 0.94 1.31 1.64
1 0 0 65536 1.87 2.62 3.28
1 131072 3.74 5.24 6.55
1 0 262144 7.49 10.49 13.11
1 524288 14.98 20.97 26.21
1 0 0 0 0 Reserved O O O

I:l . Recommended time setting when using a crystal resonator.
[ ]: Recommended time setting when using an external clock.
Note: * Pqis the output from the peripheral module frequency divider.
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Pg* [MHZz]

Standby
STS4 STS3 STS2 STS1 STSO Time 13 10 8 Unit
0 0 0 0 0 Reserved 0O O O us
1 Reserved O O O
1 0 Reserved O O O
1 Reserved 0O O O
1 0 0 Reserved 0O O O
1 64 4.9 6.4 8.0
1 0 512 39.4 51.2 64.0
1 1024 78.8 102.4 128.0
1 0 0 0 2048 157.5 204.8 256.0
1 4096 0.32 0.41 0.51 ms
1 0 16384 1.26 1.64 2.05
1 32765 2.52 3.28 4.10
1 0 0 65536 5.04 6.55 8.19
1 131072 10.08 13.11 16.38
1 0 262144 20.16 26.21 32.77
1 524288 40.33 52.43 65.54
1 0 0 0 0 Reserved O O O

[ ]: Recommended time setting when using a crystal resonator.
[ ]: Recommended time setting when using an external clock.
Note: * qis the output from the peripheral module frequency divider.

1854  Software Standby Mode Application Example

Figure 18.2 shows an example in which atransition is made to software standby mode at the
falling edge on the NMI pin, and software standby mode is cleared at the rising edge on the NMI

pin.

In this example, an NMI interrupt is accepted with the NMIEG bit in INTCR cleared to O (falling
edge specification), then the NMIEG bit is set to 1 (rising edge specification), the SSBY bit is set
to 1, and a SLEEP instruction is executed, causing a transition to software standby mode.

Software standby mode is then cleared at the rising edge on the NMI pin.
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Figure 18.2 Software Standby Mode Application Example
18.6 Hardware Standby Mode

18.6.1 Transition to Hardware Standby Mode
When the STBY pin isdriven low, atransition is made to hardware standby mode from any mode.

In hardware standby mode, all functions enter the reset state and stop operation, resulting in a
significant reduction in power consumption. Aslong as the prescribed voltage is supplied, on-chip
RAM dataisretained. I/O ports are set to the high-impedance state.

In order to retain on-chip RAM data, the RAME bit in SY SCR should be cleared to 0 before
driving the STBY pin low. Do not change the state of the mode pins (MD2 to MDO) while this
LSl isin hardware standby mode.

18.6.2 Clearing Hardware Standby Mode

Hardware standby mode is cleared by means of the STBY pin and the RES pin. When the STBY
pin is driven high while the RES pin is low, the reset state is entered and clock oscillation is
started. Ensure that the RES pin is held low until clock oscillation settles (for details on the
oscillation settling time, refer to table 18.2). When the RES pin is subsequently driven high, a
transition is made to the program execution state via the reset exception handling state.
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18.6.3 Hardware Standby Mode Timing
Figure 18.3 shows an example of hardware standby mode timing.

When the STBY pin isdriven low after the RES pin has been driven low, atransition is made to
hardware standby mode. Hardware standby mode is cleared by driving the STBY pin high,
waiting for the oscillation settling time, then changing the RES pin from low to high.
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settling exception
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Figure 18.3 Hardware Standby Mode Timing

18.6.4 Timing Sequence at Power-On
Figure 18.4 shows the timing sequence at power-on.

At power-on, the RES pin must be driven low with the STBY pin driven high for agiven timein
order to clear the reset state.

To enter hardware standby mode immediately after power-on, drive the STBY pin low after
exiting the reset state.

For details on clearing hardware standby mode, see section 18.6.3, Hardware Standby Mode
Timing.
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18.7 Module Stop Mode

18.7.1 Module Stop Mode
Module stop mode can be set for individual on-chip peripheral modules.

When the corresponding MSTP bit in MSTPCRA, MSTPCRB, or MSTPCRC is set to 1, module
operation stops at the end of the bus cycle and atransition is made to module stop mode. The CPU
continues operating independently.

When the corresponding MSTP hit is cleared to 0, module stop mode is cleared and the module
starts operating at the end of the bus cycle. In module stop mode, the internal states of modules
other than the SCI are retained.

After the reset state is cleared, all modules other than the DTC and on-chip RAM are in module
stop mode.

The registers of the module for which module stop mode is selected cannot be read from or written
to.

18.7.2  All-Module-Clock-Stop Mode

When the ACSE bit is set to 1 and all modules controlled by MSTPCR are stopped (MSTPCRA,
MSTPCRB = H'FFFFFFFF), or all modules except for the 8-bit timer are stopped (MSTPCRA,
MSTPCRB = H'F 0 to F]FFFFFF), executing a SLEEP instruction with the SSBY bit in SBY CR
cleared to O will cause all modules (except for the 8-bit timer* and watchdog timer), the bus
controller, and the |/O ports to stop operating, and to make atransition to all-module-clock-stop
mode at the end of the bus cycle.

All-module-clock-stop mode is cleared by an external interrupt (NMI or IRQO to IRQ11 pins),
RES pin input, or an internal interrupt (8-bit timer* or watchdog timer), and the CPU returnsto the
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normal program execution state via the exception handling state. All-module-clock-stop modeis
not cleared if interrupts are disabled, if interrupts other than NM| are masked on the CPU side, or
if the relevant interrupt is designated asa DTC activation source.

When the STBY pin isdriven low, atransition is made to hardware standby mode.

Note: * Operation or halting of the 8-bit timer can be selected by bits MSTPA11 to MSTPA8 in
MSTPCRA.

188 B@Clock Output Control

Output of the B clock can be controlled by bits PSTOP1 and POSEL 1 in SCKCR, and DDR for
the corresponding PA7 pin.

Clearing both bits PSTOP1 and POSEL 1 to 0 enables the B clock output on the PA7 pin. When
bit PSTOPL1 is set to 1, the B clock output stops at the end of the bus cycle, and the B clock
output goes high. When DDR for the PA7 pinis cleared to 0, the B clock output is disabled and
the pin becomes an input port.

Tables 18.3 shows the states of the B pin in each processing state.

Table18.3 B@Pin (PA7) Statein Each Processing State

All- Software Standby
Register Setting Value Normal Module- Mode Hardware
Operating Sleep Clock- Standby
DDR PSTOP1 POSEL1  State Mode Stop Mode OPE=0 OPE=1 Mode
0 X X Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
1 0 0 Beoutput B@output Bgoutput High High Hi-Z
1 0 1 Setting Setting Setting Setting Setting Setting

prohibited prohibited prohibited prohibited prohibited prohibited

1 1 X High High High High High Hi-Z
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189 Usage Notes

18.9.1 1/O Port Status

In software standby mode, the I/O port states are retained. Therefore, there is no reductionin
current consumption for the output current when a high-level signal is output.

18.9.2  Current Consumption during Oscillation Settling Standby Period

Current consumption increases during the oscillation settling standby period.

18.9.3 DTC Module Stop

Depending on the operating state of the DTC, bit MSTPA12 may not be set to 1. Setting of the
DTC module stop maode should be carried out only when the DTC is not activated.

For details, refer to section 7, Data Transfer Controller (DTC).

18.9.4  On-Chip Peripheral Module Interrupts

Relevant interrupt operations cannot be performed in module stop mode. Consequently, if module
stop mode is entered when an interrupt has been requested, it will not be possible to clear the CPU
interrupt source or the DTC activation source. Interrupts should therefore be disabled before
entering module stop mode.

1895 Writingto MSTPCRA, MSTPCRB, and MSTPCRC

MSTPCRA, MSTPCRB, and MSTPCRC should only be written to by the CPU.
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Section 19 List of Registers

The register list gives information on the on-chip 1/0 register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)
* Registersarelisted from the lower allocation addresses.
» Registersare classified according to functional modules.

» The number of Access Cyclesindicates the number of states based on the specified reference
clock. For details, refer to section 6.5.4, External Bus I nterface.

» Undefined and reserved addresses cannot be accessed. Do not access these addresses;
otherwise, the operation when accessing these bits and subsegquent operations cannot be
guaranteed.

2. Register bits

» Bit configurations of the registers are listed in the same order as the register addresses.

* Reserved bitsareindicated by O in the bit name column.

» Spacein the bit name field indicates that the entire register is alocated to either the counter or
data

» For theregisters of 16 or 32 bits, the MSB islisted first.
Byte configuration description order is subject to big endian.

3. Register statesin each operating mode

* Register states are listed in the same order as the register addresses.

» For theinitialized state of each hit, refer to the register description in the corresponding
section.

» Theregister states shown here are for the basic operating modes. If there is a specific reset for
an on-chip peripheral module, refer to the section on that on-chip peripheral module.

Rev. 1.00, 09/03, page 551 of 618
RENESAS



19.1 Register Addresses (AddressOrder)

Access
Number Data Cycles

Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Port 1 data direction register P1DDR 8 H'FFB80 1/0 port 8 2P@2P@
Port 2 data direction register P2DDR 8 H'FFB81 1/0 port 8 2P@2P@
Port 3 data direction register P3DDR 8 H'FFB82 1/0 port 8 2P@2P@
Port 6 data direction register P6DDR 8 H'FFB85 1/0 port 8 2P@2P@
Port A data direction register PADDR 8 H'FFB89 1/0 port 8 2P@2P@
Port B data direction register PBDDR 8 H'FFB8A 1/0 port 8 2P@2P@
Port D data direction register PDDDR 8 H'FFB8C 1/0 port 8 2P@2P@
Port E data direction register PEDDR 8 H'FFB8D I/0 port 8 2P@2P@
Port F data direction register PFDDR 8 H'FFBSE 1/0 port 8 2P@2P@
Port 1 input buffer control register P1ICR 8 H'FFB90 1/0 port 8 2P@2P@
Port 2 input buffer control register  P2ICR 8 H'FFB91 1/0 port 8 2P@2P@
Port 3 input buffer control register  P3ICR 8 H'FFB92 1/0 port 8 2P@2P@
Port 5 input buffer control register  P5ICR 8 H'FFB94 1/0 port 8 2P@2P@
Port 6 input buffer control register  P6ICR 8 H'FFB95 1/0 port 8 2P@2P@
Port A input buffer control register PAICR 8 H'FFB99 1/0 port 8 2P@2P@
Port B input buffer control register PBICR 8 H'FFBY9A 1/0 port 8 2P@2P@
Port D input buffer control register PDICR 8 H'FFBOC 1/0 port 8 2P@2P@
Port E input buffer control register PEICR 8 H'FFB9D I/0 port 8 2P@2P@
Port F input buffer control register PFICR 8 H'FFB9E 1/0 port 8 2P@2P@
Port H register PORTH 8 H'FFBAO 1/0 port 8 2P@2P@
Port | register PORTI 8 H'FFBAl 1/0 port 8 2P@2P@
Port H data register PHDR 8 H'FFBA4 1/0 port 8 2P@2P@
Port | data register PIDR 8 H'FFBAS 1/0 port 8 2P@2P@
Port H data direction register PHDDR 8 H'FFBAS8 1/0 port 8 2P@2P@
Port | data direction register PIDDR 8 H'FFBA9 1/0 port 8 2P@2P@
Port H input buffer control register PHICR 8 H'FFBAC 1/0 port 8 2P@2P@
Port | input buffer control register ~ PIICR 8 H'FFBAD 1/0 port 8 2P@2P@
Port D pull-up MOS control register PDPCR 8 H'FFBB4 1/0 port 8 2P@2P@
Port E pull-up MOS control register PEPCR 8 H'FFBB5 1/0 port 8 2P@2P@
Port F pull-up MOS control register PFPCR 8 H'FFBB6 1/0 port 8 2P@2P@
Port H pull-up MOS control register PHPCR 8 H'FFBB8 1/0 port 8 2P@2P@
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Port | pull-up MOS control register PIPCR 8 H'FFBB9 1/0 port 8 2P@2P@
Port 2 open drain control register ~ P20DR 8 H'FFBBC 1/0 port 8 2P@2P@
Port F open drain control register ~ PFODR 8 H'FFBBD 1/0 port 8 2P@2P@
Port function control register O PFCRO 8 H'FFBCO 1/0 port 8 2P@3P@
Port function control register 1 PFCR1 8 H'FFBC1 1/0 port 8 2P@3P@
Port function control register 2 PFCR2 8 H'FFBC2 1/0 port 8 2P@3P@
Port function control register 4 PFCR4 8 H'FFBC4 1/0 port 8 2P@3P@
Port function control register 6 PFCR6 8 H'FFBC6 1/0 port 8 2P@3P@
Port function control register 9 PFCR9 8 H'FFBC9 1/0 port 8 2P@3P@
Port function control register B PFCRB 8 H'FFBCB 1/0 port 8 2P@3P@
Port function control register C PFCRC 8 H'FFBCC 1/0 port 8 2P@3P@
Software standby release IRQ SSIER 16 H'FFBCE INTC 8 2P@3P@
enable register
Interrupt priority register A IPRA 16 H'FFD40 INTC 16 21@3lp
Interrupt priority register B IPRB 16 H'FFD42 INTC 16 21¢/3lp
Interrupt priority register C IPRC 16 H'FFD44 INTC 16 21¢/3lp
Interrupt priority register E IPRE 16 H'FFD48 INTC 16 21@3lp
Interrupt priority register F IPRF 16 H'FFD4A INTC 16 21¢/3lp
Interrupt priority register G IPRG 16 H'FFD4C INTC 16 21@/3lp
Interrupt priority register H IPRH 16 H'FFD4E INTC 16 21¢/3lp
Interrupt priority register K IPRK 16 H'FFD54 INTC 16 21@3lp
Interrupt priority register L IPRL 16 H'FFD56 INTC 16 2l@'3le
IRQ sense control register H ISCRH 16 H'FFD68 INTC 16 21¢/3lp
IRQ sense control register L ISCRL 16 H'FFD6A INTC 16 2l@'3le
DTC vector base register DTCVBR 32 H'FFD80 BSC 16 21¢/3lp
Bus width control register ABWCR 16 H'FFD84 BSC 16 2l@'3le
Access state control register ASTCR 16 H'FFD86 BSC 16 21¢/3lp
Wait control register A WTCRA 16 H'FFD88 BSC 16 21¢/3lp
Wait control register B WTCRB 16 H'FFD8A BSC 16 21@3lp
Read strobe timing control register RDNCR 16 H'FFD8C BSC 16 21¢/3lp
CS assert period control register CSACR 16 H'FFDSE BSC 16 2l@'3le
Idle control register IDLCR 16 H'FFD90 BSC 16 21¢/3lp
Bus control register 1 BCR1 16 H'FFD92 BSC 16 2l@'3le
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Bus control register 2 BCR2 8 H'FFD94 BSC 16 21@3lp
Endian control register ENDIANCR 8 H'FFD95 BSC 16 21@3lp
SRAM mode control register SRAMCR 16 H'FFD98 BSC 16 21¢/3lp
Burst ROM interface control BROMCR 16 H'FFD9A BSC 16 2l@'3le
register
Address/data multiplexed 1/0 MPXCR 16 H'FFD9C BSC 16 21¢/3lp
control register
Mode control register MDCR 16 H'FFDCO SYSTEM 16 2l@'3le
System control register SYSCR 16 H'FFDC2 SYSTEM 16 21¢/3lp
System clock control register SCKCR 16 H'FFDC4 SYSTEM 16 2l¢@/3lgv
Standby control register SBYCR 16 H'FFDC6 SYSTEM 16 21¢/3lp
Module stop control register A MSTPCRA 16 H'FFDC8 SYSTEM 16 2l@'3le
Module stop control register B MSTPCRB 16 H'FFDCA SYSTEM 16 2l@'3le
Module stop control register C MSTPCRC 16 H'FFDCC SYSTEM 16 21¢/3lp
Serial extended mode register_2 ~ SEMR_2 8 H'FFE84 SCI_2 8 2P@2P@
Serial mode register_4 SMR_4 8 H'FFE90 SCI_4 8 2P@2P@
Bit rate register_4 BRR_4 8 H'FFE91 SCI_4 8 2P@2P@
Serial control register_4 SCR_4 8 H'FFE92 SCI_4 8 2P@2P@
Transmit data register_4 TDR_4 8 H'FFE93 SCI_4 8 2P@2P@
Serial status register_4 SSR_4 8 H'FFE94 SCI_4 8 2P@2P@
Receive data register_4 RDR_4 8 H'FFE95 SCI_4 8 2P@2P@
Smart card mode register_4 SCMR_4 8 H'FFE96 SCI_4 8 2P@2P@
Timer control register_2 TCR_2 8 H'FFECO TMR_2 16 2P@2P@
Timer control register_3 TCR_3 8 H'FFEC1 TMR_3 16 2P@2P@
Timer control/status register_2 TCSR_2 8 H'FFEC2 TMR_2 16 2P@2P@
Timer control/status register_3 TCSR_3 8 H'FFEC3 TMR_3 16 2P@2P@
Time constant register A_2 TCORA_2 8 H'FFEC4 TMR_2 16 2P@2P@
Time constant register A_3 TCORA_3 8 H'FFEC5 TMR_3 16 2P@2P@
Time constant register B_2 TCORB_2 8 H'FFEC6 TMR_2 16 2P@2P@
Time constant register B_3 TCORB_3 8 H'FFEC7 TMR_3 16 2P@2P@
Timer counter_2 TCNT_2 8 H'FFEC8 TMR_2 16 2P@2P@
Timer counter_3 TCNT_3 8 H'FFEC9 TMR_3 16 2P@2P@
Timer counter control register_2 TCCR_2 8 H'FFECA TMR_2 16 2P@2P@
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Timer counter control register_3 TCCR_3 8 H'FFECB TMR_3 16 2P@2P@
Timer control register_4 TCR_4 8 H'FFEEO TPU_4 16 2P@2P@
Timer mode register_4 TMDR_4 8 H'FFEE1 TPU_4 16 2P@2P@
Timer 1/O control register_4 TIOR_4 8 H'FFEE2 TPU_4 16 2P@2P@
Timer interrupt enable register_4  TIER_4 8 H'FFEE4 TPU_4 16 2P@2P@
Timer status register_4 TSR_4 8 H'FFEES TPU_4 16 2P@2P@
Timer counter_4 TCNT_4 16 H'FFEE6 TPU_4 16 2P@2Pg
Timer general register A_4 TGRA_4 16 H'FFEES8 TPU_4 16 2P@2P@
Timer general register B_4 TGRB_4 16 H'FFEEA TPU_4 16 2P@2P@
Timer control register_5 TCR_5 8 H'FFEFO TPU_S5 16 2P@2P@
Timer mode register_5 TMDR_5 8 H'FFEF1 TPU_S5 16 2P@2P@
Timer I/O control register_5 TIOR_5 8 H'FFEF2 TPU_S5 16 2P@2P@
Timer interrupt enable register 5  TIER_5 8 H'FFEF4 TPU_S5 16 2P@2P@
Timer status register_5 TSR_5 8 H'FFEF5 TPU_S5 16 2P@2P@
Timer counter_5 TCNT_5 16 H'FFEF6 TPU_S5 16 2P@2P@
Timer general register A_5 TGRA_S5 16 H'FFEF8 TPU_S5 16 2P@2P@
Timer general register B_5 TGRB_5 16 H'FFEFA TPU_S5 16 2P@2P@
DTC enable register A DTCERA 16 H'FFF20 INTC 16 21@3lp
DTC enable register B DTCERB 16 H'FFF22 INTC 16 21@3lp
DTC enable register C DTCERC 16 H'FFF24 INTC 16 21¢/3lp
DTC enable register D DTCERD 16 H'FFF26 INTC 16 21@3lp
DTC enable register E DTCERE 16 H'FFF28 INTC 16 21¢/3lp
DTC enable register F DTCERF 16 H'FFF2A INTC 16 21@/3lp
DTC enable register G DTCERG 16 H'FFF2C INTC 16 21¢/3lp
DTC enable register H DTCERH 16 H'FFF2E INTC 16 21¢/3lp
DTC control register DTCCR 8 H'FFF30 INTC 16 2l@'3le
Interrupt control register INTCR 8 H'FFF32 INTC 16 21¢/3lp
CPU priority control register CPUPCR 8 H'FFF33 INTC 16 2l@'3le
IRQ enable register IER 16 H'FFF34 INTC 16 21¢/3lp
IRQ status register ISR 16 H'FFF36 INTC 16 21@3lp
Port 1 register PORT1 8 H'FFF40 1/0 port 8 2P@0
Port 2 register PORT2 8 H'FFF41 1/0 port 8 2P@0O
Port 3 register PORT3 8 H'FFF42 1/0 port 8 2P@0
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Port 5 register PORTS 8 H'FFF44 1/0 port 8 2P@0
Port 6 register PORT6 8 H'FFF45 1/0 port 8 2P@0
Port A register PORTA 8 H'FFF49 1/0 port 8 2P@0O
Port B register PORTB 8 H'FFF4A 1/0 port 8 2P@0
Port D register PORTD 8 H'FFF4C I/0 port 8 2P@0O
Port E register PORTE 8 H'FFF4D 1/0 port 8 2P@0
Port F register PORTF 8 H'FFF4E 1/0 port 8 2P@0
Port 1 data register P1DR 8 H'FFF50 1/0 port 8 2P@2P@
Port 2 data register P2DR 8 H'FFF51 1/0 port 8 2P@2P@
Port 3 data register P3DR 8 H'FFF52 1/0 port 8 2P@2P@
Port 6 data register P6DR 8 H'FFF55 1/0 port 8 2P@2P@
Port A data register PADR 8 H'FFF59 1/0 port 8 2P@2P@
Port B data register PBDR 8 H'FFF5A 1/0 port 8 2P@2P@
Port D data register PDDR 8 H'FFF5C 1/0 port 8 2P@2P@
Port E data register PEDR 8 H'FFF5D I/0 port 8 2P@2P@
Port F data register PFDR 8 H'FFF5E 1/0 port 8 2P@2P@
Serial mode register_2 SMR_2 8 H'FFF60 SCI_2 8 2P@2P@
Bit rate register_2 BRR_2 8 H'FFF61 SCI_2 8 2P@2P@
Serial control register_2 SCR_2 8 H'FFF62 SCI_2 8 2P@2P@
Transmit data register_2 TDR_2 8 H'FFF63 SCI_2 8 2P@2P@
Serial status register_2 SSR_2 8 H'FFF64 SCI_2 8 2P@2P@
Receive data register_2 RDR_2 8 H'FFF65 SCI_2 8 2P@2P@
Smart card mode register_2 SCMR_2 8 H'FFF66 SCI_2 8 2P@2P@
D/A data register O DADRO 8 H'FFF68 D/IA 8 2P@2P@
D/A data register 1 DADR1 8 H'FFF69 D/IA 8 2P@2P@
D/A control register 01 DACRO1 8 H'FFF6A D/IA 8 2P@2P@
PPG output control register PCR 8 H'FFF76 PPG 8 2P@2P@
PPG output mode register PMR 8 H'FFF77 PPG 8 2P@2P@
Next data enable register H NDERH 8 H'FFF78 PPG 8 2P@2P@
Next data enable register L NDERL 8 H'FFF79 PPG 8 2P@2P@
Output data register H PODRH 8 H'FFF7A PPG 8 2P@2Pg
Output data register L PODRL 8 H'FFF7B PPG 8 2P@2P@
Next data register H* NDRH 8 H'FFF7C PPG 8 2P@2P@
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Next data register L* NDRL 8 H'FFF7D PPG 8 2P@2P@
Next data register H* NDRH 8 H'FFF7E PPG 8 2P@2P@
Next data register L* NDRL 8 H'FFF7F PPG 8 2P@2P@
Serial mode register_0 SMR_0 8 H'FFF80 SCI_0 8 2P@2P@
Bit rate register_0 BRR_O 8 H'FFF81 SCI_0 8 2P@2P@
Serial control register_0 SCR_0 8 H'FFF82 SCI_0 8 2P@2P@
Transmit data register_0 TDR_O 8 H'FFF83 SCILO 8 2P@2P@
Serial status register_0 SSR_0 8 H'FFF84 SCI_0 8 2P@2P@
Receive data register_0 RDR_O 8 H'FFF85 SCI_0 8 2P@2P@
Smart card mode register_0 SCMR_0 8 H'FFF86 SCI_0 8 2P@2P@
Serial mode register_1 SMR_1 8 H'FFF88 SCI_1 8 2P@2P@
Bit rate register_1 BRR_1 8 H'FFF89 SCI_1 8 2P@2P@
Serial control register_1 SCR_1 8 H'FFF8A SCI_1 8 2P@2P@
Transmit data register_1 TDR_1 8 H'FFF8B SCI_1 8 2P@2P@
Serial status register_1 SSR_1 8 H'FFF8C SCI_1 8 2P@2P@
Receive data register_1 RDR_1 8 H'FFF8D SCI_1 8 2P@2P@
Smart card mode register_1 SCMR_1 8 H'FFF8E SCI_1 8 2P@2P@
A/D data register A ADDRA 16 H'FFF90 A/D 16 2P@2P@
A/D data register B ADDRB 16 H'FFF92 A/D 16 2P@2P@
A/D data register C ADDRC 16 H'FFF94 A/D 16 2P@2P@
A/D data register D ADDRD 16 H'FFF96 A/D 16 2P@2P@
A/D data register E ADDRE 16 H'FFF98 A/D 16 2P@2P@
A/D data register F ADDRF 16 H'FFF9A A/D 16 2P@2P@
A/D data register G ADDRG 16 H'FFF9C A/D 16 2P@2P@
A/D data register H ADDRH 16 H'FFFOE A/D 16 2P@2P@
A/D control/status register ADCSR 8 H'FFFAOQ AID 16 2P@2P@
A/D control register ADCR 8 H'FFFA1 A/D 16 2P@2P@
Timer control/status register TCSR 8 H'FFFA4 WDT 2P@3P@
Timer counter TCNT 8 H'FFFA5 WDT 2P@3P@
Reset control/status register RSTCSR 8 H'FFFA7 WDT 2P@3P@
Timer control register_0 TCR_O 8 H'FFFBO TMR_O 16 2P@2P@
Timer control register_1 TCR_1 8 H'FFFB1 TMR_1 16 2P@2P@
Timer control/status register_0 TCSR_O 8 H'FFFB2 TMR_O 16 2P@2P@
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Timer control/status register_1 TCSR_1 8 H'FFFB3 TMR_1 16 2P@2P@
Time constant register A_0 TCORA_O 8 H'FFFB4 TMR_O 16 2P@2P@
Time constant register A_1 TCORA_1 8 H'FFFB5 TMR_1 16 2P@2P@
Time constant register B_0 TCORB_0 8 H'FFFB6 TMR_O 16 2P@2P@
Time constant register B_1 TCORB_1 8 H'FFFB7 TMR_1 16 2P@2P@
Timer counter_0 TCNT_O 8 H'FFFB8 TMR_O 16 2P@2P@
Timer counter_1 TCNT_1 8 H'FFFB9 TMR_1 16 2P@2P@
Timer counter control register_0 TCCR_O 8 H'FFFBA TMR_O 16 2P@2P@
Timer counter control register_1 TCCR_1 8 H'FFFBB TMR_1 16 2P@2P@
Timer start register TSTR 8 H'FFFBC TPU 16 2P@2P@
Timer synchronous register TSYR 8 H'FFFBD TPU 16 2P@2P@
Timer control register_0 TCR_O 8 H'FFFCO TPU_O 16 2P@2P@
Timer mode register_0 TMDR_O 8 H'FFFC1 TPU_O 16 2P@2P@
Timer 1/O control register H_0 TIORH_O 8 H'FFFC2 TPU_O 16 2P@2P@
Timer 1/O control register L_0 TIORL_O 8 H'FFFC3 TPU_O 16 2P@2P@
Timer interrupt enable register_ 0  TIER_O 8 H'FFFC4 TPU_O 16 2P@2P@
Timer status register_0 TSR_O 8 H'FFFC5 TPU_O 16 2P@2P@
Timer counter_0 TCNT_O 16 H'FFFC6 TPU_O 16 2P@2P@
Timer general register A_0 TGRA_O 16 H'FFFC8 TPU_O 16 2P@2P@
Timer general register B_0 TGRB_0O 16 H'FFFCA TPU_O 16 2P@2P@
Timer general register C_0 TGRC_O 16 H'FFFCC TPU_O 16 2P@2P@
Timer general register D_0 TGRD_0 16 H'FFFCE TPU_O 16 2P@2P@
Timer control register_1 TCR_1 8 H'FFFDO TPU_1 16 2P@2P@
Timer mode register_1 TMDR_1 8 H'FFFD1 TPU_1 16 2P@2P@
Timer I/O control register_1 TIOR_1 8 H'FFFD2 TPU_1 16 2P@2P@
Timer interrupt enable register_1 ~ TIER_1 8 H'FFFD4 TPU_1 16 2P@2P@
Timer status register_1 TSR_1 8 H'FFFD5 TPU_1 16 2P@2P@
Timer counter_1 TCNT_1 16 H'FFFD6 TPU_1 16 2P@2P@
Timer general register A_1 TGRA_1 16 H'FFFD8 TPU_1 16 2P@2P@
Timer general register B_1 TGRB_1 16 H'FFFDA TPU_1 16 2P@2P@
Timer control register_2 TCR_2 8 H'FFFEO TPU_2 16 2P@2P@
Timer mode register_2 TMDR_2 8 H'FFFE1 TPU_2 16 2P@2P@
Timer 1/O control register_2 TIOR_2 8 H'FFFE2 TPU_2 16 2P@2P@
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Access

Number Data Cycles
Register Name Abbreviation of Bits  Address Module Width  (Read/Write)
Timer interrupt enable register_2  TIER_2 8 H'FFFE4 TPU_2 16 2P@2P@
Timer status register_2 TSR_2 8 H'FFFES TPU_2 16 2P@2P@
Timer counter_2 TCNT_2 16 H'FFFE6 TPU_2 16 2P@2P@
Timer general register A_2 TGRA_2 16 H'FFFES8 TPU_2 16 2P@2P@
Timer general register B_2 TGRB_2 16 H'FFFEA TPU_2 16 2P@2P@
Timer control register_3 TCR_3 8 H'FFFFO TPU_3 16 2P@2P@
Timer mode register_3 TMDR_3 8 H'FFFF1 TPU_3 16 2P@2P@
Timer 1/O control register H_3 TIORH_3 8 H'FFFF2 TPU_3 16 2P@2P@
Timer 1/O control register L_3 TIORL_3 8 H'FFFF3 TPU_3 16 2P@2P@
Timer interrupt enable register_ 3  TIER_3 8 H'FFFF4 TPU_3 16 2P@2P@
Timer status register_3 TSR_3 8 H'FFFF5 TPU_3 16 2P@2P@
Timer counter_3 TCNT_3 16 H'FFFF6 TPU_3 16 2P@2P@
Timer general register A_3 TGRA_3 16 H'FFFF8 TPU_3 16 2P@2P@
Timer general register B_3 TGRB_3 16 H'FFFFA TPU_3 16 2P@2P@
Timer general register C_3 TGRC_3 16 H'FFFFC TPU_3 16 2P@2P@
Timer general register D_3 TGRD_3 16 H'FFFFE TPU_3 16 2P@2P@

Note: * When the same output trigger is specified for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FFF7C. When different output triggers are specified, the
NDRH addresses for pulse output groups 2 and 3 are H'FFF7E and H'FFF7C,
respectively. Similarly, When the same output trigger is specified for pulse output groups
0 and 1 by the PCR setting, the NDRL address is H'FFF7D. When different output
triggers are specified, the NDRL addresses for pulse output groups 0 and 1 are H'FFF7F
and H'FFF7D, respectively.
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19.2 Register Bits

Register addresses and bit names of the on-chip peripheral modules are described below.

Each line covers eight bits, and 16-bit and 32-hit registers are shown as 2 or 4 lines, respectively.

Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module
P1DDR P17DDR P16DDR P15DDR P14DDR P13DDR P12DDR P11DDR P10DDR  1/O port
P2DDR P27DDR  P26DDR P25DDR P24DDR P23DDR P22DDR P21DDR  P20DDR
P3DDR P37DDR P36DDR P35DDR  P34DDR P33DDR P32DDR P31DDR  P30DDR
P6DDR O O P65DDR  P64DDR P63DDR P62DDR  P61DDR  P60DDR
PADDR PA7DDR PA6DDR PA5DDR PA4DDR PA3DDR PA2DDR PA1DDR PAODDR
PBDDR 0 0 0 0 PB3DDR PB2DDR PB1DDR PBODDR
PDDDR PD7DDR PD6DDR PDS5DDR PD4DDR PD3DDR PD2DDR PD1DDR PDODDR
PEDDR PE7TDDR PE6DDR PE5DDR PE4DDR PE3DDR PE2DDR PEIDDR PEODDR
PFDDR PF7DDR PF6DDR PF5DDR PF4DDR PF3DDR PF2DDR PF1DDR PFODDR
P1ICR P17ICR P16ICR P15ICR P14ICR P13ICR P12ICR P11ICR P10ICR
P2ICR P27ICR P26ICR P25ICR P24ICR P23ICR P22ICR P21ICR P20ICR
P3ICR P37ICR P36ICR P35ICR P34ICR P33ICR P32ICR P31ICR P30ICR
P5ICR P57ICR P56ICR P55ICR P54ICR P53ICR P52ICR P51ICR P50ICR
P6ICR 0 0 P65ICR P64ICR P63ICR P62ICR P61ICR P60ICR
PAICR PA7ICR PABICR PAS5ICR PA4ICR PA3ICR PA2ICR PALICR PAOICR
PBICR O O O O PB3ICR PB2ICR PB1ICR PBOICR
PDICR PD7ICR  PD6ICR  PD5ICR  PD4ICR PD3ICR PD2ICR PD1lICR PDOICR
PEICR PE7ICR PE6ICR PE5ICR PE4ICR PE3ICR PE2ICR PE1ICR PEOICR
PFICR PF7ICR PF6ICR PF5ICR PF4ICR PF3ICR PF2ICR PF1ICR PFOICR
PORTH PH7 PH6 PH5 PH4 PH3 PH2 PH1 PHO
PORTI PI7 P16 PI5 Pl4 PI3 PI2 PI1 PIO
PHDR PH7DR PH6DR PH5DR PH4DR PH3DR PH2DR PH1DR PHODR
PIDR PI7DR PI6DR PISDR PI4DR PI3DR PI2DR PI1DR PIODR
PHDDR PH7DDR PH6DDR PH5DDR PH4DDR PH3DDR PH2DDR PH1DDR PHODDR
PIDDR PI7TDDR  PI6DDR  PISDDR  PI4DDR  PI3DDR  PI2DDR  PIIDDR  PIODDR
PHICR PH7ICR  PHBICR  PH5ICR  PH4ICR  PH3ICR PH2ICR PH1lICR  PHOICR
PIICR PI7ICR PI6GICR PISICR PI4ICR PISICR PI2ICR PILICR PIOICR
PDPCR PD7PCR PD6PCR PD5PCR PD4PCR PD3PCR PD2PCR PD1PCR PDOPCR
PEPCR PE7PCR PE6PCR PE6PCR PE4PCR PE3PCR PE2PCR PEIPCR PEOPCR
PFPCR PF7TPCR PF6PCR PF5PCR PF4PCR PF3PCR PF2PCR PF1PCR PFOPCR
PHPCR PH7PCR PH6PCR PH5PCR PH4PCR PH3PCR PH2PCR PH1PCR PHOPCR
PIPCR PI7PCR PI6PCR PISPCR PI4PCR PISPCR PI2PCR PI1IPCR PIOPCR
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

P20DR P270DR P260DR P250DR P240DR P230DR P220DR P210DR P200DR /O port
PFODR PF7ODR PF60DR PF50DR PF40DR PF30DR PF20DR PFIODR PFOODR
PFCRO CS7E CS6E CS5E CS4E CS3E CS2E CSI1E CSOE
PFCR1 CS7SA CS7SB  CS6SA  CS6SB  CS5SA  CS5SB O 0
PFCR2 0 cs2s BSS BSE 0 RDWRE  ASOE 0
PFCR4 A23E A22E A21E 0 0 0 0 0
PFCR6 0 LHWROE O n] TCLKS O 0 n]
PFCR9 TPUMS5 TPUMS4 TPUMS3A TPUMS3B TPUMS2 TPUMS1 TPUMSOA TPUMSOB
PFCRB 0 0 0 0 ITS11 ITS10 ITS9 ITS8
PFCRC ITS7 ITS6 ITS5 ITS4 ITS3 ITS2 ITS1 ITSO
SSIER 0 0 0 0 ssl11 Ssl10 SS9 ssig INTC

ssI7 Ssl6 SsI5 SSl4 ssI3 ssi2 ssi SSI0
IPRA 0 IPRA14  IPRA13 IPRA12 O IPRAI0  IPRA9 IPRA8

0 IPRA6 IPRA5 IPRA4 0 IPRA2 IPRAL IPRAO
IPRB 0 IPRB14 IPRB13 IPRB12 O IPRB10  IPRB9 IPRBS

0 IPRB6 IPRB5 IPRB4 0 IPRB2 IPRB1 IPRBO
IPRC 0 IPRC14 IPRC13 IPRC12 O IPRC10  IPRC9 IPRC8

0 IPRC6 IPRC5 IPRC4 0 IPRC2 IPRC1 IPRCO
IPRE 0 IPRE14 IPRE13 IPRE12 O IPRE1I0  IPRE9 IPRES

0 0 0 n] 0 n] 0 n]
IPRF 0 0 0 0 0 IPRF1I0  IPRF9 IPRF8

0 IPRF6 IPRF5 IPRF4 0 IPRF2 IPRF1 IPRFO
IPRG 0 IPRG14 IPRG13 IPRG12 O IPRG10  IPRG9 IPRG8

0 IPRG6 IPRG5 IPRG4 0 IPRG2 IPRG1 IPRGO
IPRH 0 IPRH14  IPRH13 IPRH12 O IPRH10  IPRH9 IPRH8

0 IPRH6 IPRH5 IPRH4 0 IPRH2 IPRH1 IPRHO
IPRK 0 0 0 0 0 0 0 0

0 IPRK6 IPRK5 IPRK4 0 IPRK2 IPRK1 IPRKO
IPRL 0 IPRL14  IPRL13 IPRL12 O 0 0 0

0 IPRL6 IPRL5 IPRL4 0 0 0 0
ISCRH 0 0 0 0 0 0 0 0

IRQ11SR IRQ11SF IRQIOSR IRQ10SF IRQISR IRQISF  IRQ8SR  IRQSSF
ISCRL IRQ7SR  IRQ7SF  IRQ6SR IRQ6SF  IRQ5SR  IRQ5SF  IRQ4ASR  IRQ4SF

IRQ3SR  IRQ3SF  IRQ2SR  IRQ2SF  IRQISR IRQISF  IRQOSR  IRQOSF
DTCVBR BSC
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module
ABWCR ABWH7 ABWH6  ABWH5 ABWH4  ABWH3  ABWH2 ABWH1  ABWHO BSC
ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWL1 ABWLO
ASTCR AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
0 O 0 0 O 0 O 0
WTCRA 0 w72 w71 W70 0 w62 w61 W60
0 W52 w51 W50 0 w42 w41 W40
WTCRB O W32 W31 W30 O w22 w21 W20
0 w12 w11 W10 O W02 wo1 W00
RDNCR RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
0 0 0 0 0 0 0 0
CSACR CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1 CSXHO
CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO
IDLCR 0 IDLS2 IDLS1 IDLSO IDLCB1 IDLCBO IDLCA1 IDLCAO
IDLSEL7 IDLSEL6 IDLSEL5 |IDLSEL4 |IDLSEL3 IDLSEL2 IDLSEL1 IDLSELO
BCR1 BRLE BREQOE [ O O O WDBE WAITE
0 O 0 0 O 0 O 0
BCR2 0 0 0 IBCCS 0 0 0 PWDBE
ENDIANCR LE7 LE6 LE5 LE4 LE3 LE2 0 0
SRAMCR BCSEL7 BCSEL6 BCSEL5 BCSEL4 BCSEL3 BCSEL2 BCSEL1 BCSELO
0 O 0 0 O 0 O 0
BROMCR BSRMO BSTS02 BSTS01 BSTS00 O 0 BSWD01 BSWDO00O
BSRM1 BSTS12 BSTS11 BSTS10 O 0 BSWD11 BSWD10
MPXCR MPXE7 MPXE6 MPXE5 MPXE4 MPXE3 O O O
0 O 0 0 O 0 O ADDEX
MDCR 0 0 0 0 0 MDS2 MDS1 MDSO0 SYSTEM
0 0 0 0 0 0 0 0
SYSCR O O MACS O FETCHMD O EXPE RAME
0 O O O O O DTCMD O
SCKCR PSTOP1 O POSEL1 O 0 ICK2 ICK1 ICKO
0 PCK2 PCK1 PCKO 0 BCK2 BCK1 BCKO
SBYCR SSBY OPE O STS4 STS3 STS2 STS1 STSO
MSTPCRA ACSE MSTPA14 MSTPA13 MSTPAl12 MSTPAll MSTPA10 MSTPA9 MSTPAS8
MSTPA7 MSTPA6 MSTPA5 MSTPA4 MSTPA3 MSTPA2 MSTPAl1 MSTPAO
MSTPCRB MSTPB15 MSTPB14 MSTPB13 MSTPB12 MSTPB11 MSTPB10 MSTPB9 MSTPBS8
MSTPB7 MSTPB6 MSTPB5 MSTPB4 MSTPB3 MSTPB2 MSTPB1 MSTPBO
MSTPCRC MSTPC15 MSTPC14 MSTPC13 MSTPC12 MSTPC11 MSTPC10 MSTPC9 MSTPCS8
MSTPC7 MSTPC5 MSTPC5 MSTPC4 MSTPC3 MSTPC2 MSTPC1 MSTPCO
SEMR_2 0 0 0 0 ABCS ACS2 ACS1 ACS0 SCI_2
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

SMR_4* C/A(GM) CHR (BLK) PE (PE) OJ/E (O/E) STOP MP CKsS1 CKSO0 SCI_4
(BCP1) (BCPO)

BRR_4

SCR_4* TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_4

SSR_4* TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_4

SCMR_4 a 0 a a SDIR SINV O SMIF

TCR_2 CMIEB CMIEA OVIE CCLR1  CCLRO  CKS2 CKS1 CKSO0 TMR_2
TCR_3 CMIEB CMIEA OVIE CCLR1  CCLRO  CKS2 CKS1 CKS0 TMR_3
TCSR_2 CMFB CMFA OVF ADTE 0S3 0S2 0s1 0S0 TMR_2
TCSR_3 CMFB CMFA OVF a 0S3 0Ss2 0Ss1 0Ss0 TMR_3
TCORA_2 TMR_2
TCORA_3 TMR_3
TCORB_2 TMR_2
TCORB_3 TMR_3
TCNT_2 TMR_2
TCNT_3 TMR_3
TCCR_2 ] 0 ] ] TMRIS ] ICKS1 ICKS0 TMR_2
TCCR_3 a 0 a a TMRIS a ICKS1 ICKSO TMR_3
TCR_4 a CCLR1 CCLRO CKEG1 CKEGO  TPSC2 TPSC1 TPSCO TPU_4
TMDR_4 O O BFB BFA O MD2 MD1 MDO

TIOR_4 I10B3 10B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0

TIER_4 TTGE 0 TCIEU TCIEV TGIED TGIEC TGIEB TGIEA

TSR_4 TCFD 0 TCFU TCFV O a TGFB TGFA

TCNT_4

TGRA_4

TGRB_4

TCR_5 a CCLR1 CCLRO CKEG1 CKEGO  TPSC2 TPSC1 TPSCO TPU_5
TMDR_5 a 0 BFB BFA O MD2 MD1 MDO

TIOR_5 10B3 10B2 10B1 I0BO I0A3 I0A2 I0A1 I0A0

TIER_5 TTGE 0 TCIEU TCIEV TGIED TGIEC TGIEB TGIEA

TSR_5 TCFD 0 TCFU TCFV O a TGFB TGFA

TCNT_5
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

TGRA_5 TPU_5

TGRB_5

DTCERA DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9 DTCE8  INTC
DTCE7 DTCE6 DTCE5 DTCE4 DTCE3 DTCE2 DTCEl  DTCEO

DTCERB DTCE15 DTCE14 DTCE13 DTCE12 DTCE11 DTCE10 DTCE9  DTCES

DTCE7 DTCEG6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO

DTCERC DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES
DTCE7 DTCE6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERD DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES8

DTCE7 DTCE6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO

DTCERE DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES
DTCE7 DTCE6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERF DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES8

DTCE7 DTCE6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO

DTCERG DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES
DTCE7 DTCE6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO
DTCERH DTCE15 DTCE14 DTCE13 DTCE12 DTCE1l1 DTCE10 DTCE9 DTCES8

DTCE7 DTCEG6 DTCES DTCE4 DTCE3 DTCE2 DTCE1 DTCEO

DTCCR 0 0 0 RRS RCHNE O 0 ERR
INTCR 0 0 INTM1 INTMO NMIEG O 0 0
CPUPCR CPUPCE DTCP2 DTCP1  DTCPO  IPSETE CPUP2 CPUP1  CPUPO
IER 0 0 0 0 IRQI1E  IRQI0E  IRQYE IRQSE
IRQ7E IRQ6E IRQ5E IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
ISR 0 0 0 0 IRQI1IF  IRQIOF  IRQYF IRQSF
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1LF IRQOF
PORT1 P17 P16 P15 P14 P13 P12 P11 P10 I/0 port
PORT2 P27 P26 P25 P24 P23 P22 P21 P20
PORT3 P37 P36 P35 P34 P33 P32 P31 P30
PORT5 P57 P56 P55 P54 P53 P52 P51 P50
PORT6 0 0 P65 P64 P63 P62 P61 P60
PORTA PA7 PAG PA5 PA4 PA3 PA2 PA1 PAO
PORTB 0 0 0 0 PB3 PB2 PB1 PBO
PORTD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
PORTE PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
PORTF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
P1DR P17DR  P16DR  P15DR  P14DR  PI13DR  P12DR  P11IDR  P10DR
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Register Bit Bit Bit Bit Bit Bit Bit Bit

Abbreviation  31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

P2DR P27DR P26DR P25DR P24DR P23DR P22DR P21DR P20DR I/O port

P3DR P37DR P36DR P35DR P34DR P33DR P32DR P31DR P30DR

P6DR ] 0 P65DR P64DR P63DR P62DR P61DR P60DR

PADR PA7DR PA6DR  PAS5DR PA4DR PA3DR  PA2DR PAIDR  PAODR

PBDR a O a a PB3DR  PB2DR PBIDR  PAODR

PDDR PD7DR  PD6DR  PDS5DR  PD4DR  PD3DR  PD2DR  PDIDR  PDODR

PEDR PE7DR PE6DR  PE5DR PE4DR PE3DR  PE2DR PEIDR  PEODR

PFDR PF7DR PF6DR PF5DR PF4DR PF3DR PF2DR PF1DR PFODR

SMR_2** C/A(GM) CHR (BLK) PE (PE) OJ/E (O/E) STOP MP CKS1 CKSO0 SCI_2
(BCP1) (BCPO)

BRR_2

SCR_2** TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_2

SSR_2*! TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_2

SCMR_2 a O a a SDIR SINV O SMIF

DADRO D/IA

DADR1

DACRO1 DAOE1 DAOEO  DAE d O d O d

PCR G3CMS1 G3CMS0 G2CMS1 G2CMSO GICMS1 GICMSO GOCMS1 GOCMSO PPG

PMR G3INV G2INV G1INV GOINV G3NOV ~ G2NOV  GINOV  GONOV

NDERH NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9  NDERS8

NDERL NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1  NDERO

PODRH POD15 POD14 POD13 POD12 POD11 POD10 POD9 PODS8

PODRL POD7 POD6 POD5 POD4 POD3 POD2 POD1 PODO

NDRH** NDR15 NDR14 NDR13 NDR12 NDR11 NDR10 NDR9 NDRS8

NDRL** NDR7 NDR6 NDRS NDR4 NDR3 NDR2 NDR1 NDRO

NDRH** a O a a NDR11 NDR10 NDR9 NDRS8

NDRL** ] 0 ] ] NDR3 NDR2 NDR1 NDRO

SMR_0** C/A (GM) CHR (BLK) PE (PE) O/E (O/E) STOP MP CKS1 CKSO0 SCI_0
(BCP1) (BCPO)

BRR_0

SCR_0** TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_O

SSR_0*! TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_O

SCMR_0 ] 0 ] ] SDIR SINV O SMIF

SMR_1** C/A(GM) CHR (BLK) PE (PE) OJ/E (O/E) STOP MP CKsS1 CKSO0 SCI_1
(BCP1) (BCPO)
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Register Bit Bit Bit Bit Bit Bit Bit Bit

Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module
BRR_1 SCI_1
SCR_1** TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_1

SSR_1*! TDRE RDRF ORER FER (ERS) PER TEND MPB MPBT

RDR_1

SCMR_1 0 0 0 0 SDIR SINV 0 SMIF

ADDRA AID
ADDRB

ADDRC

ADDRD

ADDRE

ADDRF

ADDRG

ADDRH

ADCSR ADF ADIE ADST O CH3 CH2 CH1 CHO

ADCR TRGS1 TRGSO SCANE SCANS CKs1 CKSO0 0 O

TCSR OVF WT/T TME 0 0 CKS2 CKS1 CKSO0 WDT
TCNT

RSTCSR WOVF RSTE O O O 0 0 O

TCR_O CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKSs1 CKS0 TMR_O
TCR_1 CMIEB CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 TMR_1
TCSR_O CMFB CMFA OVF ADTE 0S3 0s2 Os1 0S0 TMR_O
TCSR_1 CMFB CMFA OVF O 0S3 0Ss2 Os1 0s0 TMR_1
TCORA_O TMR_O
TCORA_1 TMR_1
TCORB_0 TMR_O
TCORB_1 TMR_1
TCNT_O TMR_O
TCNT_1 TMR_1
TCCR_O 0 TMRIS 0 ICKS1 ICKSO0 TMR_O
TCCR_1 O O O O TMRIS O ICKS1 ICKSO0 TMR_1
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

TSTR 0 0 csTs CST4 CsT3 csT2 CST1 CsTo TPU
TSYR 0 0 SYNC5  SYNC4 SYNC3  SYNC2 SYNC1  SYNCO
TCR_O CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl  TPSCO  TPU.O
TMDR_0 0 0 BFB BFA 0 MD2 MD1 MDO

TIORH_0 I0B3 I0B2 I0B1 I0BO IOA3 10A2 I0A1 IOAO

TIORL_0 IOD3 I10D2 IoD1 10D0 [olox] 10C2 loc1 I0CO

TIER_O TTGE 0 TCIEU TCIEV TGIED  TGIEC  TGIEB TGIEA

TSR_0 TCFD 0 0 TCFV TGFD TGFC TGFB TGFA
TCNT_O

TGRA_0

TGRB_0

TGRC_0

TGRD_0

TCR_1 0 CCLR1 CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  TPU_1
TMDR_1 0 0 BFB BFA MD3 MD2 MD1 MDO

TIOR_1 I0B3 I0B2 I0B1 I0BO IOA3 I0A2 I0A1 IOAO

TIER_1 TTGE 0 TCIEU TCIEV TGIED  TGIEC  TGIEB TGIEA

TSR_1 TCFD 0 TCFU TGFV TGFD TGFC TGFB TGFA
TCNT_1

TGRA_1

TGRB_1

TCR_2 0 CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  TPU_2
TMDR_2 0 0 BFB BFA 0 MD2 MD1 MDO

TIOR_2 IOB3 I0B2 I0B1 IOBO IOA3 IOA2 I0A1 IOAO

TIER_2 TTGE 0 TCIEU TCIEV TGIED  TGIEC  TGIEB TGIEA

TSR_2 TCFD 0 TCFU TCFV 0 0 TGFB TGFA
TCNT_2

TGRA_2
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Register Bit Bit Bit Bit Bit Bit Bit Bit
Abbreviation 31/23/15/7 30/22/14/6 29/21/13/5 28/20/12/4 27/19/11/3 26/18/10/2 25/17/9/1 24/16/8/0 Module

TGRB_2 TPU_2
TCR_3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl  TPSCO  TPU 3
TMDR_3 0 0 BFB BFA 0 MD2 MD1 MDO

TIORH_3 I0B3 I0B2 I0B1 I0BO IOA3 I0A2 I0A1 IOAO

TIORL_3 IOD3 I10D2 IoD1 IODO [olox] 10C2 loc1 I0CO

TIER_3 TTGE 0 TCIEU TCIEV TGIED  TGIEC  TGIEB TGIEA

TSR_3 TCFD 0 0 TCFV TGFD TGFC TGFB TGFA

TCNT_3

TGRA_3

TGRB_3

TGRC_3

TGRD_3

Notes: 1. Parts of the bit functions differ in normal mode and the smart card interface.

2. When the same output trigger is specified for pulse output groups 2 and 3 by the PCR
setting, the NDRH address is H'FFF7C. When different output triggers are specified, the
NDRH addresses for pulse output groups 2 and 3 are H'FFF7E and H'FFF7C,
respectively. Similarly, When the same output trigger is specified for pulse output
groups 0 and 1 by the PCR setting, the NDRL address is H'FFF7D. When different
output triggers are specified, the NDRL addresses for pulse output groups 0 and 1 are
H'FFF7F and H'FFF7D, respectively.
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19.3 Register Statesin Each Operating Mode

Register Module  All-Module-  Software Hardware
Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
P1DDR Initialized O O O O Initialized 1/0 port
P2DDR Initialized O O O O Initialized
P3DDR Initialized O O O O Initialized
P6DDR Initialized O O O O Initialized
PADDR Initialized O O O O Initialized
PBDDR Initialized O O O O Initialized
PDDDR Initialized O O O O Initialized
PEDDR Initialized O O O O Initialized
PFDDR Initialized O O O O Initialized
P1ICR Initialized O O O O Initialized
P2ICR Initialized O O O O Initialized
P3ICR Initialized O O O O Initialized
P5ICR Initialized O O O O Initialized
P6ICR Initialized O O O O Initialized
PAICR Initialized O O O O Initialized
PBICR Initialized O O O O Initialized
PDICR Initialized O O O O Initialized
PEICR Initialized O O O O Initialized
PFICR Initialized O O O O Initialized
PORTH g O O O g O

PORTI g O O O g O

PHDR Initialized O O O O Initialized
PIDR Initialized O O O O Initialized
PHDDR Initialized O O O O Initialized
PIDDR Initialized O O O O Initialized
PHICR Initialized O O O O Initialized
PIICR Initialized O O O O Initialized
PDPCR Initialized O O O O Initialized
PEPCR Initialized O O O O Initialized
PFPCR Initialized O O O O Initialized
PHPCR Initialized O O O O Initialized
PIPCR Initialized O O O O Initialized
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Register Module  All-Module-  Software Hardware
Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
P20DR Initialized O O O O Initialized 1/0 port
PFODR Initialized O O O O Initialized

PFCRO Initialized O O O O Initialized

PFCR1 Initialized O O O O Initialized

PFCR2 Initialized O O O O Initialized

PFCR4 Initialized O O O O Initialized

PFCR6 Initialized O O O O Initialized

PFCR9 Initialized O O O O Initialized

PFCRB Initialized O O O O Initialized

PFCRC Initialized O O O O Initialized

SSIER Initialized O O O O Initialized INTC
IPRA Initialized O O O O Initialized

IPRB Initialized O O O O Initialized

IPRC Initialized O O O O Initialized

IPRE Initialized O O O O Initialized

IPRF Initialized O O O O Initialized

IPRG Initialized O O O O Initialized

IPRH Initialized O O O O Initialized

IPRK Initialized O O O O Initialized

IPRL Initialized O O O O Initialized

ISCRH Initialized O O O O Initialized

ISCRL Initialized O O O O Initialized
DTCVBR Initialized O O O O Initialized BSC
ABWCR Initialized O O O O Initialized

ASTCR Initialized O O O O Initialized

WTCRA Initialized O O O O Initialized

WTCRB Initialized O O O O Initialized

RDNCR Initialized O O O O Initialized

CSACR Initialized O O O O Initialized

IDLCR Initialized O O O O Initialized

BCR1 Initialized O O O O Initialized

BCR2 Initialized O O O O Initialized
ENDIANCR Initialized O O O O Initialized
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Register Module  All-Module-  Software Hardware

Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
SRAMCR Initialized O O O O Initialized BSC
BROMCR Initialized O O O O Initialized

MPXCR Initialized O O O O Initialized

MDCR Initialized O O O O Initialized SYSTEM
SYSCR Initialized O O O O Initialized

SCKCR Initialized O O O O Initialized

SBYCR Initialized O O O O Initialized

MSTPCRA Initialized O O O O Initialized

MSTPCRB Initialized O O O O Initialized

MSTPCRC Initialized O O O O Initialized

SEMR_2 Initialized ] Initialized Initialized Initialized Initialized SCI_2
SMR_4 Initialized O ] ] 0 Initialized SCI_4
BRR_4 Initialized ] Initialized Initialized Initialized Initialized

SCR_4 Initialized O 0 0 0 Initialized

TDR_4 Initialized ] Initialized Initialized Initialized Initialized

SSR_4 Initialized O Initialized Initialized Initialized Initialized

RDR_4 Initialized O Initialized Initialized Initialized Initialized

SCMR_4 Initialized ] ] ] ] Initialized

TCR_2 Initialized O O O O Initialized TMR_2
TCR_3 Initialized ] ] ] O Initialized TMR_3
TCSR_2 Initialized O O O O Initialized TMR_2
TCSR_3 Initialized ] ] ] O Initialized TMR_3
TCORA_2 Initialized ] ] ] O Initialized TMR_2
TCORA_3 Initialized O O O O Initialized TMR_3
TCORB_2 Initialized ] ] ] O Initialized TMR_2
TCORB_3 Initialized O O O O Initialized TMR_3
TCNT_2 Initialized ] ] ] O Initialized TMR_2
TCNT_3 Initialized O O O O Initialized TMR_3
TCCR_2 Initialized O O O O Initialized TMR_2
TCCR_3 Initialized ] ] ] O Initialized TMR_3
TCR_4 Initialized O O O O Initialized TPU_4
TMDR_4 Initialized ] ] ] O Initialized

TIOR_4 Initialized O O O O Initialized
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Register Module  All-Module-  Software Hardware
Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
TIER_4 Initialized ] ] ] O Initialized TPU 4
TSR_4 Initialized O O O O Initialized

TCNT_4 Initialized ] ] ] O Initialized

TGRA_4 Initialized O O O O Initialized

TGRB_4 Initialized O O O O Initialized

TCR_5 Initialized ] ] ] O Initialized TPU 5
TMDR_5 Initialized O O O O Initialized

TIOR_5 Initialized ] ] ] O Initialized

TIER_5 Initialized O O O O Initialized

TSR 5 Initialized ] ] ] O Initialized

TCNT_5 Initialized ] ] ] O Initialized

TGRA_5 Initialized O O O O Initialized

TGRB_5 Initialized ] ] ] O Initialized

DTCERA Initialized O O O O Initialized INTC
DTCERB Initialized O O O O Initialized

DTCERC Initialized O O O O Initialized

DTCERD Initialized O O O O Initialized

DTCERE Initialized O O O O Initialized

DTCERF Initialized O O O O Initialized

DTCERG Initialized O O O O Initialized

DTCERH Initialized O O O O Initialized

DTCCR Initialized O O O O Initialized

INTCR Initialized O O O O Initialized

CPUPCR Initialized O O O O Initialized

IER Initialized O O O O Initialized

ISR Initialized O O O O Initialized

PORT1 g O O O g O 1/0 port
PORT2 g O O O | O

PORT3 g O O O | O

PORT4 g O O O g O

PORTS5 g O O O | O

PORT6 g O O O g O

PORTA g O O O | O
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Register Module  All-Module-  Software Hardware

Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
PORTB g O O O g O 1/0 port
PORTD g O O O | O

PORTE g O O O g O

PORTF g O O O | O

P1DR Initialized O O O O Initialized

P2DR Initialized O O O O Initialized

P3DR Initialized O O O O Initialized

P6DR Initialized O O O O Initialized

PADR Initialized O O O O Initialized

PBDR Initialized O O O O Initialized

PDDR Initialized O O O O Initialized

PEDR Initialized O O O O Initialized

PFDR Initialized O O O O Initialized

SMR_2 Initialized O O O O Initialized SCI_2
BRR_2 Initialized ] Initialized Initialized Initialized Initialized

SCR_2 Initialized O O O | Initialized

TDR_2 Initialized O Initialized Initialized Initialized Initialized

SSR 2 Initialized ] Initialized Initialized Initialized Initialized

RDR_2 Initialized O Initialized Initialized Initialized Initialized

SCMR_2 Initialized ] ] ] O Initialized

DADRO Initialized O O O O Initialized D/IA
DADR1 Initialized O O O O Initialized

DACRO1 Initialized O O O O Initialized

PCR Initialized O O O O Initialized PPG
PMR Initialized O O O O Initialized

NDERH Initialized O O O O Initialized

NDERL Initialized O O O O Initialized

PODRH Initialized O O O O Initialized

PODRL Initialized O O O O Initialized

NDRH Initialized O O O O Initialized

NDRL Initialized O O O O Initialized

SMR_0 Initialized ] ] ] ] Initialized SCILO0
BRR_0O Initialized O Initialized Initialized Initialized Initialized
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Register Module  All-Module-  Software Hardware
Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
SCR_0 Initialized ] ] ] ] Initialized SCIL O
TDR_O Initialized O Initialized Initialized Initialized Initialized

SSR 0 Initialized ] Initialized Initialized Initialized Initialized

RDR_0 Initialized O Initialized Initialized Initialized Initialized

SCMR_0 Initialized O 0 0 0 Initialized

SMR_1 Initialized ] ] ] ] Initialized SCI_1
BRR_1 Initialized O Initialized Initialized Initialized Initialized

SCR_1 Initialized ] ] ] ] Initialized

TDR_1 Initialized O Initialized Initialized Initialized Initialized

SSR 1 Initialized ] Initialized Initialized Initialized Initialized

RDR_1 Initialized ] Initialized Initialized Initialized Initialized

SCMR_1 Initialized O 0 0 0 Initialized

ADDRA Initialized O O O O Initialized AID
ADDRB Initialized O O O O Initialized

ADDRC Initialized O O O O Initialized

ADDRD Initialized O O O O Initialized

ADDRE Initialized O O O O Initialized

ADDRF Initialized O O O O Initialized

ADDRG Initialized O O O O Initialized

ADDRH Initialized O O O O Initialized

ADCSR Initialized O O O O Initialized

ADCR Initialized O O O O Initialized

TCSR Initialized O O O O Initialized WDT
TCNT Initialized O O O O Initialized

RSTCSR Initialized O O O O Initialized

TCR_O Initialized O O O O Initialized TMR_O
TCR_1 Initialized ] ] ] O Initialized TMR_1
TCSR_O Initialized O O O O Initialized TMR_O
TCSR_1 Initialized O O O O Initialized TMR_1
TCORA_O Initialized ] ] ] O Initialized TMR_O
TCORA_1 Initialized O O O O Initialized TMR_1
TCORB_0 Initialized ] ] ] O Initialized TMR_O
TCORB_1 Initialized O O O O Initialized TMR_1
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Register

Module All-Module-

Software Hardware

Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
TCNT_O Initialized ] ] ] O Initialized TMR_O
TCNT_1 Initialized O O O O Initialized TMR_1
TCCR_O Initialized ] ] ] O Initialized TMR_O
TCCR_1 Initialized O O O O Initialized TMR_1
TSTR Initialized O O O O Initialized TPU
TSYR Initialized O O O O Initialized

TCR_O Initialized O O O O Initialized TPU_O
TMDR_O Initialized ] ] ] O Initialized

TIORH_O Initialized O O O O Initialized

TIORL_O Initialized ] ] ] O Initialized

TIER_O Initialized ] ] ] O Initialized

TSR_O Initialized O O O | Initialized

TCNT_O Initialized ] ] ] O Initialized

TGRA_O Initialized O O O O Initialized

TGRB_0 Initialized ] ] ] O Initialized

TGRC_O Initialized O O O | Initialized

TGRD_0 Initialized O O O O Initialized

TCR_1 Initialized ] ] ] O Initialized TPU_1
TMDR_1 Initialized O O O O Initialized

TIOR_1 Initialized ] ] ] O Initialized

TIER_1 Initialized O O O O Initialized

TSR_1 Initialized ] ] ] O Initialized

TCNT_1 Initialized ] ] ] O Initialized

TGRA_1 Initialized O O O O Initialized

TGRB_1 Initialized ] ] ] O Initialized

TCR_2 Initialized O O O O Initialized TPU_2
TMDR_2 Initialized ] ] ] O Initialized

TIOR_2 Initialized O O O O Initialized

TIER_2 Initialized O O O O Initialized

TSR 2 Initialized ] ] ] O Initialized

TCNT_2 Initialized O O O O Initialized

TGRA 2 Initialized ] ] ] O Initialized

TGRB_2 Initialized O O O O Initialized
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Register Module  All-Module-  Software Hardware
Abbreviation Reset Sleep  Stop Clock-Stop Standby Standby Module
TCR_3 Initialized ] ] ] O Initialized TPU_3
TMDR_3 Initialized O O O O Initialized

TIORH_3 Initialized ] ] ] O Initialized

TIORL_3 Initialized O O O O Initialized

TIER_3 Initialized O O O O Initialized

TSR_3 Initialized ] ] ] O Initialized

TCNT_3 Initialized O O O O Initialized

TGRA_3 Initialized ] ] ] O Initialized

TGRB_3 Initialized O O O O Initialized

TGRC_3 Initialized ] ] ] O Initialized

TGRD_3 Initialized ] ] ] O Initialized
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Section 20 Electrical Characteristics

20.1  Absolute Maximum Ratings

Table20.1 Absolute Maximum Ratings

Item Symbol Value Unit
Power supply voltage V. -0.3t0 +4.6 \Y,
Input voltage (except port 5) V, —-0.3toV_+0.3 \%
Input voltage (port 5) V, -0.3to AV +0.3 \Y,
Reference power supply voltage A —0.3t0 AV +0.3 \
Analog power supply voltage AV -0.3t0 +4.6 \Y,
Analog input voltage Vi -0.3to AV +0.3 \
Operating temperature onr Regular specifications: °C
—20to +75
Wide-range specifications:
—40to +85
Storage temperature Teg —55to +125 °C

Caution: Permanent damage to the LS| may result if absolute maximum ratings are exceeded.
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20.2 DC Characteristics

Table20.2 DC Characteristics (1)

Conditions: V..=30Vt036V,AV .=30Vt036V,V_ =30VtioAV_,
Vi =AV =0V*,
T,=-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Test
Item Symbol  Min. Typ. Max. Unit Conditions
Schmitt IRQ input pin, VT Veex02 0O O \
trigger input TPU input pin, VT 0 0 V_x07 V
voltage TMR input pin, cc
port 2’ port 3 VT+ -VT VCC x 0.06 O O V
Port 5*° VT AV, x0.2 O O %
VT O O AV__x0.7 V
VT =VT AV x0.06 O O %
Input high  MD, RES, STBY, V,, V%09 [ V,.+03 V
voltage EMLE, NMI
(except — “EyTAL V_x07 O V_+03 V
Schmitt c - c
trigger input Other input pinS Vcc x 0.7 O Vcc +0.3 \Y
pin) Port 5 AV_x0.7 [ AV_+03 V
Inputlow  MD, RES, STBY, V, -0.3 O Veex01 V
voltage EMLE
(except — “ExTAl NMI 0.3 0 V_x02 V
Schmitt
trigger input Other pins -0.3 O V. x02 V
pin)
Output high All output pins vV, V.-05 O O \ l,, =—200 pA
voltage T — 1A
g Vo-10 O 0 l,,, =—1 mA
Output low All output pins V. O ad 0.4 \% lo,=1.6 mA
voltage  “pory3 0 O 1.0 I, = 10mA
Input RES 1l O g 10.0 MA  V, =05t0
leakage V,.-05V
current
MD, STBY, O a 1.0
EMLE, NMI
Port 5 4 g 1.0 V. =05to
AV, -05V
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Table20.2 DC Characteristics(2)

Conditions: V..=30Vt036V,AV .=30Vt036V,V_ =30VtioAV_,
Vi =AV_ =0V*,
.= —20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Test

Item Symbol  Min. Typ. Max. Unit Conditions
Three-state Ports 1103, 6, A, |14 | O O 1.0 MA V, =05to
leakage B,DtoF,H,I V,.—-05V
current
(off state)
Input pull-up Ports Dto F, H, I -1, 10 O 300 MA  V_,.=3.0to
MOS 3.6V
current V. =0V
Input All input pins C, O O 15 pF VvV, =0V
capacitance f=1MHz

T,=25°C

Current Normal operation 1. *° O 30(3.3V) 45 mA f=35MHz
consumption - sjeep mode O 25(3.3V) 37

Standby mode** O 0.1 0.5 T,<50°C

O O 3.0 50°C < T,

All-module-clock- O 15 25

stop mode*®
Analog During A/D and Al O 1.03.0Vv) 2.0 mA
power D/A conversion
supply Standby for A/D O 0.1 20 HA
current and D/A

conversion
Reference During A/Dand Al O 15@3B.0V) 3.0 mA
power D/A conversion
S”pp'yt Standby for A/D O 0.4 5.0 A
curren and D/A

conversion
RAM standby voltage rav 2.5 O O \
Vcc start voltage*’ Ve csranr O O 0.8 \Y
Ve rising gradient*’ SV, O O 20 ms/V

Notes: 1. When the A/D and D/A converters are not used, the AV_, V_, and AV pins should not
be open. Connect the AV __and V_, pinsto V., and the AV pin to V.
2. The case where port 5 is used as IRQO to IRQ7.
3. Current consumption values are for V,min =V_.— 0.5V and V, max = 0.5 V with all
output pins unloaded and all input pull-up MOSs in the off state.
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4. The values are for V,,, <V <3.0V,V,min=V_x0.9, and V max=0.3 V.
5. I, depends on V. and f as follows:
I..max = 3.0 (mA) + 0.34 (mMA/(MHz x V)) x V__ x f (normal operation)
I.;max = 3.0 (mA) + 0.27 (mA/(MHz x V)) x V__ x f (sleep mode)
6. The values are for reference.
. This can be applied when the RES pin is held low at power-on.

~

Table20.3 Permissible Output Currents

Conditions: V=30V t036V,AV_=30Vto36V,V, ,=30VtoAV_,
V=AV =0V*,
T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Iltem Symbol Min. Typ. Max. Unit
Permissible output low  Output pins except |, d d 2.0 mA
current (per pin) port 3
Permissible output low  Port 3 loo O O 10 mA
current (per pin)
Permissible output low  Total of all output X1 ad ad 80 mA
current (total) pins
Permissible output high  All output pins —lg,, d d 2.0 mA
current (per pin)
Permissible output high ~ Total of all output >, ad ad 40 mA

current (total) pins

Caution:  To protect the LSI’s reliability, do not exceed the output current values in table 20.3.

Note: * When the A/D and D/A converters are not used, the AV, V_, and AV pins should not
be open. Connect the AV and V, pins to V., and the AV pin to V.

ref cc!
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20.3 AC Characteristics

3V

RL

C=30pF
RL =2.4kQ
LSl output pin 54 RH = 12 kQ
Input/output timing
measurement level:
15V (Vec=3.0Vto3.6V)

O
]
1
AAA
vy
Py
I

V/a 7

Figure20.1 Output Load Circuit
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20.3.1 Clock Timing

Table20.4 Clock Timing

Conditions: V=30V t036V,AV_.=30Vt036V,V_ =30VI0AV_,
V=AV_ =0V, lp=8MHzto 35 MHz, Bp=8 MHzto 35 MHz,
P@ =8 MHz to 35 MHz,
T,=-20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min. Max. Unit. Test Conditions
Clock cycle time te 28.0 125 ns Figure 20.2
Clock high pulse width t., 5 O ns
Clock low pulse width to, 5 O ns
Clock rising time t, O 5 ns
Clock falling time t., O 5 ns
Oscillation settling time after toses 10 0 ms Figure 20.4
reset (crystal)
Oscillation settling time after toses 10 O ms Figure 20.3
leaving software standby mode
(crystal)
External clock output delay toeer 1 0 ms Figure 20.4
settling time
External clock input low pulse  T_, 271.7 O ns Figure 20.5
width
External clock input high pulse T, 21.7 O ns
width
External clock rising time T O 5 ns
External clock falling time Toy 5 ns
tt:yc
ten 0 tor
B \
ot o

Figure 20.2 External BusClock Timing
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. NMI exception handling

NM|I exception Software standby mode
handling (power-down mode) —
NMIEG = 1 Osglllatlpn
SSBY =1 settling time
toscz
SLEEP
instruction

Figure20.3 Oscillation Settling Timing after Software Standby Mode

toexT toExT
> -
I { (@
V n n n
cc ]
(@ (@
§TBY ' \ ; '
< tosct . - tosc1 -
(4 (@
—_ n n
RES \ \
(@ 4
n Ll

Figure20.4 Oscillation Settling Timing

texH | texe

EXTAL Vee % 0.5

texr — <— text

Figure 20.5 External Input Clock Timing
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20.3.2 Control Signal Timing

Table20.5 Control Signal Timing

Conditions: V=30V t036V,AV_.=30Vt036V,V_ =30VI0AV_,
V=AV, =0V, lp=8MHzto 35 MHz,
T, =-20°C to +75°C (regular specifications),
T, =—-40°C to +85°C (wide-range specifications)

Iltem Symbol  Min. Max. Unit Test Conditions
RES setup time tess 200 O ns  Figure 20.6
RES pulse width (- 20 0 -

NMI setup time tows 150 O ns Figure 20.7

NMI hold time [N 10 O ns

NMI pulse width (after leaving o 200 O ns

software standby mode)

IRQ setup time tros 150 0 ns

IRQ hold time tron 10 0 ns

IRQ pulse width (after leaving trow 200 0 ns

software standby mode)

© N\ \T "” \f \__/

RES \
_()s—

tresw

Figure20.6 Reset Input Timing
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o S ./ \ /[

tNM\S tNM\H

NMI

v

tirow

IRQi*
(i=0to11)

tirgs | tirgH

RQ
(edge input)

tirgs
|~

RQ
(level input)

Note: * SSIER must be set to cancel software standby mode.

Figure 20.7 Interrupt Input Timing

20.3.3 BusTiming

Table20.6 BusTiming (1)

Conditions: V=30V t036V,AV_=30Vto36V,V, ,=30VtoAV_,
V=AV_ =0V, Bp=8MHzto 35MHz,
.= —20°C to +75°C (regular specifications),
T, =-40°C to +85°C (wide-range specifications)

Test
Item Symbol  Min. Max. Unit Conditions
Address delay time to O 15 ns Figures 20.8 to
Address setup time 1 te 05xt, -8 [ ns 20.20
Address setup time 2 t., 1o0xt, -8 O ns
Address setup time 3 thes 15xt, -8 O ns
Address setup time 4 t 20xt, -8 O ns
Address hold time 1 tn 05xt, -8 [ ns
Address hold time 2 tho 10xt, -8 O ns
Address hold time 3 ths 15xt, -8 O ns
CS delay time 1 teeos 0 15 ns
AS delay time to O 15 ns
RD delay time 1 tocos O 15 ns
RD delay time 2 tocos O 15 ns
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Test

Item Symbol  Min. Max. Unit Conditions
Read data setup time 1 teost 15 O ns Figures 20.8 to
Read data setup time 2 [ 15 O ns 20.20

Read data hold time 1 teom 0 O ns

Read data hold time 2 teono 0 O ns

Read data access time 2 [ O 15xt, -20 ns

Read data access time 4 [ O 25xt, —-20 ns

Read data access time 5 s O 1.0xt, —-20 ns

Read data access time 6 e O 20xt, -20 ns

Read data access time (from toa O 1.0xt, —-20 ns

address) 1

Read data access time (from tos O 15xt, -20 ns

address) 2

Read data access time (from toas O 20xt, —-20 ns

address) 3

Read data access time (from tone 25xt, —-20 ns

address) 4

Read data access time (from [ O 3.0xt, -20 ns

address) 5
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Table20.6 BusTiming (2)

Conditions; V.. =30V 1036V, AV_=30V1t036V,V, =30V1t0AV,,
V.=AV_=0V, Bop=8MHzt035MHz,

a

=-20°C to +75°C (regular specifications),

T, =—40°C to +85°C (wide-range specifications)

Test
Item Symbol  Min. Max. Unit Conditions
WR delay time 1 teos 0 15 ns Figures 20.8 to
WR delay time 2 teoo 0 15 ns 20.20
WR pulse width 1 s 1.0xt, -13 ns
WR pulse width 2 tsun 1.5xt, -13 ns
Write data delay time too O 20 ns
Write data setup time 1 t s 05xt,-13 O ns
Write data setup time 2 t s 1.0xt,-13 O ns
Write data setup time 3 t s 15xt,-13 O ns
Write data hold time 1 toon 05xt, -8 O ns
Write data hold time 3 toons 15xt, -8 [ ns
Byte control delay time ten O 15 ns Figures 20.13,

20.14
Byte control pulse width 1 taw O 1.0xt,-15 ns Figure 20.13
Byte control pulse width 2 tsws O 20xt, —-15 ns Figure 20.14
Multiplexed address delay tme 1 t,, O 15 ns Figures 20.17,
Multiplexed address hold time t 10xt, =15 [ ns 20.18
Multiplexed address setup time 1~ t,, 05xt, -15 [ ns
Multiplexed address setup time 2~ t,,, 1.5xt,-15 ns
Address hold delay time oo O 15 ns
Address hold pulse width 1 19 1.0xt,-15 O ns
Address hold pulse width 2 tw 20xt,—-15 0O ns
WAIT setup time trs 15 O ns  Figures 20.10,
WAIT hold time tr 5.0 O ns 2018
BREQ setup time torncos 20 O ns Figure 20.19
BACK delay time toico O 15 ns
Bus floating time to O 30 ns
BREQO delay time toroon O 15 ns  Figure 20.20
BS delay time T 1.0 15 ns Figures 20.8,
RD/WR delay time T O 15 ns 58:2’420'11 o
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Figure20.8 Basic Bus Timing: 2-State Access
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Figure20.9 Basic Bus Timing: 3-State Access
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Figure20.10 Basic Bus Timing: Three-State Access, One Wait

Rev. 1.00, 09/03, page 590 of 618

RRENESAS




_Th |, T T2 Tt
S .
- taD
A23 to AO
tespa| |
CS7 to CSO
«—» tas] taso <Aty
> T tako e
AS
1,
tgsp | :l 3
BS *_
tewr _ fRwb
RD/WR / \
< fass ™ trsp1 tRspy otz >
Read —_
(RDNn = 1) RD N
“tacs | tRDs1| tRowL
D15 to DO )
| |tRwo - _ tfrwp
™ RDWR / \
- tass tan2 T
-« — =£RSD1 tRSDZ‘ -t >
Read RD
(RDNn =0)
tac2 tros2|trDH2
D15 to DO
e L p| 4 WD
~ RD/WR A ]
- las3 —» twrp2 twrD2| e Yt >
Write | [HWR, (LWR
twoo | [T twpsz 0 twswi | twors .
D15 to DO

Figure20.11 Basic Bus Timing: 2-State Access (CS Assertion Period Extended)
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Figure20.12 Basic Bus Timing: 3-State Access (CS Assertion Period Extended)
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Figure 20.13 Byte Control SRAM: 2-State Read/Write Access
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Figure 20.14 Byte Control SRAM: 3-State Read/Write Access
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Figure20.15 Burst ROM Access Timing: 1-State Burst Access
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Figure20.16 Burst ROM Access Timing: 2-State Burst Access
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Figure20.17 AddressData Multiplexed Access Timing (No Wait) (Basic, 4-State Access)
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Figure20.18 AddressData Multiplexed Access Timing (Wait Control)
(Address Cycle Program Wait x 1 + Data Cycle Program Wait x 1 +
Data Cycle Pin Wait x 1)
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Figure20.19 External Bus Release Timing
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Figure 20.20 External Bus Request Output Timing
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20.3.4  Timing of On-Chip Peripheral Modules

Table20.7 Timing of On-Chip Peripheral Modules

Conditions: V..=30Vt036V,AV .=30Vt036V,V_ =30VtioAV_,
V=AV, =0V, Pp=8MHzto 35 MHz,
T,=-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Iltem Symbol  Min. Max. Unit Test Conditions
I/0 ports  Output data delay time towo 0 40 ns Figure 20.21
Input data setup time tons 25 O ns
Input data hold time ton 25 O ns
TPU Timer output delay time tioco O 40 ns Figure 20.22
Timer input setup time tres 25 O ns
Timer clock input setup time ~ t, ¢ 25 O ns Figure 20.23
Timer clock  Single-edge t o 15 O t,
pulse width  setting
Both-edge b 2.5 O t.
setting
PPG Pulse output delay time toos O 40 ns Figure 20.24
8-bit Timer output delay time tvon 40 ns Figure 20.25
timer Timer reset input setup time . 25 O ns Figure 20.26
Timer clock input setup time ¢ 25 O ns Figure 20.27
Timer clock  Single-edge - 15 O t,
pulse width  setting
Both-edge tow 2.5 O t.
setting
WDT Overflow output delay time toun 40 ns Figure 20.28
SCI Input clock  Asynchronous tg, 4 O t. Figure 20.29
cycle Clocked 6 |
synchronous
Input clock pulse width tocw 0.4 0.6 [
Input clock rise time oo 15 t,
Input clock fall time toos 15 t,
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ltem Symbol  Min. Max. Unit Test Conditions

SCI Transmit data delay time to 0 40 ns Figure 20.30

Receive data setup time tovs 40 O ns

(clocked synchronous)

Receive data hold time b 40 O ns

(clocked synchronous)
A/D Trigger input setup time trres 30 d ns Figure 20.31
converter

| T T
o I W
ters | tPRH

Ports 1t0 3, 5, 6, A,
B,Dto F, H, I (read)

Ports 1to 3, 6, A,
B, Dto F, H, I (write)

thwp

Figure 20.21 1/O Port Input/Output Timing

a

Po

/

\

/

-

trocop

Output compare
output*

trics

Input capture
input*

Note: * TIOCAO to TIOCAS, TIOCBO to TIOCBS, TIOCCO, TIOCC3, TIOCDO, TIOCD3

Figure 20.22 TPU Input/Output Timing

/

I\ \’/tl/\”i
-TCKS -TCKS
— - . —>

TCLKA to TCLKD L 5 ’

trekwL trekwH

Po

Figure20.23 TPU Clock Input Timing
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Po [\ / o\
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Figure 20.24 PPG Output Timing

L A N o WY A N U

by

TMOO, TMO1

Figure20.25 8-Bit Timer Output Timing

Fo J o/ \ /S

trvRs

TMRIO, TMRI1

Figure20.26 8-Bit Timer Reset Input Timing

& (VAR AD SaUVARW [

— —
(¢
TMCI0, TMCI1 L ]

trmewL trmewH

Figure 20.27 8-Bit Timer Clock Input Timing

e o o /S

twovp twovp
—»

WDTOVF
.

Figure20.28 WDT Output Timing
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> e

SCKO to SCK2, SCK4
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Figure20.29 SCK Clock Input Timing
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trxp

TxDO to TxD2,

 E—— —

(transmit data)

trxs|tRxH

RxDO0 to RxD2,

?rc)s(se‘live data) X X X X:

Figure20.30 SCI Input/Output Timing: Clocked Synchronous Mode

o\ \_/ [\

trres

ADTRGO

Figure20.31 A/D Converter External Trigger Input Timing

204 A/D Conversion Characteristics

Table20.8 A/D Conversion Characteristics

Conditions: V..=30Vt036V,AV.=30Vt036V,V_ =30VtioAV_,
V=AV, =0V, Pp=8MHzto 35 MHz,
T,=-20°C to +75°C (regular specifications),
T, =—40°C to +85°C (wide-range specifications)

Iltem Min. Typ. Max. Unit
Resolution 10 10 10 Bit
Conversion time 7.4 O d ps
Analog input capacitance ad O 20 pF
Permissible signal source impedance d O 10 kQ
Nonlinearity error d O 7.5 LSB
Offset error ad O 7.5 LSB
Full-scale error O O 7.5 LSB
Quantization error a +0.5 a LSB
Absolute accuracy d O 8.0 LSB
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205 D/A Conversion Characteristics

Table20.9 D/A Conversion Characteristics

Conditions: V..=30Vt036V,AV .=30Vt036V,V_ =30VtioAV_,
V. =AV, =0V, Pp=8MHzto 35MHz,
T,=-20°C to +75°C (regular specifications),

T, =—40°C to +85°C (wide-range specifications)

Iltem Min. Typ. Max. Unit Test Conditions

Resolution 8 8 Bit

Conversion time d O 10 S 20-pF capacitive load

Absolute accuracy ad +2.0 +3.0 LSB 2-MQ resistive load
O O +2.0 LSB 4-MQ resistive load
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Appendix

A. Port Statesin Each Pin State

TableA.1 Port Statesin Each Pin State

Hardware Software Standby Mode  Bus

Port MCU Operating Standby Released

Name Mode Reset Mode OPE=1 OPE =0 State

Port 1 All Hi-z Hi-Z Keep Keep Keep

Port 2 All Hi-Z Hi-Z Keep Keep Keep

P33 to All Hi-z Hi-Z Keep Keep Keep

P30

P34/ All Hi-Z Hi-Z [Address [Address [Address

PO12/ [Internal state] output] output] output]

TIOCAL L Keep Hi-Z Hi-Z
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep

P35/ All Hi-Z Hi-Z [Address [Address [Address

PO13/ [Internal state] output] output] output]

TIOCA1/ L Keep Hi-Z Hi-Z

TIOCB1/

TCLKC-A [Other than [Other than [Other than
above] above] above]
Keep Keep Keep

P36/ All Hi-Z Hi-Z [Address [Address [Address

PO14/ [Internal state] output] output] output]

TIOCA2 L Keep Hi-Z Hi-Z
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep

P37/ All Hi-Z Hi-Z [Address [Address [Address

PO15/ [Internal state] output] output] output]

TIOCA2/ L Keep Hi-Z Hi-z

TIOCB2/

TCLKD-A [Other than [Other than [Other than
above] above] above]
Keep Keep Keep

P55 to All Hi-Z Hi-Z Hi-Z Hi-Z Keep

P50
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Hardware Software Standby Mode  Bus

Port MCU Operating Standby Released
Name Mode Reset Mode OPE=1 OPE=0 State
P56/ All Hi-Z Hi-Z [DAOEO=1] [DAOEO=1] Keep
AN6/
Kee Kee
DAO/ P P
IRQ6-B [DAOEO = O] [DAOEO = O]
Hi-Z Hi-Z
P57/ All Hi-Z Hi-Z [DAOE1=1] [DAOE1=1] Keep
AN7/
Kee Kee
DA1/ P P
RO7-B [DAOE1=0] [DAOE1=0]
Hi-Z Hi-Z
P65 to All Hi-z Hi-Z Keep Keep Keep
P60
PAO/ Al Hi-Z Hi-Z [BREQO [BREQO [BREQO
BREQO/ output] output] output]
BS-A Hi-Z Hi-Z BREQO
[BS output] [BS output] [BS output]
Keep Hi-Z Hi-Z
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
PA1/ All Hi-z Hi-Zz [BACK output] [BACK output] [BACK
(B;‘;%) Hi-Z Hi-Z output]
[RD/WR [RD/WR BACK
output] output] [RD/WR
Keep Hi-Z output]
Hi-Z
[Other than [Other than
above] above] [Other than
Keep Keep above]
Keep
PA2/ All Hi-Z Hi-Z [BREQ input] [BREQinput] [BREQ
\?VF:IE'I'O/ Hi-Z Hi-Z input]
[WAIT input]  [WATT input] 12 (BREQ)
Hi-Z Hi-Z [WAIT input]
[Other than [Other than Hi-Z (WAIT)
above] above] [Other than
Keep Keep above]
Keep
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Hardware Software Standby Mode  Bus
Port MCU Operating Standby Released
Name Mode Reset Mode OPE=1 OPE=0 State
PA3/ Single-chip mode Hi-Z Hi-Z Keep Keep Keep
LLWR/ (EXPE =0)
LLB External extended H Hi-z H Hi-Z Hi-z
mode (EXPE = 1)
PA4/ Single-chip mode Hi-Z Hi-Z Keep Keep Keep
LHWR/ (EXPE =0)
LUB External extended H Hi-Z [LHWR, LUB [LHWR, LUB [LHWR, LUB
mode (EXPE = 1) output] output] output]
H Hi-Z Hi-Z
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
PA5/RD  Single-chipmode  Hi-Z Hi-Z Keep Keep Keep
(EXPE = 0)
External extended H Hi-z H Hi-Z Hi-z
mode (EXPE = 1)
PA6/ Single-chipmode  Hi-Z Hi-Z [AS,AH,BS [AS,AH,BS [AS, AH,BS
AS/ (EXPE =0) output] output] output]
%/B External extended H H Hi-Z Hi-Z
mode (EXPE =1) [Otherthan  [Otherthan  [Other than
above] above] above]
Keep Keep Keep
PA7/Be  Single-chip mode Hi-z Hi-Zz [Clock output] [Clock output] [Clock
(EXPE =0) H H output]
External extended  Clock output  Hi-Z [Other than [Other than Clock output
mode (EXPE =1) above] above] [Other than
Keep Keep above]
Keep
PBO/ Single-chip mode  Hi-Z Hi-Z [CS output] [CS output] [CS output]
S4/
CS5-B External extended  H [Other than [Other than [Other than
mode (EXPE = 1) above] above] above]
Keep Keep Keep

RRENESAS
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Hardware Software Standby Mode  Bus

Port MCU Operating Standby Released
Name Mode Reset Mode OPE=1 OPE=0 State
PB1/ All Hi-Z Hi-Z [CSoutpuf]  [CSoutputf]  [CS output]
cs/ H Hi-Z Hi-Z
CS2-B/
CS5-A/ [Other than [Other than [Other than
CS6-B/ above] above] above]
CS7-B Keep Keep Keep
PB2/ All Hi-Z Hi-Z [CSoutpuf]  [CSoutputf]  [CS output]
CS2-A/ H Hi-Z Hi-Z
CS6-A
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
PB3/ All Hi-z Hi-Z [CSoutpuf]  [CSoutputf]  [CS output]
csg/ H Hi-Z Hi-Z
CS7-A
[Other than [Other than [Other than
above] above] above]
Keep Keep Keep
Port D External extended L Hi-Z Keep Hi-Z Hi-Z
mode (EXPE = 1)
ROM enabled Hi-Z Hi-Z Keep [Address [Address
extended mode output] output]
Hi-Z Hi-Z
[Other than [Other than
above] above]
Keep Keep
Single-chip mode Hi-Z Hi-Z Keep Keep Keep
(EXPE = 0)
Port E External extended L Hi-z Keep Hi-Z Hi-Z
mode (EXPE = 1)
ROM enabled Hi-Z Hi-Z Keep [Address [Address
extended mode output] output]
Hi-Z Hi-Z
[Other than [Other than
above] above]
Keep Keep
Single-chip mode Hi-Z Hi-Z Keep Keep Keep
(EXPE = 0)
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Hardware Software Standby Mode  Bus

Port MCU Operating Standby Released
Name Mode Reset Mode OPE=1 OPE =0 State
PF7 to External extended L/ Hi-Z Keep [Address [Address
PFO mode (EXPE =1) Hi-z* output] output]
Hi-Z Hi-Z
[Other than [Other than
above] above]
Keep Keep
Single-chip mode Hi-Z Hi-Z Keep Keep Keep
(EXPE = 0)
Port H Single-chip mode Hi-z Hi-Z Keep Keep Keep
(EXPE = 0)
External extended  Hi-Z Hi-Zz Hi-Z Hi-Z Hi-Z
mode (EXPE = 1)
Port | Single-chip mode Hi-Z Hi-Z Keep Keep Keep
(EXPE = 0)
External 8-bit  Hi-Z Hi-Z Keep Keep Keep
extended bus
mode mode
EXPE=1) ‘6bit Hiz Hi-Z Hi-Z Hi-Z Hi-Z
bus
mode
32-bit Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
bus
mode
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B. Product Lineup

Product Classification Product Model  Marking Package (Package Code)

H8SX/1650 ROMless R5S61650 R5S61650 TFP-120 (TFP-120V*)

Note: * Pb-free version
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C. Package Dimensions

For the package dimensions, datain the Renesas | C Package General Catalog has priority.

Unit: mm
16.0£0.2
91
N
(e}
+
o
©
—
120
*0.17 £ 0.05 g 8 S
=l = S o|o
0.15+0.04 007 = 99
. o o ~0
- - -
olo
| *
o
—
o
+
o
—
o Package Code TFP-120 (TFP-120V*)
JEDEC —
*Dimension including the plating thickness JEITA Conforms
Base material dimension Mass (reference value) 0.5¢g

Note: * Pb free version

Figure C.1 Package Dimensions (TFP-120)
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Double-buffered structure....................... 460

DTC vector address.........ccveveeeeneenene 220
DTC vector address offset .............. 220, 221
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Endian and data alignment..................... 157
Endian format ...........ccooovninieeienenenne 151
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External busclock (B@) .................. 142, 525
External businterface.........ccccccevenenene 150
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Hardware standby mode................. 534, 546
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10 oo o L= S 469
Idlecycle....ie e 192
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Immediate........ccooveriiiniieeeeeeeeee 55
INdEX regiSter ......covevvveevee e 27
Index register indirect

with displacement ..........ccccoeveierinnicneens 53
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Input buffer control register.................... 251
Input Capture Function............c.cceeveeneene 334
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OSCHIALOT ... 528
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Package........ccccevvevieeieeie e 1
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Peripheral module clock (Pg) ......... 142, 525
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Pin functions........ccccoeevininininencece 8
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Port function controller..........ccceeernnnne 281
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RAM ..o 523
Read strobe (RD) timing..........ccccuevee.e.. 169

Register addresses.........ccccevveveeieeceennen, 552
Register BitS.....cccoocvveeeveeceeceeceee e, 560
Register configuration in each port......... 249
Register direCt........ccovveivinenineree 52
Register field........ccoovivenineiiere 51
Register indirect........cccovevvecvccieciecieniens 53
Register indirect with displacement .......... 53
Register indirect with post-decrement....... 54
Register indirect with post-increment ....... 53
Register indirect with pre-decrement........ 54
Register indirect with pre-increment......... 54
Registers
ABWCR.......coevvne. 121, 553, 562, 570
ADCR ..o, 505, 557, 566, 574
ADCSR.....coovviein 503, 557, 566, 574
ADDR .....ccotiien 502, 557, 566, 574
ASTCR....ccvtrien 122, 553, 562, 570
BCRL.....coveirieree 133, 553, 562, 570
BCR2.....ccoieirieree 135, 554, 562, 570
BROMCR .....cc.ccovennee. 138, 554, 562, 571
BRR.....cooirerie 449, 557, 565, 573
CCR.et et 28
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CRA L. 215
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DACROL .....cccceoveenee 519, 556, 565, 573
DADRO......cccccvrenen 518, 556, 565, 573
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DRt 250, 552, 560, 569
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DTCER....ccccooovrenen 216, 555, 564, 572
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ENDIANCR................ 136, 554, 562, 570
EXRucicee s 30
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IER ..o 90, 555, 564, 572
INTCR...ootriireireieene 86, 555, 564, 572
IPR oot 88, 553, 561, 570

Rev. 1.00, 09/03, page 615 of 618



ISCRH ..., 92, 553, 561, 570
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SCAN MOUE.....cceeeeeeeeeie e 507
Serial communication interface (SCI).....429
Shift operation instructions..............ce... 46
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SPACE SAE....oo e 460
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SHOP DIt 460
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Transfer information read skip function . 227
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Trap instruction exception handling ......... 78
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Watchdog timer (WDT) ....ccevvvereeerienen 419
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Write data buffer function for
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