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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

M32C/80

16/32-Bit

32MHz

CANbus, EBI/EMI, I2C, IEBus, IrDA, SI0, UART/USART
DMA, POR, PWM, WDT
121

1MB (1M x 8)

FLASH

48K x 8

3V ~ 5.5V

A/D 34x10b; D/A 2x8b
Internal

-20°C ~ 85°C (TA)
Surface Mount
144-LQFP

144-LFQFP (20x20)
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

Table 1.3

Specifications (100-Pin Package) (1/2)

Item

Function

Specification

CPU

Central processing
unit

M32C/80 core (multiplier: 16 bits x 16 bits — 32 bits
multiply-addition operation instructions: 16 x 16 + 48 — 48 hits)
* Basic instructions: 108
» Minimum instruction execution time:

31.3 ns (f(CPU) = 32 MHz, VCC1 = 4.2 t0 5.5 V)

41.7 ns (f(CPU) = 24 MHz, VCC1 =3.0t0 5.5 V)
* Operating mode: Single-chip mode, memory expansion mode,

and microprocessor mode

Memory

ROM, RAM, data
flash

See Tables 1.5 to 1.7 Product List.

Power Supply Voltage Detection

Vdet3 detection function, Vdet4 detection function,
cold start/warm start determination function

External Bus
Expansion

Bus/memory
expansion function

» Address space: 16 Mbytes

« External bus interface: 1 to 7 wait states can be inserted,
4 chip select outputs, 3 V and 5 V interfaces

» Bus format: Switchable between separate bus and multiplexed
bus formats, switchable data bus width (8-bit or 16-bit)

Clock

Clock generation
circuits

* 4 circulits:
Main clock, sub clock, on-chip oscillator,
PLL frequency synthesizer
« Oscillation stop detection:
Main clock oscillation stop detection function
 Frequency divider circuit;
Dividing ratio selectable among 1, 2, 3, 4, 6, 8, 10, 12, 14, 16
« Low power consumption features: Wait mode, stop mode

Interrupts

* Interrupt vectors: 70 .
« External interrupt inputs: 11 (NMI, INT x 6, key input x 4)
* Interrupt priority levels: 7

Watchdog Timer

15-bit x 1 channel (with prescaler)

DMA DMAC 4 channels, cycle steal method
* Trigger sources: 43
* Transfer modes: 2 (single transfer and repeat transfer)
DMACII  Can be activated by all peripheral function interrupt sources
* Transfer modes: 2 (single transfer and burst transfer)
« Immediate transfer, calculation transfer, and chain transfer
functions
Timer Timer A 16-bit timer x 5
Timer mode, event counter mode, one-shot timer mode,
pulse width modulation (PWM) mode,
Event counter 2-phase pulse signal processing (2-phase
encoder input) x 3
Timer B 16-bit timer x 6

Timer mode, event counter mode, pulse period measurement
mode, pulse width measurement mode

Timer function for
3-phase motor
control

3-phase inverter control x 1 (using timer A1, timer A2, timer A4,
and timer B2)
On-chip dead time timer
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 1. Overview
Table 1.8 144-Pin Package List of Pin Names (1/4)
EQ Ccl’;;:o' Port '”tﬁri:]“pt Timer Pin UART/CAN Pin() Intelligent /0 Pin Arl‘fi"nog B“S;‘;”"O'
1 P9 6 TXD4/SDA4/SRXD4/ ANEX1
CAN10OUT
2 P9 5 CLK4/CAN1IN/CANIWU ANEXO0
3 P9 4 TB4IN CTS4/RTS4/SS4 DA1
4 P9 3 TB3IN CTS3/RTS3/SS3 DAO
5 P9 2 TB2IN TXD3/SDA3/SRXD3 OUTC2_0/IEOUT/ISTXD2
6 P9 1 TB1IN RXD3/SCL3/STXD3 IEIN/ISRXD2
7 P9 0 TBOIN CLK3
8 P14 6 |INT8
9 P14 5 |INT7
10 P14 4 |INT6
11 P14 3 INPC1_7/0UTC1_7
12 P14 2 INPC1_6/0OUTC1_6
13 P14 1 INPC1_5/0UTC1_5
14 P14 0 INPC1_4/0UTC1_4
15 [BYTE
16 |CNVSS
17 |[XCIN  |P8_7
18 |XCOUT |P8_6
19 |RESET
20 |XOUT
21 |VvsS
22 |XIN
23 |vcel
24 P8 5 |NMI
25 P8 4 |INT2
26 P8 3 |INTL CANOIN/CAN1IN
27 P8 2 |INTO CANOOUT/CAN1OUT
28 P8 1 TA4IN/U/RTP2_3 |CTS5/RTS5 INPC1_5/0OUTC1_5
29 P8 0 TA40UT/U RXD5 ISRXDO
30 P77 TA3IN/RTP2_2  |CLK5/CANOIN INPC1_4/OUTC1_4/
ISCLKO
31 P7_6 TA30UT TXD5/CANOOUT INPC1_3/0UTC1_3/
ISTXDO
32 P75 TA2IN/W/RTP2_1 INPC1_2/0UTC1_2/
ISRXD1
33 P7 4 TA20UT/W/ INPC1_1/0UTC1_1/
RTP2_0 ISCLK1
34 P7 3 TALINNV CTS2/RTS2/SS2 INPC1_0/OUTC1_0/
ISTXD1
35 P7 2 TALOUTNV CLK2
36 P71 TAOIN/TB5IN/  |RXD2/SCL2/STXD2 INPC1_7/OUTC1_7/
RTPO_3 OUTC2_2/ISRXD2/IEIN
37 P7 0 TAOOUT/RTPO_2 | TXD2/SDA2/SRXD2 INPC1_6/0OUTC1_6/
OUTC2_0/ISTXD2/IEOUT
38 P6_7 TXD1/SDAL/SRXD1
39 |vcel
40 P6_6 RXD1/SCL1/STXD1
NOTE:

1. The CAN pins cannot be used in M32C/87B. Only CANO pins can be used in M32C/87A.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

1. Overview

Table 1.9 144-Pin Package List of Pin Names (2/4)

::'2 Ccl):ril:]rol Port Intliri:]upt Timer Pin UART/CAN Pin Intelligent 1/O Pin Ar::illnog Bus Control Pin
41 |VSS
42 P6_5 CLK1
43 P6_4 CTS1/RTS1/SS1 OUTC2_1/ISCLK2
a4 P6_3 TXDO/SDAO/SRXDO/

IrDAOUT
45 P6_2 RXDO/SCLO/STXDO/

IrDAIN
46 P6_1 RTPO_1 CLKO
47 P6_0 RTPO_0 CTSO/RTS0/SSO
48 P13 7 ouTC2 7
49 P13 6 OUTC2_1/ISCLK2
50 P13 5 OUTC2_2/ISRXD2/

IEIN
51 P13 4 OUTC2_0/ISTXD2/
IEOUT

52 P5 7 RDY
53 P5 6 ALE
54 P5 5 HOLD
55 P5 4 HLDA/ALE
56 P13 3 ouTC2 3
57 |VSS
58 P13 2 OUTC2_6
59 |vce2
60 P13 1 ouTC2_5
61 P13 0 ouTC2_4
62 |CLKOUT |P5_3 BCLK/ALE
63 P5 2 RD
64 P5 1 WRH/BHE
65 P5 0 WRL/WR
66 P12 7
67 P12 6
68 P12 5
69 P4 7 CS0/A23
70 P4 6 CS1/A22
71 P4 5 Cs2/A21
72 P4 4 CS3/A20
73 P4 3 Al9
74 |vce2
75 P4 2 Al8
76 |VSS
77 P4 1 Al7
78 P4 0 Al6
79 P3 7 A15,[A15/D15]
80 P3 6 Al4,[A14/D14]
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 1. Overview
Table 1.11 144-Pin Package List of Pin Names (4/4)
E‘c’)‘_ C‘;’:;’O' Port '”tﬁ,ri:]“pt Timer Pin UART/CAN Pin Intelligent /0 Pin Arl'fi‘l'nog Bus F(fi‘r’]”tro'
121 PO_1 ANO_1 |D1
122 P0O_0 ANO_O |DO
123 P15 7 CTS6/RTS6 AN15_7
124 P15 6 CLK6 AN15_6
125 P15 5 RXD6 AN15 5
126 P15 4 TXD6 AN15_4
127 P15 3 CTS5/RTS5 AN15 3
128 P15 2 RXD5 ISRXDO AN15_2
129 P15 1 CLK5 ISCLKO AN15_1
130|VSS
131 P15 0 TXD5 ISTXDO AN15_0
132|vcel
133 P10_7 |KI3 RTP3 3 AN_7
134 P10_6 |KI2 RTP3 2 AN_6
135 P10 5 |KIL RTP3 1 AN_5
136 P10_4 |KIO RTP3 0 AN_4
137 P10_3 RTP1_3 AN_3
138 P10_2 RTP1 2 AN_2
139 P10_1 RTPL 1 AN_1
140 |AVSS
141 P10_0 RTP1_0 AN_O
142 |VREF
143|AvcC
144 P9 7 RXD4/SCL4/STXD4 ADTRG
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

1. Overview

D7/ANO_7/P0_7

D6/ ANO_6/ P0_6
D5/ANO_5/P0_5

D4/ ANO_4/P0_4
D3/AN0_3/P0_3
D2/ANO_2/P0_2
D1/ANO_1/P0_1

DO/ ANO_O/P0_0
AN_7/RTP3_3/Ki3/ P10_7
AN_6/RTP3_2/Ki2/ P10_6
AN_5/RTP3_1/KIL/P10_5
AN_4/RTP3_0/KI0 / P10_4
AN_3/RTP1_3/P10_3
AN_2/RTP1_2/P10_2
AN_1/RTP1_1/P10_1
AVSS
AN_0/RTP1_0/P10_0
VREF

Avce

ADTRG / STXD4 / SCL4 / RXD4 / P9_7

NOTES:
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ISTXD2 / IEOUT / OUTC2_0/ SRXD3/SDA3/ TXD3/TB2

PRI LTINS

1. P7_1/TAOIN/TB5IN / RTPO_3/RXD2/SCL2 / STXD2 /INPC1_7 / OUTC1_7/QUTC2_2/ISRXD2/ IEIN
2. P7_0/TAOOUT / RTPO_2/ TXD2/ SDA2/ SRXD2 / INPC1_6/OUTC1_6/OQUTC2_0/ISTXD2/IEOUT

3. P7_0 and P7_1 are N-channel open drain output ports.

4. The CAN pins cannot be used in M32C/87B. Only CANO pins can be used in M32C/87A.
5. Refer to Package Dimensions for the pinl position on the package.

6. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.

P4_4/TS3/A20
P4_5/TS2/A21
P4_6/TS1/A22
P4_7/TS0/AZ3

P5_0/WRL/WR

P5_3/ CLKOUT / BCLK / ALE
P5_4/HLDA / ALE

P5_5/HOLD

P5_6/ALE

P5_7/RDY

P6_0/RTP0_1/CTS0/ RTS0 / S50
P6_1/RTPO_1/CLKO

P6_2/ RXDO / SCLO / STXDO / IDAIN
P6_3/ TXDO / SDAO / SRXDO / IDAOUT
P6_4/CTST/RTSI/SSI/OUTC2_1/1SCLK2
P6_5/CLKL
P6_6/RXD1/SCLL/STXD1

P6_7 /TXD1/ SDAL/SRXD1

Figure 1.4

Pin Assignment for 100-Pin Package
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 1. Overview
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P5:3 / CLKOUT / BCLK / ALE
P5_4/HLDA / ALE
P5_5/HOLD

M32C/87 Group
(M32C/87,M32C/87A M32C/87B)

P7_00®

ADTRG / STXD4 / SCL4 / RXD4/ P9_7 &
P7_100)

WANEX1/ CAN1OUT / SRXD4 / SDA4 / TXD4 / P9_6

AN_6/RTP3 2 /KI2/ P10_6 P5_6/ALE
AN_5/RTP3_1/KTL/P10_5 P5_7/RDY
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A/:JNEB; ;?;2153/ gigi 5 PLQPO100KB-A lzgé ; s;gg7ls/c(i_t)}</osTxoo JIDAIN
¥ » % 92 ¥ I
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NOTES:
1. P7_1/TAOIN/TB5IN /RTPO_3/RXD2/ SCL2 / STXD2 / INPC1_7 / OUTC1_7 / OUTC2_2 / ISRXD2 / IEIN
2. P7_0/TAOOUT / RTPO_2/ TXD2/ SDA2 / SRXD2 / INPC1_6/OUTC1_6/OUTC2_0/ISTXD2 / IEOUT
3. P7_0and P7_1 are N-channel open drain output ports.
4. The CAN pins cannot be used in M32C/87B. Only CANO pins can be used in M32C/87A.
5. Refer to Package Dimensions for the pinl position on the package.
6. Pin names in brackets [ ] represent a single functional signal. They should not be considered as two separate functional signals.

Figure 1.5 Pin Assignment for 100-Pin Package
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 1. Overview

Table 1.17 Pin Functions (100-Pin and 144-Pin Package) (3/4)

1/10 | Supply .
Type Symbol Type | Voltage Description
Intelligent I/O0 | INPC1_0to | VCC1/ |Input pins for the time measurement function.
INPC1_3 vcea®
INPC1_4to | VCC1
INPC1_7
OUTC1_0Oto (0] VCC1/ |Output pins for the waveform generation function.
OouUTC1_3 vcec2®) [ (OUTC1_6/0UTC2_0 and OUTC1_7/OUTC2_2 assigned to ports
7_0 and 7_1 are N-channel open drain output.)
OUTC1_4to O VCC1
ouTC1_7
OUTC2_0to o VCC1/
ouTC2_2 vcea®
ISCLKO I/O | VCC1 |Clock input/output pins for the intelligent I/O communication
ISCLK1, I/0 | vccy | function.
ISCLK2 vcea®
ISRXDO | VCC1 |Data input pins for the intelligent I/O communication function.
ISRXD1, | VCC1/
ISRXD2 vcea®
ISTXDO (0] VCC1 |Data output pins for the intelligent I/O communication function.
ISTXD1, o) vccl | (ISTXD2 assigned to port 7_0 is N-channel open drain output.)
ISTXD2 vcea®
IEIN | VCC1/ |Data input pin for the intelligent I/O communication function.
vcead)
IEOUT (0] VCC1/ | Data output pin for the intelligent I/O communication function.
vce2® | (IEOUT assigned to port 7_0 is N-channel open drain output.)
Reference VREF | - The VREF pin supplies the reference voltage to the A/D converter
voltage input and D/A converter.
A/D converter |AN_OtoAN_7| | VCC1 |Analog input pins for the A/D converter.
ANO_O to | VCC2
ANO_7,
AN2_0Oto
AN2_7
ADTRG | VCC1 |External trigger input pin for the A/D converter.
ANEXO /O | VCC1 |Extended analog input pin for the A/D converter or output pin in
external op-amp connection mode.
ANEX1 I VCC1 |Extended analog input pin for the A/D converter.
D/A converter | DAO, DA1 (0] VCC1 |Output pins for the D/A converter.
Real-time port | RTPO_O to (0] VCC1 |These pins function as real-time ports.
RTPO_3 (RTPO_2 and RTPO_3 are N-channel open drain output.)
RTP1_0to
RTP1_3
RTP2_0to
RTP2_3
RTP3_0to
RTP3_3

I: Input  O: Output 1/O: Input and output
NOTE:
1. Only VCC1 can be used in the 100-pin package.

REJO3B0127-0151 Rev.1.51 Jul 31,2008 2 RENESAS
Page 21 of 85



M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 2. Central Processing Unit (CPU)

2.1 General Registers

2.1.1 Data Registers (RO, R1, R2, and R3)

RO, R1, R2, and R3 are 16-bit registers for transfer, arithmetic and logic operations. RO and R1 can be split into
high-order (ROH/R1H) and low-order bits (ROL/R1L) to be used separately as 8-bit data registers.
RO can be combined with R2 and used as a 32-bit data register (R2R0). The same applies to R3R1.

2.1.2  Address Registers (A0 and Al)

A0 and Al are 24-bit registers used for AO-/Al-indirect addressing, AO-/Al-relative addressing, transfer,
arithmetic and logic operations.

2.1.3 Static Base Register (SB)

SB is a 24-bit register used for SB-relative addressing.

2.1.4 Frame Base Register (FB)
FB is a 24-bit register used for FB-relative addressing.

2.1.5 User Stack Pointer (USP) and Interrupt Stack Pointer (ISP)

The stack pointers (SP), USP and ISP, are 24 bits wide each. The U flag is used to switch between USP and ISP.
Refer to 2.1.8 Flag Register (FLG) for details on the U flag. Set USP and ISP to even addresses to execute an
interrupt sequence efficiently.

2.1.6 Interrupt Table Register (INTB)
INTB is a 24-bit register indicating the starting address of a relocatable interrupt vector table.

2.1.7 Program Counter (PC)
PC is 24 bits wide and indicates the address of the next instruction to be executed.

2.1.8 Flag Register (FLG)
FLG is a 16-bit register indicating the CPU state.

2.1.8.1 Carry Flag (C)
The C flag indicates whether or not carry or borrow has been generated after executing an instruction.

2.1.8.2 Debug Flag (D)
The D flag is for debugging only. Set it to 0.

2.1.8.3 Zero Flag (2)
The Z flag becomes 1 when an arithmetic operation results in O; otherwise becomes 0.

2.1.8.4 Sign Flag (S)
The S flag becomes 1 when an arithmetic operation results in a negative value; otherwise becomes 0.

2.1.8.5 Register Bank Select Flag (B)
Register bank 0 is selected when the B flag is set to 0. Register bank 1 is selected when this flag is set to 1.

2.1.8.6 Overflow Flag (O)
The O flag becomes 1 when an arithmetic operation results in an overflow; otherwise becomes 0.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 4. Special Function Registers (SFRs)

4. Special Function Registers (SFRs)

Special Function Registers (SFRs) are the control registers of peripheral functions. Tables 4.1 to 4.20 list SFR address
maps.

Table 4.1 SFR Address Map (1/20)

Address Register Symbol After Reset
0000h
0001h
0002h
0003h
0004h Processor Mode Register 0(1) PMO éggg 88(1)%%2“\\;222;))
0005h Processor Mode Register 1 PM1 00h
0006h System Clock Control Register 0 CMO 0000 1000b
0007h System Clock Control Register 1 CM1 0010 0000b
0008h
0009h Address Match Interrupt Enable Register AIER 00h
000Ah Protect Register PRCR XXXX 0000b
000Bh External Data Bus Width Control Register DS i;;i égggggg¥$gzh))
000Ch Main Clock Division Register MCD XXX0 1000b
000Dh Oscillation Stop Detection Register CM2 00h
000Eh Watchdog Timer Start Register WDTS XXh
000Fh Watchdog Timer Control Register wDC 00XX XXXXb
0010h
0011h Address Match Interrupt Register 0 RMADO 000000h
0012h
0013h Processor Mode Register 2 PM2 00h
0014h
0015h Address Match Interrupt Register 1 RMAD1 000000h
0016h
0017h Voltage Detection Register 2 VCR2 00h
0018h
0019h Address Match Interrupt Register 2 RMAD2 000000h
001Ah
001Bh Voltage Detection Register 1 VCR1 0000 1000b
001Ch
001Dh Address Match Interrupt Register 3 RMAD3 000000h
001Eh
001Fh
0020h
0021h
0022h
0023h
0024h
0025h
0026h PLL Control Register 0 PLCO 0001 X010b
0027h PLL Control Register 1 PLC1 000X 0000b
0028h
0029h Address Match Interrupt Register 4 RMAD4 000000h
002Ah
002Bh
002Ch
002Dh Address Match Interrupt Register 5 RMAD5 000000h
002Eh
002Fh Vdet4 Detection Interrupt Register D4INT XX00 0000b
X: Undefined
Blank spaces are all reserved. No access is allowed.
NOTE:
1. Bits PMO1 and PMOO in the PMO register maintain values set before reset, even after software reset or watchdog timer reset has been
performed.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 4. Special Function Registers (SFRs)

Table 4.2 SFR Address Map (2/20)

Address Register Symbol After Reset
0030h
0031h
0032h
0033h
0034h
0035h
0036h
0037h
0038h
0039h Address Match Interrupt Register 6 RMADG6 000000h
003Ah
003Bh
003Ch
003Dh Address Match Interrupt Register 7 RMAD7 000000h
003Eh
003Fh
0040h
0041h
0042h
0043h
0044h
0045h
0046h
0047h
0048h External Space Wait Control Register 0 EWCRO X0X0 0011b
0049h External Space Wait Control Register 1 EWCR1 X0X0 0011b
004Ah External Space Wait Control Register 2 EWCR2 X0X0 0011b
004Bh External Space Wait Control Register 3 EWCR3 X0X0 0011b
004Ch
004Dh
004Eh
004Fh
0050h
0051h
0052h
0053h
0054h
0055h Flash Memory Control Register 1 FMR1 0000 0XO0Xb
0056h

0000 0001b(Flash Memory)

0057h Flash Memory Control Register 0 FMRO XXXX XXXOb(Mask ROM)

0058h
0059h
005Ah
005Bh
005Ch
005Dh
005Eh
005Fh

X: Undefined
Blank spaces are all reserved. No access is allowed.
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M32C/87 Grou

p (M32C/87, M32C/87A, M32C/87B)

4. Special Function Registers (SFRs)

Table 4.17  SFR Address Map (17/20)

Address Register Symbol After Reset
0350h ) .
Timer BO Register TBO XXXXh
0351h
0352h . .
Timer B1 Register TB1 XXXXh
0353h
0354h ) )
Timer B2 Register TB2 XXXXh
0355h
0356h Timer AO Mode Register TAOMR 00h
0357h Timer A1 Mode Register TAIMR 00h
0358h Timer A2 Mode Register TA2MR 00h
0359h Timer A3 Mode Register TA3MR 00h
035Ah Timer A4 Mode Register TAAMR 00h
035Bh Timer BO Mode Register TBOMR 00XX 0000b
035Ch Timer B1 Mode Register TBIMR 00XX 0000b
035Dh Timer B2 Mode Register TB2MR 00XX 0000b
035Eh Timer B2 Special Mode Register TB2SC XXXX XXXO0b
035Fh Count Source Prescaler Register(l) TCSPR 0XXX 0000b
0360h
0361h
0362h
0363h
0364h UARTO Special Mode Register 4 UOSMR4 00h
0365h UARTO Special Mode Register 3 UOSMR3 00h
0366h UARTO Special Mode Register 2 UOSMR2 00h
0367h UARTO Special Mode Register UOSMR 00h
0368h UARTO Transmit/Receive Mode Register UOMR 00h
0369h UARTO Baud Rate Register UOBRG XXh
036Ah i i
UARTO Transmit Buffer Register uoTB XXXXh
036Bh
036Ch UARTO Transmit/Receive Control Register 0 uoco 0000 1000b
036Dh UARTO Transmit/Receive Control Register 1 uoc1 0000 0010b
036Eh . .
UARTO Receive Buffer Register UORB XXXXh
036Fh
0370h
0371h
0372h IrDA Control Register IRCON X000 0000b
0373h
0374h
0375h
0376h
0377h
0378h DMAO Request Source Select Register DMOSL 0X00 0000b
0379h DMAL1 Request Source Select Register DM1SL 0X00 0000b
037Ah DMA2 Request Source Select Register DM2SL 0X00 0000b
037Bh DMAB3 Request Source Select Register DM3SL 0X00 0000b
037Ch i
CRC Data Register CRCD XXXXh
037Dh
037Eh CRC Input Register CRCIN XXh
037Fh
X: Undefined

Blank spaces are all reserved. No access is allowed.

NOTE:

1. The TCSPR register maintains values set before reset, even after software reset or watchdog timer reset has been performed.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

5. Electrical Characteristics

Table 5.3

Recommended Operating Conditions (2/3)
(VCC1=VCC2=3.0to 5.5V, Topr =-20 to 85°C unless otherwise specified

Symbol

Parameter

Standard

Min.

Typ.

Max.

Unit

IOH(peak)

Peak output
high “H"
current(?)

PO_OtoPO_7,P1 OtoP1 7, P2_0to P2_7,
P3 0to P3 7,P4 0to P4 _7,P5 0toP5_7,
P6_0to P6_7,P7_2to P7_7, P8_0to P8_4,
P8 _6, P8_7, P9 0to P9_7, P10 _0to P10_7,
P11 0to P11_4, P12 _0to P12 7,

P13 0to P13_7, P14 Oto P14 6,

P15_0to P15_7()

-10.0

mA

IOH(avg)

Average
output high
“H” current()

PO_0toPO_7,P1 OtoP1 7, P2 0toP2 7,
P3_ 0toP3_7,P4 0toP4 7,P5 0toP5_7,
P6_0to P6_7, P7_2to P7_7,P8_0to P8 4,
P8_6, P8_7, P9 0to P9 _7, P10_0to P10_7,
P11 Oto P11 4, P12 0to P12 7,

P13 0to P13 7, P14 Oto P14 6,

P15 0to P15 70

mA

I0OL(peak)

Peak output
low “L”
current(?)

PO_OtoPO_7,P1 OtoP1_7, P2_0to P2_7,
P3 0to P3 7,P4 0to P4 _7,P5 0toP5_7,
P6_0to P6_7,P7_0toP7_7, P8_0to P8_4,
P8 _6, P8_7, P9 0to P9_7, P10 _0to P10_7,
P11 0to P11_4, P12 _0to P12 7,

P13 0to P13 7, P14 Oto P14 6,

P15_0to P15_7()

10.0

mA

I0L(avg)

Average
output low “L”
current(l)

PO _0toPO_7,P1 OtoP1 7, P2 0toP2 7,
P3_ 0toP3_7,P4 0toP4 7,P5 0toP5_7,
P6_0to P6_7, P7_0toP7_7,P8_0to P8 4,
P8_6, P8_7, P9 0to P9 7, P10_0to P10_7,
P11 Oto P11 4, P12 0to P12 7,

P13 0to P13 7, P14 Oto P14 6,

P15 0to P15 7

5.0

mA

NOTES:

1. Average output current is the average value within 100 ms.
2. Atotal IOL(peak) of PO, P1, P2, P8_6, P8_7, P9, P10, P11, P14, and P15 must be 80 mA or less.
A total IOL(peak) of P3, P4, P5, P6, P7,P8_0 to P8_4, P12, and P13 must be 80 mA or less.

A total IOH(peak) of PO, P1, P2, and P11 must be -40 mA or less.
A total IOH(peak) of P8_6 to P8_7, P9, P10, P14, and P15 must be -40 mA or less.
A total IOH(peak) of P3, P4, P5, P12, and P13 must be -40 mA or less.
A total IOH(peak) of P6, P7, and P8_0 to P8_4 must be -40 mA or less.
3. P11 to P15 are provided in the 144-pin package only.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

5. Electrical Characteristics

Table 5.5

Electrical Characteristics (1/3)
(VCC1=VCC2=4.2t05.5V,VSS =0V, Topr =-20 to 85°C, f(CPU) = 32 MHz unless
otherwise specified)

VCC1 =VCC2 =5V

Symbol

Parameter

Measurement
Condition

Standard

Min. Typ.

Max.

Unit

VOH

Output
high “H”
voltage

PO_OtoPO_7,P1 OtoP1_7,P2 OtoP2_7,
P3 0toP3_7,P4 0toP4_7,P5 OtoP5_7,
P11 Oto P11 4, P12 Oto P12 7,

P13 0to P13 7

IOH = -5 mA

VCC2-2.0

VCC2

P6_0toP6_7,P7_2toP7_7,P8_0toP8_4,
P8_6,P8_7,P9 0toP9_7,P10 OtoP10_7,
P14 Oto P14 6, P15 _0to P15_7()

IOH = -5 mA

VCC1-2.0

VCC1

PO OtoPO_7,P1 OtoP1_7,P2 OtoP2_7
P3_0toP3_7,P4 OtoP4 7,P5 0toP5_7,
P11 _Oto P11 4, P12 Oto P12 7,

P13 _0to P13_7()

IOH =-200 pA

VCC2-0.3

VCC2

P6_0toP6_7,P7 2toP7_7,P8_0toP8_4,
P8_6,P8_7,P9 0toP9_7,P10_OtoP10_7,
P14 Oto P14 6, P15 0to P15 7(1)

IOH =-200 pA

VCC1-0.3

VCC1

XOUuT

IOH =-1 mA

3.0

VCC1

XCOUT Drive capability

= high

No load
applied

2.5

Drive capability
= low

No load
applied

1.6

VOL

Output low
“L” voltage

PO_OtoPO_7,P1 OtoP1 7,P2 OtoP2_7,
P3 0toP3 7,P4 OtoP4 7,P5 OtoP5_7,
P6_0toP6_7,P7 OtoP7_7,P8 OtoP8_4,
P8_6,P8_7,P9 0toP9_7,P10 OtoP10_7,
P11 Oto P11 4,P12 Oto P12 7,

P13 Oto P13 7, P14 Oto P14 6,

P15 0to P15 7()

IOL =5 mA

20

PO _OtoP0O_7,P1 OtoP1_7,P2 OtoP2_7,
P3_0toP3_7,P4 0toP4 7,P5 OtoP5_7,
P6_0toP6_7,P7 OtoP7_7,P8 _OtoP8_4,
P8_6,P8_7,P9 0toP9_7,P10 Oto P10 7,
P11 _Oto P11 _4, P12 0to P12 7,

P13 Oto P13 7, P14 Oto P14 6,

P15 0to P15_7(1)

IOL = 200 pA

0.45

XOUT

IOL =1 mA

2.0

XCOUT Drive capability

= high

No load
applied

Drive capability
= low

No load
applied

VT+ - VT-

Hysteresis

HOLD, RDY, TAOIN to TA4IN,

TBOIN to TB5IN, INTO to INT8, ADTRG,
CTSOto CTS6, CLKO to CLK6,
TAOOUT to TA40UT, NMI, KIO to KI3,
RXDO to RXD6, SCLO to SCL4,

SDAO to SDA4, INPC1_0 to INPC1_7,
ISCLKO to ISCLK2, ISRXDO to ISRXD2,
IEIN, CANOIN, CAN1IN, CANIWU

0.2

1.0

RESET

0.2

1.8

NOTE:

1. P11 to P15 are provided in the 144-pin package only.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B)

5. Electrical Characteristics

VCC1 =VCC2 =5V

Table 5.6 Electrical Characteristics (2/3)
(VCC1=VCC2=4.2t05.5V,VSS =0V, Topr =-20 to 85°C, f(CPU) = 32 MHz unless
otherwise specified)
Standard
Symbol Parameter Measurg_ment - Unit
Condition Min. Typ Max.
IH Input high |PO_O0toPO_7,P1 OtoP1 7,P2 Oto P2 7, VI=5V 5.0 | pA
“H” current |P3_0toP3_7,P4 OtoP4 _7,P5 0toP5_7,
P6_ OtoP6_7,P7_0toP7_7,P8 0toP8 7,
P9 Oto P9 _7,P10_0to P10_7,
P11 Oto P11 4, P12 Oto P12 7,
P13 Oto P13_7, P14 Oto P14 6,
P15 0to P15 _7(), XIN, RESET, CNVSS,
BYTE
L Inputlow“L” | PO_Oto PO_7,P1 _OtoP1 7,P2 Oto P2 7, VI =0V 5.0 | pA
current P3_0toP3_7,P4 OtoP4_7,P5 0toP5 7,
P6 OtoP6_7,P7_0toP7_7,P8 0toP8 7,
P9 0toP9_7,P10_0to P10_7,
P11 Oto P11 4, P12 Oto P12 7,
P13 Oto P13_7, P14 Oto P14 6,
P15 0to P15 _7(), XIN, RESET, CNVSS,
BYTE
RPULLUP | Pull-up PO Oto PO_7,P1 OtoP1_7,P2 OtoP2_7, VI =0V 30 | 50 | 167 | kQ
resistance |P3 0toP3 7,P4 OtoP4 7,P5 0toP5 7,
P6_0OtoP6_7,P7_2toP7_7,P8 0to P8 4,
P8 6, P8_7,P9 0to P9 _7,P10_0to P10 _7,
P11 Oto P11 4, P12 Oto P12 7,
P13 Oto P13 7,P14 Oto P14 6,
P15 0to P15 7()
RfXIN Feedback XIN 1.5 MQ
resistance
RfXCIN Feedback XCIN 10 MQ
resistance
VRAM RAM data | In stop mode 2.0 \%
retention
voltage
NOTE:

1. P11 to P15 are provided in the 144-pin package only.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=33V
Table 5.32 Electrical Characteristics (2/3)
(VCC1=VCC2=3.0t03.6V,VSS =0V, Topr =-20 to 85°C, f(CPU) = 24 MHz unless
otherwise specified)

Symbol Parameter Measurgm ent - Standard Unit
Condition Min. Typ Max.
IIH Input high |PO_OtoPO_7,P1 OtoP1 7,P2 0toP2_7, VI=3V 4.0 | pA
“H” current |P3_0toP3_7,P4 _0toP4_7,P5 0toP5 7,
P6 0toP6_7,P7_0toP7_7,P8_0toP8_7,
P9 0to P9 7,P10_0to P10 7,
P11 Oto P11_4,P12 0to P12_7,
P13 0to P13_7, P14 _0to P14_6,
P15 0to P15 _7(1), XIN, RESET, CNVSS,
BYTE
IIL Inputlow |PO_OtoPO_7,P1 _OtoP1_7,P2_0OtoP2_7, VI =0V -4.0 | pA
“L" current |P3_0toP3_7,P4 OtoP4_7,P5 0toP5_7,
P6 0toP6_7,P7_0toP7_7,P8 OtoP8_7,
P9 0to P9 7,P10_0to P10 7,
P11 Oto P11_4,P12 0to P12_7,
P13 0to P13_7, P14 _0to P14_6,
P15 0to P15 _7(1), XIN, RESET, CNVSS,
BYTE
RPULLUP | Pull-up PO_0OtoP0O_7,P1_0toP1 7,P2_0OtoP2_7, VI=0V 40 90 | 500 | kQ
resistance |P3 _0toP3_7,P4 0toP4_7,P5 0OtoP5 7,
P6 0toP6_7,P7_2toP7_7,P8 0OtoP8_4,
P8 6,P8 7,P9 0toP9_7,P10 OtoP10 7,
P11 Oto P11_4,P12 0to P12_7,
P13 _0to P13_7, P14_0to P14_6,
P15_0to P15_7()
RfXIN Feedback |XIN 3.0 MQ
resistance
RfXCIN Feedback |XCIN 20.0 MQ
resistance
VRAM RAM data |In stop mode 2.0 \%
retention
voltage

NOTE:
1. P11 to P15 are provided in the 144-pin package only.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=33V

Table 5.33 Electrical Characteristics (3/3)
(VCC1=VCC2=3.3V,VSS=0V, Topr = 25°C)

" Standard )

Symbol | Parameter Measurement Condition(1) - Unit

Min. | Typ. | Max.

ICC Power Flash memory |f(CPU) = 24 MHz 23 | 33 | mA
supply version f(CPU) = 16 MHz 17 mA
current

f(CPU) = 8 MHz 11 mA

f(CPU) = f(Ring) 2.6 mA
In on-chip oscillator low-power consumption mode

f(CPU) = 32 kHz 430 pA

In low-power consumption mode
While flash memory is operating

f(CPU) = 32 kHz 30 pA
In low-power consumption mode
While flash memory is stopped(2)

Wait mode: f(CPU) = f(Ring) 45 pA
After entering wait mode from on-chip oscillator
low-power consumption mode

Stop mode (while clock is stopped) 0.8 5 pA
Stop mode (while clock is stopped) Topr = 85°C 50 | pA
Mask ROM f(CPU) = 24 MHz 23 | 33 | mA
version f(CPU) = 16 MHz 17 mA
f(CPU) = 8 MHz 11 mA
f(CPU) = f(Ring) 1 mA
In on-chip oscillator low-power consumption mode
f(CPU) = 32 kHz 30 pA
In low-power consumption mode
Wait mode: f(CPU) = f(Ring) 45 pA

After entering wait mode from on-chip oscillator
low-power consumption mode

Stop mode (while clock is stopped) 0.8 5 pA

Stop mode (while clock is stopped) Topr = 85°C 50 | pA

NOTES:
1. In single-chip mode, leave the output pins open and connect the input pins to VSS.
2. Value is obtained when setting the FMSTP bit in the FMRO register to 1 (flash memory stopped) and running
the program on RAM.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=33V

Timing Requirements
(VCC1=VCC2=3.0t03.6V,VSS =0V, Topr =-20 to 85°C unless otherwise specified)

Table 5.41 Timer A Input (Counter Increment/Decrement Input in Event Counter Mode)

Symbol Parameter - Standard Unit
Min. Max.
tc(UP) TAIOUT input cycle time 2000 ns
tw(UPH) TAIOUT input high (“H”) pulse width 1000 ns
tw(UPL) TAIOUT input low (“L") pulse width 1000 ns
tsu(UP-TIN) TAIOUT input setup time 400 ns
th(TIN-UP) TAIOUT input hold time 400 ns
i=0to4
Table 5.42  Timer A Input (Two-Phase Pulse Input in Event Counter Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TA) TAIIN input cycle time 2 us
tsu(TAIN-TAOUT) | TAIOUT input setup time 500 ns
tsu(TAOUT-TAIN) | TAIIN input setup time 500 ns
i=0to4
Table 5.43  Timer B Input (Count Source Input in Event Counter Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time (counted on one edge) 100 ns
tw(TBH) TBIIN input high (“H”) pulse width (counted on one edge) 40 ns
tw(TBL) TBIIN input low (“L") pulse width (counted on one edge) 40 ns
tc(TB) TBIIN input cycle time (counted on both edges) 200 ns
tw(TBH) TBIIN input high (“H”) pulse width (counted on both edges) 80 ns
tw(TBL) TBIIN input low (“L") pulse width (counted on both edges) 80 ns
i=0to5
Table 5.44  Timer B Input (Pulse Period Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 400 ns
tw(TBH) TBIIN input high (“H") pulse width 200 ns
tw(TBL) TBIIN input low (“L") pulse width 200 ns
i=0to5
Table 5.45  Timer B Input (Pulse Width Measurement Mode)
Symbol Parameter - Standard Unit
Min. Max.
tc(TB) TBIIN input cycle time 400 ns
tw(TBH) TBIIN input high (“H”) pulse width 200 ns
tw(TBL) TBIIN input low (“L") pulse width 200 ns

i=0to5
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=33V

Timing Requirements
(VCC1=VCC2=3.0t03.6 V,VSS=0V, Topr =-20 to 85°C unless otherwise specified)

Table 5.50 External Interrupt INTi Input (Edge Sensitive)
Standard )
Symbol Parameter - Unit
Min. Max.
tw(INH) INTi input high (“H”) pulse width 250 ns
tw(INL) INTi input low (“L") pulse width 250 ns
i=0to 81
NOTE:

1. INT6 to INT8 are provided in the 144-pin package only.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=33V

Switching Characteristics
(VCC1=VCC2=3.0t03.6 V,VSS=0V, Topr =-20 to 85°C unless otherwise specified)

Table 5.52 Memory Expansion Mode and Microprocessor Mode (when accessing external
memory space)

Symbol Parameter M%is:c;ﬁgsm Mi:tandarl\c/ilax. Unit
td(BCLK-AD) Address output delay time 18 ns
th(BCLK-AD) Address output hold time (BCLK standard) -3 ns
th(RD-AD) Address output hold time (RD standard)() 0 ns
th(WR-AD) Address output hold time (WR standard)®) (note 1) ns
td(BCLK-CS) Chip-select signal output delay time 18 ns
th(BCLK-CS) Chip-select signal output hold time (BCLK standard) -3 ns
th(RD-CS) Chip-select signal output hold time (RD standard)(3) 0 ns
th(WR-CS) Chip-select signal output hold time (WR standard)®) | See Figure 5.2 | (note 1) ns
td(BCLK-RD) RD signal output delay time 18 ns
th(BCLK-RD) RD signal output hold time -5 ns
td(BCLK-WR) WR signal output delay time 18 ns
th(BCLK-WR) WR signal output hold time 0 ns
td(DB-WR) Data output delay time (WR standard) (note 2) ns
th(WR-DB) Data output hold time (WR standard)(®) (note 1) ns
tw(WR) WR output width (note 2) ns
NOTES:

1. Values, which depend on BCLK frequency, can be obtained from the following equations.
109
th(WR-DB) = e xz 20 [ns]
th(WR-AD) = ® CES <oy 15 [ns]
th(WR-CS) = ﬁ - 10 [ns]
2. Values, which depend on BCLK frequency and external bus cycles, can be obtained from the following
equations.
109 xm ) )
td(DB-WR) = T HBCLK) - 20 [ns] (if external bus cycle is a¢ + by, m = b)
109 x n ) .
tw(WR) = HBCLK) x2 - 15 [ns] (if external bus cycle is a¢ + bd, n = (b x 2) - 1)

3. tc[ns] is added when recovery cycle is inserted.
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M32C/87 Group (M32C/87, M32C/87A, M32C/87B) 5. Electrical Characteristics

VCC1=VCC2=3.3V

Memory Expansion Mode and Microprocessor Mode

RD N
(Separate bus) : N2

WR, WRL, WRH N
(Separate bus) \ S /
RD A
(Multiplexed bus) 4
WR, WRL, WRH N A
(Multiplexed bus) \ ) /

RDY Input \ : /

tsu(RDY-BCLK) . th(BCLK-RDY)

LORCOA A RS

i i th(BCLK-HOLD) i i i i i i

tsu(HOLD-BCLK) ' - e ! ! ! ' | i

HOLD Input  ~ \i&——» E AN T : i i ! i
: i ! i i i i i i i

0 101 R Y | N

LR Outu — Y S
: : PN : ; ; : ! :

td(BCLK-HLDA) _,E — | —»  le— td(BCLK-HLDA) | : '

PO, P1, P2, i\ b iz AR
P3, b4, : L : : PO\ : : :
P5_0toP5_2 : : : : : : : : : :

Measurement Conditions

-VCC1=VCC2=3.0t03.6V

-Input high and low voltage: VIH=2.4V, VIL=0.6 V
-Output high and low voltage: VOH =15V, VOL=15V

Figure 5.8 VCC1 =VCC2 = 3.3V Timing Diagram (2/4)

REJO3B0127-0151 Rev.1.51 Jul 31,2008 2 RENESAS
Page 81 of 85



