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Notice: This is not a final specification.
Some parametric limits are subject to change.

7542 Group

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER

REJO3B0006-0200Z
Rev.2.00
2003.04.21

DESCRIPTION

The 7542 Group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 7542 Group has serial I/0s, 8-bit timers, 16-bit timers, and an
A-D converter, and is useful for control of home electric appliances
and office automation equipment.

FEATURES

Basic machine-language instructions ............cccccccvvevenieeinnen. 71

The minimum instruction execution time .. 0.25 us (Target Spec.)

(at 8 MHz oscillation frequency, double-speed mode for the

shortest instruction)

Memory size

Flash memory version: ROM ..........cccccoviiiieneenne 32K + 4K bytes
..................................... 1024 bytes

8K to 16K bytes

384 to 512 bytes

Mask ROM version:

RSSversion ~ RAM ... 1024 bytes

« Programmable I/O ports .. 29 (25 in 32-pin version)
o INLEITUPLES o 18 sources, 16 vectors
(14 sources, 14 vectors in 32-pin version)

o TIMEIS (.o 8-bit 0 2
...................................................................................... 16-bit 0 2

¢ OULPUL COMPATE ....eeiiiiieeiiiiie et 4-channel
¢ INPUL CAPLUME ..ooeiiiiiieiiiit e 2-channel
« Serial /O .....oeeeviiieies 8-bit 0 2 (UART or Clock-synchronized)

............................................... 10-bit O 8 channels
...................................................... (6 channels in 32-pin version)
Clock generating CirCUIt ..........cuvveeeiiiiiieie e Built-in type
(low-power dissipation by a ring oscillator)

(connected to external ceramic resonator or quartz-crystal
oscillator permitting RC oscillation)

>
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o Watchdog tiImer .......cooiiiiiiiiie e 16-bit 0 1
- Power source voltage
XIN oscillation frequency at ceramic oscillation, in double-speed mode

ALB MHZ oo TBD
XIN oscillation frequency at ceramic oscillation, in high-speed mode
ALB MHZ .o 40to55V
A4 MHZ oo 24t055V
A2 MHZ oo 22to55V

XIN oscillation frequency at RC oscillation in high-speed mode or
middle-speed mode

AL A MHZ (o 40to55V
A2 MHZ oo 24t055V
AL L MHZ oo 22t055V
o Power diSSIPation .........cocueiiiiiiei i TBD
« Operating temperature range..........ccccceevevveeeeeernnnes —-20to 85 °C

(—40 to 85 °C for extended operating temperature version)
(—40 to 125 °C for extended operating temperature 125 °C ver-
sion (Note 1))

Notes 1: In this version, the operating temperature range and total time are
limited as follows;
55 °C to 85 °C: within total 6000 hours,
85 °C to 125 °C: within total 1000 hours.
2: This is not a final specification. Some parametric limits are subject
to change.Please contact Renesas or an authorized Renesas
product distributor in the case of examination of use.

APPLICATION
Office automation equipment, factory automation equipment, home
electric appliances, consumer electronics, car, etc.
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PIN CONFIGURATION (TOP VIEW)
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PO7(LEDo7)/SrpY2 <> [25]
P10/RxD1/CAPo <24
P11/TxD1 <> [27]
P12/Scik1 <> [2g]

M37542Mx-XXXGP
M37542MXT-XXXGP
M37542MxV-XXXGP

[16] <> P34(LED14)
[15]=> P33(LED13)/INT1
[1a] <> P3;(LED12)/CMP3
[13] <> P3;1(LED11)/CMP>2

P13/Srpy1 <> [2g] M37542F8GP [12] = P30(LED10)/CAP1
P14/CNTRo <> [ag] M37542F8TGP [1a] Vss
P20/ANo <> [31] M37542E8VGP E» XouTt
P21/AN1 <> [37] O [ ol =— xin
|$||z||3¢||z||?||?||}||8|
N O SO U 0 O
22220p48
NN XS]
[ aWa 2N

Package type: 32P6U-A

Fig. 1 Pin configuration (Package type: 32P6U-A)

P12/Sciki<— [1_| [36] = P11/TxD1
P13/Srov1 +— [2_] O [35] <= P1o/RxD1/CAPo
P14/CNTRo <> [3 | | 34] == PO7(LEDo7)/SrpY2
P20/ANo +—> [4_| 33] < PO6(LEDos)/ScLk2
P2/AN1+—> [5 [ 2 Z2Z2Z2Z2Z2 [32] < POs5(LEDo5)/TXD2
P2a/ANz <+ [6 | 9 Y XX XY  [B1] <> PO4LED)/RXD2
P23/AN3 < [7 % % % % % % [30] <> PO3(LEDo3)/TXout
P24/ANa ~ [s | I3 T3 1 22 [29] <+ P02(LED02)/CMP1
P25/ANs +— [9 ] QR RX XX (28] +—> PO1(LEDo1)/CMPo
P26/AN6 = [10] 7 11 U = 31 X  [27] ~= POo(LED00)/CAPo
poANy - (] 00 XX L [2] <~ P3/(LEDL)/INTo
VRer — [12] x x 3 [25] <~ P36(LED16)/INT2
RESET — [13] T U 24] <> P35(LED1s)
CNVss — [14] 23] +> P34(LEDw4)
Vee [15] [22] ~—= P33(LED13)/INT1
XiN — [16] [ 21] <= P32(LED12)/CMP3
Xout «— [17] Q [20] “— P31(LED11)/CMP2
Vss  [18] [ 19] «—=> p3y(LED10)/CAP1

Package type: 36P2R-A

Fig. 2 Pin configuration (Package type: 36P2R-A)
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Pl2/ScLkie—[1]
P13/SRoY1+—[3]
P14/CNTRo «—»[3]
P20/ANo<+—»[4]
P21/AN1<+—»>[5]
P22/AN2 «—»[5]
P23/ANs +—>[7]
P24/AN4 «—»[8]
P25/ANs +—> Lo
VREF— [10)
RESET—> [
CNvss—[12

Vcc [z3
XIN—> [14]

Xout<+— [15

Vss |J._i
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32| «—> p11/TxD1

2l > b1 /RxD1/CAPO
30 «—> po7(LEDO7)/SROY2
20 «—» P0s(LEDO06)/ScLK2
28] 4> b5 (LEDOs) TXD:2
2] «—> P04(LED04)/RxD2
2 +—> p03(LEDOs)/TX0UT
25] «—> po,(LED02)/CMP1
24 «—» PO1(LEDo1)/CMPo
22 «—> pQo(LED00)/CAPO
2] «—> P37(LED17)/INTo
20«03, LEDL)

204> b33 (LED13)/INT1
19] «—» P32(LED12)/CMP3

18] «—» P31(LED11)/CMP2

17] P30(LED10)/CAP1

Package type: 32P4B

Fig. 3 Pin configuration (Package type: 32P4B)

P14/CNTRO+—> [1 | ~ [42] < P13/SRDY1
NC  [2] [41] < P12/ScLK1
NC  [5] [40] «— P11/TxD1
P20/ANo <> [4_| [39] <= P10/RxD1/CAPo
P21/AN1+> [5 [38] ~— PO7(LED07)/SRDY2
NC  [& | [37] < PO0s(LED06)/SCLK2
P22/AN2 <> [7 [36] < POs(LEDos)/TxD2
P23/AN3 <+ [8 | = [35] «— PO4(LEDo4)/RxD2
P24/ANs +— [9_] w [34] «=> PO3(LEDo3)/TXout
P25/ANs «~— [10]] a [33] + PO2(LED02)/CMP1
P26/AN6 «~— [11] A [32] «— PO1(LEDo1)/CMPo
P27/AN7 ~—~ [12] N [31] <= POo(LED00)/CAPo
NC [ A 0]  NC
NC  [a4] % [29] <= P37(LED17)/INTo
VReF — [15] 28] <~ P3¢(LED16)/INT1
RESET — [1s [27] +—> P35(LED1s)
CNVss— [17] [26] <> P34(LED14)
vee  [8] [25] < P33(LED13)/INT1
Xin— [19] [24] == P32(LED12)/CMP3
XouT «— [20] [23] ~= P3y(LED11)/CMP2
vss [z [22] <= P3o(LED10)/CAP1

Package type 42S1M

Fig. 4 Pin configuration (Package type: 42S1M)
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7542 Group

FUNCTIONAL BLOCK
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Fig. 5 Functional block diagram (Package type: 32P6U-A)
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7542 Group
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Fig. 6 Functional block diagram (Package type: 36P2R-A)
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Fig. 7 Functional block diagram (Package type: 32P4B)
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7542 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

PIN DESCRIPTION

Table 1 Pin description

Pin Name Function | Function expect a port function
Vcce, Vss Power source | *Apply voltage of 2.2 to 5.5 V to Vcc, and 0 V to Vss.
(Note 1)
VREF Analog refer-| <Reference voltage input pin for A-D converter.
ence voltage
CNVss CNVss «Chip operating mode control pin, which is always connected to Vss.
RESET Reset input *Reset input pin for active “L”
XIN Clock input «Input and output pins for main clock generating circuit.
«Connect a ceramic resonator or quartz crystal oscillator between the XIN and XouT pins.
«For using RC oscillator, short between the XiN and XouT pins, and connect the capacitor and resistor.
XouTt Clock output . . .
«If an external clock is used, connect the clock source to the XIN pin and leave the XouT pin open.
*When the ring oscillator is selected as the main clock, connect XIN pin to Vcc and leave XouT open.
POo(LEDo0)/CAPo | 1/O port PO «8-bit 1/0 port. « Capture function pin |+ Key-input
P0O1(LED01)/CMPo +1/O direction register allows each pin to be individually pro- |« Compare function pin | (key-on
PO2(LED02)/CMP1 grammed as either input or output. wake up
P03(LED03)/TXouT *CMOS compatible input level * Timer X function pin | interrupt
P04(LED04)/RxD2 *CMOS 3-state output structure « Serial /02 function pin| input) pin
POs(LEDo0s)/TxD2 *Whether a built-in pull-up resistor is to be used or not can be
PO6(LEDo06)/SCLK2 determined by program.
PO7(LED07)/SRDY2 « High drive capacity for LED drive port can be selected by program.
P1o/RxD1/CAPo 1/0 port P1 «5-bit I/O port « Serial 1/01 function pin
«I/O direction register allows each pin to be individually pro- [+ Capture function pin
P11/TxD1 grammed as either input or output. « Serial 1/01 function pin
P12/ScLk1 *CMOS compatible input level
P13/SRDY1 *CMOS 3-state output structure
P14/CNTRo *CMOS/TTL level can be switched for P10, P12 and P13 * Timer X function pin
P20/ANo—P27/AN7 |[1/O port P2 8-bit 1/0 port having almost the same function as PO * Input pins for A-D converter
(Note 2) *CMOS compatible input level
*CMOS 3-state output structure
P30(LED10)/CAP1 |1/O port P3 «8-hit 1/0O port « Capture function pin
P31(LED11)/CMP2 |(Note 3) *I/O direction register allows each pin to be individually pro- |« Compare function pin
P32(LED12)/CMP3 grammed as either input or output.
P33(LED13)/INT1 *CMOS compatible input level (CMOS/TTL level can be | Interrupt input pin
P34(LED14) switched for P36 and P37).
P35(LED15) *CMOS 3-state output structure

P36(LED16)/INT1
P37(LED17)/INTo

*Whether a built-in pull-up resistor is to be used or not can be
determined by program.
« High drive capacity for LED drive port can be selected by program.

« Interrupt input pin

Notes 1: Vcc = 2.4 to 5.5 V for the extended operating temperature version and the extended operating temperature 125 °C version.
2: P26/AN6 and P27/AN7 do not exist for the 32-pin version, so that Port P2 is a 6-bit I/0 port.
3: P35 and P36/INT1 do not exist for the 32-pin version, so that Port P3 is a 6-bit I/O port.
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7542 Group Some parametric limits are subject to change.
GROUP EXPANSION Memory size
Renesas plans to expand the 7542 group as follow: Flash memory Size .......cccccooiiiiiiiiinee 32 K + 4 K bytes
Mask ROM size 8 K to 16 K bytes
Memory type RAM SIZ€ i 384 to 1024 bytes
Support for Mask ROM version, Flash memory version, and Emu-
lator MCU . Package
B2P4B ..o 32-pin plastic molded SDIP
32P6U-A ..o 0.8 mm-pitch 32-pin plastic molded LQFP
36P2R-A ..o 0.8 mm-pitch 36-pin plastic molded SSOP
A2SIM i 42-pin shrink ceramic PIGGY BACK
ROM size
(bytes)
32K
+4K

oo S e gy

oK - Cuggrsanzr”

2 - _
0 384 512 1024 RAMsize
(bytes)

**. Under development
Note: Products under developmenteesthe development schedule and
specification may be revised without notice.

Fig. 8 Memory expansion plan
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Notice: This is not a final specification.
Some parametric limits are subject to change.

Currently supported products are listed below.

Table 2 List of supported products

Product ROM_SIZE (bytes) | RAM size Package Remarks
ROM size for User () | (bytes)

M37542M2-XXXSP 8192 384 32P4B |Mask ROM version
M37542M2-XXXFP (8062) 36P2R-A |Mask ROM version
M37542M2T-XXXFP Mask ROM version (extended operating temperature version)
M37542M2V-XXXFP Mask ROM version (extended operating temperature 125 °C version)
M37542M2-XXXGP 32P6U-A |Mask ROM version
M37542M2T-XXXGP Mask ROM version (extended operating temperature version)
M37542M2V-XXXGP Mask ROM version (extended operating temperature 125 °C version)
M37542M4-XXXSP 16384 512 32P4B |Mask ROM version
M37542M4-XXXFP (16254) 36P2R-A |Mask ROM version
M37542MAT-XXXFP Mask ROM version (extended operating temperature version)
M37542M4V-XXXFP Mask ROM version (extended operating temperature 125 °C version)
M37542M4-XXXGP 32P6U-A |Mask ROM version
M37542M4T-XXXGP Mask ROM version (extended operating temperature version)
M37542M4V-XXXGP Mask ROM version (extended operating temperature 125 °C version)
M37542F8SP 32768 + 4096 1024 32P4B  |Flash memory version
M37542F8FP (32638) 36P2R-A |Flash memory version
M37542F8TFP Flash memory version (extended operating temperature version)
M37542F8VFP Flash memory version (extended operating temperature 125 °C version)
M37542F8GP 32P6U-A |Flash memory version
M37542F8TGP Flash memory version (extended operating temperature version)
M37542F8VGP Flash memory version (extended operating temperature 125 °C version)
M37542RSS 1024 42S1IM  |[Emulator MCU

Rev.2.00 2003.04.21 page 9 of 97
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Notice: This is not a final specification.
Some parametric limits are subject to change.

FUNCTIONAL DESCRIPTION

Central Processing Unit (CPU)

The MCU uses the standard 740 family instruction set. Refer to
the table of 740 family addressing modes and machine-language
instructions or the SERIES 740 <SOFTWARE> USER’S MANUAL
for details on each instruction set.

Machine-resident 740 family instructions are as follows:

1. The FST and SLW instructions cannot be used.

2. The MUL and DIV instructions can be used.

3. The WIT instruction can be used.

4. The STP instruction can be used.

Accumulator (A)
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

Index register X (X), Index register Y (Y)

Both index register X and index register Y are 8-bit registers. In
the index addressing modes, the value of the OPERAND is added
to the contents of register X or register Y and specifies the real
address.

When the T flag in the processor status register is set to “1”, the
value contained in index register X becomes the address for the
second OPERAND.

Stack pointer (S)

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. The stack is used to store the current address data
and processor status when branching to subroutines or interrupt
routines.

The lower eight bits of the stack address are determined by the
contents of the stack pointer. The upper eight bits of the stack ad-
dress are determined by the Stack Page Selection Bit. If the Stack
Page Selection Bit is “0”, then the RAM in the zero page is used
as the stack area. If the Stack Page Selection Bit is “1”, then RAM
in page 1 is used as the stack area.

The Stack Page Selection Bit is located in the SFR area in the
zero page. Note that the initial value of the Stack Page Selection
Bit varies with each microcomputer type. Also some microcom-
puter types have no Stack Page Selection Bit and the upper eight
bits of the stack address are fixed. The operations of pushing reg-
ister contents onto the stack and popping them from the stack are
shown in Fig. 9.

Program counter (PC)
The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 b0
| A
b7 b0
| X
b7 b0
| Y
b7 b0
| s

b15 b7 b0

PCH | PCL

b7 b0

| Accumulator
| Index Register X
| Index Register Y
| Stack Pointer

| Program Counter

[N|V[T[B|D[1]z]|C| Processor Status Register (PS)

Carry Flag

—— Zero Flag

Interrupt Disable Flag
Decimal Mode Flag
Break Flag

Index X Mode Flag
Overflow Flag

Negative Flag

Fig. 9 740 Family CPU register structure
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7542 Group

On-going Routine

Interrupt request
(Note)

I

Execute JSR

Store Return Address
on Stack

M (S) <« (PCH)
(S) «(5-1)
M (S)< (PCL)

M (S)<« (PCL)

Store Return Address
on Stack

(S) «(S-1)
Store Contents of Processor
M (S)< (PS) Status Register on Stack

Interrupt
Service Routine I Flag *0” to *1”
Execute RTI Fetch the Jump Vector

(S) «(S+1)
(PS) <~ M (S)
(S) «(S+1)

1

Execute RTS

Restore Return
Address

Restore Contents of
Processor Status Register

(PCHM (S)
(S) «(S+1)
(PCH«M (S)

Restore Return
Address

Note : The condition to enable the interrupt —>Interrupt enable bit is “1”
Interrupt disable flag is “0”

Fig. 10 Register push and pop at interrupt generation and subroutine call

Table 3 Push and pop instructions of accumulator or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

Rev.2.00 2003.04.21 page 11 of 97
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Notice: This is not a final specification.
Some parametric limits are subject to change.

Processor status register (PS)

The processor status register is an 8-bit register consisting of
flags which indicate the status of the processor after an arithmetic
operation. Branch operations can be performed by testing the
Carry (C) flag, Zero (Z) flag, Overflow (V) flag, or the Negative (N)
flag. In decimal mode, the Z, V, N flags are not valid.

After reset, the Interrupt disable (l) flag is set to “1”, but all other
flags are undefined. Since the Index X mode (T) and Decimal
mode (D) flags directly affect arithmetic operations, they should
be initialized in the beginning of a program.

(1) Carry flag (C)

The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

(2) Zero flag (2)

The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0”.

(3) Interrupt disable flag (l)

The | flag disables all interrupts except for the interrupt generated
by the BRK instruction. Interrupts are disabled when the | flag is
“1".

When an interrupt occurs, this flag is automatically set to “1” to
prevent other interrupts from interfering until the current interrupt
is serviced.

(4) Decimal mode flag (D)

The D flag determines whether additions and subtractions are ex-
ecuted in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1”.
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

(5) Break flag (B)

The B flag is used to indicate that the current interrupt was gener-
ated by the BRK instruction. The BRK flag in the processor status
register is always “0”. When the BRK instruction is used to gener-
ate an interrupt, the processor status register is pushed onto the
stack with the break flag set to “1”. The saved processor status is
the only place where the break flag is ever set.

(6) Index X mode flag (T)

When the T flag is “0”, arithmetic operations are performed be-
tween accumulator and memory, e.g. the results of an operation
between two memory locations is stored in the accumulator. When
the T flag is “1”, direct arithmetic operations and direct data trans-
fers are enabled between memory locations, i.e. between memory
and memory, memory and I/O, and I/O and I/O. In this case, the
result of an arithmetic operation performed on data in memory lo-
cation 1 and memory location 2 is stored in memory location 1.
The address of memory location 1 is specified by index register X,
and the address of memory location 2 is specified by normal ad-
dressing modes.

(7) Overflow flag (V)

The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location oper-
ated on by the BIT instruction is stored in the overflow flag.

(8) Negative flag (N)

The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored in
the negative flag.

Table 4 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET - -
Clear instruction CLC - CLI CLD — CLT CLvV —
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[CPU mode register] CPUM

The CPU mode register contains the stack page selection bit, etc..

This register is allocated at address 003B16.

Switching method of CPU mode register

Switch the CPU mode register (CPUM) at the head of program af-

ter releasing Reset in the following method.

b7 bo

(LT

‘ CPU mode register

(CPUM: address 003Bis, initial value: 8016)

Processor mode bits (Note 1)
bl b0
0 0 Single-chip mode
01
10

Not available

1.1

Stack page selection bit
0 :0page
1 :1page

Ring oscillator oscillation control bit
0 : Ring oscillator oscillation enabled
1 : Ring oscillator oscillation stop

XIN oscillation control bit
0 : Ceramic or RC oscillation enabled
1 : Ceramic or RC oscillation stop

Oscillation mode selection bit (Note 1)
0 : Ceramic oscillation
1 : RC oscillation
Clock division ratio selection bits
b7 b6
0 0 : f(g) = f(XiN)/2 (High-speed mode)
0 1 : f(g) =f(XiN)/8 (Middle-speed mode)
1 0 : applied from ring oscillator
1 : f(g) = f(XiN) (Double-speed mode)(Note 2)

1
Note 1: These bits can be rewritten only once after releasing reset. After rewriting
it is disable to write any data to bits. However, by reset bits are
initialized and can be rewritten, again.
(It is not disable to write any data to bits for emulator MCU
“M37542RSS".)
2: These bits are used only when a ceramic oscillation is selected.

Do not use these when an RC oscillation is selected.

Fig. 11 Structure of CPU mode register

( After releasing reset )

Switch the oscillation mode
selection bit (bit 5 of CPUM)

'

Wait by ring oscillator operation until
establishment of oscillator clock

Y

Switch the clock division ratio
selection bits (bits 6 and 7 of CPUM)

Y

Main routine

Start with a built-in ring oscillator

An initial value is set as a ceramic
oscillation mode. When it is switched to an
RC oscillation, its oscillation starts.

When using a ceramic oscillation, wait until
establlishment of oscillation from oscillation starts.
When using an RC oscillation, wait time is not
required basically (time to execute the instruction to
switch from a ring oscillator meets the requirement).

Select 1/1, 1/2, 1/8 or ring oscillator.

Fig. 12 Switching method of CPU mode register
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Memory

Special function register (SFR) area

The SFR area in the zero page contains control registers such as
1/0 ports and timers.

RAM
RAM is used for data storage and for a stack area of subroutine
calls and interrupts.

ROM
The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is a user area for storing programs.

Interrupt vector area
The interrupt vector area contains reset and interrupt vectors.

Zero page

The 256 bytes from addresses 000016 to OOFF16 are called the
zero page area. The internal RAM and the special function regis-
ters (SFR) are allocated to this area.

The zero page addressing mode can be used to specify memory
and register addresses in the zero page area. Access to this area
with only 2 bytes is possible in the zero page addressing mode.

Special page

The 256 bytes from addresses FF0016 to FFFF16 are called the
special page area. The special page addressing mode can be
used to specify memory addresses in the special page area. Ac-
cess to this area with only 2 bytes is possible in the special page
addressing mode.

RAM
RAM area
RAM capacity address
(bytes) XXXX16
384 01BF1e
512 023F16
1024 043F16
ROM
ROM area
ROM capacity| address address
(bytes) YYYY16 7727716
8192 E00016 E08016
16384 C00016 C08016
32768 800016 808016

Note: Only flash memory version has this SFR area.

000016
SFR area
004016 Zero page
010016
L XXXX16
Reserved area
044016 Not used
OFEO16 s d
OFEE1s FR area (Note)
_ Not used
YYYYie
Reserved ROM area
(128 bytes)
2727716
FFO0O16 ]
FFDCa16 Special page
Interrupt vector area
FFFE1e
| FFFFs| Reserved ROM area )

Fig. 13 Memory map diagram
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000016 | Port PO (PO) 002016 | Capture mode register (CAPM)

000116 | Port PO direction register (POD) 002116 | Compare output mode register (CMOM)

000216 | Port P1 (P1) 002216 | Capture/compare status register (CCSR)

000316 | Port P1 direction register (P1D) 002316 | Compare interrupt source set register (CISR)

000416 | Port P2 (P2) 002416 | Timer A (low-order) (TAL)

000516 | Port P2 direction register (P2D) 002516 | Timer A (high-order) (TAH)

000616 | Port P3 (P3) 002616 | Timer B (low-order) (TBL)

000716 | Port P3 direction register (P3D) 002716 | Timer B (high-order) (TBH)

000816 | Reserved 002816 | Prescaler 1 (PRE1)

000916 | Reserved 002916 | Timer 1 (T1)

000A16 | Interrupt source set register (INTSET) 002A16 | Timer count source set register (TCSS)

000B16 | Interrupt source discrimination register (INTDIS) 002B16 | Timer X mode register (TXM)

000C16 | Capture register 0 (low-order) (CAPOL) 002C16 | Prescaler X (PREX)

000D16 | Capture register O (high-order) (CAPOH) 002Dz16 | Timer X (TX)

000E16 | Capture register 1 (low-order) (CAP1L) 002E16 | Transmit 2 / Receive 2 buffer register (TB2/RB2)

000F16 | Capture register 1 (high-order) (CAP1H) 002F16 | Serial /02 status register (SIO2STS)

001016 | Compare register (low-order) (CMPL) 003016 | Serial /02 control register (SIO2CON)

001116 | Compare register (high-order) (CMPH) 003116 | UART2 control register (UART2CON)

001216 | Capture/compare register R/W pointer (CCRP) 003216 | Baud rate generator 2 (BRG2)

001316 | Capture software trigger register (CSTR) 003316 | Reserved

001416 | Compare register re-load register (CMPR) 003416 | A-D control register (ADCON)

001516 | Port POP3 drive capacity control register (DCCR) 003516 | A-D conversion register (low-order) (ADL)

001616 | Pull-up control register (PULL) 003616 | A-D conversion register (high-order) (ADH)

001716 | Port P1P3 control register (P1P3C) 003716 | Ring oscillation division ratio selection register (RODR)

001816 | Transmit 1 /Receive 1 buffer register (TB1/RB1) 003816 | MISRG

001916 | Serial /01 status register (SIO1STS) 003916 | Watchdog timer control register (WDTCON)

001A16 | Serial /01 control register (SIO1CON) 003A1s | Interrupt edge selection register (INTEDGE)

001B1s | UARTL1 control register (UART1CON) 003B16 | CPU mode register (CPUM)

001C16 | Baud rate generator 1 (BRG1) 003C1s6 | Interrupt request register 1 (IREQ1)

001D16 | Timer A, B mode register (TABM) 003Dz1s | Interrupt request register 2 (IREQ2)

001E16 | Capture/compare port register (CCPR) 003E1s | Interrupt control register 1 (ICON1)

001F16 | Timer source selection register (TMSR) 003F16 | Interrupt control register 2 (ICON2)
0FEO16 | Flash memory control register 0 (FMCRO) (Note 2)
OFE1l1e | Flash memory control register 1 (FMCR1) (Note 2)

Notes 1: Do not access to the SFR area including nothing.
2: Only flash memory version has this SFR area.

Fig. 14 Memory map of special function register (SFR)
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I/O Ports

[Direction registers] PiD

The 1/0 ports have direction registers which determine the input/
output direction of each pin. Each bit in a direction register corre-
sponds to one pin, and each pin can be set to be input or output.
When “1” is set to the bit corresponding to a pin, this pin becomes
an output port. When “0” is set to the bit, the pin becomes an in-
put port.

When data is read from a pin set to output, not the value of the pin
itself but the value of port latch is read. Pins set to input are float-
ing, and permit reading pin values.

If a pin set to input is written to, only the port latch is written to and
the pin remains floating.

Note: P26/ANs, P27/AN7, P35 and P36 do not exist for the 32-pin version.
Accordingly, the following settings are required;
« Select P33 for the INT1 function.
« Set direction registers of ports P26 and P27 to output.
« Set direction registers of ports P35 and P36 to output.

[Port POP3 drive capacity control register] DCCR

By setting the Port POP3 drive capacity control register (address
001516), the drive capacity of the N-channel output transistor for
the port PO and port P3 can be selected.

[Pull-up control register] PULL

By setting the pull-up control register (address 001616), ports PO
and P3 can exert pull-up control by program. However, pins set to
output are disconnected from this control and cannot exert pull-up
control.

[Port P1P3 control register] P1P3C

By setting the port P1P3 control register (address 001716), a
CMOS input level or a TTL input level can be selected for ports
Plo, P12, P13, P36, and P37 by program.

Port POP3 drive capacity control register
(DCCR: address 001516, initial value: 0016)

I— Port POo drive capacity bit

Ports P01, P02 drive capacity bit

Ports P03—-P07 drive capacity bit

Port P30 drive capacity bit

Ports P31, P32 drive capacity bit

Port P33 drive capacity bit

Ports P34, P3s drive capacity bit

Ports P36, P37 drive capacity bit

0: Low
1: High

Note: Number of LED drive port (drive capacity is HIGH) is 8-port.

Fig. 15 Structure of port POP3 drive capacity control register

Pull-up control register
(PULL: address 001618, initial value: 0016)

I— PO0o pull-up control bit

P01, PO2 pull-up control bit

P03-P07 pull-up control bit

P30 pull-up control bit

P31, P32 pull-up control bit

P33 pull-up control bit
pull-up controt bl 0 : Pull-up Off

P34, P35 pull-up control bit 1 : Pull-up On

P36, P37 pull-up control bit

Note : Pins set to output ports are disconnected from pull-up control.

Fig. 16 Structure of pull-up control register

b7 b0

Port P1P3 control register
(P1P3C: address 0017 16, initial value: 0016)

I— P37/INTo input level selection bit
0: CMOS level
1:TTL level

P36/INT1 input level selection bit
0: CMOS level
1:TTL level

P1o,P12,P13 input level selection bit
0: CMOS level
1:TTL level

Not used

Note: Keep setting the P36/INT1 input level selection bit
to “0” (initial value) for 32-pin version.

Fig. 17 Structure of port P1P3 control register
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Table 5 1/0 port function table

Pin Name 1/O format Non-port function SFRs related each pin Diagram
No.
POo(LEDo00)/CAPo | 1/O port PO | *CMOS compatible « Capture function input Capture/Compare port register 1)
input level (Note 1) |« Key input interrupt Interrupt edge selection register
*CMOS 3-state output Pull-up control register
Port POP3 drive capacity control register
PO1(LEDo1)/CMPo « Compare function output Capture/Compare port register 2)
PO2(LED02)/CMP1 « Key input interrupt Pull-up control register
Port POP3 drive capacity control register
PO3(LEDo03)/TXouT « Timer X function output Timer X mode register 3)
« Key input interrupt Pull-up control register
Port POP3 drive capacity control register
PO4(LED04)/RxD2 « Serial 1/02 function input/output | Serial 1/02 control register 4)
« Key input interrupt Interrupt edge selection register
Pull-up control register
Port POP3 drive capacity control register
POs(LEDos)/TxD2 Serial 1/02 control register 5)
Pull-up control register
Port POP3 drive capacity control register
PO6(LEDoO6)/ScLK2 Serial 1/02 control register (6)
Interrupt edge selection register
Pull-up control register
Port POP3 drive capacity control register
PO7(LEDo07)/SRDY2 Serial 1/02 control register ()
Pull-up control register
Port POP3 drive capacity control register
P1o/RxD1/CAPo 1/0 port P1 « Serial /01 function input Serial I/01 control register 8)
« Capture function input Capture/Compare port register
Port P1P3 control register
P11/TxD1 « Serial 1/01 function input/output | Serial /01 control register 9)
P12/ScLk1 Serial I/01 control register (20)
Port P1P3 control register
P13/SRDY1 Serial /01 control register (11)
Port P1P3 control register
P14/CNTRo « Timer X function input/output Timer X mode register 12)
« External interrupt input
P20/ANo-P27/AN7 |1/O port P2 * A-D conversion input A-D control register (23)
(Note 2)
P30(LED10)/CAP1 | 1/O port P3 « Capture function input Capture/Compare port register (14)
(Note 3) Pull-up control register
Port POP3 drive capacity control register
P31(LED11)/CMP2 « Compare function output Capture/Compare port register (15)
P32(LED12)/CMP3 Pull-up control register
Port POP3 drive capacity control register
P33(LED13)/INT1 « External interrupt input Interrupt edge selection register (16)
Pull-up control register
Port POP3 drive capacity control register
P34(LED14) Pull-up control register 17)
P35(LED15) Port POP3 drive capacity control register
P36(LED16)/INT1 « External interrupt input Interrupt edge selection register (18)
P37(LED17)/INTo Pull-up control register (19)

Port POP3 drive capacity control register
Port P1P3 control register

Notes 1: Ports P1o, P12, P13, P36, and P37 are CMOS/TTL level.

2: P26/AN6 and P27/AN7 do not exist for the 32-pin version.

3: P35 and P36/INT1 do not exist for the 32-pin version.
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(1) Port POo
Direction
register

Data bus — Port latch

Capture 0 input
Capture 0 input control

To key input interrupt @:

generating circuit

(3) Port P03
P03/TX0OUT output valid =]

P00 key-on wakeup
selection bit

Timer output——>—

To key input interru pt<_@—

generating circuit

(5) Port POs
P05/TxD2 P-channel output
. disable bit

Serial /02 enable bit
Transmit enable bit

Direction
register

Port latch

Drive capacity
control

Serial 1102 output%\/
To key input interrupt<_@—

generating circuit

(7) Port P07

Serial 1/02 mode selection bit—
—Serial /02 enable bt
SRDY2 output enable bit

Direction
register

Port latch

Drive capacity
control

(2) Ports P01, P02

Compare output control— ]
Direction
register

Port latch

Compare output———1>—
To key input interrupt<_@—

generating circuit

(4) Port P04

Serial /02 enable bit
Receive enable bit

ection
—
register

Port latch

Drive capacity
control

Serial /02 input =

To key input interrupt<_@——
P04 key-on wakeup
selection bit

generating circuit

(6) Port POs

Serial 1/02 synchronous
clock selection bit
Serial /02 enable bit

Serial I/02 mode selection bit
Serial /02 enable bit

Drive capacity
control

2]
Serial 1/02 clock output +

Serial 1/02 clock input

To key input interrupt @ I;
generating circuit P06 key-on wakeup
selection bit

Serial /02 ready output —[\)—

To key input interrupt«@

generating circuit

Fig. 18 Block diagram of ports (1)
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(8) Port P1o

Serial /01 enable bit
Receive enable bit

Plo, P12, P13
input level

sel(j:on bit

b

Serial /01 input

Capture 0 input control
Capture 0 input?}—

(10) Port P12
Serial /01 synchronous
serig RO ERSBRRH
Serial I/01 mode selection bit
Serial I/01 enable bit

~

Direction
register

Data bus —3—| Port latch

Plo, P12, P13
input level

(12) Port P14
Pulse output mode

Direction
register

Port latch

Data bus

~N

Serial 1/01 clock output %\)—

Serial /01 clock input

selection bit

(9) Port P11

P11/TxD1 P-channel output disable bit‘{>°7

Serial I/O1 enable bit:D
Transmit enable bit

Direction

register

i

Data bus —

Port latch

.

Serial /01 output —D—

(11) Port P13

Serial /01 mode selection bit
Serial /01 enable bit
SroY1 output enable bit

Direction
register

Data bus — Port latch

%

e

i

P10, P12, P13
input level

N
Serial /01 ready output

Timer output >

CNTRo interrupt input‘-@*

* P10, P12, P13, P36, and P37 input level are switched to the CMOS/TTL level by the port P1P3 control register.
When the TTL level is selected, there is no hysteresis characteristics.

(13) Ports P20—-P27

Direction
register

sele?ion bit

Data bus—¢+—] Port latch_}

T
>

~N

A-D converter input®——9—o———

Analog input pin
selection bit

Fig. 19 Block diagram of ports (2)
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(14) Port P30

Direction
register

Pull-up controI—D_| ﬁ
=

Data bus 7+{ Port latch |

Capture 1 input
Capture 1 input control

(16) Port P33

Direction

=
Pull-up control—D_|::|
it

register

Y

Data bus ——>Q Port latch_|

(18) Port P3e

Direction
register

INTz input control
INTz input Q

Data bus ——>{ Port latch_|

Drive capacity
P3input level control
selection bit

iR

INTz input control
INTz input

N

(15) Ports P31, P32

register

Port latch

=
Pull-up control ;;I
Compare output control— =
Direction f
| ’ o

Drive capacity
control

Compare output— 1>~

(17) Ports P34, P3s

Direction

=
Pull-up control—D_|t:|
4 L

register

Y

Data bus ——>Q Port latch_|

(19) Port P37

Direction
register

Pull-up controlﬂj
=

Data bus ——>{ Port latch |

P3input level
selection bit

INTo input <e——

% P10, P12, P13, P36, and P37 input level are switched to the CMOS/TTL level by the port P1P3 control register.
When the TTL level is selected, there is no hysteresis characteristics.

Fig. 20 Block diagram of ports (3)
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Interrupts
Interrupts occur by 18 different sources : 6 external sources, 11 in-
ternal sources and 1 software source.

Interrupt control

All interrupts except the BRK instruction interrupt have an interrupt
request bit and an interrupt enable bit, and they are controlled by
the interrupt disable flag. When the interrupt enable bit and the in-
terrupt request bit are set to “1” and the interrupt disable flag is set
to “0”, an interrupt is accepted.

The interrupt request bit can be cleared by program but not be set.
The interrupt enable bit can be set and cleared by program.

The reset and BRK instruction interrupt can never be disabled with
any flag or bit. All interrupts except these are disabled when the
interrupt disable flag is set.

When several interrupts occur at the same time, the interrupts are
received according to priority.

Interrupt operation

Upon acceptance of an interrupt the following operations are auto-

matically performed:

1. The processing being executed is stopped.

2. The contents of the program counter and processor status reg-
ister are automatically pushed onto the stack.

3. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

4. Concurrently with the push operation, the interrupt destination
address is read from the vector table into the program counter.

[Interrupt source set register] INTSET

When two interrupt sources are assigned to the same interrupt
vector, the valid/invalid of each interrupt is set by this register.
When both two interrupt sources are set to be valid, which inter-
rupt request occurs is confirmed by the next interrupt source
discrimination register.

[Interrupt source discrimination register] INTDIS

When two interrupt sources are assigned to the same interrupt
vector, which interrupt source occurs is confirmed by this register.
If an interrupt request of a key-on wakeup, UART1 bus collision
detection, A-D conversion or timer 1 occurs, an interrupt discrimi-
nation bit is set to “1” regardless of valid/invalid state by the
interrupt source set register.

However, when the interrupt valid bit of an interrupt source set
register is “0” (invalid), the interrupt request bit of an interrupt con-
trol register is not set to “1.”

Moreover, since an interrupt discrimination bit is not automatically
cleared to “0” by interrupt, please clear it by program.

An interrupt discrimination bit can be cleared to “0” by program but
not be set to “1.”

[Interrupt edge selection register] INTEDGE

The valid edge of external interrupt INTo and INT1 can be selected
by the interrupt edge selection bit, respectively.

For the external interrupt INT1, the external input pin P33/INT1 or
P36/INT1 can be selected by the INT1 input port selection bit.
However, since there is no P36/INT1 pin in the 32-pin version, se-
lect P33/INT1 pin. By the key-on wakeup selection bit, enable/
disable of a key-on wakeup of POo, P04, and P0Os pins can be se-
lected, respectively.

m Notes on use

(1) When setting the followings, the interrupt request bit may be
setto “1".

*When switching external interrupt active edge

Related register:

Interrupt edge selection register (address 003A16)

Timer X mode register (address 002B16)

Capture mode register (address 002016)

When not requiring the interrupt occurrence synchronized with

these setting, take the following sequence.

[ Set the corresponding interrupt enable bit to “0” (disabled).

[ Set the interrupt edge select bit (active edge switch bit, trigger
mode bit).

[ Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

(2) Use a LDM instruction to clear an interrupt discrimination bit.
LDM #$0n, $0Bn
Set the following values to “n”
“0": an interrupt discrimination bit to clear
“1": other interrupt discrimination bits
Ex.) When a key-on wakeup interrupt discrimination bit is
cleared,
LDM #00001110B and $0B.
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Table 6 Interrupt vector address and priority

. .| Vector addresses (Note 1) ) i
Interrupt source |Priority Interrupt request generating conditions Remarks
High-order | Low-order
Reset (Note 2) 1 FFFD16 FFFCi16 |Atresetinput Non-maskable
Serial I/O1 receive 2 FFFB16 FFFA16 | At completion of serial I/O1 data receive [Valid only when serial /01 is selected
Serial /01 transmit 3 FFF916 FFF816 | At completion of serial /01 transmit shift |Valid only when serial /01 is selected
or when transmit buffer is empty
Serial I/02 receive 4 FFF716 FFF616 | At completion of serial /02 data receive |Valid only when serial 1/02 is selected
Serial 1/02 transmit 5 FFF516 FFF416 | At completion of serial /02 transmit shift |Valid only when serial 1/02 is selected
or when transmit buffer is empty
INTo 6 FFF316 FFF216 | At detection of either rising or falling edge |External interrupt
of INTo input (active edge selectable)
INT1 7 FFFl1e FFFO016 | At detection of either rising or falling edge |External interrupt
of INT1 input (active edge selectable)
Key-on wake-up/ 8 FFEF16 FFEE16 |At falling of conjunction of input logical External interrupt (valid at falling, when
UART1 bus level for port PO (at input) key-on wakeup interrupt is enableﬂ .
collision detection | At detection of UARTL bus collision  |When UART1 bus collision detection
(Note 3) detection interrupt is enabled.
CNTRo 9 FFED16 FFEC16 |At detection of either rising or falling edge |External interrupt
of CNTRo input (active edge selectable)
Capture 0 10 FFEB16 FFEA16 | At detection of either rising or falling edge [External interrupt
of Capture 0 input (active edge selectable)
Capture 1 11 FFE916 FFE816 |At detection of either rising or falling edge |External interrupt
of Capture 1 input (active edge selectable)
Compare 12 FFE716 FFE616 |At compare matched Compare interrupt source is selected.
Timer X 13 FFE516 FFE416 |Attimer X underflow
Timer A 14 FFE316 FFE216 |Attimer A underflow
Timer B 15 FFE1l16 FFEO16 |Attimer B underflow
A-D conversion/ 16 FFDF16 FFDE16 | At completion of A-D conversion When A-D conversion interrupt is enabled.
Timer 1 Attimer 1 underfow | STP release timer underflow
(Note 4) (When Timer 1 interrupt is enabled)
BRK instruction 17 FFDD16 FFDC16 |At BRK instruction execution Non-maskable software interrupt

Note 1: Vector addressed contain internal jump destination addresses.
2: Reset function in the same way as an interrupt with the highest priority.
3: Key-on wakeup interrupt and UART1 bus collision detection interrupt can be enabled by setting of interrupt source set register. The occurrence of
these interrupts are discriminated by interrupt source discrimination register.
4: A-D conversion interrupt and Timer 1 interrupt can be enabled by setting of interrupt source set register. The occurrence of these interrupts are dis-
criminated by interrupt source discrimination register.
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Key-on wakeup interrupt request

Key-on wakeup interrupt valid bit

UART1 bus collision detection
interrupt request

UART1 bus collision detection
interrupt valid bit

A-D conversion interrupt request

A-D conversion interrupt valid bit

Timer 1 interrupt request

Timer 1 interrupt valid bit

Interrupt request bit

Interrupt enable bit

when correspo

Interrupt disable flag | =9

Key-on wakeup interrupt

discrimination bit

UART1 bus
collision detection

interrupt

discrimination bit

discrimination bit

A-D conversion interrupt

Timer 1 interrupt
discrimination bit

) U U U

Y9

BRK instruction
Reset

nding interrupt request occurs.

Key-on wakeup/

» UART1 bus collision
detection interrupt
request bit

» A.-D conyersion/
Timer 1 interrupt
request bit

Interrupt request

Note: For key-on wakeup, UART1 bus collision detection, A-D conversion and Timer 1 interrupt,
even if interrupt valid bit (000A16) is set “0: Invalid”,
interrupt discrimination bit (000B16) is set to “1: interrupt occurs”

But corresponding interrupt request bit (003C16, 003D16) is not set to “1”.

Fig. 21 Interrupt control
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7542 Group
b7 bo . b7 b0 Interrupt request register 1
’ I I I I I I I Interrupt source set register (IREQL1 : address 003C1s, initial value : 0016)
(INTSET: address 000A16, initial value: 0016)
Key-on wakeup interrupt valid bit Serial /01 receive interrupt request bit
UART1 bus collision detection Serial /01 transmit interrupt request bit
) i Serial I/02 receive interrupt request bit
interrupt valid bit . . L .
A-D conversion interrupt valid bit Serial 1/02 transmit interrupt request bit
. . . INTO interrupt request bit
Timer 1 interrupt valid bit INT1 interrupt request bit
w Key-on wake up/UART1 bus collision detection
Not used (returns “0” when read) interrupt request bit
0: Interrupt invalid CNTRO interrupt request bit
1: Interrupt valid . . .
0 : No interrupt request issued
b7 bo 1: Interrupt request issued
’ | | | | | | | Interrupt source discrimination register
(INTDIS: address 000B16, initial value: 0016) b7 b0 Interrupt request register 2
Key-on wakeup interrupt discrimination bit (IREQ2 : address 003D18, initial value : 0016)
UART1 bus collision detection c 0i bi
interrupt discrimination bit apture !merrUpt request !t
Capture 1 interrupt request t_)lt
A-D conversion interrupt discrimination bit C_ompar(? interrupt request .b't
Timer 1 interrupt discrimination bit T!mer X !nterrupt request b!t
Timer A interrupt request bit
Not used (returns “0” when read) Timer B interrupt request bit .
0: Interrupt does not occur A-D conversmanmngr 1 interrupt request bit
1: Interrupt occurs Not used (returns “0” when read)
(Do not write “1” to this bit)
h7 ho

’ | | | | | | | Interrupt edge selection register
(INTEDGE : address 003A16, initial value: 0016)

[

INTo interrupt edge selection bit
0 : Falling edge active
1: Rising edge active
INT1 interrupt edge selection bit
0 : Falling edge active
1 : Rising edge active
INT1 input port selection bit
0:P36

1:P33
Not used (returns “0” when read)
P0o key-on wakeup enable bit

0 : Key-on wakeup enabled

1 : Key-on wakeup disabled
P04 key-on wakeup enable bit

0 : Key-on wakeup enabled

1 : Key-on wakeup disabled
P06 key-on wakeup enable bit

0 : Key-on wakeup enabled

1 : Key-on wakeup disabled

Note: P36 does not exist for the 32-pin version.
Accordingly, select P33 for the INT1 function.

b7 b0

0 : No interrupt request issued
1: Interrupt request issued

Interrupt control register 1
(ICONL1 : address 003E16, initial value : 0016)

Serial I/0O1 receive interrupt enable bit

Serial I/01 transmit interrupt enable bit

Serial 1/02 receive interrupt enable bit

Serial I/02 transmit interrupt enable bit

INTO interrupt enable bit

INT1 interrupt enable bit

Key-on wake up/UART1 bus collision detection
interrupt enable bit

b7 b0

CNTRO interrupt enable bit

0 : Interrupts disabled
1 : Interrupts enabled

Interrupt control register 2
(ICONZ2 : address 003F16, initial value : 0016)

Capture 0 interrupt enable bit

Capture 1 interrupt enable bit

Compare interrupt enable bit

Timer X interrupt enable bit

Timer A interrupt enable bit

Timer B interrupt enable bit

A-D conversion/Timer 1 interrupt enable bit
Not used (returns “0” when read)

(Do not write “1” to this bit)

0 : Interrupts disabled
1 : Interrupts enabled

Fig. 22 Structure of Interrupt-related registers
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7542 Group P ! 9

Key Input Interrupt (Key-On Wake-Up)

A key-on wake-up interrupt request is generated by applying “L”
level to any pin of port PO that has been set to input mode.

In other words, it is generated when the AND of input level goes
from “1” to “0”. An example of using a key input interrupt is shown
in Figure 21, where an interrupt request is generated by pressing
one of the keys provided as an active-low key matrix which uses
ports P0Oo to P03 as input ports.

@‘ Port PXx
5 “L” level output

PULL register

PR Port PO7
bit 3 30 Direction register = “1”
* *x Port PO7 Key input interrupt request
latch
L1 T detection
PULL register Port P06
bit3 30 Direction register = “1”
* * Port P06
latch
[1 1 detection
Port P06 key-on wakeup
selection bit
PULL register Port POs
bit 3 =0 Direction register = “1”
Port P05
latch
Ld detection
PULL register Port P04
bit 3 =0 Direction register = “1”
Port P04
latch
L detection
Port P04 key-on wakeup
selection bit
PULL register
bit 2 = “1” Port P03
Direction register = “0” . Port PO
*}_‘(:J *k Port P03 Input read circuit
. latch
L rosinput % | ! o [P e |
O O L] 1 detection
PULL register
bit 2 = “1” Port P02
Direction register = “0”
* > Port P02
P02 input latch
inpu ¢ Falling edge
5 oo 1 ‘B
PULL register
bit 1 ="1" Port PO1
Direction register = “0”
* ** Port P01
4L PO1 input latch
. Falling edge
PULL register
bit 0 = “1” Port POo
Direction register = “0”
Port POO
_L P00 input lateh
— Falling edge
SRS —

Port P00 key-on wakeup

selection bit .
* P-channel transistor for pull-up

** CMOS output buffer

Fig. 23 Connection example when using key input interrupt and port PO block diagram
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Timers

The 7542 Group has 4 timers: timer 1, timer X, timer A and timer
B.

The division ratio of every timer and prescaler is 1/(n+1) provided
that the value of the timer latch or prescaler is n.

All the timers are down count timers. When a timer reaches “0”, an
underflow occurs at the next count pulse, and the corresponding
timer latch is reloaded into the timer. When a timer underflows, the
interrupt request bit corresponding to each timer is set to “1”.

« Frequency divider for timer

According to the clock division selection bits (b7 and b6) of CPU
mode register (003B16), the count source of frequency divider is
set as follows;

b7b6 = “00"(high-speed), “01"(middle-speed), “11"(double-speed): XIN
b7b6 = “10"(Ring oscillator): Ring oscillator

e Timer 1

Timer 1 is an 8-bit timer and counts the prescaler output.

When Timer 1 underflows, the timer 1 interrupt request bit is set to
‘1.

Prescaler 1 is an 8-bit prescaler and counts the signal which is the
oscillation frequency divided by 16.

Prescaler 1 and Timer 1 have the prescaler 1 latch and the timer 1
latch to retain the reload value, respectively. The value of
prescaler 1 latch is set to Prescaler 1 when Prescaler 1
underflows.The value of timer 1 latch is set to Timer 1 when Timer
1 underflows.

When writing to Prescaler 1 (PRE1) is executed, the value is writ-
ten to both the prescaler 1 latch and Prescaler 1.

When writing to Timer 1 (T1) is executed, the value is written to
both the timer 1 latch and Timer 1.

When reading from Prescaler 1 (PRE1) and Timer 1 (T1) is ex-
ecuted, each count value is read out.

Timer 1 always operates in the timer mode.

Prescaler 1 counts the signal which is the oscillation frequency di-
vided by 16. Each time the count clock is input, the contents of
Prescaler 1 is decremented by 1. When the contents of Prescaler
1 reach “0016", an underflow occurs at the next count clock, and
the prescaler 1 latch is reloaded into Prescaler 1 and count contin-
ues. The division ratio of Prescaler 1 is 1/(n+1) provided that the
value of Prescaler 1 is n.

The contents of Timer 1 is decremented by 1 each time the under-
flow signal of Prescaler 1 is input. When the contents of Timer 1
reach “0016”, an underflow occurs at the next count clock, and the
timer 1 latch is reloaded into Timer 1 and count continues. The di-
vision ratio of Timer 1 is 1/(m+1) provided that the value of Timer
1 is m. Accordingly, the division ratio of Prescaler 1 and Timer 1 is
1/((n+1)0(m+1)) provided that the value of Prescaler 1 is n and
the value of Timer 1 is m.

Timer 1 cannot stop counting by software.

e Timer X

Timer X is an 8-bit timer and counts the prescaler X output.

When Timer X underflows, the timer X interrupt request bit is set
to “1”.

Prescaler X is an 8-bit prescaler and counts the signal selected by
the timer X count source selection bit.

Prescaler X and Timer X have the prescaler X latch and the timer
X latch to retain the reload value, respectively. The value of
prescaler X latch is set to Prescaler X when Prescaler X
underflows.The value of timer X latch is set to Timer X when Timer
X underflows.

When writing to Prescaler X (PREX) is executed, the value is writ-
ten to both the prescaler X latch and Prescaler X.

When writing to Timer X (TX) is executed, the value is written to
both the timer X latch and Timer X.

When reading from Prescaler X (PREX) and Timer X (TX) is ex-
ecuted, each count value is read out.

Timer X can can be selected in one of 4 operating modes by set-
ting the timer X operating mode bits of the timer X mode register.

(1) Timer mode

Prescaler X counts the count source selected by the timer X count
source selection bits. Each time the count clock is input, the con-
tents of Prescaler X is decremented by 1. When the contents of
Prescaler X reach “0016”, an underflow occurs at the next count
clock, and the prescaler X latch is reloaded into Prescaler X and
count continues. The division ratio of Prescaler X is 1/(n+1) pro-
vided that the value of Prescaler X is n.

The contents of Timer X is decremented by 1 each time the under-
flow signal of Prescaler X is input. When the contents of Timer X
reach “0016", an underflow occurs at the next count clock, and the
timer X latch is reloaded into Timer X and count continues. The di-
vision ratio of Timer X is 1/(m+1) provided that the value of Timer
X'is m. Accordingly, the division ratio of Prescaler X and Timer X is
1/((n+1)d(m+1)) provided that the value of Prescaler X is n and
the value of Timer X is m.

(2) Pulse output mode

In the pulse output mode, the waveform whose polarity is inverted
each time timer X underflows is output from the CNTRo pin.

The output level of CNTRo pin can be selected by the CNTRo ac-
tive edge switch bit. When the CNTRo active edge switch bit is “0”,
the output of CNTRo pin is started at “H” level. When this bit is “1”,
the output is started at “L” level.

Also, the inverted waveform of pulse output from CNTRo pin can
be output from TXouT pin by setting “1” to the PO3/TXouT output
valid bit.

When using a timer in this mode, set the port P14 and P03 direc-
tion registers to output mode.

(3) Event counter mode

The timer A counts signals input from the P14/CNTRo pin.

Except for this, the operation in event counter mode is the same
as in timer mode.

The active edge of CNTRo pin input signal can be selected from
rising or falling by the CNTRo active edge switch bit .

Rev.2.00 2003.04.21 page 26 of 97

RENESAS



7542 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

(4) Pulse width measurement mode

In the pulse width measurement mode, the pulse width of the sig-
nal input to P14/CNTRo pin is measured.

The operation of Timer X can be controlled by the level of the sig-
nal input from the CNTRo pin.

When the CNTRo active edge switch bit is “0”, the signal selected
by the timer X count source selection bit is counted while the input
signal level of CNTRo pin is “H”. The count is stopped while the
pin is “L". Also, when the CNTRo active edge switch bit is “1”, the
signal selected by the timer X count source selection bit is
counted while the input signal level of CNTRo pin is “L". The count
is stopped while the pin is “H”.

Timer X can stop counting by setting “1” to the timer X count stop
bit in any mode.

Also, when Timer X underflows, the timer X interrupt request bit is
set to “1".

Note on Timer X is described below;

m Note on Timer X

(1) CNTRo interrupt active edge selection-1

CNTROo interrupt active edge depends on the CNTRo active edge
switch bit.

When this bit is “0”, the CNTRo interrupt request bit is set to “1” at
the falling edge of CNTRo pin input signal. When this bit is “1”, the
CNTRo interrupt request bit is set to “1” at the rising edge of
CNTRo pin input signal.

(2) CNTRo interrupt active edge selection-2

According to the setting value of CNTRo active edge switch bit,

the interrupt request bit may be set to “1".

When not requiring the interrupt occurrence synchronized with

these setting, take the following sequence.

0 Set the corresponding interrupt enable bit to “0” (disabled).

0 Set the active edge switch bit.

O Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

Timer X mode register
(TXM : address 002B16, initial value: 0016)

Timer X operating mode bits

CTITLLIL

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1:Pulse width measurement mode

CNTRO active edge switch bit
0 : Interrupt at falling edge
Count at rising edge
(in event counter mode)
1 : Interrupt at rising edge
Count at falling edge
(in event counter mode)

Timer X count stop bit
0 : Count start
1 : Count stop

PO3/TXOUT output valid bit
0 : Output invalid (I/O port)
1 : Output valid (Inverted CNTRO output)

Not used (return “0” when read)

Fig. 24 Structure of timer X mode register

b7 b0
r Timer count source set register
(TCSS : address 002A186, initial value: 0016)
LT Timer X count source selection bits
bl b0
0 0:f(XIN)/16
0 1:f(XIN)/2
1 0:f(XIN) (Note 1)
1 1:Notavailable

Timer A count source selection bits
b4 b3 b2
0 : f(XIN)/16
1:f(XIN)/2
: f(XIN)/32
: f(XIN)/64
: f(XIN)/128
: f(XIN)/256
: Ring oscillator output (Note 2)
: Not available

PPRPRPROOOO
PRPOORRFROO
RPORORO

Timer B count source selection bits
b7

: f(XIN)/16

s f(XIN)/2

: f(XIN)/32

:f(XIN)/64

: f(XIN)/128

: f(XIN)/256

: Timer A underflow

: Not available

PRPRRPPRPOOOO
rrOORROOZ
rORrOROROEG

Notes 1: f(XIN) can be used as timer X count source when using
a ceramic resonator or ring oscillator.
Do not use it at RC oscillation.
2: Ring oscillator can be used when the ring oscillator is enabled by bit 3 of CPUM.

Fig. 25 Timer count source set register
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7542 Group
| Prescaler 1 latch (8) | Timer 1 latch (8)
4' 1/16 |—>| Prescaler 1 (8) Timer 1 (8) Timer lt :tterrupt
request bi
o
“117
S CIO(?k Frequency Timer X count
division ratio L ) . .
N " divider source selection bits
selection bits
X Ko_, | Prescaler X latch (8) | | Timer X latch (8) |
Ring® ., Pulse width
oscillator measurement | Timer mode
Pulse output mode Ti N
imer
Prescaler X (8) Timer X (8) interrupt
CNTRo active request bit
edge switch bit Event Timer X count stop bit
P14/CNTRo g counter
o omode 4 {>0 » CNTRo
interrupt
request bit

CNTRo active  “1”

edge switch bit o Q , _
Toggle flip-flop T [~

Q R
Port P14 ( E Writing to timer X latch
latch Pulse output mode

Pulse output mode

Port P14 direction
register

P03/TXout

Port P03 latch

PO3/TX0ouUT output valid
Port P03

direction

register

Fig. 26 Block diagram of timer 1 and timer X
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e Timer A,B

Timer A and Timer B are 16-bit timers and counts the signal which
is the oscillation frequency selected by setting of the timer count
source set register (TCSS). Timer A and Timer B have the same
function except of the count source clock selection.

The count source clock of Timer A is selected from among 1/2,1/
16, 1/32, 1/64, 1/128, 1/256 of f(XIN) clock and ring oscillator
clock.

The count source clock of Timer B is selected from among 1/2, 1/
16, 1/32, 1/64, 1/128, 1/256 of f(XIN) clock and Timer A underflow.

Timer A (B) consists of the low-order of Timer A: TAL (Timer B:
TBL) and the high-order of Timer A: TAH (Timer B: TBH). Timer A
(B) is decremented by 1 when each time of the count clock is in-
put. When the contents of Timer A (B) reach “000016", an
underflow occurs at the next count clock, and the timer latch is re-
loaded into timer. When Timer A (B) underflows, the Timer A (B)
interrupt request bit is set to “1”.

Timer A (B) has the Timer A (B) latch to retain the load value. The
value of timer A (B) latch is set to Timer A (B) at the timing of Timer
A (B) underflow. The division ratio of Timer A (B) is 1/(n+1) pro-
vided that the value of Timer A (B) is n.

When writing to both the low-order of Timer A (B) and the high or-
der of Timer A (B) is executed, writing to “latch only” or “latch and
timer” can be selected by the setting value of the timer A (B) write
control bit.

When reading from Timer A (B) register is executed, the count
value of Timer A (B) is read out.

Be sure to write to/read out the low-order of Timer A (B) and the
high-order of Timer A (B) in the following order;

* Read

Read the high-order of Timer A (B) first, and the low-order of Timer
A (B) next and be sure to read both high-order and low-order.

* Write

Write to the low-order of Timer A (B) first, and the high-order of
Timer A (B) next and be sure to write both low-order and high or-
der.

Timer A and Timer B can be used for the timing timer of Input cap-
ture and Output compare function.

m Notes on Timer A, B

(1) Setting of timer value

When “1: Write to only latch” is set to the timer A (B) write control
bit, written data to timer register is set to only latch even if timer is
stopped. Accordingly, in order to set the initial value for timer when
it is stopped, set “0: Write to latch and timer simultaneously” to
timer A (B) write control bit.

(2) Read/write of timer A

Stop timer A to read/write its data when the system is in the follow-
ing state;

« CPU operation clock source: XIN oscillation

« Timer A count source: Ring oscillator output

(3) Read/write of timer B

Stop timer B to read/write its data when the system is in the fol-
lowing state;

« CPU operation clock source: XIN oscillation

« Timer B count source: Timer A underflow

« Timer A count source: Ring oscillator output
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b7

b0

Timer A, B mode register
| (TABM : address 001Dzs, initial value: 0016)

I— Timer A write control bit
0 : Write to latch and timer simultaneously
1: Write to only latch

—— Timer A count stop bit

0: Count start
1: Count stop

Timer B write control bit
0 : Write to latch and timer simultaneously
1: Write to only latch

Timer B count stop bit
0: Count start
1: Count stop

Not used (return “0” when read)

Compare 0, 1 modulation mode bit
0: Disabled
1: Enabled

Compare 2, 3 modulation mode bit
0: Disabled
1: Enabled

b7 bo
rrr Timer count source set register
(TCSS : address 002A16, initial value: 0016)

LI Timer X count source selection bits
bl b0

0 0:f(XIN)16

0 1:f(XIN)/2

1 0:f(XIN) (Note 1)
1 1:Notavailable

Timer A count source selection bits

b4 b3 b2

0 0 0:f(XIN)/16

0 0 1:f(XIN)2

0 1 0:f(XIN)32

0 1 1:f(XIN)/64

1 0 O0:f(XIN)/128

1 0 1:f(XIN)/256

1 1 O0:Ring oscillator output (Note 2)
1 1 1:Notavailable

Timer B count source selection bits

b7 b6 b5

0 0 O0:f(XIN)/16

0 0 1:f(XIN)2

0 1 0:f(XIN)32

0 1 1:f(XIN)/64

1 0 0:f(XINy128

1 0 1:f(XIN)/256

1 1 O:Timer A underflow
1 1 1:Notavailable

Notes 1: f(XIN) can be used as timer X count source when using
a ceramic resonator or ring oscillator.
Do not use it at RC oscillation.
2: Ring oscillator can be used when the ring oscillator is enabled by bit 3 of CPUM.

Fig. 27 Structure of

timer A, B mode register

Fig. 28 Timer count source set register

Clock division zrgguency
ratio selection bits vider
00" 12 o
o 116 o
XIN 1/32 O
Ring © 1/64 O
oscillator “10 1128 o
1/256 o
o ™S

|Timer A (low-order) latch (8) |

| Timer A (low-

|Timer A (high-order) latch (8)|:

=y 3
order) (8) i

Timer A write
control bit

g Timer A interrupt

Ring I/f
oscillator Timer A

count source Timer A count
selection bits stop bit

request

Compare
Capture

Frequency
divider

1/2
1/16

1/32

|Timer B (low-order) latch (8) |

1/64
1/128
1/256

O O O O O O

O

[Timer B (low-order) (8)

[Timer B (high-order) latch (8)|:
: Timer B write
control bit

Timer B interrupt

-/

Timer B count source
selection bits Timer B count

stop bit

request

Compare
Capture

Fig. 29 Block diagram of timer A and timer B
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Output compare

7542 group has 4-output compare channels. Each channel (0 to 3)
has the same function and can be used to output waveform by us-
ing count value of either Timer A or Timer B.

The source timer for each channel is selected by setting value of
the compare x (x =0, 1, 2, 3) timer source bit. Timer A and Timer B
can be selected for the source timer to each channel, respectively.

To use each compare channel, set “1” to the compare x output
port bit and set the port direction register corresponding to com-
pare channel to output mode.

The compare value for each channel is set to the compare regis-

ter (low-order) and compare register (high-order).

Writing to the register for each channel is controlled by setting

value of compare register write pointer. Writing to each register is

in the following order;

1.Set the value of corresponded output compare channel to the
compare register write pointer.

2.Write a value to the compare register (low-order) and compare
register (high-order).

3.Set “1” to the compare latch y (y = 00, 01, 10, 11, 20, 21, 30, 31)
re-load bit.
When “1” is set to the compare latch y re-load bit, the value set
to the compare register is loaded to compare latch when the
next timer underflow.

When count value of timer and setting value of compare latch is
matched, compare output trigger occurs.

When “1: Enabled” is set to the compare trigger x enable bit, the
output waveform from port is inverted by compare trigger.

When “0: Disabled” is set to the compare trigger x enable bit, the out-
put waveform is not inverted, so port output can be fixed to “H” or “L".

When “0: Positive” is set to the compare x output level latch, the
compare output waveform is turned to “H level” at compare latch
x0’s match and turned to “L level” at compare latch x1's match.
When “1 :Negative” is set to the compare x output level latch, the
compare output waveform is turned to “L level” at compare latch
x0’s match and turned to “H level” at compare latch x1's match.
The compare output level of each channel can be confirmed by
reading the compare x output status bit.

Compare output interrupt is available when match of each com-
pare channel and timer count value. The interrupt request from
each channel can be disabled or enabled by setting value of com-
pare latch y interrupt source bit.

Compare 0,1 (2,3) modulation mode

In compare modulation mode, modulation waveform can be gener-
ated by using compare channel 0 and 1, or compare channel 2 and 3.
To use this mode,

« Set “1: Enabled” to the compare 0,1 (2, 3) modulation mode bit.
« Set Timer A underflow for Timer B count source.

« Set Timer A for the timer source of compare channel 0 (2).

« Set Timer B for the timer source of compare channel 1 (3).

In this mode, AND waveform of compare 0 (1) and compare 2 (3)
is generated from Port PO1 and P31, respectively. Accordingly, in
order to use this mode, set “1” to the compare 0 output port bit or
compare 2 output port bit.

m Notes on Output Compare

*« When the selected source timer of each compare channel is
stopped, written data to compare register is loaded to the com-
pare latch simultaneously.

« Do not write the same data to both of compare latch x0 and x1.

* When setting value of the compare latch is larger than timer set-
ting value, compare match signal is not generated. Accordingly,
the output waveform is fixed to “L” or “H” level.

However, when setting value of another compare latch is
smaller than timer setting value, this compare match signal is
generated. Accordingly, compare match interrupt occurs.

« When the compare x trigger enable bit is cleared to “0” (dis-
abled), the match trigger to the waveform output circuit is
disabled, and the output waveform can be fixed to “L” or “H”
level.

However, in this case, the compare match signal is generated.
Accordingly, compare match interrupt occurs.

b7

CTTTTIIT)

Capture/compare register R/W pointer
(CCRP : address 001216, initial value: 0016)

Compare register R/W pointer
bl b0

0 0 : Compare latch 00
: Compare latch 01
: Compare latch 10
: Compare latch 11
: Compare latch 20
: Compare latch 21
: Compare latch 30
: Compare latch 31

RPRrRrROOO
rroorrooZ
RrORrROROR

Not used (returns “0” when read)

Capture register 0 R/W pointer
0: Capture latch 00
1: Capture latch 01

Capture register 1 R/W pointer
0: Capture latch 10
1: Capture latch 11

Not used (returns “0” when read)

Fig. 30 Structure of capture/compare register R/W pointer

b7 b0

JNREEER

Compare register re-load register

(CMPR : address 001416, initial value: 0016)
— Compare latch 00, 01 re-load bit

0: Re-load disabled

1: Re-load at next underflow

—— Compare latch 10, 11 re-load bit
0: Re-load disabled
1: Re-load at next underflow

Compare latch 20, 21 re-load bit
0: Re-load disabled
1: Re-load at next underflow

Compare latch 30, 31 re-load bit
0: Re-load disabled
1: Re-load at next underflow

Not used (returns “0” when read)

Fig. 31 Structure of compare register re-load register
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bo

b7
r Capture/Compare port register
(CCPR : address 001E1s, initial value: 0016)

[ — Capture 0 input port bits
bl b0

0 0: Capture from P00
0 1: Capture from P10
1 0:Ring/512

1 1: Not available

Compare 0 output port bit
0: PO1 is I/O port
1: PO1 is Compare 0

Compare 1 output port bit
0: P02 is I/O port
1: PO2 is Compare 1

Capture 1 input port bit
0: Capture from P30
1: Ring/512

Compare 2 output port bit
0: P31 is I/0 port
1: P31 is Compare 2

Compare 3 output port bit
0: P32is I/0 port
1: P32 is Compare 3

Not used (returns “0” when read)

Fig. 32 Structure of capture/compare port register

’ I I I I I I I Timer source selection register

(TMSR : address 001F16, initial value: 0016)

[ Compare 0 timer source bit

——— Compare 1 timer source bit
Compare 2 timer source bit
Compare 3 timer source bit
Capture 0 timer source bit

Capture 1 timer source bit

Not used (returns “0” when read)

0: Timer A
1: Timer B

Fig. 33 Structure of timer source selection register

b7

b0

’ ’ ’ ’ ’ l l l Compare output mode register

(CMOM : address 002116, initial value: 0016)

[ Compare 0 output level latch
0: Positive
1: Negative

——— Compare 1 output level latch
0: Positive
1: Negative

Compare 2 output level latch
0: Positive
1: Negative

Compare 3 output level latch
0: Positive
1: Negative

Compare 0 trigger enable bit
0: Disabled
1: Enabled

Compare 1 trigger enable bit
0: Disabled
1: Enabled

Compare 2 trigger enable bit
0: Disabled
1: Enabled

Compare 3 trigger enable bit
0: Disabled
1: Enabled

b7

b0

LT TTT T | s cmeacsossns, e

(CCSR : address 002216, initial value: 0016)

L Compare 0 output status bit
0: “L” level output
1: “H” level output

——— Compare 1 output status bit
0: “L” level output
1: “H” level output

Compare 2 output status bit
0: “L” level output
1: “H” level output

————— Compare 3 output status bit

0: “L” level output
1: “H” level output

——— Capture 0 status bit

0: latch 00 captured
1: latch 01 captured

————— Capture 1 status bit

0: latch 10 captured
1: latch 11 captured

Not used (returns “0” when read)

Fig. 35 Structure of capture/compare status register

’ I I I I I ’ ’ Compare interrupt source register

(CISR : address 002316, initial value: 0016)

[ Compare latch 00 interrupt source bit

— Compare latch 01 interrupt source bit

Compare latch 10 interrupt source bit

— Compare latch 11 interrupt source bit
————— Compare latch 20 interrupt source bit
——— Compare latch 21 interrupt source bit

‘————— Compare latch 30 interrupt source bit

Compare latch 31 interrupt source bit

0: Disabled
1: Enabled

Fig. 34 Structure of compare output mode register

Fig. 36 Structure of compare interrupt source register
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Compare latch 00

Compare latch 01

POlO—E—{ Wave latch channel O

| Timer A latch |

iyt

Compare 0 output
port bit
(001E16, bit 2)

PO1

1/0 port
o) p

1 e I |
: \f e | Timer A counter
| Compare 0 timer source bit I I
O 7 I Timer B counter |
s Compare channel 0 e
o2 (U~ R, | : |
[ Comparechannell ] Timer B fatch
z L
P31 i :
i Compare channel 2 :——/
P3 i — J
2 : :
: Compare channel 3 :
Fig. 37 Block diagram of output compare
S Data bus S

write pointer

Compare register

(001216, bits 0 to 2)

P,

Compare buffer 00 (16) |

| Compare buffer 01 (16) |

re-load bit

Compare latch 00, 01

(001416, bit 0)

g

status bit

Compare 0 output

(002218, bit 0)

Compare 0 trigger
enable bit
(002116, bit 4)

o— oo

o0—C

Output latch < O

Compare 0 output
level latch
(002116, bit 0)

Compare latch 00
interrupt source
bit (002316, bit 0)

Compare interrupt <

Compare latch 01
interrupt source
bit (002316, bit 1)

<«

N

|Compare latch 00 (16) |

g
!

|Compare latch 01 (16)

Compare register

e

Timer A counter (16) |

O—| Timer B counter (16) |

Compare 0 timer
source bit
(001F1s6, bit 0)

Fig. 38 Block diagram of compare channel 0
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l[e}

Compare 0 output
port bit
(001E1s, bit 2)

O

Compare register
write pointer
(001216, bits 0 to 2)

Compare latch 00, 01
re-load bit

(001416, bit 0)

| Compare buffer 00 (16) | | Compare buffer 01 (16)

e f

P status bit

(002218, bit 0)

Compare 0 output

Compare O trigger
enable bit
(002116, bit 4)

_O/O— Output latch

Y

—O

To—o

Compare 0 output
level latch
(002118, bit 0)

N o

P status bit
(0022186, bit 1)

Compare 1 output

Compare 1 trigger
enable bit

(OOleG’ij/
* ‘O——| Timer B counter (16)
Output latch < O

To—c

Compare 1 output
level latch
(002116, bit 1)

Compare latch 10, 11
re-load bit

(001416, bit 1)

< -

|Compare latch 00 (16) | |Compare latch 01 (16)

: Compare register

--------------- 4_,

—| Timer A counter (16)

O—

Compare 0 (1)
timer source bits
(001F16, it O (bit 1)

| Underflow

o—r

\ 4

Compare register
| Compare latch 11 (16)

| Compare latch 10 (16) |

AN

Compare register
write pointer
(001218, bits 0 to 2)

Compare buffer 10 (16)

7o)

Fig. 39 Block diagram of compare channel 0, 1
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Timer underflow

Timer count clock

5 I

Re-load the count value

Timer count value 000C)0008 §000A ) 0009 ) 0008) 0007 {0006 { 0005

0004)(0003) 0002){0001 ) 0000} 000F{ 000E {000D) 000C {000BX

Compare latch 00

000B

Compare latch 01

0005

Compare 00 match

Y_

Y_

Compare 01 match

Y_

Compare output

Compare interrupt

[

Compare status bit

o [ 1 X

Note: Compare interrupt occurs only for the interrupt source selected by Compare interrupt source register.

Fig. 40 Output compare mode (general waveform)

Timer underflow

Timer count value
Compare latch 00
Compare latch 01
Compare latch 00 write
Compare latch 01 write
Compare latch 00, 01 re-load bit
Compare latch 00, 01 re-load signal
Compare 00 match
Compare 01 match
Compare output

Compare interrupt

Compare status bit

Timer count clock

JEpEpEE SN

5 I I

Re-load the count valuej

000c) 0008 f000A 0009 { 0008 {0007 {0006 Y 000

5)0004)(0003) 00020001 Y 0000 {000F Y000E foooDY000C f000|3X

000B

X

000E

0005

—

000C

=

A

N |

Y_

Fig. 41 Output compare mode (compare register write timing)
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Carrier wave generated by Compare 0

Timer A count clock JEpEpEpERERERE
Timer A underflow

Timer A count value 0004)(0003){0002 0001 )0000) 0007) 0006 ¥ 0005 {0004 { 0003) 0002 0001 }(0000) 0007 { 0006 § 0005 ) 0004 (0003

Compare latch 00 0006

Compare latch 01 0002

Compare 00 match
Compare 01 match

Compare 0 output

Compare 0 output status bit 1 X 0 X 1 X 0 X 1

Timer A underflow |_|_ —I_,_I_,_I_ﬂ_,_l_,_l_,_l_ﬂ_ﬂ_
compare couput [ [ [ LT LT L L LU UL L
0003

Timer B count value 0004 %0003)0002) 0001 %0000)0007) 0006 0005} 0004 %0003 ) 0002} 0001 } 0000} 0007} 0006 ) 0005 0004

Compare latch 10 0004

Compare latch 11 0001

Compare 10 match
Compare 11 match

Compare 1 output

Compare interrupt —l

Compare 1 output status bit 0 1 0 1 0 1

Port outptu wavefowm

Modulation output _I_\_,_\_,_l . ‘ I_\_,_\_,_l ‘ . I_\—,_l

Note: Compare interrupt occurs only for the interrupt source selected by Compare interrupt source register.

Fig. 42 Output compare mode (compare 0, 1 modulation mode)
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1. When Compare 0 output level latch is “Positive”, Compare 1 output level latch is “Positive”.

compare o ouput 1 MM LN NN NN NNANNNANNNI
Compare 1 output
Modulation output M

2.When Compare 0 output level latch is “Negative”, Compare 1 output level latch is “Positive”.

I Inipigipininipipipipgiginginiginipipinininininini)
Compare 1 output
Modulation output I I I I

3.When Compare 0 output level latch is “Positive”, Compare 1 output level latch is “Negative”.

Compare 0 output
Compare 1 output
Modulation output

4. When Compare 0 output level latch is “Negative”, Compare 1 output level latch is “Negative”.

Compare 0 output
Compare 1 output
Modulation output

Fig. 43 Output compare mode (compare 0, 1 modulation mode: effect of output level latch)
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Input capture

7542 group has 2-input capture channels. Each channel (0 and 1)
has the same function and can be used to capture count value of
either Timer A or Timer B.

The source timer for each channel is selected by setting value of
the capture x (x = 0, 1) timer source bit. Timer A and Timer B can
be selected for the source timer to each channel, respectively.

To use each capture channel, set the capture x input port bits and
set the port direction register corresponding to capture channel to
input mode.

The input capture circuit retains the count value of selected timer
when external trigger is input. The timer count value is retained to
the capture latch x0 when rising edge is input and is retained to
the capture latch x1 when falling edge is input.

The count value of timer can be retained by software by capture y
(y =00, 01, 10, 11) software trigger bit too. When “1” is set to this
bit, count value of timer is retained to the corresponded capture
latch.

When reading from the capture y software trigger bit is executed,
“0” is read out.

The latest status of capture latch can be confirmed by reading of
the capture x status bit. This bit indicates the capture latch which
latest data is in.

The valid trigger edge for capture interrupt is set by the capture x
interrupt edge selection bits. (Regardless of the setting value of
capture x interrupt edge selection bits, timer count values for both
edges are retained to the capture latch.)

Each capture input has the noise filter circuit that judges continu-
ous 4-time same level with sampling clock to be valid. The
sampling clock of noise filter is set by the capture x noise filter
clock selection bits.

Reading from the register for each channel is controlled by setting

value of the capture register read pointer. Reading from each reg-

ister is in the following order;

1.Set the value of the corresponded input capture channel to the
capture register read pointer.

2.Read from the capture register (low-order) and capture register
(high-order).

m Notes on Input Capture

« If the capture trigger is input while the capture register (low-order
and high-order) is in read, captured value is changed between
high-order reading and low-order reading. Accordingly, some
countermeasure by software is recommended, for example
comparing the values that twice of read.

* When the ring-oscillator is selected for Timer A count source,
Timer A cannot be used for the capture source timer.

Timer B cannot be used for the capture source timer when the
system is in the following state;

« CPU operation clock source: XIN oscillation

« Timer B count source: Timer A underflow

« Timer A count source: Ring oscillator output

* When writing “1” to capture latch x0 (x1) software trigger bit of
capture latch x0 and x1 at the same time, or external trigger and
software trigger occur simultaneously, the set value of capture x
status bit is undefined.

* When setting the interrupt active edge selection bit and noise fil-
ter clock selection bit of external interrupt CAPo, CAP1, the
interrupt request bit may be set to “1”.

When not requiring the interrupt occurrence synchronized with
these setting, take the following sequence.

0 Set the corresponding interrupt enable bit to “0” (disabled).

0 Set the interrupt edge selection bit or noise filter clock selection bit.

0 Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

* When the capture interrupt is used as the interrupt for return
from stop mode, set the capture x noise filter clock selection bits
to “00 (Filter stop)”.
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b7 b0
b7 b0 ) ’ ’ I ’ I ’ I I Capture software trigger register
Capture register O (Low-order) (CSTR : address 001316, initial value: 0016)
(CAPOL : address 000C16) L Capture latch 00 software trigger bit
b7 b0 ] ) —— Capture latch 01 software trigger bit
Capture register 0 (High-order) . )
(CAPOH - address OOOD16) Capture latch 10 software trigger bit
b7 bo Capture latch 11 software trigger bit
Capture register 1 (Low-order) Each software trigger occurs by setting “1” to
(CAP1L : address O00E16) corresponding bit. (returns “0” when read)
b7 b0 ] ) Not used (returns “0” when read)
Capture register 1 (High-order)
(CAP1H : address 000F16) b7 bo .
’ I ’ I ’ I I ’ ‘ Capture mode register
(CAPM : address 0020186, initial value: 0016)
Capture 0 interrupt edge selection bits

Fig. 44 Structure of capture software trigger register

b1 b0

0 0: Rising and falling edge
0 1:Rising edge

1 O: Falling edge

1 1: Not available

Capture 1 interrupt edge selection bits
b3 b2
0 0: Rising and falling edge
0 1:Rising edge
1 O: Falling edge
1 1:Not available

Capture 0 noise filter clock selection bits
b5 b4
0 O: Filter stop
0 1:f(XIN)
1 0:f(XIN)/8
1 1:f(XIN)/32

Capture 1 noise filter clock selection bits
b7 b6
0 O: Filter stop
0 1: f(XIN)
1 0:f(XIN)/8
1 1:f(XIN)/32

Fig. 45 Structure of capture software trigger register/capture
mode register
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Trigger input channel 0 l—

POo

Capture latch 00

Plo

Capture latch 01 | Timer A latch |

RingO_i_

/512

| I

| Timer A counter |

| Capture 0 timer source bit I

i Capture channel 0
P30

Rin@_@ Capture channel 1
/512

| Timer B counter |

ﬁ

| Timer B latch |

Fig. 46 Block diagram of input capture

S

Data bus S

Capture register 0
read pointer
(001216, bit 4)

Capture register

Capture 0
status bit

Capture latch 00 (16) | Capture latch 01 (16)

(002216, bit 4)

(001316 bhits 4 _5)

Capture pointer

Capture latch 00
software trigger bit

Capture 0
interrupt edge
selection bits

[ Rising | Faling |

Ring/s12(O——0 (001316, bit 0) v
Digital filter »-| Capture
trigger

i

Capture latch 0 (16) Capture interrupt

(002016, bits 0, 1)

4>|

A

Capture 0 input
port bits
(001E16, bits 0, 1)

Capture 0 noise
filter clock
selection bits
(002016, bits 4, 5)

Capture 0 timer
source bit

(001F16, bit 4) T

Timer A counter (16) | |Timechounter (16) |

Fig. 47 Block diagram of capture channel 0
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Re-load the timer count value
Timer underflow

\

Capture input wave

Timer count value 000C)000B ){000A){0009)(0008) 0007} 0006 { 0005 {0004 {0003 0002){0001 }{0000) 000F ) 000E 000D Y 000C {000B)

Capture latch 00 XXXX 000A 0001 000C
A A
Capture latch 01 XXXX X 0005 X 000F
Capture interrupt _]
Capture x (x=0, 1) status bit 1 X 0 X 1 X 0 X 1 X o

Fig. 48 Capture interrupt edge selection = “rising edge”

Timer underflow N

\

Re-load the timer count value

Capture input wave

Timer count value 000C)0008){000A)(0009)0008) 0007} 0006 {0005 {0004 {0003 )(0002)}(0001 {0000} 000F {000E 000D {000C 000B)

Capture latch 00 XXXX 000A 0001 000C
Capture latch 01 XXXX 0005 000F
Capture interrupt _I _I

Capture x (x=0, 1) status bit 1 0 1 0 1 0

Fig. 49 Capture interrupt edge selection = “rising and falling edge”
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Serial IO

The 7542 Group has Serial /01 and Serial I/02. Except that Se-
rial /01 has the bus collision detection function, they have the
same function.

e Serial /101

Serial I/01 can be used as either clock synchronous or asynchro-
nous (UART) serial 1/0. A dedicated timer is also provided for
baud rate generation.

(1) Clock Synchronous Serial /01 Mode

Clock synchronous serial I/01 mode can be selected by setting
the serial /01 mode selection bit of the serial I/O1 control register
(bit 6) to “1”.

For clock synchronous serial 1/01, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB.

Data bus

Address 001816

Receive buffer register 1|7—> Receive buffer full flag (RBF)

L

| Serial I/01 control register

| Address 001A16

P1o/RxD1/CAPo 1r
O

~|Receive shift register 1]

——— = Receive interrupt request (RI)

Shift clock

Clock control circuit|<R

P12/Sciki O

BRG count source selection bit

Serial I/01 synchronous
clock selection bit
Frequency division ratio 1/(n+1)

XIN (@

Baud rate generator 1 |—| 1/4

1/4

Address 001Cz1e

1 Clock control circuit |«—

Shift clock

P13/SroY1 Falling-edge detector |——

——— = Transmit shift completion flag (TSC)
Transmit interrupt source selection bit

] - -
PLUTXD1 O ~{Transmit srjllttreglster 1 H‘T—» Transmit interrupt request (T1)
Transmit buffer register 11| Transmit buffer empty flag (TBE)
| Serial I/O1 status register | Address 001916
Address 001816 I
Data bus
Fig. 50 Block diagram of clock synchronous serial 1/01
Transfer shift clock
(1/2 to 1/2048 of the internal | | LN | | | | | | | | | | |
clock, or an external clock) t
Serial output TxD1 Do D1 D2) D3 D4 D5 D6 D7
Serial input RxD1 Do D1 X D2 X D3 X D4 D5

D6><Di7 X

Receive enable signal SRDY1

Write pulse to receive/transmit !
buffer register 1 (address 001816)

TBE=0 Y
TBE=1
TSC=0

serial I/01 control register.

data is output continuously from the TxDz pin.

Notes 1: As the transmit interrupt (T1), which can be selected, either when the transmit buffer has emptied (TBE=1) or after
the transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the

2: If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial

3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Y

RBF =1
TSC=1
Overrun error (OE)

detection

Fig. 51 Operation of clock synchronous serial /01 function
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(2) Asynchronous Serial /01 (UART) Mode
Clock asynchronous serial /0 mode (UART) can be selected by
clearing the serial 1/01 mode selection bit of the serial I/0O1 control

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is

written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

register to “0”.
Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

Data bus

Address 001816

[Serial 1/01 control register]Address 001A16
OE qil Receive buffer register 1 }—E: Receive buffer full flag (RBF)
P10/RxD1/CAPo Charactt.ar length selection bit Receive interrupt request (RI)
O l ST detector l %[P b"ts}—‘“ 4>{ Receive shift register 1 Jﬁ
8 bits| ] ‘ ‘ 1/16
[ Clock control circuit|—s

Serial /01 synchronous clock selection bit T

[UARTl control register
Address 001B16

P12/Scik1 O

BRG count source selection bit Freduency division ratio 1/(n+1)

XNO L . ~{ Baud rate generator 1
Address 001C1s
l ST/SP/PA generator ]ﬁT
1/16 ——— = Transmit shift completion flag (TSC)
Transmit interrupt source selection bit
P11/TxD1 O

~= {Transmit shift register 1 }74"’ Transmit interrupt request (T1)
Character length selection bitJ ,H\ f

[Transmit buffer register 1} Transmit buffer empty flag (TBE)
[ Serial I/01 status register] Address 001916
J

Address 001816

Data bus

Fig. 52 Block diagram of UART serial /01

Transmit or receive clock

Transmit buffer 1

write signal ' v
TBE=0 TBE=0
TSC=0
TBE=1 TSc=18

o X o1 )

1 start bit
- 7 or 8 data bit

1 or O parity bit

Serial output TxD1 ST

_—_—

Receive buffer 1

1 or 2 stop bit (s)

read signal

Serial input RxD1

st Ao X o1

RBF=1

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2: As the transmit interrupt (TI), when either the TBE or TSC flag becomes “1,” can be selected to occur depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial /01 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 53 Operation of UART serial I/O1 function
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[Transmit buffer register l/receive buffer register 1 (TB1/
RB1)] 001816

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Serial 1/01 status register (SIO1STS)] 001916

The read-only serial 1/01 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial I/01
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial /01
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial 1/O1 enable bit SIOE
(bit 7 of the serial I/O1 control register) also clears all the status
flags, including the error flags.

Bits 0 to 6 of the serial I/O1 status register are initialized to “0” at
reset, but if the transmit enable bit of the serial 1/01 control regis-
ter has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1".

[Serial 1/01 control register (SIO1CON)] 001A16
The serial 1/01 control register consists of eight control bits for the
serial 1/01 function.

[UART1 control register (UART1CON)] 001B16

The UART1 control register consists of four control bits (bits O to
3) which are valid when asynchronous serial I/O is selected and
set the data format of an data transfer and one bit (bit 4) which is
always valid and sets the output structure of the P11/TxDz1 pin.

[Baud rate generator 1 (BRG1)] 001Cz16

The baud rate generator determines the baud rate for serial transfer.
The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate generator.

m Notes on Serial I/01

« Serial 1/O interrupt

When setting the transmit enable bit to “1”, the serial /O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

O Set the transmit enable bit to “1”.

[ Set the serial I/O transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial /O transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial /01 is enabled.

The functions of P12 and P13 are switched with the setting values
of a serial /01 mode selection bit and a serial I/01 synchronous
clock selection bit as follows.

(1) Serial /01 mode selection bit - “1”:

Clock synchronous type serial I/0 is selected.

Setup of a serial /01 synchronous clock selection bit

“0” : P12 pin turns into an output pin of a synchronous clock.
“1" : P12 pin turns into an input pin of a synchronous clock.
Setup of a SRDY1 output enable bit (SRDY)

“0” : P13 pin can be used as a normal I/O pin.

“1" : P13 pin turns into a SRDY1 output pin.

(2) Serial /01 mode selection bit — “0” :

Clock asynchronous (UART) type serial 1/O is selected.

Setup of a serial /01 synchronous clock selection bit

“0”: P12 pin can be used as a normal 1/0 pin.

“1”: P12 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial I/O is selected, it is
P13 pin. It can be used as a normal I/O pin.

Rev.2.00 2003.04.21 page 44 of 97

RENESAS



7542 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

b7 b0 ; f b7 b0
Serial I/O1 status register [—]—]—r
[11] (SIO1STS : address 001916, initial value: 8016) (] [TT]

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

Transmit shift completion flag (TSC)
0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns “1” when read)

b7 b0 f
UART1 control register
[LTTTTTT] (UART1CON : address 001B1s, initial value: E016)
Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

Parity selection bit (PARS)
0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P11/TxD1 P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Not used (return “1” when read)

Serial I/01 control register

(SIO1CON : address 001Azs, initial value: 0016)
BRG count source selection bit (CSS)
0: f(XIN)
1: f(XIN)/4

——— Serial I/01 synchronous clock selection bit (SCS)

0: BRG output divided by 4 when clock synchronous
serial I/O is selected, BRG output divided by 16
when UART is selected.

: External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

=

SRDY1 output enable bit (SRDY)
0: P13 pin operates as ordinary 1/O pin
1: P13 pin operates as SRDY1 output pin

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial I/01 mode selection bit (SIOM)
0: Clock asynchronous (UART) serial /0
1: Clock synchronous serial I/0

Serial I/01 enable bit (SIOE)
0: Serial /01 disabled

(pins P10 to P13 operate as ordinary 1/O pins)
1: Serial /01 enabled

(pins P10 to P13operate as serial I/O pins)

Fig. 54 Structure of serial I/O1-related registers
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Bus collision detection (SIO1)

SI01 can detect a bus collision by setting UART1 bus collision de-
tection interrupt enable bit.

When transmission is started in the clock synchronous or asyn-
chronous (UART) serial I/O mode, the transmit pin TxD1 is
compared with the receive pin RxD1 in synchronization with rising
edge of transmit shift clock. If they do not coincide with each other,
a bus collision detection interrupt request occurs.

When a transmit data collision is detected between LSB and MSB
of transmit data in the clock synchronous serial /0 mode or be-
tween the start bit and stop bit of transmit data in UART mode, a
bus collision detection can be performed by both the internal clock
and the external clock.

A block diagram is shown in Fig. 56.
A timing diagram is shown in Fig. 57.

Note: Bus collision detection can be used when SIO1 is operating
at full-duplex communication. When SIO1 is operating at
half-duplex communication, set bus collision detection inter-
rupt to be disabled.

Interrupt source set register
(INTSET: address 000A1s, initial value: 0016)

Key-on wakeup interrupt valid bit

UART1 bus collision detection
interrupt valid bit
A-D conversion interrupt valid bit

Timer 1 interrupt valid bit

Not used (returns “0” when read)

0: Interrupt invalid
1: Interrupt valid

b7 b0

Interrupt source discrimination register
(INTDIS: address 000B1s, initial value: 0016)

Key-on wakeup interrupt discrimination bit

UART1 bus collision detection interrupt
discrimination bit

A-D conversion interrupt discrimination bit

Timer 1 interrupt discrimination bit

Not used (returns “0” when read)

0: Interrupt does not occur
1: Interrupt occurs

b7 b0

HRNREER

Interrupt request register 1
(IREQ1 : address 003C1s, initial value : 0016)

Serial I/01 receive interrupt request bit
Serial I/01 transmit interrupt request bit
Serial 1/02 receive interrupt request bit
Serial I/02 transmit interrupt request bit
INTO interrupt request bit

INT1 interrupt request bit

Key-on wake up/UART1 bus collision
detection interrupt request bit

NTRo interrupt request bit

0 : No interrupt request issued
1 : Interrupt request issued

b7 b0

INREEEN

Interrupt control register 1
(ICONL1 : address 003E1s, initial value : 0016)

Serial 1/01 receive interrupt enable bit
Serial 1/01 transmit interrupt enable bit
Serial 1/02 receive interrupt enable bit
Serial 1/02 transmit interrupt enable bit
INTo interrupt enable bit

INT1 interrupt enable bit

Key-on wake up/UART1 bus collision
detection interrupt enable bit

CNTRo interrupt enable bit

0 : Interrupts disabled
1: Interrupts enabled

Fig. 55 Bus collision detection circuit related registers

» UART1 bus collision detection

TxD1

Shift clock ————>

UART1 bus collision detection
interrupt valid bit
(Address 000A1s, bit 1)

" interrupt discrimination bit
(Address 000B1s, bit 1)

Key-on wakeup/

UART1 bus collision detection
interrupt request bit

(Address 003Cz1s, bit 6)

Key-on wakeup interrupt request

Fig. 56 Block diagram of bus collision detection interrupt circuit

Transmitshiftclock | £ £ [ £ 1 £ 181 F1LF1LEFL

Bus collision detection

[ [

Transmit pin TxD1

interrupt generation

[ [

Receive pin RxD1

[ I I S

Data collision

Fig. 57 Timing diagram of bus collision detection interrupt
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7542 Group

e Serial 1/02 (1) Clock Synchronous Serial 1/02 Mode

Serial 1/02 can be used as either clock synchronous or asynchro- Clock synchronous serial /02 mode can be selected by setting
nous (UART) serial 1/0. A dedicated timer is also provided for the serial 1/02 mode selection bit of the serial 1/02 control register
baud rate generation. (bit 6) to “1".

For clock synchronous serial 1/02, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB.

Data bus

Address 002E16 | Serial 1/02 control register | Address 003016

Receive bufferregister 2L~ Receive buffer full flag (RBF)

T

P04/RxD2 O I Receive shift register 2| L= Receive interrupt request (RI)

Shift clock Clock control circuit|<—

P06/ScLk2 O

Serial 1/02 synchronous
clock selection bit

BRG count source selection bit Frequency division ratio 1/(n+1)

XN O Baud rate generator 2 |—| 1/4
14 Address 003216
P07/Srov2 Falling-edge detector -————————| Clock control circuit |«—
Shift clock ——— = Transmit shift completion flag (TSC)

Transmit interrupt source selection bit

r —1____
POs/TxD2 O | Transmit Sql'\ft register 2 |——’fr'—> Transmit interrupt request (TI)

|Transmit buffer register 7| Transmit buffer empty flag (TBE)

| Serial /02 status register | Address 002F16
Address 002E16 I

Data bus

Fig. 58 Block diagram of clock synchronous serial 1/02

Transfer shift clock

(1/2 to 1/2048 of the internal I e e e
clock, or an external clock) :
Serial output TxD2 X_Do i X_D2] X b3 X pa X b5 X _De X_D7

Serial input RXD2 b0 X b1 X b3 X b3 X _pa X b5 X be X b1 X

Receive enable signal SRDY2

Write pulse to receive/transmit _,_|

v v

buffer register 2 (address 002Ez16)
TBE=0 _' RBF=1
TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1: As the transmit interrupt (T1), which can be selected, either when the transmit buffer has emptied (TBE=1) or after
the transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the
serial I/02 control register.

2: If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial
data is output continuously from the TxD2 pin.
3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Fig. 59 Operation of clock synchronous serial 1/02 function
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(2) Asynchronous Serial 1/02 (UART) Mode

Clock asynchronous serial /0 mode (UART) can be selected by
clearing the serial 1/02 mode selection bit of the serial 1/02 control
register to “0”.

Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the
two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Data bus

Address 002E16

)

|Seria| 1/02 control registerlAddress 003016

0 <—| Receive buffer register 2

CharactefF length selection bit“\

l—]:: Receive buffer full flag (RBF)
Receive interrupt request (RI)

PO04/RxD2 | ST detector |

7 bits|— —»| Receive shift register 2 [+

8 bits|

PE FE ||_SP detector

[136]

|UART2 control register

Address 003116

Serial 1/02 synchronous clock selection bit *I\L

[ Clock control Ml—»

P0s/ScLk2 O

BRG count source selection bit Frequency division ratio 1/(n+

> Transmit shift completion flag (TSC)

Transmit interrupt source selection

XINO 1> Baud rate generator 2
I Address 003216
| ST/SP/PA generator I[_
i
P0Os/TxD2 O

ITransmit shift register 2 |——mt—’°

Transmit interrupt request (TI)

Character length selection bit

Transmit buffer register 2I

Transmit buffer empty flag (TBE)

Address 002E1s | Serial 1/02 status registerl Address 002F16
N

Data bus

Fig. 60 Block diagram of UART serial 1/02

Transmit or receive clock

Transmit buffer 2

write signal
TBE=0 TBE=0
TSC=0
Tszl
Serial output TxD2 ST Do m

1 start bit
< 7or8datahit

1 or 0 parity bit
Receive buffer 2 1 or 2 stop hit (s)

TSc=1"

—_—

read signa—m@8mM —Ho —— ...

st K o0 X o1 )

Serial input RxD2

RBF=1

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).

2: As the transmit interrupt (TI), when either the TBE or TSC flag becomes “1,” can be selected to occur depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial /02 control register.

3: The receive interrupt (RI) is set when the RBF flag becomes “1.”

4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 61 Operation of UART serial 1/0O2 function

Rev.2.00 2003.04.21 page 48 of 97

RENESAS




7542 Group

Notice: This is not a final specification.
Some parametric limits are subject to change.

[Transmit buffer register 2/receive buffer register 2 (TB2/
RB2)] 002E16

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Serial 1/02 status register (SIO2STS)] 002F16

The read-only serial 1/02 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial 1/02
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial /01
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial 1/02 enable bit SIOE
(bit 7 of the serial I/02 control register) also clears all the status
flags, including the error flags.

Bits 0 to 6 of the serial 1/02 status register are initialized to “0” at
reset, but if the transmit enable bit of the serial 1/02 control regis-
ter has been set to “1”, the transmit shift completion flag (bit 2)
and the transmit buffer empty flag (bit 0) become “1".

[Serial 1/02 control register (SIO2CON)] 003016
The serial 1/02 control register consists of eight control bits for the
serial 1/02 function.

[UART2 control register (UART2CON)] 003116

The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/0 is selected and set
the data format of an data transfer and one bit (bit 4) which is al-
ways valid and sets the output structure of the P0O5/TxD2 pin.

[Baud rate generator 2 (BRG2)] 003216

The baud rate generator determines the baud rate for serial transfer.
The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate generator.

m Notes on Serial 1/02

« Serial 1/O interrupt

When setting the transmit enable bit to “1”, the serial /O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

O Set the transmit enable bit to “1”.

[ Set the serial I/O transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial /O transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial 1/02 is enabled.

The functions of POs and P07 are switched with the setting values
of a serial /02 mode selection bit and a serial I/02 synchronous
clock selection bit as follows.

(1) Serial /02 mode selection bit — “1”:

Clock synchronous type serial I/0 is selected.

Setup of a serial /02 synchronous clock selection bit

“0” : POe pin turns into an output pin of a synchronous clock.
“1" : P06 pin turns into an input pin of a synchronous clock.
Setup of a SRDY2 output enable bit (SRDY)

“0” : PO7 pin can be used as a normal I/O pin.

“1" : PO7 pin turns into a SRDY2 output pin.

(2) Serial /02 mode selection bit — “0” :

Clock asynchronous (UART) type serial 1/O is selected.

Setup of a serial /02 synchronous clock selection bit

“0”: P06 pin can be used as a normal 1/0 pin.

“1”: P0Os pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial I/O is selected, it is
P07 pin. It can be used as a normal I/O pin.
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. . b7 b0 . .
|b—7|_|_|_|_|_|_|@| Serial 1/02 status register EEEEEEEE Serial 1/02 control register
(SIO2STS : address 002F1s, initial value: 8016)

(SIO2CON : address 00301s, initial value: 0016)
BRG count source selection bit (CSS)
0: f(XIN)
1: f(XIN)/4

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

——— Serial I/02 synchronous clock selection bit (SCS)
0: BRG output divided by 4 when clock synchronous
serial 1/0 is selected, BRG output divided by 16
when UART is selected.
S ) : External clock input when clock synchronous serial
Transmit shift completion flag (TSC) 1/0 is selected, external clock input divided by 16

0: Transmit shift in progress p
1: Transmit shift completed when UART is selected.

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

=

SRDY2 output enable bit (SRDY)
0: P07 pin operates as ordinary 1/0O pin
1: PO7 pin operates as SRDY2 output pin

Overrun error flag (OE)
0: No error
1: Overrun error

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Parity error flag (PE)
0: No error
1: Parity error

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Framing error flag (FE)
0: No error
1: Framing error

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

wqn ———— Serial /02 mode selection bit (SIOM)
Not used (returns *1" when read) 0: Clock asynchronous (UART) serial I1/O
1: Clock synchronous serial I/0

Serial 1/02 enable bit (SIOE)
0: Serial /02 disabled
(pins P04 to P07 operate as ordinary 1/0O pins)
1: Serial /02 enabled
(pins P04 to P07 operate as serial /O pins)
b7 b0 YART2 control register
(UART2CON : address 003116, initial value: EO16)
I_ Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

— Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

Parity selection bit (PARS)
0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

P0s/TxD2 P-channel output disable bit (POFF)
0: CMOS output (in output mode)
1: N-channel open drain output (in output mode)

Not used (return “1” when read)

Fig. 62 Structure of serial I/O2-related registers
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A-D Converter b7 bo
The functional blocks of the A-D converter are described below. ’ I I I I I I I A-D control register
(ADCON : address 003416, initial value: 1016)
_ . . Analog input pin selection bits
[A-D conversmn. reglst.er] AD . 000 - P20/AND
The A-D conversion register is a read-only register that stores the 001 : P21/AN1
result of A-D conversion. Do not read out this register during an A- 010 : P22/AN2
. 011 : P23/AN3
D conversion. 100 : P24/AN4
101 : P25/AN5
. 110 : P26/AN6 (Note
[A-D control register] ADCON 111 - p%EA[\W ENQteg
. . ———— Not used twrite’“1” to this bit.
The A-D control register controls the A-D converter. Bit 2 to 0 are ot used (Lo not wle™4" o this bit)

A-D conversion completion bit
analog input pin selection bits. Bit 4 is the A-D conversion comple- 0 : Conversion in progress

tion bit. The value of this bit remains at “0” during A-D conversion, Nov L:lsce%”z’rgﬁig‘sﬁgmféﬁﬂead)
and changes to “1" at completion of A-D conversion.
A-D conversion is started by setting this bit to “0”.

Note: These can be used only for 36 pin version.

[Comparison voltage generator]

Fig. 63 Structure of A-D control register
The comparison voltage generator divides the voltage between

AVss and VREF by 1024, and outputs the divided voltages.
4 P g Read 8-bit (Read only address 003516)

b7 b0

[Channel selector]
The channel selector selects one of ports P27/AN7 to P20/ANo, (Address 00351¢) b9 | b8 | b7 | b6 | b5 ba|b3|b2
and inputs the voltage to the comparator.

Read 10-bit (read in order address 003616, 003516)

[Comparator and control circuit] b7 bo
The comparator and control circuit compares an analog input volt- (Address 003616) b9 | b8
age with the comparison voltage and stores its result into the A-D

conversion register. When A-D conversion is completed, the con- b7 bo
trol circuit sets the A-D conversion completion bit and the A-D (Address 003516) b7 | b61b5]|balb3|b2|b1l]bo

interrupt request bit to “1”. Because the comparator is constructed
linked to a capacitor, set f(XIN) to 500 kHz or more during A-D con-
version.

Note: High-order 6-bit of address 003616 returns “0” when read.

Fig. 64 Structure of A-D conversion register

Data bus

b7 b0

ADcontrolregister | [ | T | [ [ T 1
(Address 0034 16) y ‘ ‘ ‘

[——
w

A-D control circuit I— —— > A-D interrupt request
|

P20/AN0 O—
P21/AN1 O— 5 |
P22iAN2 C 3 A-D conversion register (high-order) | (Address 0036 16)
P23/AN3 O—» & Comparator »- - -
P24/AN4 O - E A-D conversion register (low-order) (Address 0035 16)
P25/AN5 O—> § 10
P26/AN6 O— 6 i
P27/AN7 O—» Resistor ladder
: s

-

VREF Vss

Fig. 65 Block diagram of A-D converter
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Watchdog Timer

The watchdog timer gives a means for returning to a reset status
when the program fails to run on its normal loop due to a runaway.
The watchdog timer consists of an 8-bit watchdog timer H and an
8-bit watchdog timer L, being a 16-bit counter.

Standard operation of watchdog timer

The watchdog timer stops when the watchdog timer control regis-
ter (address 003916) is not set after reset. Writing an optional
value to the watchdog timer control register (address 003916)
causes the watchdog timer to start to count down. When the
watchdog timer H underflows, an internal reset occurs. Accord-
ingly, it is programmed that the watchdog timer control register
(address 003916) can be set before an underflow occurs.

When the watchdog timer control register (address 003916) is
read, the values of the high-order 6-bit of the watchdog timer H,
STP instruction disable bit and watchdog timer H count source se-
lection bit are read.

Initial value of watchdog timer
By a reset or writing to the watchdog timer control register (ad-
dress 003916), the watchdog timer H is set to “FF16” and the
watchdog timer L is set to “FF16".

Operation of watchdog timer H count source selection bit

A watchdog timer H count source can be selected by bit 7 of the
watchdog timer control register (address 003916). When this bit is
“0", the count source becomes a watchdog timer L underflow sig-
nal. The detection time is 131.072 ms at f(XIN)=8 MHz.

When this bit is “1”, the count source becomes f(XIN)/16. In this
case, the detection time is 512 ps at f(XiN)=8 MHz.

This bit is cleared to “0” after reset.

Operation of STP instruction disable bit

When the watchdog timer is in operation, the STP instruction can
be disabled by bit 6 of the watchdog timer control register (ad-
dress 003916).

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled, and an inter-
nal reset occurs if the STP instruction is executed.

Once this bit is set to “1”, it cannot be changed to “0” by program.
This bit is cleared to “0” after reset.

Write “FF16” to the
watchdog timer :
control register Y

On |
Watchdog timer L (8) -
aq Watchdog timer H (8)

xin () b

| Data bus

O Write "FF16" to the
Y watchdog timer
control register

Watchdog timer H count

STP Instruction disable bit :Di
STP Instruction

source selection bit

Reset

— Internal reset

RESET Hﬂ

circuit

Fig. 66 Block diagram of watchdog timer

b7 b0

Watchdog timer control register
(WDTCON: address 003916, initial value: 3F16)

Watchdog timer H (read only for high-order 6-bit)

STP instruction disable bit
0 : STP instruction enabled
1 : STP instruction disabled

Watchdog timer H count source selection bit
0 : Watchdog timer L underflow
1: f(XIN)/16

Fig. 67 Structure of watchdog timer control register
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Reset Circuit

The 7542 group starts operation by the built-in ring oscillator after

system is released from reset.

It
Accordingly, when the rising of power supply voltage passes 2.2V, RESET vee Vooi?e
set the reset input voltage to become below 0.2Vcc (0.44V). )
Moreover, switch CPU clock to the external oscillator after the ris- t g ﬁiféempm

ing of power supply voltage passes the minimum operation

voltage and after an oscillation is stabilized.

Note: The minimum operation voltage is decided by the division
ratio of an external oscillator's frequency and a CPU clock.
Decide on an external oscillatior's oscillation stabilizing time
after fully evaluating an oscillatior's stabilizing time used.

___— Poweron
- |

Power source;

0.2 Vcc
& "

Note : Reset release voltage Vcc = 2.2 V

RESET Vce

: Power source
! voltage
1 detection circuit

Fig. 68 Example of reset circuit

Costonbt ... .. T
O i ]
RESET ___|
‘RESETouUT
SYNC 1
Address 2 X 2| X2 X2 X2 XFrec X FFED XAapnaocX
“®—— Reset address from the
Data T X7 X7 X7 X7 X7 XA X Abn X vector table
= 8-13 clock cycles >

Notes 1 : A built-in ring oscillator applies about RING+2 MHz, @250 kHz frequency clock
at average of Vcc =5 V.
2 : The mark “?" means that the address is changeable depending on the previous state.
3: These are all internal signals except RESET.

Fig. 69 Timing diagram at reset
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Address Register contents

(1) Port PO direction register (POD) 000116 0016 ]
(2) Port P1 direction register (P1D) 000316 [ xIxTxToJofolofo]
(3) Port P2 direction register (P2D) 000515 | 001 ]
(4) Port P3 direction register (P3D) 000716 0016 ]
(5) Interrupt source set register (INTSET) 000A6| 0016 J
(6) Interrupt source discrimination register (INTDIS) 000B1s! 0016 ]
(7) Compare register (low-order) (CMPL) 001016 [ 0016 J
(8) Compare register (high-order) (CMPH) 001116 [ 0016 ]
(9) Capture/Compare register R/W pointer (CCRP) 001216 [ 0016 J
(10) Capture software trigger register (CSTR) 001316 [ 0016 J
(11) Compare register re-load register (CMPR) 001416 [ 0016 ]
(12) Port POP3 drive capacity control register (DCCR) 001516 [ 0016 J
(13) Pull-up control register (PULL) 001616 0016 ]
(14) Port P1P3 control register (P1P3C) 001716 0016 J
(15) Serial I/01 status register (SIO1STS) 001916 1] 0JoJoJofoJofo]
(16) Serial 1/01 control register (SIOLCON) 001A1sl 0016 J
(17) UART1 control register (UART1CON) 001Bisl 1T 1T1TofoJoJoTo]
(18) Timer A, B mode register (TABM) 001D1sl 0016 ]
(19) Capture/Compare port register (CCPR) 001E16! 0016 J
(20) Timer source selection register (TMSR) 001F16! 0016 J
(21) Capture mode register (CAPM) 002016 | 0016 J
(22) Compare output mode register (CMOM) 002116 001 J
(23) Capture/Compare status register (CCSR) 002216 [ 0016 J
(24) Compare interrupt source register (CISR) 002316 [ 0016 J
(25) Timer A (low-order) (TAL) 002416 | FF1s ]
(26) Timer A (high-order) (TAH) 002516 [ FFis ]
(27) Timer B (low-order) (TBL) 002616 | FFis ]
(28) Timer B (high-order) (TBH) 002716 FF1s J
(29) Prescaler 1 (PRE1) 002816 [ FFie ]
(30) Timer 1 (T1) 002915 [ OL1s ]
(31) Timer count source set register (TCSS) 002A16l 0016 J
(32) Timer X mode register (TXM) 002B16l 0016 ]
(33) prescaler X (PREX) 002Casl FFio ]
(34) Timer X (TX) 002D1s FFio ]
(35) Serial /02 control register (SI02STS) 002Fis[1JoJofoJofofoJo]
(36) Serial /02 register (SI02CON) 003016 [ 0016 ]
(37) UART2 control register (UART2CON) oo3116[1 1T 1JofoJofoTo]
(38) A-D control register (ADCON) 003416[ 0JoJoJ1JoJoJoTo]
(39) Ring oscillation division ratio selection register (RODR) 003716 [ 0 [0 o[oJoJ o[ 1] 0]
(40) MISRG 0038156 0010 ]
(41) Watchdog timer control register (WDTCON) 003916 0JofaTaTaJafaTa]
(42) Interrupt edge selection register (INTEDGE) 003A16! 0016 J
(43) CPU mode register (CPUM) 003Bis[ L1 0lo0lololofol0]
(44) Interrupt request register 1 (IREQ1) 003Cisl 0016 J
(45) Interrupt request register 2 (IREQ2) 003Dl 0016 J
(46) Interrupt control register 1 (ICON1) 003E1s| 0016 ]
(47) Interrupt control register 2 (ICON2) 003F 16| 0015 ]

(48) Flash memory control register 0 (FMCRO) (Note 3) OFE0[ 0l 0l oJoJoJofof1

|

(49) Flash memory control register 1 (FMCR1) (Note 3) 0FE11=[ of1JoJoJoJoJoTo

]

(50) Processor status register Ps) XIxTxTxTxTa]x[x

]

(51) Program counter (PCH) [ Contents of address FFFD16

]

(PCL) [__contents of address FFFC16

]

Notes 1: X : Undefined
2:The content of other registers is undefined when the microcomputer is reset.
The initial values must be surely set before you use it.
3:0nly flash memory version has this register.

Fig. 70 Internal status of microcomputer at reset
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Clock Generating Circuit

An oscillation circuit can be formed by connecting a resonator be-
tween XIN and XouT, and an RC oscillation circuit can be formed
by connecting a resistor and a capacitor.

Use the circuit constants in accordance with the resonator
manufacturer's recommended values.

(1) Ring oscillator operation

When the MCU operates by the ring oscillator for the main clock,
connect XIN pin to Vcc through a resistor and leave XouT pin
open.

The clock frequency of the ring oscillator depends on the supply
voltage and the operation temperature range.

Be careful that variable frequencies when designing application
products.

(2) Ceramic resonator

When the ceramic resonator is used for the main clock, connect
the ceramic resonator and the external circuit to pins XIN and
XourT at the shortest distance. A feedback resistor is built in be-
tween pins XIN and XouT.

(3) RC oscillation

When the RC oscillation is used for the main clock, connect the
XIN pin and XouT pin to the external circuit of resistor R and the
capacitor C at the shortest distance.

The frequency is affected by a capacitor, a resistor and a micro-
computer.

So, set the constants within the range of the frequency limits.

(4) External clock

When the external signal clock is used for the main clock, connect
the XIN pin to the clock source and leave XouT pin open.

Select “0” (ceramic oscillation) to oscillation mode selection bit of
CPU mode register (003B16).

Note: The clock frequency of the
ring oscillator depends on
the supply voltage and the
operation temperature
range.

Be careful that variable
frequencies and obtain
the sufficient margin.

M37542
XIN Xout
R
Open

Fig. 71 Processing of XIN and XouT pins at ring oscillator op-
eration

Note: Externally connect a
damping resistor Rd de-
pending on the
oscillation frequency.
(A feedback resistor is
built-in.)
Use the resonator
manufacturer’s recom-
mended value because
Cour constants such as ca-
pacitance depend on the
resonator.

M37542

XIN Xout

Rd

]
5 il

Fig. 72 External circuit of ceramic resonator

Note: Connect the external
circuit of resistor R
and the capacitor C at
the shortest distance.
The frequency is af-

2 fected by a capacitor,
R

M37542

XIN Xout

a resistor and a micro-

computer.

_|_ C So, set the constants
within the range of the
frequency limits.

Fig. 73 External circuit of RC oscillation

M37542

XIN Xout

I Open
External oscillation P

circuit

vee J LTI
Vss

Fig. 74 External clock input circuit
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(1) Oscillation control

« Stop mode

When the STP instruction is executed, the internal clock ¢ stops at
an “H” level and the XIN oscillator stops. At this time, timer 1 is set
to “0116” and prescaler 1 is set to “FF16” when the oscillation sta-
bilization time set bit after release of the STP instruction is “0”. On
the other hand, timer 1 and prescaler 1 are not set when the
above bit is “1”. Accordingly, set the wait time fit for the oscillation
stabilization time of the oscillator to be used. f(XIN)/16 is forcibly
connected to the input of prescaler 1. When an external interrupt
is accepted, oscillation is restarted but the internal clock @ remains
at “H” until timer 1 underflows. As soon as timer 1 underflows, the
internal clock @is supplied. This is because when a ceramic oscil-
lator is used, some time is required until a start of oscillation. In
case oscillation is restarted by reset, no wait time is generated. So
apply an “L” level to the RESET pin while oscillation becomes
stable, or set the wait time by ring oscillator operation after system
is released from reset until the oscillation is stabled.

With the FLASH version, the internal power supply circuit is
changed to low power consumption mode for consumption current
reduction at the time of STP instruction execution.

Although an internal power supply circuit is usually changed to the
normal operation mode at the time of the return from an STP in-
struction, since a certain time is required to start the power supply
to FLASH and operation of FLASH to be enabled, set wait time
100 ps or more with the FLASH version by the oscillation stabiliza-
tion time set function after release of the STP instruction which
used the timer 1.

* Wait mode

If the WIT instruction is executed, the internal clock ¢ stops at an
“H” level, but the oscillator does not stop. The internal clock re-
starts if a reset occurs or when an interrupt is received. Since the
oscillator does not stop, normal operation can be started immedi-
ately after the clock is restarted. To ensure that interrupts will be
received to release the STP or WIT state, interrupt enable bits
must be set to “1” before the STP or WIT instruction is executed.

m Notes on Clock Generating Circuit

For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler 1 af-
ter fully appreciating the oscillation stabilization time of the
oscillator to be used.

« Switch of ceramic and RC oscillations

After releasing reset the operation starts by starting a built-in ring
oscillator. Then, a ceramic oscillation or an RC oscillation is se-
lected by setting bit 5 of the CPU mode register.

« Double-speed mode
When a ceramic oscillation is selected, a double-speed mode can
be used. Do not use it when an RC oscillation is selected.

« CPU mode register

Bits 5, 1 and 0 of CPU mode register are used to select oscillation
mode and to control operation modes of the microcomputer. In or-
der to prevent the dead-lock by error-writing (ex. program
run-away), these bits can be rewritten only once after releasing re-
set. After rewriting it is disable to write any data to the bit. (The
emulator MCU “M37542RSS"” is excluded.)

Also, when the read-modify-write instructions (SEB, CLB) are ex-
ecuted to bits 2 to 4, 6 and 7, bits 5, 1 and 0 are locked.

« Clock division ratio, XIN oscillation control, ring oscillator control
The state transition shown in Fig. 79 can be performed by setting
the clock division ratio selection bits (bits 7 and 6), XIN oscillation
control bit (bit 4), ring oscillator oscillation control bit (bit 3) of CPU
mode register. Be careful of notes on use in Fig. 79.

CPU mode register
(CPUM: address 003B1s, initial value: 8016)
Processor mode bits (Note 1)
bl b0
0 0 Single-chip mode
01 }
10

Not available

1.1

Stack page selection bit
0 : 0 page
1 :1page

Ring oscillator oscillation control bit
0 : Ring oscillator oscillation enabled
1 : Ring oscillator oscillation stop

XN oscillation control bit
0 : Ceramic or RC oscillation enabled
1 : Ceramic or RC oscillation stop

Oscillation mode selection bit (Note 1)
0 : Ceramic oscillation
1 : RC oscillation
Clock division ratio selection bits
b7 b6
0 0 : f(¢g) =f(Xin)/2 (High-speed mode)
0 1 : f(g)=f(XiN)/8 (Middle-speed mode)
1 0 : applied from ring oscillator
1 1 : f(g) =f(XiN) (Double-speed mode)(Note 2)

Note 1: The bit can be rewritten only once after releasing reset. After rewriting
it is disable to write any data to the bit. However, by reset the bit is

initialized and can be rewritten, again.
(It is not disable to write any data to the bit for emulator MCU
“M37542RSS".)

2: These bits are used only when a ceramic oscillation is selected.
Do not use these when an RC oscillation is selected.

Fig. 75 Structure of CPU mode register
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e Ring oscillation division ratio

At ring oscillator mode, division ratio of ring oscillator for CPU
clock is selected by setting value of ring oscillation division ratio
selection register. The division ratio of ring oscillation for CPU
clock is selected from among 1/1, 1/2, 1/8, 1/128. The operation
clock for the peripheral function block is not changed by setting
value of this register.

m Notes on Ring Oscillation Division Ratio

* When system is released from reset, Rosc/8 (ring middle-speed
mode) is selected for CPU clock.

« When state transition from the ceramic or RC oscillation to ring
oscillator, Rosc/8 (ring middle-speed mode) is selected for CPU
clock.

« When the MCU operates by ring-oscillator for the main clock
without external oscillation circuit, connect XIN pin to Vcc
through a resistor and leave XouT pin open.

Set “10010x002” (x = 0 or 1) to CPUM.

Ring oscillation division ratio selection register
(RODR: address 003716, initial value: 0216)

I—I— Ring oscillator division ratio

b1l b0

0 0: Ring double-speed mode (Rosc/1)
0 1: Ring high-speed mode (Rosc/2)

1 0: Ring middle-speed mode (Rosc/8)
1 1:Ring low-speed mode (Rosc/128)

Not used (returns “0" when read)

Fig. 76 Structure of ring oscillation division ratio selection register
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N X8UT

Main clock division ratio selection bit
Middle-, high-, double-speed mode

Ring oscillator mode

°© 1/2

1/2|—| Prescaler 1 Hm—

Middle-speed mode

Main clock division
ratio selection bits

High-speed modeo
Double-speed mode

O

1 Ring oscillator

Ring oscillator division
ratio selection bits

Ring oscillator mode

Rosc/1

Reset

Interrupt disable flag |
Interrupt reauest

R [ STP instruction WIT R

S QF

instruction

c— } Timing @
(Internal

e
RESET

clock)

R |~ STP instruction

Fig. 77 Block diagram of internal clock generating circuit (for ceramic resonator)

X8UT >?N

Main clock division ratio selection bit

>_pelay |

Middle-, high-, double-speed mode
—D”OO/’“_SI‘Z]_ _|_1L2_|_| Prescaler 1 |—|Ter1|—

Ring
oscillator
mode

e — Y

Main clock division
ratio selection bits

Middle-speed mode

RING

Double-speed mode

1 Ring oscillator

Ring oscillator division
ratio selection bits

Rosc/128
Rosc/8

Ring oscillator mode

- o :}— Timing @
High-speed mode ? |

(Internal clock)

Interrupt disable flag |
Interrupt request

RoOSCIZ ©
ROsCIL ©
QS S Q
R [~ STP instruction WIT R
instruction

Reset

Lo s @
RESET

R [~ STP instruction

Fig. 78 Block diagram of internal clock generating circuit (for RC oscillation)
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STP mode
f(XIN) oscillation: stop
Ring oscillator: stop

Interrupt STP Interrupt STP Interrupt STP
instruction instruction instruction
——————— (. \
IF(XIN) oscillation: enabled f(XIN) oscillation: enabled Interrupt f(XIN) oscillation: enabled f(XIN) oscillation: stop
Ring oscillator: stop Ring oscillator: enabled Ring oscillator: enabled Ring oscillator: enabled
STP
WAIT mode 1 WAIT mode 2 nstruction WAIT mode 3 WAIT mode 4
Interrupt [ fWIT Interrupt | JWIT WIT | wIT
instruction instructio Interrupt instruction nterrupt instruction
/ CPUM76=102 \
CPUM3=02 (Note 3) CPUM4=02
State 1 State 2 State 3 H o State 4
CPUM3=12 CPUM76=002 CPUM4=12
012 [4 N
112
Moted) 1 \isrei=12
MisrG1=12| | MISRG1=02 (Note 4) MISRG1=02 Reset
IRLLLLITETTTTTrs 1 PETPEPPTPIFEe PETITYTRRITTITTT TREEPRETY AT 1 PET P PeIrTr released
s (Note 3)
' CPUM76=102 H
(Note 3) : RESET state
State 2’ SPUNes State 3’ H f(XIN) oscillation: enabled|
76=002 H : . .
012 : Ring oscillator: enabled
112 H
WIT . Interrupt WIT . Interrupt
instruction instruction H
WAIT mode 2’ WAIT mode 3’ :
f(XIN) oscillation: enabled f(XIN) oscillation: enabled| }
Ring oscillator: enabled Ring oscillator: enabled :
“..[ Oscillation stop detection circuit valid } --------------------------------- o
kOperation clock source: f(XiN) (Note 1) kOperation clock source: Ring oscillator (Note 2) Y,

Notes on switch of clock

(1) In operation clock = f(XIN), the following can be selected for the CPU clock division ratio.
f(XIN)/2 (high-speed mode)
f(XIN)/8 (middle-speed mode)
f(XIN) (double-speed mode, only at a ceramic oscillation)

(2) In operation clock = ring oscillator, the following can be selected for the CPU clock division ratio.
ROSC/1 (ring double-speed mode)
ROSC/2 (ring high-speed mode)
ROSC/8 (ring middle-speed mode)
ROSC/128 (ring low-speed mode)

(3) After system is released from reset, and state transition of state 2 — state 3 and state transition of state 2’ — state 3’,
Rosc/8 (ring middle-speed mode) is selected for CPU clock.

(4) Executing the state transition state 3 to 2 or state 3 to 3’ after stabilizing XIN oscillation.

(5) When the state 2 — state 3 - state 4 is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
1. CPUM76 = 102 (state 2 - state 3)
2. NOP instruction
Double-speed mode: NOP [0 3
High-speed mode: NOP [0 1
Middle-speed mode: NOP [1 O
3.CPU4 = 12 (state 3 - state 4)

(6) When the state 3 — state 2 - state 1 is performed, execute the NOP instruction as shown below
according to the division ratio of CPU clock.
1. CPUM76 = 002 or 012 or 112 (state 3 — state 2)
2. NOP instruction
TBD
3.CPU3 = 12 (state 2 - state 1)

Fig. 79 State transition
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e Oscillation stop detection circuit

The oscillation stop detection circuit is used for reset occurrence
when a ceramic resonator or RC oscillation circuit stops by dis-
connection. To use this circuit, set a built-in ring oscillator to be in
active.

The oscillation stop detection circuit is in active to set “1” to the
ceramic or RC oscillation stop detection function active bit. When
the oscillation stop detection circuit is in active, ceramic or RC os-
cillation is watched by the built-in ring oscillator. When stop of
ceramic or RC oscillation is detected, the oscillation stop detection
status bit is set to “1”. While “1” is set to the oscillation stop reset
bit, internal reset occurs when oscillation stop is detected.

The external reset and the oscillation stop reset can be discrimi-
nated by reading the oscillation stop detection status bit.

The oscillation stop detection status bit retains “1”, not initialized,
when the oscillation stop reset occurs. The oscillation stop detec-
tion status bit is initialized to “0” when the external reset occurs.
Accordingly, reset by oscillation stop can be confirmed by using
this bit.

m Notes on Oscillation Stop Detection Circuit

« Do not execute the transition to “state 2’'a” shown in Figure 81
because in this “state 2’a”, MCU is stopped without reset even
when XIN oscillation is stopped.

« Ceramic or RC oscillation stop detection function active bit is not

cleared by the oscillation stop internal reset. Accordingly, the

oscillation stop detection circuit is in active when system is re-

leased from internal reset cause of oscillation stop detection.

Oscillation stop detection status bit is initialized by the following

operation.

(1) External reset

(2) Write “0” data to the ceramic or RC oscillation stop detection

function active bit.

« The oscillation stop detection circuit is not included in the emu-
lator MCU “M37542RSS".

b7

b0

’ I I ’ ’ I I ’ ‘ MISRG(address 003816, initial value: 0016)

Oscillation stabilization time set bit after
release of the STP instruction
0: Set “0116” in timerl, and “FF16”
in prescaler 1 automatically
1: Not set automatically

Ceramic or RC oscillation stop detection
function active bit

0: Detection function inactive

1: Detection function active

Oscillation stop reset bit
0: Oscillation stop reset disabled
1: Oscillation stop reset enabled

Oscillation stop detection status bit
0: Oscillation stop not detected

1: Oscillation stop detected

Not used (return “0” when read)

Reserved bits
(Do not write “1” to these bits)

Fig. 80 Structure of MISRG
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CPUM76=10:
( N\ ) (rjgte 4§ ( Reset h
f(XIN) oscillation: enabled »f f(XIN) oscillation: enabled released  [RESET state 1
[State 2 Ring oscillator: enabled - ——— kState 3 Ring oscillator: enabled (Note 4) f(XIN) oscillation: enabled
_012 Ring oscillator: enabled
MISRG1=12 AISRG1=02 112 MISRG1=12 | [MISRG1=02 Aoiied " to RESET i
(MISRG3 s cleared t0 “0") (Note 3) (Note 3) | | (MISRG3 is cleared to “0".) (e‘;‘ielrenal resoet) o
emEsssmmmEmEnn . eI mmTTTmTTT T A nmmn, . MISRG3 is cleared to “0".
' gt te 2’ f(XIN) oscillation: enabledx gtate 3’ f(XIN) oscillation: enable(ﬁ ";
H ate Ring oscillator: enabled Ring oscillator: enabled H
(< N\ R
State 2'a (Note 5) (State 3'a
Oscillation stop reset disabled Oscillation stop reset disabled
When oscillation stop is detected; When oscillation stop is detected;
MISRG3 is set to “1”". (&Mve% MISRG3 is set to “1".
Internal RESET does not occur. X P Internal RESET does not occur.
g State 3'c et
‘it CPAM76N02 . ese
Prohibitive state / \S& Release from internal reset released  |RESET state 2
MUC will be locked when Ceramic 112 MISRG3 is set to “1”. P — f(XIN) oscillation: enabled
or RC oscillation is stopped. Oscillation status can be J i (MNoted) |pingoscillator: enabled
confirmed by reading MISRG3. H
N J . J A
MISRG2=12p4 MISRG2=02 MISRG2=12 | MISRG2=02
State 2'b w CPU"(”hjgjel% State 3'b
Oscillation stop reset enabled Oscillation stop reset enabled
When oscillation stop is detected; When oscillation stop is detected;
MISRG3 is set to “1". CPUM76=002 MISRG3 is setto “1". H
Internal RESET occurs. 012 Internal RESET occurs. H . )
: T 112 \ T J = Oscillation stop is detected
5 O L\ .+ (internal reset) )
| OSCI”a'flon STOp deleCtIOn CII’CUIt |S In aCIIVe (Note 6)‘--- ------------------------------------------------ .t
@peration clock source: f(XIN) (Note 1)J Operation clock source: Ring oscillator (Note 2) )

Notes on switch of clock

(1) In operation clock = f(XIN), the following can be selected for the CPU clock division ratio.
f(XIN)/2 (high-speed mode)
f(XIN)/8 (middle-speed mode)
f(XIN) (double-speed mode, only at a ceramic oscillation)

(2) In operation clock = ring oscillator, the following can be selected for the CPU clock division ratio.
ROSC/1 (ring double-speed mode)
ROSC/2 (ring high-speed mode)
ROSC/8 (ring middle-speed mode)
ROSC/128 (ring low-speed mode)

(3) Executing the state transition state 3 to 2 or state 3 to 3’ after stabilizing XIN oscillation.

(4) After system is released from reset, and state transition of state 2 - state 3 and state transition of state 2’ . state 3,
Rosc/8 (ring middle-speed mode) is selected for CPU clock.

(5) MCU cannot be returned by ring oscillator and its operation is stopped since internal reset does not occur at oscillation stop detected.
Accordingly, do not execute the transition to state 2'a.

(6) STP instruction cannot be used when oscillation stop detection circuit is in active.

Fig. 81 State transition 2
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after reset are
undefined except for the interrupt disable flag | which is “1”. After
reset, initialize flags which affect program execution. In particular,
it is essential to initialize the T flag and the D flag because of their
effect on calculations.

Interrupts

The contents of the interrupt request bit do not change even if the
BBC or BBS instruction is executed immediately after they are
changed by program because this instruction is executed for the
previous contents. For executing the instruction for the changed
contents, execute one instruction before executing the BBC or
BBS instruction.

Decimal Calculations

« For calculations in decimal notation, set the decimal mode flag
D to “1”, then execute the ADC instruction or SBC instruction. In
this case, execute SEC instruction, CLC instruction or CLD in-
struction after executing one instruction before the ADC instruction
or SBC instruction.

* In the decimal mode, the values of the N (negative), V (overflow)
and Z (zero) flags are invalid.

Ports

» The values of the port direction registers cannot be read.

That is, it is impossible to use the LDA instruction, memory opera-
tion instruction when the T flag is “1”, addressing mode using
direction register values as qualifiers, and bit test instructions such
as BBC and BBS.

It is also impossible to use bit operation instructions such as CLB
and SEB and read/modify/write instructions of direction registers
for calculations such as ROR.

For setting direction registers, use the LDM instruction, STA in-
struction, etc.

A-D Conversion
Do not execute the STP instruction during A-D conversion.

Instruction Execution Timing

The instruction execution time can be obtained by multiplying the
frequency of the internal clock ¢ by the number of cycles men-
tioned in the machine-language instruction table.

The frequency of the internal clock @ is the same as that of the XIN
in double-speed mode, twice the XIN cycle in high-speed mode
and 8 times the XIN cycle in middle-speed mode.

CPU Mode Register

The oscillation mode selection bit and processor mode bits can be
rewritten only once after releasing reset. However, after rewriting it
is disable to write any value to the bit. (Emulator MCU is ex-
cluded.)

When a ceramic oscillation is selected, a double-speed mode of
the clock division ratio selection bits can be used. Do not use it
when an RC oscillation is selected.

State transition
Do not stop the clock selected as the operation clock because of
setting of CM3, 4.

NOTES ON HARDWARE

Handling of Power Source Pin

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin). Besides, connect the
capacitor to as close as possible. For bypass capacitor which
should not be located too far from the pins to be connected, a ce-
ramic capacitor of 0.01 pF to 0.1 pF is recommended.

NOTES ON PERIPHERAL FUNCTIONS

| Interrupt

(1) When setting the followings, the interrupt request bit may be
setto “1".

*When setting external interrupt active edge

Related register:

Interrupt edge selection register (address 003A16)

Timer X mode register (address 002B16)

Capture mode register (address 002016)

When not requiring the interrupt occurrence synchronized with

these setting, take the following sequence.

[ Set the corresponding interrupt enable bit to “0” (disabled).

[ Set the interrupt edge select bit (active edge switch bit, trigger
mode bit).

[ Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

(2) Use a LDM instruction to cleare an interrupt discrimination bit.
LDM #$0n, $0Bn
Set the following values to “n”
“0": an interrupt discrimination bit to clear
“1": other interrupt discrimination bits
Ex.) When a key-on wakeup interrupt discrimination bit is
cleared,
LDM #00001110B and $0B.
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m Timers

« When n (0 to 255) is written to a timer latch, the frequency divi-
sion ratio is 1/(n+1).

« When a count source of timer X, timer Y or timer Z is switched,
stop a count of timer X.

m Timer X

(1) CNTRo interrupt active edge selection-1

CNTRo interrupt active edge depends on the CNTRo active edge
switch bit.

When this bit is “0”, the CNTRo interrupt request bit is set to “1” at
the falling edge of CNTRo pin input signal. When this bit is “1”, the
CNTRo interrupt request bit is set to “1” at the rising edge of
CNTRo pin input signal.

(2) CNTRo interrupt active edge selection-2

According to the setting value of CNTRo active edge switch bit,

the interrupt request bit may be set to “1”.

When not requiring the interrupt occurrence synchronized with

these setting, take the following sequence.

[0 Set the corresponding interrupt enable bit to “0” (disabled).

[ Set the active edge switch bit.

[0 Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

0 Set the corresponding interrupt enable bit to “1” (enabled).

m Notes on Timer A, B

(1) Setting of timer value

When “1: Write to only latch” is set to the timer A (B) write control
bit, written data to timer register is set to only latch even if timer is
stopped. Accordingly, in order to set the initial value for timer when
it is stopped, set “0: Write to latch and timer simultaneously” to
timer A (B) write control bit.

(2) Read/write of timer A

Stop timer A to read/write its data when the system is in the follow-
ing state;

« CPU operation clock source: XIN oscillation

« Timer A count source: Ring oscillator output

(3) Read/write of timer B

Stop timer B to read/write its data when the system is in the fol-
lowing state;

« CPU operation clock source: XIN oscillation

« Timer B count source: Timer A underflow

« Timer A count source: Ring oscillator output

m Notes on Output Compare

*« When the selected source timer of each compare channel is
stopped, written data to compare register is loaded to the com-
pare latch simultaneously.

« Do not write the same data to both of compare latch x0 and x1.

* When setting value of the compare latch is larger than timer set-
ting value, compare match signal is not generated. Accordingly,
the output waveform is fixed to “L” or “H” level.

However, when setting value of another compare latch is
smaller than timer setting value, this compare match signal is
generated. Accordingly, compare match interrupt occurs.

« When the compare x trigger enable bit is cleared to “0” (dis-
abled), the match trigger to the waveform output circuit is
disabled, and the output waveform can be fixed to “L” or “H”
level.

However, in this case, the compare match signal is generated.
Accordingly, compare match interrupt occurs.

m Notes on Input Capture

« If the capture trigger is input while the capture register (low-order
and high-order) is in read, captured value is changed between
high-order reading and low-order reading. Accordingly, some
countermeasure by software is recommended, for example
comparing the values that twice of read.

« When the ring-oscillator is selected for Timer A count source,
Timer A cannot be used for the capture source timer.

Timer B cannot be used for the capture source timer when the
system is in the following state;

« CPU operation clock source: XIN oscillation

« Timer B count source: Timer A underflow

« Timer A count source: Ring oscillator output

« When writing “1” to capture latch x0 (x1) software trigger bit of
capture latch x0 and x1 at the same time, or external trigger and
software trigger occur simultaneously, the set value of capture x
status bit is undefined.

* When setting the interrupt active edge selection bit and noise fil-
ter clock selection bit of external interrupt CAPo, CAP1, the
interrupt request bit may be set to “1”.

When not requiring the interrupt occurrence synchronized with
these setting, take the following sequence.

[ Set the corresponding interrupt enable bit to “0” (disabled).

O Set the interrupt edge selection bit or noise filter clock selection bit.

[ Set the corresponding interrupt request bit to “0” after 1 or more
instructions have been executed.

O Set the corresponding interrupt enable bit to “1” (enabled).

« The capture interrupt cannot be used as the interrupt for return
from stop mode. Even when the valid edge of the capture inter-
rupt is input at stop mode, system retains the stop mode. Then,
system returns from stop mode by other external interrupts, the
capture interrupt is accepted.

In this case, after system returns from stop mode, the interrupt
request bit of the corresponding capture interrupt is set to “1".
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m Notes on Serial 1/01

« Serial I/O interrupt

When setting the transmit enable bit to “1”, the serial 1/O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

[ Set the transmit enable bit to “1”.

O Set the serial 1/0 transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial I/0 transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial /01 is enabled.

The functions of P12 and P13 are switched with the setting values
of a serial /01 mode selection bit and a serial I/01 synchronous
clock selection bit as follows.

(1) Serial /01 mode selection bit — “1":

Clock synchronous type serial I/0 is selected.

Setup of a serial /01 synchronous clock selection bit

“0” : P12 pin turns into an output pin of a synchronous clock.
“1” : P12 pin turns into an input pin of a synchronous clock.
Setup of a SRDY1 output enable bit (SRDY)

“0” : P13 pin can be used as a normal 1/O pin.

“1” : P13 pin turns into a SRDY1 output pin.

(2) Serial /01 mode selection bit — “0":

Clock asynchronous (UART) type serial I/O is selected.

Setup of a serial /01 synchronous clock selection bit

“0”: P12 pin can be used as a normal 1/0 pin.

“1”: P12 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial 1/O is selected, it is
P13 pin. It can be used as a normal I/O pin.

« Bus collision detection

Bus collision detection can be used when SIO1 is operating at full-
duplex communication. When SI01 is operating at half-duplex
communication, set bus collision detection interrupt to be dis-
abled.

m Notes on Serial 1/02

« Serial I/O interrupt

When setting the transmit enable bit to “1”, the serial 1/O transmit

interrupt request bit is automatically set to “1”. When not requiring

the interrupt occurrence synchronized with the transmission en-

abled, take the following sequence.

[ Set the serial I/0 transmit interrupt enable bit to “0” (disabled).

[ Set the transmit enable bit to “1”.

O Set the serial I/O transmit interrupt request bit to “0” after 1 or
more instructions have been executed.

O Set the serial /O transmit interrupt enable bit to “1” (enabled).

« 1/O pin function when serial 1/02 is enabled.

The functions of POs and P07 are switched with the setting values
of a serial /02 mode selection bit and a serial I/02 synchronous
clock selection bit as follows.

(1) Serial /02 mode selection bit - “1”:

Clock synchronous type serial I/0 is selected.

Setup of a serial /02 synchronous clock selection bit

“0” : P06 pin turns into an output pin of a synchronous clock.
“1" : P06 pin turns into an input pin of a synchronous clock.
Setup of a SRDY2 output enable bit (SRDY)

“0” : PO7 pin can be used as a normal I/O pin.

“1" : PO7 pin turns into a SRDY2 output pin.

(2) Serial /02 mode selection bit - “0” :

Clock asynchronous (UART) type serial 1/O is selected.

Setup of a serial /02 synchronous clock selection bit

“0”: P06 pin can be used as a normal 1/0 pin.

“1”: P06 pin turns into an input pin of an external clock.

When clock asynchronous (UART) type serial 1/O is selected, it is
PO7 pin. It can be used as a normal I/O pin.

m A-D Converter

The comparator uses internal capacitors whose charge will be lost
if the clock frequency is too low.

Make sure that f(XIN) is 500kHz or more during A-D conversion.
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m Notes on Clock Generating Circuit

For use with the oscillation stabilization set bit after release of the
STP instruction set to “1”, set values in timer 1 and prescaler 1 af-
ter fully appreciating the oscillation stabilization time of the
oscillator to be used.

« Switch of ceramic and RC oscillations

After releasing reset the operation starts by starting a built-in ring
oscillator. Then, a ceramic oscillation or an RC oscillation is se-
lected by setting bit 5 of the CPU mode register.

« Double-speed mode
When a ceramic oscillation is selected, a double-speed mode can
be used. Do not use it when an RC oscillation is selected.

* CPU mode register

Bits 5, 1 and 0 of CPU mode register are used to select oscillation
mode and to control operation modes of the microcomputer. In or-
der to prevent the dead-lock by error-writing (ex. program
run-away), these bits can be rewritten only once after releasing re-
set. After rewriting it is disable to write any data to the bit. (The
emulator MCU “M37542RSS” is excluded.)

Also, when the read-modify-write instructions (SEB, CLB) are ex-
ecuted to bits 2 to 4, 6 and 7, bits 5, 1 and 0 are locked.

« Clock division ratio, XIN oscillation control, ring oscillator control
The state transition shown in Fig. 79 can be performed by setting
the clock division ratio selection bits (bits 7 and 6), XIN oscillation
control bit (bit 4), ring oscillator oscillation control bit (bit 3) of CPU
mode register. Be careful of notes on use in Fig. 79.

m Notes on Ring Oscillation Division Ratio

* When system is released from reset, Rosc/8 (ring middle-speed
mode) is selected for CPU clock.

« When state transition from the ceramic or RC oscillation to ring oscil-
lator, Rosc/8 (ring middle-speed mode) is selected for CPU clock.

« When the MCU operates by ring-oscillator for the main clock
without external oscillation circuit, connect XIN pin to Vcc
through a resistor and leave XouT pin open.

Set “10010x002” (x = 0 or 1) to CPUM.

m Notes on Oscillation Stop Detection Circuit

« When the oscillation stop reset bit is set to “0”, internal reset
does not occur. If the ceramic or RC oscillation is selected for
the CPU clock, MCU will be locked when the ceramic or RC os-
cillation is stopped. So when the ceramic or RC oscillation is
selected for the main clock, set the oscillation stop reset bit to
“1". (State 2'a of Fig. 81)

« Ceramic or RC oscillation stop detection function active bit is not

cleared by the oscillation stop internal reset. Accordingly, the

oscillation stop detection circuit is in active when system is re-

leased from internal reset cause of oscillation stop detection.

Oscillation stop detection status bit is initialized by the following

operation.

(1) External reset

(2) Write “0” data to the ceramic or RC oscillation stop detection

function active bit.

The oscillation stop detection circuit is not included in the emu-

lator MCU “M37542RSS”".

m Notes on CPU Rewrite Mode
Take the notes described below when rewriting the flash memory
in CPU rewrite mode.

e Operation speed

During CPU rewrite mode, set the system clock @ to 4.0 MHz or
less using the clock division ratio selection bits (bits 6 and 7 of ad-
dress 003B16).

e Instructions inhibited against use
The instructions which refer to the internal data of the flash
memory cannot be used during CPU rewrite mode.

e Interrupts inhibited against use
The interrupts cannot be used during CPU rewrite mode because
they refer to the internal data of the flash memory.

e Watchdog timer

If the watchdog timer has been already activated, internal reset
due to an underflow will not occur because the watchdog timer is
surely cleared during program or erase.

e Reset

Reset is always valid. The MCU is activated using the boot mode
at release of reset in the condition of CNVss = “H”, so that the pro-
gram will begin at the address which is stored in addresses
FFFC16 and FFFD16 of the boot ROM area.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-
tion:

1.Mask ROM Order Confirmation Form *

2.Mark Specification Form *

3.Data to be written to ROM, in EPROM form (three identical cop-
ies) or one floppy disk.

For the mask ROM confirmation and the mark specifications,
refer to the "Renesas Technology Corp." Homepage
(http://www.renesas.com/en/rom).
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FLASH MEMORY MODE

The 7542 group’s flash memory version has the flash memory that
can be rewritten with a single power source.

For this flash memory, three flash memory modes are available in
which to read, program, and erase: the parallel I/O and standard
serial /0 modes in which the flash memory can be manipulated
using a programmer and the CPU rewrite mode in which the flash
memory can be manipulated by the Central Processing Unit
(CPU).

e Summary

Table 7 lists the summary of the 7542 Group (flash memory ver-
sion).

Table 7 Summary of 7542 group’s flash memory version

This flash memory version has some blocks on the flash memory
as shown in Figure 82 and each block can be erased.

In addition to the ordinary User ROM area to store the MCU op-
eration control program, the flash memory has a Boot ROM area
that is used to store a program to control rewriting in CPU rewrite
and standard serial I/O modes. This Boot ROM area has had a
standard serial I/0O mode control program stored in it when
shipped from the factory. However, the user can write a rewrite
control program in this area that suits the user’s application sys-
tem. This Boot ROM area can be rewritten in only parallel 1/0
mode.

Item

Specifications

Power source voltage (Vcc)

Vcc=27t055V

Program/Erase VPP voltage (VPP)

Vcc=27t055V

Flash memory mode

3 modes; Parallel I/O mode, Standard serial I/0 mode, CPU rewrite mode

Erase block division | User ROM area/Data ROM area | Refer to Fig. 82.

Boot ROM area (Note) Not divided (4K bytes)
Program method In units of bytes
Erase method Block erase

Program/Erase control method

Program/Erase control by software command

Number of commands 5 commands
Number of program/Erase times TBD
ROM code protection Available in parallel /0 mode and standard serial /O mode

Note: The Boot ROM area has had a standard serial I/O mode control program stored in it when shipped from the factory.

This Boot ROM area can be erased and written in only parallel /0 mode.
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7542 Group
[ 700016 . 800016
Data block B : g Reserve ROM area
2K bytes 128 bytes
780016 S 80801 [rremrrene et -
Data block A : 808016
2K bytes
800016
User ROM area
block 2 : 16K bytes
ROM Notel: The boot ROM area can be rewritten in a parallel
. C00016 I/0 mode. (Access to except boot ROM area is
. disablrd.)
Note2: To specify a block, use the maximum address in

C00016 E00016 the block.

block 1 : 8K bytes
E00016 ’ FF0016 FO0016

FFD416 -
block 0 : 8K bytes FFDC16 Special SR RO) EEe
FFFE16 — | page 4K bytes

FFFF16 FFFF1e LReserve ROM area FFFF16

Fig. 82 Block diagram of built-in flash memory

e Boot Mode

The control program for CPU rewrite mode must be written into
the User ROM or Boot ROM area in parallel I/O mode beforehand.
(If the control program is written into the Boot ROM area, the stan-
dard serial /0 mode becomes unusable.)

See Figure 82 for details about the Boot ROM area.

Normal microcomputer mode is entered when the microcomputer
is reset with pulling CNVss pin low. In this case, the CPU starts
operating using the control program in the User ROM area.

When the microcomputer is reset and the CNVss pin high after
pulling the P37(RP) pin low, P32(CE) pin high, POs/ScLK pin low
and P0s5/TxD2 pin high, the CPU starts operating (start address of
program is stored into addresses FFFC16 and FFFD16) using the
control program in the Boot ROM area. This mode is called the
“Boot mode”. Also, User ROM area can be rewritten using the con-
trol program in the Boot ROM area.

e Block Address
Block addresses refer to the maximum address of each block.
These addresses are used in the block erase command.

e CPU Rewrite Mode

In CPU rewrite mode, the internal flash memory can be operated
on (read, program, or erase) under control of the Central Process-
ing Unit (CPU).

In CPU rewrite mode, only the User ROM area shown in Figure 82
can be rewritten; the Boot ROM area cannot be rewritten. Make
sure the program and block erase commands are issued for only
the User ROM area and each block area.

The control program for CPU rewrite mode can be stored in either
User ROM or Boot ROM area. In the CPU rewrite mode, because
the flash memory cannot be read from the CPU, the rewrite con-
trol program must be transferred to internal RAM area before it
can be executed.
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* Outline Performance

CPU rewrite mode is usable in the single-chip or Boot mode. The
only User ROM area can be rewritten.

In CPU rewrite mode, the CPU erases, programs and reads the in-
ternal flash memory as instructed by software commands. This
rewrite control program must be transferred to internal RAM area
before it can be executed.

The MCU enters CPU rewrite mode by setting “1” to the CPU re-
write mode select bit (bit 1 of address OFE016). Then, software
commands can be accepted.

Use software commands to control program and erase operations.
Whether a program or erase operation has terminated normally or
in error can be verified by reading the status register.

Figure 83 shows the flash memory control register 0.

Bit 0 of the flash memory control register 0 is the RY/BY status
flag used exclusively to read the operating status of the flash
memory. During programming and erase operations, it is “0”
(busy). Otherwise, it is “1” (ready).

Bit 1 of the flash memory control register 0 is the CPU rewrite
mode select bit. When this bit is set to “1”, the MCU enters CPU
rewrite mode. And then, software commands can be accepted. In
CPU rewrite mode, the CPU becomes unable to access the inter-
nal flash memory directly. Therefore, use the control program in
the internal RAM for write to bit 1. To set this bit 1 to “1”, it is nec-
essary to write “0” and then write “1” in succession to bit 1. The bit
can be set to “0” by only writing “0”.

Bit 2 of the flash memory control register 0 is the 8KB user block
E/W mode disable bit. When this bit is set to “0”, CPU rewriting to
block 0 and block 1 of FLASH is disabled.

Bit 3 of the flash memory control register 0 is the flash memory re-
set bit used to reset the control circuit of internal flash memory.
This bit is used when exiting CPU rewrite mode and when flash
memory access has failed. When the CPU rewrite mode select bit
is “1”, setting “1” for this bit resets the control circuit. To release
the reset, it is necessary to set this bit to “0”.

Bit 5 of the flash memory control register O is the User ROM area
select bit and is valid only in the boot mode. Setting this bit to “1”
in the boot mode switches an accessible area from the boot ROM
area to the user ROM area. To use the CPU rewrite mode in the
boot mode, set this bit to “1”. Note that when the microcomputer is
booted up in the user ROM area, only the user ROM area is ac-
cessible and bit 5 is invalid; on the other hand, when the
microcomputer is in the boot mode, bit 5 is valid independent of
the CPU rewrite mode. To rewrite bit 5, execute the user-original
reprogramming control software transferred to the internal RAM in
advance.

Bit 6 of the flash memory control register 0 is the program status
flag. This bit is set to “1” when writing to flash memory is failed.
When program error occurs, the block cannot be used.

Bit 7 of the flash memory control register O is the erase status flag.
This bit is set to “1” when erasing flash memory is failed. When
erase error occurs, the block cannot be used.

Figure 84 shows the flash memory control register 1.

Bit O of the flash memory control register 1 is the Erase suspend
enable bit. By setting this bit to “1”, the erase suspend mode to
suspend erase processing temporaly when block erase command
is executed can be used. In order to set this bit to “1”, writing “0”
and “1” in succession to bit 0. In order to set this bit to “0”, write “0”
only to bit 0.

Bit 1 of the flash memory control register 1 is the erase suspend
request bit. By setting this bit to “1” when erase suspend enable
bit is “1”, the erase processing is suspended.

Bit 6 of the flash memory control register 1 is the erase suspend
flag. This bit is cleared to “0” at the flash erasing.

b7 b0

Flash memory control register O

(FMCRO: address : OFEOzs: initial value: 0116)
RY/BY status flag

0 : Busy (being written or erased)
1: Ready

CPU rewrite mode select bit (Note 1)
0 : CPU rewrite mode invalid
1: CPU rewrite mode valid

8KB user block E/W mode disable bit (Note 1, 2)

0 : E/W disabled
1:E/W enabled

Flash memory reset bit (Note 3)
0 : Normal operation
1: reset

Not used (do not write “1” to this bit.)

User ROM area select bit (Note 4)
0 : Boot ROM area is accessed
1: User ROM area is accessed

Program status flag
0: Pass
1: Error

Erase status flag
0: Pass
1: Error

Notes 1: For this bit to be set to “1”, the user needs to write a “0” and then a
“1" to it in succession. For this bit to be set to “0”, write “0” only to
this bit.

2: This bit can be written only when CPU rewrite mode select bit is “1”.

3: Effective only when the CPU rewrite mode select bit = “1”. Fix this
bit to “0” when the CPU rewrite mode select bit is “0”.

4: Write to this bit in program on RAM

Fig. 83 Structure of flash memory control register 0

b7 b0

Flash memory control register 1

(FMCR1: address : OFE1l1e: initial value: 4016)
Erase Suspend enble bit (Notes 1)

0 : Suspend invalid
1 : Suspend valid

Erase Suspend request bit (Notes 2)
0 : Erase restart
1: Suspend request

Not used (do not write “1” to this bit.)

Erase Suspend flag
0: Erase active
1: Erase inactive (Erase Suspend mode)

Not used (do not write “1” to this bit.)

Notes 1: For this bit to be set to “1”, the user needs to write a “0” and then a
“1" to it in succession. For this bit to be set to “0”, write “0” only to
this bit.

2: Effective only when the suspend enable bit = “1".

Fig. 84 Structure of flash memory control register 1
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Figure 85 shows a flowchart for setting/releasing CPU rewrite

mode.

(o)

Single-chip mode or Boot mode

A 4

Set CPU mode register (Note 1)

A4

Transfer CPU rewrite mode control program to
internal RAM

A 4

Jump to control program transferred to internal
RAM

(Subsequent operations are executed by control
program in this RAM)

A

Set CPU rewrite mode select bit to “1” (by
writing “0” and then “1” in succession)

Check CPU rewrite mode entry flag

A4

Using software command executes erase,
program, or other operation

A4

Execute read array command or reset flash
memory by setting flash memory reset bit (by
writing “1” and then “0” in succession) (Note 2)

A 4

Write “0” to CPU rewrite mode select bit

A4

(e )

1: Set the main clock as follows depending on the clock division ratio selection bits of
CPU mode register (bits 6, 7 of address 003B16).

2: Before exiting the CPU rewrite mode after completing erase or program operation,
always be sure to execute the read array command or reset the flash memory.

Fig. 85 CPU rewrite mode set/release flowchart
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m Notes on CPU Rewrite Mode
Take the notes described below when rewriting the flash memory
in CPU rewrite mode.

e Operation speed

During CPU rewrite mode, set the system clock @ to 4.0 MHz or
less using the clock division ratio selection bits (bits 6 and 7 of ad-
dress 003B16).

e Instructions inhibited against use
The instructions which refer to the internal data of the flash
memory cannot be used during CPU rewrite mode.

e Interrupts inhibited against use
The interrupts cannot be used during CPU rewrite mode because
they refer to the internal data of the flash memory.

e Watchdog timer

If the watchdog timer has been already activated, internal reset
due to an underflow will not occur because the watchdog timer is
surely cleared during program or erase.

e Reset

Reset is always valid. The MCU is activated using the boot mode
at release of reset in the condition of CNVss = “H”, so that the pro-
gram will begin at the address which is stored in addresses
FFFC16 and FFFD16 of the boot ROM area.
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e Software Commands

Table 8 lists the software commands.

After setting the CPU rewrite mode select bit to “1”, execute a soft-
ware command to specify an erase or program operation.

Each software command is explained below.

¢ Read Array Command (FFz16)

The read array mode is entered by writing the command code
“FF16” in the first bus cycle. When an address to be read is input
in one of the bus cycles that follow, the contents of the specified
address are read out at the data bus (Do to D7).

The read array mode is retained until another command is written.

* Read Status Register Command (7016)

When the command code “7016” is written in the first bus cycle,
the contents of the status register are read out at the data bus (Do
to D7) by a read in the second bus cycle.

The status register is explained in the next section.

¢ Clear Status Register Command (5016)
This command is used to clear the bits SR4 and SR5 of the status
register after they have been set. These bits indicate that opera-
tion has ended in an error. To use this command, write the
command code “5016” in the first bus cycle.

* Program Command (4016)

Program operation starts when the command code “4016”" is writ-
ten in the first bus cycle. Then, if the address and data to program
are written in the 2nd bus cycle, program operation (data program-
ming and verification) will start.

Whether the write operation is completed can be confirmed by
read status register or the RY/BY status flag. When the program
starts, the read status register mode is entered automatically and
the contents of the status register is read at the data bus (Do to
D7). The status register bit 7 (SR7) is set to “0” at the same time
the write operation starts and is returned to “1” upon completion of
the write operation. In this case, the read status register mode re-
mains active until the read array command (FF16) is written.

Table 8 List of software commands (CPU rewrite mode)

The RY/BY status flag of the flash memory control register is “0”
during write operation and “1” when the write operation is com-
pleted as is the status register bit 7.

At program end, program results can be checked by reading the
status register.

[ Start ]

v
Write “4016”

]

Write Write address
\Write data

Read status register [*

SR7 =*"1"?
_or
RY/BY =“1" 2

o Program
error

} YES

Program
completed

Fig. 86 Program flowchart

First bus cycle Second bus cycle
Command Cycle number Mode | Address (Dc? tac}?m) Mode | Address (D(?t%t%n
Read array 1 Write | X (Note 4) FFie
Read status register 2 Write X 7016 Read X SRD (Note 1)
Clear status register 1 Write X 5016
Program 2 Write X 4016 Write | WA (Note 2)| WD (Note 2)
Block erase 2 Write X 2016 Write | BA (Note 3) D016

Notes 1: SRD = Status Register Data
2: WA = Write Address, WD = Write Data

3: BA = Block Address to be erased (Input the maximum address of each block.)

4: X denotes a given address in the User ROM area.
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* Block Erase Command (2016/D016)

By writing the command code “2016” in the first bus cycle and the

confirmation command code “D016” and the block address in the [ Start ]
second bus cycle that follows, the block erase (erase and erase l

verify) operation starts for the block address of the flash memory

to be specified. Write “2016”
Whether the block erase operation is completed can be confirmed l

by read status register or the RY/BY status flag of flash memory - -
control register. At the same time the block erase operation starts, Write BlockDgcleress
the read status register mode is automatically entered, so that the l

contents of the status register can be read out. The status register

bit 7 (SR7) is set to “0” at the same time the block erase operation Read status register <
starts and is returned to “1” upon completion of the block erase

operation. In this case, the read status register mode remains ac-
tive until the read array command (FF16) is written.

The RY/BY status flag is “0” during block erase operation and “1”
when the block erase operation is completed as is the status reg-
ister bit 7.

After the block erase ends, erase results can be checked by read-
ing the status register. For details, refer to the section where the
status register is detailed.

Erase error ]

Erase completed
(write read command “
EF16")

Fig. 87 Erase flowchart
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e Status Register

The status register shows the operating status of the flash

memory and whether erase operations and programs ended suc-

cessfully or in error. It can be read in the following ways:

(1) By reading an arbitrary address from the User ROM area after
writing the read status register command (7016)

(2) By reading an arbitrary address from the User ROM area in the
period from when the program starts or erase operation starts
to when the read array command (FF1e) is input.

Also, the status register can be cleared by writing the clear status
register command (5016).

After reset, the status register is set to “8016".

Table 9 shows the status register. Each bit in this register is ex-
plained below.

*Sequencer status (SR7)

The sequencer status indicates the operating status of the flash
memory. This bit is set to “0” (busy) during write or erase operation
and is set to “1” when these operations ends.

After power-on, the sequencer status is set to “1” (ready).

Table 9 Definition of each bit in status register

*Erase status (SR5)

The erase status indicates the operating status of erase operation.
If an erase error occurs, it is set to “1”. When the erase status is
cleared, it is reset to “0".

*Program status (SR4)

The program status indicates the operating status of write opera-
tion. When a write error occurs, it is set to “1”.

The program status is reset to “0” when it is cleared.

If “1" is written for any of the SR5 and SR4 bits, the read array,
program, and block erase commands are not accepted. Before ex-
ecuting these commands, execute the clear status register
command (5016) and clear the status register.

Also, if any commands are not correct, both SR5 and SR4 are set
to “1”.

Each bit of Status name Definition

SRD bits “1” ‘0"

SR7 (bit7) Sequencer status Ready Busy

SR6 (bit6) Reserved - -

SR5 (bit5) Erase status Terminated in error Terminated normally
SR4 (bit4) Program status Terminated in error Terminated normally
SR3 (bit3) Reserved - -

SR2 (bit2) Reserved - -

SR1 (bitl) Reserved - -

SRO (bit0) Reserved - -
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e Full Status Check

By performing full status check, it is possible to know the execu-
tion results of erase and program operations. Figure 88 shows a
full status check flowchart and the action to be taken when each
error occurs.

(Read status register]

SR4 =*1" and [ Command ] . . Execute the clear status register command (5016)
sequence error to clear the status register. Try performing the
operation one more time after confirming that the

command is entered correctly.

[ Erase error ] - - Should an erase error occur, the block in error
cannot be used.

[ Program error ] - - Should a program error occur, the block in error
cannot be used.

[End (block erase, program)]

Note: When one of SR5 and SR4 is set to “1”, none of the read array, program,
and block erase commands is accepted. Execute the clear status register
command (5016) before executing these commands.

Fig. 88 Full status check flowchart and remedial procedure for errors
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e Functions To Inhibit Rewriting Flash
Memory Version

To prevent the contents of internal flash memory from being read
out or rewritten easily, this MCU incorporates a ROM code protect
function for use in parallel I/O mode and an ID code check func-
tion for use in standard serial I/O mode.

(1) ROM Code Protect Function

The ROM code protect function is the function to inhibit reading
out or modifying the contents of internal flash memory by using
the ROM code protect control address (address FFDB16) in paral-
lel /0 mode. Figure 89 shows the ROM code protect control
address (address FFDB16). (This address exists in the User ROM

If one or both of the pair of ROM code protect bits is set to “0”, the
ROM code protect is turned on, so that the contents of internal
flash memory are protected against readout and modification. The
ROM code protect is implemented in two levels. If level 2 is se-
lected, the flash memory is protected even against readout by a
shipment inspection LS| tester, etc. When an attempt is made to
select both level 1 and level 2, level 2 is selected by default.

If both of the two ROM code protect reset bits are set to “00”, the
ROM code protect is turned off, so that the contents of internal
flash memory can be readout or modified. Once the ROM code
protect is turned on, the contents of the ROM code protect reset
bits cannot be modified in parallel I/O mode. Use the serial 1/0 or
CPU rewrite mode to rewrite the contents of the ROM code protect

area.)

reset bits.

I—I— Reserved bits (“1” at read/write)

1: When ROM code protect is turned on, the internal flash memory is protected
2: When ROM code protect level 2 is turned on, ROM code readout by a
3: The ROM code protect reset hits can be used to turn off ROM code protect

level 1 and ROM code protect level 2. However, since these bits cannot be
modified in parallel I/O mode, they need to be rewritten in serial /O mode or CPU

ROM code protect control address (address FFDB1s)
ROMCP (FF1s when shipped)

ROM code protect level 2 set bits (ROMCP2) (Notes 1, 2)

0 0: Protect enabled
0 1: Protect enabled
1 0: Protect enabled
1 1: Protect disabled
ROM code protect reset bits (Note 3)

0 0: Protect removed
0 1: Protect set bits effective
1 0: Protect set bits effective
1 1: Protect set hits effective
ROM code protect level 1 set bits (ROMCP1) (Note 1)

0 0: Protect enabled
0 1: Protect enabled
1 0: Protect enabled
1 1: Protect disabled

b7 b0
1(1
b3b2
b5b4
b7b6
Notes
against readout or modification in parallel I/O mode.
shipment inspection LSI tester, etc. also is inhibited.
rewrite mode.

Fig. 89 Structure of ROM code protect control address

Rev.2.00 2003.04.21 page 75 of 97

RENESAS



Notice: This is not a final specification.
Some parametric limits are subject to change.
7542 Group P ! 9

(2) ID Code Check Function

Use this function in standard serial I/O mode. When the contents
of the flash memory are not blank, the ID code sent from the pro-
grammer is compared with the ID code written in the flash memory
to see if they match. If the ID codes do not match, the commands
sent from the programmer are not accepted. The ID code consists
of 8-bit data, and its areas are FFD416 to FFDA16. Write a pro-
gram which has had the ID code preset at these addresses to the
flash memory.

Address =f ——— ~~——1
FFD416 ID1
FFD516 ID2
FFD616 ID3
FFD716 ID4
FFD816 ID5
FFD916 ID6
FFDA16 ID7
FFDB16 ROM code protect control
Interrupt vector area
e

Fig. 90 ID code store addresses
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e Parallel /0O Mode

The parallel /O mode is used to input/output software commands,
address and data in parallel for operation (read, program and
erase) to internal flash memory.

Use the external device (writer) only for 7542 Group (flash
memory version). For details, refer to the user’s manual of each
writer manufacturer.

* User ROM and Boot ROM Areas

In parallel I/0O mode, the User ROM and Boot ROM areas shown
in Figure 82 can be rewritten. Both areas of flash memory can be
operated on in the same way.

The Boot ROM area is 4 Kbytes in size and located at addresses
F00016 through FFFF16. Make sure program and block erase op-
erations are always performed within this address range. (Access
to any location outside this address range is prohibited.)

In the Boot ROM area, an erase block operation is applied to only
one 4 Kbyte block. The boot ROM area has had a standard serial
1/0 mode control program stored in it when shipped from the fac-
tory. Therefore, using the MCU in standard serial I/O mode, do not
rewrite to the Boot ROM area.
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e Standard serial /0O Mode

The standard serial 1/0 mode inputs and outputs the software
commands, addresses and data needed to operate (read, pro-
gram, erase, etc.) the internal flash memory. This 1/O is clock
synchronized serial. This mode requires a purpose-specific pe-
ripheral unit.

The standard serial 1/0 mode is different from the parallel 1/0
mode in that the CPU controls flash memory rewrite (uses the
CPU rewrite mode), rewrite data input and so forth. The standard
serial I/0 mode is started when the microcomputer is reset and
the CNVss pin high after pulling the P37(RP) pin low, P32(CE) pin
high, P06/ScLk2 pin low and POs/TxD2 pin high. (In the ordinary
microcomputer mode, set CNVss pin to “L” level.)

This control program is written in the Boot ROM area when the
product is shipped from Renesas. Accordingly, make note of the
fact that the standard serial I/O mode cannot be used if the Boot
ROM area is rewritten in parallel /0O mode. Figures 91 to 96 show
the pin connections for the standard serial I/0O mode.

In standard serial I/0O mode, serial data 1/0 uses the four UART2
pins ScLk2, RxD2, TxD2 and SRDY2 (BUSY). The ScLk2 pin is the
transfer clock input pin through which an external transfer clock is
input. The TxD2 pin is for CMOS output. The SRDY2 (BUSY) pin
outputs “L” level when ready for reception and “H” level when re-
ception starts.

Serial data 1/O is transferred serially in 8-bit units.

In standard serial 1/0O mode, only the User ROM area shown in
Figure 82 can be rewritten. The Boot ROM area cannot be written.
In standard serial I/O mode, a 7-byte ID code is used. When there
is data in the flash memory, commands sent from the peripheral
unit (programmer) are not accepted unless the ID code matches.

Outline Performance (Standard Serial 1/O
Mode)

In standard serial /O mode, software commands, addresses and
data are input and output between the MCU and peripheral units
(serial programer, etc.) using 4-wire clock-synchronized serial 1/02
(UART2).

In reception, software commands, addresses and program data
are synchronized with the rise of the transfer clock that is input to
the ScLk2 pin, and are then input to the MCU via the RxD2 pin. In
transmission, the read data and status are synchronized with the
fall of the transfer clock, and output from the TxD2 pin.

The TxD2 pin is for CMOS output. Transfer is in 8-bit units with
LSB first.

When busy, such as during transmission, reception, erasing or
program execution, the SRpy2 (BUSY) pin is “H” level. Accord-
ingly, always start the next transfer after the SRDy2 (BUSY) pin is
“L” level.

Also, data and status registers in a memory can be read after in-
putting software commands. Status, such as the operating state of
the flash memory or whether a program or erase operation ended
successfully or not, can be checked by reading the status register.
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Table 10 Description of pin function (Flash Memory Serial 1/0 Mode 1)

Pin name Signal name 1/0 Function

Vce,Vss Power supply | Apply 2.7 to 5.5 V to the Vcc pin and 0 V to the Vss pin.

CNVss CNVss | After input of port is set, input “H” level.

RESET Reset input | Reset input pin. System operates when RESET pin is set to “H” level after
CNVss pin is set to “H” level.

XIN Clock input | Connect an oscillation circuit between the XIN and XouT pins.
As for the connection method, refer to the “clock generating circuit”.

XouTt Clock output (@) (When system operates only by the ring oscillator, an external circuit is not re-
quired.)

VREF Reference voltage input | Apply reference voltage of A-D to this pin.

P00-P03 1/0O port PO 1/0 Input “L” or “H” level, or keep open.

P04 RxD input | Serial data input pin.

POs TxD output (@) Serial data output pin.

P06 SCLK input | Serial clock input pin.

P07 BUSY output O BUSY signal output pin.

Plo-P14 I/O port P1 1/0 Input “L” or “H” level, or keep open.

P20-P27 I/O port P2 1/0 Input “L” or “H” level, or keep open.

P30, P31, P33-P36 | 1/O port P3 1/0 Input “L” or “H” level, or keep open.

P32 CE input | Input “H” level.

P37 RP input | Input “L” level.

Table 11 Description of pin function (Flash Memory Serial I/0O Mode 2)

Pin name Signal name 1/0 Function

Vce,Vss Power supply | Apply 2.7 to 5.5 V to the Vcc pin and 0 V to the Vss pin.

CNVss CNVss | After input of port is set, input “H” level.

RESET Reset input | Reset input pin. System operates when RESET pin is set to “H” level after
CNVss pin is set to “H” level.

XIN Clock input | Connect an oscillation circuit between the XIN and XouT pins.
As for the connection method, refer to the “clock generating circuit”.

XouTt Clock output (@) (When system operates only by the ring oscillator, an external circuit is not re-
quired.)

VREF Reference voltage input | Apply reference voltage of A-D to this pin.

P00-PO03, PO7 1/0O port PO 1/0 Input “L” or “H” level, or keep open.

P04 RxD input | Serial data input pin.

POs TxD output (@) Serial data output pin.

P06 SCLK input | Input “L” level.

Plo-P14 I/O port P1 1/0 Input “L” or “H” level, or keep open.

P20-P27 I/0O port P2 1/0 Input “L” or “H” level, or keep open.

P30, P31, P33-P36 | 1/O port P3 1/0 Input “L” or “H” level, or keep open.

P32 CE input | Input “H” level.

P37 RP input | Input “L” level.
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RxD

TxD
Scik | { "L" input '

POs(LEDo6)/SCLK2 ——

<> PQs5(LEDos5)/TxD2
P04(LEDo4)/RxD2

<> PQ3(LED03)/TXout

<> P02(LEDo2)/CMP1

<> PQO1(LEDo1)/CMPo

<> PQo(LEDoo)/CAPo
P37(LED17)/INTo

[eelzelfeelfellodlf oo
PO7(LEDo7)/Srov2 < [2s] 16] <+ P34(LED14)

P10/RxD1/CAPo <> g} [15] <> P33(LED13)/INT1

PL/TxD1 ==[z] M37542F8GP  [ial«> p3,(LED12)/CMPs ——("H" input )
Pla/Sciki <=[s| M37542FSTGP |l P3i(LED11)/CMP?

P13/Srovi <+ [2g] [12] <> P3o(LED10)/CAP1
PL4CNTRo <=[m| M37542F8VGP 5\ Vss
P20/ANo <> [31] [10] — Xout O
P21/AN: > [32] O [o] <— xin @) Note

L[zl s ffs fle - [[=]

VREF —™
RESET —»
CNVss —=

Vcc

Note. Connect the oscillation circuit to XIN and XourT.

(Package type: 32P6U-A)

Fig. 91 Pin connection diagram in standard serial /0O mode 1 (32P6U-A package)
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P12/Sciki <= [1_| [36] < P11/TxD1
P13/Srovi <> |2 O [35] == P10/RxD1/CAPo
P14/CNTRo <> [3 | [34] = PO7(LEDo7)/SrpY2
P20/ANo < [4 | 33] == POs(LEDos)/ScLk2
P21/AN1 + [5_| [32] < POs(LEDos)/TxD2
P22/AN2 < [6 =z== [31] <> PO4(LEDo04)/RxD2
P23/AN3 <> [7 | ww (% [30] < PO3(LEDo03)/TXout
P24/AN4 ~> [&_| SN [29] «» PO2(LEDo2)/CMP1
P2s/ANs +~— [9_ 5 A (28] +> PO1(LEDo1)/CMPo
P26/ANs < [10] MRS [27] ~—~ POo(LED00)/CAPo
P27/AN7 ~—» [1] ® o J [26] <= P37(LED17)/INTo
VRer — [12] <dT [25] <~ P36(LED16)/INT1
— T T
RESET — [13] o4O VY [24] <= P35(LED15)
CNVss — [14] 23] <> P34(LED14)
vee [15] [22] +— P33(LED13)/INT1
Xin —> [16] [21] = P32(LED12)/CMP3
Xout «— [17] O [20] «—= P31(LED11)/CMP2
vss  [18] [19] «=> P3o(LED10)/CAP1

Note. Connect the oscillation circuit to XIN and XOUT.

(Package type: 36P2R-A)

Fig. 92 Pin connection diagram in standard serial /0O mode 1 (36P2R-A package)

P12/Scik1 «—»[ 4|
P13/SRDY1 +—»[5 |

32l «—> p11/TxD1
3] «—>

OC

P1lo/RxD1/CAPo
P14/CNTRo <+—»[3] 30l «—* po7(LEDO7)/Srov2
P20/ANo <+—»[4] 20 «—» POs(LEDos)/ScLk2
P21/AN1 +—»[5] 28] <> PO5(LED0s)/TXD,

P22/AN2 «—»[§ |
P23/AN3 +—>[7]
P24/AN4 «—»[8]

P2s/ANs +—>[o]
VREF — [10]
RESET —* 1]
CNVss —>|E

271 «—> PO4(LED04)/RXD2
26 <> pQ3(LED03)/TXouT
25| «—> POy (LED02)/CMP1

P0O1(LEDo1)/CMPo
23] +—> po(LED00)/CAPO

22 > P37(LED17)/INTo

dS8d4c¢tS.LEIN
j

P34(LED14)
Vee [13 204> oo ED13)INT:
Xin —> [14] 19] «—> p3,(LED12)/CMP3
Xout +— [15] 18/ «—> p3y(LED11)/CMP2

vss Il () [@* > payLEDio)cAP:

Note. Connect the oscillation circuit to XIN and XOUT.
(Package type: 32P4B)

Fig. 93 Pin connection diagram in standard serial I/O mode 1 (32P4B package)
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{ “L" input |

~N E 4 0 o
Sg83idge
=>==<
frifssds
T TN TS ~
afallafafafafays)
W W www
didddd2d
© 0D O N o 2 I~
EEREERER
e P
PO7(LEDo7)/SRoy2 <+ [25] [16] > P34(LEDz14)
P10/RxD1/CAPo <> 24} [15] <> P33(LED13)/INT1
P1UTxD1 =>=[z] M37542F8GP  [wl=> p3,(LED12)/CMPs
P12/Sciki »% M37542F8TGP %0 P31(LED11)/CMP2
P13/Srpy1 <= ~* P30(LED10)/CAP1
PLJCNTRo <=[m] M37542F8VGP Vss
P20/ANo <[] [10] — Xout '9)
P21/AN1 <[] O (o] <— Xy O Note

MMMMM%%M

VREF —™
RESET
CNVss
Vcc

Note. Connect the oscillation circuit to XIN and XOUT.

(Package type: 32P6U-A)

Fig. 94 Pin connection diagram in standard serial /O mode 2 (32P6U-A package)
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P12/Sciki <> [1_| [36] < P11/TxD1
P13/Srov1 <> [2] O [35] <=~ P10/RxD1/CAPo
P14/CNTRo < [3 | [34] <= PO7(LEDo7)/SRov2
P20/ANo < [4_] [ 33] = POs(LEDos)/ScLk2
P21/AN1 <+ [5 | [32] <= POs(LEDos)/TxDz2
P22/AN2 < [6 | z= [31] <> PO4(LED04)/RXxD2
P23/AN3 < [7 | wWw C% 30] < PO3(LEDo3)/TXout
P24/AN4 ~— [&_| oy [29] +» PO2(LEDo2)/CMP1
P2s/ANs ~» [ &Y (28] +> PO1(LEDo1)/CMPo
P26/AN6 «— [10 RN [27] ~—~ POo(LED00)/CAPo
P27/AN7 «~— [11] ® o J [26] <= P37(LED17)/INTo
VReF — [12] <ds [25] «— P36(LED16)/INT1
T Tl
RESET — [13] o4OV [24] <> P35(LED1s)
CNVss — [14] 23] > P34(LED14)
Vee [15] [22] = P33(LED13)/INT1
O———  Xwn— [s] [21] = P32(LED12)/CMP3
O————  Xout «+— [17] Q [20] «—= P31(LED11)/CMP2
vss  [18] [19] +— P3o(LED10)/CAP1

Note. Connect the oscillation circuit to XIN and XOUT.

(Package type: 36P2R-A)

Fig. 95 Pin connection diagram in standard serial /O mode 2 (36P2R-A package)

P12/ScLki «—»[4 | 7 32| «—> P11/ TxD1
P13/Srov1 «—»[5] 20> b /RxDI/CAPO
P14/CNTRo «+—»[3] 30l <> po7(LED07)/SRovZ
P20/ANo «—>[4] 291 «—> pog(LEDo6)/ScLK 2
P21/AN1 <> [5]| 28] <> POs(LED0s)/TXD, XD
P22/AN2 «—»[5] = 271 «—> P04(LED04)/RxD2 RxD
P23/AN3 +—>[7] &lo 26 «—> PO3(LED03)/TXoUT
P24/AN4 +—»[8] ol 25] «—> pQy(LED02)/CMP1
P25/ANs +—>[o] ﬁ 24]«—> PQ1(LEDo1)/CMPo
VREF — [19] X 23] +—> pQo(LED00)/CAPO
RESET —* 1] N 22 «—> P37(LED17)/INTo
CNvss —[12] U 204> oo LEDLY)
Vce [13] 204> p33(LED13)/INTL
XiN ——» [14] 19 4> p3,(LED12)/CMP3
Xout +— [15 18/ «—> p3y(LED11)/CMP2
Vss [16] O 171 4> p3o(LED10)/CAP1
Note. Connect the oscillation circuit to XIN and XOUT.
(Package type: 32P4B)

Fig. 96 Pin connection diagram in standard serial I/O mode 2 (32P4B package)
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Power source I_
RESET
CNVss
P37(RP) ~ TTCTCTO™([L L o oo
P32(CEB) TR
T M — r e
POs(ScLk2) el 0 b
PO5(TxD2) — ——=—d L e
PO4(RXD2) JECER AN O O PR PR
td(port-CNVss): td(CNVss-RESET): td(RESET-SCLK) th(CNVss-RESET) { th(CNVss-port)
Symbol Ratings Unit
Min. | Typ. | Max

td(port-CNVss) 1 - - ms

td(CNVss-RESET) 1 - - ms

td(RESET-SCLK) TBD | TBD | TBD | ms

th(RESET-CNVss) 1 - - ms

td(CNVss-port) 1 - - ms

Fig. 95 Pin connection diagram in standard serial I/O mode 1

Power source I_

RESET

CNVss

P3RP) L o oo

P3(CEB) L

POs(Sclk2) el L

PO5(TxD2) b e

PO4(RxD2) . bie R Y x >< g

td(port-CNVss): td(CNVss-RESET) th(CNVss-RESET): th(CNVss-port)

F 3

=

Symbol Ratings Unit Note: In the standard serial /02, set POs and P07 as follows;
Min. | Typ. | Max. POs: input “L” level.
td(port-CNVss) 1 - - ms PO7: input “L” level, “H” level or keep open.
td(CNVss-RESET) 1 - - ms
th(RESET-CNVss) 1 - - ms
td(CNVss-port) 1 - - ms

Fig. 96 Pin connection diagram in standard serial I/0O mode 2
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ELECTRICAL CHARACTERISTICS

1.7542Group (General purpose)
Applied to: M37542M4/M2-XXXFP/SP/GP

Absolute Maximum Ratings (General purpose)

Table 12 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltage —-0.3t06.5 \%
Vi Input voltage -0.3to Vcc + 0.3 \%

P00-PO07, P10-P14, P20-P27, P30-P37, VREF All voltages are
Vi Input voltage RESET, XiN based on Vss. -0.3to Vcc +0.3 \%
Vi Input voltage CNVss Output transistors —0.3to Vcc + 0.3 Y,
Vo Output voltage are cut off. -0.3to Vcc + 0.3 \%
P00-P07, P10-P14, P20-P27, P30—P37, XouT
Pd Power dissipation Ta = 25°C 300 (Note) mwW
Topr Operating temperature —-20to 85 °C
Tsty Storage temperature —40 to 125 °C

Note: 200 mW for the 32P6U-A package product.
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Recommended Operating Conditions (General purpose)

Table 13 Recommended operating conditions (1) (Vcc =2.2to 5.5V, Ta=-20to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
\Velo) Power source voltage (ceramic) |f(XIN) = 8 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 4 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \Y
f(XIN) =2 MHz (High-, Middle-speed mode) 2.2 5.0 5.5 V
f(XIN) = 6 MHz (Double-speed mode) 45 5.0 5.5 \%
f(XIN) = 4 MHz (Double-speed mode) 4.0 5.0 5.5 V
f(XIN) = 2 MHz (Double-speed mode) 2.4 5.0 5.5 \%
f(XIN) = 1 MHz (Double-speed mode) 2.2 5.0 5.5 \%
Power source voltage (RC) f(XIN) = 4 MHz (High-, Middle-speed mode) 4.0 5.0 5.5 \%
f(XIN) = 2 MHz (High-, Middle-speed mode) 2.4 5.0 5.5 \
f(XiN) = 1 MHz (High-, Middle-speed mode) 2.2 5.0 5.5 V
Vss Power source voltage 0 \Y
VREF Analog reference voltage 2.0 \Y/ele} \Y
VIH “H” input voltage 0.8Vcc Vcc \%
P00—-PO07, P10-P14, P20-P27, P30-P37
VIH “H” input voltage (TTL input level selected) 2.0 \Yele! \%
Plo, P12, P13, P36, P37 (Note 1)
VIH “H” input voltage 0.8vcc Vvce \Y
RESET, XIN
ViL “L” input voltage 0 0.3Vce Y,
P00—-PO07, P10-P14, P20-P27, P30-P37
ViL “L” input voltage (TTL input level selected) 0 0.8 Y,
Plo, P12, P13, P36, P37 (Note 1)
ViL “L” input voltage 0 0.2vVce Y,
RESET, CNVss
ViL “L” input voltage 0 0.16Vcc Y,
XIN
SloH(peak) | “H” total peak output current (Note 2) -80 mA
P00-P07, P10-P14, P20-P27, P30-P37
SloL(peak) |“L” total peak output current (Note 2) 80 mA
P1lo—P14, P20-P27
SloL(peak) |“L” total peak output current (Note 2) 80 mA
P0O0-PO07, P30—P37
> loH(avg) “H” total average output current (Note 2) -40 mA
P00—P07, P10—P14, P20-P27, P30-P37
SloL(avg) “L” total average output current (Note 2) 40 mA
Plo-P14, P20—P27
SloL(avg) “L” total average output current (Note 2) 30 mA
P0O0-PO07, P30—P37

Note 1: Vcc = 4.0 to 5.5V
2: The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured
over 100 ms. The total peak current is the peak value of all the currents.
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Recommended Operating Conditions (General purpose)(continued)

Table 14 Recommended operating conditions (2) (Vcc = 2.2to 5.5V, Ta =-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter Min. Typ, Max. Unit
IOH(peak) “H” peak output current (Note 1) P00-PO07, P1o-P14, P20-P27, P30-P37 -10 mA
lOL(peak) “L” peak output current (Note 1) P00-P07, P30—P37 (Drive capacity = “L") 10 mA
P10-P14, P20-P27
lOL(peak) “L” peak output current (Note 1) P00-P07, P30-P37 (Drive capacity = “H") 30 mA
IOH(avg) “H” average output current (Note 2)  P00-P07, P1o—P14, P20-P27, P30-P37 -5 mA
loL(avg) “L” average output current (Note 2)  P00—PO07, P30—P37 (Drive capacity = “L") 5 mA
P10-P14, P20-P27
loL(avg) “L” average output current (Note 2)  P00o—P07, P30-P37 (Drive capacity = “H") 15 mA
f(XIN) Oscillation frequency (Note 3) Vcc=45t055V 6 MHz
at ceramic oscillation or external clock input | Double-speed mode
Oscillation frequency (Note 3) Vcc=4.0to 55V 4 MHz
at ceramic oscillation or external clock input | Double-speed mode
Oscillation frequency (Note 3) Vcc=24t055V 2 MHz
at ceramic oscillation or external clock input | Double-speed mode
Oscillation frequency (Note 3) Vcc=22t055V 1 MHz
at ceramic oscillation or external clock input | Double-speed mode
Oscillation frequency (Note 3) Vcc=4.0to 5.0V 8 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Oscillation frequency (Note 3) Vcc=24t050V 4 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Oscillation frequency (Note 3) Vcc=22t05.0V 2 MHz
at ceramic oscillation or external clock input | High-, Middle-speed mode
Oscillation frequency (Note 3) Vcc=4.0to 55V 4 MHz
at RC oscillation High-, Middle-speed mode
Oscillation frequency (Note 3) Vcc=24t050V 2 MHz
at RC oscillation High-, Middle-speed mode
Oscillation frequency (Note 3) Vcc=22t050V 1 MHz
at RC oscillation High-, Middle-speed mode

Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current loL (avg), loH (avg) in an average value measured over 100 ms.
3: When the oscillation frequency has a duty cycle of 50 %.
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Electrical Characteristics (General purpose)

Table 15 Electrical characteristics (1) (Vcc =2.2t0 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

. Limits )
Symbol Parameter Test conditions Min. Tp. Max. Unit
VOoH “H” output voltage IoH = -5 mA Vce-1.5 \%
P00-P07, P1o-P14, P20-P27, P30-P37 (Note 1) Vcc=4.0t05.5V
IoH =-1.0 mA vce-1.0 \Y
Vcc=22t055V
VoL “L” output voltage loL=5mA 15 Vv
P00-P07, P30-P37 (Drive capacity = “L") Vcc=4.0t055V
P].O—P14, P20-P27 loL= 1.5 mA 0.3 vV
Vcc=4.0to 55V
loL=1.0 mA 1.0 \%
Vcc=2.2t055V
VoL “L” output voltage loL =15 mA 2.0 \%
P00-P07, P30—P37 (Drive capacity = “H") Vcc=4.0to 55V
loL=15mA 0.3 \%
Vcc=4.0to 55V
loL =10 mA 1.0 \Y,
Vcc=22t055V
VT+-VT- Hysteresis 0.4 Vv
CNTRo, INTo, INT1, CAPo, CAP1 (Note 2)
P00-PO07 (Note 3)
VT+-VT- Hysteresis 0.5 \%
RxD1, ScLK1, RXxD2, SCLK2
VT+-VT- Hysteresis 0.5 \%
RESET
IIH “H” input current Vi =Vcc 5.0 HA
P00-P07, P1o-P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off")
IIH “H” input current Vi =Vcc 5.0 HA
RESET
IIH “H” input current Vi=Vcc 4.0 HA
XIN
I “L” input current Vi =Vss -5.0 HA
P00-P07, P1o-P14, P20-P27, P30-P37 (Pin floating. Pull up
transistors “off")
I “L” input current Vi =Vss -5.0 HA
RESET
liL “L” input current VI=Vss -4.0 HA
XIN
I “L” input current Vi =Vss -0.2 -0.5 mA
P00-P07, P30-P37 (Pull up transistors “on”)
VRAM RAM hold voltage When clock stopped 2.0 55 \%
Rosc Ring oscillator oscillation frequency Vcc=5.0V,Ta=25°C 1000 2000 3000 kHz
Dosc Oscillation stop detection circuit detection frequency |Vcc=5.0V, Ta=25"°C 62.5 125 187.5 kHz

Notes 1: P11 is measured when the P11/TxD1 P-channel output disable bit of the UART1 control register (bit 4 of address 001B1s6) is “0”.
POs is measured when the POs/TxD2 P-channel output disable bit of the UART2 control register (bit 4 of address 003116) is “0”".

2: RxD1, ScLK1, INTo, and INT1 (P36 selected) have hysteresises only when bits 0 to 2 of the port P1P3 control register are set to “0” (CMOS level).
3: It is available only when operating key-on wake up.
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Electrical Characteristics (General purpose)(continued)

Table 16 Electrical characteristics (2) (Vcc =2.2t0 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

. Limits )
Symbol | Parameter Test conditions Min. Tp. Max. Unit
Icc Power source | Mask ROM version [f(XIN) = 8 MHz High-speed mode TBD TBD mA
current Output transistors “off” | Middle-speed mode TBD TBD mA
f(XIN) = 6 MHz Double-speed mode TBD TBD mA
Output transistors “off”
f(XIN) = 2 MHz, Vcc = 2.2 V| High-speed mode TBD TBD mA
Output transistors “off”
Ring oscillator operation | Frequency/l TBD TBD mA
mode, Frequency/2 TBD TBD mA
Output transistors “off” Frequency/8 TBD TBD mA
Frequency/128 TBD TBD mA
f(XIN) = 8 MHz (in WIT state), TBD TBD mA
functions except timer 1 disabled,
Output transistors “off”
f(XIN) =2 MHz, Vcc = 2.2 V (in WIT state), TBD TBD mA
functions except timer 1 disabled,
Output transistors “off”
Ring oscillator operation mode, (in WIT state), TBD TBD mA
functions except timer 1 disabled,
Output transistors “off”
Increment when A-D conversion is executed TBD TBD mA
f(XIN) =8 MHz, Vcc =5V
All oscillation stopped Ta = 25 °C 01 10 LA
(in STP state)
Output transistors “off” Ta=85°C 0.1 HA
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A-D Converter Characteristics (General purpose)

Table 17 A-D Converter characteristics
(Vcc=2.7t05.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

. Limits )

Symbol Parameter Test conditions Min. Tp. Max. Unit

— Resolution 10 Bits

— Absolute accuracy Ta=25°C,Vcc=27t055V TBD LSB
tCONV Conversion time 122 tc(XIN)

RLADDER |Ladder resistor 35 kQ

IVREF Reference power source input current |VRer = 5.0 V 50 150 200 HA

VREF =3.0V 30 90 120
lI(AD) A-D port input current 5.0 UA
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Timing Requirements (General purpose)

Table 18 Timing requirements (1) (Vcc =4.0t0 5.5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Unit
Min. Typ. Max.
tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) External clock input cycle time 125 ns
tWH(XIN) External clock input “H” pulse width 50 ns
tWL(XIN) External clock input “L” pulse width 50 ns
tc(CNTRo) CNTRo, INTo, INT1, CAPo, CAP1 input cycle time (Note 1) 200 ns
twH(CNTRO) CNTRo, INTo, INT1, CAPo, CAP1 input “H” pulse width (Note 1) 80 ns
tWL(CNTRO) CNTRo, INTo, INT1, CAPo, CAP1 input “L” pulse width (Note 1) 80 ns
tc(ScLk1) Serial 1/01, serial 1/02 clock input cycle time (Note 2) 800 ns
tWH(SCLK1) Serial 1/01, serial 1/02 clock input “H” pulse width (Note 2) 370 ns
tWL(SCLK1) Serial 1/01, serial 1/02 clock input “L” pulse width (Note 2) 370 ns
tsu(RxD1-ScLK1) Serial 1/01, serial /02 input set up time 220 ns
th(ScLK1-RxD1) Serial 1/01, serial 1/02 input hold time 100 ns
Notes 1: As for CAPO, CAP1, it is the value when noise filter is not used.
2: In this time, bit 6 of the serial 1/01 control register (address 001Az16) is set to “1” (clock synchronous serial 1/0 is selected).

When bit 6 of the serial I/O1 control register is “0” (clock asynchronous serial I/O is selected), the rating values are divided by 4.

In this time, bit 6 of the serial I/02 control register (address 003016) is set to “1” (clock synchronous serial I/O is selected).

When bit 6 of the serial /02 control register is “0” (clock asynchronous serial I/O is selected), the rating values are divided by 4.

Table 19 Timing requirements (2) (Vcc =2.4t0 5.5V, Vss =0V, Ta = -20 to 85 °C, unless otherwise noted)
Limits .
Symbol Parameter Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tC(XIN) External clock input cycle time 250 ns
tWH(XIN) External clock input “H” pulse width 100 ns
tWL(XIN) External clock input “L” pulse width 100 ns
tc(CNTROo) CNTRo, INTo, INT1, CAPo, CAP1 input cycle time (Note 1) 500 ns
tWH(CNTRO0) CNTRo, INTo, INT1, CAPo, CAP1 input “H” pulse width (Note 1) 230 ns
tWL(CNTRO) CNTRo, INTo, INT1, CAPo, CAP1 input “L” pulse width (Note 1) 230 ns
tc(ScLK1) Serial /01, serial /02 clock input cycle time (Note 2) 2000 ns
tWH(SCLK1) Serial 1/01, serial /02 clock input “H” pulse width (Note 2) 950 ns
twL(ScLk1) Serial 1/01, serial /02 clock input “L” pulse width (Note 2) 950 ns
tsu(RxD1-ScLK1) Serial /01, serial /02 input set up time 400 ns
th(ScLK1—RxD1) Serial /01, serial I/02 input hold time 200 ns

Notes 1: As for CAPO, CAP1, it is the value when noise filter is not used.

2: In this time, bit 6 of the serial /01 control register (address 001A1s6) is set to “1” (clock synchronous serial I/O is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/01 is selected), the rating values are divided by 4.
In this time, bit 6 of the serial I/02 control register (address 003016) is set to “1” (clock synchronous serial 1/O is selected).
When bit 6 of the serial 1/02 control register is “0” (clock asynchronous serial I/0 is selected), the rating values are divided by 4.
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Table 20 Timing requirements (3) (Vcc =2.2t0 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 2 us
tc(XIN) External clock input cycle time 500 ns
tWH(XIN) External clock input “H” pulse width 200 ns
tWL(XIN) External clock input “L” pulse width 200 ns
tc(CNTRo) CNTRo, INTo, INT1, CAPo, CAP1 input cycle time (Note 1) 1000 ns
twH(CNTRO) CNTRo, INTo, INT1, CAPo, CAP1 input “H” pulse width (Note 1) 460 ns
tWL(CNTRO) CNTRo, INTo, INT1, CAPo, CAP1 input “L” pulse width (Note 1) 460 ns
tc(ScLk1) Serial 1/01, serial 1/02 clock input cycle time (Note 2) 4000 ns
tWH(SCLK1) Serial 1/01, serial 1/02 clock input “H” pulse width (Note 2) 1900 ns
tWL(SCLK1) Serial 1/01, serial 1/02 clock input “L” pulse width (Note 2) 1900 ns
tsu(RxD1-ScLK1) Serial 1/01, serial /02 input set up time 800 ns
th(ScLK1-RxD1) Serial 1/01, serial 1/02 input hold time 400 ns

Notes 1: As for CAPO, CAP1, it is the value when noise filter is not used.

2: In this time, bit 6 of the serial /01 control register (address 001A16) is set to “1” (clock synchronous serial I/O is selected).
When bit 6 of the serial /01 control register is “0” (clock asynchronous serial I/01 is selected), the rating values are divided by 4.
In this time, bit 6 of the serial I/02 control register (address 003016) is set to “1” (clock synchronous serial 1/O is selected).
When bit 6 of the serial 1/02 control register is “0” (clock asynchronous serial I/0 is selected), the rating values are divided by 4.
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Switching Characteristics (General purpose)

Table 21 Switching characteristics (1) (Vcc =4.0t0 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.
tWH(SCLK1) Serial 1/01, serial 1/02 clock output “H” pulse width tc(ScLk1)/2-30 ns
twL(ScLKk1) Serial 1/01, serial 1/02 clock output “L” pulse width tc(ScLk1)/2-30 ns
td(ScLk1-TxD1) Serial 1/01, serial I/02 output delay time 140 ns
tv(ScLk1-TxD1) Serial 1/01, serial 1/02 output valid time -30 ns
tr(SCLK1) Serial 1/01, serial 1/02 clock output rising time 30 ns
tf(ScLk1) Serial 1/01, serial 1/02 clock output falling time 30 ns
tr(CMOS) CMOS output rising time (Note 1) 10 30 ns
t{(CMOS) CMOS output falling time (Note 1) 10 30 ns
Note 1: Pin XouT is excluded.
Table 22 Switching characteristics (2) (Vcc =2.4t0 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter Min. Typ. Max. Unit
tWH(SCLK1) Serial /01, serial 1/02 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL(ScLk1) Serial /01, serial 1/02 clock output “L” pulse width tc(ScLk1)/2-50 ns
td(ScLk1-TxD1) Serial /01, serial 1/02 output delay time 350 ns
tv(ScLK1-TxD1) Serial /01, serial I/02 output valid time -30 ns
tr(ScLK1) Serial /01, serial I/02 clock output rising time 50 ns
tf(SCLK1) Serial /01, serial 1/02 clock output falling time 50 ns
tr(CMOS) CMOS output rising time (Note 1) 20 50 ns
t((CMOS) CMOS output falling time (Note 1) 20 50 ns
Note 1: Pin XouT is excluded.
Table 23 Switching characteristics (3) (Vcc=2.2t0 5.5V, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min. Typ. Max.
tWH(SCLK1) Serial I/01, serial 1/02 clock output “H” pulse width tc(ScLk1)/2-70 ns
twL(SCLK1) Serial I/01, serial 1/02 clock output “L” pulse width tc(ScLk1)/2-70 ns
td(ScLK1-TxD1) Serial I/01, serial 1/02 output delay time 450 ns
tv(ScLK1-TxD1) Serial I/01, serial 1/02 output valid time -30 ns
tr(ScLK1) Serial I/01, serial 1/02 clock output rising time 70 ns
ti(ScLK1) Serial I/01, serial 1/02 clock output falling time 70 ns
tr(CMOS) CMOS output rising time (Note 1) 25 70 ns
t((CMOS) CMOS output falling time (Note 1) 25 70 ns

Note 1: Pin XouT is excluded.

Measured

output pin

v

L e
”

CMOS output

Switching characteristics measurement circuit diagram (Gen-

eral purpose)
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) twH(CNTR1) L twL(CNTR1)
CNTR1 0.8Vee )’\‘( 0.2Vec )%
) twH(CNTRo) L twL(CNTRo) )
INTo, INT1 /“ 0.8Vce ﬂ o avee /
| tw(RESET) :
0.8
RESET \‘(o.zwc 7\/ Ver
| tc(XIN)
) twH(XIN) L twL(XIN)
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|

TxDz1 (at transmit)

Fig. 99 Timing chart (General purpose)
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PACKAGE OUTLINE
32P6U—A mMme

Plastic 32pin 7X7mm bedy LQFP
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36P2R-A MMP

Plastic 36pin 450mil SSOP

EIAJ Package Code Weight(g)
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\
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32P4B MMP Plastic 32pin 400mil SDIP
EIAJ Package Code JEDEC Code Weight(g) Lead Material
SDIP32-P-400-1.78 — 2.2 Alloy 42/Cu Alloy

@ @ °§
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©) S
D - ————
Symbol Dlmen5|on in Millimeters
Min Nom Max
A — - 5.08
< A1 051 - _
A2 — 3.8 -
b 0.35 0.45 0.55
P, b1 0.9 1.0 1.3
b2 0.63 0.73 1.03
c 0.22 0.27 0.34
D 27.8 28.0 28.2
b2 E 8.75 8.9 9.05
le] — 1.778 -
SEATING PLANE — 10.16 -
L 3.0 — -
[ 0° — 15°
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Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Keep safety first in your circuit designs!

1. Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but there is always the possibility that trouble may occur with
them. Trouble with semiconductors may lead to 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, (i) use of
nonflammable material or (jii) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corporation product best suited to the customer’s application; they
do not convey any license under any intellectual property rights, or any other rights, belonging to Renesas Technology Corporation or a third 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 is therefore recommended that customers
contact Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product information before purchasing a product listed
herein.

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

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other 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 a total system before making a final 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 use in a device or system that is used under circumstances in which human life is 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 a license 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.

8. Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Rev. Date Description
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Fig.8; ROM size revised.
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10 Central Processing Unit (CPU); Description revised.
28 Fig.26; Port P03 direction register revised.
36 Fig.42; Modulation output revised.
37 Fig.43; Modulation output revised.
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55 (3) RC oscillation; Description revised.
56 (1) Oscillation control
 Stop mode
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57 Fig.77; revised.
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73 to 82| ELECTRICAL CHARACTERISTICS added.
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