1RENESAS
M32C/81 Group REJ03B0031-0100Z

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER Rev.1.00
Jun. 01, 2004

1. Overview

The M32C/81 group microcomputer is a single-chip control unit that utilizes high-performance silicon gate
CMOS technology with the M32C/80 series CPU core. The M32C/81 group is available in 144-pin and 100-
pin plastic molded LQFP/QFP packages.

With a 16-Mbyte address space, this microcomputer combines advanced instruction manipulation capabili-
ties to process complex instructions by less bytes and execute instructions at higher speed.

It incorporates a multiplier and DMAC adequate for office automation, communication devices and industrial
equipments and other high-speed processing applications.

1.1 Applications
Audio, cameras, office equipment, communications equipment, portable equipment, etc.
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M32C/81 Group 1. Overview

1.2 Difference between the M32C/81 Group and the M32C/83 Group
The M32/C81 group microcomputer has less peripheral functions than the M32C/83 group
miccrocomputer. The intelligent 1/O group 3 and the A/D1 converter are not provided in the M32C/81
group. Interrupt requests, and as a result interrupts, DMAC, and DMACII, caused by intelligent /0O group 3
are not available in the M32C/81 group. However, the A/D1 conversion interrupt is generated in place of the
A/DO conversion interrupt when input voltage applied to ANOo to ANO7, AN20 to AN27, AN150 to AN157 pins
are converted.
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1.3 Performance Outline
Tables 1.1 and 1.2 list performance outlines of the M32C/81 group.

Table 1.1 M32C/81 Group Performance (144-Pin Package)

Item Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 31.3 ns (f(BCLK)=32 MHz, Vcc=4.2 V t0 5.5 V)
50ns (f(BCLK)=20MHz, Vcc=3.0 Vto 5.5 V)
Operation mode Single-chip mode, Memory expansion mode and Microprocessor mode
Address space 16 Mbytes
Memory capacity See Table 1.3
Peripheral| Port 123 1/O pins and 1 input pin
function | Multifunction timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit
Intelligent I/O Time measurement function: 16 bits x 12 channels

Waveform generating function: 16 bits x 20 channels
Communication function (Clock synchronous serial 1/0, Clock
asynchronous serial I/O, HDLC data processing, Clock synchro-
nous variable length serial 1/0, IEBus®)

Serial /10 5 channels

Clock synchronous serial I/O, Clock asynchronous serial I/0,
IEBus®), 12C bus(®

CAN module 1 channel
Supporting CAN 2.0B specification

A/D converter 10-bit A/D converter: 1 circuit, 34 channels

D/A converter 8 bits x 2 channels

DMAC 4 channels

DMAC Il Can be activated by all peripheral function interrupt factors
Immediate transfer, Calculation transfer and Chain transfer functions

DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP

CRC calculation circuit CRC-CCITT

XY converter 16 bits x 16 bits

Watchdog timer 15 bits x 1 channel (with prescaler)

Interrupt 42 internal and 8 external sources, 5 software sources
Interrupt priority level: 7

Clock generating circuit 4 circuits

Main clock oscillation circuit(*), Sub clock oscillation circuit(*),
On-chip oscillator, PLL frequency synthesizer

(*)Equipped with a built-in feedback resistor. Ceramic resonator
or crystal oscillator must be connected externally

Oscillation stop detect function Main clock oscillation stop detect function
Electric | Supply voltage 4.2V 1o 5.5V (f(BCLK)=32 MHz)
charact- 3.0 Vto 5.5V (f(BCLK)=20 MHz, through VDC)
eristics 3.0 Vto 3.6 V (f(BCLK)=20 MHz, not through VDC)
Power consumption 28 mA (Vce=5V, f(BCLK)=32 MHz)

17 mA (Vce=3.3 V, f(BCLK)=20 MHz)

470 pA (Vce=5V, f(XcIN)=32 kHz, in wait mode)

340 pA (Vce=3.3 V, f(XcIN)=32 kHz, through VDC in wait mode)
5.0 pA (Vce=3.3 V, f(XcIN)=32 kHz, not through VDC in wait mode)
0.4 pA (Vce=5V, f(XcIN)=32 kHz, in stop mode)

0.4 pA (Vce=3.3 V, f(XcIN)=32 kHz, in stop mode)

Operating ambient temperature —20 to 85°C, —40 to 85°C (optional)
Package 144-pin plastic molded LQFP
NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
All options are on a request basis.
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Table 1.2 M32C/81 Group Performance (100-Pin Package)

Item Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 31.3 ns (f(BCLK)=32 MHz, Vcc=4.2 V t0 5.5 V)
50ns (f(BCLK)=20MHz, Vcc=3.0 Vto 5.5 V)
Operation mode Single-chip mode, Memory expansion mode and Microprocessor mode
Address space 16 Mbytes
Memory capacity See Table 1.3
Peripheral | Port 87 1/0 pins and 1 input pin
function | Multifunction timer Timer A: 16 bits x 5 channels, Timer B: 16 bits x 6 channels
Three-phase motor control circuit
Intelligent I/O Time measurement function: 16 bits x 5 channels

Waveform generating function: 16 bits x 8 channels
Communication function (Clock synchronous serial 1/0, Clock
asynchronous serial I/O, HDLC data processing, Clock synchro-
nous variable length serial 1/0, IEBus®)

Serial 110 5 channels

Clock synchronous serial I/O, Clock asynchronous serial I/O,
IEBus®), 12C bus(®

CAN module 1 channel
Supporting CAN 2.0B specification

A/D converter 10-bit A/D converter: 1 circuit, 26 channels

D/A converter 8 bits x 2 channels

DMAC 4 channels

DMAC Il Can be activated by all peripheral function interrupt factors
Immediate transfer, Calculation transfer and Chain transfer functions

DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP

CRC calculation circuit CRC-CCITT

XY converter 16 bits x 16 bits

Watchdog timer 15 bits x 1 channel (with prescaler)

Interrupt 42 internal and 8 external sources, 5 software sources
Interrupt priority level: 7

Clock generating circuit 4 circuits

Main clock oscillation circuit(*), sub clock oscillation circuit(*), On-
chip oscillator, PLL frequency synthesizer

(*)Equipped with a built-in feedback resistor. Ceramic resonator
or crystal oscillator must be connected externally

Oscillation stop detect function Main clock oscillation stop detect function
Electric |Supply voltage 4.2 V10 5.5V (f(XiN)=32 MHz)
charact- 3.0 Vto 5.5V (f(XIN)=20 MHz, through VDC)
eristics 3.0 Vto 3.6 V (f(XiN)=20 MHz, not through VDC)
Power consumption 28 mA (Vcc=5V, f(BCLK)=32 MHz)

17 mA (Vcc=3.3 V, f(BCLK)=20 MHz)

470 pA (Vce=5V, f(XcIN)=32 kHz, in wait mode)

340 pA (Vce=3.3 V, f(XcIN)=32 kHz, through VDC in wait mode)
5.0 pA (Vce=3.3 V, f(XcIN)=32 kHz, not through VDC in wait mode)
0.4 pA (Vee=5'V, f(XcIN)=32 kHz, in stop mode)

0.4 pA (Vce=3.3 V, f(XcIN)=32 kHz, in stop mode)

Operating ambient temperature —20 to 85°C, —40 to 85°C (option)
Package 100-pin plastic molded LQFP/QFP
NOTES:

1. IEBus is a trademark of NEC Electronics Corporation.
2. 12C bus is a trademark of Koninklijke Philips Electronics N. V.
All options are on a request basis.
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1.4 Block Diagram
Figure 1.1 shows a block diagram of the M32C/81 group microcomputer.
The M32C/81 group microcomputer contains ROM and RAM as memory to store instructions and data,
CPU to execute calculations and peripheral functions such as interrupt, timer, serial /0, DMAC, CRC
calculation circuit, A/D converter, D/A converter, DRAMC, intelligent 1/O and ports.

A S LU LN SN SR LU
v v v

[ Potro | | PotP1 | [ PortP2 | | PortP3 | | PortPa | [ PortPs | | Portpe | | PortP7 |

Peripheral functions A/D converter Clock generating circuit
1 circuit XIN - XouT
Timer (16 bits) Standard lO_inputs2 XCIN - XcouT
Timer A5 channels Maximum 34 inputs® On-chip oscillator
Timer B 6 channels PLL frequency synthesizer
A UART/Clock synchronous serial I/O
Three-phase motor control circuit 5 channels | DVAG |
Watchdog timer (15 bits) XY converter
16 bits X 16 bits | DMACII |
DI/A converter - i
; - CRC calculation circuit (CCITT)
(8 bits X 2 circuits) X16+X124+X5+1 | DRAMC |
Intelligent /O M32C/80 series CPU core
(3 groups) Memory
Time measurement 12 channels((zz) ROH [ RoL | | fc |
Wave generating 20 channels - T
Communication function RiH | Rll‘. | | INTB | ROM
Clock synchronous serial /O, UART, R2 | | ISP |
IEBus, HDLC data processin -
P 9 R3] | USP | RAM
AO | PC |
CAN module Al l [ sve_]
FB | | SVP |
SB ] [ VCT | | Multiplier |

[ PortPis | | Portpia || Portp13 | | PortP12 | [ PortPir | [ PortPio || PortPo |[P8s || Portps |

Y W N S N N W W'

oo ¥r ¥ Yo ¥s  ¥s o Yo Vo
N— _

————
(Notel)

NOTES:
1. Ports P11 to P15 are provided in the 144-pin package only.
2. Included in the 144-pin package only.

Figure 1.1 M32C/81 Group Block Diagram
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1.5 Product Information
Renesas plans to release the following products in the M32C/81 group:
(1) Support for the masked ROM version
(2) ROM/RAM capacity
(3) Package
100P6S-A : Plastic molded QFP
100P6Q-A : Plastic molded LQFP
144P6Q-A : Plastic molded LQFP

RAM size
Gyt
( M3081NMC-XXXGP)
(1K) ( M3081LMC-XXXGP |
( M308LLMC-XXXFP )
( M30812MC-XXXGP |
1K) 1 ((M30810MC-XXXGP )
- ([ M30810MC-XXXFP )
------------------------------- ;"""EQOMsize
Figure 1.2 ROM/RAM Capacity
Table 1.3 M32C/81 Group As of September, 2003
Type number ROM capacity RAM capacity | Package type Remarks
M30810MC-XXXFP (D) 100P6S-A
M30810MC-XXXGP (D) 10K 100P6Q-A
M30812MC-XXXGP (D) 128K 144P6Q-A Masked ROM
M3081LMC-XXXFP (D) 100P6S-A
M3081LMC-XXXGP (D) 12K 100P6Q-A
M3081NMC-XXXGP (D) 144P6Q-A

(D): Under development

M30 81

M C - (XXX) GP

Package type options:
FP = Package 100P6S-A
GP=Package 100P6Q-A, 144P6Q-A
ROM capacity:
C =128 Kbytes
Memory type:
M = Masked ROM version

Shows RAM capacity, pin count, etc
(Value itself has no specific meaning)

M32C/81 Group

M16C Family

Figure 1.3 Product Numbering System
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1.6 Pin Assignments
Figures 1.4 to 1.6 show pin assignments (top view).

Ds/Plo

ANO7 / D7/ PO7

ANO6 / Ds / P06

ANOs / D5 / POs

ANO4 / D4/ PO4

Pll4

OUTC13/P113

BELIN/ISRXD1/ OUTC12/ INPC12/ P112
ISCLK1/0OUTC11/INPC11/P111
BE1lout/ISTxD1/OUTClo/P1lo
ANO3 / D3/ P03

ANO2/ D2/ P02

ANO1/ D1/ P01

ANOo / Do / POo

INPCO7 / AN157 / P157

INPCOs / AN156 / P156

OUTCOs / INPCOs / AN155 / P155
OUTCO4 / INPCO4 / AN154 / P154
INPCO3 / AN153 / P153

BEOIN / ISRXDO / INPCO2 / AN152 / P152
ISCLKO / OUTCO1 / INPCO1 / AN151 / P151
Vss

BEOouT / ISTXDO / OUTCOo / INPCO0 / AN150 / P150
Vee

KI3 / AN7 / P107

Kz / AN6 / P106

K1/ ANs / P105

Ko/ AN4 / P10

AN3/P103

AN2/P102

AN1/P101

AVss

ANo / P100

VREF

AVce

STxD4/ SCL4 / RxD4 | ADTRG / P97

NOTES:

<« P15/D13/INT3

<« Ple/D14/INT4

<« P11/D9
<« P12/D10

108
107}

FLAtitstte it ttatetsetatedsetetts

]
[Z]
]
[4]
[5]

CLK4 / ANEXO / P95 atp

SRxD4 / SDA4 / TxD4 / ANEX1/P9% ==

SS3/RTS3/CTS3/TB3IN/DAO/ P93 w=—p

SS4/RTS4/CTS4/TBA4IN/ DAL/ P94 atmin
ISTxD2 / IEOUT / OUTC20 / SRXD3 / SDA3 / TXD3 / TB2IN / P92 e

1.P64/CTS1/RTS1/SS1/0UTC21 / ISCLK2
2.P70/TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
3. P70 and P71 are ports for the N-channel open drain output.

ISRXD2 / IEIN / STXD3 / SCL3/ RXD3 / TBLIN / P91 «t=» 6 |

«—p P17/D15/INT5

(7]

CLK3/TBOIN/ P90 ==

«—p P20/ A0(/Do)/AN20

<« P21/A1(/D1)/AN21
[99] «—»= P22/ A2(/D2)/AN22

3888 g
Tiris 2
Q388888838999
aoooo0>0a>0o0000
[glls[sl[=][=]z]][=]=]=]=]=]]

< P31/A9(MAL) (/D9)

B8
5]
53]
B
51

«—p P32/A10 (MA2) (/D10)

<« P33/A11(MA3)(/D11)

M32C/81GROUP

[i]
[iZ]
(3]
=]
[i5]
[15]
]
(5]

CNHoW N S E Rz O
SSSSFePQuex8
fadagzLi@grx>
Siitamgcsoly

588 S S 3

0000 X g

[ = X

z2zZ22 E

0o e}

5 s

O O

EE

22

O O

[Z5]
Z]
(5]
=]
[30]
G
=]
(3]
[34]
[35]
[36]

CANIN/INT1/P83 =

CANOUT / INTO / P82 et

< P34/A12 (MA4) (/D12)

<« P35/A13(MAs) (/D13)

U/TA4IN/ P81 et

BEOIN / ISRXDO / INPCO2 / U / TA40UT / P80 wt=»
CANIN/ ISCLKO / OUTCO1 / INPCO1/ TA3IN / P77 gt

CANouT / BEOOUT / ISTXDO / OUTCO0 / INPCO0 / TA3OUT / P76 et

[80] = P36/A14 (MAs) (/D14)

[75]
75
77]
76
75

<« P37/A15 (MA7) (/D15)
<« P40/ A16 (MA8)

BELIN/ISRXD1/OUTC12/INPC12 /W /TA2IN/ P75 <=

«—p P41/A17 (MA9)

<+ Vss

ISCLK1/OUTC11/INPC11/W /TA20UT / P74 =

BE1ouT /ISTXD1/OUTCl0/SS2/RTS2/CTS2/V /TALIN/ P73 amp

< P42/ A18 (MA10)

< P43/ A19 (MA11)

73]

O

CLK2/V /TALOUT/ P72 i

(3)IEIN/ISRXD2 / OUTC22 / STxD2 / SCL2 / RXD2 / TAOIN / TB5IN / P71«

P44/ CS3/A20 (MA12)

P45/ CTS2 / A2

P46/ CS1 / A22

P47/ CS0 / A23

P12s

P126

P127

PS50/ WRL / WR / CASL
P51/ WRH / BHE / CASH
P52/ RD / DW

P53/ CLKOUT / BCLK / ALE
P130/0UTC24
P131/OUTC25

'cC

P132/ OUTC26

'Ss

P133/ OUTC23

P54/ HLDA / ALE

P55 / HOLD

P56 / ALE / RAS

P57/ RDY
P134/0UTC20/ISTxD2 / IEOUT
P135/ OUTC22/ ISRXD2 / IEIN
P136 / OUTC21/ISCLK2
P137/0UTC27

P60/ CTSO / RTS0 / S50
P61/ CLKO

P62 / RxDO / SCLO / STXDO
P63/ TXDO / SDAO / SRXxDO
P64 (1)

P65/ CLK1

'Ss

P66 / RxD1/ SCL1/ STxD1
Vee

P67/ TxD1/ SDAL/ SRXD1
P70 (2,3)

<

<

<

144P6Q-A

Figure 1.4 Pin Assignment for 144-Pin Package
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Table 1.4 Pin Characteristics for 144-Pin Package

Klig C‘;mmI Port Intg:]upt Timer pin UART/CAN pin Intelligent 1/O pin Analog pin| Bus control pin
1 P9 TxD4/SDA4/SRxD4 ANEX1
2 P95 CLK4 ANEXO
3 P94 TB4IN CTS4/RTS4/SS4 DA1
4 P93 TB3IN CTS3/RTS3/SS3 DAO
5 P92 TB2IN TxD3/SDA3/SRxD3 QOUTC20/IEouT/ISTXD2
6 P91 TB1IN RxD3/SCL3/STxD3 IEIN/ISRXD2
7 P90 TBOIN CLK3
8 Pl4e
9 P14s
10 P144
11 P143 INPC17/OQUTC17
12 P142 INPC16/OUTC16
13 P141 OUTC1s
14 P140 OUTC14
15 [BYTE
16 |CNVss
17 | Xcein/Veont | P87
18 | XcouTt P86
19 |RESET
20 | Xout
21 | Vss
22 | XIN
23 |Vce
24 P85 | NMI
25 P84 | INT2
26 P83 INTL CANIN
27 P82 INTO CANouT
28 P81 TA4IN/U
29 P8o TA4ouT/U INPCO02/ISRxDO/BEOIN
30 P77 TA3IN CANIN INPC01/OUTCO01/ISCLKO
31 P76 TA3ouT CANouTt INPC00/OUTCO00/ISTXDO/BEOoUT
32 P75 TA2IN/W INPC12/OUTC12/ISRXxD1/BE1IN
33 P74 TA20uT/W INPC11/OUTC11/ISCLK1
34 P73 TALNV CTS2/RTS2/SS2 OUTC10/ISTXD1/BE1out
35 P72 TAlout/V | CLK2
36 P71 TBSIN/TAOIN | RxD2/SCL2/STxD2 QOUTC22/ISRxD2/IEIN
37 P70 TAOouT TxD2/SDA2/SRxD2 QUTC20/ISTxD2/IEouTt
38 P67 TxD1/SDA1/SRxD1
39 | Vce
40 P66 RxD1/SCL1/STxD1
41 |Vss
42 P65 CLK1
43 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2
44 P63 TxD0O/SDAO0/SRxDO0O
45 P62 RxDO0/SCLO/STxDO
46 P61 CLKO
47 P60 CTSO/RTS0/SS0
48 P137 OuUTC27
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Table 1.4 Pin Characteristics for 144-Pin Package (Continued)

E'Q Cogitnrol Port Int%rir#pt Timer pin UART/CAN pin Intelligent I/O pin Analog pin Bus control pin

49 P136 OUTC21/ISCLK2

50 P13s OUTC22/ISRxD2/IEIN

51 P134 OUTC20/ISTXD2/IEout

52 P57 RDY

53 P56 ALE/RAS

54 P55 HOLD

55 P54 HLDAJALE

56 P133 OUTC23

57 | Vss

58 P132 OUTC2s

59 | Vcc

60 P131 OUTC2s

61 P13o0 OUTC24

62 P53 CLKout/BCLK/ALE

63 P52 RD/DW

64 P51 WRH/BHE/CASH

65 P50 WRL/WR/CASL

66 P127

67 P126

68 P12s

69 P47 CS0/A23

70 P4s CS1/A2

71 P4s CS2/Az

72 P44 CS3/A20(MA12)

73 P43 A19(MA11)

74 | Vcc

75 P42 A18(MA10)

76 | Vss

77 P41 A17(MA9)

78 P4o A16(MAs)

79 P37 A15(MA7)(/D15)

80 P36 A14(MAs)(/D14)

81 P3s A13(MA5)(/D13)

82 P34 A12(MA4)(/D12)

83 P33 A11(MA3)(/D11)

84 P32 A10(MA2)(/D10)

85 P31 A9(MA1)(/D9)

86 P124

87 P123

88 P122

89 P121

90 P120

91 | Vcc

92 P30 As(MA0)(/Ds)

93 | Vss

94 P27 AN27 A7(/D7)

95 P26 AN26 As(/Ds)

96 P25 AN25 As(/Ds)
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Table 1.4 Pin Characteristics for 144-Pin Package (Continued)

,F:I'Q Cc;)r?rt{ol Port Intg;upt Timer pin UART/CAN pin Intelligent 1/O pin Analog pin | Bus control pin
97 P24 AN24 Aa4(/D4)
98 P23 AN23 A3(/D3)
99 P22 AN22 A2(/D2)
100 P21 AN21 A1(/D1)
101 P20 AN20 Ao(/Do)
102 P17 | INTS D1s
103 Pls | INT4 D14
104 P15 | INT3 D13
105 P14 D12
106 P13 Du
107 P12 D1o
108 P11 D9
109 Plo Ds
110 P07 ANO7 D7
111 PO0s ANOs Ds
112 P05 ANOs Ds
113 P04 ANO4 Da
114 P114

115 P113 OUTC13

116 P112 INPC12/OUTC12/ISRxD1/BE1IN

117 P111 INPC11/OUTC11/ISCLK1

118 P11o QOUTC10/ISTxD1/BElouTt

119 P03 ANO3 D3
120 P02 ANO2 D2
121 P01 ANO1 D1
122 P0o ANOo Do
123 P157 INPCO7 AN157

124 P156 INPCOs AN156

125 P15s INPC0s/OUTCO0s AN155

126 P154 INPC04/OUTCO04 AN154

127 P153 INPCO3 AN153

128 P152 INPC02/ISRXDO/BEQIN AN152

129 P151 INPC01/OUTCO01/ISCLKO AN151

130]| Vss

131 P150 INPCQ00/OUTCO00/ISTXxDO/BEQouT AN150

132]| Vcc

133 P107 | Ki3 AN7

134 P10s | Ki2 ANs

135 P10s | Ki1 ANs

136 P104 | Klo AN4

137 P103 AN3

138 P102 AN2

139 P101 AN1

140| AVss

141 P100 ANo

142| VREF

143| AVcc

144 P97 RXD4/SCL4/STXD4 ADTRG
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M32C/81 Group

(TTvn ) 61V / €vd
(oTvn ) 81V / 2vd
(6YIN) L1V / Tvd

(8YI ) 9TV / Obd
(stas) (LvN) stV / 2ed
(vtays) (ovw) viv / 9ed
(e1a/) (svw) ety / sed
(zta/) (vwn) 2ty / ved
(tta/) (evw) 11V / ged
(ota/) (eviw) oty / zed
(6a/) (TvW) 6V / 1ed
Q0N

(8ays) (ovw)sv/oed
SSA

LgNY / (Lat) v ) ied
9ZNY / (9a/) 9V /92d
SZNY / (sa/)sv/sed
veNv / (va /) vy [ ved
€ZNV/ (ea/)ev/ezd
2ZNY / (za/) ey /eed
TZNY / (ta/) v/ Ted
0ZNY / (0Q/) oV /0zd
SINI/ S/ L1d
VNI /v /9Td
€1NI/€1a/STd
21a/vid

110/ €Td

o1a/etd

6a/11d

8Q/0Td

49 |[¢—»P45/CS2/ A21
48 |[¢—» P46/ CS1/A22

50 |&— P44 / CS3 / A20 (MA12)

|«—> P50/ WRL / WR / CASL
|«—> P51/ WRH / BHE / CASH
|« P60/ CTS0 / RTS0 / SSO

<«—» P52/ RD / DW
43 |[¢—» P53/ CLKouT / BCLK / ALE

| «—> P47/ CS0/A23
HOLD
35 |« P63/ TXDO / SDAO / SRXDO

34 ]« P64 (1)

36 [« P62/ RxD0/ SCLO/ STxDO

[47]

[46]

45

22}

[ 42 4> P54/ HLDA/ ALE
41 [« PS5/

40 |« P56/ ALE/ RAS
39 |« P57/ RDY

38]

37 |« P61/ CLKO

33 ]« P65/ CLKL

32 [« P66/ RxD1/SCL1/STxD1
31 |« P67/ TxD1/SDA1/SRxD1

M32C/81GROUP

O

\

81
82

D7/ ANO7 / PO7 €|
D6 / ANO6 / P06 €=

[ A IS I R I D L B L L R = 1 =R B 2 o el R ed
(ool § eod | K=ol § o] | food | §eo) | [ee] § [o2) | Kol | [e2] | [o2) | K20 | k&30 | [e)
Q- T T SO S T O (I A
S O 0O O O O O O O o o o o w
a0 aaon ddoddddd >
~ - — — - -0 aooaoo0o o o<
P Y @ 8 98 ~======
© © O O © O 5 © w g O o o
Z22zzzzzz2z2z2z2z222z2z2
T ITITITIITIIITTITITTITR
I3

L T O N d OI® N ||

8ada8ddlgIgIgIg

vrer —p[08 |
AVce —D@ O

(2) P97 <100

ANo / P100<¢—»| 97

08 |« 02d/ LN0OVL/ 2XL/2¥aS / 2aXdS / 02DLNO / ZAXLSI / LNO3| ©)
[ 62 ] «—>12d/NISEL/ NIOYL/ 2AX¥ / 21DS / 20XLS /22DLNO / 2aXdS| / NIl ©)
82 | 4—»2.d / LNOTYL/ A/ THTO

2] <—>tLd /NITYL/ A/ ZSLO [ 2SLd / 2SS / 0TOLNO / TAXLSI / LNOT3E
92 | «—>v.d / 1NOZYL/ M/ TTOdNI / TTOLNO / TH1OSI

G2 | <—>52d /NiZvlL/ M/ 2TOdNI / ZTOLNO / TAXYSI / NIT3E

¥Z | «—%9.d / LNOEVL/ 00dNI / 00D1NO / 0QXLS| / LNO03d / LNONVD
€2 | <> L.d / NIEVL/ T0DdNI / TODLNO / 0X1DSI / NINVD

22 | <—>08d / LNOYYL/ N / 200N/ 0QXYS / NI03E

T2 | «—>18d /NIPYL/ N

02 | «—>28d / 0.LNI / LNONYO

61 | «—>£8d / TLNI / NINVO

8T | «—»v8d / ZLNI

LT | <— s8d / INN

9T | «— 007

ST | <— NiX

YT | = SSA

€T | = 1LNOX

2T ]<— 1353y

TT | «—>98d / LNOOX

OT |<=.8d / NIOX / LNOOA

[ 6 |«— ssAnD

[ 8 |<— 31d

| 2 |<«—>06d/Ni0L/ €51

| 0 |<—>16d/NITAL/€£0XH / €10S / EQXLS / 2ZAXMSI / NI

| S |<—>26d/NiZaL/ £0XL/ €VAS / €0XHS / 02DLNO / ZAXLSI / LNOF|

| v | +—>26d/0va/NiggL/ €510/ €SLY / €SS

€ |<4—»v6d/TVA/NIydLl/¥SLO / ¥SLH / ¥SS

¢ |4—»S6d / OX3INV / ¥X10
T |<€—»96d/TX3INV / vAXL/¥VvAS / ¥AXHS

NOTES:

100P6S-A

2.P97/ ADTRG / RxD4 / STxD4 / SCL4

3. P70 and P71 are ports for the N-channel open drain output.

1.P64/CTS1/RTS1/SS1/0UTC21/ISCLK2

Figure 1.5 Pin assignment for 100-Pin Package
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M32C/81 Group

1. Overview
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NOTES:
1.P64/CTS1/RTS1/SS1/0UTC21/ISCLK2
2.P70/TAOOUT / TXD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
3.P71/TAOIN / TB5IN / RXD2 / SCL2 / STXD2 / OUTC22 / ISRXD2 / IEIN
4. P70 and P71 are ports for the N-channel open drain output. 100 P6Q A
Figure 1.6 Pin Assignment for 100-Pin Package
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M32C/81 Group

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package

Package
Pin N% Conrgrol Port Inte(;upt Timer pin UART/CAN pin Intelligent I/O pin Anallqog Bus control pin
Plep| " P pi
1 99 P9e TxD4/SDA4/SRxD4 ANEX1
2 100 P9s CLK4 ANEXO0
3| 1 P94 TB4IN CTS4/RTS4/SS4 DAL
4| 2 P93 TB3IN CTS3/RTS3/SS3 DAQ
5 3 P92 TB2IN TxD3/SDA3/SRXD3 | OUTC20/IEouT/ISTXD2
6 4 P91 TB1N RxD3/SCL3/STxD3 | IEIN/ISRXD2
7 5 P9o TBOIN CLK3
8 6 | BYTE
9 7 | CNVss
10 8 | XcinVeont | P87
1 9 [ Xcout P86
12 | 10 |RESET
13 11 | Xout
14 | 12 | Vss
15 | 13 | Xin
16 | 14 |Vcc
17 | 15 P85 | NMI
18 | 16 P84 |INT2
19 | 17 P83 | INT1 CANIN
20 | 18 P82 | INTO CANout
21 | 19 P81 TA4IN/U
22 | 20 P8o TA4ouT/U INPCO02/ISRxDO/BEOQIN
23 21 P77 TA3IN CANIN INPC01/OUTC01/ISCLKO
24 | 22 P76 TA3ouTt CANouTt INPC00/OUTC00/ISTXDO/BEOoUT
25 | 23 P7s TA2IN'W INPC12/OUTC12/ISRXD1/BE1IN
26 | 24 P74 TA20uT/W INPC11/OUTC11/ISCLK1
27 | 25 P73 TALNV CTS2/RTS2/SS2 OUTC10/ISTXD1/BELouT
28 | 26 P72 TAlouT/V | CLK2
29 27 P71 TBS5IN/TAOIN | RXD2/SCL2/STxD2 | OUTC22/ISRXD2/IEIN
30 | 28 P70 TAOouT TxD2/SDA2/SRxD2 | OUTC20/ISTxD2/IEouT
31 29 P67 TxD1/SDA1/SRxD1
32 | 30 P66 RxD1/SCL1/STxD1
33 31 P65 CLK1
34 | 32 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2
35 | 33 P63 TxD0/SDAQ/SRxDO
36 | 34 P62 RxDO0/SCL0O/STxDO
37 35 P61 CLKO
38 | 36 P60 CTSO/RTS0/SS0
39 | 37 P57 RDY
40 | 38 P56 ALE/RAS
41 | 39 P55 HOLD
42 | 40 P54 HLDA/ALE
43 | 41 P53 CLKout/BCLK/ALE
44 | 42 P52 RD/DW
45 | 43 P51 WRH/BHE/CASH
46 | 44 P50 WRL/WR/CASL
47 | 45 P47 CS0/A23
48 | 46 P46 CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P44 CS3/A20(MA12)

Rev.1.00 Jun. 01, 2004
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M32C/81 Group

1. Overview

Table 1.5 Pin Characteristics for 100-Pin Package (Continued)

Package

pin N% C%?rt_]rOI Port Intgrr]upt Timer pin UART/CAN pin Intelligent I/O pin An;lilr?g Bus control pin
FP | GP

51| 49 P43 A19(MA11)

52| 50 P42 A18(MA10)

53| 51 P41 A17(MA9)

54| 52 P40 A16(MAs)

55| 53 P37 A15(MA7)(/D15)
56 | 54 P36 A14(MAg)(/D14)
57| 55 P35 A13(MAs)(/D13)
58| 56 P34 A12(MA4)(/D12)
59| 57 P33 A11(MA3)(/D11)
60 | 58 P32 A10(MA2)(/D10)
61| 59 P31 A9(MA1)(/D9)
62| 60| Vcc

63| 61 P30 As(MA0)(/Ds)
64| 62| Vss

65| 63 P27 AN27 A7(/D7)

66 | 64 P26 AN26 As(/Ds)

67 | 65 P25 AN25 As(/Ds)

68 | 66 P24 AN24 A4(/D4)

69 | 67 P23 AN23 As(/D3)

70 | 68 P22 AN22 A2(/D2)

71| 69 P21 AN21 A1(/D1)

72| 70 P20 AN20 Ao(/Do)

73| 71 P17 |INT5 D15

74| 72 Pls |INT4 D14

75| 73 Pls  |INT3 D13

76| 74 P14 D12

77| 75 P13 Du

78| 76 P12 D10

79| 77 P11 Do

80| 78 Plo Ds

81| 79 P07 ANO7 D7

82| 80 P06 ANOs Ds

83| 81 P05 ANOs Ds

84| 82 P04 ANO4 D4

85| 83 P03 ANO3 D3

86| 84 P02 ANO2 D2

87| 85 P01 ANO1 D1

88| 86 P00 ANOo Do

89| 87 P107 | Kis AN7

90| 88 P10s | Kiz ANs

91| 89 P10s | K1 ANs

92| 90 P104 | Kio AN4

93| 91 P10s AN3

94| 92 P102 AN2

95| 93 P101 AN1

96 | 94| Avss

97| 95 P100 ANo

98 | 96 | VREF

99 | 97| Avce
100 | 98 P97 RxD4/SCL4/STxD4 ‘ADTRG

Rev.1.00 Jun. 01,2004  page 14 of 83 RENESAS




M32C/81 Group

1. Overview

1.7 Pin Description
Table 1.6 Pin Description (100-Pin and 144-Pin Packages)

Symbol Function 1/0 type Description

Vce Power supply input I Apply 3.0 to 5.5 V to the Vcc pins.

Vss I Apply 0 V to the Vss pin.

CNVss CNVss I Switches processor mode. Connect this pin to VSS to start up in single-chip
mode (memory expansion mode). Connect this pin to Vcc to start up in
microprocessor mode.

RESET Reset input I The microcomputer is in a reset state when applying "L" to the RESET pin.

XIN Clock input I I/0 pins for the main clock oscillation circuit. Connect a ceramic resonator or

Xout Clock output 0] crystal oscillator between XiN and XouT. To use an external clock, input the
clock to XiN and leave XouT open.

BYTE Input to switch Switches the data bus in external memory space 3. The data bus is 16 bits wide
external data bus when the BYTE pin is held "L" and 8 bits wide when the BYTE pin is held "H".
width Set to either. Connect this pin to Vss when an external bus is not used.

AvVcc Analog power Applies power supply for the A/D converter and D/A converter. Connect this
supply input pin to Vcc.

AVss Analog power Applies power supply for the A/D converter and D/A converter. Connect this
supply input pin to Vss.

VREF Reference voltage Applies reference voltage for the A/D converter.
input

P0o to P07 I/O port PO I/O | 8-bit I/O ports in CMOS having a direction register to select input or output.
Each pin is set as an input port or output port. An input port in single-chip
mode can be set for a pull-up or for no pull-up in 4-bit unit by program. When
these pins are used as bus control pins in memory expansion mode and
microprocessor mode, internal pull-up resistor cannot be selected. Ports used
as input ports can be set for a pull-up or for no pull-up in the modes above.

(DotoD7 || Databus | e __In_ths_aﬁd_oatp_ut_s aafa_(D_o to 57_) when tﬁege_pi?ls_ar_e set as the s_ep_)aFat_e bus. |
[ANOoto ANO7 [Analoginputpin | | [Analog input pins for the ADD converter |
Ploto P17 I/O port P1 I/0 | 8-bit I/O ports having equivalent functions to PO
[INT3to INTs  |INT interruptinput | | | Input pins for the INT interrupt |
pin
[DstoD1s  [Databus | /0 | Inputs and outputs data (Ds to D15) when these pins are set as the separate bus. |
P20 to P27 I/O port P2 I/0 | 8-bit I/O ports having equivalent functions to PO
(Aoto A7 |, Addressbus | ~ O |Outputs 8 low-order address bits (Aoto A7). |
(AdDoto |, Address bus/data | /0 | Inputs and outputs data (Do to D7) and outputs 8 low-order address bits (Ao to |

A7/D7 bus A7) by time-sharing when these pins are set as the multiplexed bus.

[AN20t0 AN27 [Analoginputpin | | |Analoginput pins for AID converter |

P30 to P37 I/O port P3 I/0 | 8-bit I/O ports having equivalent functions to PO

[Asto A1s  [Addressbus | ~ O |Outputs 8 middle-order address bits (As to A1s). |
(AsiDsto |, Address bus/data | /0 | Inputs and outputs data (Ds to D15) and outputs 8 middle-order address bits |

A15/D15 bus (As to A15) by time-sharing when external 16-bit data bus is set as the multi-
plexed bus.

[MAoto MA7  [Addressbus | ~ 0 | Outputs row addresses and column addresses by time-sharing when accessing|
the DRAM area.
I Input O : Output I/0 : Input and output
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M32C/81 Group

1. Overview

Table 1.6 Pin Description (100-Pin and 144-Pin Packages) (Continued)

Symbol Function 1/0 type Description
P40 to P47 I/O port P4 I/0O |8-bit I/O ports having equivalent functions to PO
[Al6to A2z, |Addressbus | O |outputs 8 high-order address bits (A16 to A22, A23). |
A23 The highest-order bit (A23) inversed is also output.
(CS0t0CS3 | Chip-select | 0 |Outputs CSO0 to CS3 signals. CS0 to CS3 are chip-select signals specifying an |
external space.
(MAsto MA12  |Addressbus | O |Outputs row addresses and column addresses by time-sharing when accessing|
the DRAM area.
P50 to P57 I/O port P5 I/0O |8-bit I/O ports having equivalent functions to PO
[CLlkout | Clockoutput | 0  |Outputs the main clock divided by 8 or divided by 32 or the clock having the |
same frequency as the sub clock from P53.
(WRL | Buscontrolpin | O |Outputs WRL, WRH, (WR, BHE), RD, BCLK, HLDA and ALE signals. WRL |
WR O  |and WRH or BHE and WR can be switched by program.
WRH O |EMWRL, WRH and RD are selected
BHE o The WRL signal becomes "L" by writing data to an even address in an external
RD O | memory space.
BCLK (e} The WRH signal becomes "L" by writing data to an odd address in an external
HLDA (0] memory space.
HOLD I The RD pin signal becomes "L" by reading data in an external memory space.
ALE 0 B WR, BHE and RD are selected
RDY I The WR signal becomes "L" by writing data to an external memory space.
The RD signal becomes "L" by reading data in an external memory space.
The BHE signal becomes "L" by accessing an odd address.
Select WR, BHE and RD for an external 8-bit data bus.
While the HOLD pin is held "L", the microcomputer is placed in a hold state.
In a hold state, HLDA outputs a "L" signal.
ALE is a signal latching the address.
While the RDY pin is held "L", the microcomputer is placed in a wait state.
ow |l DRAM bus control | O |The DW signal becomes "L" by writing data to the DRAM area. |
CASL pin O |CASL and CASH are signals indicating a timing to latch column addresses.
CASH O |The CASL signal becomes "L" by accessing an even address.
RAS O | The CASH signal becomes "L" by accessing an odd address.
RAS is a signal latching row addresses.
P60 to P67 I/O port P6 I/0O |8-bit I/O ports having equivalent functions to PO
[CTSO,CTST  [UARTpin | | [/Opins for UARTO (P60 to P63) and UARTL (P64 to P67) |
RTSO, RTS1 (0]
§S0, SS1 |
CLKO, CLK1 11O
RxDO, RxD1 I
SCLO, SCL1 110
STxDO, STxD1 (0]
TxDO, TxD1 o
SDAO, SDA1 110
SRxDO, SRxD1 I
[IscLke |1 Intelligent /O pin | 1/0  [ISCKL2 inputs and outputs the clock for the intelligent /O communication |
OUTC21 o function.
OUTC21 outputs the clock for the waveform generating function.
I : Input O : Output I/0O : Input and output
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M32C/81 Group 1. Overview

Table 1.6 Pin Description (100-Pin and 144-Pin Packages) (Continued)

Symbol Function 1/0 type Description

P70to P77 I/O port P7 110 8-bit I/O ports having equivalent functions to PO
(P70 and P71 are ports for the N-channel open drain output.)

[ TAOOUT to TA3OUT| Timer Apin | | 0 |UOpins for imersAOt0oA3 ]
TAOIN to TA3IN I
(TB5N | TimerBpin | I [inputpinfortmeres
vv | Three-phase motor| O |V-phase outputpin |
_V\Z W control output pin o _V\7-p_hasé (;ut_th p_)in_ ___________________________
cts2 | UARTpin | I |wopinsforuarRT2
RTS2 0
SS2 I
CLK2 110
RxD2 I
SCL2 110
STxD2 6}
TxD2 0]
SDA?2 110
SRxD2 |
[INPCOO0, INPCOL| Intelligent /O pin | I [ INPCOo, INPCO1, INPC11 and INPC12 are input pins for the time measure- |
INPC11, INPC12 ment function.
OUTCOo, OUTCO1 0] OUTCOo0, OUTCO1, OUTC10 to OUTC12, OUTC20 and OUTC22 are output
OUTC1o0 to OUTC12 pins for the waveform generating function.
OUTC20, OUTC22 ISCLKO and ISCLK1 input and output the clock for the intelligent I/O communi-
ISCLKO, ISCLK1 110 cation function.
ISTxDO to ISTxD2 (0] ISRxD1, ISRXD2, IEIN and BE1IN input received data for the intelligent 1/O
ISRxD1, ISRxD2 I communication function.
IEouT O ISTxDO to ISTxD2, IEouT, BEOouUT, and BE1ouUT output transmit data for the
IEIN I intelligent I/O communication function.
BEOQouUT 0]
BElout O
BEI1IN |
[CANOout ~ [CANpin | O  [lOpinsfor the CAN communication function |
CANOIN I

I Input O : Output I/0 : Input and output
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M32C/81 Group

1. Overview

Table 1.6 Pin Description (100-Pin and 144-Pin Packages) (Continued)

Symbol Function 1/0 type Description
P80 to P84, I/O port P8 I/0 | I/O ports having equivalent functions to PO
P86, P87
EC Subclock | I | lO pins for the sub clock oscillation circuit. Connect a crystal oscillator |
Xcout (0] between XciN and XcouT.
[veont 1 Low-pass fiterconnect | | Connects the low-pass filter to the VCONT pin when using the PLL frequency |
pin for PLL frequency synthesizer. Connect P86 to Vss to stabilize the PLL frequency.
synthesizer pin
[TAdouT [ TimerApin | /O |lOnpinsfortimerAd ]
TA4IN |
_UTU_ ______ T ﬁre_e-f)hz_isé motor| O __Utpﬁa_se_oatp_)ufp_ing ___________________________
control output pin
[INTOtoINT2 |INTinterruptinput | || Input pins for the INT interrupt |
pin
[INPCO2 [ Intelligent /O pin | | | INPCO2is an input pin for the time measurement function. |
ISRxDO | ISRxDO and BEOIN input received data for the intelligent I/O communication
BEOIN | function.
[cANouT [ CANpin | 0 | l/Opins for the CAN communication functon |
CANIN |
[PgsNMI |1 NMiinterruptinput| | | Input pin for the NMI interrupt. ]
pin Pin states can be read by the P8_5 bit in the P8 register.
P9o to P97 I/O port P9 I/0 | 8-bit /0 ports having equivalent functions PO.
The PRCR register prevents PD9 and PS3 registers from rewriting.
[TBOWto TBAIN | TimerBpin | | |Inputpins for timersBOtoB4 |
[CTS3,CTS4 [UARTpin | | |lOpinsfor UART3 (P90 to P93) and UART4 (P92 to P97) |
RTS3,RTS4 o
SS3,S54 |
CLK3, CLK4 110
RxD3, RxD4 |
SCL3, SCL4 110
STxD3, STxD4 (0]
TxD3, TxD4 (0]
SDA3, SDA4 11O
SRxD3, SRxD4 |
[DAO,DA1 [D/Aoutputpin = | O |Outputpins for the D/A converter |
[ANEX0, | ADrelatedpin | 1O | ANEXOis an extended analog I/O pin for the A/D converter. |
ANEX1, | ANEX1 is an extended analog input pin for the A/D converter.
ADTRG | ADTRG is an A/D trigger input pin.
foutc20 |1 I n_tel_lig_enY I/_O_piﬁ T "o Toutcaoisan aquGtBiﬁ for the waveform g_erTer_atTna function. |
ISTxD2 o ISTxD2 and IEouT output transmit data for the intelligent I/O communication
IEouT o function.
IEIN | ISRxD2 and IEIN input received data for the intelligent I/O communication
ISRxD2 | function.
P10oto P107 | 1/O port P10 I/O | 8-bit I/O ports having equivalent functions to PO
[KlotoKis  |Keyinputinterrupt | | [ Input pins for the key input interrupt |
pin
[ANO to AN7 __Aﬁal_og_ in_pu_t [;in_ T __Aﬁa_loa iﬁp_ut_pi_ns_fo_r the AD converter ]
I : Input O : Output I/0O : Input and output
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M32C/81 Group

1. Overview

Table 1.6 Pin Description (144-Pin Package only) (Continued)

Symbol

Function

1/0 type

Description

P1loto P114

INPC11, INPC12

I/O port P11
Intelligent I/O pin

5-bit I/O ports having equivalent functions to PO.

INPC11 and INPC12 are input pins for the time measurement function.

OUTC10to OUTC13 0] OUTC1o to OUTC13 are output pins for the waveform generating function.
ISCLK1 110 ISCLK1 inputs and outputs the clock for the intelligent /O communication
ISRXxD1 I function.
BE1IN I ISRxD1 and BE1IN input received data for the intelligent /O communication
ISTxD1 0] function.
BElout 0] ISTxD1 and BE1ouT output transmit data for the intelligent I/O communication
function.
P120to P127 |1/O port P12 110 8-bit I/O ports having equivalent functions to PO
P130to P137 | 1/O port P13 1/0 8-bit I/O ports having equivalent functions to PO
0UTC20t0 OUTC27 | Intelligent /O pin | O | OUTC20 to OUTC27 are output pins for the waveform generating function. |
ISCLK2 110 ISCLK2 inputs and outputs the clock for the intelligent I/O communication
ISRxD2 I function.
IEIN I ISRxD2 and IEIN input received data for the intelligent I/O communication
ISTxD2 6} function.
IEouT 0] ISTxD2 and IEouT output transmit data for the intelligent I/O communication
function.
Pl4oto P146 |1/O port P14 1/0 7-bit I/O ports having equivalent functions to PO
[INPC16,INPC17| Intelligent /O pin | 1~ | INPC1s and INPC17 are input pins for the time measurement function. |
OUTC14to OUTCL7 0] OUTC14 to OUTC17 are output pins for the waveform generating function.
P150to P157 | 1/O port P15 110 8-bit I/O ports having equivalent functions to PO
[INPCO0 to INPCO7 | Intelligent /O pin | 1 | INPCO0 to INPCO7 are input pins for the time measurement function. |
OUTCOo, OUTCO1 (0] OUTCOQo, OUTCO01, OUTCO04 and OUTCOs are output pins for the waveform
OUTCO04, OUTCOs5 generating function.
ISCLKO 1/0 ISCLKO inputs and outputs the clock for the intelligent I/O communication
ISRxDO I function.
BEOIN I ISRxDO and BEOIN input received data for the intelligent /O communication
ISTxDO 0} function.
BEOouUT 0] ISTxDO and BEOouT output transmit data for the intelligent I/O communication
function.
[ AN150 t0AN157 | Analog inputport | || Analog input pins for the A/D converter |
I:Input  O: Output I/O : Input and output
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M32C/81 Group 2. Central Processing Unit (CPU)

2. Central Processing Unit (CPU)

Figure 2.1 shows the CPU registers.
A register bank comprises 8 registers (RO, R1, R2, R3, A0, A1, SB and FB) out of 28 CPU registers. Two
sets of register banks are provided.

b3, b15 b0
General register : R2 ROH ROL ]
fmmmmm e |
! R3 R1H R1L
""""""""" Ll pData register(t)
R2
b23 R3 I
A0 1
1| >Address register(1)
Al
SB Il Static base register()
FB Il Frame base register()
I
UsP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt table register
PC Program counter
| FLG | Flag register
bi5. - " bs b7 bo!
L[ e [ [ 1] luft]o[s]s[z]o[c]
Carry flag
Debug flag
Zero flag
Sign flag
Register bank flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved space
Processor interrupt priority level
Reserved space
b15 b0
High-speed interrupt register . SVF Flag save register
SVP PC save register
VCT Vector register
b7 b0
DMAC related register DMDO
DMA mode register
b15 DMD1
DCTO )
DMA transfer count register
DCT1
DRCO .
DMA transfer count reload register
b23 DRC1
DMAO
DMA memory address register
DMA1
DRAO
DMA memory address reload register
DRA1
DSA0
DMA SFR adress register
DSAl

NOTES:
1. A register bank comprise these registers. Two sets of register banks are provided.

Figure 2.1 CPU Register
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M32C/81 Group 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 bits (ROH) and low-order bits (ROL) to be used separately as 8-bit data registers.
RO can be combined with R2 to be 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 for AO-/Al-indirect addressing, AO-/Al-relative addressing, transfer, arith-
metic and logic operations.

2.1.3 Static Base Register (SB)

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

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

2.1.5 Program Counter (PC)
PC is 24 bits wide. It indicates an address of an instruction to be executed.

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

2.1.7 User Stack Pointer (USP), Interrupt Stack Pointer (ISP)
USP and ISP as the stack pointer are 24 bits wide. The U flag can switch USP to ISP and vice versa.
Refer to "2.1.8 Flag Register (FLG)" about the U flag. Set USP and ISP to even addresses to execute an
interrupt sequence efficiently.

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

2.1.8.1 Carry Flag (C)
The C flag indicates whether carry or borrow occurs after an instruction is executed.

2.1.8.2 Debug Flag (D)
The D flag is for debug only. Set to "0".

2.1.8.3 Zero Flag (2)
The Z flag is set to "1" when the value of zero is obtained from an arithmetic calculation; otherwise "0".

2.1.8.4 Sign Flag (S)
The S flag is set to "1" when a negative value is obtained from an arithmetic calculation; otherwise "0".
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M32C/81 Group 2. Central Processing Unit (CPU)

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

2.1.8.6 Overflow Flag (O)
The O flag is set to "1" when a result of an arithmetic operation overflows; otherwise "0".

2.1.8.7 Interrupt Enable Flag (1)
The | flag enables a maskable interrupt.
An interrupt is disabled when the | flag is set to "0" and is enabled when the | flag is set to "1". The |
flag is set to "0" when an interrupt is acknowledged.

2.1.8.8 Stack Pointer Select Flag (U)
ISP is selected when the U flag is set to "0". USP is selected when this flag is set to "1".
The U flag is set to "0" when a hardware interrupt is acknowledged or the INT instruction of software
interrupt numbers 0 to 31 is executed.

2.1.8.9 Processor Interrupt Priority Level (IPL)
IPL is 3 bits wide. It assigns an interrupt priority levels from level O to level 7.
If a requested interrupt has a greater priority than IPL, the interrupt is enabled.

2.1.8.10 Reserved Space
When writing to the reserved space, set to "0". When read, its content is indeterminate.

2.2 High-Speed Interrupt Registers

Registers associated with the high-speed interrupt are as follows.
- Flag save register (SVF)

- PC save register (SVP)

- Vector register (VCT)

2.3 DMAC-associated Registers

Registers associated with DMAC are as follows.

- DMA mode register (DMDO, DMD1)

- DMA transfer count register (DCTO, DCT1)

- DMA transfer count reload register (DRCO, DRC1)

- DMA memory address register (DMAO, DMA1)

- DMA SFR address register (DSAO, DSA1)

- DMA memory address reload register (DRAO, DRA1)
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M32C/81 Group 3. Memory

3. Memory

Figure 3.1 shows a memory map of the M32C/81 group.

M32C/81 provides 16-Mbyte address space from addresses 00000016 to FFFFFF16.

The internal ROM is allocated in lower addresses beginning with address FFFFFF16. For example, a 64-
Kbyte internal ROM is allocated in addresses FF000016 to FFFFFF16.

The fixed interrupt vectors are allocated in addresses FFFFDC16 to FFFFFF16. It stores the starting ad-
dress of each interrupt routine.

The internal RAM is allocated in higher addresses beginning with address 00040016. For example, a 10-
Kbyte internal RAM is allocated in addresses 00040016 to 002BFF16. Besides storing data, it becomes
stacks when the subroutine is called or an interrupt is acknowleged.

The SFR is allocated in addresses 00000016 to 0003FF16. The control registers for peripheral functions
such as I/O port, A/D conversion, serial 1/O, timer are allocated here. All addresses, which have nothing
allocated within the SFR, are reserved space and cannot be accessed by users.

The special page vectors are allocated in addresses FFFE0016 to FFFFDB16. It is used for the IMPS
instruction and JSRS instruction. Refer to the Renesas publication Software Manual for details.

In memory expansion mode and microprocessor mode, some space are reserved and cannot be accessed

by users.
00000016
SFR
00040016
Internal RAM
XXXXXX16
Reserved space() /FFFEOQO16
00800016 ' Special page
vector table
! FFFFDC16 | -==-z===z=c=uz-
External space ! ! I Undefined instruction J
: E Overflow E
| ' BRKinstruction
Address Address ! ' Address match 3
Type number XXXXXX16 | YYYYYY16 | 000001 ' g =
M30810MC-XXXFP/GP Reserved space® | / - :
- ! [ Watchdog timer 7
M30812MC-XXXGP 002BFF16 YYYYYYi6 , g 1
FE000016 / E =
M30B1LMC-XXXFPIGP | (oo Internal RAM |/ E NMI E
M3081NMC-XXXGP FEFEFFL E Reset E
6 ---- FFFFFF1s
NOTES:

1. In memory expansion and microprocessor modes
2. In memory expansion mode

Figure 3.1 Memory Map
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M32C/81 Group 4. Special Function Registers (SFR)

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
000016
000116
000216
000316

1000 00002(CNVss pin ="L")
0000 00112(CNVss pin ="H")
000516 | Processor mode register 1 PM1 0X00 00002

000616 | System clock control register O CMO 0000 X0002

000716 | System clock control register 1 CM1 0010 00002

000816 | Wait control register WCR 1111 11112

000916 | Address match interrupt enable register AIER XXXX 00002

000A16 | Protect register PRCR XXXX 00002

XXXX 10002(BYTE pin ="L")
XXXX 00002(BYTE pin ="H")
000C16 | Main clock division register MCD XXX0 10002

000D16 | Oscillation stop detect register CM2 0016

000E16 | Watchdog timer start register WDTS XX16

000F16 | Watchdog timer control register WDC 000X XXXX2

001016
001116 | Address match interrupt register O RMADO 00000016
001216
001316
001416
001516 | Address match interrupt register 1 RMAD1 00000016
001616
001716 | VDC control register for PLL PLV XXXX XX012
001816
001916 | Address match interrupt register 2 RMAD2 00000016
001A16
001B16 | VDC control register 0 VDCO 0016
001C16
001D16 | Address match interrupt register 3 RMAD3 00000016
001E16
001F16
002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
X: Indeterminate

Blank spaces are reserved. No access is allowed.

000416 | Processor mode register O PMO

000B16 | External data bus width control register DS
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Address Register Symbol Value after RESET
003016
003116
003216
003316
003416
003516
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16
004016 | DRAM control register DRAMCONT XX16
004116 | DRAM refresh interval set register REFCNT XX16
004216
004316
004416
004516
004616
004716
004816
004916
004A16
004B16
004C16
004D16
004E16
004F16
005016
005116
005216
005316
005416
005516
005616
005716
005816
005916
005A16
005B16
005C16
005D16
005E16
005F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

006816 | DMAO interrupt control register DMoIC XXXX X0002
006916 | Timer B5 interrupt control register TB5IC XXXX X0002
006A16 | DMA2 interrupt control register DM2IC XXXX X0002
006B16 | UART2 receive /ACK interrupt control register S2RIC XXXX X0002
006C16 | Timer AO interrupt control register TAOIC XXXX X0002
006D16 | UART3 receive /ACK interrupt control register S3RIC XXXX X0002
006E16 | Timer A2 interrupt control register TA2IC XXXX X0002
006F16 | UARTA4 receive /ACK interrupt control register S4RIC XXXX X0002
007016 | Timer A4 interrupt control register TA4IC XXXX X0002
007116 | UARTO/UART3 bus conflict detect interrupt control register BCNOIC/BCN3IC XXXX X0002
007216 | UARTO receive/ACK interrupt control register SORIC XXXX X0002
007316 | A/DO conversion interrupt control register ADOIC XXXX X0002
007416 | UART1 receive/ACK interrupt control register S1RIC XXXX X0002
007516 | Intelligent I/O interrupt control register O 1100IC XXXX X0002
007616 | Timer B1 interrupt control register TB1IC XXXX X0002
007716 | Intelligent I/O interrupt control register 2 1o21C XXXX X0002
007816 | Timer B3 interrupt control register TB3IC XXXX X0002
007916 | Intelligent I/O interrupt control register 4 11041C XXXX X0002
007A16 | INTS5 interrupt control register INT5IC XX00 X0002
007B16 | Intelligent I/O interrupt control register 6 11061C XXXX X0002
007C16 | INT3 interrupt control register INT3IC XX00 X0002
007D1s6 | Intelligent I/O interrupt control register 8 1108IC XXXX X0002
007Ez16 | INT1 interrupt control register INT1IC XX00 X0002

Intelligent I/O interrupt control register 10/ l1o10IC
007F16 CAN interrupt 1 control register CAN1IC XXXX X0002
008016
Intelligent I/O interrupt control register 11/ l1o111C

008116 CAN interrupt 2 control register CAN2IC XXXX X0002
008216

008316

008416

008516

008616 | A/D1 conversion interrupt control register AD1IC XXXX X0002
008716

008816 | DMAL interrupt control register DM1IC XXXX X0002
008916 | UART2 transmit /NACK interrupt control register S2TIC XXXX X0002
008A16 | DMAS interrupt control register DM3IC XXXX X0002
008B16 | UART3 transmit /NACK interrupt control register S3TIC XXXX X0002
008C16 | Timer Al interrupt control register TAlIC XXXX X0002
008D16 | UART4 transmit /NACK interrupt control register S4TIC XXXX X0002
008Ez16 | Timer A3 interrupt control register TA3IC XXXX X0002
008F16 | UART2 bus conflict detect interrupt control register BCN2IC XXXX X0002

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET

009016 | UARTO transmit /NACK interrupt control register SOTIC XXXX X0002

009116 | UART1/UART4 bus conflict detect interrupt control register BCN1IC/BCN4IC XXXX X0002

009216 | UART1 transmit/NACK interrupt control register S1TIC XXXX X0002

009316 | Key input interrupt control register KUPIC XXXX X0002

009416 | Timer BO interrupt control register TBOIC XXXX X0002

009516 | Intelligent I/O interrupt control register 1 1101IC XXXX X0002

009616 | Timer B2 interrupt control register TB2IC XXXX X0002

009716 | Intelligent I/O interrupt control register 3 1103IC XXXX X0002

009816 | Timer B4 interrupt control register TB4IC XXXX X0002

009916 | Intelligent I/O interrupt control register 5 1105IC XXXX X0002

009A16 | INT4 interrupt control register INT4IC XX00 X0002

009B16 | Intelligent I/O interrupt control register 7 1107I1C XXXX X0002

009C16 | INT2 interrupt control register INT2IC XX00 X0002
Intelligent 1/O interrupt control register 9/ 1109IC

009D16 CAN interrupt O control register CANOIC XXXX X0002

009E16 | INTO interrupt control register INTOIC XX00 X0002

009F16 | Exit priority control register RLVL XXXX 00002

00AO016 | Interrupt request register O 11O0IR 0000 000X2

00A116 | Interrupt request register 1 IIO1IR 0000 000X2

00A216 | Interrupt request register 2 1102IR 0000 000X2

00A316 | Interrupt request register 3 1IO3IR 0000 000X2

00A416 | Interrupt request register 4 1104IR 0000 000X2

00A516 | Interrupt request register 5 IIO5IR 0000 000X2

00A616 | Interrupt request register 6 1106IR 0000 000X2

00A716 | Interrupt request register 7 1HO7IR 0000 000X2

00A816 | Interrupt request register 8 1108IR 0000 000X2

00A916 | Interrupt request register 9 1I0O9IR 0000 000X2

00AA16 | Interrupt request register 10 II010IR 0000 000X2

00AB16 | Interrupt request register 11 II011IR 0000 000X2

00AC16

00AD16

0OAE16

00AF16

00BO016 | Interrupt enable register 0 IIO0IE 0016

00B116 | Interrupt enable register 1 IIO1IE 0016

00B216 | Interrupt enable register 2 I102IE 0016

00B316 | Interrupt enable register 3 IIO3IE 0016

00B416 | Interrupt enable register 4 1104IE 0016

00B516 | Interrupt enable register 5 IIO5IE 0016

00B616 | Interrupt enable register 6 IIO6IE 0016

00B716 | Interrupt enable register 7 IIO7IE 0016

00B816 | Interrupt enable register 8 IIO8IE 0016

00B916 | Interrupt enable register 9 IIO9IE 0016

00BA16 | Interrupt enable register 10 11010IE 0016

00BB16 | Interrupt enable register 11 1IO11IE 0016

00BC16

00BD16

OOBE16

00BF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
00CO016 XX16
00C116 Group 0 time measurement/waveform generating register O GOTMO0/GOPO0 XX16
00C216 XX16
00C316 Group 0 time measurement/waveform generating register 1 GO0TM1/GOPO1 XX16
00C416 XX16
00C516 Group 0 time measurement/waveform generating register 2 GOTM2/GOPO2 XX16
00C616 XX16
00C716 Group 0 time measurement/waveform generating register 3 GOTM3/GOPO3 XX16
00C816 XX16
00C916 Group 0 time measurement/waveform generating register 4 GOTM4/GOPO4 XX16
00CA16 XX16
00CB16 Group 0 time measurement/waveform generating register 5 GOTM5/GOPO5 XX16
00CC1s6 XX16
00CD16 Group 0 time measurement/waveform generating register 6 GOTM6/GOPO6 XX16
00CE16 XX16
00CF16 Group 0 time measurement/waveform generating register 7 GOTM7/GOPO7 XX16
00DO016 | Group 0 waveform generating control register 0 GOPOCRO 0X00 X0002
00D116 | Group O waveform generating control register 1 GOPOCR1 0X00 X0002
00D216 | Group O waveform generating control register 2 GOPOCR2 0X00 X0002
00D316 | Group 0 waveform generating control register 3 GOPOCR3 0X00 X0002
00D416 | Group 0 waveform generating control register 4 GOPOCR4 0X00 X0002
00D516 | Group 0 waveform generating control register 5 GOPOCRS5 0X00 X0002
00D616 | Group 0 waveform generating control register 6 GOPOCR6 0X00 X0002
00D716 | Group 0 waveform generating control register 7 GOPOCR7 0X00 X0002
00D816 | Group O time measurement control register 0 GOTMCRO 0016
00D916 | Group O time measurement control register 1 GOTMCR1 0016
00DA16 | Group O time measurement control register 2 GOTMCR2 0016
00DB16 | Group 0 time measurement control register 3 GOTMCR3 0016
00DCz16 | Group O time measurement control register 4 GOTMCR4 0016
00DD16 | Group 0 time measurement control register 5 GOTMCRS5 0016
00DEz16 | Group O time measurement control register 6 GOTMCR6 0016
00DF16 | Group O time measurement control register 7 GOTMCRY? 0016
00EO16 XX16
00E116 Group 0 base timer register GOBT XX16
00E216 | Group O base timer control register O GOBCRO 0016
00E316 | Group 0 base timer control register 1 GOBCR1 0016
00E416 | Group O time measurement prescaler register 6 GOTPR6 0016
00E516 | Group O time measurement prescaler register 7 GOTPR7 0016
00E616 | Group O function enable register GOFE 0016
00E716 | Group O function select register GOFS 0016
00E816 XXXX XXXX2
00E916 Group 0 SI/O receive buffer register GORB XX00 XXXX2
00EA16 | Group 0 transmit buffer/receive data register GOTB/GODR XX16
0OEB16

00ECz16 | Group O receive input register GORI XX16
00EDz16 | Group O SI/O communication mode register GOMR 0016
O00EE16 | Group 0 transmit output register GOTO XX16
00EF16 | Group 0 SI/O communication control register GOCR 0000 X0002

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
00F016 | Group O data compare register 0 GOCMPO XX16
00F116 | Group O data compare register 1 GOCMP1 XX16
00F216 | Group O data compare register 2 GOCMP2 XX16
00F316 | Group O data compare register 3 GOCMP3 XX16
00F416 | Group O data mask register 0 GOMSKO XX16
00F516 | Group O data mask register 1 GOMSK1 XX16
00F616

00F716

00F816 XX16
00F916 Group 0 receive CRC code register GORCRC XX16
00FA16 0016
00FB16 Group 0 transmit CRC code register GOTCRC 0016
00FC16 | Group 0 SI/O extended mode register GOEMR 0016
00FD16 | Group 0 SI/O extended receive control register GOERC 0016
00FE16 | Group 0 SI/O special communication interrupt detect register GOIRF 0000 00XX2
00FF16 | Group 0 SI/O extended transmit control register GOETC 0000 0XXX2
010016 XX16
010116 Group 1 time measurement/waveform generating register O G1TM0/G1PO0 XX16
010216 XX16
010316 Group 1 time measurement/waveform generating register 1 G1TM1/G1PO1 XX16
010416 XX16
010516 Group 1 time measurement/waveform generating register 2 G1TM2/G1PO2 XX16
010616 XX16
010716 Group 1 time measurement/waveform generating register 3 G1TM3/G1P0O3 XX16
010816 XX16
010916 Group 1 time measurement/waveform generating register 4 G1TM4/G1P0O4 XX16
010A16 XX16
010B16 Group 1 time measurement/waveform generating register 5 G1TM5/G1PO5 XX16
010C16 XX16
010D16 Group 1 time measurement/waveform generating register 6 G1TM6/G1PO6 XX16
010E16 XX16
010F16 Group 1 time measurement/waveform generating register 7 G1TM7/G1PO7 XX16
011016 | Group 1 waveform generating control register O G1POCRO 0X00 X0002
011116 | Group 1 waveform generating control register 1 G1POCR1 0X00 X0002
011216 | Group 1 waveform generating control register 2 G1POCR2 0X00 X0002
011316 | Group 1 waveform generating control register 3 G1POCR3 0X00 X0002
011416 | Group 1 waveform generating control register 4 G1POCR4 0X00 X0002
011516 | Group 1 waveform generating control register 5 G1POCR5 0X00 X0002
011616 | Group 1 waveform generating control register 6 G1POCR6 0X00 X0002
011716 | Group 1 waveform generating control register 7 G1POCR7 0X00 X0002
011816 | Group 1 time measurement control register O G1TMCRO 0016
011916 | Group 1 time measurement control register 1 G1TMCR1 0016
011A16 | Group 1 time measurement control register 2 G1TMCR2 0016
011B16 | Group 1 time measurement control register 3 G1TMCR3 0016
011Cz16 | Group 1 time measurement control register 4 G1TMCR4 0016
011D16 | Group 1 time measurement control register 5 G1TMCR5 0016
011E16 | Group 1 time measurement control register 6 G1TMCR6 0016
011F16 | Group 1 time measurement control register 7 G1TMCR7 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
012016 XX16
012116 Group 1 base timer register G1BT XX16
012216 | Group 1 base timer control register O G1BCRO 0016
012316 | Group 1 base timer control register 1 G1BCR1 0016
012416 | Group 1 time measurement prescaler register 6 G1TPR6 0016
012516 | Group 1 time measurement prescaler register 7 G1TPR7 0016
012616 | Group 1 function enable register G1FE 0016
012716 | Group 1 function select register G1FS 0016

012816 XXXX XXXX2
012916 Group 1 SI/O receive buffer register G1RB XX00 XXXX2
012A16 | Group 1 transmit buffer/receive data register G1TB/G1DR XX16
012B16

012Cz16 | Group 1 receive input register G1RI XX16
012D16 | Group 1 SI/O communication mode register G1MR 0016
012E16 | Group 1 transmit output register G1TO XX16
012F16 | Group 1 SI/O communication control register G1CR 0000 X0002
013016 | Group 1 data compare register 0 G1CMPO XX16
013116 | Group 1 data compare register 1 G1CMP1 XX16
013216 | Group 1 data compare register 2 G1CMP2 XX16
013316 | Group 1 data compare register 3 G1CMP3 XX16
013416 | Group 1 data mask register O G1MSKO XX16
013516 | Group 1 data mask register 1 G1MSK1 XX16
013616

013716

013816 XX16
013916 Group 1 receive CRC code register G1RCRC XX16
013A16 0016
013B16 Group 1 transmit CRC code register G1TCRC 0016
013Cz16 | Group 1 SI/O extended mode register G1EMR 0016
013D16 | Group 1 SI/O extended receive control register G1ERC 0016
013E16 | Group 1 SI/O special communication interrupt detect register G1IRF 0000 00XX2
013F16 | Group 1 SI/O extended transmit control register G1ETC 0000 OXXX2
014016 XX16
014116 Group 2 waveform generating register 0 G2P0O0 XX16
014216 XX16
014316 Group 2 waveform generating register 1 G2PO1 XX16
014416 XX16
014516 Group 2 waveform generating register 2 G2P0O2 XX16
014616 XX16
014716 Group 2 waveform generating register 3 G2P0O3 XX16
014816 XX16
014916 Group 2 waveform generating register 4 G2P0O4 XX16
014A16 XX16
014B16 Group 2 waveform generating register 5 G2P0O5 XX16
014Cz1s XX16
014D1s Group 2 waveform generating register 6 G2P0O6 XX16
014E16 XX16
014F16 Group 2 waveform generating register 7 G2PO7 XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
015016 | Group 2 waveform generating control register 0 G2POCRO 0016
015116 | Group 2 waveform generating control register 1 G2POCR1 0016
015216 | Group 2 waveform generating control register 2 G2POCR2 0016
015316 | Group 2 waveform generating control register 3 G2POCR3 0016
015416 | Group 2 waveform generating control register 4 G2POCR4 0016
015516 | Group 2 waveform generating control register 5 G2POCR5 0016
015616 | Group 2 waveform generating control register 6 G2POCR6 0016
015716 | Group 2 waveform generating control register 7 G2POCR7 0016
015816
015916
015A16
015B16
015C16
015D16
015E16
015F16
016016 XX16
016116 Group 2 base timer register G2BT XX16
016216 | Group 2 base timer control register O G2BCRO 0016
016316 | Group 2 base timer control register 1 G2BCR1 0016
016416 | Base timer start register BTSR XXXX 00002
016516
016616 | Group 2 function enable register G2FE 0016
016716 | Group 2 RTP output buffer register G2RTP 0016
016816
016916
016A16 | Group 2 SI/O communication mode register G2MR 00XX X0002
016B16 | Group 2 SI/O communication control register G2CR 0000 X0002
016C16 XX16
016D16 Group 2 SI/O transmit buffer register G2TB XX16
016E16 XX16
016F16 Group 2 SI/O receive buffer register G2RB XX16
017016 XX16
017116 Group 2 IEBus address register IEAR XX16
017216 | Group 2 IEBus control register IECR 00XX X0002
017316 | Group 2 IEBus transmit interrupt cause detect register IETIF XXX0 00002
017416 | Group 2 IEBuS receive interrupt cause detect register IERIF XXX0 00002
017516
017616
017716
017816 | Input function select register IPS 0016
017916
017A16
017B16
017C16
017D16
017E16
017F1e
to
01AF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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Address Register Symbol Value after RESET
01BO16
01Bl16
01B216
01B316
01B416
01B516
01B616
01B716
01B816
01B916
01BA16
01BB16
01BC1i6
01BD16
01BE16
01BF16
01C016 ) XX16
01C116 A/D1 register 0 AD10 XX16

01C216 ) XX16
01C316 A/D1 register 1 AD11 XX16

01C416 ) XX16
01C516 A/D1 register 2 AD12 XX16

01C616 ) XX16
01C716 A/D1 register 3 AD13 XX16

01C816 ) XX16
01C916 A/D1 register 4 AD14 XX16

01CA16 ) XX16
01CB16 A/D1 register 5 AD15 XX16

01CCis6 ) XX16
01CD16 A/D1 register 6 AD16 XX16

01CE16 ) XX16
01CF1s A/D1 register 7 AD17 XX16
01DO016
01D116
01D216
01D316
01D416 | A/D1 control register 2 AD1CON2 X00X X0002
01D516
01D616 | A/D1 control register 0 AD1CONO 0016

01D716 | A/D1 control register 1 AD1CON1 XX00 00002
01D816
01D916
01DA16
01DB16
01DC1s6
01DD16
01DE16
01DF16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
01EO016 | CANO message slot buffer 0 standard IDO COSLOTO_0 XX16

01E116 | CANO message slot buffer O standard ID1 COSLOTO_1 XX16

01E216 | CANO message slot buffer 0 extended 1DO COSLOTO_2 XX16

01E316 | CANO message slot buffer 0 extended ID1 COSLOTO_3 XX16

01E416 | CANO message slot buffer 0 extended 1D2 COSLOTO_4 XX16

01E516 | CANO message slot buffer 0 data length code COSLOTO_5 XX16

01E616 | CANO message slot buffer 0 data O COSLOTO_6 XX16

01E716 | CANO message slot buffer 0 data 1 COSLOTO_7 XX16

01E816 | CANO message slot buffer 0 data 2 COSLOTO_8 XX16

01E916 | CANO message slot buffer 0 data 3 COSLOTO_9 XX16

01EA16 | CANO message slot buffer 0 data 4 COSLOTO_10 XX16

01EB16 | CANO message slot buffer 0 data 5 COSLOTO_11 XX16

01EC16| CANO message slot buffer O data 6 COSLOTO_12 XX16

01ED16 | CANO message slot buffer 0 data 7 COSLOTO_13 XX16

01EE16 | CANO message slot buffer 0 time stamp high-order COSLOTO_14 XX16

01EF16 | CANO message slot buffer 0 time stamp low-order COSLOTO_15 XX16

01F016 | CANO message slot buffer 1 standard IDO COSLOT1_0 XX16

01F116 | CANO message slot buffer 1 standard ID1 COSLOTL_ 1 XX16

01F216 | CANO message slot buffer 1 extended 1DO COSLOT1_2 XX16

01F316 | CANO message slot buffer 1 extended ID1 COSLOTL_3 XX16

01F416 | CANO message slot buffer 1 extended 1D2 COSLOT1_4 XX16

01F516 | CANO message slot buffer 1 data length code COSLOT1_5 XX16

01F616 | CANO message slot buffer 1 data O COSLOT1_6 XX16

01F716 | CANO message slot buffer 1 data 1 COSLOTL_7 XX16

01F816 | CANO message slot buffer 1 data 2 COSLOTL_8 XX16

01F916 | CANO message slot buffer 1 data 3 COSLOT1 9 XX16

01FA16 | CANO message slot buffer 1 data 4 COSLOT1_10 XX16

01FB16 | CANO message slot buffer 1 data 5 COSLOT1_11 XX16

01FC16 | CANO message slot buffer 1 data 6 COSLOT1_12 XX16

01FD16 | CANO message slot buffer 1 data 7 COSLOT1_13 XX16

01FE16 | CANO message slot buffer 1 time stamp high-order COSLOT1 14 XX16

01FF16 | CANO message slot buffer 1 time stamp low-order COSLOT1_15 XX16

020016 _ XX01 0X012(D
020116 CANO control register 0 COCTLRO XXXX 00002(D)
020216 _ 0000 00002(1)
020316 CANO status register COSTR X000 0X012(1)
020416 ) 0016

020516 CANO extended ID register COIDR 0016
020616 _ _ _ 0000 XXXX2(D)
020716 CANO configuration register COCONR 0000 000021
020816 ) ] 0016

020916 CANO time stamp register COTSR 00160
020A16 | CANO transmit error count register COTEC 0016(1)
020B16 | CANO receive error count register COREC 0016(1)
020C16 ) ] 0016
020D16 CANO slot interrupt status register COSISTR 00160
020E16

020F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.

Rev.1.00 Jun. 01,2004 page 33 of 83 RENESAS



M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

021016 _ _ 0016\

021116 CANO slot interrupt mask register COSIMKR 0016@

021216

021316

021416 | CANO error interrupt mask register COEIMKR XXXX X0002(2)

021516 | CANO error interrupt status register COEISTR XXXX X0002(

021616

021716 | CANO baud rate prescaler COBRP 0000 0001202

021816

021916

021A16

021B16

021C1s

021D16

021E16

021F16

022016 ‘

022116

022216

022316

022416

022516

022616

022716

022816 | CANO global mask register standard IDO COGMRO XXX0 00002(2)

022916 | CANO global mask register standard ID1 COGMR1 XX00 000022

022A16 | CANO global mask register extended IDO COGMR2 XXXX 00002(2)

022B16 | CANO global mask register extended ID1 COGMR3 0016

022C16 | CANO global mask register extended 1D2 COGMR4 XX00 000022

022D16

022E16

022F16 (Note 1)
CANO message slot 0 control register / COMCTLO/ 0000 00002

023016 | - ANO local mask register A standard 1DO COLMARO XXX0 00002(2)
CANO message slot 1 control register / COMCTL1/ 0000 00002

023116 | - ANO local mask register A standard ID1 COLMAR1 XX00 00002(2)
CANO message slot 2 control register / COMCTL2/ 0000 00002@

023216 | - ANO local mask register A extended DO COLMAR2 XXXX 00002(2)
CANO message slot 3 control register / COMCTL3/ 0016@

023316 | - ANO local mask register A extended ID1 COLMAR3 0016
CANO message slot 4 control register / COMCTL4/ 0000 00002

023416 | - ANO local mask register A extended ID2 COLMAR4 XX00 00002(2)

023516 | CANO message slot 5 control register COMCTL5 00162

023616 | CANO message slot 6 control register COMCTL6 00162

023716 | CANO message slot 7 control register COMCTLY 0016
CANO message slot 8 control register / COMCTLS8/ 0000 00002

023816 | - ANO local mask register B standard 1D0 COLMBRO XXX0 000022) '

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.
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M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET

CANO message slot 9 control register / COMCTLY/ 0000 00002(2) |
CANO local mask register B standard ID1 COLMBR1 XX00 000022
CANO message slot 10 control register / COMCTL10/ 0000 000022
CANO local mask register B extended IDO COLMBR2 XXXX 00002(2)
CANO message slot 11 control register / COMCTL11/ 0016

CANO local mask register B extended ID1 COLMBR3 0016 (Note 1)
CANO message slot 12 control register / COMCTL12/ 0000 000022
CANO local mask register B extended 1D2 COLMBR4 XX00 000022
023D16 | CANO message slot 13 control register COMCTL13 0016
023E16 | CANO message slot 14 control register COMCTL14 0016
023F16 | CANO message slot 15 control register COMCTL15 0016(2) ‘
024016 | CANO slot buffer select register COSBS 00162

024116 | CANO control register 1 COCTLR1 XX00 00XX2(2
024216 | CANO sleep control register COSLPR XXXX XXX02
024316
024416 _ _ 0016(2)
024516 CANO acceptance filter support register COAFS 0116@
024616
024716
024816
024916
024A16
024B16
024C1s6
024D16
024E16
024F16
025016
025116
025216
025316
025416
025516
025616
025716
025816
025916
025A16
025B16
025C16
025D16
025E16
025F16
026016
026116

to

02BF16

023916

023A16

023B16

023C1s6

X: Indeterminate
Blank spaces are reserved. No access is allowed.
NOTES:
1. The BANKSEL bit in the COCTLR1 register switches functions for addresses 022016 to 023F16.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and supplying a
clock to the CAN module after reset.
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M32C/81 Group

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02CO016 XX16
02C116 X0 register YO register XO0R,YOR XX16
02C216 XX16
02C316 X1 register Y1 register X1R,Y1R XX16
02C416 XX16
02C516 X2 register Y2 register X2R,Y2R XX16
02C616 XX16
02C716 X3 register Y3 register X3R,Y3R XX16
02C816 XX16
02C916 X4 register Y4 register X4R,Y4R XX16
02CA16 XX16
02CB16 X5 register Y5 register X5R,Y5R XX16
02CCu1s6 XX16
02CD16 X6 register Y6 register X6R,Y6R XX16
02CE16 XX16
02CE16 X7 register Y7 register X7R,Y7R XX16
02D016 XX16
02D116 X8 register Y8 register X8R,Y8R XX16
02D216 XX16
02D316 X9 register Y9 register X9R,Y9R XX16
02D416 XX16
02D516 X10 register Y10 register X10R,Y10R XX16
02D616 XX16
02D716 X11 register Y11 register X11R,Y11R XX16
02D816 XX16
02D916 X12 register Y12 register X12R,Y12R XX16
02DA16 XX16
02DB16 X13 register Y13 register X13R,Y13R XX16
02DC1s6 XX16
02DD16 X14 register Y14 register X14R,Y14R XX16
02DE16 XX16
02DE16 X15 register Y15 register X15R,Y15R XX16
02EO016 | XY control register XYC XXXX XX002
02E1l16

02E216

02E316

02E416 | UART1 special mode register 4 U1SMR4 0016
02E516 | UART1 special mode register 3 U1SMR3 0016
02E616 | UART1 special mode register 2 U1SMR2 0016
02E716 | UART1 special mode register U1SMR 0016
02E816 | UART1 transmit/receive mode register U1MR 0016
02E916 | UART1 baud rate register U1BRG XX16
02EA16 XX16
02EB16 UART1 transmit buffer register uiTB XX16
02EC16 | UART1 transmit/receive control register 0 ui1co 0000 10002
02ED16 | UART1 transmit/receive control register 1 uic1i 0000 00102
02EE16 XX16
02EF16 UART1 receive buffer register U1RB XX16

X: Indeterminate

Blank spaces are reserved. No access is allowed.
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M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

02F416 | UARTA4 special mode register 4 U4SMR4 0016
02F516 | UART4 special mode register 3 U4SMR3 0016
02F616 | UARTA4 special mode register 2 U4SMR2 0016
02F716 | UART4 special mode register U4SMR 0016
02F816 | UART4 transmit/receive mode register U4MR 0016
02F916 | UART4 baud rate register U4BRG XX16
02FA16 XX16
02FB16 UART4 transmit buffer register U4TB XX16
02FC16 | UARTA4 transmit/receive control register O u4co 0000 10002
02FD16 | UARTA4 transmit/receive control register 1 U4C1l 0000 00102
02FE16 XX16
02FE1s UART4 receive buffer register U4RB XX16
030016 | Timer B3,B4,B5 count start flag TBSR 000X XXXX2
030116

030216 XX16
030316 Timer Al-1 register TAll XX16
030416 XX16
030516 Timer A2-1 register TA21 XX16
030616 XX16
030716 Timer A4-1 register TA41 XX16
030816 | Three-phase PWM control register 0 INVCO 0016
030916 | Three-phase PWM control register 1 INVC1 0016
030A16 | Three-phase output buffer register 0 IDBO XX11 11112
030B16 | Three-phase output buffer register 1 IDB1 XX11 11112
030C16 | Dead time timer DTT XX16
030D16 | Timer B2 interrupt generating frequency set counter ICTB2 XX16
030E16

030F16

031016 XX16
031116 Timer B3 register TB3 XX16
031216 XX16
031316 Timer B4 register TB4 XX16
031416 XX16
031516 Timer B5 register TB5 XX16
031616

031716

031816

031916

031A16

031B16 | Timer B3 mode register TB3MR 00XX 00002
031Cz16 | Timer B4 mode register TB4AMR 00XX 00002
031D16 | Timer B5 mode register TB5MR 00XX 00002
031E16

031F16 | External interrupt cause select register IFSR 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
032016

032116

032216

032316

032416 | UART3 special mode register 4 U3SMR4 0016
032516 | UART3 special mode register 3 U3SMR3 0016
032616 | UART3 special mode register 2 U3SMR2 0016
032716 | UART3 special mode register U3SMR 0016
032816 | UART3 transmit/receive mode register U3MR 0016
032916 | UART3 baud rate register U3BRG XX16
032A16 XX16
032B16 UART3 transmit buffer register U3TB XX16
032C16 | UART3 transmit/receive control register 0 U3Co 0000 10002
032D16 | UART3 transmit/receive control register 1 u3C1 0000 00102
032E16 XX16
032F16 UARTS3 receive buffer register U3RB XX16
033016

033116

033216

033316

033416 | UART2 special mode register 4 U2SMR4 0016
033516 | UART2 special mode register 3 U2SMR3 0016
033616 | UART2 special mode register 2 U2SMR2 0016
033716 | UART2 special mode register U2SMR 0016
033816 | UART2 transmit/receive mode register U2MR 0016
033916 | UART2 baud rate register U2BRG XX16
033A16 XX16
033B16 UART?2 transmit buffer register uz2TB XX16
033C16 | UART2 transmit/receive control register 0 u2co 0000 10002
033D16 | UART2 transmit/receive control register 1 u2C1 0000 00102
033E16 XX16
033F16 UART?2 receive buffer register U2RB XX16
034016 | Count start flag TABSR 0016
034116 | Clock prescaler reset flag CPSRF OXXX XXXX2
034216 | One-shot start flag ONSF 0016
034316 | Trigger select register TRGSR 0016
034416 | Up-down flag UDF 0016
034516

034616 XX16
034716 Timer AO register TAO XX16
034816 XX16
034916 Timer Al register TAl XX16
034A16 XX16
034B16 Timer A2 register TA2 XX16
034C16 XX16
034D16 Timer A3 register TA3 XX16
034E16 XX16
034F16 Timer A4 register TA4 XX16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group

4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
035016 XX16
035116 Timer BO register TBO XX16
035216 XX16
035316 Timer B1 register TB1 XX16
035416 XX16
035516 Timer B2 register TB2 XX16
035616 | Timer AO mode register TAOMR 0000 0X002
035716 | Timer A1 mode register TAIMR 0000 0X002
035816 | Timer A2 mode register TA2MR 0000 0X002
035916 | Timer A3 mode register TA3SMR 0000 0X002
035A16 | Timer A4 mode register TAAMR 0000 0X002
035B16 | Timer BO mode register TBOMR 00XX 00002
035C16 | Timer B1 mode register TB1IMR 00XX 00002
035D16 | Timer B2 mode register TB2MR 00XX 00002
035E16 | Timer B2 special mode register TB2SC XXXX XXX02
035F16 | Count source prescaler register TCSPR 0XXX 00002
036016

036116

036216

036316

036416 | UARTO special mode register 4 UOSMR4 0016
036516 | UARTO special mode register 3 UOSMR3 0016
036616 | UARTO special mode register 2 UOSMR2 0016
036716 | UARTO special mode register UOSMR 0016
036816 | UARTO transmit/receive mode register UOMR 0016

036916 | UARTO baud rate register UOBRG XX16
036A16 _ ] XX16
036B16 UARTO transmit buffer register UoTB XX16
036C16 | UARTO transmit/receive control register O uoco 0000 10002
036D16 | UARTO transmit/receive control register 1 uoC1 0000 00102
036E16 _ _ XX16
036F16 UARTO receive buffer register UORB XX16
037016

037116

037216

037316

037416

037516

037616 | PLL control register 0 PLCO 0011 X1002
037716 | PLL control register 1 PLC1 XXXX 00002
037816 | DMAO cause select register DMOSL 0X00 00002
037916 | DMAL cause select register DM1SL 0X00 00002
037A16 | DMA2 cause select register DM2SL 0X00 00002
037B16 | DMAS3 cause select register DM3SL 0X00 00002
037C16 _ XX16
037D16 CRC data register CRCD XX16
037E16 | CRC input register CRCIN XX16
037F16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

Rev.1.00 Jun. 01, 2004

page 39 of 83

RENESAS



M32C/81 Group 4. Special Function Registers (SFR)

Address Register Symbol Value after RESET
038016 XX16
038116 A/DO register 0 ADOO XX16
038216 XX16
038316 A/DO register 1 ADO1 XX16
038416 XX16
038516 A/DO register 2 ADO02 XX16
038616 XX16
038716 A/DO register 3 ADO3 XX16
038816 XX16
038916 A/DO register 4 ADO0O4 XX16
038A16 XX16
038B16 A/DO register 5 ADO5 XX16
038C16 XX16
038D16 A/DO register 6 ADO06 XX16
038E16 XX16
038F16 A/DO register 7 ADO7 XX16
039016

039116

039216

039316

039416 | A/DO control register 2 ADOCON2 X000 00002
039516

039616 | A/DO control register 0 ADOCONO 0016
039716 | A/DO control register 1 ADOCON1 0016
039816 | D/A register O DAO XX16
039916

039A16 | D/A register 1 DAl XX16
039B16

039C16 | D/A control register DACON XXXX XX002
039D16

039E16

039F16

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group 4. Special Function Registers (SFR)

<144-pin package>

Address Register Symbol Value after RESET
03A016 | Function select register A8 PS8 X000 00002
03Al16 | Function select register A9 PS9 0016
03A216

03A316

03A416

03A516

03A616

03A716

03A816

03A916

03AA16

03AB16

03AC16

03AD16

03AE16

03AF16 | Function select register C PSC 00X0 00002
03B016 | Function select register AO PSO 0016
03B1l16 | Function select register A1 PS1 0016
03B216 | Function select register BO PSLO 0016
03B316 | Function select register B1 PSL1 0016
03B416 | Function select register A2 PS2 00X0 00002
03B516 | Function select register A3 PS3 0016
03B616 | Function select register B2 PSL2 00X0 00002
03B716 | Function select register B3 PSL3 0016
03B816

03B916 | Function select register A5 PS5 XXX0 00002
03BA16

03BB16

03BC16

03BD16 | Function select register A7 PS7 0016
03BE16

03BF16

03CO016 | Port P6 register P6 XX16
03C116 | Port P7 register P7 XX16
03C216 | Port P6 direction register PD6 0016
03C316 | Port P7 direction register PD7 0016
03C416 | Port P8 register P8 XX16
03C516 | Port P9 register P9 XX16
03C616 | Port P8 direction register PD8 00X0 00002
03C716 | Port P9 direction register PD9 0016
03C816 | Port P10 register P10 XX16
03C916 | Port P11 register P11 XX16
03CAz16 | Port P10 direction register PD10 0016
03CBu16 | Port P11 direction register PD11 XXX0 00002
03CCa16 | Port P12 register P12 XX16
03CDa16 | Port P13 register P13 XX16
03CEz16 | Port P12 direction register PD12 0016
03CF16 | Port P13 direction register PD13 0016

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group 4. Special Function Registers (SFR)

<144-pin package>

Address Register Symbol Value after RESET
03D016 | Port P14 register P14 XX16
03D116 | Port P15 register P15 XX16
03D216 | Port P14 direction register PD14 X000 00002
03D316 | Port P15 direction register PD15 0016
03D416

03D516

03D616

03D716

03D816

03D916

03DA16 | Pull-up control register 2 PUR2 0016
03DB16 | Pull-up control register 3 PUR3 0016
03DCu1s6 | Pull-up control register 4 PUR4 XXXX 00002
03DD16

03DE16

03DF16

03EO16 | Port PO register PO XX16
03E1l16 | Port P1 register P1 XX16
03E216 | Port PO direction register PDO 0016
03E316 | Port P1 direction register PD1 0016
03E416 | Port P2 register P2 XX16
03E516 | Port P3 register P3 XX16
03E616 | Port P2 direction register PD2 0016
03E716 | Port P3 direction register PD3 0016
03E816 | Port P4 register P4 XX16
03E916 | Port P5 register P5 XX16
03EA16 | Port P4 direction register PD4 0016
03EB16 | Port P5 direction register PD5 0016
03EC16

03ED16

03EE16

03EF16

03F016 | Pull-up control register O PURO 0016
03F116 | Pull-up control register 1 PUR1 XXXX 00002
03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16 | Port control register PCR XXXX XXX02

X: Indeterminate
Blank spaces are reserved. No access is allowed.
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M32C/81 Group

4. Special Function Registers (SFR)

<100-pin package>

Address

Register

Symbol

Value after RESET

03A016

03Al16

03A216

03A316

03A416

03Ab516

03A616

03A716

03A816

03A916

03AA16

03AB16

03AC16

03AD16

03AE16

03AF16

Function select register C

PSC

0X00 00002

03B016

Function select register AO

PSO

0016

03B116

Function select register A1

PS1

0016

03B216

Function select register BO

PSLO

0016

03B316

Function select register B1

PSL1

0016

03B416

Function select register A2

PS2

00X0 00002

03B516

Function select register A3

PS3

0016

03B616

Function select register B2

PSL2

00X0 00002

03B716

Function select register B3

PSL3

0016

03B816

03B916

03BA16

03BB16

03BC1i6

03BD16

03BE16

03BF16

03CO016

Port P6 register

P6

XX16

03C1l16

Port P7 register

P7

XX16

03C216

Port P6 direction register

PD6

0016

03C316

Port P7 direction register

PD7

0016

03C416

Port P8 register

P8

XX16

03C516

Port P9 register

P9

XX16

03C616

Port P8 direction register

PD8

00X0 00002

03C716

Port P9 direction register

PD9

0016

03C816

Port P10 register

P10

XX16

03C916

03CA16

Port P10 direction register

PD10

0016

03CB16

03CCi1s6

03CD16

03CE16

03CF16

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:

1. @4 Set address spaces 03CB16, 03CE16 and 03CF16 to "FF16" in the 100-pin package.
2. [TI] Address spaces 03A016, 03A116, 03B916, 03BC16, 03BD16, 03C916, 03CC16 and 03CD16 are not provided in
the 100-pin package.

(Note 2)

(Note 2)

(Note 2)

(Note 2)

(Note 1)

(Note 2)

(Note 1)
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M32C/81 Group 4. Special Function Registers (SFR)

<100-pin package>

Address Register Symbol Value after RESET

03D016

03D116

03D216

03D316

03D416

03D516

03D616

03D716

03D816

03D916

03DA16| Pull-up control register 2 PUR2 0016

03DB16| Pull-up control register 3 PUR3 0016

03DC16

03DD16

03DE16

03DF16

03EO16 | Port PO register PO XX16

03E1l16 | Port P1 register P1 XX16

03E216 | Port PO direction register PDO 0016

03E316 | Port P1 direction register PD1 0016

03E416 | Port P2 register P2 XX16

03E516 | Port P3 register P3 XX16

03E616 | Port P2 direction register PD2 0016

03E716 | Port P3 direction register PD3 0016

03E816 | Port P4 register P4 XX16

03E916 | Port P5 register P5 XX16

03EA16 | Port P4 direction register PD4 0016

03EB16 | Port P5 direction register PD5 0016

03EC16

03ED16

03EE16

03EF16

03F016 | Pull-up control register 0 PURO 0016

03F116 | Pull-up control register 1 PUR1 XXXX 00002

03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FCi16

03FD16

03FE16

03FF16 | Port control register PCR XXXX XXX02

X: Indeterminate

Blank spaces are reserved. No access is allowed.

NOTES:
1. Set address spaces 03D216 and 03D316 to "FF16" in the 100-pin package.
2. Set address spaces 03DC16 to "0016" in the 100-pin package.
3. [T Address space 03D016 and 03D116 are not provided in the 100-pin package.

(Note 3)

(Note 1)

(Note 2)
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5. Electrical Characteristics

Table 5.1 Absolute Maximum Ratings

Symbol Parameter Condition Value Unit
Ve Supply voltage Voc=AVcc -0.3t0 6.0 \%
AVcc Analog supply voltage Vec=AVcc -0.3t0 6.0 \%
Vi Input voltage  |RESET, CNVss, BYTE, P0o-P07, P10-P17, P20-P27, -0.3to Vce+0.3 \Y;

P30-P37, P40-P47, P50-P57, P60-P67, P72-P77, P8o-
P87, P9o-P97, P100-P107, P110-P114, P120-P127,
P130-P137, P140-P146, P150-P157Y, VRrer, XiN
P70, P71 -0.3t0 6.0
Vo Output voltage |P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50 -0.3 to Vcct+0.3 \%
P57, P60-P67, P72-P77, P80-P84, P8s, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137, P140-
P14e, P150-P157M, Xout

P70, P71 -0.3t06.0 \Y
Pd Power Dissipation Topr=25° C 500 mw
Topr Operating ambient temperature -20 to 85/-40 to 85@ | ° C
Tstg Storage temperature -65 to 150 °C

NOTES:
1. P11 to P15 are provided in the 144-pin package.
2. This is an option that is on request basis.
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Table 5.2 Recommended Operating Conditions (Vcc = 3.0V to 5.5V at Topr = - 20 to 85°C/- 40 to 85°C(3))

Symbol Parameter Standard Unit
Min Typ Max
Vce Supply voltage (Through VDC) 3.0 5.0 5.5 Y
Supply voltage (Not through VDC) 3.0 3.3 3.6 \%
AVce Analog supply voltage Vec Y
Vss Supply voltage 0 \%
AVss Analog supply voltage 0 V
VIH Input high ("H") [P20-P27, P30-P37, P40-P47, P50-P57, P60-P67, P72-P77, P8o- | 0.8Vcc Vce \Y
voltage P874, P9o-P97, P100-P107, P110-P114, P120-P127, P130-
P137, P140-P14s, P150-P1579, XiN, RESET, CNVss, BYTE
P70, P71 0.8Vce 6.0
P0o-P07, P10-P17 (In single-chip mode) 0.8Vcc Vec Y
PO0o-P07, P1lo-P17 0.5Vce Yoo \Y
(In memory expansion mode and microprocesor mode)
Vi Input low ("L") [P20-P27, P30-P37, P40-P47, P50-P57, P60-P67, P70-P77, P8o- 0 0.2Vcc \
voltage P87, P9o-P97, P100-P107, P110-P114, P120-P127, P130-
P137, P140-P14s, P150-P1579, Xin, RESET, CNVss, BYTE
P0o-P07, P10-P17 (In single-chip mode) 0 0.2Vec | V
P0o-P0O7, P1lo-P17 0.16Vec| V
(In memory expansion mode and microprocesor mode)
| OH(peak) Peak output P0o0-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -10.0 mA
high ("H") P67, P72-P77, P80-P84, P85, P87, P90-P97, P100-P107, P11o-
current® P114, P120-P127, P130-P137, P140-P14s, P150-P157
| oHavg) Average output [POo-P07, P10-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- -5.0 mA
high ("H") P67, P72-P77, P80-P84, P86, P87, P90-P97, P100-P107, P11o-
current® P114, P120-P127, P130-P137, P140-P14s, P150-P15/
loL(peak) Peak output P0o0-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 10.0 mA
low ("L") P67, P70-P77, P80-P84, P85, P87, P90-P97, P100-P107, P11c-
current® P114, P120-P127, P130-P137, P140-P14s, P150-P157
loLavg) Average output [POo-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50-P57, P6o- 5.0 mA
low ("L") P67, P70-P77, P80-P84, P8s, P87, P90-P97, P100-P107, P1lo-
current® P114, P120-P127, P130-P137, P140-P14s, P150-P157
f(XiN) Main clock Through VDC Vcc=4.2 to 5.5V 0 32 MHz
input frequency Vo=3.0 t0 5.5V 0 20 | MHz
Not through VDC Vce=3.0 to 3.6V 20 MHz
f(Xan) Sub clock oscillation frequency 32.768 50 kHz
NOTES:

1. Output current is averaged with 100ms.
2. Total lopeay for PO, P1, P2, P8s, P87, P9, P10, P11, P14 and P15 must be less than or equal to 80mA.
Total loHpeay for PO, P1, P2, P8s, P87, P9, P10, P11, P14 and P15 must be less than or equal to -80mA.
Total lopeay for P3, P4, P5, P6, P7, P8oto P84, P12 and P13 must be less than or equal to 80mA.
Total loHpeak for P3, P4, P5, P6, P72to P77, P8oto P84, P12 and P13 must be less than or equal to -80mA.
3. This is an option that is on request basis.
4. VHand Vi reference for P87 applies to P87 used as a programmable input ports. It does not apply to P87 used as Xcn.
5. P11 to P15 are provided in the 144-pin package only.
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5. Electrical Characteristics (Vcc=5V)

Table 5.3 Electrical Characteristics (Vcc=4.2 to 5.5V, Vss=0V
at Topr=-20to 85°C, unless otherwise specified)

Vcc =5V

Symbol Parameter Condition Standard Unit
Min | Typ | Max
Vo QOutput high ("H") P00-P07, P1lo-P17, P20-P27, P30-P37, P40-P47, P50- |Vcc=5V 3.0 \Y
voltage P57, P60-P67, P72-P77, P80-P84, P86, P87, P90-P97, |loH=-5mA
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P157Y
P00-P0O7, P1lo-P17, P20-P27, P30-P37, P40-P47, P50 |Vcc=5V 4.7 \Y
P57, P60-P67, P72-P77, P80-P84, P86, P87, P90-P9y, |l0H=-200pA
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P157Y
Xour Vce=5V 3.0 \
loH=-1ImA
Xoour No load applied 33 \%
Voo Output low ("L") P00-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |lo.=5mA 2.0 \
voltage P57, P60-P67, P70-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P157Y
P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |lo.=200pA 045 | V
P57, P60-P67, P70-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P157Y
Xour lo=1mA 20 | V
Xcour No load applied 0 \%
Vr+VT  |Hysteresis HOLD, RDY, TAON-TA4nN, TBON-TB5, INTO-INT5, 0.2 1.0 \
ADTr, CTS0-CTS4, CLKO-CLK4, TAQout-TA4aur,
NMI, KI0-KI3, RxD0O-RxD4, SCLO-SCL4, SDAO-
SDA4
RESET 0.2 18 | V
liH Input high ("H") P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |VI=Vcc 50 | HA
current P57, P60-P67, P70-P77, P80-P87, P9o-P97, P100-
P107, P110-P114, P120-P127, P130-P137, P140-
P14, P150-P1579, Xin, RESET, CNVss, BYTE
I Input low ("L") current [PQo-P07, P10-P17, P20-P27, P30-P37, P40-P47, P50- |Vi=0V -5.0 | YA
P57, P60-P67, P70-P77, P80-P87, P90-P97, P100-
P107, P110-P114, P120-P127, P130-P137, P140-
P14e, P150-P157Y, Xiv, RESET, CNVss, BYTE
Rputup  |Pull-up resistance P0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |VI=0V 30 50 167 | kQ
P57, P60-P67, P72-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P1577
Rfxin Feedback resistance |XiN 1.5 MQ
Rfxan Feedback resistance |Xan 10 MQ
VRav RAM standby voltage |Through VDC 2.5 \
lec Power supply current [Measurement conditions: f(XiN)=32 MHz, square wave, 28 54 | mA
In single-chip mode, output no division
pins are left open and other g o 0=35 k7 “with a wait state, 470 A
pins are connected to Vss. Topr=25° C
Topr=25° C when the clock stops 0.4 20 | HA
NOTES:

1. P11 to P15 are provided in the 144-pin package only.
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Vcc =5V

Table 5.4 A/D Conversion Characteristics (Vcc = AVcc = VREF = 4.2 to 5.5V, Vss = AVss = 0V
at Topr = -20to 85°C, nless otherwise specified)

» Standard )
Symbol Parameter Measurement condition Unit
Min | Typ | Max
- Resolution VRrReE=Vce 10 | Bits
ANo to AN7 3 LSB
ANExo, ANBx1 - LSB
INL Integral nonlinearity error VrRe=Vec=5V
External op-amp - LSB
connection mode ~ | LsB
DNL Differential nonlinearity error +1 | LSB
- Offset error +3 | LSB
- Gain error +3 | LSB
RuAbDER Resistor ladder VRer=Vce 8 40 | kQ
toonv 10-bit conversion time 2.1 us
tconw 8-bit conversion time 1.8 ps
tsavp Sample time 0.3 us
VReEF Reference voltage 2 Vec | V
Via Analog input voltage 0 Vrer | V
NOTES:

1. Divide f(Xi), if exceeding 10 MHz, to keep @AD frequency less than or equal to 10 MHz.

Table 5.5 D/A Conversion Characteristics (Vcc = VREF = 4.2 to 5.5V, Vss = AVss = 0V
at Topr =-20to 85°C, unless otherwise specified)

i Standard .
Symbol Parameter Measurement condition Unit
Min | Typ | Max

- Resolution 8 | Bits

- Absolute accuracy 10| %

tsu Setup time 3 us
Ro Output resistance 4 10 | 20 | kQ
IVREF Reference power supply input current (Note 1) 15 | mA

NOTES:
1. Mesurement condition is that one of two D/A converters is used and the DAI register (i=0, 1) for the
unused D/A converter to "0016". The resistor ladder in the A/D converter is exclued.
Ivrer flows even if the ADICONL register is set to "0" (no VRer connection).
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Vcc =5V

Timing Requirements (Vcc = 4.2 to 5.5V, Vss = 0V at Topr =20 to 85°C unless otherwise specified)

Table 5.6 External Clock Input

Symbol Parameter Standard Unit
Min Max

tc External clock input cycle time 31.3 ns

twH External clock input high ("H") pulse width 13 ns

two External clock input low ("L") pulse width 13 ns

tr External clock rising edge time 5 ns

tf External clock falling edge time 5 ns
Table 5.7 Memory Expansion and Microprocessor Modes

Symbol Parameter 'Standard Unit
Min Max

taclrooe) |Data input access time (RD standard, with no wait state) (Note 1)| ns
taclpop |Data input access time (AD standard, CS standard, with no wait state) (Note 1)| ns
tac2rooe) |Data input access time (RD standard, with a wait state) (Note 1)| ns
tac2pop  |Data input access time (AD standard, CS standard, with a wait state) (Note 1)| ns
tac3rooe) |Data input access time (RD standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac3poe  |Data input access time (AD standard, CS standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac4rasop) |Data input access time (RAS standard, when accessing a DRAM space) (Note 1)| ns
tac4casoe) |Data input access time (CAS standard, when accessing a DRAM space) (Note 1)| ns
tac4crope) |Data input access time (CAD standard, when accessing a DRAM space) (Note 1)| ns
tsupesck) |Data input setup time 26 ns
tsuroveck) |RDY input setup time 26 ns
tsurHopeelk) [HOLD input setup time 30 ns
th(ro-DB) Data input hold time 0 ns
th(casog) Data input hold time 0 ns
thecLk-roy) |RDY input hold time 0 ns
theawroy)  |HOLD input hold time 0 ns
tdeckHDy |HLDA output delay time 25 ns

NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequecncy. Insert a wait state or use lower
f(eck) as an operation frequency if a calculated value is negative.

9
tac1(RD - DB) = 0 35 [ns]
( ) f(BCLK) X 2
10°
tac1(AD — DB) = T 35 [ns]
9
tac2(RD - DB) = % -35 [ns] (m=3 with 1 wait state, m=5 with 2 wait states
and m=7 with 3 wait states)
10°X n
tac2(AD — DB) = “eoo 35 [ns] (n=2 with 1 wait state, n=3 with 2 wait states
0 and n=4 with 3 wait states)
tac3(RD - DB) = % -35 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
9
tac3(AD - DB) = % -35 [ns] (n=5 with 2 wait states and n=7 with 3 wait states)
9
tac4(RAS - DB) = % —35 [ns] (m=3 with 1 wait state and m=5 with 2 wait states)
9
tac4(CAS — DB) = % —35 [ns] (n=1 with 1 wait state and n=3 when 2 wait states)
9
tac4(CAD — DB) = % —35 [ns] (I=1 with 1 wait state and =2 with 2 wait states)
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Timing Requirements
(Vcc =4.2t0 5.5V, Vss = 0V at Topr =-20 to 85°C unless otherwise specified)

Vcc =5V

Table 5.8 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min Max
tcera) TAiN input cycle time 100 ns
tW(TAH) TAiN input high ("H") pulse width 40 ns
tW(TAL) TAiN input low ("L") pulse width 40 ns
Table 5.9 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min Max
tc(ra) TAIN input cycle time 400 ns
tw(TAH) TAIN input high ("H") pulse width 200 ns
tW(TAL) TAiN input low ("L") pulse width 200 ns
Table 5.10 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard
Symbol Parameter Unit
Min Max
tc(a) TAIN input cycle time 200 ns
tW(TAH) TAIN input high ("H") pulse width 100 ns
tw(TAL) TAiN input low ("L") pulse width 100 ns

Table 5.11 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min Max
tw(TAH) TAIN input high ("H") pulse width 100 ns
tw(TAL) TAiN input low ("L") pulse width 100 ns

Table 5.12 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard
Symbol Parameter - Unit
Min Max
tcwup) TAiouT input cycle time 2000 ns
tw(uPH) TAiour input high ("H") pulse width 1000 ns
tw(upL) TAiour input low ("L") pulse width 1000 ns
tsup-miN) | TAiouT input setup time 400 ns
th(rin-up) TAiout input hold time 400 ns
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Vcc =5V
Timing Requirements
(Vcc =4.2t0 5.5V, Vss =0V at Topr =20 to 85°C unless otherwise specified)

Table 5.13 Timer B Input (Count Source Input in eEvent Counter Mode)

Standard )
Symbol Parameter - Unit
Min Max
tcms) TBiN input cycle time (counted on one edge) 100 ns
tw(TBH) TBim input high ("H") pulse width (counted on one edge) 40 ns
tw(msy TBim input low ("L") pulse width (counted on one edge) 40 ns
team TBim input cycle time (counted on both edges) 200 ns
tw(TBH) TBim input high ("H") pulse width (counted on both edges) 80 ns
tw(msy TBim input low ("L") pulse width (counted on both edges) 80 ns
Table 5.14 Timer B Input (Pulse Period Measurement Mode)
Standard )
Symbol Parameter - Unit
Min Max
tcm) TBiN input cycle time 400 ns
tw(TBH) TBim input high ("H") pulse width 200 ns
tw(rBL) TBi input low ("L") pulse width 200 ns
Table 5.15 Timer B Input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min Max
tcm) TBi input cycle time 400 ns
tw(TBH) TBim input high ("H") pulse width 200 ns
tw(TeL) TBim input low ("L") pulse width 200 ns
Table 5.16 A/D trigger Input
Standard )
Symbol Parameter Unit
Min Max
tc(ap) ADra input high ("H") pulse width (trigger available at minimum) 1000 ns
tw(apL) ADTra input low ("L") pulse width 125 ns
Table 5.17 Serial /O
Standard .
Symbol Parameter - Unit
Min Max
tee CLKi input cycle time 200 ns
tw(ckH) CLKi input high ("H") pulse width 100 ns
twcky) CLKi input low ("L") pulse width 100 ns
tdco TxDi output delay time 80 ns
thcQ TxDi hold time 0 ns
tsuoo RxDi input hold time 30 ns
thcQ RxDi input hold time 90 ns
Table 5.18 External Interrupt INTi Input
Standard )
Symbol Parameter - Unit
Min Max
tW(INH) INTi input high ("H") pulse width 250 ns
twiny INTi input low ("L") pulse width 250 ns
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Vcc =5V
Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr = —-20 to 85°C unless otherwise specified)

Table 5.19 Memory Expansion Mode and Microprocessor Mode (with No Wait State)

Symbol Parameter Mi%%%ﬁg}? nt Standard Unit
Min Max
tdeckap) | Address output delay time 18 ns
theckap) | Address output hold time (BCLK standard) -3 ns
th(ro-AD) Address output hold time (RD standard) 0 ns
thwwr-AD) Address output hold time (WR standard) (Note 1) ns
tdeckes) | Chip-select signal output delay time 18 ns
theokes) | Chip-select signal output hold time (BCLK standard) -3 ns
throcs) Chip-select signal output hold time (RD standard) 0 ns
thmwrcs) Chip-select signal output hold time (WR standard) See Figure 5.1 (Note 1) ns
tdeckAE) | ALE signal output delay time 18 ns
theokalE) | ALE signal output hold time -2 ns
tdeckrp) | RD signal output delay time 18 ns
theckrp)  |RD signal output hold time -5 ns
tdeakwr) | WR signal output delay time 18 ns
tdeakwr) | WR signal outpu hold time -3 ns
tdoBwWR) Data output delay time (WR standard) (Note 1) ns
thwrDB) Data outpu hold time (WR standard) (Note 1) ns
tWwR) Write pulse width (Note 1) ns
NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequency.
td(DB - WR) = Lg —-20 [ns]
f(BCLK)
10°
th(WR - DB) = W —10 [ns]
10°
th(WR — AD) = —f(BCLK) X2 10 [ns]
th(WR - CS) = A -10 [ng]
f(BCcLK) X 2
tw(WR) = A -15 [ng]
f(BCLK) X 2
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Switching Characteristics
(Vcc =4.2to 5.5V, Vss = OV at Topr = —20 to 85°C unless otherwise specified)

Table 5.20 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory)

Vcc =5V

Symbol Parameter M%%Sn%ﬁgfm Standard Unit
Min Max

tdeckap) | Address output delay time 18 ns
theokap) | Address output hold time (BCLK standard) -3 ns
thro-AD) Address output hold time (RD standard) 0 ns
thpwR-AD) Address output hold time (WR standard) (Note 1) ns
tdeckecs) | Chip-select signal output delay time 18 ns
theckes) | Chip-select signal output hold time (BCLK standard) -3 ns
throcs) Chip-select signal output hold time (RD standard) 0 ns
thwwrcs) Chip-select signal output hold time (WR standard) See Figure 5.1 (Note 1) ns
tdeckaE) | ALE signal output delay time 18 ns
theckas) | ALE signal output hold time -2 ns
tdeckrp)  |RD signal output delay time 18 ns
theckrp)  |RD signal output hold time -5 ns
tdeckwr) | WR signal output delay time 18 ns
tdeckwr) | WR signal outpu hold time -3 ns
tdoBwR) Data output delay time (WR standard) (Note 1) ns
thpwrDB) Data outpu hold time (WR standard) (Note 1) ns
twwR) Write pulse width (Note 1) ns
NOTES:

1. A value can be obtained from the following expressions according to the BCLK frequency.

td(DB - WR) = M -20 [ns] (n=1 with 1 wait state, n=2 with 2 wait states

fieeLky . and n=3 with 3 wait states)
10
th(WR - DB) = W -10 [ns]
10°
th(WR - AD) = W -10 [ns]
th(WR —CS) = A —-10 [ns]
f(BCLK) X 2
tw( WR) = & -15 [ns] (n=1 with 1 wait state, n=3 with 2 wait states
fecL) X 2 and n=5 with 3 wait states)
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Vcc =5V

Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr = —-20 to 85°C unless otherwise specified)

Table 5.21 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting a Space with the
Multiplexed Bus)

Symbol Parameter M%%snL:jri%m?nt Standard Unit
Min Max
tdeok-Ap) | Address output delay time 18 ns
theck-ap) | Address output hold time (BCLK standard) -3 ns
thrp-AD) Address output hold time (RD standard) (Note 1) ns
thwr-AD) Address output hold time (WR standard) (Note 1) ns
tdeokcs) | Chip-select signal output delay time 18 ns
theokcs) | Chip-select signal output hold time (BCLK standard) -3 ns
thro-cs) Chip-select signal output hold time (RD standard) (Note 1) ns
thwrcs) Chip-select signal output hold time (WR standard) (Note 1) ns
tdeoxkrp)  |RD signal output delay time See Figure 5.1 18 ns
theok-ap)  |RD signal output hold time -5 ns
tdeokwr) | WR signal output delay time 18 ns
tdeckwr) | WR signal output hold time -3 ns
tdoBwR) Data output delay time (WR standard) (Note 1) ns
thwr-pB) | Data output hold time (WR standard) (Note 1) ns
tdeckaE) | ALE signal output delay time (BCLK standard) 18 ns
theckas | ALE signal output hold time (BCLK standard) -2 ns
tdDALE) ALE signal output delay time (address standard) (Note 1) ns
th(aLE-AD) ALE signal output hold time (address standard) (Note 1) ns
tdzroap) | Address output high-impedance time 8 ns
NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequency.
th(RD - AD) = __10° —10 [ns]
f(BCLK) X 2
th(WR — AD) = A —-10 [ns]
f(ecLKk) X 2
th(RD - CS) = A -10 [ns]
f(BCLK) X 2
th(WR - Cs) = i -10 [ng]
f(ecLk) X 2
10°X m _ _ _ _
tdDB-WR)= —/—————~ —25 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
fecLk) X 2
10°
th(WR - DB) = W —-10 [ns]
td(AD — ALE) = i -20 [ns]
f(BCLK) X 2
10 °
th(ALE — AD) = 7f(3c:u<) X2 10 [ns]
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Vcc =5V
Switching Characteristics
(Vcc =4.2t0 5.5V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 5.22 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting the DRAM Area)

Symbol Parameter Me‘,':%snl:jri%gwnent .Standard Unit
Min Max
tdeakap)  |Row address output delay time 18 ns
theok-ap)  |Row address output hold time (BCLK standard) -3 ns
thecLk-cap) | Column address output delay time 18 ns
tdecLk-cap) | Column address output hold time (BCLK standard) -3 ns
th(ras-rRaD) |ROwW address output hold time after RAS output (Note 1) ns
tdecLk-rAs) |RAS output delay time (BCLK standard) 18 ns
thecLk-ras) |RAS output hold time (BCLK standard) See Figure 5.1 -3 ns
trRP RAS high ("H") hold time (Note 1) ns
tdecLk-cas) | CAS output delay time (BCLK standard) 18 ns
thecLk-cas) | CAS output hold time (BCLK standard) -3 ns
tdecLk-bw) |DW output delay time (BCLK standard) 18 ns
thecLk-bw) |DW output hold time (BCLK standard) -5 ns
tsups-cas) |CAS output setup time after DB output (Note 1) ns
thecwk-be  |DB signal output hold time (BCLK standard) -7 ns
tsu(cas-ras) | CAS output setup time before RAS output (refresh) (Note 1) ns
NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequency.
10°
th(RAS — RAD) = e X2 " 13 [ns]
tRP = L X3-20 [ng]
fBCLK) X 2
tsu(DB — CAS) = _10° -20 [ns]
f(BCLK)
9
tsu(CAS - RAS) = 10 -13 [ns]
f(BCLK) X 2
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PO O
P1

P2 30pF
P3

=]

P5
P6

P7

P8
P9

P10
P11
P12
P13 Note 1
P14
P15

NOTES:
1. P11 to P15 are provided in the 144-pin package only.

Figure 5.1 PO to P15 Measurement Circuit

Rev.1.00 Jun. 01,2004  page 56 of 83 RENESAS



M32C/81 Group 5. Electrical Characteristics (Vcc=5V)

Memory expansion mode and microprocessor mode (with no wait state)
Read timing

S A W 2 U L W S U

td(BCLK-ALE) | th(BCLK-ALE) |
18ns.max > . in !
) < -2ns.min ;

: th(BCLK-RD)

tacl(RD DB)@

v
v

ALE : . ; 5 ;
| td(BCLK-CS)  th(BCLK-CS) i 5 :
<> 18ns.max® " -3ns.min | ' ' '

csi -\ i i ! 1\ L/ E
Ll teyc > < th(RD-CS) ; 5 E
b : > ; ! Ons.min: | ' '

td(BCLK-AD) | ' : 5 ;
> 18ns.max® ﬂ?%hﬁ nAqI%) i : '

ADi —, . : : 5 E

=S G——1 X -
! ! td(BCLK-RD) , 5 < th(RD- AD) ; 5 ;
. 1 18ns.max*> - Ons.min ' '

-5ns.min |

S e S Y o e S

tsu(DB- BCLK) w—» <—>1 th(RD DB)

. 26ns.min® ons.min
NOTES:

1. A value is guaranteed with no external factor. Maximum 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).

2. It varies with the operation frequency.

tac1(RD-DB)=(tcyc/2-35)ns.max
) . tac1(AD-DB)=(tcyc-35)ns.max . .

Write timing (written in 2 cycles with no wait state)

ST AR VD S W 2 W £
1 18ns.max \ . H

td(<B_(ELK ALE) _>E '« th(BCLK- ALE)
ALE 5 .V E \: -2ns.min :
1 td(BCLK-CS) th(BCLK-CS)
<™ 18ns.max| <> -3ns.min :

o\ i

teyc!

! th(WR-CS)®
P

I PRSP AN I

'td(BCLK-AD)

'th(BCLK- AD)
1 18ns.max;

:
:
\ ! -3ns.min
T :
: H
:

ADi 5 T
BHE A e , , ] )X
5 | WBCLKWR) | o) LM)—»
: ' W(WR)( !
! , 18ns. maxu—»w—g»; '
WR,WRL ; ; ; ; ;
WRH : : : \—_/ th(BCLK-WR)
H 1 —» e-3nS.min | !
; b1 tdoB-wR)® i ith(WR-DB)® ‘5 : ;
DBi e - i B D s R
NOTES: Measurement conditions
1. It varies with the operation frequency. * Vce=4.2t0 5.5V
td(oB-WR)=(tcyc-20)ns.min « Input high and low voltage: ViH=2.5V, ViL=0.8V
thwR-DB)=(tCyc/2-10)ns. m!n  Output high and low voltage: VoH=2.0V, VoL=0.8V

th(WR-AD)=(tcyc/2-10)ns.min
th(wR-CS)=(tcyc/2-10)ns.min
tw(WR)=(tcyc/2-15)ns.min

Figure 5.2 Vcc=5V Timing Diagram (1)
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M32C/81 Group 5. Electrical Characteristics (Vcc=5V)

Memory expansion mode and microprocessor mode (with a wait state)
Read tlmmg ,

BCLK J 18ns.max ! 4/

td(BCLK-ALE) ! th(BCLK ALE):

anmn

> & :
' -5ns.min

lang > * ons.min |
ALE Ly ; ; 5 / | \ |
PR | td(BCLK- Cs) i i | . th(BCLK-CS) 3
‘ 18ns. max(l) : , ¥ -3ns.min !
csi : f - : ! 4 : g
: teyc i 5 3 « th(RD-CS) :
- ‘ j > : P Ons.min !
td(BCLK-AD) ! i | th(BCLK-AD) ! :
' > 18ns.max® : ! - in . ¥
ADi ! X ' : : : :XM : l
BHE  ——h—— : : i s s
; 1d(BCLK-RD), : : >t = th(RD-AD) : E
! 18ns.max! L !
RD ' ! i i ! '{ A\ L/
T tac2(RD DB)(Z) : th(BCLK RD) i

P ' tac2(AD-DB)® Pl |
R S S S e S S e G D S
5 5 Hi-Zz tsu(DB-BCLK) —»t ’:<->th(RD DB) ! E
' ! ; 26ns.min®’ ' 1 i0ns.min : l 1
Notes : '
1. A value is guaranteed with no external factor. Maximum 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).
2. It varies with the operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state, m=5 with 2 wait states and m=7 with 3 wait states.)
tac2(AD-DB)=(tcyc X n-35)ns.max (n=2 with 1 wait state, n=3 with 2 wait states and n=4 with 3 wait states.)

Write timing (written in 2 cycles with no wait state)

BCLK W\—/—\I\—/i\_

| td(BCLK-ALE)! 5 : !
D (, —; 4= th(BCLK- ALE) i | ! 5
ALE L ;| -2ns.min | i L/ P\ i
‘e (BCLKCS) i i | th(BCLK-CS) ;
_ i 1 18ns. maxl i i ' ' -3ns.min 5 i
csi "\ . ; : L 5
« tcy"i > L L thWR-CS)® i
i 1td(BCLK-AD) i o : wth(BCLK AD) :
: . 18ns.maxi : P J‘" -3ns.min_: '
ADi : : . T ! X ? ;
BHE  — a : = - ' ;
5 | td(BCLK-WR) 1 twWR)D | th(WR-AD)® ! i !
1 ‘—I—’v 1 !
WR WRL : f 18ns.max ; > ' '
WRH ; 5 4 th(BCLK- WR) ;
! : , : S @ -3ns.min Do :
i D e tdDB-WRYY | pe INOWR-DBYD i :
DBi IRy ( : : : )’ """"" """"""""""""""""
NOTES: Measurement conditions
1. It varies with the operation frequency. * Vce=4.210 5.5V
td(DB-WR)=(tcyc x n-20)ns.min * Input high and low voltage:
(n=1 with 1 wait state, n=2 with 2 wait states and n=3 with 3 wait states) VIH=2.5V, ViL=0
th(wR-DB)=(tcyc/2-10)ns.min * Output high and low voltage:
th(WR-AD)=(tcyc/2-10)ns.min VoH=2.0V, VoL=0.8V

th(wr-cS)=(tcyc/2-10)ns.min
tw(wR)=(tcyc/2 x n-15)ns.min
(n=1 with 1 wait state, n=3 with 2 wait states and n=5 with 3 wait states)

Figure 5.3 Vcc=5V Timing Diagram (2)
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M32C/81 Group

5. Electrical Characteristics (Vcc=5V)

Read timing

Memory expansion mode and microprocessor mode
(with a wait state, when accessing an external memory and using the multiplexed bus)

1. It varies with the oi)eratlon frequency.
td(AD-ALE)=(tcyc/2-20)ns.min

BCLK \ / \ \
118ns.max ' ' ' ! : :
td(BCLK-ALE) th(BCLK-ALE) : : : : :
- < 2ns.min | . . ' ! !

ALE -/ A | z | | e

td(BCLK-CS) ! A teye ‘ ey IN(BCLK-CS)
E<—> 18ns.max e ' g D e 1 -3ns.min

Csi \ o : : : L thRD-CS)D | T
! td(AD-ALE)® | | th(ALE- AD) g ; Co P 5
I > : : : C : :
ADI X Address P >td ey /'_\"D') """""" i Data input_}------- +---{ Address
/DB D E<—ans max : b th(RD-DB) :
5 itd(BCLK-AID) E E := : ‘tSLI(DE Bz(:6|r_1|;)mm£ ' OHS.TTIIFIz th(BCLK-AD) i
ADI <> 18ns.max’ b tac3(RD-DB) : D <> 3ns.min !
| | j . 1 j T | o T . T
A G L L i G
b : : R P> :
: tac3(AD-DB) | td(BCLK-RD) ! | th(BCLK-RD): | th(RD-AD)® - :
5 i i . 18ns. maxi E -5ns.min —> 4— : i
D | | —\ | | ¥ | |

NOTES: '

th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 2 wait states and m=5 with 3 wait states)
. tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 with 2 wait states and n=7 with 3 wait states)
Write timing (written in 2 cycles with no wait state)

td(AD-ALE)=(tcyc/2-20)ns.min

td(DB-WR)=(tcyc/2 x m-25)ns.min

1. It varies with the operation frequency.

T A S T L U A

118ns.max H ' i i i : :
td(BCLK-ALE) _:  IN(BCLK-ALE) i 5 ; ; ;
—> —> < -2ns.min . : : : : i

ALE L L : : : : L/ A\

5 o i foyc | i i | 1 th(BCLK-CS)
> td(BOLK- ) i i > L th(WR-CS)® "t -3ns.min
— 1 18ns.max: ! ! ! ! | — T
Csi L\ ¥ ! ! : B : ;
td(AD-ALE)® || th(ALE- AD)D | i i . i :
H H—:PH——.H: | | L \ :

;EDBI- B Address X : | Data output | | i X Address
I . | 1 > . e — 1
i : v ! tdDB-WR)® D | th(WR-DB '

| td(BCLK-AD) ! , oBR) L WRDB)Y 45y a)
ADi : ' 18ns.max! ! ! ' ' r 5-3ns.m|n '
! . . . ; . T . .
BHE i A i i : i — : X :
. 1 1 . . . :‘—‘_’f 1
i i | td(BCLK-WR) ! |th(BCLK-WR) | | th(WR-AD)® ;
- ' ' ~<—> ' -3ns.min > < ' '
WRWRL,— : — 1o | ¥ : :
WRH i : P : i i i :

NOTES: Measurement conditions

th(ALE-AD)=(tcyc/2-10)ns.min, th(wR-AD)=(tcyc/2-10)ns.min
th(WR-CS)=(tcyc/2-10)ns.min, th(wr-DB)=(tcyc/2-10)ns.min

*Vcc=4.2 to 5.5V

* Input high and low voltage:
VIH=2.5V, VIL=0.8V

« Output high and low voltage:
VoH=2.0V. VoL=0.8V

Figure 5.4 Vcc=5V Timing Diagram (3)
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M32C/81 Group 5. Electrical

Characteristics (Vcc=5V)

Memory expansion mode and microprocessor mode
(When accessing the DRAM area)

Read timing

BCLK
~ td(BCLK-CAD)
> 18ns.max®

teyc

h
'
'

>

! ' '

R '

'

'

'

t:h(BCLK—CAD)

td(BCLK—R‘AD) th(BCLK—RAD)I "
. . e -3ns.min

«»i18ns.max_-3ns.min® |

MAI X Row address! X

mn address

th(RAS-RAD)®@

>

. ‘ Colu
i i i tRP@

e th(BCLK-RAS)

td(BCLK-RAS) ! td(BCLK-CAS)

td(BCLK-RAS) + tsu(DB-BCLK)
td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)

2. It varies with the operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state and m=5 with 2 wait states)
tac4(CAs-DB)=(tcyc/2 x n-35)ns.max (n=1 with 1 wait state and n=3 with 2 wait states)
tac4(CAD-DB)=(tcyc x |-35)ns.max (I=1 with 1 wait state and =2 with 2 wait states)
th(RAS-RAD)=(tcyc/2-13)ns.min
trRP=(tcyc/2 x 3-20)ns.min

Measurement conditions
*Vcec=4.2to 5.5V
« Input high and low voltage: ViH=2.5V, VIiL=0.8V
 Output high and low voltage: VoH=2.0V, VoL=0.8V

118ns.max(®); <> 18ns.max® . Snsmin
CASL Do P P\ i : ! g
CASH | P P : 5 > '« th(BCLK-CAS) !

' P b ; i o -3ns.m;in §
oW P L i tac4(CAS-DB)® 1! i §

‘ P tac4(CAD-DB)(2)f :

: D tac4(RAS-DB)? : ;
SARE S A S S G550 IS B —

; : : | tSU(DB-BCLK) i«—» -»th(CAS-DB) |

' I ' ' * 26ns.min® ' ons.min

NOTES:

1. A value is guaranteed with no external factor. Maximum 35ns is guaranteed for td(BCLK-AD)+tsu(DB-BCLK).

Figure 5.5 Vcc=5V Timing Diagram (4)
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M32C/81 Group 5. Electrical Characteristics (Vcc=5V)

Memory expansion mode and microprocessor mode
(When accessing the DRAM area)

Write timing .

BCLK . ' ' ' ' j ﬂ

teyc

A h B
' ' ' '
' ' ' '
¢ > ' ' '
% > H H

H '
'

td(BCLK-RAD) !« 3 d(BCLK-CAD)
18ns.max th(BCLK'RAD_) v 1t 18ns.max
- i -3ns.mine

MAI x Row address | |

th(BCLK-CAD)
e -3ns.min

Column addréss X

i th(RAS-RAD)D
' N " Ly

-

<

tRPM

- i« th(BCLK-RAS)

td(BCLK-RAS) ~ td(BCLK-CAS),

i E‘"‘:ans.qu f_h 18ns.max : o —3ns.r'r:1in E
CASL 5 : P\ ; : ¥ : |
CASH 5 ; Do i E - 1+ th(BCLK-CAS) E
'[d(!BCLK-DW) ! f P ! ; E —Sns.r’rlun E
. :"”.18ns.m§x '
DW o\ ! ; N : : ¥ : :
o ; ? P : ; — < th(BCLK-DW) ;
; | tsuDB-CAS)® | i : ; i~ -Bns.min :
Hiz : — : : — :
DB c-hetereneee 4 ; ; ; : [ SRR FARREEELELE SARRELE
! 5 5 f ; E *—>! th(BCLK-DB) :
' ' ' : ! ! -7ns.min
NOTES:

1. It varies with the operation frequency.
th(RAS-RAD)=(tcyc/2-13)ns.min

tRP=(tcyc/2 x 3-20)ns.min
tsu(DB-CAS)=(tcyc-20)ns.min

Measurement conditions
*Vce=4.2 t0 5.5V
« Input high and low voltage: VIiH=2.5V, VIL=0.8V
 Output high and low voltage: VoH=2.0V, VoL=0.8V

Figure 5.6 Vcc=5V Timing Diagram (5)
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Memory expansion mode and microprocessor mode
Refresh timing (CAS-before-RAS refresh)

BCLK h s
| td(BCLK-RAS) — ey L
~ '\:‘ 18ns.max i i o
RAS ! i DY : | : ) '
' h ! . T N "~ th(BCLK-RAS
tsu(CAS-RAS)D) : I ; eian -3(ns min )
' ' < ; \ : ; I : o
CASL | \ - !
CASH  |td(BCLKCAS) | ; ; i : > '« th(BCLK-CAS)
: - ' ! ' : : -3ns.min
18ns.max :
bW
NOTES :

1. It varies with the operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh timing (Self-refresh)

BCLK

td(BCLK-RAS),
18ns.max <>

1

R i A
RAS ! P\ : /s ; b :
i b : ) : > e th(BCLK-RAS)
|1 tsu(CAS-RAS)V ! : ; 5 ; -3ns.min
— L e : : - : : -
CASL i \ i ; s , ; :
CASH ' : A : > '« th(BCLK-CAS)
> {d(BCLK-CAS) : : ; : L s
18ns.max ! ' ( ( i
DW i 5 L/

NOTES:

1. It varies with the operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Measurement conditions
*Vcc=4.2 to 5.5V
« Input high and low voltage: ViH=2.5V, VIL=0.8V
 Output high and low voltage: VoH=2.0V, VoL=0.8V

Figure 5.7 Vcc=5V Timing Diagram (6)
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5. Electrical Characteristics (Vcc=5V)

)

)

tc(TA) N
tw(TAH)
<>
TAIIN input
_ tw(TAL) N
tc(uP) N
tw(UPH)
TAIOUT input
tw(UPL) N
TAIOUT input

(Counter increment/

X

decrement input)
In event counter mode

TAIIN input —
(When counting on falling th(Tin-UP) <>\ fsu(UP-TiN)
edge is selected)
TAIIN input y
(When counting on rising
edge is selected)
tc(TB) N
tw(TBH)
TBIIN input
tw(TBL)
tc(AD) N
tw(ADL)
- <>
ADTRG input J
fc(CK) N
twiekH)_
CLKi
tw(CKL) N
th(C-Q)
TxDi >< ><
td(c—Q) tsu(D-C) < > th(C-D)
RxDi /{ *
tw(INL)
INTi in
put tw(INH) j\—/

Figure 5.8 Vcc=5V Timing Diagram (7)
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5. Electrical Characteristics (Vcc=5V)

(Valid only with a wait state)

BCLK

RD
(Separate bus) \

Memory expansion mode and microprocessor mode

/S

[vee=sv ]

WR, WRL, WRH
(Separate bus) \

RD
(Multiplexed bus) \

WR, WRL, WRH
(Multiplexed bus) \

RDY input

tsu(RDY-BCLK)

(Valid with a wait state or with no wait state)

<€<—> th(BCLK-RDY)

Measurement conditions

*\VCC=4.2 t0 5.5V

« Input high and low voltage: VIH=4.0V, VIL=1.0V

« Output high and low voltage: VOH=2.5V, VOL=2.5V

—> < {d(BCLK-HLDA)

BCLK

tsu(HOLD-BCLK) | | th(BCLK_HOLD)

<> > <
HOLD input \ ;
HLDA output | N

td(BCLK-HLDA) — > <€

PO, P1, P2, i R T
P3, P4, ) ; 1
P50 to P52 ‘ : ‘

Figure 5.9 Vcc=5V Timing Diagram (8)
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5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Table 5.23 Electrical Characteristics (Vcc=3.0 to 3.6V, Vss=0V at Topr = -20 to 85°C,
unless otherwise specified)

Symbol Parameter Condition Standard Unit
Min | Typ | Max
VoH Output high ("H") PO0o-P07, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |loH=-1mA 2.7 \%
voltage P57, P60-P67, P72-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P14s, P150-P157Y
Xour lot=-0.1mA 2.7 \Y
Xcour No load applied 3.3 \Y,
Voo Output low ("L") PO0o-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |lo.=1mA 0.5 \%
voltage P57, P60-P67, P70-P77, P80-P84, P86, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P1570
Xour lo=0.1mA 0.5 \Y
Xcour No load applied 0 \%
VT+VT  |Hysteresis HOLD, RDY, TAON-TA4N, TBON-TB5IN, INTO-INTS5, 0.2 10 | V
ADTrRs, CTS0-CTS4, CLKO-CLK4, TAOour-TA4our,
NMI, KIO-KI3, RxD0-RxD4, SCLO-SCL4, SDAO-
SDA4
RESET 0.2 1.8 \
IH Input high ("H") P00-P0O7, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |Vi=Vcc 4.0 | pA
current P57, P60-P67, P72-P77, P80-P87, P90-P97, P100-
P107, P110-P114, P120-P127, P130-P137, P140-
P146, P150-P157, Xiv, RESET, CNVss, BYTE
I Input low ("L") current [P0o-P07, P10-P17, P20-P27, P30-P37, P40-P47, P50- |Vi=0V -4.0 | A
P57, P60-P67, P72-P77, P80-P87, P90-P97, P100-
P107, P110-P114, P120-P127, P130-P137, P140-
P14, P150-P157Y, X, RESET, CNVss, BYTE
Rpuup  [Pull-up resistance P0o-PO07, P1o-P17, P20-P27, P30-P37, P40-P47, P50- |VI=0V 66 120 | 500 | kQ
P57, P60-P67, P72-P77, P80-P84, P8s, P87, P90-P97,
P100-P107, P110-P114, P120-P127, P130-P137,
P140-P146, P150-P1579
RfxN Feedback resistance |Xin 3.0 MQ
Rfxan Feedback resistance |Xan 20.0 MQ
VRAM RAM standby voltage |Through VDC 25 \Y,
Not through VDC 2.0
lcc Power supply current |Measurement condition: f(Xi)=20 MHz, square wave, 17 38 | mA
In single-chip mode, output no division
pins are left open and other g o 0=35H7 “with a wait state, 5.0 my
pins are connected to Vss. not through VDC, Topr=25° C
f(Xan)=32 kHz, with a wait state, 340 HA
through VDC, Topr=25° C
Topr=25° C when the clock stops 04 | 20 | MA
NOTES:

1. P11 to P15 are provided in the 144-pin package only.
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5. Electrical Characteristics (Vcc=3.3V)

Table 5.24 A/D Conversion Characteristics (Vcc = AVcc = VREF = 3.0 to 3.6V,
at Topr = —-20to 85°C, unless otherwise specified)

Vcc = 3.3V

Vss = AVss = OV

Symbol Parameter Mec%Snlgi?ig]r?m : Standard Unit
Min | Typ | Max
- Resolution VRer=Vce 10 | Bits
INL Integral nonlinearity error No S&H function (8-bit) | Vcc=Vre=3.3V +2 |LSB
DNL Differential nonlinearity error |No S&H function (8-bit) +1 |LSB
- Offset error No S&H function (8-bit) +2 |LSB
- Gain error No S&H function (8-bit) +2 |LSB
RLADDER Resistor ladder VRrRe=Vce 8 40 | kQ
tconw 8-bit conversion time 4.9 ps
VREF Reference voltage 3.0 Vec |V
Via Analog input voltage 0 Vrer | V
S&H: Sample and hold
NOTES:

1. Divide f(XiN), if exceeding 10 MHz, to keep @AD frequency less than or equal to 10 MHz.

Table 5.25 D/A Conversion Characteristics (Vcc = VREr = 3.0 to 3.6V, Vss = AVss = 0V
at Topr = -20to 85°C, unless otherwise specified)

Symbol Parameter Measurement condition . Standard Unit
Min | Typ | Max
- Resolution 8 | Bits
- Absolute accuracy 10| %
tsu Setup time 3 us
Ro Output resistance 4 10 | 20 | kQ
IVREF Reference power supply input current (Note 1) 1.0 | mA
NOTES:

1. Mesurement condition is that one of two D/A converters is used and the DAI register (i=0, 1) for the
unused D/A converter to "0016". The resistor ladder in the A/D converter is exclued.
Ivrer flows even if the ADICONL register is set to "0" (no VRer connection).
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Timing Requirements (Vcc = 3.0 to 3.6V, Vss = 0V at Topr = —20 to 85°C unless otherwise specified)

Table 5.26 External Clock Input

Symbol Parameter Standard Unit
Min Max

tc External clock input cycle time 50 ns

tw(H External clock input high ("H") pulse width 22 ns

two External clock input low ("L") pulse width 22 ns

tr External clock rising-edge time 5 ns

tf External clock falling-edge time 5 ns

Table 5.27 Memory Expansion Mode and Microprocessor Mode

Symbol Parameter 'Standard Unit
Min Max

taclrooe) |Data input access time (RD standard, with no wait state) (Note 1)| ns
taclpop |Data input access time (AD standard, CS standard, with no wait state) (Note 1)| ns
tac2rooe) |Data input access time (RD standard, with a wait state) (Note 1)| ns
tac2pop  |Data input access time (AD standard, CS standard, with a wait state) (Note 1)| ns
tac3rooe) |Data input access time (RD standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac3poe  |Data input access time (AD standard, CS standard, when accessing a space with the multiplexed bus) (Note 1)| ns
tac4rasop) |Data input access time (RAS standard, when accessing a DRAM space) (Note 1)| ns
tac4casoe) |Data input access time (CAS standard, when accessing a DRAM space) (Note 1)| ns
tac4crope) |Data input access time (CAD standard, when accessing a DRAM space) (Note 1)| ns
tsupesck) |Data input setup time 30 ns
tsuroy-ecl) [RDY input setup time 40 ns
tsurHopeelk) [HOLD input setup time 60 ns
th(ro-DB) Data input hold time 0 ns
th(casog) Data input hold time 0 ns
thecLk-roy) |RDY input hold time 0 ns
th@ckHop) |HOLD input hold time 0 ns
tdeoHoy |HLDA output delay time 25 ns

NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequecncy. Insert a wait state or use lower
f(eck) as an operation frequency if a calculated value is negative.

9
tac1(RD - DB) = 0 35 [ns]
( ) f(BCLK) X 2
10°
tac1(AD — DB) = T 35 [ns]
9
tac2(RD - DB) = % -35 [ns] (m=3 with 1 wait state, m=5 with 2 wait states
and m=7 with 3 wait states)
10°X n
tac2(AD — DB) = “eoo 35 [ns] (n=2 with 1 wait state, n=3 with 2 wait states
0 and n=4 with 3 wait states)
tac3(RD - DB) = % -35 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
9
tac3(AD - DB) = % -35 [ns] (n=5 with 2 wait states and n=7 with 3 wait states)
9
tac4(RAS — DB) = % —35 [ns] (m=3 with 1 wait state and m=5 with 2 wait states)
9
tac4(CAS — DB) = % —35 [ns] (n=1 with 1 wait state and n=3 when 2 wait states)
9
tac4(CAD — DB) = % —35 [ns] (I=1 with 1 wait state and =2 with 2 wait states)
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M32C/81 Group

5. Electrical Characteristics (Vcc=3.3V)

Timing Requirements

Vcc = 3.3V

(Vcc =3.0to 3.6V, Vss = 0V at Topr =-20 to 85°C unless otherwise specified)

Table 5.28 Timer A Input (Count Source Input in Event Counter Mode)

Standard )
Symbol Parameter Unit
Min Max
tca TAiN input cycle time 100 ns
tw(TAH) TAiN input high ("H") pulse width 40 ns
tw(TAy TAiN input low ("L") pulse width 40 ns
Table 5.29 Timer A Input (Gate Input in Timer Mode)
Standard
Symbol Parameter - Unit
Min Max
tcan TAIN input cycle time 400 ns
tw(raH) TAiN input high ("H") pulse width 200 ns
tw(ray TAiN input low ("L") pulse width 200 ns
Table 5.30 Timer A Input (External Trigger Input in One-Shot Timer Mode)
Standard
Symbol Parameter Unit
Min Max
tcan) TAIN input cycle time 200 ns
twiTaH) TAiN input high ("H") pulse width 100 ns
tw(ray TAiN input low ("L") pulse width 100 ns

Table 5.31 Timer A Input (External Trigger Input in Pulse Width Modulation Mode)

Standard
Symbol Parameter Unit
Min Max
tw(raH) TAiN input high ("H") pulse width 100 ns
tw(ray TAiN input low ("L") pulse width 100 ns

Table 5.32 Timer A Input (Counter Increment/decrement Input in Event Counter Mode)

Standard
Symbol Parameter Unit
Min Max
tcup) TAiour input cycle time 2000 ns
tw(urH) TAiour input high ("H") pulse width 1000 ns
tw(ury TAiour input low (L") pulse width 1000 ns
tsuwpmy | TAiout input setup time 400 ns
thnup) TAiour input hold time 400 ns
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Timing Requirements
(Vcc =3.0to 3.6V, Vss =0V at Topr =20 to 85°C unless otherwise specified)

Table 5.33 Timer B input (Count Source Input in Event Counter Mode)

Standard .
Symbol Parameter - Unit
Min Max
tcas) TBiin input cycle time (counted on one edge) 100 ns
tW(TBH) TBi input high ("H") pulse width (counted on one edge) 40 ns
tw(TBL) TBin input low ("L") pulse width (counted on one edge) 40 ns
tcm TBi input cycle time (counted on both edges) 200 ns
tW(TBH) TBi input high ("H") pulse width (counted on both edges) 80 ns
tw(TBL) TBin input low ("L") pulse width (counted on both edges) 80 ns
Table 5.34 Timer B input (Pulse Period Measurement Mode)
Standard .
Symbol Parameter - Unit
Min Max
[ (e) TBi input cycle time 400 ns
tW(TBH) TBi input high ("H") pulse width 200 ns
tw(TBL) TBi input low ("L") pulse width 200 ns
Table 5.35 Timer B input (Pulse Width Measurement Mode)
Standard
Symbol Parameter Unit
Min Max
tcam TBiiN input cycle time 400 ns
tW(TBH) TBi input high ("H") pulse width 200 ns
tw(TBL) TBi input low ("L") pulse width 200 ns
Table 5.36 A/D Trigger Input
Standard .
Symbol Parameter Unit
Min Max
tco) ADre input high ("H") pulse width (trigger available at minimum) 1000 ns
twiaoL) ADra input low ("L") pulse width 125 ns
Table 5.37 Serial I/O
Standard .
Symbol Parameter - Unit
Min Max
tcex CLKi input cycle time 200 ns
twickH) CLKi input high ("H") pulse width 100 ns
twioky) CLKi input low ("L") pulse width 100 ns
tdcoQ TxDi output delay time 80 ns
thco TxDi hold time 0 ns
tsup- RxDi input hold time 30 ns
thco RxDi input hold time 90 ns
Table 5.38 External Interrupt INTi input
Standard )
Symbol Parameter - Unit
Min Max
tWONH) INTi input high ("H") pulse width 250 ns
twny INTi input low ("L") pulse width 250 ns
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss =0V at Topr =-20 to 85°C, unless otherwise specified)

Table 5.39 Memory Expansion Mode and Microprocessor Mode (with No Wait State)

Symbol Parameter Mi%%%ﬁg}? nt Standard Unit
Min Max
tdeckap) | Address output delay time 18 ns
theokap) | Address output hold time (BCLK standard) 0 ns
th(ro-AD) Address output hold time (RD standard) 0 ns
thwwr-AD) Address output hold time (WR standard) (Note 1) ns
tdeokes) | Chip-select signal output delay time 18 ns
theokes) | Chip-select signal output hold time (BCLK standard) 0 ns
throcs) Chip-select signal output hold time (RD standard) 0 ns
thmwrcs) Chip-select signal output hold time (WR standard) See Figure 5.1 (Note 1) ns
tdeckAE) | ALE signal output delay time 18 ns
theokAE) | ALE signal output hold time -2 ns
tdeckrp) | RD signal output delay time 18 ns
theckrp)  |RD signal output hold time -3 ns
tdeakwr) | WR signal output delay time 18 ns
tdeakwr) | WR signal outpu hold time 0 ns
tdoBwWR) Data output delay time (WR standard) (Note 1) ns
thwrDB) Data outpu hold time (WR standard) (Note 1) ns
tWwR) WR output width (Note 1) ns
NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequency.
10°
tdOB-WR)= —————— —20 [ns]
f(BCLK)
th(WR - DB) = A -10 [ng]
f(BCLK) X 2
th(WR — AD) = A -10 [ng]
f(BCcLK) X 2
10°
th(WR - CS) = W —-10 [ng]
tw(WR) = 10" ° -15 [ng]
f(BCcLK) X 2
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M32C/81 Group

5. Electrical Characteristics (Vcc=3.3V)

Switching Characteristics
(Vcc =3.0to 3.6V, Vss = 0V at Topr = -20 to 85°C unless otherwise specified)

Table 5.40 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory)

Vcc = 3.3V

Symbol Parameter Meca(t)sr%ri%rgr?nt Standard Unit
Min Max
tdeokap) | Address output delay time 18 ns
theok-ap) | Address output hold time (BCLK standard) 0 ns
th(ro-AD) Address output hold time (RD standard) 0 ns
thwr-AD) Address output hold time (WR standard) (Note 1) ns
tdeokes) | Chip-select signal output delay time 18 ns
theokes) | Chip-select signal output hold time (BCLK standard) 0 ns
thro-cs) Chip-select signal output hold time (RD standard) 0 ns
thpwrcs) Chlp-s.elect signal output .hold time (WR standard) See Figure 51 (Note 1) ns
tdeakaE) | ALE signal output delay time 18 ns
theakaE |ALE signal output hold time -2 ns
tdeaxro)  |RD signal output delay time 18 ns
theaxrop)  |RD signal output hold time -3 ns
tdeokwr) | WR signal output delay time 18 ns
tdeokwr) | WR signal outpu hold time 0 ns
tdoBwR) Data output delay time (WR standard) (Note 1) ns
thpwrDB) Data outpu hold time (WR standard) (Note 1) ns
twwR) WR output width (Note 1) ns
NOTES:
1. Avalue can be obtained from the following expressions according to the BCLK frequency.
10°Xn . . . :
tdoB-WR)= ———— - 20 [ns] (n=1 with 1 wait state, n=2 with 2 wait states
f(BCLK) . .
109 and n=3 with 3 wait states)
th(WR - DB) = W —-10 [ns]
th(WR — AD) = A —-10 [ns]
f(BCLK) X 2
th(WR - Cs) = L —10 [ns]
f(BCLK) X 2
tw( WR) = —_10°Xn_ —15 [ns] (n=1 with 1 wait state, n=3 with 2 wait states
f(BCLK) X 2

and n=5 with 3 wait states)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss =0V at Topr =20 to 85°C unless otherwise specified)

Table 5.41 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting a Space with the
Multiplexed Bus)

Symbol Parameter MeC%snléri%gﬂr?nt Standard Unit
Min Max
tdeokap) | Address output delay time 18 ns
theok-ap) | Address output hold time (BCLK standard) 0 ns
th(ro-AD) Address output hold time (RD standard) (Note 1) ns
thwr-AD) Address output hold time (WR standard) (Note 1) ns
tdeakcs) | Chip-select signal output delay time 18 ns
theakcs) | Chip-select signal output hold time (BCLK standard) 0 ns
thRro-cs) Chip-select signal output hold time (RD standard) (Note 1) ns
thpwrcs) Chip-select signal output hold time (WR standard) (Note 1) ns
tdeaxro)  |RD signal output delay time See Figure 5.1 18 ns
theakap)  |RD signal output hold time -3 ns
tdeakwr) | WR signal output delay time 18 ns
tdeckwr) | WR signal output hold time 0 ns
tdoBwWR) Data output delay time (WR standard) (Note 1) ns
thwr-pB) | Data output hold time (WR standard) (Note 1) ns
tdeckAE) | ALE signal output delay time (BCLK standard) 18 ns
theokalE) | ALE signal output hold time (BCLK standard) -2 ns
tdpoAp) ALE signal output delay time (address standard) (Note 1) ns
th(ae-2D) ALE signal output hold time (address standard) (Note 1) ns
tdzroap) | Address output high-impedance time 8 ns
NOTES:
1. A value can be obtained from the following expressions according to the BCLK frequency.
th(RD - AD) = i —-10 [ns]
f(BCLK) X 2
th(WR — AD) = 1709 —-10 [ns]
f(BCLK) X 2
th(RD - CS) = L -10 [ns]
f(BCLK) X 2
th(WR - CS) = 1709 —-10 [ns]
f(BCLK) X 2
td(DB - WR) = M —25 [ns] (m=3 with 2 wait states and m=5 with 3 wait states)
f(BCLK) X 2
10°
th(WR — DB) = W —-10 [ns]
td(AD — ALE) = Lg —-20 [ns]
f(BCLK) X 2
10°
th(ALE — AD) = Tfeouo X2 10 [ns]
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Vcc = 3.3V

Switching Characteristics
(Vcc =3.0to 3.6V, Vss = OV at Topr = —-20 to 85°C unless otherwise specified)

Table 5.42 Memory Expansion Mode and Microprocessor Mode
(With a Wait State, Accessing an External Memory and Selecting the DRAM Area)

Symbol Parameter M%?)ﬂéjri(tei?ﬁm .Standard Unit
Min Max

tdeckap)  |Row address output delay time 18 ns
theckap)  |[Row address output hold time (BCLK standard) 0 ns
theckecap) | Column address output delay time 18 ns
tdeckcap) | Column address output hold time (BCLK standard) 0 ns
thrasrap)  |Row address output hold time after RAS output (Note 1) ns
tdeckras)  |RAS output delay time (BCLK standard) 18 ns
theckras)  |RAS o-utput hold tlme. (BCLK standard) See Figure 5.1 0 ns
trP RAS high ("H") hold time (Note 1) ns
tdeckcas) | CAS output delay time (BCLK standard) 18 ns
theckcas) | CAS output hold time (BCLK standard) 0 ns
tdeckow) |DW output delay time (BCLK standard) 18 ns
theckow) |DW output hold time (BCLK standard) -3 ns
tsupecas) | CAS output setup time after DB output (Note 1) ns
thecxos DB signal output hold time (BCLK standard) -7 ns
tsuasras) | CAS output setup time before RAS output (refresh) (Note 1) ns
NOTES:

1. A value can be obtained from the following expressions according to the BCLK frequency.

th(RAS — RAD) = A —13 [ns]

f(BCLK) X 2
109X 3
tRP = 7f(scu<) X2 = 20 [ns]
tsu(DB - CAS) = Lg - 20 [ns]
f(BCLK)
10°
tsu(CAS — RAS) = m —13 [ns]
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode (with no wait state)
Read timing

BCLK _/—\_/—\_/—\_/—\_

td(BCLK-ALE) |

18ns.max th(BCLK ALE) ;
o >« _2ns.min : ;
ALE L N\ , . | i :
i1 1d(BCLK-CS) i th(BCLK-CS) : 5
' 18ns.max® > Ons.min : :
csi L\ ! 5y . ;
b tcyc 1« th(RD-CS) ; !
D . =; 11 Ons. min: :
td(BCLK-AD) w | th(BCLK- AD) l :
> 18ns.max; i« Ons.min” ! : -
ADi —\y \ T T y T T E
e A ) G ; :
! ! td(BCLK-RD) , !> i« th(RD-AD) ; i
i+ 18ns.max*™™ i1 Ons.min : :
RD b ! ' : : ;
i tac2(RD-DB) 2> en! 1 th(BCLK-RD) . ' ' ;
; "—‘—‘—". ; el -3ns.min ! ; ' H '
| tac2(AD-DB)® ! P ; : ; ; :
. o GENED S O G T S Y gy S
i tsU(DB-BCLK) «——»! > th(RD-DB) ! E E :
! 3ons.min® ' ' Ons.min! : :
NOTES:

1. A value is guarantee with no external factor. Maximum 35ns is garanteed for td(BCLK-AD)+tsu(DB-BCLK).
2. It varies with the operation frequency.
tac2(RD-DB)=(tcyc/2-35)ns.max
tac2(AD-DB)=(tcyc-35)ns.max
Write timing

BCLK

1td(BCLK- ALE)
18ns.max  _p! <_th(BCLK ALE)

- "\ -2ns. m|n:
ALE D P\ ;

' [d(BCLK-CS) 5
1 18ns.max; i ' < 0ns.min

&\ -/ §
: teyc! . ! th(WR-CS)® ! E
| [ ' P! '
! 1td(BCLK-AD) ' I 'th(BCLK-AD) E

ADi <™ 18ns.max; <> Ons.min '

i ' : L) : :

BHE j X , ‘ X : j
: | td(BCLK- WR) L twWR)D 1 NOWR- AD)® : ! 5

- ' 18ns. max<—>- - '

WRWRL, : : ! :

WRH ; \J th(BCLK WR) : ;
: . —» < Onsmin | ; :
i f td(DB-WR)(l) ! 5 th(WR-DB)® | ! 5

DBi smmpmemoseneees < } """"" [

NOTES: Measurement conditions
1. It varies with the operation frequency. * Vee=3.0 to 3.6V
td(dB-WR)=(tcyc-20)ns.min « Input high and low voltage: VIH=1.5V, VIiL=0.5V
th(wr-DB)=(tcyc/2-10)ns.min « Output high and low voltage: VoH=1.5V, VoL=1.5V

th(WR-AD)=(tcyc/2-10)ns.min
th(WR-CS)=(tcyc/2-10)ns.min
hwowR)=(tcyc/2-18)ns min

Figure 5.10 Vcc=3.3V Timing Diagram (1)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode (with a wait state)
Read timing : : :

BCLK _/—\—/—\—/—\—/—\
i 18ns.max H { -
td(BCLK-ALE) | th(BCLK-ALE) !
d > < -2ns.min |

/ o\

th(BCLK-CS)
Ons.min:

ALE

' td(BCLK-GS)

— i 18ns.max®
CSi \ .

}

> '« th(RD-CS E
ons.min '

Lo tcyc J : g
td(BCLK-AD) | ; i 'th(BCLK-AD) !
_ = 18ns.max® ' ' +» Ons.min_|
ADi_ Y - : : Ty !
BHE ) : : I - 5
! I td(BCLK-RD) ! : i» e th(RD-AD)
! 118ns.max ™ : l ‘1" Ons.min
BT L e SN
b - DBY® | . i _th(BCLK-RD)
b L e tac2(RD-DB) . > > % 3ns.min
bl ; tac2(AD-DB)® | ! I 5
s e e S S
' : Hi-z ' ! —— ' ' l
; : : tsu(DB-BCLK) 1 «— i« thRp.pp) : :
; : ' 30ns.min® L ons.min! I :
NOTES:

1. A value is guarantee with no external factor. Maximum 35ns is garanteed for td(BCLK-AD)+tsu(DB-BCLK).

2. It varies with the operation frequency.
tac2(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state, m=5 with 2 wait states and m=7 with 3 wait states)
tac2(AD-DB)=(tcyc x n-35)ns.max (n=2 with 1 wait state, n=3 with 2 wait states and n=4 with 3 wait states)

Write timing

BCLK 18ns.max

ﬂ?CLK'ALELE - th(BCLK-ALE)

ALE VI ' \: -2ns.min

'td(BCLK-CS)

: 5 i th(BCLK-CS) ; ;
™ 7 18ns.max: i ' <= Ons.min_: 1 '
CSi b\ i i ' vy i E !
e teyc! . b th(WR-CS)D ! | : 5
o . ) | ——————p ' ' H
! td(BCLK-AD) : . ' th(BCLK-AD) : E
. < 18ns.max; : i ™ ons.min__: : :
ADI Y : : T - : : i
BHE /! : : - — : : :
i | WBCLKWR) | guwr)® | L, (WR-AD)® ; : 5
N 1 ' 1 1 P, ' 1 '
R ! \ 18ns.max ¢—»re——>| : ! : :
WR.WRL, ' T N v ' : : T
WRH E i i 1/ th(BCLK-WR) | i : 5
: | , 5 — -Ons.min ! ; ; !
i P tdEB-wR® | th(WR-DB)® ! ; : ;

DBi IRy < i : : ) """"" """"""" rommnennees
NOTES: ' ' ' ' ' ' '

Measurement conditions

1. It varies with the operation frequency. «Vee=3.0 10 3.6V

td(dB-WR)=(tcyc x n-20)ns.min

(n=1 when 1 wait, n=2 with 2 wait states and n=3 with 3 wait states) * Input high and low voltage:
th(WR-DB)=(tcyc/2-10)ns.min VIH=1.5V, VIiL=0.5V
th(WR-AD)=(tcyc/2-10)ns.min « Output high and low voltage:
th(wRr-CcS)=(tcyc/2-10)ns.min VOH=1.5V, VoL=1.5V

tw(WR)=(tcyc/2 x n-15)ns.min
(n=1 with 1 wait state, n=3 with 2 wait states and n=5 with 3 wait
states)

Figure 5.11 Vcc=3.3V Timing Diagram (2)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode Vce=3.3V

(with a wait state, when accessing an external memory and using the multiplexed bus)
Read timing

ST A U 2 U L W A

Id(BCLK-ALE) |t Bei K-ALE)
:18r|1$.max — ;

b i -2ns.min |

ALE ; o i :
i td(BCLK-CS) ! L tcyc - «»: [N(BCLK-CS)
> 18ns.max | ! ; > e . __ions.min |

cs i\

td(AD-ALE)®) ! th(ALE-AD)®
>

N —— i o L
ADI. X Address >tdz(RDAD) """""" SRRRDE Data input f==="""" 1---{  Address
/DB Do i ! — = 8ns.max ; i«—>! e th(RD-DB) :
:td(BCLK-A'D) b : | _tsy(DB-BCLK); ! Ons.min} th(BCLK-AD)
ADi <> 18ns.max’ tac3(RD-DB)® ! i 30ns.min i Ons.min |
! T\ ' - i , : — : ,
BHE A I I i G
- tac3(AD-DB) itd(l?CLK-RD)i th(BCLK-RD). | th(RD-AD)® :
_ \ 1 - 18ns.max: ! 3ns.min _>E -~ ' '
"D s s DU ; y ; ;

NOTES:
1. It varies with the operation frequency.
td(AD-ALE)=(tcyc/2-20)ns.min
th(ALE-AD)=(tcyc/2-10)ns.min, th(RD-AD)=(tcyc/2-10)ns.min, th(RD-CS)=(tcyc/2-10)ns.min
tac3(RD-DB)=(tcyc/2 x m-35)ns.max (m=3 with 2 wait states and m=5 with 3 wait states)
tac3(AD-DB)=(tcyc/2 x n-35)ns.max (n=5 with 2 wait states and n=7 with 3 wait states)

Write Timing

BCLK

Hd(BCLK-ALE) | | th(BCLK-ALE)
18ns.max  —»! @ -2ns.min

P P , toyc | i : e th(BCLK-CS)
H—»:td(BCLK—CSI) : : ’[h(WR—CS)(l)E 3 ons.min !

s —\ ians.max? . ,}:/

AA(AD-ALEYY  th(aLE-AD)D.,

;TDDBE_ ---deof Address L X | Data output X Address
i P | > | ' = !

td(DB-WR)®

< »'
> < >
'

th(WR-DB)® :
i ,th(BCLK-AD)
<> Ons.min !

1 td(BCLK-AD)
| g 18ns.max!

ADi -
BHE ; X . X
: : : : e
; ; ! td(BCLK-WR) ! {th(BCLK-WR) | | th(WR-AD)0
WRWRL,— i — tensma ;e 7 |
WRH | L e e e
NOTES: Measurement conditions
1. It varies with the operation frequency. *Vcc=3.0to 3.6V
td(AD-ALE)=(tcyc/2-20)ns.min * Input high and low voltage:
th(ALE-AD)=(tcyc/2-10)ns.min, th(WRr-AD)=(tcyc/2-10)ns.min VIH=1.5V, VIL=0.5V

th(wR-Ccs)=(tcyc/2-10)ns.min, th(wRr-DB)=(tcyc/2-10)ns.min
td(DB-WR)=(tcyc/2 x m-25)ns.min
(m=3 with 2 wait states and m=5 with 3 wait states)

* Output high and low voltage:
VoH=1.5V, VoL=1.5V

Figure 5.12 Vcc=3.3V Timing Diagram (3)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode Vee=3.3V

(With 2 wait states, when accessing the DRAM area)
Read timing

th(BCLK-CAD) i
Ons.min!

tcyc K

: | d(BCLK-CAD) !
td(BCLK-RAD)  th(BCLK-RAD); i

. T 18ns.max®
M+ Ons.min | ! : | i
]_grlS’_:max | ns.min :": ; ‘ : :<>:
MAI E X RQW addressi X Co]umn address E X X

| th(RAS-RAD)® ! |

| L e z ¥ 5 ‘ —
RAS ! o\ i 5 E 3 E 5 b\

! ' L ' ' e tN(BCLK-RAS) | P

| ECLKRAS)  taEcikcas) | N gECLERAS e

**18ns.max®; <> 18ns.max(®) ' ! T i :
CASL o D T\ 5 : 5 3 i 5
CASH b b Lo ; ! > '« [h(BCLK-CAS) ! :

! Lo b P ! i L' Ons.min ! ;
AL P P | | tac4(CAS-DB)® P i i i

5 P b | | fac4CAD-DB)@: 1 i} | ! i

; P tac4(RAS-DB)® . ! '
SRR S SN T N WS g ) S U S —

tsu(DB-BCLK) «—»! 1« th(CAS-DB)
30ns.min® ' Ons.min
NOTES:
1. A value is guaranteed with no external factor. Maximum 35ns is garanteed for the followings:
td(BCLK-RAS) + tsu(DB-BCLK)
td(BCLK-CAS) + tsu(DB-BCLK)
td(BCLK-CAD) + tsu(DB-BCLK)
2. It varies with the operation frequency.
tac4(RAS-DB)=(tcyc/2 x m-35)ns.max (m=3 with 1 wait state and m=5 with 2 wait states)
tac4(CAs-DB)=(tcyc/2 x n-35)ns.max (n=1 with 1 wait state and n=3 with 2 wait states)
tac4(CAD-DB)=(tcyc x |-35)ns.max (I=1 with 1 wait state and I=2 with 2 wait states)
th(RAS-RAD)=(tcyc/2-13)ns.min
tRP=(tcyc/2 x 3-20)ns.min
Measurement conditions
*Vcc=3.0to 3.6V
« Input high and low voltage: VIH=1.5V, VIL=0.5V
« Output high and low voltage: VoH=1.5V, VoL=1.5V

Figure 5.13 Vcc=3.3V Timing Diagram (4)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode Vce=3.3V
(With 2 wait states, when accessing the DRAM area)
Write timing .
BCLK | / \ / / \
o . | : | | | | i
td(?gLK'RAD) th(:BCLK—RAD)L_LEtd(BCLK'CAD) : th(BCLK-CAD) ;
M onsmin gyt 18nsmax I ! ! Ons.min’ 5 :
MAi . X Rowaddress! E Column address X I X
L th(RAS-RAD)D| P i tRP() N
— ' —_ ™ : : o ; : —
RAS | N\ a ¥ | R
: | d(BCLK-RAS) td(BCLK-CAS), : - % {h(BCLK-RAS) ; P
i i“’ilSns.mrlalx n<->i 18ns.max ‘. Ons.mlln . i
cAsL ! , 1\ I i ¥ i :
CASH : : b 5 : — : :
' : : b ; : '+ th(BCLK-CAS) ! ;
td(BCLK-DW) , . ! ! Ons.min ' i
- H"ians.max i i E i i 1 ' L
ow P\ | IR | Y | |
o i ! Do 5 : > 1« th(BCLK-DW) | 5
; ' tsu(DB-CAS)® P : : -3ns.min i
hiz : : : : — ! !
DB ' ------- ¢ : : ; : e oooeneeee decmonsoe SRR
i : : i : 1« {h(BCLK-DB) |
! : : ! | ! -7ns.min
NOTES: Measurement conditions
1. It varies with the operation frequency. * Vcc=3.0to 3.6V
th(RAS-RAD)=(tcyc/2-13)ns.min * Input high and low voltage:
trRP=(tcyc/2 x 3-20)ns.min ViH=1.5V, ViL=0.5V
tsu(DB-CAS)=(tcyc-20)ns.min * Output high and low voltage:
VoH=1.5V, VoL=1.5V

Figure 5.14 Vcc=3.3V Timing Diagram (5)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory expansion mode and microprocessor mode
Refresh timing (CAS-before-RAS refresh)

BCLK

td(BCLK-RAS) o teyc e

-
L+ 18ns.max

th(BCLK-RAS)

1 , ! : >
‘tsu(CAS—Il?AS)( ) ; : ' ! ons.min:

CASL | T\

CASH | td(BCLK-CAS) !
. R

> '« th(BCLK-CAS)
' ' Ons.mini
18ns.max '

NOTES:
1. It varies with the operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Refresh timing (Self-refresh)

BCLK

td(BCLK-RAS),
18ns.max <>

= e N N /200 N U N

tcyc

I

A

- tsu(CAé-RAS)(l) ; ; / th(BCLK-RAS) _» a
: : . . : Ons.r:nlln
CASL \1 b : : : ! '
CASH | : ; 5 ( : E ¢ th(BCLK-CAS)
>/ td(BCLK-CAS) . : // i el Ons.min
18ns.max (( ' T
DW i : ; //
NOTES:

1. It varies with the operation frequency.
tsu(CAS-RAS)=(tcyc/2-13)ns.min

Measurement conditions
* Vce=3.0 to 3.6V
* Input high and low voltage: VIiH=1.5V, VIL=0.5V
* Output high and low voltage: VoH=1.5V, VoL=1.5V

Figure 5.15 Vcc=3.3V Timing Diagram (6)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

te(TA) Vce=3.3V
tw(TAH)
<>
TAIIN input \
_ tw(TAL) N
tc(uP) N
tw(UPH)
TAIOUT input \
tw(UPL) N
TAIOUT input
(Counter increment/ ><
decrement input)
In event counter mode
TAIIN input T
(When counting on falling th(Tin-UP) <>\ fsu(UP-Tiy)
edge is selected)
TAIIN input
(When counting on rising
edge is selected)
L {c(TB) N
tw(TBH)
TBIIN input
tw(TBL)
le tc(AD) >
tw(ADL)
- <>
ADTRG input J
fc(CK) N
twiekr)
CLKi
tw(CKL) N
th(c-Q)
TxDi >< ><
td(c—Q) tsu(D-C) < > th(C-D)
RxDi /{ *
tw(INL)
INTi in
put tw(INH) j—/

Figure 5.16 Vcc=3.3V Timing Diagram (7)
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M32C/81 Group 5. Electrical Characteristics (Vcc=3.3V)

Memory Expansion Mode and Microprocessor Mode
(Valid only with a wait state)

BCLK VAR AR YA S W
RD

(Separate bus) \ O /—

WR, WRL, WRH

(Separate bus) \ ;’r ________________ /
RD S
(Multiplexed bus) \ /
WR, WRL, WRH e
(Multiplexed bus) \ /

RDY input

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

(Valid with a wait state and no wait state)

BCLK

tsu(HOLD-BCLK)
<> |

HOLD input _\ 3

th(BCLK-HOLD)
. <

]

HLDA output

PO, P1, P2, j j
P3, P4, :: o BT A
P50 to P52 | | | | | |

Measurement conditions

*VCC=3.0to 3.6V

« Input high or low voltage: VIH=2.4V, VIL=0.6V

« Output high or low voltage: VOH=1.5V, VOL=1.5V

Figure 5.17 Vcc=3.3V Timing Diagram (8)
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M32C/81 Group Package Dimensions

Package Dimensions

144P6Q-A Recommended Plastic 144pin 20020mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material MD
LQFP144-P-2020-0.50 — 1.23 Cu Alloy ——
@ 1| i
HD u ‘ .
D o T— =
o
I
34808808 A3RARRARARAARARAARARAAARRAA 2 2 Dﬂjﬁiﬂ '
®§ O O E Recommended Mount Pad
= = Svmbol Dimension in Millimeters
= = Y Min Nom Max
= = A - - 1.7
= = A1 0.05 0.125| 0.2
= = w ¥ A2 - 1.4 -
= = b 0.17 0.22 0.27
= = c 0.105| 0.125| 0.175
= = D 19.9 20.0 20.1
= = E 19.9 20.0 20.1
= = [e] - 0.5 -
@9 = Q =@ ] Ho | 21.8 22.0 22.2
@%nnnnnnnnuuuuuuunnnnnnnnnnnnnnnnnn@% 3 S HE 22,'2 25.0 20262
L .35 5 .65
Af L1 - 1.0 -
F Lp 0.45 0.6 0.75
(€] - 0.25 -
X - - 0.08
JH \HHH\j\\H\HHHHHHHHHHH\HH HHHHHHHH\HH\H{\HH :)L y - - 01
o 0 0° - 8°
b2 - 0.225 -
b
=y ] = 2 | 095 | - .
Mb - 20.4 -
ME — 20.4 -
100P6S-A Recommended
EIAJ Package Code JEDEC Code Weight(g) Lead Material
QFP100-P-1420-0.65 - 1.58 Alloy 42
HD
D
® RARRAAARARARRARAARRRR Jﬁ L]
= O Q = A ] s
% % Recommended Mount Pad
% % Symbol Dimension in Millimeters
% % w y Min Nom Max
o EE A - - 3.05
& & Al 0 0.1 0.2
o] o A2 - 2.8 -
== == b 0.25 0.3 0.4
&5 £ c 013 | 015 | 0.2
=== Eo D 13.8 14.0 14.2
Dl== o 6D E | 198 | 200 | 202
iEEEEEEEEEEEEEREEREL ] [€ - 0.65 -
&) Ho | 165 | 168 | 17.1
HE | 225 22.8 23.1
L 0.4 0.6 0.8
L1 - 1.4 -
)\ < X - - 0.13
VIV T I A
I F [ 0° - 10°
€ b o b2 - 0.35 -
9| x @ < 2 | 13 | - -
Mb - 14.6 -
ME - 20.6 -
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M32C/81 Group

Package Dimensions

100P6Q-A Recommended

Plastic 100pi

n 14014mm body LQFP

EIAJ Package Code JEDEC Code Weight(g) Lead Material MD
LQFP100-P-1414-0.50 - 0.63 Cu Alloy ——
0 R 1 | ,
il 1
HD o T
o]
: I
O O
ARAAARAAAAAARARRAAAAARRAR Recommended Mount Pad
O (@) Q =0 —
= = Symbol Dimension in Millimeters
= = Min Nom Max
= = A - - 1.7
= = A1 0 0.1 0.2
= = uw I A2 - 14 _
= = b 0.13 0.18 0.28
= = c 0.105| 0.125| 0.175
= = D 13.9 14.0 14.1
= = E 13.9 14.0 14.1
®= O =& (€] - 0.5 -
pREEREEAE L LR 1 Ho | 15.8 16.0 16.2
HE | 158 | 160 | 16.2
A L 0.3 0.5 0.7
L1 - 1.0 -
T Lp 0.45 0.6 0.75
~ - 0.25 -
< X — - 0.08
N y - - 01
4 0 0° - 10°
< b2 - 0.225 -
Detail F I2 0.9 = -
= == Mb - 14.4 -
ME - 14.4 -
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REVISION HISTORY M32C/81 Group Short Sheet/Data Sheet

Rev. Date Description
Page Summary
0.20 |Jun. 01, 2003 New Document
0.30 |Sep. 30, 2003 Overview
2 - “1.2 Difference between the M32C/81 Group and the M32C/83 Group” has been
modified.
3to4 | - “DRAMC” and “Oscillator stop detect function” have been added to Tables 1.1 and 1.2
10,14 | - VREF pin has been changed from analog input pin to control pin.
16 to 18 | - SDAO to SDA4 pins have been changed from output pins to I/O pins.
17 - Description of intelligent I/O has been modified.
18 - OUTC30, OUTC32, ISTXxD3 and ISRxD3 have been deleted from port P8.
19 - Intelligent 1/O pin has been deleted from port P12.
19 - BEIN and BEouT pins have been modified to IEIN and IEOUT pins in port P13.
SFR
2510 34 | - Details of addresses not modifiable by the user has been deleted.
24,25 - 001F16 to 002516 and 003016 to 003516 have been deleted.
27 - Value after RLVL register reset has been modified.
41 - Function select register A6 has been deleted.
Electrical Characteristics
46 - Maximum value of sub clock oscillation frequency has been added in Table 5.2.
66 - Value of 8-bit conversion time has been modified in Table 5.24
1.00 |Jun. 01, 2004| All pages| Words standardized: On-chip oscillator, A/D converter and D/A converter
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RenesaSTeChnOIOgy Corp. 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 Corp. 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, (ii) use of nonflammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corp. 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 Corp. or a third party.

. Renesas Technology Corp. 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 Corp. without notice due to product improvements or other reasons. Itis
therefore recommended that customers contact Renesas Technology Corp. or an authorized Renesas Technology Corp. 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 Corp. 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 Corp. by various means, including the Renesas Technology Corp. 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
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no responsibility for any damage, liability or other loss resulting from the information contained herein.

. Renesas Technology Corp. 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 Corp. or an authorized Renesas Technology Corp. 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 Corp. 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.

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

LENESAS

RENESAS SALES OFFICES http://www.renesas.com

w N

IN

(&

No

0

Renesas Technology America, Inc.
450 Holger Way, San Jose, CA 95134-1368, U.S.A
Tel: <1> (408) 382-7500 Fax: <1> (408) 382-7501

Renesas Technology Europe Limited.
Dukes Meadow, Millboard Road, Bourne End, Buckinghamshire, SL8 5FH, United Kingdom
Tel: <44> (1628) 585 100, Fax: <44> (1628) 585 900

Renesas Technology Europe GmbH
Dornacher Str. 3, D-85622 Feldkirchen, Germany
Tel: <49> (89) 380 70 0, Fax: <49> (89) 929 30 11

Renesas Technology Hong Kong Ltd.
7/F., North Tower, World Finance Centre, Harbour City, Canton Road, Hong Kong
Tel: <852> 2265-6688, Fax: <852> 2375-6836

Renesas Technology Taiwan Co., Ltd.
FL 10, #99, Fu-Hsing N. Rd., Taipei, Taiwan
Tel: <886> (2) 2715-2888, Fax: <886> (2) 2713-2999

Renesas Technology (Shanghai) Co., Ltd.
26/F., Ruijin Building, No.205 Maoming Road (S), Shanghai 200020, China
Tel: <86> (21) 6472-1001, Fax: <86> (21) 6415-2952

Renesas Technology Singapore Pte. Ltd.
1, Harbour Front Avenue, #06-10, Keppel Bay Tower, Singapore 098632
Tel: <65> 6213-0200, Fax: <65> 6278-8001

© 2004. Renesas Technology Corp., All rights reserved. Printed in Japan.
Colophon .1.0



