To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003
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\i‘;&\oﬂ) Specifications in this manual are tentative and subject to change. M32C/83 group
Overview SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Overview

The M32C/83 is single-chip microcomputer that utilizes high-performance silicon gate CMOS technology
with the M32C/80 series CPU core. The M32C/83 group is available in the 144-pin and 100-pin plastic

molded QFP/LQFP package.

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

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

Applications

Audio, cameras, office equipment, communications equipment, portable equipment, etc.
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Performance Outline
Tables 1.1.1 and 1.1.2 list performance outline of the M32C/83 group.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Table 1.1.1. M32C/83 Group Performance (144-Pin Package)

Iltem Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 33 ns (f(XiIN)=30MHz)
Operation mode Single-chip, memory expansion and microprocessor modes
Memory space 16M bytes
Memory capacity See Table 1.1.3.
Peripheral | 1/O port 124 pins (PO to P15, P8sis used as an input port)
function | Multifunction timer
Output 16 bits x 5 channels (TAO, TA1, TA2, TA3, TA4)
Input 16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5)
Three-phase motor control output 1 circuit
Intelligent I/O 4 groups
Time measurement function 12 channels (group 0: 8 channels, groupl: 4 channels)
Waveform generation function 28 channels (group 0: 4 channels, group1,2,3: 8 channels each)
Bit modulation PWM 16 channels (group 2,3: 8 channels each)
Real-time port 16 channels (group 2,3: 8 channels each)
Communication function « Clock synchronous serial I/O, UART: 2 channels (group 0 and 1)
* HDLC data processing : 2 channels (group 0 and 1)
« Clock synchronous variable length serial I/O:1 channel (group 2)
« IE bus? : 1 channel (group 2)
« 8-bit or 16-bit clock synchronous serial I/O : 1 channel (group 3)
Serial 1/0 5 channels (UARTO to UART4)
Clock synchronous,Clock asynchronous,|E Bus?, I2C Bus 2
CAN module 1 channel, supporting CAN 2.0B specification
A-D converter 10-bit A-D x 2 circuits (standard 18 inputs, maximum 34 inputs)
D-A converter 8-bit D-A x 2 circuits
DMAC 4 channels
DMAC Il Activated by all relocatable vector interrupt factors
Immediate transfer, arithmetic transfer and chain transfer functions
DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT
X-Y 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 generation circuit 4 circuits
» Main clock generation circuit
* Sub clock generation circuit
The above circuits include an internal feedback resistance and
external ceramic resonator/crystal oscillator.
* Ring oscillator (for the main clock oscillator stop detect function)
e PLL frequency synthesizer
Electric | Supply voltage 4.2 to 5.5V (f(XIN)=30MHz, VDC on)
charact- 3.0 to 5.5V (f(XIN)=20MHz, VDC on)
eristics 3.0 to 3.6V (f(XIN)=20MHz, VDC off)
Power consumption 38mA (f(XIN)=30MHz with no wait,Vcc=5V)
26mA (f(XIN)=20MHz with no wait,Vcc=3.3V)
1/0 characteristics | I/0 withstand voltage | Vcc
1/0O current 5mA
Operating ambient temperature —20 to 85°C, —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 144-pin plastic mold QFP
Notes :

1. IE Bus is a trademark of NEC Corporation.

2. 12C Bus is a trademark of Koninklijke Philips Electronics N. V.
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Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Table 1.1.2. M32C/83 Group Performance (100-Pin Package)

Item Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 33 ns (f(XIN)=30MHz)
Operation mode Single-chip, memory expansion and microprocessor modes
Memory space 16M bytes
Memory capacity See Table 1.1.3.
Peripheral | 1/0O port 88 pins (PO to P10, P8s is used as an input port)
function | Multifunction timer
Output 16 bits x 5 channels (TAO, TA1, TA2, TA3, TA4)
Input 16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5)
Three-phase motor control output 1 circuit
Intelligent I/O 4 groups
Time measurement function 5 channels (group 0: 3 channels, groupl: 2 channels)
Waveform generation function 10 channels (group 0,3: 2 channels each, groupl,2: 3 channels each)
Bit modulation PWM 5 channels (group 2 : 3 channels, group 3 : 2 channels)
Real time port 5 channels (group 2 : 3 channels, group 3 : 2 channels)
Communication function * Clock synchronous serial I/O, UART: 2 channels (group 0 and 1)
* HDLC data processing : 2 channels (group 0 and 1)
* Clock synchronous variable length serial 1/0:1 channel (group 2)
« IE bus! : 1 channel (group 2)
Serial 110 5 channels (UARTO to UART4)
Clock synchronous,Clock asynchronous,|E Bus 1 12C Bus 2
CAN module 1 channel, supporting CAN 2.0B specification
A-D converter 10-bit A-Dx 2 circuits (standard 10 inputs, maximum 26 inputs)
D-A converter 8-bit D-A x 2 circuits
DMAC 4 channels
DMAC Il Activated by all relocatable vector interrupt factors
Immediate transfer, arithmetic transfer and chain transfer functions
DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT
X-Y 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 generation circuit 4 circuits
* Main clock generation circuit
 Sub clock generation circuit
The above circuits include an internal feedback resistance and
external ceramic resonator/crystal oscillator.
* Ring oscillator (for the main clock oscillator stop detect function)
* PLL frequency synthesizer
Electric | Supply voltage 4.2 to 5.5V (f(XIN)=30MHz, VDC on)
charac- 3.0 to 5.5V (f(XIN)=20MHz, VDC on)
teristics 3.0 to 3.6V (f(XIN)=20MHz, VDC off)
Power consumption 38mA (f(XIN)=30MHz with no wait,Vcc=5V)
26mA (f(XIN)=20MHz with no wait,Vcc=3.3V)
1/0 characteristics | 1/0 withstand voltage | Vcc
I/O current 5mA
Operating ambient temperature —20 to 85°C, —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 100-pin plastic mold QFP
Notes :

1. IE Bus is a trademark of NEC Corporation.

2. 12C Bus is a trademark of Koninklijke Philips Electronics N. V.
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Block Diagram
Figure 1.1.1 shows a block diagram of the M32C/83 group.
The M32C/83 group microcomputer contains ROM and RAM as memory to store instructions and data,
CPU to execute calculations and peripheral functions as interruput, timer, serial 1/O, D-A converter, DMAC,
CRC calculation circuit, A-D converter, DRAMC, intelligent I/O and 1/O ports.
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1. Ports P11 to P15 are provided in the 144-pin package only.
2. For the 144-pin package only.

Figure 1.1.1. M32C/83 Group Block Diagram

ENESAS

RenesasTechnology Corp.



o & Preliminary Specifications REV.1.02

e}e
Overview

Product Information

0‘\6\0" Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Mitsubishi Electric plans to release the following products in the M32C/83 group:

(1) Support for the flash memory version

(2) ROM/RAM capacity

(3) Package
100P6S-A : Plastic molded QFP
100P6Q-A : Plastic molded QFP
144P6Q-A : Plastic molded QFP

Table 1.1.3. M32C/83 Group

As of December, 2002

Type number ROM capacity RAM capacity | Package type Remarks
M30835FJGP * 144P6Q-A
M30833FJGP * 512K 31K 100P6Q-A Flash memory version
M30833FJFP * 100P6S-A
* :New product
30833 FJGP

:

ROM capacity:

Memory type:

M16C Family

J = 512K bytes

M32C/83 Group

Package type options:
FP = Package
GP = Package

100P6S-A

100P6Q-A, 144P6Q-A

F = Flash memory version

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

Figure 1.1.2. Product Numbering System
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Pin Assignments and Descriptions
Figures 1.1.3 to 1.1.5 show pin assignments (top view).
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(Note 3) £y / ISRxD2 / OUTC22 / STXD2 / SCL2 / RxD2 / TAOIN / TBSIN / P71

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

2. P70/ TAOOUT / TXD2 / SDA2 / SRxD2 / OUTC20 / ISTXD2 / IEQUT 144 P 6 Q _A

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

Figure 1.1.3. Pin Assignment for 144-Pin Package
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Table 1.1.4. Pin Characteristics for 144-Pin Package

ﬂ'g Cc’;ri}:rol Port Intg:]upt Timer pin UART/CAN pin Intelligent I/O pin Analog pin| Bus control pin
1 P9e TxD4/SDA4/SRxD4 ANEX1
2 P9s CLK4 ANEXO0
3 P94 TB4IN CTS4/IRTS4/SS4 DAl
4 P93 TB3IN CTS3/RTS3/SS3 DAO
5 P92 TB2IN TxD3/SDA3/SRxD3 OUTC20/IEouT/ISTXD2
6 P91 TB1IN RxD3/SCL3/STxD3 IEIN/ISRXD2
7 P9 TBOIN CLK3
8 Pl4s
9 P14s
10 P144
11 P143 INPC17/OUTC17
12 P142 INPC16/OUTC16
13 P141 OUTC1s
14 P140 OUTC14
15 |BYTE
16 | CNVss
17 | Xcin/Veont | P87
18 | XcouTt P86
19 |RESET
20 | Xout
21 | Vss
22 | XIN
23 |Vce
24 P8 | NMI
25 P84 | INT2
26 P83 | INTL CANIN
27 P82 INTO CANout OUTC32/ISRxD3
28 P81 TA4IN/U OUTC30/ISTxD3
29 P8o TA4ouT/U INPCO02/ISRxDO/BEOIN
30 P77 TA3IN CANIN INPC01/OUTCO01/ISCLKO
31 P76 TA3ouTt CANouTt INPC00/OUTCO00/ISTXDO/BEOoUT
32 P75 TA2INW INPC12/0OUTC12/ISRxD1/BE1iN
33 P74 TA20uUT/W INPC11/OUTC11/ISCLK1
34 P73 TALNV CTS2/RTS2/SS2 OUTC10/ISTXD1/BE1ouT
35 P72 TAlout/V | CLK2
36 P71 TB5IN/TAOIN | RxD2/SCL2/STxD2 OUTC22/ISRxD2/IEIN
37 P70 TAOout TxD2/SDA2/SRxD2 OUTC20/ISTXxD2/IEouT
38 P67 TxD1/SDA1/SRxD1
39 | Vce
40 P66 RxD1/SCL1/STxD1
41 | Vss
42 P6s CLK1
43 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2
44 P63 TxDO/SDAO/SRxDO
45 P62 RxDO0/SCLO/STxDO
46 P61 CLKO
47 P60 CTSO/RTS0/SS0
48 P137 OuTC27

RENESAS 7
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Table 1.1.4. Pin Characteristics for 144-Pin Package (Continued)

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

ﬂ'g CoFr:itnroI Port Inte;)rir#pt Timer pin UART/CAN pin Intelligent 1/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 OUTC26

59 [ Vcc

60 P131 OUTC2s

61 P130 OUTC24

62 P53 CLKout/BCLK/ALE
63 P52 RD/DW

64 P51 WRH/BHE/CASH
65 P50 WRL/WR/CASL
66 P127 OUTC37

67 P126 OUTC3s

68 P12s OUTC3s

69 P47 CS0/A23

70 P4s CS1/A2

71 P4s CS2/A21

72 P44 CS3/A20(MA12)
73 P43 A19(MA11)

74 | Vcc

75 P42 A18(MA10)

76 | Vss

77 P41 A17(MAo)

78 P40 A16(MAs)

79 P37 A15(MA7)(/D15)
80 P36 A14(MAs)(/D14)
81 P3s A13(MAS)(/D13)
82 P34 A12(MA4)(/D12)
83 P33 A11(MA3)(/D11)
84 P32 A10(MA2)(/D10)
85 P31 A9(MA1)(/D9)
86 P124 OUTC34

87 P123 OUTC33

88 P122 OUTC32/ISRxD3

89 P121 OUTC31/ISCLK3

90 P120 OUTC30/ISTxD3

91 | Vcc

92 P30 Ag(MA0)(/Ds)
93 [ Vss

94 P27 AN27 A7(/D7)

95 P26 AN26 As(/Ds)

96 P25 AN25 As(/Ds)
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Table 1.1.4. Pin Characteristics for 144-Pin Package (Continued)

E'Q C%?:]r()' Port Intleomupt Timer pin UART/CAN pin Intelligent 1/O pin Analog pin | Bus control pin
97 P24 AN24 A4(/D4)
98 P23 AN23 A3(/D3)
99 P22 AN22 A2(/D2)

100 P21 AN21 A1(/D1)

101 P20 AN20 Ao(/Do)

102 P17 |INT5 Dis

103 Pls | INT4 D14

104 Pls | INT3 D13

105 P14 D12

106 P13 D11

107 P12 D10

108 P11 Do

109 P1lo Ds

110 P07 ANO7 D7

11 POs ANOs Ds

112 POs ANOs Ds

113 P04 ANO4 D4

114 P114

115 P113 OUTC13

116 P112 INPC12/0UTC12/ISRXD1/BELIN

17 P111 INPC11/OUTC11/ISCLK1

118 Pllo OUTC10/ISTXxD1/BElout

119 P03 ANO3 D3

120 P02 ANO2 D2

121 PO1 ANO1 D1

122 P0Oo ANOo Do

123 P157 INPCO7 AN157

124 P156 INPCOs AN156

125 P15s5 INPCOs/OUTCO5 AN155

126 P154 INPC04/OUTC04 AN154

127 P153 INPCO3 AN153

128 P152 INPCO2/ISRXDO/BEOIN AN152

129 P151 INPC01/OUTC01/ISCLKO AN151

130]| Vss

131 P150 INPC00/OUTCO0/ISTXDO/BEQouT | AN150

132]| Vcc

133 P107 | Kiz AN7

134 P10s | K2 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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Notes :

1.P64/CTS1/RTS1/SS1/0UTC21/ISCLK2
2. P97 /ADTRG / RxD4 / STxD4 / SCL4

100P6S-A

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

Figure 1.1.4. Pin assignment for 100-Pin Package
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
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Klo / AN34 / P104 <= 90

AN33/ P10z | 91
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D9 /P11 ‘—PE
D8/ P10g—p /8

93
Avss —»| 94
VREF —| 96
Avce —»| 97

O

M32C/83 GROUP

O

J

0
9
8
7
6
5

P42/ A18 ( MA10)
P43 /A19 (MA11)
P44/ CS3/A20 (MA12)
P45 /CS2 /| A21
P46 / CS1 / A22
P47/CS0/A23
4 P50/ WRL / WR / CASL
3 P51/ WRH / BHE / CASH
2 P52/ RD / DW
1 P53 / CLKOUT / BCLK / ALE
0 P54/ HLDA/ ALE
9 P55 / HOLD
8 P56 / ALE / RAS
7 P57/ RDY
6 P60/ CTSO / RTSO / SSO
5 P61/ CLKO
4 P62 / RxDO / SCLO / STXDO
3 P63/ TxDO / SDAO / SRxDO
2 p64(Note 1)
1 P65 / CLK1
30 P66 / RxD1/ SCL1 / STxD1
29 P67/ TxD1/ SDAL / SRxD1
28 p70(Note 2,4)
27 p71(Note 3,4)
26 P72/ TAlouT/V /CLK2

R RRRERRRRERERRARRRER R

.

]
[2]

IEOUT/ ISTXD2 / OUTC20 / SRXD3 / SDA3 / TxD3 / TB2IN / P92 <[ 3 |

BYTE —[6 |
CNVss —p [ 7 |

VCONT / XCIN/ P87 = | 8
XcouT/ P8 &« | 9

CLK3/ TBOIN / P90 «— [ 5 |

SS4/RTS4/CTS4/TB4IN/ DAL/ P94 <
SS3/RTS3/CTS3/TB3IN/DAO/ P93 €=

IEIN/ ISRXD2 / STXD3 / SCL3/ RxD3/TB1IN/ P91 €| 4

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

[i9]
XouT <— [11]
Vss —» @

RESET —»

XN — [13]
Vee —DE

2. P70/ TAOOUT / TxD2 / SDA2 / SRxD2 / OUTC20 / ISTxD2 / IEOUT
3. P71/ TAOIN / TB5IN / RxD2 / SCL2 / STxD2 / OUTC22 / ISRxD2 / IEIN

4. P70 and P71 are N-channel open drain output.

(]
(1]
o]
(1]
(o]

BEOIN / ISRxDO /INPCO2 / U / TA40OUT / P80 <= | 20
CANIN / ISCLKO / OUTCO1 / INPCO1/ TA3IN / P77 €= | 21

CANouUT / BEOOUT / ISTXDO / OUTCO0 / INPCO0 / TA30UT / P76 <= | 22

NMI/ P85 —

INT2 / P84 €+

CANIN/INT1/ P83 ¢

ISRXD3 / OUTC32/ CANOUT / INTO / P82 €

ISTXD3 / OUTC30/ U / TA4IN / P81 <—»

[

ISCLK1/OUTC11/INPC11/ W/ TA20UT /| P74 4 | 24

BE1IN/ISRXxD1/OUTC12/INPC12/ W / TA2IN / P75 <=

v =]

BE1ouT /ISTXxD1/OUTC10/SS2/RTS2/CTS2/V /TALIN/ P73 €

100P6Q-A

Figure 1.1.5. Pin Assignment for 100-Pin Package
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Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Table 1.1.5. Pin Characteristics for 100-Pin Package

Package

PinNo Control | poyy [INtEITUPL 0 pin UART/CAN pin Intelligent I/O pin Analog | g, control pin
rPlep| " pin pin

1| 99 P96 TxD4/SDA4/SRXD4 ANEX1

2 |100 P95 CLK4 ANEX0

3| 1 P94 TB4IN CTS4/RTS4/SS4 DA1

4| 2 P93 TB3IN CTS3/RTS3/SS3 DAO

5| 3 P92 TB2IN TxD3/SDA3/SRxD3 | OUTC20/IEouT/ISTXD2

6 4 P91 TB1N RxD3/SCL3/STxD3 | IEIN/ISRXD2

71 5 P90 TBOIN CLK3

8 | 6|BYTE

9 7 | CNVss

10 8 | Xcin/Veont | P87

11 9 | Xcout P86

12 | 10 |RESET

13 11 | Xout

14 12 [ Vss

15 13 | XiN

16 14 | Vcc

17 | 15 P8 | NMI

18 | 16 P84 |INT2

19 | 17 P83 | INT1 CANIN

20 | 18 P82 | INTO CANouT OUTC32/ISRXD3

21 | 19 P81 TA4INU OUTC30/ISTXD3

22 | 20 P8o TA4ouT/U INPC02/ISRXDO/BEQOIN

23 | 21 P77 TA3IN CANIN INPC01/OUTCO1/ISCLKO

24 | 22 P76 TA3ouTt CANouTt INPC00/OUTC00/ISTXxDO/BEOoUT

25 | 23 P7s TA2INW INPC12/0UTC12/ISRXD1/BELIN

26 | 24 P74 TA20uT/W INPC11/OUTC11/ISCLK1

27 | 25 P73 TALNN CTS2/RTS2/5S2 OUTC10/ISTXD1/BE1out

28 | 26 P72 TAloutV. | CLK2

29 | 27 P71 TBS5IN/TAOIN | RxD2/SCL2/STXxD2 | 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 | a1 P65 CLK1

34 | 32 P64 CTS1/RTS1/SS1 OUTC21/ISCLK2

35 | 33 P63 TxDO/SDAO/SRXDO

36 | 34 P62 RxDO/SCLO/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)

12
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Table 1.1.5. Pin Characteristics for 100-Pin Package (Continued)

Package
pin No C%r;rt]rol Port Intgg:}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 A1g(MA10)
53| 51 P41 A17(MA9)
54| 52 P4o A16(MA8)
55| 53 P37 A15(MA7)(/D15)
56 | 54 P36 A14(MAs)(/D14)
57| 55 P3s A13(MAs5)(/D13)
58 | 56 P34 A12(MA4)(/D12)
59| 57 P33 A11(MA3)(/D11)
60| 58 P32 A10(MA2)(/D10)
61| 59 P31 Ao(MA1)(/D9)
62| 60| Vcc
63| 61 P3o As(MA0)(/Ds)
64| 62| Vss
65| 63 P27 AN27 A7(/D7)
66 | 64 P26 AN26 As(/De)
67| 65 P25 AN25 As(/Ds)
68| 66 P24 AN24 A4(/D4)
69| 67 P23 AN23 A3(/D3)
70| 68 P22 AN22 A2(/D2)
71| 69 P21 AN21 A1(/D1)
72| 70 P20 AN20 Ao(/Do)
73| 71 P17 INTS Dis
74| 72 Ple INT4 D14
75| 73 P1s INT3 D13
76| 74 P14 D12
77| 75 P13 D11
78| 76 P12 Dio
79| 77 P11 D9
80| 78 Plo Ds
81| 79 PO7 ANO7 D7
82| 80 POs ANOs Ds
83| 81 POs ANOs Ds
84| 82 P04 ANO4 Da
85| 83 P03 ANO3 D3
86| 84 P02 ANO2 D2
87| 85 P01 ANO1 D1
88| 86 POo ANOo Do
89| 87 P107 | Kis AN7
90| 88 P10s | Ki2 ANs
91| 89 P10s | Kix ANs
92| 90 P104 | Klo AN4
93] 91 P103 AN3
94| 92 P102 AN2
95| 93 P101 AN1
96 | 94| AVss
97 [ 95 P100 ANo
98| 96 VREF
99| 97| Avcc
100 | 98 P97 RxD4/SCL4/STxD4 ADTRG

RENESAS 13
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Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Table 1.1.6. Pin Description (100-Pin and 144-Pin Packages)

Symbol Function I/O type Description

Vcc Power supp|y input | Connect Vcc pln to 3.0to 5.5 V.

Vss I Connect Vss pinto 0 V.

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

RESET Reset input | The microcomputer remains in a reset state when setting the pin to "L".

XIN Clock input | I/0 pins for the main clock generation circuit. Connect a ceramic

Xout Clock output o resonator or crystal oscillator between XIN pin and XouT pin. To
use an externally generated clock, input a clock from Xin pin to
leave XouT pin open.

BYTE External data bus width | Switches a data bus in external memory space 3. Data bus in 16

select input bits long when setting this pin to "L" and 8 bits long when settig
this pin to "H". Set it to either one. Connet this pin to Vss when
an external bus is not used.

AvVcc Analog power supply I Inputs the power supply for A-D converter and D-A converter.

input Connect this pin to Vcc.

AVss Analog power supply | Inputs the power supply for A-D converter and D-A converter.

input Connect this pin to Vss.

VREF Reference voltage input | Inputs reference voltage for A-D converter.

P0o to PO7 I/O port PO I/O 8-hit I/O ports in CMOS, having a direction register to select an
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 signals in memory expansion mode and microprocessor
mode, internal pull-up resistance cannot be selected. Ports used
as input ports can be set for a pull-up or for no pull-up in these
modes above.

Do to D7 Data bus I/0 Input and output data (Do to D7) when setting these pins as

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, databus.

ANOo to ANO7 |Analog input pin [ Analog input pins for A-D converter.

|PlotoP17 |l /OportP1 | | o | 8-bit /O ports equivalenttoP0

INT3to INTs | INT interrupt input pin___|____ |____[Inputpins for INTinterrupt

Ds to D15 Data bus I/O Input and output data (D8 to D15) when setting these pins as data
bus.

|P20to P27 |WOportP2 | | O | 8-bitl/O ports equivalenttoPO
|Aoto A7 |Addressbus | O | Output 8 low-order address bits (A0t0o A7).

Ao/Do to A7/D7 |Address bus/data bus I/0 Input and output data (Do to D7) and output 8 low-order address
bits (Ao to A7) by time-sharing when setting these pins as
multiplex bus.

AN20 to AN27 |Analog input pin I Analog input pins for A-D converter.

P3otoP37  |/OportP3 | /O |lOports equivalenttoPO
|ABtOA15  |Addressbus | O | Output8 middle-order address bits (Asto A1s).

As/Ds to Address bus/data bus I/0 Input and output data (Ds to D15) and output 8 middle-order

A15/D15 address bits (As to A8) by time-sharing when setting an external

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 16-bit data bus as multiplexbus.

MAOo to MA7 Address bus (0] Output row addresses and column addresses by time-sharing
when accessing the DRAM space.

Pdoto P47 | /OportP4 | | /o | 8-bit I/O ports equivalentto0

A16 to A22 Address bus 0 Output 8 high-order address bits (A16 to A22, A23).

A23 o) The uppermost bit (A23) inversed is also output.

CSO0to CS3  |Chip-select O | Output CSO to CS3 signals. CSO to CS3 are chip-select signals
to specifly access space.

IMAsto MA12 |Addressbus | O | Output row addresses and column addresses by time-sharing
when accessing the DRAM space.

I :Input O:Output 1/O: Input and output

RENESAS
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Table 1.1.6. Pin Description (100-Pin and 144-Pin Packages) (Continued)

Symbol Function I/O type Description
|PSotoPS7 | VWOportPs ] /O | 8-bitl/O ports equivalenttoPO
CLKouTt Clock output e} Outputs a XIN divided by 8 or divided by 32 or a clock having the

same frequency as XcIN from P53.

WRL Bus control pin O | Output WRL, WRH, (WR, BHE), RD, BCLK, HLDA and ALE
WR O | signals. WRL and WRH or BHE and WR can be switched by
WRH ¢} program.
BHE o |EWRL, WRH, RD is selected
RD (0] WRL signals is set to "L" when writing data to an even address in
BCLK o external memory space.
HLDA O | WRH signal is set to "L" when writing data to an odd address in
HOLD | external memory space.
ALE o] RD shignal is set to "L" when reading data in extenal memory
RDY I space.
B WR, BHE, RD is selected
WR signal is set to "L" when writing data in external memory
space.
RD signal is set to "L" when reading data in external memory
space.
BHE signal is set to "L" when accessing data to an odd address.
Select WR, BHE and RD for an external 8-bit data bus.
While in an input level HOLD pin is set to "L", the microcomputer
is placed in a hold state.
In a hold state, HLDA outputs "L" level.
ALE latches the address.
While an input level of the RDY pin is set to "L", the
microcomputer is placed in a wait state.
DW DRAM bus control pin o DW signal is set to "L" when writing data to DRAM space.
CASL O |CASL and CASH signals indicate a timing to latch column
CASH O address.
RAS (0] CASL is set to "L" when accessing an even addess.

CASH is set to "L" when accessing an odd address.
RAS signal latches row address.

P60 to P67 I/O port P6 1/0 | 8-bit I/O ports equivalent to PO.
CTS0, CTS1 UART pin 1/0O pins for UARTO (P60 to P63) and UART1 (P64 to P67)

|
RTSO, RTS1 0]
SS0, SS1 [
CLKO, CLK1 110
RxDO, RxD1 |
SCLO, SCL1 110
STxDO, STxD1 o
TxDO, TxD1 0o
SDAO, SDA1 0]
SRxDO0, SRxD1 |
ISCLK Intelligent 1/O pin I/0  |ISCLK2 inputs and outputs a clock for the intelligent I/0
ouTC21 O  |communication function.

OUTC21 outputs a clock for the waveform generation function.

| :lnput O:Output 1/O : Input and output
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Table 1.1.6. Pin Description(100-Pin and 144-Pin Packages) (Continued)

Symbol Function 1/0 type Description
P70to P77 I/O port P7 /0 |8-bit I/O ports equivalent to PO
(except P70 and P71 for N-channel open drain outputs.)
TAOoUT to TA3ouT Timer A pin I/O |I/O ports for the timer AO to timer A3.
TAOIN to TA3IN |
|TBaiN [ TimerBpin | 1 | Input pin for the timerB5 ]
vv._ Three-phase motor O |V-phase outputpin
wowo e control outputpin | | W-phase outputpin
CTS2 UART pin | 1/0 pins for UART2
RTS2 ©
SS2 l
CLK2 /0
RxD2 l
SCL2 /o
STxD2 0
TxD2 0
SDA2 o
SRD2 | vt
INPCOo, INPCO1, | Intellligent I/O pin I | INPCOo, INPCO1, INPC11 and INPC12 are input pins for the time
INPC11, INPC12 measurement function.
OUTCOo, OUTCO1, O |ouTC00, OUTCO1 and OUTC10 to OUTC12, OUTC20, OUTC22
OUTCloto OUTC12 are output pins for the waveform generation function.
OUTC20 to OUTC22 /O |1SCLKO and ISCLK1 input and output a clock for the intelligent I/
ISCLKO, ISCLK1 O | 0 communication function.
ISTXDO to ISTxD2 I 11BN, ISRxD1, ISRXD2 and BELIN input received data for the
ISRxD1, ISRxD2 O lintelligent /O communication function.
IEouT I |1EouT, ISTXDO to ISTxD2, BEOOUT and BE1ouT output transmit
IEIN O | data for the intelligent I/O communication function.
BEOouUT @)
BElout |
BELN |
CANouTt CAN pin (0] I/0 pins for the CAN communication function
CANIN |
P8o to P84, I/O port P8 I/O |I/O ports equivalent to PO
P86, P87
Xen Subclock | 1 [I/O pins for a sub clock oscillation circuit. Connect a crystal
Xcout O |oscillator between XCIN pin and Xcourt pin.
VCONT Low-pass filter connect pin for Connect a low-pass filter to VCONT pin to use the PLL frequeny
PLL frequency synthesizer pin synthesizer. Connect P86 to Vss to make a PLL frequency stable.
TA4ouT Timer A pin I/O  |1/O pins for the timer A4
TA4IN |
U, U Three phase motor O |U-phase output pins
... |econtroloutputpin | | ]
INTOto INT2 || INT interrupt inputpin | 1 |Input pins for INTinterrupt
INPCO2 Intelligent 1/O pin | INPCO2 is an input pin for the time measurement function.
ISRXDO | OUTC30 and OUTC32 are output pins for the waveform generation
BEOIN I |function.
OUTC30 O |ISRxDO0 and BEOIN input received data for the intelligent I/O
ISTXD3 O | communication function.
OUTC32 ? ISTxD3 outputs transmit data for the intelligent /O communication
ISRxD3 function.
ISRXD3 inputs receive data for the intelligent I/O communication
function.
CANouT CAN pin O I/O pins for CAN communication function
CANIN |
P85/NMI NMI interrupt input pin | Input pin for the NMI interrupt.
Pin status can be read in the P8_5 bit in the P8 register.
I:lnput O:Output 1/O : Input and output
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Overview

Table 1.1.6. Pin Description(100-Pin and 144-Pin Packages) (Continued)

Symbol Function 1/0 type Description

P90 to P97 I/O port P9 110 8-bit 1/0 ports equivalent to PO.
PRCR register prevents PD9 and PS3 registers from rewriting.

1/0 pins for UART3 (P90 to P93) and UART 4 (P94 to P97)

CTS3,CTS4 | UART pin |
RTS3, RTS4 o
SS3, S84 |
CLK3, CLK4 /0
RxD3, RxD4 |
SCL3, SCL4 IIo
STxD3, STxD4 o
TXD3, TxD4 o
o
|

SDAS3, SDA4
SRxD3, SRxD4

ANEXO A-D related pin /0 |ANEXO0 and ANEX1 are expanded analog I/O pins for A-D
ANEX1 | converter.
ADTRG | ADTRG is an A-D trigger input pin.

OUTC20 Intelligent 1/0 pin (0] OUTC2o0 is an output pin for the waveform generation fuction.
ISTXD2 (0] ISTxD2 outputs transmit data for the intelligent I/O
o
|
|

IEouT communication function.

IEIN IEoUT outputs transmit data for the intelligento I/O

ISRxD2 communication function or IE mode.

IEIN inputs receive data for the intelligento /O communication
function or IE mode.

ISRXD2 inputs receive data for the intelligento /O
communication function.

P100toP107 | VOportP10 | VO  |8-.bitl/OportsequivalenttoPO
Klo to Kl3 Key input interrupt pin I Input pins for key input interrupt
ANo to AN7 Analog input pin | Analog /0O pins for A-D converter

I:lnput O:Output /O : Input and output
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Table 1.1.6. Pin Description(144-Pin Package only) (Continued)

Symbol Function 1/0 type Description
PllotoPila | WOoportP1l | | VO |5-bitl/O ports equivalenttoPO
INPC11, INPC12 Intelligent 1/O pin I INPC11 and INPC12 are input pins for the time measurement
OUTC1oto OUTC13 (0] function.
ISCLK1 I/O OUTC1o to OUTC13 are output pins for the waveform
ISRxD1 generation function.

|
BELIN | ISCLK1 inputs and outputs a clock for the intelligent 1/0
ISTXD1 (0] communication function.
BElout o] ISRxD1 and BELIN input receive data for the intelligent I/O
communication function.
ISTxD1 and BE1ouT output receive data for the intelligent I/O
communication function.

|Pl2oto P127 | /OportP12 | | I/O___|8-bitI/O ports equivalenttoPO
OUTC30to OUTC37 | Intelligent I/O pin O OUTC30 to OUTC37 are output pins for the waveform
ISCLK3 I/O generation function.
ISTXD3 (0] ISCLK3 outputs a clock for the intelligent I/O communication
ISRxD3 | function.

ISTxD3 outputs transmit data for the intelligent /O
communication function.
ISRXD3 inputs receive data for the intelligent I/O communication

function.
Pl3otoP137 | VOportP13 | VO |8bitl/OportsequivalenttoPo
OUTC20 to OUTC27/| Intelligent I/O pin (e} OUTC20 to OUTC27 are output pins for the waveform
ISCLK2 I/O generation function.
ISRxD2 | ISCLK2 inputs and outputs a clock for the intelligent I1/O
IEIN | communication function.
ISTXxD2 (0] ISTxD2 and IEouT output transmit data for the intelligent 1/O
IEouT (0] communication function.
ISRxD1 and IEIN input receive data for the intelligent I/O
communication function.
|PlaotoPlds | /O portP14 | | I/O___|7-bit VO ports equivalenttoPO
INPC16 and INPC17 | Intelligent I/O pin | INPC1s6 to INPC17 are input pins for the time measurement
OUTC14 to OUTC17 (0] function.
OUTC14 to OUTC17 are output pins for the waveform generation
function.
Pl50toP157 | /OportP15 | | VO ___|8-bitl/O ports equivalenttoPO
INPCOo to INPCO7 | Intelligent I/O pin | INPCOo to INPCO7 are input pins for the time measurement
OUTCOo, OUTCO1, (0] function.
OUTCO04, OUTCO5 OUTCOo, OUTCO01, OUTCO04 and OUTCOs are output pins for the
ISCLKO waveform generation function.
ISRxDO ISCLKO inputs and outputs a clock for the intelligent /O
BEOIN communication function.

I}
|
|
ISTXDO (0] ISRXDO and BEIN input receive data for the intelligent I/O
BEOouTt (0] communication function.

ISTXDO and BEouUT output transmit data for the intelligent 1/0
communication function.

AN150 to AN157 Analog input port | Analog input pin for A-D converter
| :lnput O:Output 1/O : Input and output
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¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Memory
Memory

Figure 1.2.1 shows a memory map of the M32C/83 group.

Total address space are 16M bytes from addresses 00000016 to FFFFFF16.

Internal ROM is allocated in lower addresses beginning with address FFFFFF16. For example, a 64K-byte
internal ROM is allocated in addresses from FF000016 to FFFFFF16.

Fixed interrupt vectors are allocated in addresses from FFFFDC16 to FFFFFF16. The start address of each
interrupt routine is stored there addresses. Refer to the section "Interrupts” for details.

Internal RAM is allocated in higher addresses beginning with address 00040016. For example, a 10K-byte
internal RAM are allocated in addresses from 00040016 to 002BFF16. Internal RAM stores data as well as
a stack used to call subroutines and interrupts.

SFR is allocated in addresses from 00000016 to 0003FF16. The peripheral function contorl registers such
as I/0 port, A-D conversion, serial 1/0, timer are allocated here. All addresses, which have nothing allo-
cated within SFR, are reserved space and cannnot used by users.

Special page vectors are allocated in addresses FFFE0016 to FFFFDB16. This vector is used for the IMPS
instruction and JSRS instraction. Refer to the Mitubishi Electric publication "Software Mannual” for the
details.

In memory expassion mode and microprocessor mode, some space are reserved and cannot be used by
users.

00000016 SFR
00040016
Internal RAM  FFFEQ016
1
XXXXXX16 !
1
Reserved space?! K Special page
00800016 , vector table
1
External space :’
1
T ]
K FFFFDCI16E ndefined instruction
F0000016 ! E Overflow 3
I E  BRKinstruction 3
Reserved space2 ,' E  Address match 3
1 E 3
| E 3
1 E Watchdog timer 3
Type Number Address Address YYYYYY16 ! E g B
yp XXXXX16 YYYYYi6 Internal ROM ! ; — ;
M30835F) 1 vo7rrFis | Fe00001s 2 RNMI e
M30833FJ * FFFFFF16 L— — — L - - - - . FFFFFF16 = esel .
Notes:
1. In memory expansion and microprocessor modes.
2. In memory expansion mode.

Figure 1.2.1. Memory Map
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o¢ ) ] SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Central Processing Unit (CPU)

Central Processing Unit (CPU)

Figure 1.3.1 shows the CPU registers.
Eight registers (RO, R1, R2, R3, A0, Al, SB and FB) out of twenty-eight CPU registers comprise a register
bank. Two sets of register banks are provided.

b3, b15 b0
General register ‘ R2 ROH ROL [
: _________________
! R3 R1H RiL |
""""""""" 1| ~Data register 1
R2
b23 R3 I
A0 I .
|| PAddress register 1
Al
SB Il Static base register 1
FB Il Frame base register 1
!
USP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt table register
PC Program counter
| FLG | Flag register
bis. - " bs b7 bo!
L[ ee [ [ ]1[u[t]ofs]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
DSAO0
DMA SFR adress register
DSA1l
Notes :
1. These registers comprise a register bank. Two sets of register banks are provided.

Figure 1.3.1. CPU Register
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. i SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Central Processing Unit (CPU)

General Register

(1) Data Registers (RO, R1, R2 and R3)
RO is 16 bits long to use primarily for transfer, arithmetic, calculation and logic as well as R1 to R3. RO can
be used as an 8-bit data register separated high-order(ROH) and low-order(ROL) as well as R1.
RO can be combined with R2 to use as a 32-bit data register (R2R0) as well as R3R1.

(2) Address Registers (A0 and Al)

AOQ is 24 bits long to use address register indirect addressing, address register relative addressing, trans-
fer, arithmetic calculation and logic calculation, as well as Al.

(3) Static Base Register (SB)
SB is 24 bits long to use for SB relative addressing.

(4) Frame Base Register (FB)
FB is 24 bits long to use for FB relative addressing.

(5) Program Counter (PC)
PC is 24 bits long to indicate an address of an instruction to be executed.

(6) Interrupt Table Register (INTB)
INTB is 24 bits long to indicate a starting address of an interrupt vector table.

(7) User Stack Pointer (USP), Interrupt Stack Pointer (ISP)
The user stack pointer (USP) and interrupt stack pointer (ISP), which are 24 bits long, are provided as the
stack pointer. The U flag can switch USP to ISP and vice versa. Refer to the paragraph "Flag Register (FLG)"
about the U flag. USP and ISP should be set to an even number to execute an interrupt sequence efficiently.

High-Speed Interrupt Registers
Registers associated to the high-speed interrupt are as follows. Refer to the paragraph "High-speed
Interrupt” for details.
- Flag save register (SVF)
- PC save register (SVP)
- Vector register (VCT)

DMAC-associated Registers

Registers associated to DMAC are as follows. Refer to the section "DMAC" for details.
- 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 (DSA0, DSA1)

- DMA memory address reload register (DRAO, DRA1)
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o¢ ) ] SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Central Processing Unit (CPU)

Flag Register (FLG)
The flag register (FLG) is 16 bits long to show the CPU status.

(1) Carry Flag (C)
The C flag indicates carry and borrow status after an instruction is executed.

(2) Debug Flag (D)
The D flag is for debug only. It should be set to "0".

(3) Zero Flag (2)
The Z flag is set to "1" when a negative value is obtained from an arithmetic calculation; otherwise, set
to "0".

(4) Sign Flag (S)
The S flag is set to "1" when a negative value is obtained from an arithmetic calculation; otherwise, set
to "0".

(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".

(6) Overflow Flag (O)
The O flag is set to "1" when an arithmetic operation overflows; otherwise, is set to "0".

(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.

(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 the hardware interrupt is acknowledged or the INT instruction of software
interrupt numbers 0 to 31 is executed.

(9) Processor Interrupt Priority Level (IPL)
IPL is 3 bits long to assign interrupt priority levels from level O to level 7.
If a requested interrupt has a greater priority than IPL, the interrupt is enabled.

(10) Reserved Space
When write, the reserved space should be set to "0". When read, its content is indeterminate.
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Reset

Reset

Hardware reset and software reset can be used to reset a microcomputer.

Hardware Reset
1. When the Power Supply is Stable

The RESET pin is reset when the supply voltage meets recommended performance conditions and "L" is
input to the RESET pin (see Table 1.4.1). The RESET pin should be in "H" after 20 or more clock cycles
are input to the XIN pin with the RESET pin in "L". The CPU and SFR are reset to run programs from an
address indicated by a reset vector.

Internal RAM is not reset after reset. When the RESET pin is set to "L" while writing to the internal RAM,
the internal RAM becomes indeterminate.

2. When the Power Supply is On

The RESET pin is reset when the supply voltage for the Vcc pin meet the recommanded performance
requirement. (See Table 1.4.1.)

Main clock ocsillation is stable and 20 or more clocks are input to the XIN pin. The CPU and SFR are reset
when the RESET pin level changes "L" to "H". (Internal RAM is indeterminate.) Programs run from an
address indicated.

Software Reset

When the PMO3 bit in the PMO register is set to "1" (microcomputer reset), pins, the CPU and SFR are reset
as well as a hardware reset. Programs run from an address indicated by a reset vector.

At software reset, processor mode is not exited and bus-associated registers are not changed.

The main clock should be selected as the CPU clock to set the PMO03 bit to "1" when main clock oscillation
is stable enough.

Figure 1.4.1 shows a reset sequence. Figure 1.4.3 shows the CPU register conditions after reset. Refer to
the section "SFR" about SFR conditions after reset.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Reset

e I

—- = 20 or more cycles are required

Microprocessor
mode BYTE = “H"

RESET BCLK 40 to 45 cycles

-

BCLK
P Content of iesetvector
Address ‘ | FFFFFE1s |
R0 R JuE
WR
CS0 (

Microprocessor
mode BYTE = “L"

| | Content of reset vector

¢ o e

Address ( jFFFFFClje X FFFFFElei )( {

WR
Ccso {
Single-chip — "
FFFFFCi6 Content of reset vector
mode ! ; ; + |
[ [
i R
Address LXTD _________________________________________________________________________________________
FFFFFE1s
Figure 1.4.1. Reset Sequence
5V
: ~ 42V
vee e
ov /|
RESET Vce 5V
RESET : :
—p—— P
+ ov 7

—

!

Input a clock in 20 or more cycles to XIN pin
The above applies to Vcc = 5V

Figure 1.4.2. Reset Circuit
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M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Reset

Table 1.4.1. Pin Status

Status
Pin name CNVss = Vcc
CNVss = Vss
BYTE = Vss ‘ BYTE = Vcc

PO Input port (high-impedance) | Data input (high-impedance)

P1 Input port (high-impedance) | Data input (high-impedance) ‘ Input port (high-impedance)
P2, P3, P4 Input port (high-impedance) | Address output (indeterminate)

P50 Input port (high-impedance) | WR output (output "H")

P51 Input port (high-impedance) | BHE output (indeterminate)

P52 Input port (high-impedance) RD output (output "H")

P53 Input port (high-impedance) | BCLK output

P54 Input port (high-impedance) HLDA output (output value depends on an input to HOLD pin)
P55 Input port (high-impedance) | HOLD input (high-impedance)

P56 Input port (high-impedance) | RAS output

P57 Input port (high-impedance) RDY input (high-impedance)

P6to P15 1 Input port (high-impedance) | Input port (high-impedance)
Notes :

1. Ports P11 to P15 are provided in the 144-pin package.

Internal Space

Figure 1.4.3 shows CPU register states after reset. Refer to the section "SFR" about a SFR state after

reset.
0:"0" after reset
? : Indeterminate after reset
General register High-speed interrupt register
b15 b0 b15 b0
000016 Flag register (FLG) b23 ? Save Flag register (SVF)
b1s .- e b7 bo! ? Save PC register (SVP)
[2]o 0 0]2]2]2]2]0]0]0]0]o]0]0]0] 2 Vector register (VCT)
L1
IPL vrosszbc DMAC-associated register
S, bo b7 b0
i 0000 0016 0016 ] Data register (R2/ROH/ROL) 0016 DMA mode register (DMDO)
... 00006 0016 0016 1 Data register (R3/R1H/R1L) bi5 0016 DMA mode register (DMD1)
000016 || Data register (R2) ? DMA transfer count register (DCTO)
023 000016 Data register (R3) ? DMA transfer count register (DCT1)
00000016 Address register (A0) ? DMA transfer count reload register (DRCO)
00000016 1 Address register (A1) b23 ? DMA transfer count reload register (DRC1)
00000015 1 Static base register (SB) ? DMA memory address register (DMAO)
. 00000016 Frame base register (FB) ? DMA memory address register (DOMA1)
X ? DMA memory address reload register (DRAO)
00000016 User stack pointer (USP) .
X ? DMA memory address reload register (DRA1)
00000016 Interrupt stack pointer (ISP)
. ? DMA SFR address register (DSAQ)
00000016 Interrupt table register (INTB)
? DMA SFR address register (DSA1)
Contents of addresses Program counter (PC)
FFFFFE16 to FFFFFC16

Figure 1.4.3. CPU Register after Reset
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SFR

SFR

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Address Register Symbol Value after RESET
000016
000116
000216
000316
. 1000 00002(CNVss pin ="L")
000416 | Processor mode register O PMO 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 CMm1 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")
000B16 | External data bus width control register DS XXXX 00002(BYTE pin ="H")
000C16 | Main clock division register MCD XXX0 10002
000D16 | Oscillation stop detect register CM2 0000 00002
000E16 | Watchdog timer start register WDTS ??16
000F16 | Watchdog timer control register WDC 0007? ????2
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 O VDCO 0000 00002
001Cz1s6
001D16 | Address match interrupt register 3 RMAD3 00000016
001E16
001F16 | VDC control register 1 VDC1 0000 00002
002016
002116 | Emulator interrupt vector table register EIAD F0000016
002216
002316 | Emulator interrupt detect register EITD XXXX XX002
002416 | Emulator protect register EPRR XXXX XXX02
002516 | Emulator protect control register EMU XXXX X0002
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16

X : Nothing is assigned ? : Indetermination

Blank columns are all reserved space. No use is allowed.
Users cannot use any symbols with *. No access is allowed.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

Address Register Symbol Value after RESET
003016 | ROM space set register ROA XXXX X0002 *
003116 | Debug monitor space set register DBA 1111 00002 *
003216 | Expanded space set register 0 EXAO 0000 00002 *
003316 | Expanded space set register 1 EXAl 0000 00002 *
003416 | Expanded space set register 2 EXA2 0000 00002 *
003516 | Expanded space set register 3 EXA3 0000 00002 *
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16
004016 | DRAM control register DRAMCONT XXX 2?2?72
004116 | DRAM refresh interval set register REFCNT ??16

004216
004316
004416
004516
004616
004716
004816
004916
004A16
004B16
004C16
004D16
004E16
004F16
005016
005116
005216
005316
005416
005516 | Flash memory control register 2 FMR2 XXXX X0X02 *
005616 | Flash memory control register 1 FMR1 XXXX XXX02 *
005716 | Flash memory control register O FMRO XX00 00012
005816
005916
005A16
005B16
005C16
005D16
005E16
005F16

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
Users cannot use any symbols with *. No access is allowed.
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SFR

Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

006816 | DMAO interrupt control register DMOIC XXXX 20002
006916 | Timer B5 interrupt control register TB5IC XXXX 20002
006A16 | DMA2 interrupt control register DM2IC XXXX 20002
006B16 | UART2 receive /ACK interrupt control register S2RIC XXXX 20002
006C16 | Timer AO interrupt control register TAOIC XXXX 20002
006D16 | UART3 receive /ACK interrupt control register S3RIC XXXX 20002
006E16 | Timer A2 interrupt control register TA2IC XXXX 20002
006F16 | UARTA4 receive /ACK interrupt control register S4RIC XXXX 20002
007016 | Timer A4 interrupt control register TA4IC XXXX 20002
007116 | UARTO/UART3 bus conflict detect interrupt control register BCNOIC/BCN3IC XXXX 20002
007216 | UARTO receive/ACK interrupt control register SORIC XXXX 20002
007316 | A-DO conversion interrupt control register ADOIC XXXX 20002
007416 | UART1 receive/ACK interrupt control register S1RIC XXXX 20002
007516 | Intelligent I/O interrupt control register O 1100IC XXXX 20002
007616 | Timer B1 interrupt control register TB1lIC XXXX 20002
007716 | Intelligent I/O interrupt control register 2 l1o2IC XXXX 20002
007816 | Timer B3 interrupt control register TB3IC XXXX 20002
007916 | Intelligent I/O interrupt control register 4 1104IC XXXX 20002
007A16 | INTS5 interrupt control register INT5IC XX00 ?0002
007B16 | Intelligent I/O interrupt control register 6 1106IC XXXX 20002
007Cz16 | INT3 interrupt control register INT3IC XX00 ?0002
007D1s6 | Intelligent I/O interrupt control register 8 1108IC XXXX 20002
007E16 | INTL interrupt control register INT1IC XX00 ?0002

Intelligent 1/O interrupt control register 10/ ll010IC
007F16 CAN interrupt 1 control register CAN1IC XXXX 20002
008016
Intelligent 1/O interrupt control register 11/ l1011IC

008116 CAN interrupt 2 control register CAN2IC XXXX 20002
008216

008316

008416

008516

008616 | A-D1 conversion interrupt control register AD1IC XXXX 20002
008716

008816 | DMAL interrupt control register DM1IC XXXX 20002
008916 | UART2 transmit /NACK interrupt control register S2TIC XXXX 20002
008A16 | DMAS interrupt control register DM3IC XXXX 20002
008B16 | UART3 transmit /NACK interrupt control register S3TIC XXXX 20002
008Cz16 | Timer Al interrupt control register TAlIC XXXX 20002
008D16 | UART4 transmit /NACK interrupt control register S4TIC XXXX 20002
008E16 | Timer A3 interrupt control register TA3IC XXXX 20002
008F16 | UART2 bus conflict detect interrupt control register BCN2IC XXXX 20002

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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SFR

Address Register Symbol Value after RESET
009016 | UARTO transmit /NACK interrupt control register SOTIC XXXX 20002
009116 | UART1/UART4 bus conflict detect interrupt control register BCN1IC/BCN4IC XXXX ?0002
009216 | UARTL1 transmit/NACK interrupt control register S1TIC XXXX ?0002
009316 | Key input interrupt control register KUPIC XXXX 20002
009416 | Timer BO interrupt control register TBOIC XXXX ?0002
009516 | Intelligent I/O interrupt control register 1 l1o1IC XXXX 20002
009616 | Timer B2 interrupt control register TB2IC XXXX ?0002
009716 | Intelligent I/O interrupt control register 3 1103IC XXXX 20002
009816 | Timer B4 interrupt control register TB4IC XXXX ?0002
009916 | Intelligent I/O interrupt control register 5 1105IC XXXX 20002
009A16 | INT4 interrupt control register INT4IC XX00 7?0002
009B16 | Intelligent I/O interrupt control register 7 1107IC XXXX 2?0002
009C16 | INT2 interrupt control register INT2IC XX00 70002
Intelligent I/O interrupt control register 9/ 11o9IC
009D16 CAN interrupt O control register CANOIC XXXX 20002
009E16 | INTO interrupt control register INTOIC XX00 ?0002
009F16 | Exit priority control register RLVL XX0X 00002
00AO016 | Interrupt request register O I100IR 0000 000X2
00A116 | Interrupt request register 1 IIO1IR 0000 000X2
00A216 | Interrupt request register 2 1102IR 0000 000X2
00A316 | Interrupt request register 3 I103IR 0000 000X2
00A416 | Interrupt request register 4 1104IR 0000 000X2
00A516 | Interrupt request register 5 I1O5IR 0000 000X2
00A616 | Interrupt request register 6 I106IR 0000 000X2
00A716 | Interrupt request register 7 1107IR 0000 000X2
00A816 | Interrupt request register 8 I108IR 0000 000X2
00A916 | Interrupt request register 9 I109IR 0000 000X2
00AA16 | Interrupt request register 10 11010IR 0000 000X2
00AB16 | Interrupt request register 11 II011IR 0000 000X2
00AC16
00AD16
00AE16
00AF16
00BO016 | Interrupt enable register 0 1100IE 0000 00002
00B116 | Interrupt enable register 1 I1011E 0000 00002
00B216 | Interrupt enable register 2 1102IE 0000 00002
00B316 | Interrupt enable register 3 1103IE 0000 00002
00B416 | Interrupt enable register 4 11041E 0000 00002
00B516 | Interrupt enable register 5 IIO51E 0000 00002
00B616 | Interrupt enable register 6 11061E 0000 00002
00B716 | Interrupt enable register 7 11071E 0000 00002
00B816 | Interrupt enable register 8 1108IE 0000 00002
00B916 | Interrupt enable register 9 1109I1E 0000 00002
00BA16 | Interrupt enable register 10 11010IE 0000 00002
00BB16 | Interrupt enable register 11 IIO11IE 0000 00002
00BC16
00BD16
O00BE16
00BF16

X: Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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Address Register Symbol Value after RESET
00CO016 ) ] ] ??16
00C116 Group 0 time measurement/waveform generation register 0 GOTM0/GOPO0 2716
00C216 . . ) ?716
00C316 Group 0 time measurement/waveform generation register 1 GOTM1/GOPO1 2716
00C416 ) ] ] ??16
00C516 Group 0 time measurement/waveform generation register 2 GOTM2/GOPO2 2716
00C616 ) ] ] ??16
00C716 Group 0 time measurement/waveform generation register 3 GOTM3/GOPO3 2716
00C816 ) ] ] ??16
00C916 Group 0 time measurement/waveform generation register 4 GOTM4/GOPO4 2716
00CA16 . . ) ?716
00CB16 Group 0 time measurement/waveform generation register 5 GOTM5/GOPO5 2716
00CC16 ) ] ] ??16
00CD16 Group 0 time measurement/waveform generation register 6 GOTM6/GOPO6 2716
00CE16 . . ) ?716
00CF16 Group 0 time measurement/waveform generation register 7 GOTM7/GOPO7 2716
00DO016 | Group 0 waveform generation control register 0 GOPOCRO 0X00 X0002
00D116 | Group O waveform generation control register 1 GOPOCR1 0X00 X0002
00D216 | Group O waveform generation control register 2 GOPOCR2 0X00 X0002
00D316 | Group 0 waveform generation control register 3 GOPOCR3 0X00 X0002
00D416 | Group 0 waveform generation control register 4 GOPOCR4 0X00 X0002
00D516 | Group 0 waveform generation control register 5 GOPOCR5 0X00 X0002
00D616 | Group O waveform generation control register 6 GOPOCR®6 0X00 X0002
00D716 | Group O waveform generation control register 7 GOPOCR7 0X00 X0002
00D816 | Group O time measurement control register O GOTMCRO 0000 00002
00D916 | Group O time measurement control register 1 GOTMCR1 0000 00002
00DA16 | Group O time measurement control register 2 GOTMCR2 0000 00002
00DB16 | Group O time measurement control register 3 GOTMCR3 0000 00002
00DC16 | Group O time measurement control register 4 GOTMCR4 0000 00002
00DD16 | Group O time measurement control register 5 GOTMCR5 0000 00002
00DE16 | Group O time measurement control register 6 GOTMCR6 0000 00002
00DF16 | Group O time measurement control register 7 GOTMCR7 0000 00002
00EO16 ?7?16
00E116 Group 0 base timer register GOBT 2716
00E216 | Group O base timer control register 0 GOBCRO 0000 00002
00E316 | Group O base timer control register 1 GOBCR1 0000 00002
00E416 | Group O time measurement prescaler register 6 GOTPR6 0000 00002
00ES516 | Group O time measurement prescaler register 7 GOTPR7 0000 00002
00E616 | Group O function enable register GOFE 0000 00002
00E716 | Group O function select register GOFS 0000 00002
OOE816 77?7?2772
00E916 Group 0 SI/O receive buffer register GORB XX00 XXXX2
00EA16 | Group O transmit buffer/receive data register GOTB/GODR ??16
0OEB16

00EC16 | Group O receive input register GORI ?7?16
00ED16 | Group 0 SI/O communication mode register GOMR 0000 00002
00EE16 | Group 0 transmit output register GOTO ?7?16
00EF16 | Group 0 SI/O communication control register GOCR 0000 X0002

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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Address Register Symbol Value after RESET
00F016 | Group O data compare register 0 GOCMPO ??16
00F116 | Group O data compare register 1 GOCMP1 ??16
00F216 | Group O data compare register 2 GOCMP2 ??16
00F316 | Group O data compare register 3 GOCMP3 ??16
00F416 | Group O data mask register 0 GOMSKO ??16
00F516 | Group O data mask register 1 GOMSK1 ??16
00F616

00F716

00F816 ?7?16
00E916 Group 0 receive CRC code register GORCRC 2716
00FA16 ) ) 0000 00002
00FB16 Group 0 transmit CRC code register GOTCRC 0000 00002
00FC16 | Group 0 SI/O extended mode register GOEMR 0000 00002
00FD16 | Group 0 SI/O extended receive control register GOERC 0000 00002
00FE16 | Group 0 SI/O special communication interrupt detect register GOIRF 0000 00XX2
00FF16 | Group O SI/O extended transmit control register GOETC 0000 0XXX2
010016 ??16
010116 Group 1 time measurement/waveform generation register 0 G1TM0/G1PO0 2716
010216 ??16
010316 Group 1 time measurement/waveform generation register 1 G1TM1/G1PO1 2716
010416 ??16
010516 Group 1 time measurement/waveform generation register 2 G1TM2/G1PO2 2716
010616 ?7?16
010716 Group 1 time measurement/waveform generation register 3 G1TM3/G1PO3 2716
010816 ?7?16
010916 Group 1 time measurement/waveform generation register 4 G1TM4/G1PO4 2716
010A16 ?7?16
010B16 Group 1 time measurement/waveform generation register 5 G1TM5/G1PO5 2716
010C1s6 ?7?16
010D16 Group 1 time measurement/waveform generation register 6 G1TM6/G1PO6 2716
010E16 ?7?16
010F16 Group 1 time measurement/waveform generation register 7 G1TM7/G1PO7 2716
011016 | Group 1 waveform generation control register O G1POCRO 0X00 X0002
011116 | Group 1 waveform generation control register 1 G1POCR1 0X00 X0002
011216 | Group 1 waveform generation control register 2 G1POCR2 0X00 X0002
011316 | Group 1 waveform generation control register 3 G1POCRS3 0X00 X0002
011416 | Group 1 waveform generation control register 4 G1POCR4 0X00 X0002
011516 | Group 1 waveform generation control register 5 G1POCRS5 0X00 X0002
011616 | Group 1 waveform generation control register 6 G1POCR®6 0X00 X0002
011716 | Group 1 waveform generation control register 7 G1POCRY7 0X00 X0002
011816 | Group 1 time measurement control register O G1TMCRO 0000 00002
011916 | Group 1 time measurement control register 1 G1TMCR1 0000 00002
011A16 | Group 1 time measurement control register 2 G1TMCR2 0000 00002
011B16 | Group 1 time measurement control register 3 G1TMCR3 0000 00002
011C16 | Group 1 time measurement control register 4 G1TMCR4 0000 00002
011D16 | Group 1 time measurement control register 5 G1TMCR5 0000 00002
011E16 | Group 1 time measurement control register 6 G1TMCR®6 0000 00002
011F16 | Group 1 time measurement control register 7 G1TMCRY7 0000 00002

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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Address Register Symbol Value after RESET
012016 ??16
012116 Group 1 base timer register G1BT 2716
012216 | Group 1 base timer control register 0 G1BCRO 0000 00002
012316 | Group 1 base timer control register 1 G1BCR1 0000 00002
012416 | Group 1 time measurement prescaler register 6 G1TPR6 0000 00002
012516 | Group 1 time measurement prescaler register 7 G1TPR7 0000 00002
012616 | Group 1 function enable register G1FE 0000 00002
012716 | Group 1 function select register G1FS 0000 00002
012816 ???? 2?7?72
012916 Group 1 SI/O receive buffer register G1RB XX00 XXXX2
012A16 | Group 1 transmit buffer/receive data register G1TB/G1DR ?7?16
012B16

012Cz16 | Group 1 receive input register G1RI ?7?16
012D16 | Group 1 SI/O communication mode register G1IMR 0000 00002
012E16 | Group 1 transmit output register G1TO ?7?16
012F16 | Group 1 SI/O communication control register G1CR 0000 X0002
013016 | Group 1 data compare register 0 G1CMPO ?7?16
013116 | Group 1 data compare register 1 G1CMP1 ?7?16
013216 | Group 1 data compare register 2 G1CMP2 ?7?16
013316 | Group 1 data compare register 3 G1CMP3 ?7?16
013416 | Group 1 data mask register 0 G1MSKO ?7?16
013516 | Group 1 data mask register 1 G1MSK1 ?7?16
013616

013716

013816 ] ) ??16
013916 Group 1 receive CRC code register G1RCRC 2716
013A16 ) ) 0000 00002
013B16 Group 1 transmit CRC code register G1TCRC 0000 00002
013C16 | Group 1 SI/O extended mode register G1EMR 0000 00002
013D16 | Group 1 SI/O extended receive control register G1lERC 0000 00002
013E16 | Group 1 SI/O special communication interrupt detect register G1lIRF 0000 00XX2
013F16 | Group 1 SI/O extended transmit control register G1ETC 0000 0XXX2
014016 ??16
014116 Group 2 waveform generation register 0 G2PO0 2716
014216 ??16
014316 Group 2 waveform generation register 1 G2PO1 2716
014416 ??16
014516 Group 2 waveform generation register 2 G2P0O2 2716
014616 ??16
014716 Group 2 waveform generation register 3 G2P0O3 2716
014816 ??16
014916 Group 2 waveform generation register 4 G2P0O4 2716
014A16 ??16
014B16 Group 2 waveform generation register 5 G2P0O5 2716
014Ca1s6 ??16
014D16 Group 2 waveform generation register 6 G2P0O6 2716
014E16 ??16
014F16 Group 2 waveform generation register 7 G2PO7 2916

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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Address Register Symbol Value after RESET
015016 | Group 2 waveform generation control register O G2POCRO 0000 00002
015116 | Group 2 waveform generation control register 1 G2POCR1 0000 00002
015216 | Group 2 waveform generation control register 2 G2POCR2 0000 00002
015316 | Group 2 waveform generation control register 3 G2POCR3 0000 00002
015416 | Group 2 waveform generation control register 4 G2POCR4 0000 00002
015516 | Group 2 waveform generation control register 5 G2POCR5 0000 00002
015616 | Group 2 waveform generation control register 6 G2POCR®6 0000 00002
015716 | Group 2 waveform generation control register 7 G2POCR7 0000 00002
015816

015916

015A16

015B16

015C16

015D16

015E16

015F16

016016 ??16

016116 Group 2 base timer register G2BT 2716

016216 | Group 2 base timer control register 0 G2BCRO 0000 00002
016316 | Group 2 base timer control register 1 G2BCR1 0000 00002
016416 | Base timer start register BTSR XXXX 00002
016516

016616 | Group 2 function enable register G2FE 0000 00002
016716 | Group 2 RTP output buffer register G2RTP 0000 00002
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 2777 272772
016D16 Group 2 SI/O transmit buffer register G2TB 229X X2772
016E16 2777 272772
016F16 Group 2 SI/O receive buffer register G2RB XXX? XXXX2
017016 27?7?7772
017116 Group 2 IE Bus address register IEAR XXXX 27272
017216 | Group 2 |IE Bus control register IECR 00XX X0002
017316 | Group 2 |IE Bus transmit interrupt cause detect register IETIF XXX0 00002
017416 | Group 2 |IE Bus receive interrupt cause detect register IERIF XXX0 00002
017516

017616

017716

017816 | Input function select register IPS 0000 00002
017916

017A16 | Group 3 SI/O communication mode register G3MR 00XX 00002
017B16 | Group 3 SI/O communication control register G3CR 0000 X0002
017Cz1s6 ?7?16
017D16 Group 3 SI/O transmit buffer register G3TB 2716
017E16 ?7?16

017F16 Group 3 SI/O receive buffer register G3RB 2916

X: Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.

RENESAS

RenesasTechnology Corp.

33



o 6@0‘ Preliminary S.pec.ifications REV.1.02 . Mitsubishi Microcomputers
\z;&\o\’ Specifications in this manual are tentative and subject to change. M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

SFR

Address Register Symbol Value after RESET
018016 ??16
018116 Group 3 waveform generation register 0 G3PO0 2716
018216 ??16
018316 Group 3 waveform generation register 1 G3PO1 2716
018416 ??16
018516 Group 3 waveform generation register 2 G3P0O2 2716
018616 ??16
018716 Group 3 waveform generation register 3 G3P0O3 2716
018816 ??16
018916 Group 3 waveform generation register 4 G3PO4 2716
018A16 ??16
018B16 Group 3 waveform generation register 5 G3PO5 2716
018C1s6 ??16
018D16 Group 3 waveform generation register 6 G3PO6 2716
018E16 ??16
018F16 Group 3 waveform generation register 7 G3PO7 2716
019016 | Group 3 waveform generation control register 0 G3POCRO 0000 00002
019116 | Group 3 waveform generation control register 1 G3POCR1 0000 00002
019216 | Group 3 waveform generation control register 2 G3POCR2 0000 00002
019316 | Group 3 waveform generation control register 3 G3POCR3 0000 00002
019416 | Group 3 waveform generation control register 4 G3POCR4 0000 00002
019516 | Group 3 waveform generation control register 5 G3POCR5 0000 00002
019616 | Group 3 waveform generation control register 6 G3POCR6 0000 00002
019716 | Group 3 waveform generation control register 7 G3POCR7 0000 00002
019816 ??16
019916 Group 3 waveform generation mask register 4 G3MK4 2716
019A16 ??16
019816 Group 3 waveform generation mask register 5 G3MK5 2716
019C1s6 ??16
019D16 Group 3 waveform generation mask register 6 G3MK6 2716
019E16 ??16
019F16 Group 3 waveform generation mask register 7 G3MK7 2716
01A016 ) ) ??16
01A116 Group 3 base timer register G3BT 2716
01A216 | Group 3 base timer control register 0 G3BCRO 0000 00002
01A316 | Group 3 base timer control register 1 G3BCR1 0000 00002
01A416

01A516

01A616 | Group 3 function enable register G3FE 0000 00002
01A716 | Group 3 RTP output buffer register G3RTP 0000 00002
01A816

01A916

01AA16

01AB16

01AC16| Group 3 HDLC communication control register HDLC 0000 00002 *
01AD16| Group 3 SI/O communication flag register G3FLG XXXX XXX02
01AE16 0000 0000
01AF16 Group 3 HDLC transmit counter HCNT 0000 0000 *

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
Users cannot use any symbols with *. No access is allowed.
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Address Register Symbol Value after RESET
01B016 ) 0000 00002

01B116 Group 3 HDLC address compare register 0 HADRO 0000 00002 *
01B216 ) 0000 00002 .
01B316 Group 3 HDLC address mask register 0 HMSKO 0000 00002

01B416 ) 0000 00002 .
01B516 Group 3 HDLC address compare register 1 HADR1 0000 00002

01B616 ) 0000 00002 .
01B716 Group 3 HDLC address mask register 1 HMSK1 0000 00002

01B816 ) 0000 00002 .
01B916 Group 3 HDLC address compare register 2 HADR2 0000 00002

01BA16 ) 0000 00002

01BB16 Group 3 HDLC address mask register 2 HMSK2 0000 00002 *
01BC16 ) 0000 00002 .
01BD16 Group 3 HDLC address compare register 3 HADR3 0000 00002

01BE16 ) 0000 00002 .
01BE16 Group 3 HDLC address mask register 3 HMSK3 0000 00002

01CO016 27277 27772

01C116 A-D1 register 0 AD10 XXXX XX??2

01C216 27277 27772

01C316 A-D1 register 1 AD11 XXXX XX272

01C416 27277 27772

01C516 A-D1 register 2 AD12 XXXX XX??2

01C616 272727 27772

01C716 A-D1 register 3 AD13 XXXX XX??2

01C816 272727 27772

01C916 A-D1 register 4 AD14 XXXX XX??2

01CA16 272727 27772

01CB16 A-D1 register 5 AD15 XXXX XX??2

01CCi6 27277 27772

01CD16 A-D1 register 6 AD16 XXXX XX??2

01CE16 272727 27772

01CF16 A-D1 register 7 AD17 XXXX XX??2

01DO016

01D116

01D216

01D316

01D416 | A-D1 control register 2 AD1CON2 X00X X0002

01D516

01D616 | A-D1 control register 0 AD1CONO 0000 00002

01D716 | A-D1 control register 1 AD1CON1 XX00 00002

01D816

01D916

01DA16

01DB16

01DC1s6

01DD16

01DE16

01DF16

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
Users cannot use any symbols with *. No access is allowed.
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Address Register Symbol Value after RESET
01E016 | CANO message slot buffer 0 standard IDO COSLOTO_0 XXX? 2?2272
01E11e6 | CANO message slot buffer O standard ID1 COSLOTO_1 XX?7? 2?2272
01E216 | CANO message slot buffer 0 extended IDO COSLOTO_2 XXXX 2?2272
01E316 | CANO message slot buffer 0 extended ID1 COSLOTO_3 ??16

01E416 | CANO message slot buffer 0 extended 1D2 COSLOTO_4 XX?7? 2?2272
01E516 | CANO message slot buffer 0 data length code COSLOTO_5 XXXX 2?2?72
01E616 | CANO message slot buffer 0 data 0 COSLOTO_6 ??16

01E716 | CANO message slot buffer 0 data 1 COSLOTO_7 ??16

01E816 | CANO message slot buffer 0 data 2 COSLOTO_8 ??16

01E916 | CANO message slot buffer 0 data 3 COSLOTO_9 ??16

01EA16 | CANO message slot buffer O data 4 COSLOTO_10 ??16

01EB16 | CANO message slot buffer 0 data 5 COSLOTO_11 ??16

01EC16 | CANO message slot buffer O data 6 COSLOTO_12 ??16

01ED16 | CANO message slot buffer 0 data 7 COSLOTO_13 ??16

01EE16 | CANO message slot buffer O time stamp high-order COSLOTO_14 ?7?16

01EF16 | CANO message slot buffer O time stamp low-order COSLOTO_15 ?7?16

01F016 | CANO message slot buffer 1 standard IDO COSLOTL1_0 XXX? 2?2272
01F116 | CANO message slot buffer 1 standard ID1 COSLOTL_ 1 XX?7? 2?2272
01F216 | CANO message slot buffer 1 extended IDO COSLOT1_2 XXXX 2?2272
01F316 | CANO message slot buffer 1 extended ID1 COSLOTL_3 ??16

01F416 | CANO message slot buffer 1 extended 1D2 COSLOT1_4 XX?7? 2?2272
01F516 | CANO message slot buffer 1 data length code COSLOT1_5 XXXX 2?2?72
01F616 | CANO message slot buffer 1 data 0 COSLOT1_6 ??16

01F716 | CANO message slot buffer 1 data 1 COSLOTL_7 ??16

01F816 | CANO message slot buffer 1 data 2 COSLOTL_8 ??16

01F916 | CANO message slot buffer 1 data 3 COSLOTL 9 ??16

01FA16 | CANO message slot buffer 1 data 4 COSLOT1_10 ??16

01FB16 | CANO message slot buffer 1 data 5 COSLOT1_11 ??16

01FC16 | CANO message slot buffer 1 data 6 COSLOT1_12 ??16

01FD16 | CANO message slot buffer 1 data 7 COSLOT1_13 ??16

01FE1e | CANO message slot buffer 1 time stamp high-order COSLOT1_14 ?7?16

01FF16 | CANO message slot buffer 1 time stamp low-order COSLOT1_15 ?7?16

020016 _ XX01 0X012%
020116 CANO control register 0 COCTLRO XXXX 000021
020216 ) 0000 000021
020316 CANO status register COSTR X000 0X012%
020416 ) 0000 000021
020516 CANO extended ID register COIDR 0000 00002
020616 _ _ ] 0000 XXXX21
020716 CANO configuration register COCONR 0000 000021
020816 ) ] 0000 000021
020916 CANO time stamp register COTSR 0000 000021
020A16 | CANO transmit error count register COTEC 0000 000021
020B16 | CANO receive error count register COREC 0000 000021
020C16 ] ) 0000 000021
020D16 CANO slot interrupt status register COSISTR 0000 000021
020E16

020F16

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.

Notes :

1. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and allocating a
clock to CAN module after reset.
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Address Register Symbol Value after RESET

021016 0000 00002 2

021116 CANO slot interrupt mask register COSIMKR 0000 00002 2

021216

021316

021416 | CANO error interrupt mask register COEIMKR XXXX X0002 2

021516 | CANO error interrupt status register COEISTR XXXX X0002 2

021616

021716 | CANO baud rate prescaler COBRP 0000 00012 2

021816

021916

021A16

021B16

021C1s

021D1s6

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 00002 2

022A16 | CANO global mask register extended 1DO COGMR2 XXXX 00002 2

022B16 | CANO global mask register extended ID1 COGMR3 0000 00002 2

022C16 | CANO global mask register extended 1D2 COGMR4 XX00 00002 2

022D16

022E16

022F16 (Note 1)
CANO message slot 0 control register / COMCTLO/ 0000 00002 2

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

023116 | - ANO local mask register A standard 1D1 COLMAR1 XX00 00002 2
CANO message slot 2 control register / COMCTL2/ 0000 00002 2

023216 CANO local mask register A extended IDO COLMAR2 XXXX 00002 2
CANO message slot 3 control register / COMCTL3/ 0000 00002 2

023316 | - ANO local mask register A extended ID1 COLMAR3 0000 00002 2
CANO message slot 4 control register / COMCTLA4/ 0000 00002 2

023416 | - ANO local mask register A extended D2 COLMAR4 XX00 00002 2

023516 | CANO message slot 5 control register COMCTL5 0000 00002 2

023616 | CANO message slot 6 control register COMCTL6 0000 00002 2

023716 | CANO message slot 7 control register COMCTL7 0000 00002 2
CANO message slot 8 control register / COMCTLS8/ 0000 00002 2

023816 | cAND local mask register B standard 1DO COLMBRO XXX0 00002 2 v

X : Nothing is assigned ? : Indetermination

Blank columns are all reserved space. No use is allowed.

Notes :

1. Addresses 023016 to 023F16 are switched its function in the BankSel bit of COCTLR1 register.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and allocating a
clock to CAN module after reset.

RENESAS

RenesasTechnology Corp.

37



&

SFR
|

(‘\e«\ Preliminary Specifications REV.1.02
Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Address Register Symbol Value after RESET
CANO message slot 9 control register / COMCTLY/ 0000 00002 2 \
023916 | AN local mask register B standard ID1 COLMBR1 XX00 00002 2
CANO message slot 10 control register / COMCTL10/ 0000 00002 2
023A16 | = ANO local mask register B extended 1DO COLMBR2 XXXX 00002 2
CANO message slot 11 control register / COMCTL11/ 0000 00002 2
023B16 | AN local mask register B extended ID1 COLMBR3 0000 00002 2 (Note 1)
CANO message slot 12 control register / COMCTL12/ 0000 00002 2
023C16 | - ANO local mask register B extended 1D2 COLMBR4 XX00 00002 2
023D16 | CANO message slot 13 control register COMCTL13 0000 00002 2
023E16 | CANO message slot 14 control register COMCTL14 0000 00002 2
023F16 | CANO message slot 15 control register COMCTL15 0000 00002 2 ‘
024016 | CANO slot buffer select register COSBS 0000 00002 2
024116 | CANO control register 1 COCTLR1 XX00 00XX2 2
024216 | CANO sleep control register COSLPR XXXX XXX02
024316
024416 0000 00002 2
024516 CANO acceptance filter support register COAFS 0000 00012 2

X : Nothing is assigned ? : Indetermination

Blank columns are all reserved space. No use is allowed.

Notes :

1. Addresses 023016 to 023F16 are switched its function in the BANKSEL bit in the COCTLRL1 register.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and allocating a
clock to CAN module after reset.
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\2;“6\0\) Specifications in this manual are tentative and subject to change. M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

Address Register Symbol Value after RESET
02CO016 ??16
02C116 X0 register YO register XOR,YOR 2716
02C216 ??16
02C316 X1 register Y1 register X1R,Y1R 2716
02C416 ??16
02C516 X2 register Y2 register X2R,Y2R 2716
02C616 ??16
02C716 X3 register Y3 register X3R,Y3R 2716
02C816 ??16
02C916 X4 register Y4 register X4R,Y4R 2716
02CA16 ??16
02CB16 X5 register Y5 register X5R,Y5R 2716
02CC1is ??16
02CD16 X6 register Y6 register X6R,Y6R 2716
02CE1s ??16
02CF16 X7 register Y7 register X7R,Y7R 2716
02D016 ??16
02D116 X8 register Y8 register X8R,Y8R 2716
02D216 ??16
02D316 X9 register Y9 register X9R,Y9R 2716
02D416 ??16
02D516 X10 register Y10 register X10R,Y10R 2716
02D616 ??16
02D716 X11 register Y11 register X11R,Y11R 2716
02D816 ??16
02D916 X12 register Y12 register X12R,Y12R 2716
02DA16 ??16
02DB16 X13 register Y13 register X13R,Y13R 2716
02DC1s6 ??16
02DD16 X14 register Y14 register X14R,Y14R 2716
02DE16 ??16
02DF16 X15 register Y15 register X15R,Y15R 2716
02EO016 | XY control register XYC XXXX XX002
02E1l16

02E216

02E316

02E416 | UARTL1 special mode register 4 U1SMR4 0000 00002
02E516 | UARTL1 special mode register 3 U1SMR3 0000 00002
02E616 | UARTL1 special mode register 2 U1SMR2 0000 00002
02E716 | UARTL1 special mode register U1SMR 0000 00002
02E816 | UARTL1 transmit/receive mode register U1IMR 0000 00002
02E916 | UARTL1 baud rate register U1BRG ??16
02EA16 2?72 2??72
02EB16 UART1 transmit buffer register UlTB XXXX XXX?2
02EC16 | UARTL1 transmit/receive control register O uUi1co 0000 10002
02ED16 | UARTL1 transmit/receive control register 1 uici 0000 00102
02EE16 2?72 2??72
02EF16 UART1 receive buffer register U1RB 2999 IXX?2

X: Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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\3:’/“?'\& Specifications in this manual are tentative and subject to change. M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

SFR

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

02F416 | UART4 special mode register 4 U4SMR4 0000 00002
02F516 | UART4 special mode register 3 U4SMR3 0000 00002
02F616 | UART4 special mode register 2 U4SMR2 0000 00002
02F716 | UART4 special mode register U4SMR 0000 00002
02F816 | UART4 transmit/receive mode register U4MR 0000 00002
02F916 | UART4 baud rate register U4BRG ?7?16
02FA16 77?2?7772
02EB16 UART4 transmit buffer register u4TB XXXX XXX?2
02FC16 | UART4 transmit/receive control register 0 u4co 0000 10002
02FD16 | UART4 transmit/receive control register 1 v4ci 0000 00102
02FE16 77?2?7772
02EE16 UARTA4 receive buffer register U4RB 2999 IXX72
030016 | Timer B3,B4,B5 count start flag TBSR 000X XXXX2
030116

030216 | ) ??16
030316 Timer Al-1 register TAll 2716
030416 | ) ??16
030516 Timer A2-1 register TA21 2716
030616 ??16
030716 Timer A4-1 register TA41 2716
030816 | Three-phase PWM control register 0 INVCO 0000 00002
030916 | Three-phase PWM control register 1 INVC1 0000 00002
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 ?7?16
030D16 | Timer B2 interrupt generation frequency set counter ICTB2 XXXX 2?2?72
030E16

030F16

031016 ??16
031116 Timer B3 register TB3 2716

031216 ??16
031316 Timer B4 register TB4 2716
031416 ??16
031516 Timer B5 register TB5 2716
031616

031716

031816

031916

031A16

031B16 | Timer B3 mode register TB3MR 00?? 00002
031Cz16 | Timer B4 mode register TB4MR 007X 00002
031D16 | Timer BS mode register TB5MR 00?X 00002
031E16

031F16 | External interrupt cause select register IFSR 0000 00002

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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)
&
¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

Address Register Symbol Value after RESET
032016

032116

032216

032316

032416 | UARTS3 special mode register 4 U3SMR4 0000 00002
032516 | UART3 special mode register 3 U3SMR3 0000 00002
032616 | UART3 special mode register 2 U3SMR2 0000 00002
032716 | UART3 special mode register U3SMR 0000 00002
032816 | UARTS3 transmit/receive mode register U3MR 0000 00002
032916 | UARTS3 baud rate register U3BRG ??16
032A16 ???? ???7?2
032B16 UART3 transmit buffer register U3TB XXXX XXX?2
032C16 | UARTS3 transmit/receive control register 0 u3co 0000 10002
032D16 | UARTS3 transmit/receive control register 1 U3C1l 0000 00102
032E16 ???? ???7?2
032F16 UART3 receive buffer register U3RB 2999 2XX?2
033016

033116

033216

033316

033416 | UART2 special mode register 4 U2SMR4 0000 00002
033516 | UART2 special mode register 3 U2SMR3 0000 00002
033616 | UART2 special mode register 2 U2SMR2 0000 00002
033716 | UART2 special mode register U2SMR 0000 00002
033816 | UART2 transmit/receive mode register U2MR 0000 00002
033916 | UART2 baud rate register U2BRG ??16
033A16 ???? ???7?2
033B16 UART2 transmit buffer register uz2TB XXXX XXX?2
033C16 | UART2 transmit/receive control register O u2co 0000 10002
033D16 | UART2 transmit/receive control register 1 u2C1 0000 00102
033E16 ???? ???7?2
033F16 UART?2 receive buffer register U2RB 2999 2XX?2
034016 | Count start flag TABSR 0000 00002
034116 | Clock prescaler reset flag CPSRF OXXX XXXX2
034216 | One-shot start flag ONSF 0000 00002
034316 | Trigger select register TRGSR 0000 00002
034416 | Up-down flag UDF 0000 00002
034516

034616 ?7?16
034716 Timer AO register TAO 2716
034816 | ) ??16
034916 Timer Al register TAl 2716
034A16 ??16
034B16 Timer A2 register TA2 2916
034C16 ??16
034D16 Timer A3 register TA3 2716
034E16 ?7?16
034F16 Timer A4 register TA4 2716

X: Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

SFR

Address Register Symbol Value after RESET
035016 ) ) ??16

035116 Timer BO register TBO 2716

035216 | ) ??16

035316 Timer B1 register TB1 2716

035416 | ) ??16

035516 Timer B2 register TB2 2716

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 TA3MR 0000 0X002
035A16 | Timer A4 mode register TAAMR 0000 0X002
035B16 | Timer BO mode register TBOMR 00?7 00002
035C16 | Timer B1 mode register TB1IMR 00?X 00002
035D16 | Timer B2 mode register TB2MR 00?X 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 0000 00002
036516 | UARTO special mode register 3 UOSMR3 0000 00002
036616 | UARTO special mode register 2 UOSMR2 0000 00002
036716 | UARTO special mode register UOSMR 0000 00002
036816 | UARTO transmit/receive mode register UOMR 0000 00002
036916 | UARTO baud rate register UOBRG ??16
036A16 ???? 2?7?72
036B16 UARTO transmit buffer register uoTB XXXX XXX?2
036C16 | UARTO transmit/receive control register O uoco 0000 10002
036D16 | UARTO transmit/receive control register 1 uoC1 0000 00102
036E16 ???? 2?7?72
036F16 UARTO receive buffer register UORB 2999 PXX?2
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 | DMAZ2 cause select register DM2SL 0X00 00002
037B16 | DMAS3 cause select register DM3SL 0X00 00002
037C16 ?7?16
037D16 CRC data register CRCD 2716
037E16 | CRC input register CRCIN ??16

037F16

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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)
&
¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

Address Register Symbol Value after RESET
038016 2?7?7772
038116 A-DO register 0 ADOO XXX XX??2
038216 ???? ?27?7?2
038316 A-DO register 1 ADO1 XXX XX??2
038416 ???? ?27?7?2
038516 A-DO register 2 ADO02 XXX XX??2
038616 ???? ?27?7?2
038716 A-DO register 3 ADO3 XXX XX??2
038816 ???? ?27?7?2
038916 A-DO register 4 ADO4 XXX XX??2
038A16 ???? ?27?7?2
038B16 A-DO register 5 ADO5 XXX XX??2
038C16 ???? ?27?7?2
038D16 A-DO register 6 ADO6 XXX XX??2
038E16 ???? ?27?7?2
038F16 A-DO register 7 ADO7 XXX XX??2
039016

039116

039216

039316

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

039616 | A-DO control register O ADOCONO 0000 00002
039716 | A-DO control register 1 ADOCON1 0000 00002
039816 | D-A register 0 DAO ??16

039916

039A16 | D-A register 1 DA1 ??16

039B16

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

039E16

039F16

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

<144-pin package>

Address Register Symbol Value after RESET
03A016 | Function select register A8 PS8 X000 00002
03Al16 | Function select register A9 PS9 0000 00002
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 0000 00002
03B116 | Function select register Al PS1 0000 00002
03B216 | Function select register BO PSLO 0000 00002
03B316 | Function select register B1 PSL1 0000 00002
03B416 | Function select register A2 PS2 00X0 00002
03B516 | Function select register A3 PS3 0000 00002
03B616 | Function select register B2 PSL2 00X0 00002
03B716 | Function select register B3 PSL3 0000 00002
03B816

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

03BB16

03BC16 | Function select register A6 PS6 0000 00002
03BD16 | Function select register A7 PS7 0000 00002
03BE16

03BF16

03CO016 | Port P6 register P6 ?7?16
03C116 | Port P7 register P7 ??16
03C216 | Port P6 direction register PD6 0000 00002
03C316 | Port P7 direction register PD7 0000 00002
03C416 | Port P8 register P8 ?7?16
03C516 | Port P9 register P9 ?7?16
03C616 | Port P8 direction register PD8 00X0 00002
03C716 | Port P9 direction register PD9 0000 00002
03C816 | Port P10 register P10 ?7?16
03C916 | Port P11 register P11 XXX? 2?2?72
03CA16 | Port P10 direction register PD10 0000 00002
03CB16 | Port P11 direction register PD11 XXX0 00002
03CCa1s6 | Port P12 register P12 ?7?16
03CDa1s6 | Port P13 register P13 ?7?16
03CEz16 | Port P12 direction register PD12 0000 00002
03CF16 | Port P13 direction register PD13 0000 00002

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

<144-pin package>

Address Register Symbol Value after RESET
03DO016 | Port P14 register P14 X??? 22?72
03D116 | Port P15 register P15 ??16
03D216 | Port P14 direction register PD14 X000 00002
03D316 | Port P15 direction register PD15 0000 00002
03D416

03D516

03D616

03D716

03D816

03D916

03DA16 | Pull-up control register 2 PUR2 0000 00002
03DBu16 | Pull-up control register 3 PUR3 0000 00002
03DCa1s | Pull-up control register 4 PUR4 XXXX 00002
03DD16

03DE16

03DF16

03EO016 | Port PO register PO ??16
03E116 | Port P1 register P1 ??16
03E216 | Port PO direction register PDO 0000 00002
03E316 | Port P1 direction register PD1 0000 00002
03E416 | Port P2 register P2 ??16
03E516 | Port P3 register P3 ??16
03E616 | Port P2 direction register PD2 0000 00002
03E716 | Port P3 direction register PD3 0000 00002
03E816 | Port P4 register P4 ??16
03E916 | Port P5 register P5 ??16
03EAu16 | Port P4 direction register PD4 0000 00002
03EBz16 | Port P5 direction register PD5 0000 00002
03EC16

03ED16

03EE16

03EF16

03F016 | Pull-up control register 0 PURO 0000 00002
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 : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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\3;&\0\’ Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

<100-pin package>

Address Register Symbol Value after RESET
03A016
03Al16
03A216
03A316
03A416
03A516
03A616
03A716
03A816
03A916
03AA16
03AB16
03AC16
03AD16
03AE16
03AF16 | Function select register C PSC 0X00 00002
03B016 | Function select register AO PSO 0000 00002
03B1l16 | Function select register A1 PS1 0000 00002
03B216 | Function select register BO PSLO 0000 00002
03B316 | Function select register B1 PSL1 0000 00002
03B416 | Function select register A2 PS2 00X0 00002
03B516 | Function select register A3 PS3 0000 00002
03B616 | Function select register B2 PSL2 00X0 00002
03B716 | Function select register B3 PSL3 0000 00002

03B816

038915 | [ [ [ 1[I LI L T T | e
03BA16
03BB16
03BC16
03BD16
03BE16
03BF16
03CO016 | Port P6 register P6 ?7?16
03C116 | Port P7 register P7 ?7?16
03C216 | Port P6 direction register PD6 0000 00002
03C316 | Port P7 direction register PD7 0000 00002
03C416 | Port P8 register P8 ?7?16
03C516 | Port P9 register P9 ?7?16
03C616 | Port P8 direction register PD8 00X0 00002
03C716 | Port P9 direction register PD9 0000 00002
03C816 | Port P10 register P10 7?16
oscoss | | [ [ [ [[[[[PILIPIPI PP PP ]] fovoe2
03CA16| Port P10 direction register PD10 0000 00002
03CB16 (Note 1)
03CC1s6
03CD16
03CE16
03CF16

(Note 2)

(Note 2)

(Note 2)

(Note 1)

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
Notes :
1. Address space 03CB16, 03CE16 and 03CF16 should be set to "FF16" in the 100-pin package.
2. [[TINo address space 03A016, 03A116, 03B916, 03BD16, 03C916, 03CC16 and 03CD1s6 is provided in the 100-pin package.
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)
&
¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

<100-pin package>

Address Register Symbol Value after RESET
03D016
03D116
03D216 //

(Note 1)
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16| Pull-up control register 2 PUR2 0000 00002
03DB16| Pull-up control register 3 PUR3 0000 00002
03DC16 (Note 2)
03DD16
03DE16
03DF16
03EO016 | Port PO register PO ??16
03E116 | Port P1 register P1 ??16
03E216 | Port PO direction register PDO 0000 00002
03E316 | Port P1 direction register PD1 0000 00002
03E416 | Port P2 register P2 ??16
03E516 | Port P3 register P3 ??16
03E616 | Port P2 direction register PD2 0000 00002
03E716 | Port P3 direction register PD3 0000 00002
03E816 | Port P4 register P4 ??16
03E916 | Port P5 register P5 ??16
03EA16| Port P4 direction register PD4 0000 00002
03EB16| Port P5 direction register PD5 0000 00002
03EC16
03ED16
03EE16
03EF16
03F016 | Pull-up control register 0 PURO 0000 00002
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

(Note 3)

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.

Notes :
1. P Address space 03D216 and 03D316 should be set to "FF16" in the 100-pin package.
2. Address space 03DC16 should be set to "0016" in the 100-pin package.
3. [T No address space 03D016 and 03D116 is provided in the 100-pin package.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Processor Mode

Processor Mode
(1) Types of Processor Mode

Single-chip mode, memory expansion mode or microprocessor mode can be selected as a processor
mode. Some pin functions, memory map and access space vary depending on the selected processor
mode.

1. Single-chip Mode
In single-chip mode, internal memory space (the SFR, internal RAM and internal ROM) can be ac-
cessed. All I/O ports can be used.

2. Memory Expansion Mode
In memory expansion mode, both external and internal memory spaces can be accessed .
Some pins function as pins for bus control signal. The BYTE pin and register settings determine how
many pins are assigned for these pin functions. (Refer to the section "Bus" for details.)

3. Microprocessor Mode
In microprocessor mode, SFR, internal RAM and external memory space can be accessed. Internal
ROM cannot be accessed.
Some pins function as pins for bus control signal. The BYTE pin and register settings determine how
many pins are assigned for these pin functions. (Refer to the section "Bus" for details.)

(2) Setting Processor Mode

The CNVss pin and the PM01 to PMO0O bits in the PMO register are combined to set a processor mode.
Avoid setting "012" in the PMO01 to PMOO bits.
If the PMO1 to PMOO bits are rewritten, a mode corresponding to the PMO1 to PMOO bits is selected
regardless of a CNVss pin level.
* Avoid changing the PMO1 to PMO0O bits when the PM02 to PMO7 bits in the PMO register are rewrit-
ten.
» Avoid shifting to microprocessor mode while the CPU is executing a program in the internal ROM .
 Avoid shifting to single-chip mode while the CPU is executing a program in an external memory
space.
Figures 1.6.1 and 1.6.2 show the PMO register and PM1 register. Figure 1.6.3 shows a memory map in
each processor mode.

1. Applying Vss to CNVss Pin
The microcomputer enters single-chip mode after reset. The PM01 to PMOO bits should be set to "012"
(memory expansion mode) to switch to memory expansion mode after an operation start.

2. Applying Vcc to CNVss Pin
The microcomputer enters microprocessor mode after reset.
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&

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Processor mode register 01

b7 b6 b5 b4 b3 b2 bl bo

Notes :

1. The PMO registers should be set after the PRCL1 bit in the PRCR register is set to "1".
2. Processor mode is not exited even if setting the PM03 bit to "1" .
3. Avoid setting the PM01 to PMOO bits and other bits simultaneously when setting the PM01 to PMO0O bits

Symbol Address
PMO 000416 1000 00002 (CNvss = "L")
0000 00112 (CNvss = "H")
syﬁ%tbol Bit name RW
bl b0
PM00 0 0: Single-chip mode RW
Processor mode bit2 3 | 0 1: Memory expansion mode
1 0: Avoid this setting RW
pmo1 1 1: Microprocessor mode
PM02 | R/W mode select bit* 0:RD/BHE/WR RW
1: RD/WRH/WRL
] The microcomputer is reset when
PMO3 | Software reset bit this bit is set to "1". When read, its | RW
content is indeterminate.
b5 b4
PMO04 ) 0 0 : Multiplex bus is not used RW
MU|t'p|e?<5bU5 space 01 : Allocated to CS2 space
select bit 01 : Allocated to CS1 space
PMOS 11 : Allocated to entire CS space® | RW
—— | Reserved bit Should set to "0" RW
0 : BCLK is output®
PMO7 |BCLK output disable bit? |1 - BCLK is notoutput RW

The CMO01 and CMO0O bits in the
CMO register determine functions.

to "012" or "112". Another bits should be set first to rewrite before setting the PM01 to PMO0O bits.

4. When using 16-bit data bus in DRAMC controler, this bit should be set to "1".
5. This bit is available in microprocessor and memory expansion modes.

The PMO5 to PMO04 bits should be set to "002" in mode 0.
Avoid setting the PMO05 to PMO04 bits to "012" in mode 2.
6. The PMO5 to PMO04 bits cannot be set to "112" in microprocessor mode since a separate bus is

performed after reset.

When setting the PMO05 to PMO04 bits to "112" in memory expansion mode, space to be accessed is
64K bytes per chip-select. CS0 to CS2 are selected in mode 1, CS0 and CS1 in mode 2 and CSO to

CS3in mode 3.

7. No BCLK is output in single-chip mode even if the PMO7 bit is set to "0". When halting a clock output
in microprocessor or memory expansion mode, the PMO7 bit should be set to "1" and the CM01 to
CMOO bits in the CMO register be set to "002" (/O port P53). “L" is output from P53.

8. When setting the PMO7 bit to "0" (BCLK output), the CM01 and CMO0O bits should be set to "002".

Figure 1.6.1. PMO Register
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Processor Mode

Processor mode register 1*

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
| 0 |><| | | | | | | PM1 000515 0X00 00002
T . .
symbol Bit name Function RW
A b1b0 —
e 0 0 : Mode 0 (A20 to A23 for P44 to P47)
Poror b1 T PMIO 01 : Mode 1 (A0 for P4a, RW
I External memory space CS2 to CSO for P4s to P47)
mode bit2 10: Mode 2 (A20, A21 for P44, P4s,
: CS1, CSO for P4s, P47)
""" PM11 11: Mode 33 RW

(CS3 to CSO for P44 to P47)

0 : No wait

--------- PM12 | Internal memory wait bit 1 - Wait RW
- 0 : One wait
RELEEELEREERS PM13
: SFR space wait bit 0 1 - Two waits? RW
H b5 b4
R PM14 00:No ALE RW
P ALE pin select bit? 01:P53/BCLK®
Pl 10:P56/RAS
b Fmmmmmmeeeeeeeeees PM15 11: P54/HLDA RW
Nothing is assigned. B
When read, its content is indeterminate.
LR ELEEEEEEEEEEEEED — | Reserved bit Should set to "0" RW

Notes :
1. The register should be set after the PRC1 bit in the PRCR register is set to "1".
2. This bit is available in memory expansion mode or in microprocessor mode.
3. When setting the PM11 and PM10 bits to "112" (mode 3), DRAMC cannot be used.
4. When accessing CAN-associated registers (addresses 01EO16 to 024516), the PM13 bit is set to "1"
(Two waits).
5. When setting the PM15 and PM14 bits to "012" (P53/BCLK select), the CM01 and CMOO bits in the CMO

Figure 1.6.2. PM1 Register

50 RENESAS

RenesasTechnology Corp.



Mitsubishi Microcomputers
M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Specifications in this manual are tentative and subject to change.

Preliminary Specifications REV.1.02

& &
66\0@(\

0(\
R

Processor Mode

'S8lAg N UeUl SS8| S31AQ MZE "$91AQ M90¥=9T000800—9T00000Y ‘2
"S8lAQ INZ UeU} SS8| S31AQ MZE "S91Aq MIT0Z=9T000800—9T00000Z ‘T

: SI0N 18181691 YOM 8y Ul (S)irem € 01 0 10} 18S 8q UBD £SO 01 0SD Yoe3
ENE
mwmmnmam _m,c‘_mzxm_ ¢ aoeds jewiag NOY euwisu| WNOY | 1| INOY [eusaiu] NOY [eulaiu] INOY [eula1u]
q AT 0SSO SoUkq Wz Soeds panesay 30eds paniesay s0eds paniasay aoeds paniesay
aoeds [eulalx ¢ aodeds [euaIxg
€ [ 3 0S2 G T ‘05D o0eds [eUIBIX asn oN
asn oN salAgq Ny ¢ aoeds [euselxg € I 3 g
0SO asn oN salkg NE € aoeds [eulaxg € aoeds [eusalxg
asn oN 0sS2 sa1hq NZ
Z 99eds [eulaixg 2 9oeds [eusaixy 0S9
8140 T ‘€S2 81Aq INT ‘€S0 ==
(z @oeds [eusaix3) | [(z soeds reuwssixa) | ((z soeds [eussix3) (z @oeds [eusalxa) | | (z aoeds feussix3) (z @oeds [eulaix3)
(o0eds si1y1 Jo 1581 (e9eds siyi jo (pasn (eoeds siuyy Jo (90eds siy1 jo (pasn
31 asn jouued 181 8y} 8sn jouued| hou sI NVYHA usym (s0eds pusoe 1SaJ 8yl asn Jouued | [1sal 8y} asn jouued 1oU SI NVHQA usym
(90eds reusaixe ‘salAq g Japun si| | ‘sa1hq NG Japun si aoeds [eulaixa 0 moma._m X ‘sa1Ag N8 Japun si ‘sa)1Ag N8 1apun si 9oeds [eulaixa
J0 8deds NvHd ooeds uado usym)| | eoeds uado uaym Se a|qe|reny e osn Ho_h,ﬂw_w_ aoeds uado uaym aoeds uado uaym Sse 9|qe|ieny)
se asn jouueD) Salkq N8 01 G0 )sa1hq NG 01 G0 )s@1Aq W8 01 G0 2 )salkq NG 01 G0 )salkq Ng 01 G0 a1Aq N8 01 50 asn o
‘0 9oeds ‘0 @oeds ‘0 @oeds ssn o ‘0 @oeds ‘0 @oeds ‘0 9oeds N
asn oN 9]ge108uu0d 9|ge1oauuod 3]ge109uu0d N 9|ge108uu0d 3|ge103uu0d a|ge108uu0d
Nvda AWvda Nvda Wvda Nvyda Nvda
asn ON T 92eds [eulaix3 asn oN T 9oeds [eulaixg
sa1hg W2 T doeds [eulsix3 sa1hq NZ aoeds [eusaix
T ooeds EEReE] 259 T 99eds [eusaix3g soeds ' ! ?
91A0 INT ‘ZSD | |0 aoeds [euseixg ¢ a1kq INT ‘2SD 0 [eussixg ¢s9
0 92eds [euiaixg Nmmig 14 0 9oeds [eusai1x3 S Wy 7
kg NT ‘TSD S0 0 92eds [eusa)xg a1Aq INT ‘TSD SO 0 92eds [ewsa)x3
—_— merﬁ Nz 0 9oeds [eulsaix3g — HmmSg NZ 0 92eds [eulaixg .
9sn oN IS0 asn oN IsO
g0eds paniesay aoeds panesay soeds paniesey aoeds paniesay soeds paniesay aoeds paniesay oeds paniesay Soeds paniesay 7
VY [eusai| NV [eulaiu] VY eusail] ANV [eulaju] NVY [euail] WYY [eusai VY [eusaiu] AVY [eusiu] VY [eusaiu|
RES) EES EES EES EERS y4s EES EES S
€ 9poN Z 9pON T SpoN 0 SpoN € 9poiN Z 9PON T SpON 0 ®poiN apow
apouw 10ssa20.1doIIN apouw uoisuedxa AloWa diyo-a|buis

97444444

91000004

97000003

91000000

9100000

9100000¢

9100000T

91008000

91007000
91000000

Figure 1.6.3. Memory Map in Each Processor Mode

51

RENESAS

RenesasTechnology Corp.



o & Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
Vet Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Bus

In memory expansion mode or microprocessor mode, some pins function as bus control pins to input and
output data from and to external devices. Ao to A22, A23, Do to D15, MA0 to MA12, CSo to CS3, WR/WR/CASL,
WRH/BHE/CASH, RD/DW, BCLK/ALE, HLDA/ALE, HOLD, ALE/RAS, RDY are included as bus control pins.

Bus Settings

The BYTE pin, the DS register, the PM05 to PMO04 bits in the PMO register and the PM11 to PM10 bits in
the PM1 register determine bus settings.

Table 1.7.1 lists how to changing bus setting. Figure 1.7.1 shows the DS register.

Table 1.7.1. Bus Settings

Bus setting Changed by
Selecting external address bus width DS register
Selecting bus width after reset BYTE pin (external space 3 only)
Selecting between separate bus or multiplex bus PMO5 to PM04 bits in PMO register
Number of chip-select PM11 to PM10 bits in PM1 register

External data bus width control register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
DS 000B16 XXXX 10002 (BYTE pin = "L")
XXXX 00002 (BYTE pin = "H")
TR R S R e N . .
symbol it name unction
External space 0 data 0 : 8 bits wide
DSO . . o RW
bus width select bit 1: 16 bits wide
: External space 1 data |0 : 8 bits wide
DS bus width select bit 1: 16 bits wide RW
: External space 2 data | O : 8 bits wide
""""" PSZ | bus width select bit 1: 16 bits wide RW
. External space 3 data 0 : 8 bits wide
L DS3 . . o RW
bus width select bit 1 1 : 16 bits wide

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. After reset, this bit is set to "1" when the BYTE pin is set to "L". This bit is set to "0" when
the BYTE pin is set to "H".

Figure 1.7.1. DS Register
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(1) Selecting External Address Bus

The number of address bus for external output, the number of chip-selects and chip-select space vary
depending on each external space mode. The PM11 to PM10 bits in the PM1 register determine an
external space mode.

With DRAMC, row addresses and column addresses are multiplexed to output in a DRAM space.

(2) Selecting External Data Bus

8 bits or 16 bits can be selected for external data bus in the DS register per external space. Data bus in
the external space 3, after reset, becomes 16 bits wide when an input to the BYTE pin is setto "L" and 8
bits wide when it is set to "H". Avoid changing the BYTE pin input level during operation. Internal bus is
always 16 bits wide.

(3) Selecting Separate/Multiplex Bus

The PMO5 to PMO04 bits in the PMO register determine either a separate or multiplex bus as bus format .

» Separate Bus
Data and address are separated for input and output. The DS register determines an external data
bus width, 8-bit data bus or 16-bit, per external space. When all DSi bits in the DS register (i=0 to 3)
are set to "0" (8-bit data bus), port Po becomes a data bus and port P1 becomes a programmable /O
port. When setting one of the DSi bits to "1" (16-bit data bus), ports PO and P1 become the data bus.
When setting the DSi bits to "0", port P1 is indeterminate.
With a separate bus, the WCR register determines a software wait status.

* Multiplex Bus
Data and address are timeshared for input and output. Do to D7 are multiplexed with Ao to A7 in 8-bit
space selected by the DSi bit. Do to D15 are multiplexed with Ao to A15 in16-bit space selected by the
DSi bit. In the multiplex bus space, the WCR register selects two waits or three waits. Two-wait access
is automatically selected even if either no wait, one wait or two waits is selected. Refer to the para-
graph "(4) Bus Timing" for details.
In memory expansion mode, when the PM05 to PM04 bits in the PM register are set to "112" (allocated
to entire CS space), only 16 bits from Ao to A15 are output as an address.
The PMO5 to PMO04 bits cannot set to "112" in microprocessor mode. See Table 1.7.2 for details.
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Table 1.7.2. Each Processor Mode and Port Function

PMO register

(C_Sl or CS2 as multiplex bus.)
Another as separate bus

(Separate bus)

Processor | Single-chip M . de/mi d Memory
mode mode emory expansion mode/microprocessor mode expansion mode
1;01211’ "102" "002" " "
PMO5 to 112"t
PMO04 bits in

(All space multiplex bus)

Data bus width
of space
to be accessed

All 8-bit
external space

Some 16-bit
external space

All 8-bit
external space

Some 16-bit
external space

All 8-bit
external space

Some 16-bit
external space

POo to PO7 1/0 port Dl%i%lis D&ti)%;s D,;}ij%l;s D&ti)%;s I/0 port 1/0 port

Ploto P17 | 1/O port I/0 port DD?S glljss /0 port Dtht% gi’: /0 port I/0 port

P02z | Uoport | Gt | R | pggesshus | adaessius | AdSeeobus | Ades bs
Ao/Doto A7/D7 | Ao/Do to A7/D7 Ao/Do to A7/D7 Ao/Do to A7/D7

Pavopar | opon | AU lGaapesr | Adesshue | addes e | Adresobs | Gua s

As/Ds to A15/D15 As/Ds to A15/D15

PactoPds | oport | Adiessus | Addesous | Adessius | AdeSSNS | o por | 10 por

Pa4to Pde /O port cs (chip-selecy or addre(s;etf)gtst(()/\tﬁse) paragraph "Bus control" for details) 5

pa7 /O port cs (chip-(ssl(;efgtr) t?)rtﬁgdp:eelrsasg?;srﬁéi)s control" for details) 5

Psotopss | 10 port | KO R ot Bus comror or ey v

P54 1/0 port HDLA 3 HDLA 3 HDLA3 HDLA 3 HDLA3 HDLA 3

P55 1/0 port HOLD HOLD HOLD 'HOLD HOLD HOLD

P56 1/0 port RAS 3 RAS 3 RAS 3 RAS 3 RAS 3 RAS 3

P57 1/0 port RDY RDY RDY RDY RDY RDY

Notes :

1. Avoid setting the PM05 to PM04 bits to "112" (all CS space as multiplex bus) in microprocessor mode because running a
separate bus after reset.

When selecting "112" in memory expansion mode, address bus accesses with 64K bytes per chip-select.
2. Address bus is selected in seprarete bus configuration.

3. The ALE output pin should be selected by the PM15 to PM14 bits in the PM1 register. Either "WRL,WRH" or "BHE,WR"

should be selected by the PMO02 bit in the PMO register. -
4. When selecting the DRAMC and accessing the DRAM space, CASL, CASH, DW and BCLK output occurs.

5. The CS signal and address bus should be determined by the PM11 to PM10 bits in the PM1 register.
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Bus Control

Signals, which are required to access to external devices, and software wait are provided as follows. The
signals are available in memory expansion mode and microprocessor mode only.

(1) Address Bus and Data Bus

Address bus is assigned to access a 16M-byte address space with 24 control pins as Ao to A22 and A23.
A23 is an inversed output of the highest-order address bit.

Data bus is a signal to input and output data. The DS register selects 8-bit data bus as Do to D7 or 16-bit
data bus as Do to D15 for each external space. When setting the BYTE pin to "H", data bus in the external
memory space 3 is set as an 8-bit data bus after reset. When setting the BYTE pin to "L", data bus in the
external memory space 3 is set as a 16-bit data bus.

When changing single-chip mode to memory expansion mode, address bus is indeterminate till access-
ing an external memory space.

When accessing a DRAM space with DRAMC, row addresses and column addresses are multiplexed
into A8 to A20.

(2) Chip-Select Signal

The chip-select signal is shared with Ao to A22 and A23. The PM11 to PM10 bits in the PM1 register
determine chip-select space and the number of chip-select outputs. Four chip-select signals maximum
can be output.

In microprocessor mode, the chip-select signal is not output after reset except A23 as chip-select signal.
"L" is output while CSi (i=0 to 3) accesses the corresponding external space. "H" is output when CSi
accesses internal space and another external memory space. Figure 1.7.2 shows an example of the
address bus and chip-select signal outputs.
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Example 1:

When accessing external space j specified by another
chip-select signal in the next cycle after having
accessed external space i, both address bus and

Address bus

When accessing the space i specified by the same
chip-select signal in the next cycle after having
accessed external space i, address bus changes but
the chip-select signal does not.

(See Figure 1.6.3 about i and k)

Notes :

chip-select signal change. does not.
Access  Access
Access  Access external internal
external  external space ROM/RAM
' ' spacei : spacej ! ! ! ‘space
i - ; -
orats (oo ———
: : 4 Data bus T ata :
XAddressX Address bus ! { Address!
Chip select 3 | Chip select : ‘ ‘ ;
sk . ! i csk | i
Chip select ! : ' : : : ! f
Csp : S
i=0to 3 k=0to 3 k=0to 3
j=0to 3, excluding i p= 0 to 3, excluding k
(See Figure 1.6.3 about i, j and p, k)
Example 3: Example 4:

Access to Access to Access to
external external external N
. ,spacei  spacei | , , space © acces§
: - i -
Data bus Data bus — Data))
Address bus AddressX : Address bus ! X Address i
Chip select ‘ Chip select !
Csk ' : ' CSk I ! : '
i=0to 3 k=0to 3 k=0to 3

Example 2:

When accessing internal ROM/RAM space in the
next cycle after having accessed external space,
the chip-select signal changes but the address bus

When CPU does not access any space in the next
cycle after having accessed external space (no pre-
fetch of an instruction is generated), niether address
bus nor the chip select signal change .

1. The above applies to address bus and chip-select signal in two consecutive cycles.
By combining these examples, chip-select signal may output two or more cycles.

Figure 1.7.2. Address Bus and Chip-Select Signal Outputs (Separate bus)
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(3) Read and Write Signals
With a 16-bit data bus, the PMO02 bit in the PMO register determines the read and write signals, a combi-
nation of the RD, WR and BHE signals or the RD, WRL and WRH signals. When the DS3 to DSO0 bits in
the DS register is set to "0" (all 8-bit data bus in external memory space), the PMO02 bit should be set to "0"
(RD, WR and BHE). When setting some of the DS3 to DSO bits to "1" (16-bit data bus) to access an 8-bit
space, a combination of RD, WR and BHE is automatically selected regardless of the PM02 bit. Tables
1.7.3 and 1.7.4 list each signal operations.
RD, WR and BHE are combined for read and write signals after reset.
When changing a combination of RD, WRL and WRH, the PMO02 bit should be set first to write to an
external memory.
When accessing the DRAM with a 16-bit bus, the PM02 bit should be set to "1" (RD, WRL and WRH).

Table 1.7.3. RD, WRL and WRH Signals

Data bus RD WRL WRH Status of external data bus

L H H Read data

16 bits H L H Write 1-byte data to even address
H H L Write 1-byte data to odd address
H L L Write data to both even and odd addresses

8 bits H L1 Not used | Write 1-byte data
L H1 Not used | Read 1-byte data

Notes :

1. The WR signal is set.

Table 1.7.4. RD, WR and BHE Signals

Data bus RD WR BHE A0 Status of external data bus
H L L H Write 1-byte data to odd address
L H L H Read 1-byte data from odd address
16 bits H L H L Write 1-byte data to even address
L H H L Read 1-byte data from even address
H L L L Write data to both even and odd addresses
L H L L Read data from both even and odd addresses
8 bits H L Not used H/L Write 1-byte data
L H Not used H/L Read 1-byte data
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Bus

(4) Bus Timing

Bus cycle for the internal ROM and internal RAM are basically one BCLK cycle. When the PM12 bit in the
PM1 register is set to "1" (wait), the bus cycles are two BCLK cycles.
Bus cycles for the SFR is basically two BCLK cycles. When the PM13 bit in the PM1 register is set to "1"
(2 waits), the bus cycles are three BCLK cycles. When accessing CAN-associated registers (addresses
01EO16 to 024516), the PM13 bit should be set to "1".
Bus cycle for an external space is basically one BCLK cycle. The WCR register inserts wait(s), equivalent
to one to three BCLK cycles, into an external space. Bus cycles are two BCLK cycles if selecting one
wait. Bus cycles are four BCLK cycles if selecting three waits.
If applicable to the followings, bus cycles vary from the ones selected by the WCR register. Figurel.7.5
shows each bit status and bus cycle.

* Write cycle with a separate bus and no wait.

» Read cycle and write cycle with a multiplex bus and no wait.

» Read cycle and write cycle with a multiplex bus and one wait.
Figure 1.7.3 shows the WCR register. Figures 1.7.4 and 1.7.5 show bus timing in an external space.

Wait control register 12
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | WCR 000816 1111 11112
symbol it name unction
bl b0
WCRO 0 0: No wait RwW
External space 0 01 1 wait
; wait bit 1 0: 2 waits
""" WCR1 1 1: 3 waits RW
' b3 b2
......... WCR2 0 0: No wait RW
External space 1 01: 1 wait
: wait bit 10: 2 waits
""""""" WCR3 1 1: 3 waits RW
' b5 b4
---------------- WCR4 0 0: No wait RW
External space 2 01: 1 wait
: wait bit 1 0: 2 waits
WCRS 1 1: 3 waits RW
' b7 b6
e WCR6 0 0: No wait RW
External space 3 0 1: 1 wait
: wait bit 1 0: 2 waits
"""""""""""""" WCR7 1 1: 3 waits RW
Notes :
1. With a multiplex bus, the WCR register must be two waits even if setting it to "002" (no wait) or
"012" (one wait).
2. With a separate bus, the read bus cycle is one BCLK cycle and the write bus cycle is two BCLK
cycles (one wait) when setting the WCR register to "002".

Figure 1.7.3. WCR Register

58 RENESAS

RenesasTechnology Corp.



& e Preliminary Specifications REV.1.02 _ Mitsubishi Microcomputers
\g‘;ﬁe\oﬂ’ Specifications in this manual are tentative and subject to change. M32C/83 group
BUS SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Table 1.7.5. Software Wait and Bus Cycle

PML1 register WCR register
Space External - 9 - . 2 I Bus cycle
Bus status PM13 bit PM12 bit WCR;j to WCRI bits
0 2 BCLK cycles
SFR . o .
1 3 BCLK cycles
Internal 0 1 BCLK cycle
ROM/RAM 1 2 BCLK cycles
002 Read :1 BCLK cycle
Write : 2 BCLK cycles
12 2 BCLK cycles
Separate bus e — 0 Y
102 3 BCLK cycles
External 112 4 BCLK cycles
memory 002 3 BCLK cycle
012 3 BCLK cycles
Multiplex bus 102 3 BCLK cycles
112 4 BCLK cycles

i=0,2,4,6 j=i+1
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(1) Separate bus with no wait Bus cycle 1
Bus cycle 1
BCLK |
Write signal
Read signal
Data bus Output { Input }

Address bus 2 >< Address X XAddressX ><
Chip-select 2.3
(2) Separate bus with 1 wait Bus cycle 1 Bus cycle 1
BCLK |
Write signal
Read signal
\ [row)
Address bus 2 X Address X X Address ><
Chip-select 2.3
(3) Separate bus with 2 waits
Bus cycle 1 Bus cycle 1
BCLK
Write signal
Read signal
Data bus < Data output ) { Input Y
Address bus 2 < Address X X Address >7

Chip-select 2.3

Notes :

instruction queue buffer.
3. When accessing the same external space (same
output consecutively.

1. This timing illustrates bus cycle length. Read cycle and write cycle may occur consecutively.
2. Address bus and chip-select signal may be output longer depending on CPU status such as an

CS space) consecutively, the chip-select may be

Figure 1.7.4. External Bus Operation with Software Wait (1)
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(1) Separate bus with 3 waits

Bus cycle 1

|

Bus cycle !

BCLK |

Write signal

Read signal

Data bus

H

Data output

=<
~—

Address bus 2 ><

Address

Address

Chip-select 2.3 |

(2) Multiplexed bus with 2 waits

.
),
|

Bus cycle 1

BCLK

Write signal

}4 Bus cycle 1

»‘

Read signal

ALE

Address bus <

Address

A

Address >—

Address bus/Data bus 2 XAddress X Data output X

XAddress\

/ /mEt\
L)

Chip-select 2.3 |

(3) Multiplexed bus with 3 waits

Bus cycle 1

=

Bus cycle 1

BCLK |

Write signal

Read signal

Address bus <

Address

X

Address >—

Address bus
/Data bus 2

<Address ><

Data output

XAddress

> {Input)

ALE

Chip-select 2. 3

Notes :

instruction queue buffer.

consecutively.

1. This timing illustrates bus cycle length. Read cycle and write cycle may be occur consecutively.
2. Address bus and chip-select signal may be output longer depending on CPU status such as an

3. When accessing the same external space (same cs space) consecutively, the chip select may be output

Figure 1.7.5. External Bus Operation with Software Wait (2)
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(5) ALE Signal
The ALE signal latches an address of multiplex bus. An address should be latched at a falling edge of
ALE. The PM15 to PM14 bits in the PM1 register determine an output pin for the ALE signal.
ALE signal outputs to an internal space and external space.

(1) 8-bit data bus (2) 16-bit data bus
ALE ALE
Do/Ao to D7/A7 >< Address >< Data’ >< Do/Ao to D15/A15 >< Address >< Data’ ><
Ag to A15 >< Address ><
A16 to A19 >< Address’ >< Al6 10 A19 >< Address?
A20/CS3 A20/CS3
A21/CS2 >< Address or CS >< A21/CS2 >< Address or CS
A22/CS1 A22/CS1
A23/CS0 A23/CS0
Note:
1. Data is placed in a high-impedance state when read.
2. With full space multiplex bus an address bus becomes 1/O port.

Figure 1.7.6. ALE Signal and Address/data Bus

(6) RDY Signal
The RDY signal facilitates an access to external devices which need a longer access time. When setting
the RDY pin to "L" on the falling edge of last BCLK of bus cycle, a wait is inserted into the bus cycle. Then
when setting the RDY pin to "H" on the falling edge of the BCLK, the reset of bus cycle is resumed.
Table 1.7.6 lists a microcomputer state when the RDY signal inserts a wait into the bus cycle. Figure
1.7.7 shows an example of the RD signal that is output longer by the RDY signal.

Table 1.7.6. Microcomputer Status in a Wait State!

Item State
Oscillation On
RD signal, WR signal, address bus, data bus, CS Maintains status when RDY signal is received
ALE signal, HLDA, programmable 1/O ports
Internal peripheral circuits On

Note:
1. The RDY signal cannot be received immediately before a software wait.
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(1) Separate bus (2 waits)

1st cycle

I

sk /[ )\

2nd cycle

3rd cycle

—1
CSi \

4th cycle

(=0 to 3)

RDY

(2) Multiplex bus (2 waits)

1st cycle

2nd cycle

*

RDY received timing

3rd cycle

> tsu(RDY - BCLK)

4th cycle

RDY

@ : wait by RDY

";,ffff:.’# : Wait by program

Note:

tsu(RDY-BCLK): RDY input setup time

*

RDY received timing

RDY receive timing for i wait(s): j+ 1stcycles (j=1to 3)

1. Chip-select (@) may be output ,longer depending on CPU status such as an instruction queue buffer.

tsu(RDY - BCLK)

Figure 1.7.7. RD Signal Output Longer by RDY Signal

(7) HOLD Signal

The HOLD signal transfers a bus privileges from the CPU to external circuits. When setting the HOLD pin
to "L", the microcomputer becomes in a hold state after a bus access at the time is completed. The
microcomputer remains in a hold state while the HOLD pin is set to "L". The HLDA pin outputs "L". Table
1.7.7 shows a microcomputer state in a hold state.

Bus is used in the following priority: HOLD, DMAC, CPU.

HOLD > DMAC > CPU

Figure 1.7.8. Priority to Use Bus
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Table 1.7.7. Microcomputer Status in a Hold State

Item Status
Oscillation On
RD, WR, WRL, WRH, address bus, data bus, CS, BHE | High-impedance
Programmable 1/O ports: PO to P15 Maintains status when HOLD signal is received
HLDA Output "L"
Internal peripheral circuits On (except the watchdog timer stops)
ALE signal Output "L"

(8) External Bus Status when Accessing Internal Space

Table 1.7.8 shows external bus status when accessing internal space.

Table 1.7.8. External Bus State when Accessing Internal Space

ltem State when accessing SFR, internal ROM and internal RAM
Address bus Maintains address of external space accessed immediately before
Data bus When read High-impedance
When write High-impedance

D, WR, WRL, WRH Output "H"
BHE Maintains in an external space state accessed immediately before
CS Output "H"
ALE Output ALE

(9) BCLK Output
The CPU clock is a clock to operate the CPU. When combining the PMO7 bit in the PMO register set to "0"
(BCLK output) and the CM01 to CMOO bits in the CMO register set to "002", the CPU clock signal is output
from P53 as BCLK.
No BCLK is output in single-chip mode. Refer to the section "System Clock" for details.

(10) DRAM Control Signals (RAS, CASL, CASH and DW)

The DRAM control signals control DRAM. The DRAM control signals are output when the ARO to AR2
bits in the DRAMCONT register determines a DRAM space. Table 1.7.9 lists each signal operation.

Table 1.7.9. RAS, CASL, CASH and DW Signals

Data bus width RAS CASL CASH DW Status of external data bus

L L L H Read data from both even and odd addresses
L L H H Read 1-byte data from even address

16 bits L L H H Read 1-byte data from odd address
L L L L Write data to both even and odd addresses
L L H L Write 1-byte data to even address
L H L L Write 1-byte data to odd address

8 bits L L Not used H Read 1-byte data
L L Not used L Write 1-byte data
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System Clock

Clock Generation Circuit
Four circuits are incorporated to generate the system clock signal :
» Main clock oscillation circuit

* Sub clock oscillation circuit

* Ring oscillator

* PLL frequency synthesizer
Table 1.8.1 lists specifications of the clock generation circuit. Figure 1.8.1 shows a block diagram of the
clock generation circuit. Figures 1.8.2 to 1.8.8 show registers to control the clock.

Table 1.8.1. Clock Generation Circuit Specifications

* Peripheral function
clock source

* Timer A and B
clock source

Main clock Sub clock : : PLL frequency
Item generation circuit generation circuit Ring oscillator synthesizer
Application » CPU clock source | » CPU clock source |+ CPU clock source » CPU clock source

* Peripheral function
clock source

* Peripheral function
clock source

Clock frequency

Up to 30 MHz

32.768 kHz

Approximatly 1 MHz

20 MHz, 30 MHz

Connectable or
additional circuit
oscillator

+ Ceramic resonator
« Crystal oscillator

* Crystal oscillator

* Low pass filter

generated clock can
be input

generated clock can
be input. With a sub
clock oscillation
circuit, PLL
frequency
synthesizer cannot
be used.

Pins for oscillator | XIN, XouT XCIN, XcouTt VcouT (connect to
or for additional Low pass filter)
circuit P86 (connect to Vss)
Oscillation stop/ | Available Available Available Available

restart function

Oscillator status | Oscillating Stopped Stopped Stopped

after reset

Other Externally Externally When main clock With PLL frequency

oscillation stops, a ring
oscillator starts oscillating
automatically and
becomes a clock source
for CPU and peripheral
functions.

synthesizer, a sub
clock cannot be
used.
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o¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
System Clock

System clock control register 0?

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset

| | | | |><] | | | CMO 000616 0000 X0002
Bit Bit name Function RW
P r 4 4 i [ symbol
. b1 b0
A Y LAY . 00 : 1/0 port P53 RW
oror Clock output function :
- - o 01 : fc output
I select bit: .
[ 10 : fs output RW
TR T cMo1 11:f32 output
. 0 : Peripheral clock does not stop in
N In WAIT peripheral wait mode
Vo e CMO02 . . ! ) ) RW
oo function clock stop bit 1 : Peripheral clock stops in wait
A mode3
Nothing is assigned. When write, should set to "0". .
A When read, its content is indeterminate.
0 : 1/O port function
P01 1 leamsssssssssssasd i i RW
HE CM04 | Port Xc switch bit 1 : XcIN-XcouT oscilation function®
Main clock (XIN-XouT) 0 : Main clock oscillation
R SO . RW
CM05 stop bit5 1 : Main clock stop®
_ _______________________ CMO6 Watc‘hdog timer‘ 0: Watch7dog timer interrupt RW
: function select bit 1: Reset
R R LEEREEERD CMO7 | System clock select bit® | © Select Xin - Xout RW

1: Select XcIN - XcouT

Notes :

1. The PRCO bit in the PRCR register should be set to "1" (write enable) before rewriting to the CMO0
register.

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), the CM01 to CMOO0 bits should be
set to "002". When the PM15 to PM14 bits in the PM1 register is set to "012" (ALE output to P53), the
CMO01 to CMO0O bits should be set to "002". When the PMO7 bit is set to "1" (function selected in the
CMO01 to CMO0O bits) in microprocessor or memory expansion mode, the CM01 to CMO0O bits should
be set to "002" to output "L" from port P53 (port P53 does not function as an 1/O port).

3. fc32 is not stopped. When setting the CMO02 bit to "1", the PLL clock cannot be used in wait mode.

4. When setting the CMO04 bit to "1" (XcIN-XcouT oscillation), the PD8_7 to PD8_6 bits should be set to
"002" (with port P87 and P86 input mode) and the PU25 bit in the PUR2 register be set to "0" (no pull-
up).

5. To enter low-power consumption mode or ring oscillator low power consumption mode, the CMO05 bit
stops the main clock. The CMO05 bit cannot detect whether the main clock stops or not. To stop the
main clock, the CMO05 bit should be set to "1" after the CMO7 bit is set to "1" with a stable sub clock
oscillation or after the CM21 bit in the CM2 register is set to "1" (ring oscillator clock). When setting
the CMO5 bit to "1" (main clock stop), XourT is set to "H". Also, an internal feedback resistance
remains ON. XIN is pulled up to Xout ("H" level) via feedback resistance.

6. When setting the CMO5 bit to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). In ring oscillation mode, the MCD register is not divided by eight even if XiN-Xout
is terminated by the CMO5 bit.

7. Once the CMO6 bit is set to "1", it cannot be set "0" by program.

8. After setting the CMO04 bit to "1" with a stable sub clock oscillation, the CMO07 bit should be changed
"0"to "1".

After setting the CMO5 bit to "0" with a stable main clock oscillation, the CMO07 bit should be changed
"1"to "0".
Avoid setting the CM07 bit and CM04 or CMO05 bits simultaneously.

Figure 1.8.2. CMO register
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N SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
System Clock

System clock control register 1*

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset

| Jolz]o]ofofo] | om 000716 0010 00002
syr%i{)ol Bit name Function RW
T .., | 0: Clock ocsillating
Py 0 v 1 4 1 %] cM10 |All clock stop control bit?
- P 1 : All clocks stop (stop mode)3 RW
Do Tttt —— | Reserved bit Should set to "0" RW
R —— | Reserved bit Should set to "1" RW
R RGGEREEELEEEEEEEEEE —— | Reserved bit Should set to "0" RW
) . 0 : Main clock?

CM17 | CPU clock switch bit 2 1 PLL clock?® RW

Notes :

1. The PRCO bit in the PRCR register is set to "1" (write enable) before rewriting CM1 register.

2. When setting the CM10 bit to "1" to set Xour to "H", an internal feedback resistance is disabled.
XIN, XcIN and XcouT are placed on high-impedance.

3. When setting the CM10 bit to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). When setting the CM20 bit to "1" (oscillation stop detect function enabled) or
the CM21 bit to "1" (ring oscillator selected), avoid setting the CM10 bit to "1".

4. CM17 bit is enabled only when the CM21 bit in the CM2 register is set to "0". Follow a procedure
shown Figure in 1.8.13 to set the CM17 bit to "1".

Figure 1.8.3. CM1 Register
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b7 b6 b5 b4 b3 b2 bl bO

|

Main clock division register?

Symbol Address When reset
MCD 000C16 XXX010002
Bit Bit name Function RW
symbol
b4 b3 b2 b1 b0
MCDO 100 1 0 : Divide-by-1(no devision) | RW
mode
MCDL1 00010: D!v!de-by-z mode RW
0001 1:Divide-by-3 mode
Main clock division 00100 D!v!de-by-4 mode
MCD2 select bit24 00110: D!v!de-by-G mode RW
0 1 00 O : Divide-by-8 mode
01010 :Divide-by-10 mode
MCD3 0110 0 : Divide-by-12 mode RwW
01110 :Divide-by-14 mode
MCD4 0 0 0 0 0 : Divide-by-16 mode RW
(Note 3)

Nothing is assigned

. When write, should set to "0".

When read, its content is indeterminate.

Notes :

division mode).

1. The PRCO bit in the PRCR register is set to "1" (write enable) before rewriting the MCD register.
2. While entering to stop mode or low power consumption mode, the MCD4 to MCDO bits are set to
"010002"(divide-by-8 mode).
Divide-by-8 mode cannot be entered even if the CMO5 bit in the CMO register is set to "1"(XIN-
Xourt stopped) in ring oscillator mode.
3. Avoid setting a bit combination except the above.
4. CAN-associated registers should be accessed with setting the MCD4 to MCDO bits to "100102" (no

Figure 1.8.4. MCD Register
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Oscillation stop detect register?

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset

| 0 | 0 | 0 | 0 | | | | CM2 000D16 0000 00002
Bit Bit name Function RW
- - - symbol
_ CM20 Oscillation stop detect | 0: Oscillation stop detect function disabled RW
e enable bit 1: Oscillation stop detect function enabled
. . 0: Main clock®
e s CM21 | CPU clock switch bit?3 . . RW
- 1: Ring oscillator clock
Oscillation stop detect [ 0: Main clock not stopped
- L M22 :
HE - c flag* 1: Detect main clock stop RW
P . 0: Main clock oscillating
Dol R M23 | XN clock monitor flag® .
- cM23 clock monitor flag 1: Main clock stop RO
Poop Frmmmmmemmeeeee — RW
Pl — RW
Reserved bit Should set to "0"
L PUCTRRNIRRRRR— — RW
e — RW

Notes :

1. The PRCO bit in the PRCR register is set to "1" (write enable) before rewriting the CM2 register.

2. When the main clock oscillation stop is detected while setting the CM20 bit to "1" (oscillation stop
detect function enabled), the CM21 bit is set to "1" (ring oscillator clock). Although the main clock
starts oscillating, the CM21 bit is not set to "0" (main clock). When the main clock is used as a
CPU clock source after restarting the main clock oscillation, the CM21 bit should be set to "0" by

program.

3. When setting the CM20 bit to "1" and the CM22 bit to "1" (main clock stop detected), avoid setting
the CM21 bit to "0".
4. When detecting the main clock stop, the CM22 bit is set to "1" (detect main clock stop). The CM22

bit can be set to "0" (main clock not stopped) only by program.

When setting the CM22 bit to "0" by program during a main clock oscillation stop, the CM22 bit

cannot be set to "1" before detecting the next main clock stop.

5. A main clock status should be determine by reading the CM23 bit with an oscillation stop interrupt

processing program several times.

6. When setting the CM21 bit to "0", the CPU clock is selected by the CM17 bit in the CM1 register.

Figure 1.8.5. CM2 Register
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Count source prescaler register

flag When read, its content is "0".

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset

§ 5 5 TCSPR 035F16 0XXX 00002
syE:tbol Bit name Function RW
A RW
T CNT1 As a setting value is n, f2n is divided RW
. _, | main clock, ring oscillator clock or
Division rate select bit PLL clock by 2n.
e CNT2 When n is set to "0", it is no division. | RW
P e CNT3 RW
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate. -
T ) ble bi 0: Divider stops
"""""""""""""" (O Operation enable bit 1: Divider starts RW

Notes :

1. The CST bit should be set to "0" before rewriting the CNT3 to CNTO bits.
Clock prescaler reset flag
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
L_MM CPSRF 034116 OXXX XXXX2

Syﬁigol Bit name Function RW
_ Nothing is assigned. When write, should set to "0". .
When read, its content is indeterminate.
Clock prescaler reset When_seftt!r}g _this bit to "1", fc divided
--------------------------- CPSR by 32 is initialized. RW

Figure 1.8.6. TCSPR and CPSRF Registers
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PLL control register 0*

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset

| | 0 |O | 1 |><I | | | PLCO 037616 0011 X1002
Bit Bit name Function RW
Voo symbol
w
Pl e prcop |Programmable counter | g, ropie 182 RW
H- select bit
Db e PLCO2 RW
_ ____________ Nothing is assigned. When write, should set to "0". -
P When read, its content is indeterminate.
R GRLRRLILEEELD —— |Reserved bit? Should set to "1" RW
R SRR EEELEE R —— | Reserved bit? Should set to "0" RW
R RARERRREEREEREEEE —— |Reserved bit Should set to "0" RW
: 0: PLL Off
L e mmnenen—a——. ; 43,4

PLCO7 [Operation enable bit 1: PLL On RW

Notes :

1. The PRCO bit in the PRCR register is set to "1" (write enable) before rewriting the PLCO register.
2. A counter value should be set when setting the PLCO7 bit to "0" (PLL off). Once a value is written,

it cannot be changed.

3. With PLL function, the PD8_7 bit in the PD8 register is set to "0" (input) and the CMO04 bit in the
CMO register is set to "0" (I/O port). The PD8_6 bit in the PD8 register is set to "0" (input) to

connect P86 to Vss.

4. The CM17 bit is set to "0" (main clock as CPU clock source), the PLCO7 bit be set to "0" (PLL off)
and PLVO0O bit be set to "0" (cut off power to PLL) before entering wait or stop mode.

VDC control register for PLL!

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
MM}?_LJ PLV 001716 XXXX XX012

Bit Bit name Function RW

$opo4 i o4 o4oro 1| symbol

A ) 0 : Cut off power to PLL

oo b = PLV PLL VDC enable bit?

N 00 C enable bit 1: Power to PLL RW

A —— | Reserved bit Should set to "0" RW

Nothing is assigned. When write, should set to "0".

When read, its content is indeterminate.

Notes :

1. The PRC3 bit in the PRCR register is set to "1" (write enable) before rewriting the PLV register.
2. The CM17 bit is set to "0" (main clock as CPU clock source), the PLCO7 bit be set to "0" (PLL off)
and PLVO0O bit be set to "0" (Cut off power to PLL) before entering wait or stop mode.

Figure 1.8.7. PLCO and PLV Registers
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PLL control register 112

Nothing is assigned. When write, should set to "0".

When read, its content is indeterminate.

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset

f f f f 0 0 PLC1 037716 XXXX 00002

Bit Bit name Function RW
Porof % 41 i | _symbol

.| —— |Reserved bit Should set to "0" RW
PLL clock division 0 : Division disabled
s PLC11 .

A enable bit? 1: Division enabled RW
PLL clock division 0 : Divide-by-2

A PLC12 | - g RW
H-- switch bit 1: Divide-by-3
Rl | Reserved bit Should set to "0" RW

Notes :
2. The CM17 bit in the CM1 register is set to "0" (main clock) before rewriting the PLC1 register.
bit should be set to "1" before setting the CM17 bit to "1" (PLL clock as CPU clock source). The

PLL clock divided by 2 or divided by 3 becomes a clock source of the CPU clock and peripheral
function clock.

1. The PRCO bit in the PRCR register is set to "1" (write enable) before rewriting the PLC1 register.

3. When the CM21 bit in the CM2 register is set to "0" (main clock as CPU clock source), the PLC11

Figure 1.8.8. PLC1 Register
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1. Main Clock
Main clock oscillation circuit generates the main clock. The main clock becomes a clock source of the
CPU clock and peripheral function clock.
The main clock oscillation circuit is configured by connecting an oscillator or resonator between the XIN
and XouT pins. The circuit has a built-in feedback resistance. The feedback resistance is separated from
an oscillation circuit in stop mode to reduce power consumption. An externally generated clock can be
input to the XIN pin in the main clock oscillation circuit. Figure 1.8.9 shows an example of a main clock
circuit connection. Circuit constant varies depending on each oscillator. Circuit constant recommended by
each oscillation manufacturer should be used.
The main clock is divided by eight to become the CPU clock after reset.
The CMO05 bit in the CMO register is set to "1" (oscillation stop in main clock oscillation circuit) to reduce
power consumption after switching a CPU clock source to the sub clock or ring oscillator clock. In this
case, XourT is set to "H". XIN is pulled up by XouT via a feedback resistance since a built-in feedback
resistance remains on. When an externally generated clock is input to the XIN pin, the main clock does
not stop even if the CMO5 bit is set to "1". The main clock should be terminated externally if needed.
All clocks, including the main clock, stop in stop mode. Refer to the paragraph "Power Dissipation Control" for

details.
Microcomputer ~ Microcomputer

(Built-in feedback resistance) (Built-in feedback resistance)

XIN Xout XIN Xout

Open
Oscillator Ral

||:|| Externally generated clock
(L1

T o Teor e LTI

— — Vss

Notes :

1. A damping resistance should be inserted if required. The resistance varies
depending on an oscillator setting. Use values recommended by each oscillator
manufacturer.

A feedback resistance should be inserted between XIiN and XourT if an oscillation
manufacturer recommands to add the resistance externally.

Figure 1.8.9. Main Clock Circuit Connection
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System Clock

2. Sub Clock
Sub clock oscillation circuit generates the sub clock. The sub clock becomes a clock source of the CPU clock
and a count source of the timers A and B. The same frequency fc as the sub clock can be output from the
CLKouT pin.
The sub clock oscillation circuit is configured by connecting an oscillator between the XciN and XcouTt
pins. The circuit has a built-in feedback resistance. The feedback resistance is separated from an oscilla-
tion circuit in stop mode to reduce power consumption. An externally generated clock can be input to the
XCIN pin. Figure 1.8.10 shows an example of a sub clock circuit connection. Circuit constant varies de-
pending on each oscillator. Circuit constant recommended by each oscillation manufacturer should be
used.
The sub clock stops after reset. Feedback resistance is separated from an oscillation circuit. When the
PD8 6 and PD8_7 bits in the PD8 register is set to "0" (input mode) and the PU25 bit in the PUR2 register
is set to "0" (no pull-up), the CMO04 bit in the CMO register is set to "1" (XCIN-XcouT select). The sub clock
oscillation circuit starts oscillating. To input an externally generated clock to the XCIN pin, when setting the
PD8_6 bit to "0" and the PU25 bit to "0", the CM04 bit is set to "1". The clock input to the XCIN pin becomes
a clock source of the sub clock.
When a sub clock oscillation is stable to set the CMO07 bit of CMO register to "1" (XCIN-XcoOuUT select), the
sub clock becomes the CPU clock.
All clocks, including the sub clock, stop in stop mode. Refer to the paragraph "Power Dissipation Control"
for detalils.
the XcIN and XcouT pins shares pins with the VcoNT and P86 pins. When the sub clock is used, PLL
frequency synthesizer cannot be used.

Microcomputer Microcomputer
(Built-in feedback resistance) (Built-in feedback resistance)
XCIN XcouT XCIN XcouT
T Open
Oscillator Rcd?
Tl Externally generated clock
IDI
:l__ Ccin Ccout vee J_|_|_|_|_|_|_
— l: Vss

Notes :

1. A damping resistance should be inserted if required. The resistance varies
depending on the oscillator setting. Use values recommended by each oscillator
manufacturer.

A feedback resistance should be inserted between XiN and Xour if an oscillation
manufacturer recommands to add the resistance externally.

Figure 1.8.10. Sub Clock Connection Circuit
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3. Ring Oscillator Clock
Ring oscillator generates the ring oscillator clock as an approximate 1MHz clock. The ring oscillator clock
becomes a clock source of the CPU clock and peripheral function clock.
The ring oscillator clock stops after reset. When the CM21 bit in the CM2 register is set to "1" (ring
oscillator clock), the ring oscillator clock starts oscillating. Instead of the main clock, the ring oscillator
clock becomes a clock source for the CPU clock and peripheral function clock.

(1) Oscillation Stop Detect Function

When the main clock is terminated by external factors, the ring oscillator automatically starts operating
to generate another clock.
When setting the CM 20 bit to "1" (oscillation stop detect function enabled), an oscillation stop detect
interrupt request is generated as soon as the main clock stops. Simultaneously, the ring oscillator
starts oscillating. The ring oscillator clock, instead of the main clock, becomes a clock source for the
CPU clock and peripheral function clock. Associated bits are set as follows:

» CM21 bit = 1 (Ring oscillator clock becomes a clock source of the CPU clock.)

* CM22 bit = 1 (Main clock stop is detected.)

* CM23 bit = 1 (The Main clock stops.) (See Figure 1.8.15)

(2) How to Use Oscillation Stop Detect Function

 The oscillation stop detect interrupt shares vectors with the watchdog timer interrupt. When using
both oscillation stop detect interrupt and watchdog timer interrupt, the CM22 bit should be read by
an interrupt processing program to determine which interrupt request is used.

* When an oscillation stop is detected and the main clock resume its oscillation, the main clock
should be set as a clock source of the CPU clock and peripheral function clock. Figure 1.8.11
shows a procedure to switch the ring oscillator clock to the main clock.

* In low-speed mode, when the main clock is stopped by setting the CM20 bit to "1", an oscillation
stop detect interrupt request is generated. Simultaneously, the ring oscillator clock starts oscillating.
The CPU clock remains unchanged as the sub clock. The ring oscillator clock becomes a clock
source of the peripheral function clock.

* To enter wait mode while using the oscillation stop detect interrupt function, the CMO02 bit should be
set to "0" (peripheral function clock does not stop in wait mode).

* When an oscillation stop detect interrupt request is generated in wait mode, wait mode cannot be
exited by the oscillation stop detect interrupt. After its exit from wait mode, the oscillation stop
detect interrupt is executed at first and then interrupt, used for its exit from wait mode, are executed.

 The oscillation stop detect function is provided against a main clock stop caused by external fac-
tors. When the main clock is terminated by program in stop mode or the CMO5 bit is set to "1" (main
clock oscillation stop), the CM20 bit should be set to "0" (oscillation stop detect function disabled).

* When a main clock frequency is less than or equal to 2MHz, the oscillation stop detect function is
not available. The CM20 bit should be set to "0".
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Switch the
main clock

Verify the CM23 bit

A A

1 (main clock stop)

0 (main clock oscillating)

Determine several times that
he CM23 bit is set to "0

Determine several times that a main clock is supplied

Set the MCD register to "0816"
(divide-by-8)
I

Set the CM22 bit to "0"
(main clock supplied)

Set the CM21 bit to "0"
(main clock as CPU clock source)

End CM21 to CM23 bits : Bits in CM2 register

Figure 1.8.11. Switching Procedure from Ring Oscillator Clock to Main Clock

4. PLL Clock

The PLL frequency synthesizer generates the PLL clock, based on the main clock. The PLL clock can be
used as a clock source for the CPU clock or peripheral function clock.

With the PLL frequency synthesizer, a resistance and capacitor should be connected to the VCONT pin.
The PD8_6 and PD8_7 bits in the PD8 register should be set to "0" (input mode) and the CM04 bit be set
to "0" (the XcIN and XcouT pins as ports). After that, the VCoNT pin should be connected to the circuit
shown in Figure 1.8.12. The P86 pin be connected to Vss. The PLV0O bit in the PLV register should be
set to "1" (power to PLL).

The PLL frequency synthesizer stops after reset. When setting the PLCO7 bit to "1" (PLL start), the PLL
frequency synthesizer starts operating. It takes 20 ms(5V operation) to 50ms(3.3V operation) as a wait-
ing time for the PLL clock to be stable.

When the PLL clock is used as a clock source for the CPU clock or peripheral function clock, the PLL
clock is divided by two or divided by three to be a clock source of the CPU clock or peripheral function
instead of the main clock. When the PLL clock is used as a clock source for the CPU clock or peripheral
function clock, each bit should be set as shown in Table 1.8.2. Figure 1.8.13 shows a procedure to make
the PLL clock into CPU clock source.

When entering wait or stop mode, the CM17 bit should be set to "0" (main clock as CPU clock source).
The PLCO7 bit in the PLCO register should be set to "0" (PLL stop) and the PLVOO bit be set to "0" (no
power to PLL) before entering wait or stop mode.

The VCoNT and P86 pins share pins with XcIN and XCOUNT pins. When using the PLL frequency synthe-
sizer, the sub clock cannot be used.
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Microcomputer
VCONT

C1

Vss

P86

C1=220pF, C2=0.1 pF, R1=1 kQ 2

Notes :

c2

1. Vss should be connected to GND via C1 and C2 with shorter
wiring. Ground pattern should be formed around the circuit.

2. Optimal value of a low pass filter circuit element, connected
to the VconT pin, depends on the enviroments (e.g.noise).
The most appropriate value for a system should be used
after evaluating with the optimal value and with several
optimal values.
C1 and C2 should be used with best temperature
characteristics.

Figure 1.8.12. External Circuit with PLL Frequency Synthesizer

Table 1.8.2. Settings to Use PLL Clock as CPU Clock Source

F(XIN) PLCO register PLC1 register PLL clock
PLCO2 PLCO1 PLCOO PLC12
10 MHz 0 1 1 0 30 MHz
1 20 MHz

@ke PLL clock into CPU clock sourcD

Set the PLC11 bit to "1"
(PLL clock division enabled)

Set the PLCO register and the PLC12 bit

Set the PLCO7 bit to "1"
(PLL on)

Wait for 20 to 50ms

Set the CM17 bit to "1"
(PLL clock as CPU clock sorce)

C

End

PLC11 bit : Bit in PLCL1 register

PLCOO0 to PLCO7 bits : Bits in PLCO register
CM17 bit : Bit in CM1 register

Figure 1.8.13. Procedure to Use PLL Clock as CPU Clock Source
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CPU Clock and BCLK
The CPU clock becomes a CPU operation clock and also a count source of the watchdog timer. The CPU
clock is the main clock divided by eight after reset. In memory expansion or microprocessor mode, the clock
having the same frequency as the CPU clock can be output from the BCLK pin as BCLK. Refer to the
paragraph "Clock Output Function" for details.
The main clock, sub clock, ring oscillator clock or PLL clock divided by two or three can be selected as a
clock source for the CPU clock. Table 1.8.3 shows a CPU clock source and bit settings.
When the main clock, ring oscillator clock or PLL clock divided by two or three is selected as a clock source
of the CPU clock, the selected clock divided by 1 (no division), 2, 3, 4, 6, 8, 10, 12, 14 or 16 becomes the
CPU clock. The MCD register selects the clock division.
When entering stop mode or low power consumption mode (except for the CPU clock as the ring oscillator
clock), the MCD register should be set to "0816" (divide-by-8 mode). Consequently, when the main clock
starts, the CPU clock enters middle-speed mode (divide-by-8).

Table 1.8.3. CPU Clock Source and Bit Settings

CMO register CM2 register CML1 register
CPU clock source
CMO07 CM21 CM17
Main clock 0 0 0
Sub clock 1 0 0
Ring oscillator clock 0 1 0
PLL clock 0 0 1

Peripheral Function Clock
The peripheral function clock becomes an operation clock or count source of the peripheral functions ex-
cept the watchdog timer.

1. fa,fs, f32 and f2n

f1, f8, f32 and f2n are the main clock? or ring oscillator clock divided by 1, 8, 32 or 2n (n=1to 15, except no
division when n=0). The CM21 bit determines which clock is selected .

When setting the CM02 bit to "1" (peripheral function stop in wait mode) to enter wait mode, these clocks
stops. The clocks also stops in low-power consumption mode.

f1, f8 and f2n are used for an operation clock of the serial I/O and a count source of the timers A and B.
The CNT3 to CNTO bits in the TCSPR register selects a f2n division. f1 is also used for an operation clock
of the intelligent I/O.

The CLKouT pin outputs fg and f32 . Refer to the paragraph "Clock Output Function” for details.

2. fAD

fAD is an operation clock of the A-D convertor and has the same frequency as the main clock! and ring
oscillator clock. The CM21 bit determines which clock is selected.

When setting the CMO02 bit to "1" (peripheral function stop in wait mode) to enter wait mode, fAD stops. fAD
stops in low power consumption mode.

Notes :
1. Itis the PLL clock divided by two when setting the CM17 bit to "1" (PLL clock as CPU clock source).
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3. fc32
fcs2 is the sub clock divided by 32. fc32 is used for a count source of the timers A and B. fc32 is available
when the sub clock runs.

Clock Output Function
The CLKouT pin outputs fc, fg or f32.
In memory expansion and microprocessor modes, the BCLK pin can output a clock having the same fre-
guency as the CPU clock as BCLK.
Table 1.8.4 lists a CLKouT pin function in single-chip mode. Table 1.8.5 lists a CLKouT pin function in
memory expansion and microprocessor modes.

Table 1.8.4. CLKouT Pin in Single-Chip Mode

PMO register 1 CMO register 2
CLKouT pin function
PMO7 CMO01 CMO00
— 0 0 P53 I/O port
1 0 1 fc output
1 1 0 f8 output
1 1 1 f32 output
-:"0"and "1" can be set either.
Notes :

1. The PMO register should be set after the PRCL1 bit in the PRCR register is set to "1" (write enable).
2. The CMO register should be set after the PRCO bit in the PRCR register is set to "1" (write enable).

Table 1.8.5. CLKouTt Pin in Memory Expansion Mode and Microprocessor Mode

i 1 i 1 i 2
PM1 register PMO register CMO register CLKouT pin function
PM15 PM14 PMO7 CM01 CMO00
0 03 03 BCLK output
1 0 0 "L" output (not P53)
002, 102, 112, 1 0 1 fc output
1 1 0 fs8 output
1 1 1 f32 output
0 1 — 03 03 ALE output
-:"0" and "1" can be set either.
Notes :

1. The PMO register should be set after the PRCL1 bit in the PRCR register is set to "1" (write enable).

2. The CMO register should be set after the PRCO bit in the PRCR register is set to "1" (write enable).

3. When setting the PMO7 bit to "0" (selected in the CM01 to CMO0O bits) or the PM15 to PM14 bits to
"012" (P53/BCLK), the CMO01 to CMOO bits should be set to "002" (1/O port P53).

Power Dissipation Control
Power dissipation control contains three modes.
All modes, except wait mode and stop mode, are called normal operation mode in this paragraph. Figure
1.8.14 shows a block diagram of status transition in wait mode and stop mode. Figure 1.8.15 shows a block
diagram of status transition in all modes.
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1. Normal Operation Mode
Normal operation mode has six modes.
In normal operation mode, the CPU clock and peripheral function clock operates the CPU and peripheral
function. Power dissipation is enabled by controlling a CPU clock frequency. The more CPU clock
frequency goes up, the more processing power increases. The more CPU clock frequency goes down,
the more power consumption reduces. When unnecessary oscillation circuits stop, power consumption
reduces further more.
(1) High-Speed Mode
The main clock! becomes the CPU clock and a clock source for the peripheral function clock. When
the sub clock runs, fc32 can be used for a count source of the timers A and B.
(2) Medium-Speed Mode
The main clock divided by 2, 3, 4, 6, 8, 10, 12, 14, or 16 becomes the CPU clock. The main clock
becomes a clock source for the peripheral function clock. When the sub clock runs, fc32 can be used
for a count source of the timers A and B.
(3) Low-Speed Mode
The sub clock becomes the CPU clock. The main clock becomes a count source of the peripheral
function clock. fc32 can be used for a count source of the timers A and B.
(4) Low-Power Consumption Mode
Low-power consumption mode is entered when the main clock stops in low-speed mode. The sub
clock becomes the CPU clock. Only fc32 can be used as the peripheral function clock. In low-power
consumption mode, the MCD register should be set to "0816" (divide-by-8 mode). When the main
clock starts operating next time, middle-speed mode (divide-by-8 mode) is entered.
(5) Ring Oscillator Mode
The ring oscillator clock divided by 1(no division), 2, 3, 4, 6, 8, 10, 12, 14, or 16 becomes the CPU
clock. The ring oscillator clock becomes a clock source for the peripheral function clock. When the sub
clock runs, fc32 can be used for a count source of the timers A and B.
(6) Ring Oscillator Low-Power Consumption Mode
Ring oscillator low-power consumption mode is entered when the main clock stops in ring oscillator
mode. The ring oscillator clock divided by 1(no division), 2, 3, 4, 6, 8, 10, 12, 14, or 16 becomes the
CPU clock. The ring oscillator clock becomes a clock source for the peripheral function clock. When
the sub clock runs, fc32 can be used for a count source of the timers A and B.

The CPU clock should be switched after the clock to be switched is stable. Especially the sub clock takes
a longer time? for a sub clock oscillation stability. Enough waiting time should be taken for the clock to be
stable by program after power-on or an exit from stop mode.

When switching the ring oscillator to the main clock, medium-speed mode should be entered (divide-by-
8) after the main clock is divided by eight in ring oscillator mode (MCD register=0816).

Avoid entering ring oscillator mode or ring oscillator low-power consumption mode from low-speed mode
or low power consumption mode and vice versa.

Notes :
1. When setting the CM17 bit to "1" (PLL clock as CPU clock source), it is the PLL clock divided by two
or three.
2. Contact each oscillator manufacturer about a stable time for oscillation.
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2. Wait Mode
In wait mode, the CPU clock stops and the CPU and watchdog timer, operated by the CPU clock, also
stop. Since the main clock, sub clock, ring oscillator clock and PLL clock continue to run, the peripheral
function using these clocks also continue to operate.

(a) Peripheral Function Clock Stop Function
When setting the CMO02 bit to "1" (peripheral function clock stop in wait mode), f1, f8, f32, f2n and fAD
stop in wait mode. Power consumption can be reduced. fc32 does not stop.

(b) Entering Wait Mode
Wait mode is entered when the WAIT instruction is executed.
When setting the CM17 bit to "1" (PLL clock as CPU clock source), the CM17 bit should be set to "0"
(main clock as CPU clock source) first. Then the PLCO7 bit should be set to "0" (PLL stop) and the
PLVOO bit be set to "0" (no power to PLL) before entering wait mode.

(c) Pin Status in Wait Mode
Table 1.8.6 lists pin status in wait mode.

(d) Exiting Wait Mode
Wait mode is exited by a hardware reset, NMI interrupt or peripheral function interrupt.
When using a hardware reset or NMI interrupt to exit wait mode, the ILVL2 to ILVLO bits for the peripheral
function interrupt should be set to "0002" (interrupt disabled) before executing the WAIT instruction.
The CMO02 bit affected the peripheral function interrupt. When setting the CMO02 bit to "0" (peripheral
function clock does not stop in wait mode), all peripheral function interrupts can be used to exit wait
mode. When setting the CMO02 bit to "1" (peripheral function clock stops in wait mode), the peripheral
functions, which use the peripheral function clock, stop. The peripheral function interrupt with external
signals can be used to exit wait mode.
Table 1.8.7 shows interrupts to be used to exit wait mode and usage conditions.

Table 1.8.6. Pin Status in Wait Mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CSO0 to CS3, Maintains status before entering
BHE wait mode
RD, WR, WRL, WRH, DW, CASL, CASH "H 1
RAS "H 1
HLDA,BCLK "H"
ALE "L"
Port Maintains status before entering wait mode
CLKouTt When fc is selected Clock output

When fs, f32 are selected | When the CMO02 bit in the CMO register is set to "0" (peripheral
function clock not stop in wait mode), the clock is output.

When the CMO02 bit is set to "1" (peripheral function clock stopped in
wait mode), status immediately before entering wait mode is
maintained.

Notes :
1. In self-refresh operation with the DRAMC, CAS and RAS are set to "L".
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Table 1.8.7. Interrupts to Exit Wait Mode

Interrupt When CM02=0 When CM02=1
NMI interrupt Available Available
Serial I/O interrupt Available with the internal and external clocks|Available only when the external clock is used
Key input interrupt Available Available

A-D conversion interrupt|Available in single or single-sweep mode |Avoid using

Timer A interrupt Available in all modes Available in event counter mode or when
Timer B interrupt a count source is fca2

INT interrupt Available Available

CAN interrupt Available Avoid using

Intelligent I/O interrupt  |Available Avoid using

When the peripheral function interrupt is used to exit wait mode, the followings should be set before

executing the WAIT instruction.

(1) The RLVL2 to RLVLO bits in the RLVL register should have the same value as the IPL in the FLG
register has.

(2) The ILVL2 to ILVLO bits in the interrupt control registers, for the peripheral function interrupt used
to exit wait mode, should have larger value than the RLVL2 to RLVLO bits have.
The ILVL2 to ILVLO bits in all other interrupt control registers, for peripheral function interrupts
which are not used to exit wait mode, should be set to "0002" (interrupt disabled).

(3) The | flag should be set to "1".

(4) Peripheral functions, which are used to exit wait mode, start operating.
When using the peripheral function interrupt to exit wait mode, the CPU clock resumes to be pro-
vided by generating an interrupt request and running an interrupt routine.

The CPU clock in exiting wait mode with the peripheral function interrupt is the same clock as the CPU
clock in executing the WAIT instruction.
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3. Stop Mode

In stop mode, all oscillation stop. The CPU clock and peripheral function clock stop and the CPU and
peripheral function, operated by these clock, also stop. Stop mode needs the least power to work. When
Vcc is more or equal to 2.5V, the internal RAM continue to operate.

The peripheral functions operated by external signals do not stop. Interrupts used to exit stop mode are
NMI interrupt, key input interrupt and INT interrupt.

(1) Entering Stop Mode

When the CM10 bit in the CM1 register is set to "1" (all clocks stops), stop mode is entered. The MCD
register is simultaneously set to "0816" (divide-by-8 mode).

Avoid entering stop mode when the CM21 bit in the CM2 register is set to "1" (ring oscillator clock as
CPU clock source). Stop mode should be entered after setting the CM20 bit to "0" (oscillation stop
detect function disabled) and the CM21 bit to "0" (main clock as CPU clock source).

To enter stop mode, when the CM17 bit is set to "1" (PLL clock as CPU clock source), the CM17 bit
should be set to "0" (main clock as CPU clock source) at first. Then the PLCO7 bit should be set to "0"
(PLL off) and the PLVO0O bit be set to "0" (no power to PLL).

(2) Pin Status in Stop Mode
Table 1.8.8 lists pin status in stop mode.

(3) Exiting Stop Mode
Stop mode is exited by a hardware reset, NMI interrupt or peripheral function interrupt.
When using a hardware reset or NMI interrupt to exit wait mode, all ILVL2 to ILVLO bits in the interrupt
control registers for the peripheral function interrupt should be set to "0002" (interrupt disabled) to set
the CM10 bit to "1".
When the peripheral function interrupt is used to exit stop mode, the followings should be set before
setting the CM10 bit to "1".
(1) The RLVL2 to RLVLO bits in the RLVL register should have the same value as the IPL bit has.
(2) The ILVL2 to ILVLO bits in the interrupt control registers, for the peripheral function interrupt used
to exit stop mode, should have larger value than the RLVL2 to RLVLO bits have.
The ILVL2 to ILVLO bits in all other interrupt control registers, for the peripheral function interrupts
which are not used to exit stop mode, should be set to "0002" (interrupt disabled).
(3) The I flag should be set to "1".
(4) Peripheral functions, which are used to exit wait mode starts operating.
When using a peripheral function interrupt to exit wait mode, the CPU clock resumes to be pro-
vided by generating an interrupt request and running an interrupt routine.

The CPU clock in exiting stop mode by the peripheral function interrupt or NMI interrupt is as follows,
according to the CPU clock before entering stop mode.

* When the sub clock is set as the CPU clock before entering stop mode : Sub clock

* When the main clock is set as the CPU clock before entering stop mode : Main clock divided by eight
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Table 1.8.8. Pin Status in Stop Mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CSO0 to CS3, BHE Maintains status before entering
stop mode

RD, WR, WRL, WRH, DW, CASL, CASH "Hr 1
RAS "H" 1
HLDA, BCLK "H"
ALE "H"
Port Maintains status before entering stop mode
CLKouTt When fc selected "H"

When f8, f32 selected Maintains status before entering stop mode
XIN High-impedance
Xout "H"
XCIN, XcouT High-impedance
Notes :

1. In self-refresh operation with the DRAMC, CAS and RAS are setto "L".

Reset

Al oscillation is stopped Y N CPU operation is stopped
_ - Note 3 i i
st g > CM10=1 ( Middle-speed mode (Note 3) WAIT instruction > Wait mode
Op mode (divide-by-8 mode) - Tnterrupt
Interrupt
(Note 1)
\“\eﬂ\,\p‘
High-speed / 7 (Note 3) WAIT instruction
Stop mode - . 3 - 1 Wait mode
P - CM10=1 middle-speed mode [ g Interrupt
(Note 3) 1 -
Note 1
CM10=1 : ) y
. - \ . .
-« Low-speed/ low power WAIT instruction > .
Stop mode (Note 2) - dissipation mode - | Wait mode
> Interrupt
Interrupt (Note 4)
-
Ring oscillator / ring . )
B oscillator low-power  [— WAIT instruction =:| Wait mode l
dissipation mode ) i Interrupt
Note 1
; Normal operation mode (—))
Notes :

1. See Figure 1.8.15.

2. The MCD4 to MCDO bits in the MCD register is set to "010002"(divide-by-8 mode).

3. When the CM17 bit is set to "1" (PLL clock as CPU clock source), the CM17 bit should be set to "0"(main
clock as CPU clock source) before setting the PLCO07 bit to "0" (PLL off). The PLVO0O bit should be set to "0"
(no power to PLL) before entering wait mode or stop mode.

4. When using the PLL frequency synthesizer, low-speed and low-power consumption mode cannot be entered.

Figure 1.8.14. Status Transition in Wait Mode and Stop Mode
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Protection

The protection function protects important registers from rewriting easily when a program runs out of control.
Figure 1.8.16 shows the PRCR register. The PRCR register protects the following registers.

Registers protected by the PRCO bit : CM0, CM1, CM2, MCD, PLCO and PLC1 registers

Registers protected by the PRC1 bit : PM0, PM1, INVCO and INVC1 registers

Registers protected by the PRC2 bit : PD9 and PS3 registers

Registers protected by the PRC3 bit : PLV, VDCO and VDC1 registers

When setting the PRC2 bit to "1" (write enable) and trying to write into any addresses, the PRC2 bit is
automatically set to "0" (write disable). The PD9 and PS3 registers should be set subsequent to the instruc-
tion which sets the PRC2 bit to "1" (write enable). Avoid interrupt and DMA transfer between the instruction
to set the PRC2 bit to "1" and the next instruction. The PRCO, PRC1 and PR3 bits are not set to "0" even
if trying to write into any addresses. The PRCO, PRC1 and PRC3 bits should be set to "0" by program.

Protect register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
MM—.—L.—L.—LJ PRCR 000A16 XXXX 00002
Bit . .
symbol Bit name Function RW

Enables writing to CM0, CM1, CM2,
MCD, PLCO, PLC1 registers

0 : Write disable

1: Write enable

PRCO [ Protect bit 0 RW

Enables writing to PMO, PM1, INVCO,
INVC1 registers

0 : Write disable RW
1 : Write enable

feeees PRC1 |Protect bit 1

' ) Enables writing to PD9, PS3 registers
A PRC2 | Protect bit 21 0 : Write disable RW

1 : Write enable

Enables writing to PLV, VDCO, VDC1

H ) registers RW
""""""" PRC3 | Protect bit 3 0 : Write disable

1 : Write enable

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :
1. The PRC2 bit is set to "0" by writing into any addresses after setting the PRC2 bit to "1".
The PRCO, PRC1 and PRC3 bits are not automatically set to "0". They should be set to"0" by program.

Figure 1.8.16. PRCR Register
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Interrupts

Types of Interrupts
Figure 1.9.1 shows types of interrupts.

[] Undefined instruction (UND instruction)
[] Overflow (INTO instruction)
Software . [] BRK instruction
[] (Non-maskable interrupt) [] BRK2 instructiont
] [] INT instruction
[l
[l
Interrupt 7] [] NMI
[ Special [ Watchdog timer
[ ] [] Ocsillation stop detect
M ] (Non-maskable interrupt) [] Single step?
[ U [] Address match
Hardware
L [] DMACII
[
N Peripheral function!
(Maskable interrupt)
Notes :
1. Peripheral function interrupts are generated by the peripheral functions built into the microcomputer system.
2. Avoid using this interrupt because this is a dedicated interrupt for development suport tools only.

Figure 1.9.1. Interrupts

* Maskable Interrupt
The | flag can change an interrupt enabled to an interrupt disabled and vice versa.
An interrupt priority under interrupt priority level order can be changed.

* Non-maskable Interrupt
The | flag can change an interrupt enabled to an interrupt disabled and vice versa.
An interrupt priority under interrupt priority level order cannot be changed.

Software Interrupts
Software interrupts are generated by executing an instruction. The software interrupts are non-
maskable interrupts.
(1) Undefined Instruction Interrupt
The undefined instruction interrupt is generated when the UND instruction is executed.

(2) Overflow Interrupt
The overflow interrupt is generated when the INTO instruction is executed by setting the O flag to "1"
(arithmetic operation overflow).
Instructions to set the O flag are :
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA,
SUB, SUBX
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(3) BRK Interrupt
The BRK interrupt is generated when the BRK instruction is executed.

(4) BRK2 Interrupt
The BRK2 interrupt is generated when the BRK2 instruction is executed.
Avoid using this interrupt. For a development support tool only.

(5) INT Instruction Interrupt
The INT instruction interrupt is generated when the INT instruction is executed. The INT instruction
can select software interrupt numbers 0 to 63. Since software interrupt numbers 7 to 54 and 57 are
assigned to the peripheral function interrupt, the INT instruction can operate the same interrupt routine
as used for the peripheral function interrupt.
When executing the INT instruction, the FLG register and PC are saved to the stack. PC also stores a
relocatable vector in the specified software interrupt number. Where the stack is saved varies de-
pending on a software interrupt number. ISP is selected with the software interrupt numbers 0 to 31
(setting the U flag to "0"). SP, which is set before executing the INT instruction, is selected with the
software interrupt numbers 32 to 63.
With the peripheral function interrupt, the FLG register is saved and the U flag is set to "0" (ISP select)
when an interrupt request is acknowledged. With software interrupt numbers 32 to 54 and 57, SP to
be used varies, depending on an interrupt which is generated by a peripheral function interrupt re-
quest or by the INT instruction.

Hardware Interrupts
Special interrupt and peripheral function interrupt are available as hardware interrupts.

(1) Special Interrupt
Special interrupt is an non-maskable interrupt.

« NMI Interrupt
The NMl interrupt is generated when NMI pin input changes "H" to "L". Refer to the paragraph "NMI
interrupt” for details.

* Watchdog Timer Interrupt
The watchdog timer interrupt is generated by the watchdog timer. Refer to the section "Watchdog
timer" for details.

e Oscillation Stop Detect Interrupt
The oscillation stop detect interrupt is generated when a main clock oscillation stop is detected. Refer
to the section "System clock" for details.

» Single-Step Interrupt
Avoid using the single-step interrupt. For development support tool only.

¢ Address Match Interrupt
The address match interrupt is generated just before executing an instruction stored into an address
that the RMADI register indicates when the AIERI bit in the AIER register (i=0 to 3) is set to "1"
(address match interrupt enabled). A starting address of an instruction should be set in the RMADiI
register. Address match interrupt is not generated when setting an address such as table data or
while executing an instruction. Refer to the paragraph "Address match interrupt” for details.
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(2) Peripheral Function Interrupt
The peripheral function interrupt is generated by the peripheral functions built into the microcomputer.
Interrupt vector table for the peripheral function interrupt is the same as the one for software interrupt
numbers 7 through 54 and 57 used with the INT instruction. The peripheral function interrupt is a
maskable interrupt.
See Table 1.9.2 about how the peripheral function interrupt is generated. Refer to explanations on
each function for details.

High-Speed Interrupts
The high-speed interrupt executes an interrupt sequence in 5 cycles and a return from the interrupt in 3
cycles.
When the FSIT bit in the RLVL register is set to "1" (interrupt priority 7 available for the high-speed
interrupt), the ILVL2 to ILVLO bits in the interrupt control registers can be set to "1112" (level 7) to use the
high-speed interrupt.
Only one interrupt can be set as the high-speed interrupt. With the high-speed interrupt, avoid setting
multiple interrupts as level 7 interrupt. The DMA Il bit in the RLVL register should be set to "0" (interrupt
priority level 7 available for interrupts).
A starting address of a high-speed interrupt routine should be set in the VCT register.
When the high-speed interrupt is acknowledged, the FLG register is saved into the SVF register and PC
are saved into the SVP registers. A program is executed from an address indicated by the VCT register.
The FREIT instruction should be executed to return from high-speed interrupt routine.
The saved values in the SVF and SVP registers are restored to the FLG register and PC by executing the
FREIT instruction.
The same registers are simultaneously used in the high-speed interrupt and in DMA2 and DMAS. With
the high-speed interrupt, neither DMA2 nor DMA3 is available. DMAQO and DMAL1 are available, instead.

Interrupts and Interrupt Vectors

There is four bytes in one vector. A starting address of interrupt routine should be set in each vector table.
When an interrupt request is acknowledged, a program is executed from an address set in interrupt
vectors. Figure 1.9.2 shows the interrupt vector.

MSB LSB
Vector address + 0 Low-order address
Vector address + 1 Mid-order address
Vector address + 2 High-order address
Vector address + 3 0016

Figure 1.9.2. Interrupt Vector
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(1) Fixed Vector Tables
Fixed vector tables are allocated in addresses from FFFFDC16 to FFFFFF16. Table 1.9.1 lists fixed
vector tables. Refer to the paragraph "Functions to inhibit rewriting flash memory" about fixed vectors of
flash memory.

Table 1.9.1. Fixed Vector Table

Interrupt generated by | Vector addresses Remarks Reference
Address (L) to address (H)
Undefined instruction| FFFFDC16 to FFFFDF16 M32C/80 series
software manual
Overflow FFFFEO16 to FFFFE316
BRK instruction FFFFEA416 to FFFFE716 If a content of FFFFE716 is FF1e6, a
program is executed from an address
stored into software interrupt number 0 in
variable vector table
Address matching FFFFE816 to FFFFEB16
- FFFFEC16 to FFFFEF16 Reserved space
Watchdog timer FFFFFO16 to FFFFF316 These address are shared by the watchdog| Watchdog timer

timer and oscillation stop detect interrupt
- FFFFF416 to FFFFF716 Reserved space

NMI FFFFF816 to FFFFFB16
Reset FFFFFC16 to FFFFFF16 Reset

(2) Relocatable Vector Tables

Relocatable vector tables occupy 256 bytes from a starting address set in the INTB register. Table 1.9.2
lists relocatable vector tables.

An even address should be set as a starting address of vector table set in the INTB register to increase
interrupt sequence executing rate.
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Interrupt generated by

Vector table address
Address(L)to address(H)!

Software
interrupt number

Reference

BRK instruction?

+0 to +3 (000016 to 000316)

0

M32C/80 series

Reserved space +4 to +27 (000416 to 002716) 1to6 software manual
A-D1 +28 to +31 (001C16 to 001F16) 7 A-D converter
DMAO +32 to +35 (002016 to 002316) 8 DMAC
DMA1 +36 to +39 (002416 to 002716) 9

DMA2 +40 to +43 (002816 to 002B16) 10

DMA3 +44 to +47 (002C16 to 002F16) 11

Timer AO +48 to +51 (003016 to 003316) 12 Timer A
Timer Al +52 to +55 (003416 to 003716) 13

Timer A2 +56 to +59 (003816 to 003B16) 14

Timer A3 +60 to +63 (003C16 to 003F16) 15

Timer A4 +64 to +67 (004016 to 004316) 16

UARTO transmission, NACK3 +68 to +71 (004416 to 004716) 17 Serial I1/0
UARTO reception, ACK3 +72 to +75 (004816 to 004B16) 18

UARTL1 transmission, NACK3 +76 to +79 (004C16 to 004F16) | 19

UART1 reception, ACK3 +80 to +83 (005016 to 005316) 20

Timer BO +84 to +87 (005416 to 005716) 21 Timer B
Timer B1 +88 to +91 (005816 to 005B16) 22

Timer B2 +92 to +95 (005C16 to 005F16) 23

Timer B3 +96 to +99 (006016 to 006316) 24

Timer B4 +100 to +103 (006416 to 006716) | 25

INTS +104 to +107 (006816 to 006B16) | 26 Interrupt
INT4 +108 to +111 (006C16 to 006F16)| 27

INT3 +112 to +115 (007016 to 007316) | 28

INT2 +116 to +119 (007416 to 007716) | 29

INT1 +120 to +123 (007816 to 007B16) | 30

INTO +124 to +127 (007C16 to 007F16)| 31

Timer B5 +128 to +131 (008016 to 008316) | 32 Timer B
UART2 transmission, NACK3 +132 to +135 (008416 to 008716) | 33 Serial I1/0
UART2 reception, ACK3 +136 to +139 (008816 to 008B16) | 34

UARTS3 transmission, NACK3 +140 to +143 (008C16 to 008F16)| 35

UARTS3 reception, ACK3 +144 to +147 (009016 to 009316) | 36

UARTA4 transmission/NACK3 +148 to +151 (009416 to 009716) | 37

UARTA4 reception, ACK3 +152 to +155 (009816 to 009B16) | 38
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Table 1.9.2. Relocatable Vector Tables (Continued)

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

stop condition detect, (UART2)®,

fault error®

Interrupt generated by Vector table address Software Reference
Address(L)to address(H)! interrupt number
Bus conflict detect, start condition detect, | +156 to +159 (009C16 to 009F16) |39 Serial I/0

+252 to +255 (00FC16 to O0FF16)

Bus conflict detect, start condition detect, | +160 to +163 (00AO16 to 00A316) |40

stop condition detect,

(UART3/UARTO), fault error?

Bus conflict detect, start condition detect, | +164 to +167 (00A416 to 00A716) |41

stop condition detect,

(UART4/UART1)®, fault error?

A-DO +168 to +171 (0O0A816 to 00AB16) |42 A-D converter
Key input +172 to +175 (O0OAC16 to 00AF16) |43 Interrupts
Intelligent I/O interrupt O +176 to +179 (00B016 to 00B316) |44 Inteligent 1/0
Intelligent 1/O interrupt O +180 to +183 (00B416 to 00B716) |45 CAN
Intelligent 1/O interrupt O +184 to +187 (00B816 to 00BB16) |46

Intelligent 1/O interrupt O +188 to +191 (00BC16 to 00BF16) |47

Intelligent 1/O interrupt O +192 to +195 (00C016 to 00C316) |48

Intelligent 1/O interrupt O +196 to +199 (00C416 to 00C716) |49

Intelligent 1/O interrupt O +200 to +203 (00C816 to 00CB16) | 50

Intelligent 1/O interrupt O +204 to +207 (00CCz16 to 00CF16) |51

Intelligent 1/O interrupt O +208 to +211 (00D016 to 00D316) |52

Intelligent 1/O interrupt 9, CAN O +212 to +215 (00D416 to 00D716) |53

Intelligent 1/O interrupt 10, CAN 1 +216 to +219 (00D816 to 00DB16) | 54

Intelligent I/O interrupt 10, CAN 2 +228 to +231 (00E416 to O0OE716) |57

INT instruction 2 +0 to +3 (000016 to 000316) to 0to 63 Interrupts

Notes :

1. This is a relative address to the one in the INTB register.

ga b~ WN

in UARTO or UARTS3.

The IFSR7 bit in the IFSR register should be set to determine whether these addresses are used for an interrupt

int UART1 or UART4.

. Interrupts are disabled by another way except by the | flag.
. In [IC mode, NACK/ACK or start/stop condition detection causes an g to be generation.
. When the SS pin is selected, fault error causes an interrupt to be generated.

. The IFSR6 bit in the IFSR register should be set to determine whether these addresses are used for an interrupt
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Interrupt Request Reception
Software interrupts and special interrupt are generated when conditions to generate an interrupt are met.
The peripheral g interrupt is generated by meeting all conditions below.

. Iflag ="1"
« IR bit ="1"
« ILVL2 to ILVLO bits > IPL

The | flag, IPL, IR bit and ILVL2 to ILVLO bits are all independent of each other, and does not affect any
other bits. The | flag and IPL are allocated in FLG register. The IR bit and ILVL2 to ILVLO bits are in the
interrupt control register.

(1) I Flag and IPL
The | flag makes a maskable interrupt disabled or enabled. When setting the | flag to "1" (enable), all
maskable interrupts are enabled; when setting the | flag to "0" (disable), they are disabled. The | flag
is automatically set to "0" after reset.
IPL is configured with three bits to determine the interrupt priority level from level O to level 7.
If a requested interrupt has higher priority than IPL has, an interrupt is enabled.
Table 1.9.3 lists interrupt enable levels associated with IPL.

Table 1.9.4. Interrupt Priority Levels Field Encording

IPL2 IPL1 IPLO Interrupt priority levels
0 0

level 1 and above are enabled

level 2 and above are enabled

level 3 and above are enabled

level 4 and above are enabled

level 5 and above are enabled

level 6 and above are enabled

O |k |O|FP |O |, |O

level 7 and above are enabled

0 0
0 1
0 1
1 0
1 0
1 1
1 1

[EEY

All maskable interrupts are disabled

(2) Interrupt Control Register and RLVL Register
The Peripheral function interrupts use interrupt control registers to control each interrupt. Figures
1.9.3 and 1.9.4 show the interrupt control register. Figure 1.9.5 shows the RLVL register.
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b7 b6 b5 b4 b3 b2 bl bo

RECONEN

Interrupt control register

Symbol Address When reset
TAOIC to TA4IC 006C16, 008C16, 006E16, 008E16, 007016 XXXX X0002
TBOIC to TASIC 009416, 007616, 009616, 007816, 009816, 006916 XXXX X0002
SOTIC to S4TIC 009016, 009216, 008916, 008B16, 008D16 XXXX X0002
SORIC to S4RIC 007216, 007416, 006B16, 006D16, 006F16 XXXX X0002
BCNOIC to BCN4IC 007116, 009116, 008F16, 007116%, 0091162 XXXX X0002
DMOIC to DM3IC 006816, 008816, 006A16, 008A16 XXXX X0002
ADOIC, AD1IC 007316, 008616 XXXX X0002
KUPIC 009316 XXXX X0002
1100IC to 1105IC 007516, 009516, 007716, 009716, 007916, 009916 XXXX X0002
1106IC to 11011IC 007B16, 009B16, 007D16, 009D16, 007F16, 008116 XXXX X0002
CANOICO to CAN2IC  009D16, 007F16, 0081163 XXXX X0002
Bit Bit Functi
symbol it name unction RW
b2 b1 bo
ILVLO 000 : Level 0 (interrupt disabled) RW
001:Levell
Interrupt priority level | 010 Level2
ILVL1 | bi 011:Level3 RW
select bit 100: Level 4
101:Level5
ILVL2 110:Level6 RW
111:Level?7
. 0 : No interrupt requested
IR Interrupt request bit ptreq RW

1: Interrupt requested®

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. The BCNOIC register shares an address with the BCN3IC register.
2. The BCNL1IC register shares an address with the BCN4IC register.
3. The IIO9IC register shares an address with the CANOIC register.
The 11010IC register shares an address with the CAN1IC register.
The IIO11IC register shares an address with the CAN2IC register.
4. The IR bit can be set to "0" only (avoid setting to "1").

Figure 1.9.3. Interrupt Control Register (1)

RENESAS

RenesasTechnology Corp.

95



o «\d\‘ Preliminary Specifications REV.1.02

&
Interrupts

O° Qe\oﬂ’ Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bO

DD T L LT T ] symeo

Interrupt control register

Address When reset
- INTOIC to INT2IC 009E16, 007E16, 009C16 XX00 X0002
O INT3IC to INT5IC! 007C16, 009A16, 007A16 XX00 X0002
A A T . -
e symbol Bit name Function RW
A 62160
e LAY 000: Level O (interrupt disabled) RW
R 001:Levell
Interrupt priority level | 010 Level2
R ILVL1 lect bit 011:Level3 RW
N select bi 100:Level 4
A 101:Level5
L ILVL2 110:Level 6 RW
oo 111:Level7
. 0: No interrupt requested
IR Interrupt request bit 1: Interrupt requested? RW
R pPOL | Polarity switch bit 0: Selects fgl!lng edge or "L" level RW
oo 1: Selects rising edge or "H" level3
: N Level sense/edge 0: Edge sense
LVS | sense switch bit 1: Level sense? RwW
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes

1. When using a 16-bit data bus in microprocessor or memory expansion mode, each pin for the INT3 to INT5 bits is
used as data bus. The ILVL2 to ILVLO bits in the INT3IC, INT4IC and INT5IC registers should be set to "0002".

2. The IR bit can be set to "0" only (avoid setting to "1").

3. When a bit corresponding to the IFSR register is set to "1" (both edge), the POL bit should set to "0" (falling edge).

4. With a level sense, a bit corresponding to the IFSR register should be set to "0" (one edge).

Figure 1.9.4. Interrupt Control Register (2)

¢ ILVL2 to ILVLO Bits

The ILVL2 to ILVLO bits determines the interrupt priority level. The greater interrupt priority level be-

comes, the higher interrupt priority level gets.

When an interrupt request is generated, its interrupt priority level is compared to IPL. This interrupt is
enabled only when its interrupt priority level is greater than IPL. When setting the ILVL2 to ILVLO bits

to "002" (level 0), its interrupt is disabled.

* IR Bit

The IR bit is set to "1" by hardware when an interrupt request is generated. The IR bit is set to "0" by
hardware after an interrupt request is acknowledged and jumps to an interrupt vector.

The IR bit can be set to "0" by program (avoid setting to "1").
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Exit priority register

When read, its content is indeterminate.

0: Interrupt priority level 7 is used

-------------------- DMA Il | DMAC Il select bit3 for interrupt _ RW
1: Interrupt priority level 7 is used

for DMAC Il transfer

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
)OI DALIT] mn o

A Bi Functi

Prot ottt | symbol it name unction RW

A b2b1b0

oror o e RLVLO 000: Level 0 RW

A o | 001:Levell

[ Interrupt priority set bits | 91 0: Level 2

A RLVL1 | to exit stop/wait model | 011 : Level3 RW

Voo 100:Level4

oo 101:Level5

- TEPPEETE RLVL2 110:Level6 RW

oo 111:Level7

0: Interrupt priority level 7 is used

A High-speed interrupt i

E R ESIT gt]b'tzp P for normal 'T“?”Upt . RW

A setbi 1: Interrupt priority level 7 is used

P for high-speed interrupt

e Nothing is assigned. When write, should set to "0".

Notes :

1. Stop or wait mode is exited when a requested interrupt priority level is higher than a level
set in the RLVL2 to RLVLO bits. The RLVL2 to RLVLO bits should be set the same value
as IPL in the FLG register.

2. When setting the FSIT bit to "1" (high-speed interrupt), interrupt level 7 as the highest
interrupt priority level becomes high-speed interrupt. Only one interrupt should be set to
level 7 in interrupt priority level to set the DMA I bit to "0" (normal interrupt).

3. Avoid setting the DMA I bit to "0" (normal interrupt) again once setting it to "1" (DMAC Il
transfer). When setting the DMA Il bit to "1", the FSIT bit should be set to "0" (normal
interrupt). DMAC Il cannot be used with high-speed interrupt simultaneously. The I flag
and IPL do not affect DMAC Il transfer.

Figure 1.9.5. RLVL Register

* RLVL2 to RLVLO Bits
When using an interrupt to exit stop or wait mode, the RLVL2 to RLVLO bits should be set the same
value as IPL in the FLG register before entering stop or wait mode. Interrupt priority level to exit stop
or wait mode should be higher than the level set in the RLVL2 to RLVLO bits.
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(3) Interrupt Sequence
Interrupt sequence is handled between an interrupt request acknowledgment and interrupt routine execu-
tion.
An interrupt request is generated while executing an instruction. Then the CPU determines its interrupt
priority level after the instruction is completed. Regarding the SCMPU, SIN, SMOVB, SMOVF, SMOVU,
SSTR, SOUT or RMPA instruction, the CPU suspends the instruction being executed to determine the
interrupt priority level. The CPU starts handling the interrupt sequence from the next cycle after the CPU
detemination.
The interrupt sequence is handled as follows:

(1) The CPU obtains interrupt information (interrupt number and interrupt request level) by reading
address 00000016 (address 00000216 for the high-speed interrupt). After this, the IR bit associated
with an interrupt is set to "0" (interrupt requested).

(2) The FLG register, prior to an interrupt sequence handling, is saved to a temporary register! within the
CPU.

(3) Each bit in the FLG register is set to the followings:

» The | flag is set to "0" (interrupt disabled)
» The D flag is set to "0" (single-step disabled)
» The U flag is set to "0" (ISP selected)

(4) A temporary register within the CPU is saved to the stack space and to the SVF register for the high-
speed interrupt.

(5) Content of PC is saved to the stack space and to the SVP register for the high-speed interrupt.

(6) An interrupt priority level of an acknowledged interrupt in IPL is set.

(7) A relocatable vector corresponding to an acknowledged interrupt is stored into PC.

After the interrupt sequence handling is completed, the instruction is resumed executing from a starting
address of an interrupt routine.

Notes :
1. Temporary register cannot be modified by users.
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(4) Interrupt Response Time
Figure 1.9.6 shows an interrupt response time. Interrupt response time is a period between an interrupt
generation and an execution of the first instruction within an interrupt routine. An interrupt response time
comprises a period from an interrupt request generation to an instruction completed ((a) on figure 1.9.6)
and the period required to handle an interrupt sequence ((b) on Figure 1.9.6).

Interrupt request is generated  Interrupt request is acknowledged

{} 4} — Time
ya /

Instruction within an
interrupt routine

Instruction Interrupt sequence

(@) (b)

-t -t -

Interrupt response time

(a) Period between an interrupt request generation and an instruction being completed.
(b) Period required to handle an interrupt sequence.

Figure 1.9.6. Interrupt Response Time

Time (a) varies depending on each instruction being executed. The DIV instruction requires the longest
time for (a). It takes 40 cycles when an immediate value or register is set as a divisor .
When a divisor is memory, the following value is added.

* Normal addressing 2+ X
* Index addressing 13+ X
* Indirect addressing 5+ X+2Y
* Indirect index addressing 6+ X+2Y

X is the number of a wait/waits set in a divisor space. Y is the number of wait/waits set in a space that
stores indirect addresses. If X and Y are in an odd address or in 8-bit bus space, the X and Y value
should be doubled.

Table 1.9.4 lists time (b).
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Table 1.9.4 Handling Timer for Interrupt Sequence

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Interrupt Interrupt vector address 16-bit bus 8-bit bus

Peripheral function Even address 14 cycles 16 cycles
Odd address? 16 cycles 16 cycles

INT instruction Even address 12 cycles 14 cycles
Odd address * 14 cycles 14 cycles

NMI Even address 2 13 cycles 15 cycles

Watchdog timer

Undefined instruction

Address match

Overflow Even address 2 14 cycles 16 cycles

BRK instruction (variable vector table) Even address 17 cycles 19 cycles
Odd address * 19 cycles 19 cycles

BRK instruction (fixed vector table) Even address 2 19 cycles 21 cycles

High-speed interrupt Vector table is internal register 5 cycles

Notes :

1. Interrupt vectors should be allocated in even addresses.

2. Vectors are fixed to even addresses.

(5) Changes of IPL When Interrupt Request is Acknowledged

When an peripheral function request is acknowledged, the CPU sets the acknowledged interrupt priority
level in IPL.

Software interrupt and special interrupt have no interrupt priority level. If acknowledging an interrupt
request that has no interrupt priority level, a value shown in Table 1.9.5 is set in IPL as an interrupt priority

level.

Table 1.9.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt sources

Level that is set to IPL

Watchdog timer, NMI, Oscillation stop detect

7

Reset

0

Software, Address match

Not changed

(6) Saving a Register
In an interrupt sequence, the FLG register and PC are saved to the stack space.
The FLG register is saved to the stack space. Next, 16 high-order bits and 16 low-order bits of PC
extended to 32 bits are saved. Figure 1.9.7 shows a stack status before and after an interrupt request is
acknowledged.
Other required registers are saved by program at the beginning of an interrupt routine. The PUSHM
instruction can save all registers, except SP, by single s.
Refer to the paragraph "High-speed interrupt" about the high-speed interrupt.
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Address Stack space Stack space
MSB LSB Address \,cp p LSB
PCL |-——
m-6 m-6 [SP]
New SP value
m-5 m-5 PCwm
m-4 m—4 PCq
m-3 > m-3 0016
m—2 M2 FLGL
m-1 m-1 FLGH
[SP]

m Content of SP value before Content of

previous stack interrupt is m previous stack
Ml Content of generated Content of

previous stack m+1 previous stack

Stack status before interrupt request is acknowledged Stack status after interrupt request is acknowledged

Figure 1.9.7. Stack Status

(7) Return from Interrupt Routine
When executing the REIT instruction in the end of an interrupt routine, the FLG register and PC which
have been saved to the stack space are automatically restored. A program which is executed before an
interrupt request is acknowledged, resumes to continue processing. Refer to the paragraph "High-speed
interrupt" about the high-speed interrupt.
If a register is saved by program in an interrupt routine, it should be restored by the POPM instruction or
others before executing the REIT and FREIT instructions. A register bank is switched to the prior to an
interrupt sequence by the REIT or FREIT instruction.

(8) Interrupt Priority
If two or more interrupt requests are sampled at the same sampling points (in timing to detect whether an
interrupt request is in or not), an interrupt with the highest priority is acknowledged.
The ILVL2 to ILVLO bits determine a desired priority level for a maskable interrupt (peripheral function
interrupt).
Special interrupts such as a reset (reset takes the highest priority) and watchdog timer interrupt have their
priority levels set in hardware. Figure 1.9.8 shows priority levels of hardware interrupts.
The interrupt priority affects software interrupts. The microcomputer jumps to an interrupt routine when
executing an instruction.

Reset > NMI > Watchdog > Peripheral function > Address match

Figure 1.9.8. Interrupt Priority
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(9) Interrupt Priority Select Circuit
The interrupt priority select circuit determines the highest priority interrupt when two or more interrupt
requests are sampled at the same sampling point.
Figure 1.9.9 shows the interrupt priority select circuit.
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High  Each interrupt priority level
""""""""""""""""""""" ! Level O (initial value)
O A-D1 conversion [
: N
¥ =
§| DMAL |~
O DMA2 [—
| DMA3 | Each interrupt priority level
b Timer AO | [ A-DO conversion
! NS H
| Timer Al | | Key input interrupt
: | Timer A2 | - : | ; ;
' ' v H Intelligent 1/O interrupt 0
| Timer A3 | v | Intelligent I/O interrupt 1
| Timer A4 | | Intelligent I/O interrupt 2
: [ UARTO transmission/NACK__ | o Intelligent 1/O interrupt 3
| UARTO reception/ACK | o Intelligent 1/O interrupt 4
: NS
[__UARTL transmission/NACK | [ Intelligent 1/0 interrupt 5
| UART1 reception/ACK | | Intelligent I/O interrupt 6
[ Timer BO | [ Intelligent 1/O interrupt 7
O Timer B1 | [ Intelligent 1/O interrupt 8
| Timer B2 | | Intelligent 1/O interrupt 9
! N H /CAN interrupt 0
[ Timer B3 [— : Intelligent I/0 interrupt 10
! N /CAN interrupt 1
| Timer B4 | Intelligent 1/O interrupt 11
NS H /CAN interrupt 2
O INT5 | —— ] | T
f NTa [ | RLVL2 to RLVLO bits
: — H y Interrupt
: | INT3 | : request is
: ! NV acknowledged.
: | INT2 | : To CLK
: Y [ 1PL
Y INT1 [
P INTO |— [ I flag
: : % Interrupt
: | Timer B5 | ; | Address matching reques? is
: LN - — acknowledged.
H H | Watchdog timer, Oscillation stop detect|— To CPU
i | UART2 transmission/NACK | —
: LN [ NMI
O UART2 reception/ACK | | DMAC 11
| UARTS transmission/ | | Reset |
: NACK NS
O UARTS3 reception/ACK [—
| UART4 transmission/ |
H NACK NS
' [ UART4 reception/ACK [—
: NS
i | Bus conflict/start, stop condition( :
H UART2) : AN
Bus conflict/start, stop condition/ |
fault error (UARTO,3) \Z
Bus conflict/start, stop condition/
fault error (UART1,4) l NV
Peripheral I/O interrupt priority
(if priority levels are the same)

Figure 1.9.9. Interrupt Priority Select Circuit
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INT Interrupt
The INTi interrupts (i = 0 to 5) are generated by an external input. The LVS bit in the INTIIC register
determines a level sense to generate an interrupt in an input signal level. The LVS bit also determines an
edge sense to generate an interrupt at an edge. The POL bit in the INTIIC register can determine polarity.
With an edge sense, when the IFSRI bit in the IFSR register is set to "1", an interrupt is generated on both
rising and falling edges of an external input interrupt. If setting the IFSRIi bit to "1", the POL bit in a corre-
sponding register should be set to "0" (falling edge).
With a level sense, the IFSRi bit should be set to "0" (single edge). When the INTi pin input level reaches
a level set in the POL bit, the IR bit in the INTIIC register is set to "1". The IR bit remains unchanged in "1"
even if the INTI pin is changed. The IR bit is set to "0" when the INTi interrupt is acknowledged or when the
IR bit is written to "0" by program.
Figure 1.9.10 shows the IFSR register.

External interrupt request cause select register
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | IFSR 031F16 0000 00002

Bit Bit name Function

P4 o: 1 1 i1 1| symbol RW

INTO interrupt polarity 0 : One edge

IFSRO select bit! 1 : Both edges RW

INT1 interrupt polarity 0 : One edge

IFSRL 1 select bitt 1 : Both edges RW

INT2 interrupt polarity 0 : One edge

IFSR2 | select bitt 1 : Both edges RW

INT3 interrupt polarity 0 : One edge

IFSR3 1 select bitt 1 : Both edges RW

________________ INT4 interrupt polarity | 0: One edge

P PSR4 elect bitt 1: Both edges RW

N INTS5 interrupt polarity | O : One edge

IFSRS | olect bitt 1: Both edges RW

0 : UARTS3 bus conflict, start condition|

detect, stop condition detect, fault

v UARTO, 3 interrupt error detect

IFSR6 cause select bit 1: UARTO bus conflict, start condition RW

detect, stop condition detect, fault

error detect

0 : UART4 bus conflict, start condition|

detect, stop condition detect, fault

' UART1, 4 interrupt error detect

IFSR7 cause select bit 1: UART1 bus conflict, start condition RW

detect, stop condition detect, fault
error detect

Notes :

1.When selecting a level sense, this bit should be set to "0".
When selecting both edges, the POL bit in the INTIIC register (i = 0 to 5) should be set to "0" (falling edge).

Figure 1.9.10. IFSR Register
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NMI Interrupt
The NMI interrupt is generated when input to the P85/NMI pin changes "H" to "L". The NMI interrupt is a
non-maskable external interrupt. Even though the P85/NMI pin is used as the NMI interrupt input pin, the
P8_5 bit in the P8s register indicates input level for this pin.
Notes:
When the NMI function is not used, the NMI pin should be connected (or pulled up) to Vcc via a resistance.
The NMI interrupt is non-maskable. Because it cannot be disabled, a pin must be pulled up.

Key Input Interrupt
A key input interrupt request is generated when one of signals that are input to the P104 to P107 pins for
input mode falls. The key input interrupt can be also used as key-on wakeup function to exit wait or stop
mode. With the key input interrupt, avoid using P104 to P107 as A-D input ports. Figure 1.9.11 shows a
block diagram of the key input interrupt. When any pins that the direction register enables to input are input
"L", inputs to other pins are not detected as an interrupt.
When the PSC_7 bit in the PSC register! is set to "1" (key input interrupt disabled), the key input interrupt
is not generated regardless of settings in the interrupt control register. When setting the PSC_7 bit to "1",
no input from a port pin is available even if the direction register is set to be input.
Notes:

1. Refer to the section "Programmable I/O Ports" about the PSC register.

PU31 bit in PURS register
Pull-up ]
transistor PD10_7 bit KUPIC register

PSC_7 bit PD10_7 bit

P107/KI3 O

o

Pull-up

; PD10_6 bit
transistor

\

Interrupt control

Key input interrupt

\Van

P106/Kl2  O—0 —>

circuit request
Pull-up
transistor PD10_5 bit
P105/Kl1 O T &
Pull-up ) PD10_4 bit

transistor
T
P104/Klo O—s >

Figure 1.9.11. Key Input Interrupt
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Address Match Interrupt
The address match interrupt is generated immediately before executing an instruction in address set by the
RMAD:i register (i = 0 to 3). The address match interrupt can be set in four addresses. The AIERI bit in the
AIER register can determine whether an interrupt is enabled or disabled. The | flag and IPL do not affect the
address match interrupt.
Figure 1.9.12 shows registers associated with the address match interrupt.
A starting address of an instruction should be set in the RMADI register. The address match interrupt is not
generated while an executing an instruction or when setting an address such for a table data.

Address match interrupt enable register
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
E 5 5 E AIER 000916 XXXX 00002
Syﬁitbol Bit name Function RW
Address match 0 : Interrupt disabled
P4 1 a2 a4 a4 o =-1 AIERO |. .
. interrupt O enable bit 1: Interrupt enabled RW
Address match 0 : Interrupt disabled
A AIERL interrupt 1 enable bit 1 Interrupt enabled RW
Address match 0 : Interrupt disabled
e AIER2 interrupt 2 enable bit 1: Interrupt enabled RW
Address match 0 : Interrupt disabled
N S CLCLELETEE AIER3 | _
F interrupt 3 enable bit 1: Interrupt enabled RW
Nothing is assigned. When write, should set to "0".
P When read, its content is indeterminate.
Address match interrupt register i
b23 b16 bl5 b8
(b7)  0O)(b7)  (b0) b7 b0 Symbol Address When reset
] ]
| ' ! | RMADO 001216 - 001016 00000016
1
: RMAD1 001616 - 001416 00000016
! RMAD2 001A16 - 001816 00000016
! RMAD3 001E16 - 001C16 00000016
1
1
' Function Values that can be set | RW
I
1
Cemmmmm - Addressing register for address match interrupt 00000016 to FFFFFF16 | RW

Figure 1.9.12. AIER Register and RMADO to RMAD3 Registers
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Intelligent 1/O Interrupt and CAN Interrupt
The intelligent 1/O interrupt and CAN interrupt are allocated to software interrupt numbers 44 to 54 and 57.
Figure 1.9.13 shows a block diagram of the intelligent I/O interrupt and CAN interrupt. Figure 1.9.14 shows
the 1IOIIR register (i = 0 to 15). Figure 1.9.15 shows the IIOIIE register.
With the intelligent I/O interrupt or CAN interrupt, the IRLT bit in the IIOIIE register should be set to "1" (used
interrupt request for interrupt).
Various interrupt requests generate the intelligent I/O interrupt. When an interrupt request is generated with
each intelligent 1/O function, a corresponding bit in the 11OIIR register is set to "1" (interrupt request). When
a corresponding bit in the IIOIIE register is set to "1" (interrupt enabled), the IR bit in the corresponding
IIOIIC register is set to "1" (interrupt request).
When a bit in the I1OIIR register is set to "1" by another interrupt request and a corresponding bit in the
IIOIIE register is set to "1". The IR bit remains unchanged in "1" after setting the IR bit "0" to "1", .
No bit in the 1IOIIR register is automatically set to "0" even if an interrupt is acknowledged. Each bit should
be set to "0" by program. If leaving these bits remained in "1", all interrupt requests are disabled.
The CAN interrupt use bit 7 in the [IO9IR to [IO11IR registers and bit 7 in the IIO9IE to IIO11IE registers.
The 1109IC to 11011IC registers share addresses with the CANOIC to CAN2IC registers. Refer to the
paragraph "CAN interrupt" in "CAN module" about the CAN interrupt.

_ _ IRLT bit in
NIGiIR register —|0jIE register
: 0 .
) LT Q\OiD—__):>_ ligent /O i i
Interrupt request! : : o Inteligent 1/O interrupt i request
. 0 :
: Bit 2 1 \:C _D_
1_: — .
Interrupt request : o g
S — :
: Bit 7 : L K‘\c H—
: —— '
Interrupt request!— . O
IIOIIE register
Bit1 : Notes :
: 1. See Figures 1.9.14 and 1.9.15 for details about bits 1 to 7
Bit 2 in IOIIR register and bits 1 to 7 in IOIIE register.
2. Bits 1 to 7 are not set to "0" automatically even if an
. : interrupt request is acknowledged. "0" is set by program.
.: 3. Avoid changing the IRLT bit and the interrupt enable bit in
Bit7 the IIOIIE register simultaneously.

i=0to 11

Figure 1.9.13. Intelligent I/O Interrupt and CAN Interrupt

With the intelligent I/O interrupt or CAN interrupt to activate DMA 11, the IRLT bit in the 1IOIIE register should
be set to "0" (used interrupt for DMAC, DMAC ll) to enable an interrupt request that the IIOIIE register uses.
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Interrupt request register

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
II00IR to 1IO11IR See below 0000 000X2
Pl Bit i
E E E E E symbol Function RW
- B Nothing is assigned. When write, should set to "0". _
Voo When read, its content is indeterminate.
R (Note 1) | 0 No interrupt request RW
E E E E E  emanend (Note 1) 1 : Interrupt request ( Note 2) RW
RN S EUTECTELTELE (Note 1) RW
R RRELTLLEEEE (Note 1) RW
O SLLIIEEEERELLD (Note 1) RW
T EEEET PR EEERTPRREEEY (Note 1) RW
eeesseessssssesssessse=aa. (Note 1) RW

Notes :
1. See the table below about the bit symbols.
2. Only "0" can be set (nothing is changed even if "1" is set).

Bit symbols for the interrupt request register

Symbol | Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
II00IR 00AO16 - - SIOORR GORIR - PO13R TMO2R -
IIO1IR 00Al1e - - SIO0TR | GOTOR - PO14R TMOOR/POOOR -
1102IR 00A216 - - SIO1RR G1RIR - TM12R/PO12R - -
II03IR 00A316 - - SIO1TR | G1TOR PO27R PO10R TMO3R -
1104IR 00A416 SRTOR | SRT1R - BT1R PO32R |TM17R/PO17R | TMO4R/PO04R -
IIO5IR 00A516 - - - SIO2RR | PO33R PO21R TMO5R/POO5R -
1I06IR 00A616 - - - SIO2TR PO34R PO20R TMO6R -
1107IR 00A716 IEOR - - BTOR PO35R PO22R TMO7R -
1I08IR 00A816 IEIR IE2R - BT2R PO36R PO23R TM11R/PO11R -
II09IR 00A916 CANOR - - SIO3RR | PO31R PO24R PO15R -
1I010IR | 00AA16 CAN1R - - SIO3TR PO30R PO25R TM16R/PO16R -
IIO11IR | 00AB1s | CAN2R - - BT3R PO37R PO26R TMO1R/PO0O1R -

BTIR : Intelligent 1/0 group i base timer interrupt request (i=0 to 3)

TMijR : Intelligent 1/O group i time measurement j interrupt request (j=0 to 7)

POIjR : Intelligent 1/0 group i waveform generation function j interrupt request

SIOIRR/SIOITR : Intelligent I/O group i communication function interrupt request (RR:receive, TR:transmit)
GIRIR/GITOR : Intelligent I/O group i HDLC data processing function interrupt request (RR:input to receive, TOR:input to transmit)

SRTIR : Intelligent 1/0 group i special communication function interrupt request (i=0,1)
IER : Intelligent 1/0 group 2 IE Bus communication function interrupt request
HDLCR : Intelligent 1/0 group 3 HDLC communication function interrupt request
CANKR : CAN communication function interrupt request (k = 0 to 2)

- : Nothing is assigned in this bit. Should set to "0".

Figure 1.9.14. 1IO0IR to II011IR Registers
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Interrupts

Interrupt enable register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | IIOOIE to I1O11IE See below 0000 00002
o Bit Bi Functi RW
Pt 1| symbol it name unction
E E E Interrupt request 0 : Interrupt request is used for DMAC, DMAC II
v+ =1 IRLT . ) . ) RW
HE select bit 1: Interrupt request is used for interrupt

0 : Interrupt disabled by bit 1 in IIOIIR register
FI R (Note 1) —_— L - RW
1: Interrupt enabled by bit 1 in IIOIIR register

o] (Note 1) 0 : Interrupt disabled by b-it 2Ain IIQiIR reqister RW
1: Interrupt enabled by bit 2 in IIOIIR register

0 : Interrupt disabled by bit 3 in IOIIR register
[ R LR R ] (Note 1) _— o ) : RW
1: Interrupt enabled by bit 3 in IIOIIR register

0 : Interrupt disabled by bit 4 in 1IOIIR register
T AR EELEEEEE (Note 1) _ L ) ; RW
1: Interrupt enabled by bit 4 in 1IOIIR register

I (Note 1) 0 : Interrupt disabled by b-it 5Ain IIQiIR reqister RW
1 : Interrupt enabled by bit 5 in IIOIIR register

N (Note 1) 0 : Interrupt disabled by pit 6_in IIQiIR register RW
1: Interrupt enabled by bit 6 in 1IOIIR register

0 : Interrupt disabled by bit 7 in IOIIR register
---------------------------- (Note 1) e . Lo ' RW
1: Interrupt enabled by bit 7 in 1IOIIR register

Notes :
1. See the table below about the bit symbols.

Bit symbols for the interrupt enable register

Symbol |Address | Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1I00IE 00BO16 - - SIOORE GORIE - PO13E TMO2E IRLT
IIO1IE | 00Bl16 - - SIOOTE | GOTOE - PO14E TMOOE/POOOE | IRLT
1II02IE 00B216 - - SIO1RE G1RIE - TM12E/PO12E - IRLT
II03IE 00B316 - - SIO1TE | G1TOE PO27E PO10E TMO3E IRLT
IIO4IE | 00B416 | SRTOE | SRT1E - BT1E PO32E | TM17E/PO17E | TMO4E/POO4E | IRLT
IIOSIE 00B516 - - - SIO2RE PO33E PO21E TMOS5E/POO5E | IRLT
1I06IE 00B616 - - - SIO2TE PO34E PO20E TMOGE IRLT
1I071E 00B716 IEOCE - - BTOE PO35E PO22E TMO7E IRLT
IIO8IE | 00B81s | IE1E IE2E - BT2E PO36E PO23E TM11E/POL11E | IRLT
1I09IE 00B916 | CANOE - - SIO3RE PO31E PO24E PO15E IRLT
II010IE | 00BA16 | CANIE - - SIO3TE PO30E PO25E TM16E/PO16E | IRLT
IIO11IE | 00BB1s [ CAN2E - - BT3E PO37E PO26E TMO1E/POO1E | IRLT

BTIE . Intelligent 1/O group i base timer interrupt request (i=0 to 3)

TMIE . Intelligent 1/O group i time measurement j interrupt request (j=0 to 7)

POIJE - Intelligent 1/O group i waveform generation function j interrupt request

SIOIRE/SIOITE : Intelligent 1/O group i communication function interrupt request (RR:receive, TR:transmit)
GIRIE/GITOE : Intelligent I/O group i HDLC data processing function interrupt request (RR:input to receive, TOR:input to transmit)

SRTIE . Intelligent 1/O group i special communication function interrupt request (i=0,1)
IEE . Intelligent 1/0O group 2 IE Bus communication function interrupt request
HDLCE . Intelligent 1/0 group 3 HDLC communication function interrupt request
CANKE : CAN communication function interrupt request (k = 0 to 2)

- : Nothing is assigned in this bit. Should set to "0".

Figure 1.9.15. IIOOIE to IIO11IE Registers
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o SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Interrupts

Precautions for Interrupts
(1) SP Setting
» SP is reset to "00000016" after reset. The microcomputer runs out of control if an interrupt is acknowl-
edged before setting SP. SP should be set before an interrupt is acknowledged. With the NMI inter-
rupt, SP should be reset at the beginning of program. All interrupts including the NMI interrupt are
acknowledged when executing the first instruction after reset. An even number should be set in SP to
increase an operating rate for interrupt sequence.

(2) NMI Interrupt
» The NMI interrupt cannot be obstructed. The NMI pin should be connected (pulled up) to Vcc via a
resistor if not used.
» A NMI pin value can be read by the P8_5 bit in the P8 register. This bit should be read only when
identifying pin levels after the NMI interrupt is generated.
* At least two CPU clock cycles + 300ns should be input as "L" width to the NMI pin.

(3) INT Interrupt

» Edge sense
At least 250ns should be input as "L" or "H" width to the INTi pins (i = 0 to 5) regardless of the CPU
clock.

* Level sense
At least one CPU clock cycle + 200ns should be input as "L" or "H" width to the INTi pins. (At least
234ns when XIN = 30MHz and no division.)

» When a polarity of the INTi pins is switched, the IR bit in the INTIIC register may be setto "1". The IR
bit should be set to "0" (no interrupt request) after switching.
Figure 1.9.16 shows a procedure to switch an INT interrupt requests.

The ILVL2 to ILVLO bits in the INTIIC register
(i=0to 5) should be set to "0002" (level 0)

(INT interrupt disabled)

CThe POL bit in the INTIIC register should be set)

G’he IR bit in the INTIIC register should be set to 0)

The ILVL2 to ILVLO bits should be set to "0012"
(level 1) to "1112" (level 7)

(INT interrupt request acknouwledgement are
enabled)

Figure 1.9.16. Switching Procedure for INT Interrupt request
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Interrupts

4. Changing Interrupt Control Register
The below procedure should be taken when changing the interrupt control register under an interrupt-
inhibited condition.
(1) Bits Except Interrupt Request Bit
An interrupt may be disabled to leave the IR bit unchanged in "0" when a corresponding interrupt is
generated during an gg executing. If that is a problem, the below instructions should be used to
change the register.
AND, OR, BCLR, BSET
(2) Setting Interrupt Request Bit
When setting the IR bit to "0" (no interrupt request), the IR bit may remain unchanged in "1", depend-
ing on an used instruction. If that is a problem, the below instruction should be used to change the
register.
MOV

5. Changing IIOiIR Register (i =0 to 15)

When bits 1 to 7 in the 1IOIIR register are set to "0" (no interrupt request), the below instructions should be
used to change the register.
AND, BCLR
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Watchdog Timer

Watchdog Timer

The watchdog timer detects that a program is out of control. The watchdog timer contains a 15-bit counter,
which is decremented by the CPU clock that a prescaler divides. The CMO06 bit in the CMO register deter-
mines a watchdog timer interrupt request or reset is generated if an underflow occurs in the watchdog timer.
No other value than "1" (reset) is written into the CMO06 bit. Once the CMO06 bit is set to "1", it cannot be
changed to "0" (the watchdog timer interrupt) by program. The CMO06 bit is set to "0" only after reset.
When the main clock or ring oscillator clock runs as the CPU clock, the WDC?7 bit in the WDC register can
determine whether a prescaler is divided either by 16 or by 128. When the sub clock runs as the CPU clock,
a prescaler is divided by 2 regardless of the WDC?7 bit. Watchdog timer cycle is calculated as follows.
Margins of error, due to a prescaler, can arise in a watchdog timer cycle.

When the main clock or ring oscillator clock is selected as the CPU clock

Prescaler divided by 16 or 128 x counter vlue of watchdog timer (32768)
CPU clock

Watchdog timer cycle =

When the sub clock is selected as the CPU clock

Prescaler divided by 2 x counter viue of watchdog timer (32768)

Watchdog timer cycle =
CPU clock

For example, with a 30MHz CPU clock and a prescalar divided by 16, watchdog timer cycle is approximate
17.5 ms.

The watchdog timer is reset when the WDTS register is set and a watchdog timer interrupt request is
generated. A prescaler is reset only when the microcomputer is reset. Both watchdog timer and prescaler
are stopped after reset. They starts counting by writing to the WDTS register.

The watchdog timer and prescaler stop in stop mode, wait mode and a hold status. They resume counting
from a value held when the modes or state are exited.

Figure 1.10.1 shows a block diagram of the watchdog timer. Figures 1.10.2 and 1.10.3 show registers
associated with the watchdog timer.

Prescaler

""""""" i cMo7=0

1/16 |WDC7=0

\ 0. Watchdog timer
/ interrupt request
+O — Watchdog timer

1
O T Reset
CMO06

CPU clock
HOLD signal

Write to WDTS register

RESET © O[> —\

Set to
7FFF16

CMO06, CMO7 : Bits in CMO register
WDC?7 : Bit in WDC register

Figure 1.10.1. Watchdog Timer Block Diagram
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b7 b6 b5 b4 b3 b2 bl bO

Watchdog timer control register

b7 b0

Watchdog timer start register

Symbol Address When reset
wDC 000F16 000X XXXX2
Bit . .
symbol Bit name Function RW
E— RO
RO
—_— High-order bit of watchdog timer RO
RO
—_— RO
e RW
Reserved bit Should set to "0"
E— RW
. 0 : Divide-by-16
WDC7 |Pri ler sel i . RW
C escaler select bit 1 - Divide-by-128
Symbol Address When reset
WDTS 000E16 Indeterminate
Function RW
The watchdog timer is initialized to start counting by a write instruction
to the WDTS register. Default value of the watchdog timer is always set | WO

to "7FFF16" regardless of a value written.

Figure 1.10.2. WDC Register and WDTS Register
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Watchdog Timer

System clock control register 0?

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset

| | | | |><| | | | CMO 000616 0000 X0002
Bit Bit name Function RW
P o1 4 4 1 [ symbol
. b1 b
A A N LAY . 00 : 1/O port P53 RW
oror Clock output function :
R lect bit2 0 1: fc output
T R A selec 10 : fs output W
TR T cMo1 11 :f32 output
. 0 : Peripheral clock does not stop in
N In WAIT peripheral wait mode
- oL Ls CMO02 . . ! ) ] RW
function clock stop bit 1 : Peripheral clock stops in wait
HH mode3
Nothing is assigned. When write, should set to "0". .
A When read, its content is indeterminate.
0 : 1/O port function
P04 1 dmmmmmmmmsaaaaaad i i RW
- CMO4 | Port Xc switch bit 1 : XcIN-XcouT oscilation function®
Main clock (XIN-XouT) 0 : Main clock oscillation
R SO . RW
CMOS stop bit® 1 : Main clock stop®
Watch ti : Watch ti int t
] CMO6 ac. dog |mer_ 0 : Watc 7oiog imer interrup RW
: function select bit 1: Reset
R R LEEREEERD CMO7 |System clock select bit® 0 : Select XN - Xout RW

1: Select XcCIN - Xcout

Notes :

1. The PRCO bit in the PRCR register should be set to "1" (write enable) before rewriting to the CM0O
register.

2. When the PMO7 bit in the PMO register is set to "0" (BCLK output), the CM01 to CMO0O0 bits should be
set to "002". When the PM15 to PM14 bits in the PM1 register is set to "012" (ALE output to P53), the
CMO01 to CMOO bits should be set to "002". When the PMO7 bit is set to "1" (function selected in the
CMO1 to CMOO bits) in microprocessor or memory expansion mode, the CM01 to CMO0O bits should
be set to "002" to output "L" from port P53 (port P53 does not function as an 1/O port).

3. fca32 is not stopped. When setting the CMO02 bit to "1", the PLL clock cannot be used in wait mode.

. When setting the CMO04 bit to "1" (XcIN-XcouT oscillation), the PD8_7 to PD8_6 bits should be set to
"002" (with port P87 and P86 input mode) and the PU25 bit in the PUR2 register be set to "0" (no pull-
up).

5. To enter low-power consumption mode or ring oscillator low power consumption mode, the CMO05 bit
stops the main clock. The CMO5 bit cannot detect whether the main clock stops or not. To stop the
main clock, the CMO5 bit should be set to "1" after the CMO07 bit is set to "1" with a stable sub clock
oscillation or after the CM21 bit in the CM2 register is set to "1" (ring oscillator clock). When setting
the CMO5 bit to "1" (main clock stop), XouT is set to "H". Also, an internal feedback resistance
remains ON. XIN is pulled up to Xout ("H" level) via feedback resistance.

6. When setting the CMO5 bit to "1", the MCD4 to MCDO bits in the MCD register are set to "010002"
(divide-by-8 mode). In ring oscillation mode, the MCD register is not divided by eight even if XIN-Xout
is terminated by the CMO05 bit.

7. Once the CMO6 bit is set to "1", it cannot be set "0" by program.

After setting the CMO04 bit to "1" with a stable sub clock oscillation, the CM07 bit should be changed

"0" to "1".

After setting the CMO5 bit to "0" with a stable main clock oscillation, the CMO07 bit should be changed

"1" to "0".

Avoid setting the CMO07 bit and CM04 or CMO05 bits simultaneously.

N

©

Figure 1.10.3. CMO Register
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SMAC SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

DMAC

This microcomputer contains four DMAC (direct memory access controller) channels that allow data to be
sent to memory without using the CPU. DMAC transmits a 8- or 16-bit data of a source address to a
destination address whenever a transmit request occurs. DMA 0 and DMAL1 should have priority to be used
if using DMAC. The same registers are simultaneously used in the high-speed interrupt and in DMA2 and
in DMA3. In the high-speed interrupt, neither DMA2 nor DMAS is available. DMAO and DMAL are available.
The CPU and DMAC use the same data bus, but DMAC has a higher bus access privilege than the CPU.
Cycle-steal method employed on DMAC enables high-speed operating between an occurrence of a trans-
fer request and a complete transmission of 16-bit (word) or 8-bit (byte) data. Figure 1.11.1 shows a map-
ping of registers used for DMAC. Table 1.11.1 lists specifications of DMAC. Figures 1.11.2 to 1.11.5 show
registers associated with DMAC.

As the registers shown in Figure 1.11.1 are allocated in the CPU, the LDC instruction to write should be
used. To set DCT2, DCT3, DRC2, DRC3, DMA2 and DMAS registers, the B flag should be set to "1"
(register bank 1) and RO to R3, A0, Al registers should be set with the MOV instruction.

To set DSA2, DSA3, DRA2 and DRA3 registers, the B flag should be set to "1" and the SB, FB, SVP, VCT
registers should be set with the LDC instruction.

DMAC-associated registers

DMDO DMA mode register 0
DMD1 DMA mode register 1
DCTO DMA 0 transfer count register
DCT1 DMA 1 transfer count register
DRCO DMA 0 transfer count reload register 1
DRC1 DMA 1 transfer count reload register 1
DMAO DMA 0 memory address register
DMA1 DMA 1 memory address register
DSA0 DMA 0 SFR address register
DSA1 DMA 1 SFR address register
DRAO DMA 0 memory address reload register 1
DRA1 DMA 1 memory address reload register 1
When using three or more DMAC channels, When using three or more DMAC channels,
the register bank 1 is used as DMAC registers the high-speed interrupt register is used as DMAC
registers
DCT2 (RO) DMA2 transfer count register SVF Flag save register
DCT3 (R1) DMAS3 transfer count register DRA2 (SVP) DMA2 memory address reload register
DRC2 (R2) DMA2 transfer count reload register 1 DRAL1 (VCT) DMA3 memory address reload register 1
DRCS (R39) DMA ransfer count reload register * When using DMA2 and DMA3, use the CPU registers shown in parentheses ().
DMA2 (A0) DMA2 memory address register
DMA3 (A1) DMA3 memory address register
DSA2 (SB) DMA2 SFR address register
DSA3 (FB) DMA3 SFR address register

Notes :
1. Registers are used for repeat transter, not for single transfer.

Figure 1.11.1. Register Mapping for DMAC
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DMAC

To start a DMAC transfer, in addition to a write into the DSR bits in the DMISL register (i=0 to 3), interrupt
request signals that are output from each functions specified in the DSEL 4 to DSELO bits in the DMiSL
register are used DMA request. In contrast to an interrupt request, the | flag and interrupt control register do
not affect DMA. Therefore a DMA request can be acknowledged even if an interrupt request is rejected or
interrupt is restricted. The IR bit in the interrupt control register is never modified in a DMA transfer since no
interrupt is affected by DMAC.

Table 1.11.1. DMAC Specifications

ltem Specification

Channels 4 channels (cycle-steal method)

Transfer memory space * From any address in a 16M-byte space to a fixed address in a 16M-
bytes space

* From a fixed address in a 16M-byte space to any address in a 16M-

bytes space

Maximum bytes transferred 128K-byte (with 16-bit transfer) or 64K-byte (with 8-bit transfer)

DMA request factors! Falling edge or both edge of inputs to INTO to INT3 pins

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UART4 transmit and receive interrupt requests
A-DO and A-D1 conversion interrupt requests

Intelligent 1/O interrupt requests

Software trigger

Channel priority DMAO > DMA1 > DMA2 > DMA3 (DMAO has the higher priority)
Transfer unit 8 bits, 16 bits
Transfer address direction forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Transfer mode |Single transfer | Transfer is completed when the DCTi register (i = O to 3) is set to "000016"
Repeat transfer | When DCTi register is set to "000016", a value of the DRCi register is
reloaded into the DCTi register and a DMA transfer is continued

DMA interrupt request generation timing| When the DCTi register is set to "000016" from "000116"

DMA startup Single transfer |Transfer starts when the DCTi register is set to "000116" or more and the
DMA is requested after the MDil to MDO bits in the DMDj register (j=0
to 1) are set to "012" (single transfer)

Repeat transfer| Transfer starts when DCTi register is set to "000116" and more and
DMA is requested after "112" (repeat transfer) is written to the MDil to
MDO bits

DMA shutdown | Single transfer |When the MDil to MDO bits is set to "002" (DMA inhibited) and DCTi
register is set to "000016" (number of times for DMA transfer 0) by
DMA transfer or write

Repeat transfer | The MDil to MDO bits is set to "002" and the DCTi register is set to
"000016" with the DRCi register set to "000016"

Reload timing to DCTi When the DCTi register is set to "000016" from "000116" in repeat trans-
or DMA. register fer mode

DMA transfer cycles Minimum 3 cycles

Notes :

1.No DMA transfer affects an interrupt.
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DMAI request factor select register (i=o to 3)

b7 b6 b5 b4 b3 b2 bl boO Symbol Address When reset

| I><| | | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
syr?witt)ol Bit name Function RW
Pioi i ib i | DSEL RW
S DSEL1 RW
A T S DSEL2 DMA reglljest cause Seg Tablg 1.11.2 about PM|SL RW
N select bit register (i = 0 to 3) function
R R DSEL3 RW
R RREEEELEEERD DSEL4 RW
E E E When a software trigger is selected, a DMA
- DMA . ) e
Ton mmmmmmmmmsmmsmsssees DSR Software o request is generated by setting this bitto “1" | RW
HE request bit (When read, its content is always "0")
R Nothing is assigned. When write, should set "0". B
: When read, its content is indeterminate.
OR DMA b2, 3 0 : Not requested B

Q requestoi 1: Requested

Notes :

e.g OR.B #0AOh, DMiSL

1. The MDil to MDi0 bits in the DMAO or DMDL1 register should be set to "002" (DMA inhibit) before
changing the DSEL4 to DSELDO bits. Also, the DRQ bit should be set to "1" simultaneously when
changing the DSEL4 to DSELO bits.

e.g MOV.B #083h, DMISL ; Set timer AO

2. When setting the DSR bit to "1", the DRQ should be set to "1" simultaneously.

Figure 1.11.2. DMOSL to DM3SL Registers
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Table 1.11.2. DMiSL Register (i = 0 to 3) Function
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Setting value

Conditions generated a DMA request

b4 b3 b2 bl b0

DMAO

DMA1

DMA2

DMA3

00O00O

Software trigger

Falling edge of INTO

Falling edge of INT1

Falling edge of INT2

Falling edge of INT3!

Both edges of INTO

Both edges of INT1

Both edges of INT2

Both edges of INT31

Timer AQ interrupt request

Timer Al interrupt request

Timer A2 interrupt request

Timer A3 interrupt request

Timer A4 interrupt request

Timer BO interrupt request

Timer B1 interrupt request

Timer B2 interrupt request

Timer B3 interrupt request

Timer B4 interrupt request

Timer B5 interrupt request

UARTO transmit interrupt request

UARTO receive or ACK interrupt request3

UART1 transmit interrupt request

UART1 receive or ACK interrupt request3

UART?2 transmit interrupt request

UART2 receive or ACK interrupt request®

UARTS3 transmit interrupt request

UARTS3 receive or ACK interrupt request3

UART4 transmit interrupt request

UART4 receive or ACK interrupt request3

A-DO interrupt request

A-D1 interrupt request

A-DO interrupt request

A-D1 interrupt request

PrliPr|IP|P|P|P|([P|P|P|P|OJO|O|O|O|O|O|O|O|OCO|O|O|]O|O|O|O
Rl IOjlO|lO|O|OCO|O|OC|O|(F|F|IF|FP|(F|FP|IFP|IP|O|lJlOJlO|J|OC|OC|O|O
o|o|r|FP|FR|RP|lO|jlO|O|O|(FR|P|P|P|O|lO|O|OC|FRP|FR|P|FL,|O|O|O
o|lo|(r|Fk|O|OCO|F|PRP|O|O|FR|FP|O|OCO|FP|P|O|O|FRP|FRP|O|OC|F|FL]|O
Fr|O|Rr|O|FR|O|(FR|O|FRP|O|(RP|O|P|O|(FRP|O|P|O|P|O|RP|O|RL|O|RF

Intelligent 1/O
interrupt 0 request

Intelligent 1/O
interrupt 7 request

Intelligent 1/O
interrupt 2 request

Intelligent I/O
interrupt 9 request*

11010 Intelligent /0 Intelligent 1/O Intelligent 1/O Intelligent /0
interrupt 1 request interrupt 8 request interrupt 3 request interrupt 10 request®
11011 Intelligent /0 Intelligent I/0 Intelligent 1/0 Intelligent /0
interrupt 2 request interrupt 9 request* interrupt 4 request interrupt 11 request®
11100 Intelligent 1/0 Intelligent 1/0 Intelligent 1/0 Intelligent /0
interrupt 3 request interrupt 10 request® interrupt 5 request interrupt 0 request
11101 Intelligent /0 Intelligent 1/0 Intelligent 1/0 Intelligent /0
interrupt 4 request interrupt 11 request® interrupt 6 request interrupt 1 request
11110 Intelligent /0 Intelligent I/0 Intelligent 1/0 Intelligent /0
interrupt 5 request interrupt 0 request interrupt 7 request interrupt 2 request
11111 Intelligent /0 Intelligent I/O Intelligent 1/0 Intelligent 110
interrupt 6 request interrupt 1 request interrupt 8 request interrupt 3 request
Notes :

(Note 2)

(Note 2)

1. When the INT3 pin is data bus in the memory expansion mode or microprocessor mode, DMA3 request cannot be
generated by an INT3 pin interrupt. . _

2. The falling edge and both edge of input to the INT]j pin (j = 0 to 3) cause a DMA request. An INT interrupt (the POL
bit in the INTIIC register, the LVS bit, the IFSR register) is not affected, and vice versa.

3. UKSMR register and UKSMR2 register (k = 0 to 4) determines receiving UART]j and switching ACk.

4. An intelligent I/O interrupt 9 request shares DMA1 and DMAS requests with a CAN interrupt O request.

5. An intelligent I/O interrupt 10 request shares DMA1 and DMA3 requests with a CAN interrupt 1 request.

6. An intelligent I/O interrupt 11 request shares DMA1 and DMA3 requests with a CAN interrupt 2 request.
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DMA mode register 0*

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | DMDO CPU internal register 0000 00002
Bit Bit name Function RW
oy o v v v v 1| symbol
SR A A b1
Poob bbb k- MDOO 0 0 : DMA inhibited RwW
e Channel 0 transfer 01: Single transfer
mode select bit 10 : Avoid this setting RW
MDO1 11 : Repeat transfer
A T S BWO Channel 0 tr.ansfer 0:8 b|t§ RW
- unit select bit 1: 16 bits
_ ____________ RWO Channel 0 transfer 0 : Fixed address to memory (forward direction) RW
Voo direction select bit 1 : Memory (forward direction) to fixed address
oo b5 ba
I MD10 0 0 : DMA inhibited Rw
FE I Chznnelll tre:)r.)sfer 0 1: Single transfer
- mode select bit . . ;
R MD11 1 0: Avoid this setting RW
11 : Repeat transfer
Channel 1 transfer 0: 8 bits
SRRLELELELELELEEEED BW1 RW
unit select bit 1: 16 bits
__________________________ RW1 Channel 1 transfer 0 : Fixed address to memory (forward direction) RW

direction select bit 1 : Memory (forward direction) to fixed address
Notes :
1. The LDC instruction should be used to set this register.

DMA mode register 1*

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | | DMD1 CPU internal register 0000 00002
Bit Bit name Function RW
Py 1 1| symbol
SRR A b1
Do oo k| MD20 0 0 : DMA inhibited RW
- Channel 2 transfer 01 : Single transfer
oo MD21 mode select bit 10 : Avoid this setting R
A 11 : Repeat transfer
Channel 2 transfer |0 : 8 bits
BW2 | unit select bit 1: 16 bits RW
Rwo | Channel 2 transfer | 0 : Fixed address to memory (forward direction)]
direction select bit |1 : Memory (forward direction) to fixed address
oo b5 b4
P Ty MD30 0 0 : DMA inhibited RW
- Chz;nnells tra:)nsfer 0 1: Single transfer
- mode select bit . : ; :
T MD31 1 0 : Avoid this setting RW
P 11 : Repeat transfer
Channel 3 transfer 0 : 8 bits
P mmmmmmmmmmmmmsmmmsened BW3 . . . RW
unit select bit 1: 16 bits
RW3 Channel 3 transfer 0 : Fixed address to memory (forward direction) RW

direction select bit 1 : Memory (forward direction) to fixed address

Notes :

1. The LDC instruction should

be used to set this register.

Figure 1.11.3. DMDO Register, DMD1 Register

RENESAS

RenesasTechnology Corp.

119



o «\eﬂ\‘ Preli_rr_lina_lry S_pec_ifications REV.1.02 _ Mitsubishi Microcomputers
00&\0? Specifications in this manual are tentative and subject to change. M32C/83 group

&
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
DMAC

DMAI transfer count register (i = 0 to 3)

b1s b8 Symbol Address When reset
(b7) (b0) b7 b0 DCT02 (CPU internal register) XXXX16
! | DCT12 (CPU internal register) XXXX16
: DCT2 (bank 1;R0)3 (CPU internal register) 000016
DCT3 (bank 1;R1)4 (CPU internal register) 000016
Function Setting range RW
beememeo Set the number of transfers 000016 to FFFF16 1 | Rw
Notes :

1. When setting this register to "000016", no data transfer occurs regardless of a DMA request.

2. The LDC instruction should be used to set this register.

3. When setting the DCT2 register, the B flag in the FLG register should be set to "1" (register bank 1)
to set the RO register. The MOV instruction should be used to set this register.

4. When setting the DCT3 register, the B flag should be set to "1" to set the R1 register. The MOV
instruction should be used to set this register.

DMAI transfer count reload register (i = 0 to 3)

b15 b8 Symbol Address When reset
®7) (bo), b7 bo DRCO0! (CPU internal register) XXXX16
! | DRC11 (CPU internal register) XXXX16
E DRC2 (bank 1;R2)2 (CPU internal register) 000016
! DRC3 (bank 1;R3)3 (CPU internal register) 000016
Function Setting range RW
EEEEETEREE Set the number of transfers 000016 to FFFF16 RW
Notes :

1. The LDC instruction should be used to set this register.

2. When setting the DRC2 register, the B flag in the FLG register should be set to "1" (register bank 1)
to set the R2 register. The MOV instruction should be used to set this register.

3. When setting the DRC3 register, the B flag should be set to "1" to set the R3 register. The MOV
should be used to set this register.

Figure 1.11.4. DCTO to DCT3 Registers and DRCO to DRC3 Registers
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DMAI memory address register (i = 0 to 3)

b23 b16 bi5 b8 Symbol Address ) When reset
(b7) (b0) (b7) (b0) b7 o DMAO02 (CPU internal register) XXXXXX16
j ] DMA12 (CPU internal register) XXXXXX16

) . . DMA2 (bank 1;A0)3 (CPU internal register) 00000016

DMAS3 (bank 1;A1)4 (CPU internal register) 00000016

Function Setting range RW

""""" Set a source or destination memory address? Oo?fg&fg;?e':s?;zg *1 Rrw
Notes :
1. When the RWK bit (k = 0 to 3) in the DMD;j register (j = 0,1) is set to "0" (fixed address to memory), an address for

this register becomes a destination address.
When the RWK bit is set to "1" (memory to fixed address), an address for this register becomes a source address.

. The LDC instruction should be used to set this register.
. When setting the DMAZ2 register, the B flag in the FLG register should be set to "1" (register bank 1) to set the A0

register. The MOV instruction should be used to set this register.

. When setting the DMA3 register, the B flag should be set to "1" to set the Al register. The MOV instruction should

be used to set this register.

DMAI SFR address register (i = 0 to 3)

Symbol Address When reset
(‘fg 3]106) (2%5 (E%) b7 po DSA02 (CPU internal register) XXXXXX16
T T DSA12 (CPU internal register) XXXXXX16

H . DSA2 (bank 1;SB)3 (CPU internal register) 00000016

DSAS3 (bank 1;FB)4 (CPU internal register) 00000016

Function Setting range RW

00000016 to FFFFFF16

---------- Set a source or destination fixed address? (16M-byte space) RW
Notes :
1. When the RWk (k=0 to 3) bit in the DMDj (j=0 to 3) register is set to "0" (fixed address to memory), an address
for this register becomes a source fixed address.
When the RWK bit is set to "1" (memory to fixed address), an address for this register becomes a destination
address.
2. The LDC instruction should be used to set this register.
3. When setting the DSA2 register, the B flag in the FLG register should be set to "1" (register bank 1) to set the
SB register. The MOV instruction should be used to set this register.
4. When setting the DSAS3 register, the B flag should be set to "1" to set the FB register. The MOV instruction
should be used to set this register.
DMAI memory address reload register (i = 0 to 3)1
b3 b16 bis ve Symbol Addregs . When reset
®7) ®0) (67) (b0) b7 o DRAO (CPU internal register) ~ XXXXXX16
T T DRA1 (CPU internal register) ~ XXXXXX16

. . | DRAZ2 (bank 1;SVP)2  (CPU internal register) ~ XXXXXX16

DRA3 (bank 1;VCT)3  (CPU internal register) ~ XXXXXX16

5 Function Setting range RW

00000016 to FFFFFF16

.......... r r ination mem r
Set a source or destination memory address (16M-byte space)

RW

Notes :
1. The LDC instruction should be used to set this register.
2. When setting for DRA2, the SVP register should be set.
3. When setting for DRA3, the VCT register should be set.

Figure 1.11.5. DMAO to DMA3 Registers, DSAO0 to DSA3 Registers and DRAO to DRA3 Registers
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Transfer Cycles
Transfer cycle contains a bus cycle to read data from memory or from SFR space (source read) and a bus
cycle to write data to a memory space or to a SFR space (destination write). The number of read and write
bus cycles depends on source or destination addresses. In memory expansion mode and microprocessor
mode, the number of read and write bus cycles also depends on the DS register. A bus cycle is longer when
a software wait and the RDY signal are inserted.

1. Effect of Source and Destination Addresses
When source address is an odd address with a 16-bit transfer unit and a 16-bit data bus, source read
cycle is incremented by one bus cycle, compared to a source address being an even address.
Likewise, with a 16-bit transfer unit and a 16-bit data bus, a destination address is an odd address, a
destination write cycle is incremented by one bus cycle, compared to an destination address being an
even address.

2. Effect of DS Register

In an external space in memory expansion or microprocessor mode, a transfer cycle varies depending on

a data bus used at source and destination address. See Figure 1.7.1 for details about the DS register.

(1) When an 8-bit data bus each to access both source address and destination address are used to
transfer a 16-bit data, an 8-bit data is transferred twice. Therefore, two bus cycles are required for
reading and another two bus cycles are for writing.

(2) When an 8-bit data bus to access a source address and a 16-bit data bus to access a destination
address are used to transfer a 16-bit data, an 8-bit data. Therefore, two bus cycles are required for
reading and one bus cycle is for writing.

(3) When a 16-bit data bus to access a source address and an 8-bit data bus to access a destination
address are used to transfer a 16-bit data, a 16-bit data is read and an 8-bit data is written twice.
Therefore, one bus cycle is required for reading and two bus cycles is for writing.

3. Effect of Software Wait

When a SFR space or a memory space with a software wait is accessed, the number of cycles is
incremented by software wait(s).

Figure 1.11.6 shows an example of a transfer cycle for a source read. In Figure 1.11.6, the number of
source read cycles is illustlited with different conditions, provided that a destination address is in an
external space with two bus cycles for a destination write cycle. Indeed, a destination write cycle is
affected by each condition as well as a source read cycle and a transfer cycle changes accordingly.
When calculating a transfer cycle, apply respective conditions to both destination write cycle and source
read cycle. For example (2) in Figure 1.11.6, when an 8-bit data bus each to access both source address
and destination address are used to transfer a 16-bit data, two bus cycles are each required as a source
read cycle and destination write cycle.

4. Effect of RDY Signal

In memory expansion or microprocessor mode, the RDY signal affect an external space. Refer to the
paragraph "Bus control" and "6. RDY signal" in the section "Bus" for details.
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CPU clock

Address
bus

RD signal

WR signal

Data
bus

CPU clock

Address
bus

RD signal

WR signal

Data
bus

CPU clock

Address
bus

RD signal

WR signal

Data
bus

(1) When 8-bit data is transferred
or when 16-bit data is transferred with a 16-bit data bus and even source address

CPU use

>< Source >< Destination ><

CPU use

CPU use

CPU use

>< Source >< Destination ><

(2) When 16-bit data is transferred with odd source address or when
16-bit data is transferred with 8-bit bus to access a source address

CPU use

CPU use

CPU use

>< Source ><Source + 1>< Destination ><

(3) When one wait is inserted into a source read under the conditions in (1)

CPU use ><

CPU use

Source >< Destination ><

CPU use

>< Source

CPU use

>< Destination ><

(4) When one wait is inserted into a source read under the conditions in (2)

CPU clock

éggress CPU use >< Source >< Source + 1 >< Destination >< CPU use
RD signal

WR signal ‘

Data -~

bus CPU use Source Source + 1 Destination CPU use
Notes :

1. The above applies to 2 cycles (1 bus cycle) for a destination write cycle.
A destination address has the same timing changes as a source address has, under each condition.

Figure 1.11.6. Transfer Cycles for Source Read
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DMAC Transfer Cycles
The number of DMAC transfer cycle can be calculated as follows.
Any combination of even or odd transfer read and write addresses are available. Table 1.11.3 lists the
number of DMAC transfer cycles. Table 1.1.4 lists coefficient j, k.

Transfer cycles per transfer unit = Number of read cycle(s) x j + Number of write cycle(s) x k

Table 1.11.3. DMAC Transfer Cycles

Transfer unit Bus width | Access address Single-chip mode Me@ﬁ%ﬁé@i@ig}rnm%%e
Read Write Read Write
cycles cycles cycles cycles

16-bit Even 1 1 1 1
8-bit transfers Odd 1 1 1 1
(BWi bit in the DMDp 8-bit Even — — 1 1
register = 0) Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers Odd 2 2 2 2
(BWi bit = 1) 8-hit Even — — 2 2
Odd — — 2 2
i=0to3,p=0to 1
Table 1.11.4. Coefficient j, k
Internal space External space
Internal ROM |Internal ROM |SFR Separate |Separate |Separate | Separate |Multiplex | Multiplex
or internal RAM| or internal RAM|space bus bus bus bus bus bus
No wait Wait No wait |1 wait 2 waits 3 waits |2 waits |3 waits
=1 j=2 j=2 j=1 j=2 j=3 =4 =3 =4
k=1 k=2 k=2 k=2 k=2 k=3 k=4 k=3 k=4

Channel Priority and DMA Transfer Timing

124

When some DMA requests occur in the same sampling period between the falling edge of the CPU
clock and the following falling edge, the DRQ bit in the DMISL register (i = 0 to 3) is set to "1" (with a
request) simultaneously. Channel priority in this case is : DMAO > DMA1 > DMA2 > DMAS3.

Figure 1.11.7 shows an example of a DMA transfer by external factors it illustllates. What happens
when DMAO and DMAL requests occur in the same sampling cycle.

In Figure 1.11.7, a DMAQO request having priority is received first to start transfers when a DMAO
request and DMAL request occur simultaneously. When one DMAQO transfer unit is completed, a bus
privilege is returned to the CPU. When the CPU has completed one bus access, a DMA1 transfer
starts. When one DMAL transfer unit is completed, the privilege is again returned to the CPU.

In addition, DMA requests cannot be counted up since the DRQ bit is 1 bit for each channel. There-
fore, when DMA requests, as DMAL in Figure 1.11.7, occurs more than one time, the DRQ bit is set to
"0" as soon as getting the privilege the privilege is returned to the CPU when one transfer unit is
completed.

RENESAS

RenesasTechnology Corp.



o «\é\‘ Preli_mina_lry S_pec_ifications REV.1.02 _ Mitsubishi Microcomputers
\>°Qe\oﬂ’ Specifications in this manual are tentative and subject to change. M32C/83 group

<
SMAC SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

When DMA transfer request signals are input simultaneously and DMA transfers
are executed in the minimum cycles.

CPU clock

o

o M\
P L P L 3 priviledge

cPy iy ) | acquired

INTO B B § |

DRQ bit N L

in DMAO - |

INTL B |

DRQ bit | 3
nDMAL | .

Figure 1.11.7. DMA Transfer by External Factors

Precautions for DMAC
(1) When setting registers associated with DMAC, the MDil to MDi0 bits (i=0 to 3) in the DMDj register
(7=0,1) corresponding to channel i should be set to "002" (DMA disabled). Then the MDil to MDiO bits
should be set to "012" (single transfer) or "112" (repeat transfer). This setting allows a DMA request
of channels to be received.

(2) The DRQ bit in the DMISL register should be avoided setting to "0" (no request).
When a DMA request is generated with a channel disabled®, a DMA transfer is not performed and
the DRQ bit is set to "0."
Notes :
1. This state means that the MDil to MDiO bits is set to "002" or the DCTi register is set to "000016"
(the number of transfer: 0).

(3) When a DMA transfer is performed by a software trigger, the DSR and DRQ bits in the DMiSL
register should be set to "1" simultaneously.
e.g. OR.B #0AOh, DMISL ; The DSR and DRQ bits should be set to "1" simultaneously.

(4) If the DMA interrupt is used including other channels, avoid generating a DMA request of channel i when
setting the DCTi register to "1" and the MDil to MDIO bits of corresponding channel i to "012" or "112".

A DMA request of channel i should be generated after setting a DMA-associated register of channel i.
(The peripheral function as DMA request factors should be set after setting a DMA-associated register.)
If not fulfilling the above conditions (setting the INT interrupt for DMA request factor), avoid setting the
DCTi register to "1".
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DMAC Il

The DMAC Il performs a memory-to-memory transfer, an immediate data transfer or an arithmetic transfer
the sum of two data added by an interrupt request from any peripheral functions.
Table 1.12.1 lists specifications of the DMAC II.

Table 1.12.1. DMAC Il Specifications

Item Specification

DMAC Il request factor Interrupt request from all peripheral functions I/O the ILVL2 to ILVLO bits of Interrupt
control register is set to "1112" (level 7)

Transfer data * Memory -> memory (memory-to-memory transfer)
» Immediate data -> memory (immediate data transfer)
* Memory (or immediate data) + memory -> memory (arithmetic transfer)

Transfer block 8 or 16 bits
Transfer space 64-Kbyte space at addresses 000016 to OFFFFli6
Transfer direction Fixed or forward address

Can be selected for either a source address or destination address.

Transfer mode * Single transfer
* Burst transfer

Chained transfer function Parameters (transfer count, transfer address, and other information)
are switched over when a transfer counter reaches zero.

Interrupt at end of transfer Interrupt is generated when a transfer counter reaches zero.
Multiple transfer function Multiple data transfers can be performed by one DMA Il transfer request generated.
Notes :

1. When transferring a 16-bit data to a destination address as OFFFFu1s, it is transferred to OFFFF16 and
1000016. When to a source address as OFFFF16, data is transferred as well.

DMAC Il Settings
DMAC Il can be enabled for use by setting up the following registers and tables.
* RLVL register
* DMAC Il Index
* Interrupt control register for the peripheral function causing DMAC Il request
* Relocatable vector table for the peripheral function causing DMAC Il request
* With the intelligent I/O or CAN interrupt, set the IRLT bit of IIOIIE register (i = 0 to 11).
Refer to the section "Interrupt” about the IIOIIE register

126 RENESAS

RenesasTechnology Corp.



o ‘(\eﬁ‘ Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
VT e®  Specifications in this manual are tentative and subject to change. M32C/83 group

&
o SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
DMAC II

1. RLVL Register
When setting the DMA I bit to "1" (DMAC Il transfer) and the FSIT bit to "0" (normal interrupt), the
DMAC Il is activated by an interrupt request from all peripheral functions that is set the ILVL2 to ILVLO
bits in the interrupt control register to "1112" (level 7).
Figure 1.12.1 shows the RLVL register.

Exit priority register

When read, its content is indeterminate.

0: Interrupt priority level 7 is used

L IRTLELIEEELETEE DMA Il | DMAC Il select bit3 for interrupt ' RW
1: Interrupt priority level 7 is used

for DMAC Il transfer

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
DOA DA 1] v oo

R A L Bi Functi

Poror b rr | symbol it name unction RW

A 621 bo

P 111 T RLVLO 000:Level 0 RW

A A - - | 001:Levell

[ R R Interrupt priority set bits | 010 Level 2

e RLVL1 | to exit stop/wait model | 011: Level 3 RW

Voo 100:Level4

oo 101:Level5

Voo meeeeeees RLVL2 110:Level6 RW

oo 111:Level7

0: Interrupt priority level 7 is used

- B High-speed interrupt i

R ESIT e? b'tzp P for normal Interrupt RW

- setbi 1: Interrupt priority level 7 is used

- for high-speed interrupt

eeemmemmnnnnee Nothing is assigned. When write, should set to "0".

Notes :

1. Stop or wait mode is exited when a requested interrupt priority level is higher than a level
set in the RLVL2 to RLVLO bits. The RLVL2 to RLVLO bits should be set the same value
as IPL in the FLG register.

2. When setting the FSIT bit to "1" (high-speed interrupt), interrupt level 7 as the highest
interrupt priority level becomes high-speed interrupt. Only one interrupt should be set to
level 7 in interrupt priority level to set the DMA Il bit to "0" (normal interrupt).

3. Avoid setting the DMA Il bit to "0" (normal interrupt) again once setting it to "1" (DMAC Il
transfer). When setting the DMA 1l bit to "1", the FSIT bit should be set to "0" (hormal
interrupt). DMAC Il cannot be used with high-speed interrupt simultaneously. The | flag
and IPL do not affect DMAC Il transfer.

Figure 1.12.1. RLVL Register
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(2) DMAC Il Index
The DMAC Il index is a data table, comprised of 8 to 18 bytes (maximum 32 bytes when the multiple
transfer function is selected). The DMA 1l index stores parameters for transfer mode, transfer counter,
transfer source address (or immediate data), operation address, transfer destination address,
chained transfer address, and end-of-transfer interrupt address.
This DMAC Il index should be located on the RAM space.
Figure 1.12.2 shows a configuration of the DMAC Il index. Table 1.12.2 lists a configuration of the
DMAC Il index in transfer mode.

Memory-to-memory transfer, Immediate transfer, Multiple transfer
Arithmetic transfer ) )
16 bits 16 bits
< » < »
DMAC Il Index
starting address (BASE) |_Transfer mode (MOD) BASE Transfer mode (MOD)
BASE +2 | Transfer counter (COUNT) BASE + 2 | Transfer counter (COUNT)
BASE + 4 | Transfer source address (or imm data) (SADR) BASE + 4 | Transfer source address (SADR1)
BASE + 6 Operation address? (OADR) BASE + 6 | Transfer destination address (DADR1)
BASE + 8 | Transfer destination address (DADR) BASE + 8 | Transfer source address (SADR2)
BASE + 10 | Chained transfer address? (CADRO) BASE + 10| Transfer destination address (DADR2)
BASE + 12 | Chained transfer address? (CADR1) 8
BASE + 14 | End-of-transfer interrupt address3 (IADRO) BASE + 28| Transfer source address (SADRY7)
BASE + 16 | End-of-transfer interrupt address3 (IADR1) BASE + 30| Transfer destination address (DADRY7)
Notes :

1. This data is not required when not using the arithmetic transfer function.
2. This data is not required when not using the chained transfer function.
3. This data is not required when not using an end-of-transfer interrupt.

DMAC Il index should be located on the RAM. Necessary data is set front-aligned. For example, if not using the arithmetic transfer function,
a destination address should be set to BASE+6. (See Table 1.12.2.)
A starting address of DMAC Il index should be set in an interrupt vector for a peripheral function interrupt causing a DMAC Il request.

Figure 1.12.2. DMAC Il Index

The detail for DMAC Il index is below. These parameters should be set in the specified order listed on
Table 1.12.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 1.12.3 shows a configuration for transfer
mode.
* Transfer counter (COUNT)
Two-byte data is required to set the number of transfer.
* Transfer source address (SADR)
Two-byte data is required to set a source memory address or immediate data.
* Operation address (OADR)
Two-byte data is required to set a memory address for calculation. This data should be set only with
the arithmetic transfer function.
* Transfer destination address (DADR)
Two-byte data is required to set a destination memory address.
* Chained transfer address (CADR)
Four-byte data is required to set the DMAC Il index starting address for the next transfer. This data
should be set only with the chained transfer function.
 End-of-transfer interrupt address (IADR)
Four-byte data is required to set a jump address for end-of-transfer interrupt processing. This data
should be set only with the end-of-transfer interrupt.
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Table 1.12.2. DMAC Il Index Configuration in Transfer Mode
. Memory-to-memory transfer . . .
Transmit data Jimmediate data transfer Arithmetic transfer Multiple transfe
Chained transfer| Not use Use Not use Use Not use Use Not use Use Cannot use
Interrupt at Not use Not use Use Use Not use Not use Use Use Cannot use
end of transfer
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT COUNT ||| COUNT COUNT | || COUNT COUNT COUNT COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
DMAC Il 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
index ADR1 ' '
CADR1 IADR1 c 10 bytes || CADRO IADRO ||| CADRO | I
12 bytes | 12 bytes IADRO CADR1 IADR1 CADR1 SADRI
IADR1 14 bytes | 14 bytes IADRO DADRI
16 bytes IADR1 |li=1t0 7
Max 32 bytes
18 bytes | (when i=7)
Transfer mode(MOD)?!
b15 b8
(b7) (b0)b7 b0
Bit . Function Function
E P symbol Bit name (MULT=0) (MULT=1) RwW
Transfer unit 0: 8 bits
P P SIZE | select bit 1: 16 bits RW
i i IMM Transfer data 0: Immediate Should set to "1" RW
I i select bit 1: Memory
Transfer source 0: Fixed address
UPDS direction select bit | 1: Forward address RW
Transfer destination| 0: Fixed address
UPDD direction select bit | 1: Forward address RW
OPER/ | Arithmetic transfer | 0: Not used 13818“64 Avoid thi RW
HH . 2 ; ; . »Avoi is
' : CNTO- [function select bit | 1: Used setting
__________ BRST/ | Burst transfer 0: Single transfer 8 8 é '?vr\:lii RW
I CNT12| select bit 1: Burst transfer :
Prirririay o INTE/ [ End of transfer 0: No interrupt used 11 O 6 times RW
CNT22|interrupt select bit | 1: Interrupt used 111:7times
Chained transfer | 0: No chained-transfer used
R R L L LR ERERERE CHAIN . "o" RW
select bit 1: Chained-transfer used Should setto "0
Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.
Multiple transfer . . . .
............................. MULT ) 0: No multiple transfer | 1: Multiple transfer | RwW
select bit
Notes :
1. The MOD register should be located on the RAM.
2. When setting the MULT bit to "0" (no muliple transfer), bits 4 to 6 shift to the OPER,BRST, INTE bits.
When setting the MULT bit to "1" (muliple transfer), bits 4 to 6 shift to the CNTO to CNT2 bits.

Figure 1.12.3. MOD
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(3) Interrupt Control Register for Peripheral Function
For the peripheral function interrupt used as a DMAC Il request factor, the ILVL2 to ILVLO bits should
be set to "1112" (level 7).

(4) Relocatable Vector Table for Peripheral Function
The DMAC Il index starting address should be set in a relocatable vector table for the peripheral
function interrupt causing a DMAC Il request.
When using chained transfers, a relocatable vector table should be located on the RAM.

(5) IRLT Bit in the lIOIIE Register (i=0 to 11)
When using the intelligent I/O interrupt or CAN interrupt to activate DMAC I, the IRLT bit in the IIOIIE
register for interrupts causing a request should be set to "0".

Operation of DMAC I

The DMAC Il function is selected by setting the DMA Il bit to "1" (DMAC Il transfer). All peripheral function
interrupt requests that the ILVL2 to ILVLO bits are set to "1112" (level 7) comprise DMAC Il request
factors. These function interrupt request signals would change to DMAC Il transfer request signals the
peripheral function interrupt cannot be used.

When an interrupt request is generated with setting the ILVL2 to ILVLO bits to "1112" (level 7), the DMAC
Il is activated no matter which state the | flag and IPL is in.

Transfer Data

The DMAC Il transfers an 8-bit or 16-bit data.
» Memory-to-memory transfer : Data is transferred from any memory location in a 64K-byte space
(Addresses 0000016 to OFFFF16) to any memory location in the same space.
» Immediate data transfer : Data is transferred as an immediate data to any memory location in a 64K-
byte space.
» Arithmetic transfer : Two 8-bit or16-bit data are added together and the result is transferred to any
memory location in a 64K-byte space.
When to transferring a 16-bit data to a destination address as OFFFF1s, it is transferred to OFFFF16 and
1000016. When to a source address as 16-bit data is transferred as well.

(1) Memory-to-memory Transfer
Data transfer from any memory location to any memory location can be:
« Transfer from a fixed address to another fixed address
» Transfer from a fixed address to a relocatable address
« Transfer from a locatable address to a fixed address
* Transfer from a locatable address to another relocatable address

When selecting a locatable address, an address is incremented for the next transfer after transfer. In
a 8-bit transfer, a transfer address is incremented by one. In a 16-bit transfer, a transfer address is
incremented by two.

When a source or destination address exceeds address OFFFFi16 as a result of address
incrementation, a source or destination address is back to address 00000016 to increment. A source
or destination address should be maintained below.
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(2) Immediate Data Transfer
Immediate data is transferred to any memory location. A fixed or locatable address can be selected
as a destination address. An immediate data should be stored into the SADR. When transferring a 8-
bit immediate data, data should be set in a lower one byte position of the SADR (a high-order byte is
ignored).

(3) Arithmetic Transfer

Calculated results are transferred to any memory after any memory and any memory, or an immediate
data and any memory are added together. A memory location address to be operated or immediate
data should be set in the SADR and another memory location address to be operated should be set in
the OADR. When performing a memory + memory arithmetic transfer, a fixed or relocatable address
can be selected for source and destination addresses. When a transfer source address is relocatable,
an operation address also becomes relocatable. When performing an immediate data + memory arith-
metic transfer, a fixed or locatable address can be selected for a transfer destination address.

Transfer Modes
In DMAC I, single and burst transfers are available. The BRST bit in MOD determines which transfer
method is used single or burst transfer. COUNT determines how many transfer is performed. Transfer is
not performed when setting COUNT to "000016".

1. Single Transfer
For one request factor, an 8-bit or 16-bit data as one transfer unit is transferred once. When a source
or destination address is relocatable, an address is incremented for the following transfer after a
transfer.
COUNT is decremented by each transfer performed. With the end-of-transfer interrupt, it is generated
when COUNT reaches "0".

2. Burst Transfer
For one request factor, data are transferred consecutively only as set in COUNT. COUNT is
decremented by each transfer performed. Burst transfer ends when COUNT reaches "0". The end-of-
transfer interrupt is generated when burst transfer ends if using the end-of-transfer interrupt. The inter-
rupt is ignored when burst transfer is in progress.

3. Multiple Transfer

Multiple transfer can be selected by the MULT bit in MOD. For multiple transfer memory to memory
transfer can be also performed. Multiple transfers are performed for one request factor received. The
CNT2 to CNTO bits in MOD determines how many transfer is performed from "0012" (once) to "1112"
(7 times). Avoid setting the CNT2 to CNTO bits to "0002".

The transfer source and transfer destination addresses to be transferred should be allocated alter-
nately in addresses following both MOD and COUNT. When selecting multiple transfer, arithmetic
transfer, burst transfer, end-of-transfer interrupt and chained transfer cannot be used.
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4. Chained Transfer
Chained transfer can be selected by the CHAIN bit in MOD.
The following is how chained transfer is performed.

(1) with a request factor, transfer is performed in accordance with DMAC Il index contents provided by
vectors of the factor. For one request factor, the BRST bit determines whether single or burst
transfer.

(2) When COUNT reaches "0", contents of CADR1 to CADRO are rewritten to contents of vector for the
peripheral function interrupt causing a DMAC Il request. When the INTE bit in the MOD is set to "1,"
the end-of-transfer interrupt is generated simultaneously.

(3) When the next DMAC Il transfer request conditions are met, transfer occurs in accordance with the
DMAC Il index provided by a vector for the peripheral function interrupt as rewritten on (2).

Figure 1.12.4 shows a relocatable vector and DMACII index when chained transfer is in progress.
With chained transfer, a relocatable vector table must be located in the RAM.

RAM
INTB
Relocatable vector
-a— Peripheral I/O interrupt vector causing DMAC Il request
DMAC Il default value is BASE(1).
BASE(1)
DMAC Il
Index(1)
(CADR1 to BASE(2) — The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Started at BASE(2) when next request conditions
are met.
Transferred according to DMAC Il Index.
BASE(2) 4—,
DMAC I
Index(2)
(CADR1 to BASE(3) — The above vector is rewritten to BASE(3)
CADRO) when a transfer is completed.

Figure 1.12.4. Relocatable Vector and DMAC Il Index

5. End-of-transfer Interrupt
The INTE bit in MOD selects the End-of-transfer interrupt. A starting address of the end-of-transfer inter-
rupt routine should be set in the IADR1 to IADRO bits. The end-of-transfer interrupt is generated when
COUNT reaches "0."
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Execution Time
DMAC Il execution cycle is calculated by the equation below.

Other than multiple transfers,t=6+ (26 +a+b+c+d) Xm+ (4 + e) X n (cycles)

Multiple transfers, t =21 + (11 + b + ¢) X k (cycles)

where :

a: If IMM = 0 (source of transfer is immediate data), a = 0; if IMM = 1 (it is memory), a = -1

b: If UPDS = 0 (source address of transfer is a locatable address), b = 0; if UPDS =1 (it is a fixed address),
b=1

c: If UPDD = 0 (destination address of transfer is a locatable address), ¢ = 0; if UPDD = 1 (it is a fixed
address), c=1

d: If OPER = 0 (arithmetic function is not selected), d = 0; if OPER = 1 (arithmetic function is selected) and
LIPDS = 0 (source of transfer is immediate data or fixed address memory), d = 7; if OPER = 1 (arith-
metic function is selected) and LIPDS = 1 (source of transfer is locatable address memory), d = 8

e: If CHAIN = 0 (chained transfer function is not selected), e = 0; if CHAIN = 0 (chained transfer function
is selected), e =4

m: BRST = 0 (single transfer), m = 1; BRST = 1 (burst transfer), m = the value set by COUNT

n: fCOUNT=1,n=0;if COUNT=0,n=1

k: Number of transfers set by the CNT2 to CNTO bits

The above equation applies only when all of the following conditions are met.

* A bus wait is set to "0".

* DMAC Il Index is set to an even address.

* During a word transfer, all transfer source address, transfer destination address, and operation address
are set to even addresses.

The first instruction from end-of-transfer interrupt routine is executed in 7 cycles after DMAC Il transfers
are completed.
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When using an end-of-transfer interrupt (transfer counter = 2) after performing a memory to memory

transfer, source address relocatable, destination address fixed, single transfer and double transfer
with a chained transfer function unselected

a=-1 b=1 c=1 d=0 e=0 m=1

First DMAC Il transfer t=6+27x1+4x1=37 cycles
Second DMAC Il transfer t=6+27x1+4x0=33 cycles

DMAC Il transfer request DMAC Il transfer request

DMAC Il transfer DMAC Il transfer Transfer end interrupt processing
P o P .
rogram (First time) rogram (Second time) executed
37 cycles 33 cycles 7 cycles

Transfer counter = 2 Transfer counter = 1

Decrement transfer counter

Decrement transfer counter
Transfer counter = 1

Transfer counter = 0

Figure 1.12.5. Transfer Cycle

When an interrupt request causing DMAC Il request conditions and interrupt request with higher priority
(e.g. NMI or watchdog timer) are generated, this higher priority interrupt takes precedence over the

DMAC Il transfer to be received. The pending DMAC Il transfer starts after an interrupt processing se-
guence is completed.
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Timer

The microcomputer has eleven 16-bit timers. Five timers A and six timers B have different functions. Each
timer functions independently. Count source of each timer is a clock for the timer operation like counting
and reloading, etc. Figures 1.13.1 and 1.13.2 show block diagrams of the timer A and timer B configuration.

Clock prescaler
Main clock > f1 xein O fca2
Ring oscillator
clock < fs o ] Reset
CPSR bit in CPSRF register
PLL clock ot
- - o fon SEL10"1
CST (Note 1)
f1 fg fan fC32
00 TCK1 10 TCKO
00: Timer mode
9LS TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
oo 105 o\c I 1 Timer AO interrupt
=710 O Timer AO -
i 03 | 1
TA0N O) @—‘E o0 5° TAOTGH to
Q TAOTGL 01: Event counter mode
f
TCK1 to TCKO 1
00 00: Timer mode
01 TMOD1 to TMODO 10: One-shot tiemr mode
10/~ 11: PWM mode
oo 1076 \ [ 1 Timer Al interrupt
- [ =ee) ] Timer Al -
N 0]
TAIN O 2> fiter o0 0/0 TALTGH to L |
Q TALITGL 01: Event counter mode
L
11
TCK1 to TCKO
00 00: Timer mode
o) TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
olllo 1018 \o 1 Timer A2 interrupt
- ¢-0 0 —l Timer A2 -
N 01
Tazn O e oo™ [ razrarne |
o TA2TGL 01: Event counter mode
L
11
TCK1 to TCKO
00 00: Timer mode
01 o) TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
¢ilo 178 \ I 1 Timer A3 interrupt
- [ =e) o) Timer A3 -
0]
TA3N () §>—i Noee 00 O/C TA3TGH fo L |
[e] TA3TGL 01: Event counter mode
1
TCK1 to TCKO 1
00 00: Timer mode
0115 TMOD1 to TMODO  10: One-shot timer mode
1015 11: PWM mode
oo 1074 \O 1 Timer A4 interrupt
- ¢-10 o) —l Timer A4 -
N 0]
Taan O R e FW .
Q TA4TGL 01: Event counter mode
‘} 11
Timer B2 overflow
or underflow
CST: Bit in TCSPR register
TCK1 to TCKO, TMODL1 to TMODO : Bits in TAIMR register
TAOGH to TAOGL: Bits in ONSF register
TAIGH to TAIGL: Bits in TRGSR register (i=1 to 4)
Notes :
1. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

Figure 1.13.1. Timer A Configuration
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Clock prescaler

Main clock -1
Ring oscillator o
clock R
PLLclock 18 8 CPSR bitin CPSRF register eset
E setto "1"
CsT (Note 1)

f1 f8 fan fC32
Timer B2 overflow or underflow (to timer A count source)
TcKitoTcko

00
01l 5 TMODL to TMODO .
10 ° 00: Timer mode
0&-0 P 10: Pulse width measurent mode Ti BO ints .
TBOIN Nose] 1 - imer interrup
G loise o0 o Timer BO ————————
filter 0 ekt
01:Event counter mode
TCK1 to TCKO
00
23 O TMODL to TMODO
o) 00: Timer mode
oLllo L 10: Pulse width measurent mode
TB1IN - o Timer B1 interrupt
Noise .
G 2>_| filter |_ o ad O—I Timer B1 |‘0—>
TCK1
OOTCKl to TCKO 01:Event counter mode
23 '9) TMODL to TMODO
’e) 00: Timer mode
oiltlo 1O x 10: Pulse width measurent mode Timer B2 i
- imer interrupt
N .
TB2IN G fi?tlesre 00 8] —I Timer B2
TCK1
01:Event counter mode
TCK1 to TCKO
00 CK1to TC

O,

01
0 \ TMODL to TMODO
00: Timer mode

11

o

=0 1 10: Pulse width measurent mode
- Timer B3 interrupt
Noise -
: p——
83N () :E—O oo lo —| Timer B3 |-<
00 TCK1 to TCKO 01:Event counter mode
01
o1 TMOD1 to TMODO .
') 00: Timer mode
oo 10 x 10: Pulse width measurent mode
i - Timer B4 interrupt
