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Description

About M32C/83 Group

The M32C/83 group of single-chip microcomputers are built using a high-performance silicon gate CMOS
process uses a M32C/80 Series CPU core and are packaged in a 144-pin and 100-pin plastic molded QFP.
These single-chip microcomputers operate using sophisticated instructions featuring a high level of instruc-
tion efficiency. With 16M bytes of address space, they are capable of executing instructions at high speed.
They also feature a built-in multiplier and DMAC, making them ideal for controlling office, communications,
industrial equipment, and other high-speed processing applications.

Applications

Audio, cameras, office equipment, communications equipment, portable equipment, etc.
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Description

Performance Outline
Table 1.1.1 and 1.1.2 are performance outline of M32C/83 group.

Table 1.1.1. Performance outline of M32C/83 group (144-pin version) (1/2)

Item

Performance

CPU

Number of basic instructions

108 instructions

Shortest instruction execution time

33 ns(f(XIN)=30MHz)

Operation mode

Single-chip, memory expansion and microprocessor modes

Memory space

16 M bytes

Memory capacity

See ROM/RAM expansion figure.

Peripheral function

1/0 port 123 pins (PO to P15 except P8s)

Input port 1 pin (P85)

Multifunction timer Output 16 bits x 5 (TAO, TA1, TA2, TA3, TA4)
Input 16 bits x 6 (TBO, TB1, TB2, TB3, TB4, TB5)

Intelligent I/O 4 groups

Time measurement
Waveform generation
Bit-modulation PWM
Real time port
Communication function

8 channels (group 0) + 4 channels (group 1)

4 channels (group 0) + 8 channels X 3 (group 1, 2 and 3)
8 channels X 2 (group 2 and 3)

8 channels X 2 (group 2 and 3)

* Clock synchronous serial /0, UART (group 0 and 1)

* HDLC data process (group 0 and 1)

* Clock synchronous variable length serial I/O (group 2)
« IE bus (Note 1) (group 2)

Serial 1/0 5 channels (UARTO to UART4)
|E Bus (Note 1, 3)’ 12C Bus (Note 2, 3)
CAN module 1 channel, 2.0B specification

A-D converter

10-bit A-D x 2 circuits, standard 18 inputs, max 34 inputs

D-A converter

8-bit D-A x 2 circuits

DMAC

4 channels

DMAC Il

Start by all variable vector interrupt factor

Immediate transfer, operation transfer and chain transfer function

DRAM controller

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 (with prescaler)

Interrupt

42 internal and 8 external sources, 5 software sources, interrupt

priority level 7 levels

Clock generating circuit

3 built-in clock generation circuits

» Main/sub-clock generating circuit :built-in feedback resistance, and

external ceramic or quartz oscillator

* Ring oscillator for detecting main clock oscillation stop
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Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.1. Performance outline of M32C/83 group (144-pin version) (2/2)

Electric characteristics
Supply voltage 4.2 to 5.5V (f(XiN)=30MHz without wait), 3.0 to 3.6V (f(XIN)=20MHz without wait)
Power consumption 26mA (f(XIN)=20MHz without software wait,Vcc=5V)
38mA (f(XIN)=30MHz without software wait,Vcc=5V)
1/0 characteristics I/0 withstand voltage :5V
I/O current :5mA
Operating ambient temperature —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 144-pin plastic mold QFP

Note 1 :IE Bus is a trademark of NEC corporation.
Note 2 :I12C Bus is a registered trademark of Philips.
Note 3 :This function is executed by using software and hardware.

Table 1.1.2. Performance outline of M32C/83 group (100-pin version) (1/2)
Item Performance

CPU Number of basic instructions 108 instructions

Shortest instruction execution time |33 ns (f(XiIN)=30MHz)

Operation mode Single-chip, memory expansion and microprocessor modes
Memory space 16 M bytes
Memory capacity See ROM/RAM expansion figure.
Peripheral function
1/0 port 87 pins (PO to P10 except P8s)
Input port 1 pin (P85)
Multifunction timer Output 16 bits x 5 (TAO, TAL, TA2, TA3, TA4)
Input 16 bits x 6 (TBO, TB1, TB2, TB3, TB4, TB5)
Intelligent I/O 4 groups
Time measurement 3 channels (group 0) + 2 channels (group 1)
Waveform generation 2 channels X 2 (group 0 and 3) + 3 channels X 2 (group 1 and 2)
Bit-modulation PWM 3 channels (group 2) + 2 channels (group 3)
Real time port 3 channels (group 2) + 2 channels (group 3)
Communication function * Clock synchronous serial 1/0, UART (group 0 and 1)

* HDLC data process (group 0 and 1)

* Clock synchronous variable length serial 1/0 (group 2)
« IE bus (Note 1) (group 2)

Serial /0 5 channels (UARTO to UART4)

|IE Bus (Note 1, 3)’ 12C Bus (Note 2, 3)

CAN module 1 channel, 2.0B specification

A-D converter 10 bits A-Dx 2 circuits, standard 10 inputs, max 26 inputs
D-A converter 8 bits D-A x 2 circuits

DMAC 4 channels

DMAC Il Start by all variable vector interrupt factor

Immediate transfer, operation function and chain transfer function
DRAM controller CAS before RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT
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Table 1.1.2. Performance outline of M32C/83 group (100-pin version) (2/2)

X-Y converter 16 bits X 16 bits

Watchdog timer 15 bits x 1 (with prescaler)

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

Clock generating circuit 3 built-in clock generation circuits

» Main/sub-clock generating circuit :built-in feedback resistance, and
external ceramic or quartz oscillator
« Ring oscillator for detecting main clock oscillation stop

Electric characteristics

Supply voltage 4.2 to 5.5V (f(XIN)=30MHz without wait), 3.0 to 3.6V (f(XiN)=20MHz without wait)
Power consumption 26mA (f(XIN)=20MHz without software wait,Vcc=5V)
38mA (f(XIN)=30MHz without software wait,Vcc=5V)
1/0 characteristics I/0O withstand voltage :5V
I/O current :5mA
Operating ambient temperature —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 100-pin plastic mold QFP

Note 1 :IE Bus is a trademark of NEC corporation.
Note 2 :12C Bus is a registered trademark of Philips.
Note 3 :This function is executed by using software and hardware.

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

(1) Support for mask ROM version and flash memory version

(2) ROM capacity

(3) Package
100P6S-A : Plastic molded QFP (mask ROM version and flash memory version)
100P6Q-A : Plastic molded QFP (mask ROM version and flash memory version)
144P6Q-A : Plastic molded QFP (mask ROM version and flash memory version)

RAM size
(byte)
T T T T T T T T T M30835FJGP
M30835MIGP
31K M30833FJGP
M30833MJIGP
M30833FJFP
M30833MJFP
20 e
ok
© 128K 192K 256K 512K ROMsize
(byte)

Figure 1.1.1. ROM expansion
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Description

The M32C/83 group products currently supported are listed in Table 1.1.3.

Table 1.1.3. M32C/83 group As of Nov. 2001
Type No ROM capacity RAM capacity | Package type Remarks
M30835MJIGP ik 144P6Q-A
M30833MJIGP rorx 100P6Q-A Mask ROM version
M30833MJIFP ik 512K 31K 100P6S-A
M30835FJGP o 144P6Q-A
M30833FJGP ** 100P6Q-A Flash memory version
M30833FJFP bl 100P6S-A
*k :Under development

*** :Under planning

Type No.

Package type:
FP :Package 100P6S-A
GP : Package 100P6Q-A, 144P6Q-A

ROM capacity:
J : 512K bytes

Memory type:
M : Mask ROM version
F : Flash memory version

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

M32C/83 Group

M16C Family

Figure 1.1.2. Type No., memory size, and package
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Pin Configuration and Pin Description

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Mitsubishi Microcomputers

M32C/83 group

Figure 1.1.3 to 1.1.5 show the pin configurations (top view), Table 1.1.3 list pin names, and Table 1.1.4 list

pin description.
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Note: P70 and P71 are N-channel open drain output.

CANouT / BEOOUT / ISTXDO / OUTCO0 / INPCO0 / TA30UT
BE1lout /ISTXD1/OUTCl0o/SS2/RTS2/CTS2/V / TALN
IEIN / ISRXD2 / OUTC22 / STXD2 / SCL2 / RxD2 / TAOIN / TB5IN

T

P44/ CS3/ A20 (MA12)

P45/ CS2/ A21

P46/ CS1/A22

P47/ CS0/A23
P125/0UTC3s
P126/OUTC36
P127/0UTC37

P50/ WRL/WR / CASL
P51/WRH / BHE / CASH
P52/ RD / DW

P53/ CLKouT / BCLK /ALE
P130/0OUTC24
P131/0UTC25

Vee

P132/0UTC26

Vss

P133/0OUTC23

P54/ HLDA/ALE

P55 /HOLD

P56/ ALE / RAS

P57/RDY
P134/0OUTC20/1STXD2 / IEOUT
P135/OUTC22/ ISRXD2 / IEIN
P136/ OUTC21/ ISCLK2
P137/0UTC27

P60/ CTS0 / RTSO / SS0

P61/ CLKO

P62/ RxDO / SCLO / STXDO
P63/ TxDO / SDAO / SRXDO
P64/ CTS1/RTS1/SS1/0UTC21/ISCLK2
P65 / CLK1

Vss

P66 / RxD1/ SCL1/ STxD1
Vee

P67/ TxD1/ SDAL/ SRXD1
P70/ TAOOUT / TxD2 / SDA2 / SRXxD2
/0UTC20/1STXD2 / I[EOUT

Figure 1.1.3. 144-pin version pin configuration (top view)
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Dcéscription SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Table 1.1.4. 144-pin version pin description (1/3)

ﬁ'g Control | Port | Interrupt| Timer UART/CAN Intelligent 1/0 Analog Bus control
1 P9s TXD4/SDA4/SRXD4 ANEX1
2 P95 CLK4 ANEXO0
3 P94 TBAN CTS4/RTS4/SS4 DA1
4 P93 TB3iN CTS3/RTS3/SS3 DAO
5 P92 TB2IN TxD3/SDA3/SRxD3 | OUTC20/IEouT
6 P91 TBLN RxD3/SCL3/STxD3 | |EIN
7 P90 TBOIN CLK3
8 P14
9 P14s

10 P144

11 P143 INPC17/0UTC17

12 P142 INPC16/OUTC16

13 P141 OUTC1s

14 P140 OUTC14

15 | BYTE

16 | CNVss

17 | Xcin/Veont | P87

18 [ Xcout P86

19 | RESET

20 | Xout

21 | Vss

22 | XIN

23 | Vcc

24 P8s | NMI

25 P84 | INT2

26 P83 | INTL CANIN

27 P82 | INTO CANout OUTC32

28 P81 TA4N/U OUTC30

29 P8o TA4ouT/U INPCO02/ISRxDO/BEQOIN

30 P77 TA3IN CANIN INPC01/OUTCO01/ISCLKO

31 P76 TA3ouT CANout INPCQ00/OUTCO00/ISTXDO/BEOoUT

32 P75 TA2IN/W INPC12/0UTC12/ISRXD1/BELIN

33 P74 TA20uT/W INPC11/OUTC11/ISCLK1

34 P73 TALNY CTS2/RTS2/SS2 OUTC10/ISTXD1/BELout

35 P72 TAlout/V | CLK2

36 P71 TB5INTAOIN | RXD2/SCL2/STXD2 | QUTC22/ISRXD2/IEIN

37 P70 TAOouUT TxD2/SDA2/SRxD2 | OUTC20/ISTXD2/IEouT

38 P67 TxD1/SDA1/SRxD1

39 | Vcc

40 P66 RxD1/SCL1/STxD1

41 | Vss

42 P65 CLK1

43 P64 CTS1/RTS1/551 OUTC21/ISCLK2

44 P63 TxDO/SDA0/SRxDO0O

45 P62 RxDO0/SCL0/STxD0

46 P61 CLKO

47 P60 CTSO/RTS0/SSO

48 P137 QuUTC27
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Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.5. 144-pin version pin description (2/3)

Pin

No | Control | Port |Interrupt|  Timer UART/CAN Intelligent I/O Analog Bus control
49 P136 OUTC21/ISCLK2

50 P13s OUTC22/ISRXD2/IEIN

51 P134 OUTC20/ISTXD2/IEouTt

52 P57 RDY

53 P56 ALE/RAS

54 P5s HOLD

55 P54 HLDA/ALE

56 P133 OuUTC23

57 | Vss

58 P132 OUTC2s

59 | Vcc

60 P131 OUTC2s

61 P130 OUTC24

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

64 P51 WRH/BHE/CASH
65 P50 WRL/WR/CASL
66 P127 OouTC37

67 P126 OUTC3s

68 P12s OUTC3s

69 P47 CS0/A23

70 P4e CS1/A22

71 P4s CS2/A21

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

74 | Vcc

75 P42 A18(MA10)

76 | Vss

77 P41 A17(MA9)

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

89 P121 OUTC31

90 P120 OUTC30

91 | Vcc

92 P30 As(MA0)(/Ds)
93 | Vss

94 P27 AN37 A7(/D7)

95 P26 AN3e As(/Ds)

96 P25 AN3s As(/Ds)
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Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.6. 144-pin version pin description (3/3)

,F\),'Q Control | Port  |Interrupt| Timer UART/CAN Intelligent I/O Analog Bus control
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 Pis  |INT3 D13
105 P14 D12
106 P13 D11
107 P12 Di1o
108 P11 Do
109 Plo Ds
110 P07 ANO7 D7
111 POs ANOs Ds
112 POs ANOs Ds
113 P04 ANO4 D4
114 P114

115 P113 OUTC13

116 P112 INPC12/0OUTC12/ISRxD1/BE1IN

117 P111 INPC11/0OUTC11/ISCLK1

118 P11o OUTC10/ISTxD1/BElout

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

124 P156 INPCOs AN156

125 P15s INPC05/OUTCOs AN15s

126 P154 INPC04/OUTCO04 AN154

127 P153 INPCO3 AN153

128 P152 INPCO02/ISRxDO/BEQIN AN152

129 P151 INPC01/0OUTCO01/ISCLKO AN151

130( Vss

131 P150 INPC00/OUTCQ0/ISTXDO/BEQouUT AN150

132| Vcc

133 P107 | Ki3 AN7

134 P10s | Kl2 AN

135 P10s | Kl ANs

136 P104 | Klo ANa

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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Mitsubishi Microcomputers

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

D10/ PleE

Do/ Pl14—»{77 |

D8/ P1o4—[78 |
D7/ ANO7 / PO7T<—»[ 79
D6 / ANO6 / PO6<«—»[ 80
D5 / ANO5 / POs<—[ 81
D4 / ANO4 / POs<—>[ 82
D3 /ANO03 / PO3 € 83
D2/ ANO2 / PO2«¢—>[ 84
D1/ANO1/ PO1<— 85
Do / ANOo / POo<—[ 86

[73] &> P15/ D13/INT3
[72] «—> P16/D14/INT4
EH P17/D15/INT5
[70]@— P20/A0 (/Do) /AN20
[69 ]« P21/A1(/D1) /AN21
[68 ] &> P22/A2 (/D2) /AN22
[67 |« P23/A3 (/D3) /AN23
[66 | &—> P24 /A4 (/D4) 1AN24
[65 | &> P25 /As (/Ds) /AN25
[64]«—> P26 /A (/Ds) /AN26
[63]«—> P27 /A7 (/D7) 1AN27
[62]«— vss

75 |4 P13/ D11
74 |4 P14/ D12

61 [« P30/A8 (MA0) (/Ds8)
59 [« P31/A9 (MAL) (/D9)
58 |4 P32/A10 (MA2) (/D10)
57 |4 P33/A11 (MA3) (/D11)
56 |4 P34/A12 (MA4) (/D12)

[60]«— vee

[55 | «— P35 /A13 (MAs) (/ D13)
[54 ]« P36/ A14 (MAG) (/ D14)
EQ—» P37/A15 (MA7) (/D15)
[52 ]« P40/ A1s (MAs)
[51] &> P41/ A17 (MAS)

~

O

J

[50 l&—> P42/ A18 (MAL0)

[29 |« P43 /A1 (MA11)

[48 |4—> P44/ CS3 / A20 (MAL2)
47 |« P45/ CS2 / A21

46 |4 P46/ CS1/A22

45 |«—»P47/CS0 /A28

44 |«—> P50 / WRL / WR / CASL
43 |« P51/ WRH / BHE / CASH
42 |¢—»P52/RD / DW

41 |« P53/ CLKOUT / BCLK / ALE
40 |« P54 / HLDA/ALE

KI3 / AN37 / P107 4> 87
Ki2 / AN36 / P1064—| 88

M32C/83 (100P6Q-A) 34— P55 / HOLD

38 |« P56 / ALE / RAS

KI1/AN35 / P105 <[ 89 37 |&—» P57/ RDY
KIo / AN34 / P1044—> 90 36 |«— P60/ CTSO / RTSO / SSO
AN33/ P1034—»[ 91 35 |« P61/ CLKO
AN32/ P1024—>02 34 |« P62/ RXDO / SCLO / STXDO
AN31/P1014—[ 93 33 |« P63/ TxDO / SDAO / SRXDO
AVss —[ 02 32 |« P64/ CTS1/RTS1/SS1/0UTC21 / ISCLK2
AN30/ P1004¢—>| 95 31 |« P65/ CLK1
VREF —p[ 06 30 |« P66/ RxD1 / SCL1/ STxD1
AVce —»[ 97 29 |« P67/ TxD1/ SDAL / SRxD1

/1STxD2 / IEOUT
28 |« P70/ TAOOUT / TXxD2 / SDA2 / SRxD2 / OUTC20

27 |«—>P71/ TAOIN / TBSIN / RxD2 / SCL2/ STXD2 /| OUTC22
26 |«—> P72/ TALOUT / V | CLK2 /ISRXD2/ IEIN

STxD4 / SCL4 / RxD4 / ADTRG / P97 4| 98
SRxD4 / SDA4 / TxD4 / ANEX1 / P96 «—| 99
CLK4 / ANEXO / P95<¢—(100|

\

e
O
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CANouUT / BEOOUT / ISTXDO / OUTCO0 / INPCO0 / TA3OUT / P76 <= | 22

BE10oUT/ISTxD1/OUTC10/SS2/RTS2/CTS2/V /TALIN/ P73 4

Note: P70 and P71 are N-channel open drain output.

Figure 1.1.5. 100-pin version pin configuration (top view)
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Description

Table 1.1.7. 100-pin version pin description (1/2)

Mitsubishi Microcomputers

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

Pa_ckage

Pin No Control | Port |Interrupt Timer UART/CAN Intelligent 1/0 Analog | Bus control
FP | GP

1|99 P96 TXD4/SDA4/SRXD4 ANEX1

2 |100 P95 TB4IN CLK4 ANEX0

3| 1 P94 TB3IN CTS4/RTS4/SS4 DA1

4| 2 P93 TB2IN CTS3/RTS3/SS3 DAQ

5 3 P92 TB1IN TxD3/SDA3/SRxD3 | OUTC20/IEouT

6 4 P91 TBOIN RxD3/SCL3/STxD3 | IEIN

7] 5 P90 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 TA4IN/U CANout OUTC32

21 | 19 P81 TA40uUT/U OUTC30

22 | 20 P8o TA3IN INPC02/ISRXDO/BEQOIN

23 | 21 P77 TA3ouTt CANIN INPC01/OUTCO01/ISCLKO

24 | 22 P76 TA2IN/W CANouTt INPC00/OUTC00/ISTXxDO/BEOoUT

25 | 23 P75 TA20UT/W INPC12/OUTC12/ISRXD1/BELIN

26 | 24 P74 TALINNV INPC11/OUTC11/ISCLK1

27 | 25 P73 TAloutV | CTS2/RTS2/SS2 OUTC10/ISTXD1/BE1ouT

28 | 26 P72 TB5IN/TAON | CLK2

29 | 27 P71 TAOouUT RxD2/SCL2/STxD2 | OUTC22/ISRXD2/IEIN

30 | 28 P70 TxD2/SDA2/SRxD2 | OUTC20/ISTXD2/IEouT

31 | 29 P67 TxD1/SDA1/SRxD1

32 | 30 P66 RxD1/SCL1/STxD1

33 | 31 P65 CLK1

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

35 | 33 P63 TxDO/SDAO/SRXDO

36 | 34 P62 RxD0/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 P4s CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P44 CS3/A20(MA12)

12
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Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.8. 100-pin version pin description (2/2)

Package

PNNO | ~ntrol | Port  |Interrupt| Timer UART/CAN Intelligent /O Analog Bus control
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 Pls |INT4 D14

75| 73 Pls  |INT3 D13

76| 74 Pl4 D12

771 75 P13 D11

78| 76 P12 D1o

79| 77 P11 D9

80| 78 Plo Ds

81| 79 P07 ANO7 D7

82| 80 POs ANOs Ds

83| 81 POs ANOs Ds

84| 82 P04 ANO4 D4

85| 83 P03 ANO3 D3

86| 84 P02 ANO2 D2

87| 85 P01 ANO1 D1

88| 86 P0o ANOo Do

89 | 87 P107 | Kis AN7

90| 88 P10s | Kz ANe

91| 89 P10s | K1 ANs

92| 90 P104 | Ko 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

* MITSUBISHI
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Description

Table 1.1.9. Pin description (1/4)

=L Rev.B2 for proof reading

Port| Function Pin name I/O type Description
Power supply Vcc | 4.2t0 5.5V or 3.0V to 3.6V.
input Vss | oVv.
CPU mode switch CNVss | Connect it to Vss : Single-chip or memory expansion mode
Connect it to Vcc : Microprocessor mode
External data BYTE | Selects the width of the data bus for external memory.
bus width Connect it to Vss : A 16-bit width
select input Connect it to Vcc : An 8-bit width
Reset input RESET | A “L” on this input resets the microcomputer.
Clock input XIN | These pins are provided for the main clock generating circuit.
Connect a ceramic resonator or crystal between the XiN and
Clock output Xout o the XouT pins. To use an externally derived clock, input it to
the XIN pin and leave the XouT pin open.
Analog_power AVcc | Connect this pin to Vcc.
supply input AVss I Connect this pin to Vss.
Reference VREF I This pin is a reference voltage input for the A-D converter.
voltage input
PO | I/O port POo to PO7 I/O | An 8-bit CMOS 1/O port.
It has an input/output port direction register that allows the
user to set each pin for input or output individually.
The user can specify in units of four bits via software whether
or not they are tied to a pull-up resistor.
Data bus Do to D7 I/O | When set as a separate bus, these pins input and output 8
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, low-order data bits.
Analog input port ANOo to ANO7 | P0o to PO7 are analog input ports for the A-D converter.
P1 | I/O port Ploto P17 I/O | This is an 8-bit I/O port equivalent to PO.
External interrupt input | INT3 to INT5 | P15 to P17 function as external interrupt pins.
port
Data bus Ds to D15 I/O | When set as a separate bus, these pins input and output 8
high-order data bits.
P2 | I/O port P20 to P27 I/O | This is an 8-bit I/O port equivalent to PO.
Address bus Ao to A7 O These pins output 8 low-order address bits.
Address bus/data bus | Ao/Do to I/O | If amultiplexed bus is set, these pins input and output data and
A7/D7 output 8 low-order address bits separated in time by
multiplexing.
Analog input port AN20 to AN27 I P20 to P27 are analog input ports for the A-D converter.
P3 | I/O port P30 to P37 I/O | This is an 8-bit I/O port equivalent to PO.
Address bus As to A15 O These pins output 8 middle-order address bits.
Address bus/data bus | As/Ds to I/0 | If the external bus is set as a 16-bit wide multiplexed bus,
A15/D15 these pins output 8 middle-order address bits, and input and
output 8 middle-order data separated in time by multiplexing.
Address bus - MAOQ to MA7 0 If accessing to DRAM area, these pins output row address
and column address separated in time by multiplexing.
P4 | 1/O port P40 to P47 I/O | This is an 8-hit I/O port equivalent to PO.
| Addressbus | AlstoAzz | O | These pins output 8 high-order address bits.
A23 Highest address bit (A23) outputs inversely.
Chip select 'CSoto CS3 O | P4o to P47 are chip select output pins to specify access area
Address bus MAS8 to MA12 e] If accessing to DRAM area, these pins output row address and
column address separated in time by multiplexing.
14 z MITSUBISHI
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Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.10. Pin description (2/4)

Port Function Pin name 1/0 type Description
PS|Voport || PSotoPS7 | WO _|Thisisan8bitlfO portequivalenttoP0.
Clock output CLKouTt 1/0 P53 in this port outputs a divide-by-8 or divide-by-32 clock of

XIN or a clock of the same frequency as XCIN.

Bus control WRL / WR, O | Output WRL, WRH and RD, or WR, BHE and RD bus control
WRH / BHE, O |signals. _
RD ) B WRL, WRH, and RD selected

In 16-bit data bus, data is written to even addresses when the
WRL signal is “L". o
Data is written to odd addresses when the WRH signal is “L”".
Data is read when RD is “L".
B WR, BHE, and RD selected
Data is written when WR is “L".
Data is read when RD is “L". .
Odd addresses are accessed when BHE is “L”. Even
addresses are accessed when BHE is “H”.
Use WR, BHE, and RD when all external memory is an 8-bit

data bus.
Output operation clock for CPU.
While the input level at the HOLD pin is “L”, the microcomputer
is placed in the hold state.

o) While in the hold state, HLDA outputs a “L” level.
ALE, 0 ALE is used to latch the address.

| While the input level of the RDY pin is “L”, the microcomputer
is in the ready state.

Bus control for DRAM o When DW signal is “L”, write to DRAM.

CASL o Timing signal when latching to line address of even address.
o
o

W
(@)
Q
e

-0

CASH, Timing signal when latching to line address of odd address.
RAS Timing signal when latching to row address.
pP6 | 1/O port P60 to P67 I/O | This is an 8-bit I/O port equivalent to PO.
UARTpot | CTS/RTS/SS | 1O | P6otoP6sarel/O ports for UARTO.
CLK P64 to P67 are 1/O ports for UARTL.
RxD/SCL/STxD
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TXDISDAISRXD| |
Intelligent 1/O port OUTC/ISCLK I/O | ISCLK is a clock I/0 port for intelligent I/O communication.
OUTC is an output port for waveform generation function.
P7 | I/0 port P70to P77 I/O | This is an 8-bit /O port equivalent to PO.
However, P70 and P71 are N-channel open drain outputs.
Timer A port TAoUT o P70 to P77 are 1/O ports for timers AO-A3.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TAN
Timer B port TBIN I P71 is an input port for timer B5.
Three phase motor v,V o P72 and P73 are V phase outputs.
control output port W, W P74 and P75 are W phase outputs.
UART port CTS/IRTS/SS /0 | p70to P73 are I/O ports for UART2.
CLK
RxD/SCL/STxD
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, TXDISDA'SRXD| |
Intelligent 1/O port INPC/OUTC I/0 | INPC is an input port for time measurement function.
ISCLK/ISTXD/ OUTC is an output port for waveform generation function.
ISRxD ISCLK is a clock 1/O port for intelligent /O communication.
IEOUT/IEIN ISTxD/IEoUT/BEOUT is transmit data output port for intelligent
BEOUT/BEIN I/O communication.

ISRXD/IEIN/BEIN is receive data input port for intelligent /O
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, communication.

CANouTt CAN (0] P76 and P77 are I/0 ports for CAN communication function.
CANIN I

z MITSUBISHI
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Description

Table 1.1.11. Pin description (3/4)

=L Rev.B2 for proof reading

Port | Function Pin name I/O type Description
P8 |WOport | P80-P84 P8 P87| /0 |Thisisa7-bitl/OportequivalenttoP0.
Sub clock input XCIN I P86 and P87 function as I/O ports for the sub clock
b clock generating circuit by software. Connect a crystal between
| Sub clockoutput | Xeur L L the Xciv and the Xcoutpins. |
Low-pass filter connect| VcouTt When using PLL frequency synthesizer, connect P87 to a
pin for PLL frequency low-pass filter. To stabilize PLL frequency, connect P86 to
 synthesizer | | | ves. ]
Timer A port TA40uUT O] P80 to P81 are I/O ports for timer A4.
TA4IN |
Three phase motor u,u (0] P80 and P81 are U phase output ports.
control output port
External interrupt input | INTo to INT2 | P82 to P84 are external interrupt input ports.
port
Intelligent 1/O port INPC/ISRXD/BEIN | INPC is an input port for time measurement function.
ISRXD/BEIN is receive data input port for intelligent /O
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, communication. ]
Input port P85/NMI I Input port and input ports for NMI interrupt.
P9 | I/O port P9o to P97 I/O | This is an 8-bit I/0O port equivalent to PO.
TimerBport | TBONtoTB4N | | | P9oto P94 are input port for timer B4, |
UARTport | CTSIRTSISS | VO | P9 toP93are /O ports for UART3. |
CLK I/O | P94 to P97 are I/O ports for UARTA4.
RXD/SCL/STXD /o
_____________________________ TXDISDAISRxD | YO |
D-A output port DAO, DA1 0] P93 and P94 are D-A output ports.
A-D related port ANEX1, ANEX2 | P95 to P96 are expanded input port for A-D converter.
______________________________ ADTRG | | | PorisADtiggerinputport. |
Intelligent 1/O port OUTC/IEouT I/O | OUTC is an output port for waveform generation function.
IEouT is transmit data output port for intelligent I/O
communication.
IEIN | IEIN is receive data input port for intelligent I/O
communication.
The protect register prevents a false write to P9 direction register and function select register A3.
P10 | I/O port P100 to P107 /0 | This is an 8-bit I/O port equivalent to PO.
| Keyinputinterruptport| KiotoKls | || P104to P107 are key input interrupt ports. |
Analog input port | ANo to AN7 | P100 to P107 are analog input ports for A-D convertor.
16 z MITSUBISHI
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Table 1.1.12. Pin description (4/4)

Port | Function Pin name 1/0 type Description
PLl|W/Oport | PllotoPll4 | WO | ThisisanSbitl/OportequivalenttoP0.
(Note) Intelligent I/O port INPC/OUTC 110 INPC is an input port for time measurement function.
ISCLK I/0 | OUTC is an output port for waveform generation function.
ISTXD/ISRXxD ISCLK is a clock I/O port for intelligent I/O communication.
BEOUT/BEIN /O | |STxD/BEOUT is transmit data output port for intelligent I/O
communication.
ISRXD/BEIN is receive data input port for intelligent 1/0
communication.
P12 /Oport | Pl2otoP127 | WO | Thisisan8bitl/OportequivalenttoP0.
(Note) Intelligent I/O port | OUTC @) OUTC is an output port for waveform generation function.
P13 lOport | P130toP137 | WO | Thisisan8bitl/OportequivalenttoP0.
(Note) Intelligent I/O port | OUTC I/O | OUTC is an output port for waveform generation function.
ISCLK/ISTxD/ I/0 | ISCLK is a clock I/0 port for intelligent /O communication.
ISRXD I/O | |STXD/IEOUT is transmit data output port for intelligent I/O
IEOUT/IEIN /O | communication.
ISRXD/IEIN is receive data input port for intelligent 1/O
communication.
P14 1/Oport | PldotoPl4s | WO | Thisisa7-bitlioportequivalenttoPo.
(No®) | ntelligent /O port | INPC/OUTC I/0 | INPC is an input port for time measurement function.
OUTC is an output port for waveform generation function.
P15 /Oport | P150toP157 | WO | Thisisan8bitl/OportequivalenttoP0.
(Note) Intelligent I/O port | INPC/OUTC I/O | INPC is an input port for time measurement function.
ISCLK/ISTxD/ I/O | OUTC is an output port for waveform generation function.
ISRxD ISCLK is a clock I/O port for intelligent I/O communication.
BEOUT/BEIN I/O | ISTxD/BEoUT is transmit data output port for intelligent I/O
communication.
ISRXD/BEIN is receive data input port for intelligent I/O
communication.
Analog input port AN150 to AN157 | P150 to P157 are analog input ports for A-D convertor.

Note :Port P11 to P15 exist in 144-pin version.

~

MITSUBISHI
ELECTRIC

17



et e i Mitsubishi Microcomputers
ﬁe\@ Rev.B2 for proof reading T Cas o

Description SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Block Diagram
The M32C/83 group includes the following devices in a single-chip. ROM and RAM for code instructions
and data, storage, CPU for executing operation and peripheral functions such as timer, serial /0, D-A
converter, DMAC, CRC operation circuit, A-D converter, DRAM controller, intelligent 1/0O and 1/O ports.
Figure 1.1.6 is a block diagram of the M32C/83 group (144-pin version).

“8 ‘\8 “8 ‘\8 ‘\8 “8 ‘\8 “8
y [ y
| Port PO || Port P1 || Port P2 || Port P3 || Port P4 || Port P5 || Port P6 || Port P7 |
1/0O ports

Internal peripheral functions

Timer (16 bits) A-D converter
(10-bit X 2 circuits) System clock generator
Output (5) Input (6) XIN - XouTt
Timer AO Timer BO XCIN - XcouT
Timer Al Timer B1 UART/Clock synchronous Ring oscillator
Timer A2 Timer B2 SI/O (8-bit X 5 channels)

Timer A3 Timer B3
Timer A4 Timer B4

Timer BS X-Y converter Memory (Note)
(16-bit X 16-bit)
Three-phase control ROM
circuit CRC arithmetic circuit
_ _ (ccItm) RAM
Watchdog timer (15 bits)
Intelligent I/O M32C/80 series CPU core
Group 0 ——T——
Group 1 L[ roH | ROL [ Fec DMA
Group 2 U R1H | RIL INTB controller
Group 3 i R2 ISP DMA II
D-A converter I = R3 Sk controller
(8-bit X 2 circuit) [ A0 pC DRAM
[ Al SVF controller
CAN communication FB SvP
function [ SB VCT Multiplier

| Port P15 ” Port P14 ” Port P13 ” Port P12 ” Port P11 ” Port P10 ” Port P9 ” p85|| Port P8 |
]

v8 v’ v8 y8 vs vs v8 v’

Figure 1.1.6. Block diagram of the M32C/83 group (144-pin version)
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Description

Memory

Figure 1.2.1 is a memory map of the M32C/83 group. The address space extends 16 Mbytes from address
00000016 to FFFFFF16. From FFFFFF16 down is ROM. For example, in the M30835FJGP, there are 512K
bytes of internal ROM from F8000016 to FFFFFF16. The vector table for fixed interrupts such as the reset
and NMI are mapped to FFFFDC16 to FFFFFF16. The starting address of the interrupt routine is stored
here. The address of the vector table for timer interrupts, etc., can be set as desired using the internal
register (INTB). See the section on interrupts for details.

From 00040016 up is RAM. For example, in the M30835FJGP, 31 Kbytes of internal RAM are mapped to
the space from 00040016 to 007FFF16. In addition to storing data, the RAM also stores the stack used when
calling subroutines and when interrupts are generated.

The SFR area is mapped from 00000016 to 0003FF16. This area accommodates the control registers for
peripheral devices such as 1/O ports, A-D converter, serial I/O, and timers, etc. Any part of the SFR area
that is not occupied is reserved and cannot be used for any other purpose.

The special page vector table is mapped from FFFEQO16 to FFFFDB16. If the starting addresses of subrou-
tines or the destination addresses of jumps are stored here, subroutine call instructions and jump instruc-
tions can be used as 2-byte instructions, reducing the number of program steps.

In memory expansion mode and microprocessor mode, a part of the spaces are reserved and cannot be
used.

00000016 SER area
00040016
Internal RAM EFFEO0016
area ,
1
XXXXXX16 ]
Internal reserved ,' )
area (Note 1) 1 Special page
1
00800016 ) vector table
1
1
External area !
1
! FFFFDCISE (indefined nsiricion
F0000016 K E Overflow E
Internal reserved K E  BRKinstruction 3
area (Note 2) / E  Address match 3
1 E 3
) E 3
YYYYYY16 ! E  Watchdog timer 3
Internal ROM |/ g — E
Address | Address area E =
Type No. XXXXX16 | YYYYY1s FFFFFFe | | _____. FFFFFF16 E Reset E
M30835F/MJ
007FFF16 | F8000016 Note 1: During memory expansion and microprocessor modes, can not be used.
M30833F/MJ v
Note 2: In memory expansion mode, can not be used.

Figure 1.2.1. Memory map
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Central Processing Unit (CPU)
The CPU has a total of 28 registers shown in Figure 1.3.1. Eight of these registers (RO, R1, R2, R3, A0, Al,
SB and FB) come in two sets; therefore, these have two register banks.

General register b15 b0
FLG Flag register
b31 greg
; R2 ROH | ROL ||
: R3 I
P RiH RIL 1 Data register (Note)
R2
b23 R3
A0 1
1 Address register (Note)
Al
SB I Static base register (Note)
FB 1 Frame base register (Note)
USP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt table register
PC Program counter

High-speed interrupt register

b15 b0
b23 SVF Flag save register
SVP PC save register
VCT Vector register
DMAC related register b7 bo
DMDO
DMA mode register
b15 DMD1
DCTO
DMA transfer count register
DCT1
DRCO 1
DMA transfer count reload register
b23 DRC1 J/
DMAO
DMA memory address register
DMA1
DSAO 1
DMA SFR address register
DSA1L j
DRAO
DMA memory address reload register
DRA1

Note: These registers have two register banks.

Figure 1.3.1. Central processing unit register
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(1) Data registers (RO, ROH, ROL, R1, R1H, R1L, R2, R3, R2R0 and R3R1)
Data registers (RO, R1, R2, and R3) are configured with 16 bits, and are used primarily for transfer and
arithmetic/logic operations.
Registers RO and R1 each can be used as separate 8-bit data registers, high-order bits as (ROH/R1H),
and low-order bits as (ROL/R1L). Registers R2 and RO, as well as R3 and R1 can function as 32-bit data
registers (R2R0/R3R1).

(2) Address registers (A0 and Al)
Address registers (A0 and Al) are configured with 24 bits, and have functions equivalent to those of data
registers. These registers can also function as address register, indirect addressing and address register
relative addressing.

(3) Static base register (SB)
Static base register (SB) is configured with 24 bits, and is used for SB relative addressing.

(4) Frame base register (FB)
Frame base register (FB) is configured with 24 bits, and is used for FB relative addressing.

(5) Program counter (PC)
Program counter (PC) is configured with 24 bits, indicating the address of an instruction to be executed.

(6) Interrupt table register (INTB)
Interrupt table register (INTB) is configured with 24 bits, indicating the start address of an interrupt vector
table.

(7) User stack pointer (USP), interrupt stack pointer (ISP)
Stack pointer comes in two types: user stack pointer (USP) and interrupt stack pointer (ISP), each config-
ured with 24 bits.
The desired type of stack pointer (USP or ISP) can be selected by a stack pointer select flag (U flag). This
flag is located at bit 7 in the flag register (FLG).
To execute efficienly set USP and ISP to an even number.

(8) Save flag register (SVF)
This register consists of 16 bits and is used to save the flag register when a high-speed interrupt is
generated.

(9) Save PC register (SVP)

This register consists of 24 bits and is used to save the program counter when a high-speed interrupt is
generated.
This register consist of 24 bits and is used to indicate a jump address when a high-speed interrupt is
generated.

* MITSUBISHI
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(10) Vector register (VCT)
This register consists of 24 bits and is used to indicate the jump address when a high-speed interrupt is
generated.

(11) DMA mode registers (DMD0/DMD1)
These registers consist of 8 bits and are used to set the transfer mode, etc. for DMA.

(12) DMA transfer count registers (DCTO/DCT1)
These registers consist of 16 bits and are used to set the number of DMA transfers performed.

(13) DMA transfer count reload registers (DRCO/DRC1)
These registers consist of 16 bits and are used to reload the DMA transfer count registers.

(14) DMA memory address registers (DMAO/DMA1)
These registers consist of 24 bits and are used to set a memory address at the source or destination of
DMA transfer.

(15) DMA SFR address registers (DSAOQ/DSA1)
These registers consist of 24 bits and are used to set a fixed address at the source or destination of DMA
transfer.

(16) DMA memory address reload registers (DRAO/DRA1)
These registers consist of 24 bits and are used to reload the DMA memory address registers.

(17) Flag register (FLG)
Flag register (FLG) is configured with 11 bits, each bit is used as a flag. Figure 1.3.2 shows the flag
register (FLG). The following explains the function of each flag:

« Bit 0: Carry flag (C)
This flag retains a carry, borrow, or shift-out bit that has occurred in the arithmetic/logic unit.

* Bit 1: Debug flag (D)
This flag enables a single-step interrupt.
When this flag is “1”, a single-step interrupt is generated after instruction execution. This flag is
cleared to “0” when the interrupt is acknowledged.

* Bit 2: Zero flag (2)
This flag is set to “1” when an arithmetic operation resulted in O; otherwise, cleared to “0”.

« Bit 3: Sign flag (S)
This flag is set to “1” when an arithmetic operation resulted in a negative value; otherwise, cleared to
HOH.
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* Bit 4: Register bank select

flag (B)

This flag chooses a register bank. Register bank 0 is selected when this flag is “0” ; register bank 1 is

selected when this flag is “1’

« Bit 5: Overflow flag (O)

This flag is set to “1” when an arithmetic operation resulted in overflow; otherwise, cleared to “0".

* Bit 6: Interrupt enable flag
This flag enables a maskabl

V)

e interrupt.

An interrupt is disabled when this flag is “0”, and is enabled when this flag is “1”. This flag is cleared to
“0” when the interrupt is acknowledged.

« Bit 7: Stack pointer select flag (U)
Interrupt stack pointer (ISP) is selected when this flag is “0” ; user stack pointer (USP) is selected

when this flag is “1".

This flag is cleared to “0” when a hardware interrupt is acknowledged or an INT instruction of software
interrupt Numbers. 0 to 31 is executed.

* Bits 8to 11: Reserved area

* Bits 12 to 14: Processor interrupt priority level (IPL)
Processor interrupt priority level (IPL) is configured with three bits, for specification of up to eight
processor interrupt priority levels from level 0 to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt

is enabled.

* Bit 15: Reserved area

b15

b0

LI Py T

, [u]1fofe|s]z[p]c]

Flag register (FLG)

Carry flag

Debug flag

Zero flag

Sign flag

Register bank select flag
Overflow flag

Interrupt enable flag

Stack pointer select flag
Reserved area

Processor interrupt priority level

Reserved area

Figure 1.3.2. Flag register (FLG)

z MITSUBISHI
ELECTRIC

23



e & i Mitsubishi Microcomputers
%ﬁe\&« Rev.B2 for proof reading e o

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Reset

Reset

There are two kinds of resets; hardware and software. In both cases, operation is the same after the reset.
(See “Software Reset” for details of software resets.) This section explains hardware resets.

When the supply voltage is in the range where operation is guaranteed, a reset is enabled by holding the
reset pin Low (0.2Vcc max.) for at least 20 cycles. When the reset pin level is then returned to High while
main clock is stable, the reset status is cancelled and program execution resumes from the address in the
reset vector table.

Since the value of RAM is indeterminate when power is applied, the initial values must be set. Also, if a
reset signal is input during write to RAM, the access to the RAM will be interrupted. Consequently, the value
of the RAM being written may change to an unintended value due to the interruption.

Figure 1.4.1 shows the example reset circuit. Figure 1.4.2 shows the reset sequence.

Table 1.4.1 shows the status of other pins while the RESET pin level is Low. Figures 1.4.3 and 1.4.4 show
the internal status of the microcomputer immediately after the reset is cancelled.

5V
4.2V
vce
ov
RESET Vvce 5V
—A\M— S—
~ RESET
1T Ll
ue ov
Example when Vcc = 5V.

Figure 1.4.1. Example reset circuit
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<> More than 20 cycles are needed

Microprocessor
mode BYTE = “H"

RESET | BCLK 24cycles

_—»
S JUL UL
Content of reset vector
Address {_FrrFCic | FFFFDi | FFFFEl
RO jEE—— e

WR

Ccso % L f

Microprocessor | ! | | | : !

mode IFB)YTE EL R Content of resgt vector
H— j Y

Address : { FFFFCis | FFFFEls )

RO ] [ |

WR

cso0 | f

Single chip
mode

Address ix— XiX -----------------------------------------------------------------------------------------

FFFFE16

FFFFCle Cénteht of reset vector

Figure 1.4.2. Reset sequence
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Table 1.4.1. Pin status when RESET pin level is “L”

Mitsubishi Microcomputers

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

Status
Pin name CNVss = Vcc
CNVss =Vss
BYTE = Vss BYTE = Vcc
PO Input port (floating) Data input (floating)
P1 Input port (floating) Data input (floating) Input port (floating)
P2, P3, P4 Input port (floating) Address output (undefined)
P50 Input port (floating) WR output (“H” level output)
P51 Input port (floating) BHE output (undefined)
P52 Input port (floating) RD output (“H” level output)
P53 Input port (floating) BCLK output
P54 Input port (floating) @oytput (The output value depends on the input to the
HOLD pin)

P55 Input port (floating) HOLD input (floating)
P56 Input port (floating) RAS output
P57 Input port (floating) RDY input (floating)
P6 to P15 (Note) Input port (floating) Input port (floating)

Note :Port P11 to P15 exists in 144-pin version.
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1)
(@)
(©)
4)
()
(6)
@)
®)
(9)
(10)
(11
(12)

(13)

(14)

(15)

(16)

(¢))

(18)

(19)
(20)
(1)
(22)
(23)
(24)

(25)

Processor mode register 0

(Note 1) (000416)
(000516)
(000616)
(000716)
(000816)
(000916)
(000A16)
External data bus width control register (Note 2) (000B16)
(000C16)
(000D1s)
(000E16)
(000F16)
(001016)
(001116)
(001216)
(001416)
(001516)
(001616)
(001716)
(001816)
(001916)
(001A16)
(001Bz16)
(001C16)
(001D16)
(001Ez6)
(001F16)
(004016)
(004116)
(005716)
(006816)
(006916)
(006A16)

Processor mode register 1

System clock control register 0

System clock control register 1

Wait control register

Address match interrupt control register

Protect register

Main clock divided register
Oscillation stop detect register
Watchdog timer start register
Watchdog timer control register

Address match interrupt register 0

Address match interrupt register 1

VDC control register for PLL

Address match interrupt register 2

VDD control register 1

Address match interrupt register 3

VDD control register 1

DRAM control register

DRAM refresh interval set register
Flash memory control register 0
DMAO interrupt control register
Timer B5 interrupt control register

DMAZ2 interrupt control register

x : Nothing is mapped to this bit
? : Undefined

(26)
@7)
(28)
(29)
(30)
@31)
32)
33)
(34)
@35)
(36)
@7)
(38)
(39)
(40)
(1)
(42)
(3)
(a4)
(45)
(46)
@7)
(48)
(49)
(50)
(51)
(52)
(53)
(54)
(55)
(56)
(57)

(58)

UART?2 receive /ACK interrupt control register (006B16)
Timer A0 interrupt control register (006C16)
UARTS3 receive/ACK interrupt control register (006D16)
Timer A2 interrupt control register (006E16)
UART4 receive/ACK interrupt control register  (006F16)
Timer A4 interrupt control register (007016)
(L:JCJAlirTS/LrJ;?STtse bus olision detecon Pt (071,
UARTO receive/ACK interrupt control register  (007216) [X[X|X{X{?[0[0[0]

A-DO interrupt control register

(007316)
(007416)
(007515)
(007616)

UART1 receive/ACK interrupt control register
Intelligent 1/O interrupt control register 0

Timer B1 interrupt control register

Intelligent I/O interrupt control register 2 (007716)
Timer B3 interrupt control register (007816)
Intelligent I/O interrupt control register 4 (007916)
INT5 interrupt control register (007A16)
Intelligent I/O interrupt control register 6 (007B16)
INT3 interrupt control register (007C16)
Intelligent I/O interrupt control register 8 (007D16)
INTL interrupt control register (007E1s)

Intelligent I/O interrupt control register 10/
CAN interrupt 1 control register

(007F15)
(008116)
(008616)
(008816)
UART?2 transmit /NACK interrupt control register (008916)
(008Aw0)
UARTS3 transmit /NACK interrupt control register (008B16)
(008C16)

Intelligent I/O interrupt control register 11/
CAN interrupt 2 control register

A-D1 interrupt control register

DMAL interrupt control register

DMAZ3 interrupt control register

Timer Al interrupt control register

UART4 transmit /NACK interrupt control register (008D16) [XX[X[X[?]0[0[0]
Timer A3 interrupt control register (008Ez16) FERRN
UART2 bus collision detection interrupt (008F15) Emmm

control register

UARTO transmit /NACK interrupt control register (009016) IX[2[o[o[0]
UART1/UART4 bus collision detection (009115) Emmm

interrupt control register

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.
Note 1: When the Vcc level is applied to the CNVss pin, it is 0316 at a reset.
Note 2: When the BYTE pin is "L", bit 3 is "1". When the BYTE pin is "H", bit 3 is "0".

Figure 1.4.3. Device's internal status after areset is cleared (1/10)
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Reset

(59) UART1 transmit/NACK interrupt control register (009216) (92) Interrupt enable register 7 (00B716)
(60) Key input interrupt control register (009316) (93) Interrupt enable register 8 (00B816)
(61) Timer BO interrupt control register (009416) (94)  Interrupt enable register 9 (00B916)
(62) Intelligent I/O interrupt control register 1~ (009516) (95) Interrupt enable register 10 (00BA16)
(63) Timer B2 interrupt control register (009616) (96)  Interrupt enable register 11 (00BBzs) [o]x]X{o[ojolo[o]

(64) Intelligent I/0 interrupt control register 3 (009716) X[XIX|X[2[0fo[o]  (97) Group O time measurement/waveform (00C016)

generate register 0

(65) Timer B4 interrupt control register (009816) XIXIX[X[0[0[0] (00C116)
(66) Intelligent I/O interrupt control register 5 (009916) XIXX|{[?[0]oj0] ~ (98) Group O time measurement/waveform (00C216)

generate register 1

(67) INT4 interrupt control register (009A1s) [X[x[0[o]2[o[o]0] (00C316)
(68) Intelligent I/O interrupt control register 7 (009B16) [XXXX[?[0Jofo]  (99)  Group 0 time measurement/waveform (00C415)

generate register 2

(69) INT2 interrupt control register (009Czs) [XX]0]o]?]o[o]o] (00C516)
70) Intelligent I/O interrupt control register 9/ (009D16) KXXZ[0[ol0] ~ (209) Group O time measurement/waveform (00C615)

CAN interrupt O control register generate register 3

(71) INTO interrupt control register (009E16) [X[X[0[o[?]0]o[o] (00C716)
(72) Exit priority register (009F16) X[X[o[X[o[o[o]0]  (201) Group O time measurement/waveform (00C816)
generate register 4
(73) Interrupt request register 0 (00A016) K[x]oo[X[0fo[X] (00C916)
(74) Interrupt request register 1 (00A116) X[X[0[o]X]0Jo]X] ~ (102) Group O time measurement/waveform (00CA16)
generate register 5
(75) Interrupt request register 2 (00A216) KX]0[o[X]0[X[X (00CB16)
(76) Interrupt request register 3 (00A316) XX ddoldolx] ~ (103) Group O time measurement/waveform (00CCzs)
generate register 6
(77) Interrupt request register 4 (00A4156) [olo[X]o[o]d 0] (0ocDe)[ 2716 |
(78) Interrupt request register 5 (00A516) KIXIX[O[0[0[0]X]  (104) Group 0 time measurement/waveform (O0CEz1s)
generate register 7
(79) Interrupt request register 6 (00A616) XIX[X0[o[0[o[X] (OOCF16)
(80) Interrupt request register 7 (00A716) [o]xX{0[o[do]x]  (205) Group 0 waveform generate control register 0 (00D016) [0[X]0[o}X]o[o[o]
(81) Interrupt request register 8 (00A816) poX[oloolo)k]  (106) Group O waveform generate control register 1 (00D116) [o[X]o[o[x]o[o[o]
(82) Interrupt request register 9 (00A916) [OIX]X[0[0[do]x] ~ (107) Group O waveform generate control register 4 (00D416) [o[X[o[o[X[o[o[0]
(83) Interrupt request register 10 (00AA16) [oXO[0[0fofX]  (108) Group O waveform generate control register 5 (00D516) [0[x]o[o]x[o[o]o]
(84) Interrupt request register 11 (00AB16) PX[X[0J0J0o]X]  (109) Group O ime measurement control register 0~ (00D816)
(85) Interrupt enable register 0 (00B016) XX00]00j]  (110) Group O time measurement control register 1 (00D916)
(86) Interrupt enable register 1 (00B116) XIX[0J0[{0ojo]  (111) Group 0 time measurement control register 2 (00DA6)
(87) Interrupt enable register 2 (00B216) IX[0[0[X[0]{d  (212) Group O time measurement control register 3 (00DB16)
(88) Interrupt enable register 3 (00B316) X[X[o[ojojojofo] ~ (113) Group O time measurement control register 4 (00DCzs)
(89) Interrupt enable register 4 (00B416) [oJo)]ofojolojo]  (114) Group 0 time measurement control register 5 (00DDzs)
(90) Interrupt enable register 5 (00B516) XXX dd[dojo] ~ (115) Group O time measurement control register 6~ (00DEz1s6)
(91) Interrupt enable register 6 (00B616) XXX 0[oofoo]  (216) Group O ime measurement control register 7 (OODF16)
x : Nothing is mapped to this bit
? : Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.

Figure 1.4.3. Device's internal status after areset is cleared (2/10)
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(117) Group 0 base timer register

(118) Group 0 base timer control register 0

(119) Group 0 base timer control register 1

(120) Group 0 time measurement prescaler register 6

(121) Group 0 time measurement prescaler register 7

(122) Group 0 function enable register
(123) Group 0 function select register

(124) Group 0 SI/O receive buffer register

(OOEO16)
(00E116)
(00E216)
(00E316)
(00E416)
(00E516)
(00E616)
(00ET716)
(00E816)

(144) Group 1 time measurement/waveform
generate register 2

(145) Group 1 time measurement/waveform
generate register 3

(146) Group 1 time measurement/waveform
generate register 4

(147) Group 1 time measurement/waveform
generate register 5

(148) Group 1 time measurement/waveform

(010415)
(010516)
(010616)
(010716)
(010816)
(010915)
(010A16)
(010B16)

(010Czs) __?’?16
(010D16) __?’?16
(010E16)
(010F15)
(150) Group 1 waveform generate control register 0 (011016)

generate register 6

(00E916)
(125) Group 0 transmit buffer/receive data register (00EA16)
(0OEC1)[ 27216 ]
(127) Group 0 SI/O communication mode register (00ED16)[ 0016 |

(149) Group 1 time measurement/waveform
generate register 7
(126) Group 0 receive input register

(128) Group O transmit output register (OOEE1s) (151) Group 1 waveform generate control register 1 (011116)
(129) Group 0 SI/O communication control register (O0EF16) (152) Group 1 waveform generate control register 2 (011216)
(130) Group 0 data compare register 0 (00F016) (153) Group 1 waveform generate control register 3 (011316)
(131) Group 0 data compare register 1 (OOF116) (154) Group 1 waveform generate control register 4 (011416)
(132) Group 0 data compare register 2 (00F216) (155) Group 1 waveform generate control register 5 (011516)
(133) Group O data compare register 3 (OOF316) (156) Group 1 waveform generate control register 6 (011616)
(134) Group 0 data mask register 0 (OOF416) (157) Group 1 waveform generate control register 7 (011716)
(135) Group 0 data mask register 1 (00F516) (158) Group 1 time measurement control register 1 (011916)
(136) Group 0 receive CRC code register (00F816) (159) Group 1 time measurement control register 2 (011A16)

(00F916) (160) Group 1 time measurement control register 6 (011E16)
(137) Group 0 transmit CRC code register (O0FA16) (161) Group 1 time measurement control register 7 (011F16)

(138) Group 0 SI/O expansion mode register

(00FB1s)
(00FC1s)

(139) Group 0 SI/O expansion receive control register (O0FD16)

(140) Group 0 SI/O special communication
interrupt detect register

(141) Group 0 SI/O expansion transmit
control register

(142) Group 1 time measurement/waveform
generate register 0

(143) Group 1 time measurement/waveform
generate register 1

x : Nothing is mapped to this bit
? : Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.

(OOFE16)
(OOFF16)
(010016)
(010116)
(010216)
(010316)

(162) Group 1 base timer register

(163) Group 1 base timer control register 0

(164) Group 1 base timer control register 1

(012016)
(012116)
(012216)
(012316)

Figure 1.4.3. Device's internal status after areset is cleared (3/10)
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(165) Group 1 time measurement prescaler register 6 (012416) (191) Group 2 waveform generate register 4 (014816)
(166) Group 1 time measurement prescaler register 7 (012516) (014916)
(167) Group 1 function enable register (012616) (192) Group 2 waveform generate register 5 (014A16)
(168) Group 1 function select register (012716) (014B1s6)
(169) Group 1 SI/O receive buffer register (012816) (193) Group 2 waveform generate register 6 (014C1s)
(012916) (014D16)
(170) Group 1 transmit buffer/receive data register (012A16) (194) Group 2 waveform generate register 7 (014Ez1s)
(171) Group 1 receive input register (012Ca6) (014F16)
(172) Group 1 SI/O communication mode register (012D16) (195) Group 2 waveform generate control register 0 (015016)
(173) Group 1 transmit output register (012E16) (196) Group 2 waveform generate control register 1 (015116)
(174) Group 1 SI/O communication control register (012F16) (197) Group 2 waveform generate control register 2 (015216)
(175) Group 1 data compare register 0 (013016) (198) Group 2 waveform generate control register 3 (015316)
(176) Group 1 data compare register 1 (013116) (199) Group 2 waveform generate control register 4 (015416)
(177) Group 1 data compare register 2 (013216) (200) Group 2 waveform generate control register 5 (015516)
(178) Group 1 data compare register 3 (013316) (201) Group 2 waveform generate control register 6 (015616)
(179) Group 1 data mask register 0 (013416) (202) Group 2 waveform generate control register 7 (015716)
(180) Group 1 data mask register 1 (013516) (203) Group 2 base timer register (016016)
(181) Group 1 receive CRC code register (013816) (016116)
(013916) (204) Group 2 base timer control register 0 (016216)
(182) Group 1 transmit CRC code register (013A16) (205) Group 2 base timer control register 1 (016316)
(013B16) (206) Base timer start register (016416)
(183) Group 1 SI/O expansion mode register (013C16) (207) Group 2 function enable register (016616)
(184) Group 1 SI/O expansion receive control register (013D16) (208) Group 2 RTP output buffer register (016716)
(185) Group 1 SI/O special communication (013Ez16) (209) Group 2 SI/O communication mode register (016A16)
interrupt detect register
(186) Group 1 SI/O expansion transmit control register (013F16) (210) Group 2 SI/O communication control register (016B16)
(187) Group 2 waveform generate register 0 (014016) (211) Group 2 SI/O transmit buffer register (016C16)
(014115) (016D16) [2[7[
(188) Group 2 waveform generate register 1 (014216) (212) Group 2 SI/O receive buffer register (016E1s)
(014316) (016F16)
(189) Group 2 waveform generate register 2 (014416) (213) Group 2 IEBus address register (017016)
(014515) (017116) (XXX
(190) Group 2 waveform generate register 3 (014616) (214) Group 2 IEBus control register (017216)
(014715)
x : Nothing is mapped to this bit
? : Undefined
The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.
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(215) Group 2 IEBus transmit interrupt
cause detect register

(216) Group 2 IEBus receive interrupt
cause detect register

(217) Input function select register

(017319) IO
(017416) KOOI
(o17810)

(218) Group 3 SI/O communication mode register (017Az16) Em E@E@
(219) Group 3 SI/O communication control register (017B1s) [0[o[2[o[X[?]2[0]

(220) Group 3 SI/O transmit buffer register

(221) Group 3 SI/O receive buffer register

(222) Group 3 waveform generate register 0

(223) Group 3 waveform generate register 1

(224) Group 3 waveform generate register 2

(225) Group 3 waveform generate register 3

(226) Group 3 waveform generate register 4

(227) Group 3 waveform generate register 5

(228) Group 3 waveform generate register 6

(229) Group 3 waveform generate register 7

(017C1s)
(017D15)
(017E1s)
(017F16)
(018016)
(018116)
(018216)
(018315)

(018416)
(018516)
(018616)
(018716)
(018816)
(018916)
(018A16)
(018B15)

(018C1s)
(018D1s)
(018E16)
(018F16)

(230) Group 3 waveform generate control register 0 (019016)
(231) Group 3 waveform generate control register 1 (019116)
(232) Group 3 waveform generate control register 2 (019216)
(233) Group 3 waveform generate control register 3 (019316)
(234) Group 3 waveform generate control register 4 (019416)
(235) Group 3 waveform generate control register 5 (019516)
(236) Group 3 waveform generate control register 6 (019616)
(237) Group 3 waveform generate control register 7 (019716)

x : Nothing is mapped to this bit
? :Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.

(238) Group 3 waveform generate mask register 4 (019816)

(019915)

(239) Group 3 waveform generate mask register 5 (019A16)

(019B16)

(240) Group 3 waveform generate mask register 6 (019C1s)

(019D16)

(241) Group 3 waveform generate mask register 7 (019E1s)

(242) Group 3 base timer register

(243) Group 3 base timer control register 0
(244) Group 3 base timer control register 1
(245) Group 3 function enable register
(246) Group 3 RTP output buffer register

(247) Group 3 high-speed HDLC

communication control register 1

(248) Group 3 high-speed HDLC
communication control register
(249) Group 3 high-speed HDLC

(019F16)
(01A016)
(01A116)
(01A216)
(01A316)
(01A615)
(01A716)
(01AB16)
(01AC15)
(01ADzs)

communication register

(250) Group 3 high-speed HDLC transmit counter (01AE16)

(251) Group 3 high-speed HDLC data
compare register 0

(252) Group 3 high-speed HDLC data
mask register 0

(253) Group 3 high-speed HDLC data
compare register 1

(254) Group 3 high-speed HDLC data
mask register 1

(255) Group 3 high-speed HDLC data
compare register 2

(256) Group 3 high-speed HDLC data
mask register 2

(257) Group 3 high-speed HDLC data
compare register 3

(01AF16)
(01B015)
(01B116)
(01B216)
(01B316)
(01B416)
(01B515)
(01B615)
(01B716)
(01B81s)
(01B916)
(01BA1s)
(01BB16)
(01BC16)
(01BDis)

Figure 1.4.3. Device's internal status after areset is cleared (5/10)
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(258) Group 3 high-speed HDLC data
mask register 3

(259) A-D1 register 0

(260) A-D1 register 1

(261) A-D1 register 2

(262) A-D1 register 3

(263) A-D1 register 4

(264) A-D1 register 5

(265) A-D1 register 6

(266) A-D1 register 7

(267) A-D1 control register 2
(268) A-D1 control register 0
(269) A-D1 control register 1
(270) CANO message slot buffer 0 standard ID 0
(271) CANO message slot buffer 0 standard ID 1
(272) CANO message slot buffer 0 extended ID 0

(273) CANO message slot buffer 0 extended ID 1

(276) CANO message slot buffer 0 data 0
(277) CANO message slot buffer 0 data 1
(278) CANO message slot buffer 0 data 2
(279) CANO message slot buffer 0 data 3
(280) CANO message slot buffer 0 data 4

(281) CANO message slot buffer 0 data 5

X : Nothing is mapped to this bit
? : Undefined

(275) CANO message slot buffer 0 data length code (01E516)

(01BEz6)
(01BF16)
(01CO16)
(01C116)
(01C216)
(01C316)
(01C416)
(01C516)
(01C616)
(01C716)
(01C816)
(01C916)
©o1cae)[ 2216 ]
(©OicBie)[ 2716 |
(oiccie)[_ 2216 |
(o1cog) [ 2215 |
(OicE)[_ 2716 |
(01CF1s)
(01D416)
(01D616)
(01D716)

(01EO16)
(Note)

(01E116) (X227
(Note)

(01E216)
(Note)

(01E316)

(Note)

(Note)

(O1E619)[ 2216 |

(Note)

(01E716)

(Note)

(01E815)

(Note)

e W

(Note)

(O1EAl)[ 2716 |

(Note)

©o1EBI) 7]

(Note)

(282) CANO message slot buffer 0 data 6 (01ECz1s)
(Note)

(283) CANO message slot buffer 0 data 7 (01ED16)
(Note)

(284) CANO message slot buffer 0 time stamp high (01EE1s)
(Note)

(285) CANO message slot buffer 0 time stamp low (O1EF16)
(Note)

(286) CAN1 message slot buffer 0 standard ID 0 (01FOzs)
(Note)

(287) CAN1 message slot buffer 0 standard ID 1 (01F116) zﬁl
(Note)

(288) CAN1 message slot buffer 0 extended ID 0 (01F216) .[zlll

(289) CAN1 message slot buffer 0 extended ID 1 (01F316) m

(Note)

(290) CAN1 message slot buffer 0 extended ID 2 (01F416)
(Note)

(291) CAN1 message slot buffer 0 data length code (01F516) [X]X[X[X{?[?[?]?]
(Note)

(292) CAN1 message slot buffer 0 data 0 (01F616)
(Note)

(293) CAN1 message slot buffer 0 data 1 (01F716)
(Note)

(294) CAN1 message slot buffer 0 data 2 (01F816)
(Note)

(295) CAN1 message slot buffer 0 data 3 (01F916)
(Note)

(296) CAN1 message slot buffer 0 data 4 (01FA16)
(Note)

(297) CAN1 message slot buffer 0 data 5 (01FB16)
(Note)

(298) CAN1 message slot buffer 0 data 6 (01FCzs)
(Note)

(299) CAN1 message slot buffer 0 data 7 (01FD16)
(Note)

(300) CAN1 message slot buffer 0 time stamp high (01FEz16)
(Note)

(301) CAN1 message slot buffer 0 time stamp low (01FFzie)
(Note)

(302) CANO control register 0

(020016) [XX[1]o}x[ofa]
(Note)

(020116) [XXX]X]o[o[o[0]

(020215)

(Note)

(020315) [X[o[o[o[ox]ol1]
(020415)

(Note)

(020519)

(020616) [ofofofolx|x]X}X
(Note)

(020716)

(020816) __0016

(Note)

(0209:0)
(02015

(Note)

(020819

(Note)

(303) CANO status register

(304) CANO expansion ID register

(305) CANO configuration register

(306) CANO time stamp register

(307) CANO transmit error count register

(308) CANO receive error count register

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.
Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit (bit 0 at address 024216) to 1 after reset.

Figure 1.4.3. Device's internal status after areset is cleared (6/10)
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(309) CANO slot interrupt status register

(310) CANO slot interrupt mask register

(311) CANO error interrupt mask register

(312) CANO error interrupt status register

(313) CANO baud rate prescaler

(314) CANO global mask register standard IDO
(315) CANO global mask register standard ID1
(316) CANO global mask register extended IDO
(317) CANO global mask register extended ID1
(318) CANO global mask register extended 1D2
(319) CANO message slot 0 control register /

CANO local mask register A standard IDO

(320) CANO message slot 1 control register /
CANO local mask register A standard ID1

(321) CANO message slot 2 control register /
CANO local mask register A extended IDO

(322) CANO message slot 3 control register /
CANO local mask register A extended ID1

(323) CANO message slot 4 control register /
CANO local mask register A extended ID2

(324) CANO message slot 5 control register
(325) CANO message slot 6 control register
(326) CANO message slot 7 control register

(327) CANO message slot 8 control register /
CANO local mask register B standard IDO

(328) CANO message slot 9 control register /
CANO local mask register B standard ID1

(329) CANO message slot 10 control register /
CANO local mask register B extended IDO

(330) CANO message slot 11 control register /
CANO local mask register B extended ID1

(331) CANO message slot 12 control register /
CANO local mask register B extended ID2

(332) CANO message slot 13 control register

(333) CANO message slot 14 control register

(334) CANO message slot 15 control register

(335) CANO slot buffer select register

(336) CANO control register 1

(337) CANO sleep control register

(338) CANO acceptance filter support register

x : Nothing is mapped to this bit
? : Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.

(020C1e)

(Note)

(020D15)
(021016)

(Note)

(021116)
(021416) [XxXIXx[0[o[0]

(Note)

(021516) [XixXXx[o[o[o]
(Note)
(021715)

(Note)

(022815) [X[x[X[o[ojo[o]d]
(Note)
(022916) [XIX[oJo[ofo[o[0]

(Note)

(022A16)

(Note)

(022815)

(Note)

(o22c10) [ 7]

(Note)

(023015) [X[x}x[o[ofo]0]d]
(Note)
(023115) [X[x[o[o[ofo]o]o]

(Note)

(023215)

(Note)

(023310)

(Note)

(023415)

(Note)

(023516)

(Note)

(023616)

(Note)

(023716)

(Note)

(023816) [x[xX[o[ofo[o[d
(Note)
(023916) [X[x[o[o[ojo[0]d]

(Note)

(023A15)

(Note)

(023810

(Note)

(023C16)

(Note)

(023D16)

(Note)

(023E15)

(Note)

(023F16)

(Note)

(024016)

(Note)

(024116) [XX]oloofo[x]X

(Note)

(024216) [XXIXXXX]X[0]
(Note)
(024415)

(Note)

(024516)

(339) XO register/YO register

(340) X1 register/Y1 register

(341) X2 register/Y2 register

(342) X3 register/Y3 register

(343) X4 register/Y4 register

(344) X5 register/Y5 register

(345) X6 register/Y6 register

(346) X7 register/Y7 register

(347) X8 register/Y8 register

(348) X9 register/Y9 register

(349) X10 register/Y10 register

(350) X11 register/Y11 register

(351) X12 register/Y12 register

(352) X13 register/Y13 register

(353) X14 register/Y14 register

(354) X15 register/Y15 register

(355) XY control register

(02C016)
(02C116)
(02C216)
(02C316)
(02C416)
(02C516)
(02C616)
(02C716)
(02C815)
(02C916)
(02CA15)
(02CB16)
(02CC1e)
(02CD16)
(02CE16)
(02CF15)
(02D016)
(02D115)
(02D216)
(02D316)
(02D416)
(02D516)
(02D616)
(02D716)
(02D816)
(02D916)
(02DA16)
(02DB16)
(02DCz6)
(02DD16)
(02DEzs)
(02DF16)
(02E016)

Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit (bit O at address 024216) to 1 after reset.

Figure 1.4.3. Device's internal status after areset is cleared (7/10)
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(356) UARTL special mode register 4 (02E416) (382) Three-phase output buffer register 0 (030A16)
(357) UARTL special mode register 3 (02E516) (383) Three-phase output buffer register 1 (030B16)
(358) UART1 special mode register 2 (02E616) (384) Dead time timer (030C16)
(359) UART1 special mode register (02E716) (385) Timer B2 interrupt occurrence (030D16)
frequency set counter
(360) UART1 transmit-receive mode register (02E816) (386) Timer B3 register (031016)
(361) UART1 bit rate generator (02E916) (031116)
(362) UARTT1 transmit buffer register (02EA1)[ 7716 |  (387) Timer B4 register (031216)
(02EB16) (031316)
(363) UARTL transmit-receive control register 0  (02EC16)[ 0816 |  (388) Timer B5 register (031416)
(364) UART1 transmit-receive control register 1~ (02ED16) (031516)
(365) UART] receive buffer register (02EE16) (389) Timer B3 mode register (031B16)
(02EF16) (390) Timer B4 mode register (031C16)
(366) UART4 special mode register 4 (02F416) (391) Timer BS mode register (031D16)
(367) UART4 special mode register 3 (02F516) (392) External interrupt cause select register (031F16)
(368) UART4 special mode register 2 (02F616) (393) UARTS special mode register 4 (032416)
(369) UART4 special mode register (02F716) (394) UARTS special mode register 3 (032516)
(370) UART4 transmit-receive mode register (02F816) (395) UARTS special mode register 2 (032616)
(371) UART4 bit rate generator (02F916) (396) UARTS special mode register (032716)
(372) UART4 transmit buffer register (02FA16) (397) UARTS transmit-receive mode register (032816)
(02FB1s) (398) UARTS bit rate generator (032916)
(373) UART4 transmit-receive control register 0 (02FCts) (399) UARTS transmit buffer register (032A16)
(374) UART4 transmit-receive control register 1~ (02FD16) (032B16)
(375) UART4 receive buffer register (02FE16) (400) UARTS transmit-receive control register 0 (032C16)
(401) UARTS transmit-receive control register 1 (032D16)
(376) Timer B3,B4,B5 count start flag (030016) (402) UARTS receive buffer register (032E15)
(377) Timer Al-1 register (030216) (032F16)
(030316) (403) UART2 special mode register 4 (033416)
(378) Timer A2-1 register (030415) (404) UART2 special mode register 3 (033516)
(030516) (405) UART2 special mode register 2 (033616)
(379) Timer A4-1 register (030616) (406) UART2 special mode register (033716)
(030716) (407) UART2 transmit-receive mode register (033816)
(380) Three-phase PWM control register 0 (030816) (408) UART2 bit rate generator (033916)
(381) Three-phase PWM control register 1 (030916)
x : Nothing is mapped to this bit
? : Undefined
The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.

34

Figure 1.4.3. Device's internal status after areset is cleared (8/10)

z MITSUBISHI
ELECTRIC




&
Reset

<= Rev.B2 for proof reading
K\2

Mitsubishi Microcomputers

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

(409) UART?2 transmit buffer register

(410) UART2 transmit/receive control register O
(411) UART?2 transmit/receive control register 1

(412) UART?2 receive buffer register

(413) Count start flag

(414) Clock prescaler reset flag
(415) One-shot start flag

(416) Trigger select register
(417) Up-down flag

(418) Timer AO

(419) Timer Al

(420) Timer A2

(421) Timer A3

(422) Timer A4

(423) Timer BO

(424) Timer B1

(425) Timer B2

(426) Timer AO mode register

(427) Timer A1 mode register

(428) Timer A2 mode register

(429) Timer A3 mode register

(430) Timer A4 mode register

(431) Timer BO mode register

x : Nothing is mapped to this bit
? : Undefined

(033A16)
(033B16)
(033C16)
(033D16)
(033Exs)
(033F16)
(034016)
(034116)
(034216)
(034316)
(034416)
(034619)
(034716)
(034815)
(034916)
(034A16)
(034Bi16)
(034C16)
(034D16)
(034E16)
(034F16)
(035016)
(035116)
(035216)
(035316)
(035416)
(035516)
(035616)
(035716)
(035816)
(035916)
(035A16)
(035B16)

(432) Timer B1 mode register

(433) Timer B2 mode register

(434) Timer B2 special mode register

(435) Count source prescaler register

(436) UARTO pecial mode register 4

(437) UARTO special mode register 3

(438) UARTO special mode register 2

(439) UARTO special mode register

(440) UARTO transmit/receive mode register
(441) UARTO bit rate generator

(442) UARTO transmit buffer register

(443) UARTO transmit/receive control register O
(444) UARTO transmit/receive control register 1

(445) UARTO receive buffer register

(446) PLL control register 0

(447) DMAO cause select register
(448) DMAL cause select register
(449) DMAZ2 cause select register
(450) DMAS3 cause select register

(451) CRC data register

(452) CRC input register

(453) A-DO register 0

(454) A-DO register 1

(455) A-DO register 2

(456) A-DO register 3

The content of other registers and RAM are undefined when the microcomputer is reset. The initial values must therefore be set.

(035C16)
(035D16)
(035E16)
(035F15)
(036416)
(036516)
(036616)
(036716)
(036816)
(036916)
(036A16)
(036B15)
(036C16)
(036D16)
(036E16)

(037616)
(037816)
(037916)
(037A16)
(037B16)
(037C15)
(037D16)
(037Ez16)
(038016)
(038116)
(038216)
(038316)
(038416)
(038516)
(038616)
(038716)

Figure 1.4.3. Device's internal status after areset is cleared (9/10)
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(457) A-DO register 4 (038816) (486) Port P9 (03C516)
(038916) (487) Port P8 direction register (03C616)
(458) A-DO register 5 (038A16) (488) Port P9 direction register (03C716)
(038Bs) [ 7716 |  (489) Port P10 (03C816)
(459) A-DO register 6 (038Ci6)[___?716 |  (490) PortP11 (Note) (03C916)
(038D16) (491) Port P10 direction register (Note) (03CA16)
(460) A-DO register 7 (038Et1s) (492) Port P11 direction register (Note) (03CB16)
(038F15) (493) Port P12 (Note) (03CCie)
(461) A-DO control register 2 (039416) (494) Port P13 (Note) (03CDz6)
(462) A-DO control register 0 (039616) (495) Port P12 direction register (Note) (03CE16)
(463) A-DO control register 1 (039716) (496) Port P13 direction register (Note) (03CFu1s)
(464) D-A register 0 (039816) (497) Port P14 (Note) (03DO16)
(465) D-A register 1 (039A16) (498) Port P15 (Note) (03D116)
(466) D-A control register (039C16) (499) Port P14 direction register (Note)  (03D216)
(467) Function select register A8 (Note)  (03A016) (500) Port P15 direction register (Note)  (03D316)
(468) Function select register A9 (Note) (03Al16) (501) Pull-up control register 2 (03DA16)
(469) Function select register C (03AF16) (502) Pull-up control register 3 (03DB16)
(470) Function select register AO (03B016) (503) Pull-up control register 4 (Note) (03DC1s)
(471) Function select register Al (03Bl16)[ 0016 |  (504) Port PO (03E016)
(472) Function select register BO (03B216) (505) Port P1 (03E116)
(473) Function select register B1 (03B316) (506) Port PO direction register (03E216)
(474) Function select register A2 (03B416) (507) Port P1 direction register (03E316)
(475) Function select register A3 (03B516) (508) Port P2 (03E416)
(476) Function select register B2 (03B616) [XXXXX[ofojo] ~ (599) Port P3 (03E516)
(477) Function select register B3 (03B716) (510) Port P2 direction register (03E616)
(478) Function select register A5 (Note) (03B916) [XX[X[X[o[o[oJo] ~ (511) Port P3 direction register (03E716)
(479) Function select register A6 (Note) (03BC1e)[ 0016 | (512) PortP4 (03E816)
(480) Function select register A7 (Note) (03BD16)[ 0016 |  (513) Port P5 (03E916)
(481) Port P6 (03C0w)[ 27216 | (514) Port P4 direction register (03EA16)
(482) Port P7 (03Cl)[ 2?7216 ]  (515) Port P5 direction register (03EB16)
(483) Port P6 direction register (03C216)[ 0016 |  (516) Pull-up control register 0 (03F016)
(484) Port P7 direction register (03C316) (517) Pull-up control register 1 (03F116)
(485) Port P8 (03C416) (518) Port control register (03FF16)

x : Nothing is mapped to this bit
? : Undefined

The content of other registers and RAM is undefined when the microcomputer is reset. The initial values must therefore be set.
Note :This register exists in 144-pin version.

Figure 1.4.3. Device's internal status after areset is cleared (10/10)
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SFR

Address Register Address Register
000016 003016 ROM area set register ROA *
000116 003116 Debug moritor area set register DBA *
000216 003216 Expansion area set register O EXAOQ *
000316 003316 Expansion area set register 1 EXA1 *
000416 Processor mode register O PMO| | 003416 Expansion area set register 2 EXA2 *
000516 Processor mode register 1 PM1| | 003516 Expansion area set register 3 EXA3 *
000616 System clock control register O CMO| | 003616
000716 System clock control register 1 CM1| | 003716
000816 Wait control register WCR| | 003816
000916 Address match interrupt control register AIER| | 003916
000A16 Protect register PRCR 003A16
000B16 External data bus width control register DS| | 003B16
000C16 Main clock divided register MCD| | 003C16
000D16 Oscillation stop detect register CM2| | 003D16
000E16 Watchdog timer start register WDTS| | 003E1s
000F16 Watchdog timer control register WDC| | 003F16
001016 004016 DRAM control register DRAMCONT
001116 Address match interrupt register O RMADO| | 004116 DRAM refresh interval set register REFCNT
001216 004216
001316 004316
001416 004416
001516 Address match interrupt register 1 RAMD1| | 004516
001616 004616
001716 VDC control register for PLL PLV| | 004716
001816 004816
001916 Address match interrupt register 2 RAMD2| | 004916
001A16 004A16
001B16 VDC control register 1 VDC1 *| | 004B16
001C16 004C16
001D16 Address match interrupt register 3 RAMD3| | 004D16
001E16 004E16
001F16 VDC control register O VDCO *| | 004F16
002016 005016
002116 Emulator interrupt vector table register EIADO *| | 005116
002216 005216
002316 Emulator interrupt detect register EITD *| | 005316
002416 Emulator protect register EPRR *| | 005416
002516 005516 Flash memory control register 2 FMR2 *
002616 005616 Flash memory control register 1 FMR1 *
002716 005716 Flash memory control register O FMRO
002816 005816
002916 005916
002A16 005A16
002B16 005B16
002C16 005C16
002D16 005D16
002E16 005E16
002F16 005F16
The blank area is reserved and cannot be used by user.
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006016 009016 UARTO transmit /NACK interrupt control register SOTIC
006116 009116 UART1/UART4 bus collision detection interrupt control register BCN1IC
006216 009216 UART1 transmit/NACK interruptcontrol register S1TIC
006316 009316 Key input interrupt control register KUPIC
006416 009416 Timer BO interrupt control register TBOIC
006516 009516 Intelligent I/O interrupt control register 1 11011C
006616 009616 Timer B2 interrupt control register TB2IC
006716 009716 Intelligent I/O interrupt control register 3 1103IC
006816 DMAO interrupt control register DMOIC 009816 Timer B4 interrupt control register TB4IC
006916 Timer B5 interrupt control register TB5IC| | 009916 Intelligent I/O interrupt control register 5 1105IC
006A16 DMAZ2 interrupt control register DM2IC 009A16 INT4 interrupt control register INT4IC
006B16 UART?2 receive /ACK interrupt control register S2RIC 009B16 Intelligent I/O interrupt control register 7 11071C
006C16 Timer AO interrupt control register TAOIC 009C16 INT2 interrupt control register INT2IC
006D16 UART3 receive /ACK interrupt control register S3RIC| | 009D16 Intelligent I/O interrupt control register 9/ 1109IC
006E16 Timer A2 interrupt control register TA2IC CAN interrupt O control register CANOICI
006F16 UARTA4 receive /ACK interrupt control register S4RIC 009E16 INTO interrupt control register INTOIC
007016 Timer A4 interrupt control register TA4IC 009F16 Exit priority register RLVL
007116 UARTO/UART3 bus collision detection interrupt control register BCNOIC | | 00A016 Interrupt request register 0 1100IR
007216 UARTO receive/ACK interrupt control register SORIC 00Al16 Interrupt request register 1 1I01IR
007316 A-DO interrupt control register ADOIC 00A216 Interrupt request register 2 1102IR
007416 UART1 receive/ACK interrupt control register S1RIC 00A316 Interrupt request register 3 1I03IR
007516 Intelligent I/O interrupt control register O 1100IC 00A416 Interrupt request register 4 1104IR
007616 Timer B1 interrupt control register TB1IC 00A516 Interrupt request register 5 1105IR
007716 Intelligent I/O interrupt control register 2 1102IC 00A616 Interrupt request register 6 1106IR
007816 Timer B3 interrupt control register TB3IC 00A716 Interrupt request register 7 1107IR
007916 Intelligent I/O interrupt control register 4 1104IC 00A816 Interrupt request register 8 1108IR
007A16 INT5 interrupt control register INTSIC 00A916 Interrupt request register 9 1109IR
007B16 Intelligent I/O interrupt control register 6 1106I1C 00AA16 Interrupt request register 10 II010IR
007C16 INTS3 interrupt control register INT3IC 00AB16 Interrupt request register 11 II011IR
007D16 Intelligent I/O interrupt control register 8 1108IC 00AC16
007E16 INTL1 interrupt control register INT1IC 00AD16
007F16 Intelligent I/O interrupt control register 10/ 11010IC 00AE16

CAN interrupt 1 control register CANL1ICI 00AF16
008016 00BO016 Interrupt enable register O 1I00IE
008116 Intelligent I/O interrupt control register 11/ llo11IC 00B116 Interrupt enable register 1 1I011E

CAN interrupt 2 control register CAN2IC 00B216 Interrupt enable register 2 1102IE
008216 00B316 Interrupt enable register 3 1I03IE
008316 00B416 Interrupt enable register 4 11041E
008416 00B516 Interrupt enable register 5 IIO5IE
008516 00B616 Interrupt enable register 6 1106IE
008616 A-D1 interrupt control register AD1IC 00B716 Interrupt enable register 7 11071E
008716 00B816 Interrupt enable register 8 1I08IE
008816 DMAL interrupt control register DM1IC| | 00B916 Interrupt enable register 9 1109IE
008916 UART?2 transmit /NACK interrupt control register S2TIC 00BA16 Interrupt enable register 10 I1010IE
008A16 DMAZ interrupt control register DM3IC 00BB16 Interrupt enable register 11 IIO11IE
008B16 UART3 transmit /NACK interrupt control register S3TIC 00BC16
008C16 Timer Al interrupt control register TA1IC 00BD16
008D16 UART4 transmit /NACK interrupt control register S4TIC O0OBE16
008E16 Timer A3 interrupt control register TA3IC 00BF16
008F16 UART?2 bus collision detection interrupt control register BCN2IC

The blank area is reserved and cannot be used by user.
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00CO016 Group 0 TV /WG register 0 GOTMO/GOPOO 00F016 Group O data compare reg?ster 0 GOCMPO
00C116 00F116 Group O data compare register 1 GOCMP1
00C216 Group 0 TM /WG register 1 GOTML/GOPOL 00F216 Group 0 data compare reg?ster 2 GOCMP2
00C316 00F316 Group 0 data compare register 3 GOCMP3
00C416 Group 0 TM /WG register 2 GOTM2/GOPO2 00F416 Group 0 data mask reg?ster 0 GOMSKO
00C516 00F516 Group O data mask register 1 GOMSK1
ggggi: Group 0 TM /WG register 3 GOTM3/GOPO3 gg:i:
00C816 . 00F816
00co1s Croup 0 TM/WG register 4 GOTM4/GOPO4 00Fg1s CGTouP O receive CRC code register GORCRC
00CA16 . 00FA16
0ocB1s Croup 0 TM/WG register 5 GOTM5/GOPO5 00FBys CTOUP O transmit CRC code register GOTCRC
00CC1e Group 0 TV /WG register 6 GOTME/GOPOS 00FC16 Group 0 SI/O expans?on mod.e register . GOEMR
00CD16 00FD16 Group 0 SI/O expansion receive control register GOERC
00CE16 Group 0 TM /WG register 7 GOTM7/GOPO7 00FE16 Group 0 SI/O special communication in‘terrupt detect rt.egister GOIRF
00CF16 00FF16 Group 0 SI/O expansion transmit control register GOETC
00D016 Group 0 waveform generate control register 0 GOPOCRO 010016
00D116 Group O waveform generate control register L GOPOCR1| | g10115 ©oUP 1 TM/WG register 0 G1TMO/G1POO
00D216 010216
00D316 010316 Group 1 TM /WG register 1 G1TM1/G1PO1
00D416 Group 0 waveform generate control register 4 GOPOCR4 010416
00D516 Group 0 waveform generate control register 5 GOPOCRS5 010516 Group 1 TM /WG register 2 G1TM2/G1PO2
00D616 010616
00D716 010716 Group 1 TM /WG register 3 G1TM3/G1PO3
00D816 Group 0 time measurement control register 0 GOTMCRO 010816
00D916 Group O time measurement control register L GOTMCRL| | g10916 C'oUP 1 TM/WG register 4 G1TM4/G1PO4
00DA16 Group 0 time measurement control register 2 GOTMCR2 010A16
00DB16 Group 0 time measurement control register 3 GOTMCRS3 010B16 Group 1 TM /WG register 5 GITM5/G1POS
00DC16 Group 0 time measurement control register 4 GOTMCR4 010C16
00DD16 Group 0 time measurement control register 5 GOTMCRS5 010D16 Group 1 TM /WG register 6 G1TM6/G1PO6
00DE16 Group 0 time measurement control register 6 GOTMCR6 010E16
00DF16 Group O time measurement control register 7 GOTMCR7| | g10F1s CroUP 1 TM/WG register 7 G1TM7/G1PO7
00EO16 Group 0 base timer register GOBT 011016 Group 1 waveform generate control reg?ster 0 G1POCRO
00E116 011116 Group 1 waveform generate control register 1 G1POCRL1
00E216 Group 0 base timer control register 0 GOBCRO| | 011216 Group 1 waveform generate control register 2 G1POCR2
00E316 Group 0 base timer control register 1 GOBCR1| | 011316 Group 1 waveform generate control register 3 G1POCR3
00E416 Group 0 time measurement prescaler register 6 GOTPR6| | 011416 Group 1 waveform generate control register 4 G1POCR4
00E516 Group 0 time measurement prescaler register 7 GOTPR7| | 011516 Group 1 waveform generate control register 5 G1POCRS5
00E616 Group 0 function enable register GOFE| | 011616 Group 1 waveform generate control register 6 G1POCR6
00E716 Group 0 function select register GOFS| | 011716 Group 1 waveform generate control register 7 G1POCR7
00E816 Group 0 SI/O receive buffer register GOBF 011816 - -
00E916 011916 Group 1 time measurement control register 1 G1TMCR1
00EA16 Group 0 transmit buffer/receive data register GODR| | 011A16 Group 1 time measurement control register 2 G1TMCR2
O0OEB16 011B16
00EC16 Group O receive input register GORI 011C16
00ED16 Group 0 SI/O communication mode register GOMR 011D16
00EE16 Group 0 transmit output register GOTO| | 011E16 Group 1 time measurement control register 6 G1TMCR6
00EF16 Group 0 SI/O communication control register GOCR| | 011F16 Group 1 time measurement control register 7 G1TMCR7
The blank area is reserved and cannot be used by user.
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012016 015016 Group 2 waveform generate control register 0 G2POCRO0
012116 Group 1 base timer register G1BT 015116 Group 2 waveform generate control register 1 G2POCR1
012216 Group 1 base timer control register 0 G1BCRO 015216 Group 2 waveform generate control register 2 G2POCR2
012316 Group 1 base timer control register 1 G1BCR1 015316 Group 2 waveform generate control register 3 G2POCR3
012416 Group 1 time measurement prescaler register 6 G1TPR6| | 015416 Group 2 waveform generate control register 4 G2POCR4
012516 Group 1 time measurement prescaler register 7 G1TPR7| | 015516 Group 2 waveform generate control register 5 G2POCR5
012616 Group 1 function enable register G1FE 015616 Group 2 waveform generate control register 6 G2POCR6
012716 Group 1 function select register G1FS 015716 Group 2 waveform generate control register 7 G2POCR7
012816 015816
012916 Group 1 SI/O receive buffer register G1BF| |015916
012A16 Group 1 transmit buffer/receive data register G1DR| | 015A16
012B16 015B16
012C16 Group 1 receive input register G1RI| | 015C16
012D16 Group 1 SI/O communication mode register G1MR| | 015D16
012E16 Group 1 transmit output register G1TO| | O15E16
012F16 Group 1 SI/O communication control register GICR| | 015F16
013016 Group 1 data compare register 0 G1CMPO| | 016016 . )

: Group 2 base timer register G2BT
013116 Group 1 data compare register 1 G1CMP1| | 016116
013216 Group 1 data compare register 2 G1CMP2| | 016216 Group 2 base timer control register O G2BCRO
013316 Group 1 data compare register 3 G1CMP3| | 016316 Group 2 base timer control register 1 G2BCR1
013416 Group 1 data mask register 0 G1MSKO| | 016416 Base timer start register BTSR
013516 Group 1 data mask register 1 G1MSK1| | 016516
013616 016616 Group 2 function enable register G2FE
013716 016716 Group 2 RTP output buffer register G2RTP
013816 016816
013916 Group 1 receive CRC code register GIRCRC| 316916
013A16 016A16 Group 2 SI/O communication mode register G2MR
013B16 Group 1 transmit CRC code register GITCRC| o16B16 Group 2 SI/O communication control register G2CR
013C16 Group 1 SI/O expans!on mod.e register - G1EMR| | 016C16 Group 2 SVO transmit buffer register GoTB
013D16 Group 1 SI/O expansion receive control register G1ERC| | 016D16
013E16 Group 1 SI/O special communlcatlon |n.terrupt detect rc.aglster G1IRF| | 016E16 Group 2 SVO receive buffer register G2RB
013F16 Group 1 SI/O expansion transmit control register G1ETC| | 016F16
014016 017016 ]
014116 CTOUP 2 waveform generate register 0 G2POO0| | gq77,¢ CGroup 2 IEBus address register IEAR
014216 017216 Group 2 IEBus control register IECR
014316 Group 2 waveform generate register 1 G2PO1| 017316 Group 2 IEBus transmit interrupt cause detect register IETIF
014416 017416 Group 2 IEBus receive interrupt cause detect register IERIF
014516 Group 2 waveform generate register 2 G2P0O2 017516
014616 017616
014716 Group 2 waveform generate register 3 G2PO3| 917716
014816 017816 Input function select register IPS
014916 Group 2 waveform generate register 4 G2P0O4 017916
014A16 017A16 Group 3 SI/O communication mode register G3MR
014B16 Group 2 waveform generate register 5 G2PO5| M017B16 Group 3 SI/O communication control register G3CR
014C16 017C16 ) )
014Dy CTOUP 2 waveform generate register 6 G2PO6 | | g17pye Croup 3 SIO transmit buffer register G3TB
014E16 017E16 ) ]
014F1s Croup 2 waveform generate register 7 G2PO7| | g17p4e Croup 3 SI/O receive buffer register G3RB

The blank area is reserved and cannot be used by user.
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018016 01B016
018116 Group 3 waveform generate register O G3POO0 01B116 Group 3 high-speed HDLC data compare register 0 HDLCCPO
018216 01B216
018316 Group 3 waveform generate register 1 G3PO1 01B316 Group 3 high-speed HDLC data mask register 0 HDLCMKO
018416 01B416
018516 Group 3 waveform generate register 2 G3P0O2 01B516 Group 3 high-speed HDLC data compare registerl ~ HDLCCP1
018616 01B616
018716 Group 3 waveform generate register 3 G3PO3 01B716 Group 3 high-speed HDLC data mask register 1 HDLCMK1
018816 01B816
018916 Group 3 waveform generate register 4 G3PO4 01B916 Group 3 high-speed HDLC data compare register 2 HDLCCP2
018A16 01BA16
018B16 Group 3 waveform generate register 5 G3PO5 01BB1s Group 3 high-speed HDLC data mask register 2 HDLCMK2
018C16 01BC16
018D16 Group 3 waveform generate register 6 G3PO6 01BD16 Group 3 high-speed HDLC data compare register 3~ HDLCCP3
018E16 01BE16
018F16 Group 3 waveform generate register 7 G3PO7 01BE16 Group 3 high-speed HDLC data mask register 3 HDLCMK3
019016 Group 3 waveform generate control register 0 G3POCRO 01CO016 .
019116 Group 3 waveform generate control register 1 G3POCR1 01Cl1e A-Dlregister 0 AD10
019216 Group 3 waveform generate control register 2 G3POCR2 01C216 .
019316 Group 3 waveform generate control register 3 G3POCR3 01C316 A-Dlregister 1 AD11
019416 Group 3 waveform generate control register 4 G3POCR4 01C416 .
019516 Group 3 waveform generate control register 5 G3POCR5 01C516 A-Dlregister 2 AD12
019616 Group 3 waveform generate control register 6 G3POCR6 01C616 .
019716 Group 3 waveform generate control register 7 G3POCR7 01C716 A-Dlregister 3 AD13
019816 01C816
019916 Group 3 waveform generate mask register 4 G3MK4 01C916 A-D1 register 4 AD14
019A16 01CA16
019B16 Group 3 waveform generate mask register 5 G3MK5 01CB16 A-D1 register 5 AD15
019Cz16 01CC1is6
019D16 Group 3 waveform generate mask register 6 G3MK6 01CD1s A-D1 register 6 AD16
019E16 01CEz16
019F16 Group 3 waveform generate mask register 7 G3MK7 01CF1s A-D1 register 7 AD17
01A016 01DO016
01A116 Group 3 base timer register G3BT 01D116
01A216 Group 3 base timer control register O G3BCRO 01D216
01A316 Group 3 base timer control register 1 G3BCR1 01D316
01A416 01D416 A-D1 control register 2 AD1CON2
01A516 01D516
01A616 Group 3 function enable register G3FE 01D616 A-D1 control register 0 AD1CONO
01A716 Group 3 RTP output buffer register G3RTP 01D716 A-D1 control register 1 AD1CON1
01A816 01D816
01A916 01D916
01AA16 01DA16
01AB16 Group 3 high-speed HDLC communication control register 1 HDLC1 01DB16
01ACz16 Group 3 high-speed HDLC communication control register HDLC 01DC16
01AD16 Group 3 high-speed HDLC communication register HDLCF 01DD16
01AE16 01DEz16
01AF16 Group 3 high-speed HDLC transmit counter HDLCC 01DF16
The blank area is reserved and cannot be used by user.
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01EO16 CANO message slot buffer O standard IDO COSLOTO_O| | 021016 ) )
01E116 CANO message slot buffer 0 standard D1 COSLOTO_1| | 021116 CANO Slotinterrupt mask register COSIMKR
01E216 CANO message slot buffer 0 extend IDO COSLOTO_2| | 021216
01E316 CANO message slot buffer 0 extend ID1 COSLOTO_3| | 021316
01E416 CANO message slot buffer 0 extend ID2 COSLOTO_4| | 021416 CANO error interrupt mask register COEIMKR
01E516 CANO message slot buffer O data length code COSLOTO_5| | 021516 CANO error interrupt status register COEISTR
01E616 CANO message slot buffer 0 data 0 COSLOTO_6| | 021616
01E716 CANO message slot buffer 0 data 1 COSLOTO_7| | 021716 CANO baud rate prescaler COBPR
01E816 CANO message slot buffer O data 2 COSLOTO_8| | 021816
01E916 CANO message slot buffer O data 3 COSLOTO_9| | 021916
01EA16 CANO message slot buffer O data 4 COSLOTO_10| | 021A16
01EB16 CANO message slot buffer O data 5 COSLOTO_11| | 021B16
01EC16 CANO message slot buffer O data 6 COSLOTO_12| | 021C16
01EDi1e CANO message slot buffer O data 7 COSLOTO_13| | 021D16
01EE16 CANO message slot buffer O time stamp highCOSLOTO_14| | 021E16
01EF16 CANO message slot buffer O time stamp low COSLOTO_15| | 021F16
01F016 CANO message slot buffer 1 standard IDO COSLOT1_0| | 022016
01F116 CANO message slot buffer 1 standard ID1 COSLOT1_1| | 022116
01F216 CANO message slot buffer 1 extend IDO COSLOT1_2| | 022216
01F316 CANO message slot buffer 1 extend ID1 COSLOT1_3| | 022316
01F416 CANO message slot buffer 1 extend ID2 COSLOT1_4| | 022416
01F516 CANO message slot buffer 1 data length code COSLOT1_5| | 022516
01F616 CANO message slot buffer 1 data 0 COSLOT1_6| | 022616
01F716 CANO message slot buffer 1 data 1 COSLOT1_7| | 022716
01F816 CANO message slot buffer 1 data 2 COSLOT1_8| | 022816 CANO global mask register standard 1DO COGMRO
01F916 CANO message slot buffer 1 data 3 COSLOT1_9| | 022916 CANO global mask register standard ID1 COGMR1
01FA16 CANO message slot buffer 1 data 4 COSLOT1_10| | 022A16 CANO global mask register extend IDO COGMR2
01FB16 CANO message slot buffer 1 data 5 COSLOT1_11| | 022B16 CANO global mask register extend ID1 COGMR3
01FC16 CANO message slot buffer 1 data 6 COSLOT1_12| | 022C16 CANO global mask register extend ID2 COGMR4
01FD16 CANO message slot buffer 1 data 7 COSLOT1_13| | 022D16
01FE1e CANO message slot buffer 1 time stamp highCOSLOT1_14| | 022E16
01FF16 CANO message slot buffer 1 time stamp low COSLOT1_15| | 022F16
020016 ) 023016 CANO message slot 0 control register / COMCTLO/
020116 CANO control register 0 COCTLRO CANO local mask register A standard IDO COLMARO
020216 ) 023116 CANO message slot 1 control register / COMCTLY1/
020316 CANO status register COSTR CANO local mask register A standard ID1 COLMAR1
020416 ) ) 023216 CANO message slot 2 control register / COMCTL2/
020516 CANO expansion ID register COIDR CANO local mask register A extend IDO COLMAR2
020616 ) ) ) 023316 CANO message slot 3 control register / COMCTL3/
020716 CANO configuration register COCONR CANO local mask register A extend ID1 COLMARS
020816 ) ) 023416 CANO message slot 4 control register / COMCTL4/
020916 CANO time stamp register COTSR CANO local mask register A extend 1D2 COLMAR4
020A16 CANO transmit error count register COTEC| | 023516 CANO message slot 5 control register COMCTL5
020B16 CANO receive error count register COREC| | 023616 CANO message slot 6 control register COMCTL6
020C16 ) ) 023716 CANO message slot 7 control register COMCTL7
020D16 CANQ slot interrupt status register COSISTR 023816 CANO message slot 8 control register / COMCTLS8/
020E16 CANO local mask register B standard IDO COLMBRO
020F16

The blank area is reserved and cannot be used by user.
Note 1: CANO message slot i control registers (i=0 to 15) are allocated to addresses 023016 to 023F16 by switching

banks.
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023916 CANO message slot 9 control register / COMCTLY/| | 02C016 . .
CANO local mask register B standard ID1 COLMBR1 02C116 X0 register/YO register XOR/YOR
023A16 CANO message slot 10 control register / COMCTL10/| | 02C216 . .
CANO local mask register B extend IDO COLMBR2 02C316 X1 register/Y1 register XIR/YIR
023B16 CANO message slot 11 control register / COMCTL11/| | 02C416 . .
CANO local mask register B extend ID1 COLMBR3 02C516 X2 register/Y2 register X2R/Y2R
023C16 CANO message slot 12 control register / COMCTL12/| | 02C616 . .
CANO local mask register B extend 1D2 COLMBR4 02C716 X3 register/Y3 register X3R/Y3R
023D16 CANO message slot 13 control register COMCTL13 02C816 . .
023E16 CANO message slot 14 control register COMCTL14 02C916 X4 register/Y4 register XAR/YAR
023F16 CANO message slot 15 control register COMCTL15 02CA16 . .
024016 CANO slot buffer select register CO0SBS 02CB16 X5 register/YS register XSRIYSR
024116 CANO control register 1 COCTLR1 02CC16 . .
024216 CANO sleep control register COSLPR 02CD16 X6 register/Y6 register XBR/YER
024316 02CE16
024416 02CF1s X7 register/Y7 register X7RIYTR
024516 CANO acceptance filter support register COAFS 02D016
02D116 X8 register/Y8 register X8R/Y8R
02D216
02D316 X9 register/Y9 register X9R/Y9R
02D416
02D516 X10 register/Y10 register X10R/Y10R
02D616
02D716 X11 register/Y11 register X11R/Y11R
_ ~=| 02D816
02D916 X12 register/Y12 register X12R/Y12R
02DA16
02DB16 X13 register/Y13 register X13R/Y13R
02DC16
02DD16 X14 register/Y14 register X14R/Y14R
02DE16
02DF16 X15 register/Y15 register X15R/Y15R
02EO016 XY control register XYC
02E116
02E216
02E316
02E416 UART1 special mode register 4 U1SMR4
02E516 UART1 special mode register 3 U1SMR3
02E616 UART1 special mode register 2 U1SMR2
02E716 UART1 special mode register U1SMR
02E816 UART1 transmit-receive mode register U1MR
02E916 UART1 bit rate generator U1BRG
02EA16
02EB16 UART1 transmit buffer register ulTB
02EC16 UART1 transmit-receive control register O uico
02ED16 UART1 transmit-receive control register 1 uici
02EE16
02EE16 UART1 receive buffer register U1RB
The blank area is reserved and cannot be used by user.
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02F016 032016

02F116 032116

02F216 032216

02F316 032316

02F416 UART4 special mode register 4 U4SMR4| | 032416 UARTS3 special mode register 4 U3SMR4
02F516 UART4 special mode register 3 U4SMR3 032516 UART3 special mode register 3 U3SMR3
02F616 UART4 special mode register 2 U4SMR2 032616 UART3 special mode register 2 U3SMR2
02F716 UART4 special mode register U4SMR 032716 UART3 special mode register U3SMR
02F816 UART4 transmit-receive mode register U4MR 032816 UARTS3 transmit-receive mode register U3MR
02F916 UART4 bit rate generator U4BRG 032916 UARTS bit rate generator U3BRG
02FA16 032A16

02EB16 UART4 transmit buffer register u4TB 032B16 UARTS3 transmit buffer register u3TB
02FC16 UART4 transmit-receive control register O u4co 032C16 UARTS transmit-receive control register 0 U3Co
02FD16 UART4 transmit-receive control register 1 u4ci 032D16 UARTS3 transmit-receive control register 1 u3C1
02FE16 032E16

02EF16 UART4 receive buffer register U4RB 032F16 UARTS3 receive buffer register U3RB
030016 Timer B3,B4,B5 count start flag TBSR 033016

030116 033116

030216 033216

030316 Timer Al-1 register TA1l 033316

030416 . 033416 UART?2 special mode register 4 U2SMR4
030516 | IMerA2-1register TA21| 7033516 UART2 special mode register 3 U2SMR3
030616 . 033616 UART?2 special mode register 2 U2SMR2
030716 | IMer Ad-1 register TA4Ll 7033716 UART2 special mode register U2SMR
030816 Three-phase PWM control register O INVCO 033816 UART?2 transmit-receive mode register U2MR
030916 Three-phase PWM control register 1 INVC1 033916 UART?2 bit rate generator U2BRG
030A16 Three-phase output buffer register O IDBO 033A16 ) .

030B16 Three-phase output buffer register 1 IDB1 033B16 UART2 transmit buffer register uzTB
030C16 Dead time timer DTT 033C16 UART?2 transmit/receive control register O u2Co
030D16 Timer B2 interrupt occurrence frequency set counter  ICTB2 033D16 UART?2 transmit/receive control register 1 u2C1
030E16 033E16

030F16 033F16 UART2 receive buffer register U2RB
031016 _ . 034016 Count start flag TABSR
031116 Timer B3 register B3 034116 Clock prescaler reset flag CPSRF
031216 _ . 034216 One-shot start flag ONSF
031316 Timer B4 register B4 034316 Trigger select register TRGSR
031416 . 034416 Up-down flag UDF
031516 Timer B5 register TB5 034516

031616 034616

031716 034716 Timer AO register TAO
031816 034816

031916 034916 Timer Al register TA1l
031A16 034A16 )

031B16 Timer B3 mode register TB3MR| | 034B1g |'MerAZ register TA2
031C16 Timer B4 mode register TB4MR| | 034C16 .

031D16 Timer B5 mode register TBSMR| | 034D1e |MeEr A3 register TA3
031E16 034E16 )

031F16 External interrupt cause select register IFSR 034F16 Timer A4 register TA4

The blank area is reserved and cannot be used by user.
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SFR SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Address Register Address Register
035016 038016 )
035116 Timer BO register TBO 038116 A-DO register 0 ADOO
035216 038216 )
035316 Timer B1 register TAl 038316 A-DO register 1 ADO1
035416 038416 )
035516 Timer B2 register TA2 038516 A-DO register 2 ADO02
035616 Timer A0 mode register TAOMR| | 038616 )
035716 Timer Al mode register TAIMR| | 038716 ADOregister3 ADO3
035816 Timer A2 mode register TA2MR 038816 )
035916 Timer A3 mode register TA3MR| | 038916 ADOregister 4 ADO4
035A16 Timer A4 mode register TA4MR| | 038A16 )
035B16 Timer BO mode register TBOMR| | 038B16 AP0 regdisters ADOS
035C16 Timer B1 mode register TB1MR 038C16 )
035D16 Timer B2 mode register TB2MR| | 038D16 A DO register 6 AD06
035E16 Timer B2 special mode register TB2SC| | 038E16 )
035F16 Count source prescaler register TCSPR| | 038F16 A-DOregister 7 ADO7
036016 039016
036116 039116
036216 039216
036316 039316
036416 UARTO special mode register 4 UOSMR4 039416 A-DO control register 2 ADOCON2
036516 UARTO special mode register 3 UOSMR3| | 039516
036616 UARTO special mode register 2 UOSMR2 039616 A-DO control register 0 ADOCONO
036716 UARTO special mode register UOSMR 039716 A-DO control register 1 ADOCON1
036816 UARTO transmit/receive mode register UOMR| | 039816 D-A register 0 DAO
036916 UARTO bit rate generator UOBRG 039916
036A16 039A16 D-Aregister 1 DA1
036B16 UARTO transmit buffer register uoTB 039B16
036C16 UARTO transmit/receive control register O UOCO| | 039C16 D-A control register DACON
036D16 UARTO transmit/receive control register 1 UOC1| | 039D16
036E16 039E16
036F16 UARTO receive buffer register UORB 039F16
037016
037116
037216
037316
037416
037516
037616 PLL control register 0 PLCO
037716
037816 DMAO cause select register DMOSL
037916 DMAL cause select register DM1SL
037A16 DMAZ2 cause select register DM2SL
037B16 DMAS3 cause select register DM3SL
037C16
037D16 CRC data register CRCD
037E16 CRC input register CRCIN
037F16

The blank area is reserved and cannot be used by user.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

<144-pin version>

Address Register Address Register

03A016 Function select register A8 PS8| | 03D016 Port P14 register P14
03Al16 Function select register A9 PS9| | 03D116 Port P15 register P15
03A216 03D216 Port P14 direction register PD14
03A316 03D316 Port P15 direction register PD15
03A416 03D416

03A516 03D516

03A616 03D616

03A716 03D716

03A816 03D816

03A916 03D916

03AA16 03DA16 Pull-up control register 2 PUR2
03AB16 03DB16 Pull-up control register 3 PUR3
03AC16 03DC16 Pull-up control register 4 PUR4
03AD16 03DD16

03AE16 03DE16

03AF16 Function select register C PSC 03DF16

03B016 Function select register AO PSO| | 03E016 Port PO register PO
03B116 Function select register A1 PS1| | 03El16 Port P1 register P1
03B216 Function select register BO PSLO| | 03E216 Port PO direction register PDO
03B316 Function select register B1 PSL1| | 03E316 Port P1 direction register PD1
03B416 Function select register A2 PS2| | 03E416 Port P2 register P2
03B516 Function select register A3 PS2 03E516 Port P3 register P3
03B616 Function select register B2 PSL2| | 03E616 Port P2 direction register PD2
03B716 Function select register B3 PSL3| | 03E716 Port P3 direction register PD3
03B816 03E816 Port P4 register P4
03B916 Function select register A5 PS5 03E916 Port P5 register P5
03BA16 03EA16 Port P4 direction register PD4
03BB16 03EB16 Port P5 direction register PD5
03BC16 Function select register A6 PS6 03EC16

03BD16 Function select register A7 PS7 03ED16

03BE16 03EE16

03BF16 03EF16

03C016 Port P6 register P6| | 03F016 Pull-up control register O PURO
03C116 Port P7 register P7 03F116 Pull-up control register 1 PUR1
03C216 Port P6 direction register PD6 03F216

03C316 Port P7 direction register PD7 03F316

03C416 Port P8 register P8 03F416

03C516 Port P9 register P9 03F516

03C616 Port P8 direction register PD8 03F616

03C716 Port P9 direction register PD9 03F716

03C816 Port P10 register P10 03F816

03C916 Port P11 register P11 03F916

03CA16 Port P10 direction register PD10 03FA16

03CB16 Port P11 direction register PD11 03FB16

03CC16 Port P12 register P12 03FC16

03CD16 Port P13 register P13 03FD16

03CE16 Port P12 direction register PD12 03FE16

03CF16 Port P13 direction register PD13| | 03FF16 Port control register PCR

The blank area is reserved and cannot be used by user.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

<100-pin version>

Address

Register

Address

Register

03A016

03DO016

03Al1e

03D116

03A216

03D216

03A316

03D316

03A416

03D416

03A516

03D516

03A616

03D616

03A716

03D716

03A816

03D816

03A916

03D916

03AA16

03DA16

Pull-up control register 2

PUR2

03AB16

03DB16

Pull-up control register 3

PUR3

03AC16

03DC16

03AD16

03DD16

03AE16e

03DE16

03AF16

Function select register C

PSC

03DF16

03B016

Function select register AO

PSO

03EO016

Port PO register

PO

03B1l16

Function select register Al

PS1

03El16

Port P1 register

P1

03B216

Function select register BO

PSLO

03E216

Port PO direction register

PDO

03B316

Function select register B1

PSL1

03E316

Port P1 direction register

PD1

03B416

Function select register A2

PS2

03E416

Port P2 register

P2

03B516

Function select register A3

PS3

03E516

Port P3 register

P3

03B616

Function select register B2

PSL2

03E616

Port P2 direction register

PD2

03B716

Function select register B3

PSL3

03E716

Port P3 direction register

PD3

03B816

03E816

Port P4 register

P4

03B916

03E916

Port P5 register

P5

03BA16

03EA16

Port P4 direction register

PD4

03BB16

03EB16

Port P5 direction register

PD5

03BC16

03EC16

03BD16

03ED16

03BE16

03EE16

03BF16

03EF16

03CO016

Port P6 register

P6

03F016

Pull-up control register 0

PURO

03C116

Port P7 register

P7

03F116

Pull-up control register 1

PUR1

03C216

Port P6 direction register

PD6

03F216

03C316

Port P7 direction register

PD7

03F316

03C416

Port P8 register

P8

03F416

03C516

Port P9 register

P9

03F516

03C616

Port P8 direction register

PD8

03F616

03C716

Port P9 direction register

PD9

03F716

03C816

Port P10 register

P10

03F816

03C916

03F916

03CA16

Port P10 direction register

PD10

03FA16

03CB16

03FB16

03CCzis

03FC16

03CD16

03FD16

03CE16

03FE16

03CF16

03FF16

Port control register

PCR

The blank area is reserved and cannot be used by user.
Note 1: Addresses 03CB16, 03CE16, 03CF16, 03D216, 03D316 does not exist in 100-pin version. Must set
"FF16" to the addresses at initial setting.
Note 2: /] Addresses 03DC16 area does not exist in 100-pin version. Must set "0016" to addresses 03DC16 at initial setting.
Note 3: D]] Addresses 03A016, 03Al16, 03B916, 03BC16, 03BD16, 03C916, 03CC16, 03CD16, 03D3016, 03D116
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Software Reset SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Software Reset
Writing “1” to bit 3 of the processor mode register O (address 000416) applies a (software) reset to the
microcomputer. A software reset has the same effect as a hardware reset. The contents of internal RAM
are preserved.

Processor Mode

(1) Types of Processor Mode
One of three processor modes can be selected: single-chip mode, memory expansion mode, and micro-
processor mode. The functions of some pins, memory map, and access space differ according to the
selected processor mode.
* Single-chip mode
In single-chip mode, only internal memory space (SFR, internal RAM, and internal ROM) can be
accessed. Ports PO to P15 can be used as programmable I/O ports or as I/O ports for the internal
peripheral functions.
* Memory expansion mode
In memory expansion mode, external memory can be accessed in addition to the internal memory
space (SFR, internal RAM, and internal ROM).
In this mode, some of the pins function as an address bus, a data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)
* Microprocessor mode
In microprocessor mode, the SFR, internal RAM and external memory space can be accessed. The
internal ROM area cannot be accessed.
In this mode, some of the pins function as the address bus, the data bus, and as control signals. The
number of pins assigned to these functions depends on the bus and register settings. (See “Bus
Settings” for details.)

(2) Setting Processor Modes

The processor mode is set using the CNVss pin and the processor mode bits (bits 1 and 0 at address
000416). Do not set the processor mode bits to “102".
Regardless of the level of the CNVss pin, changing the processor mode bits selects the mode. There-
fore, never change the processor mode bits when changing the contents of other bits. Also do not
attempt to shift to or from the microprocessor mode within the program stored in the internal ROM area.
* Applying Vss to CNVss pin
The microcomputer begins operation in single-chip mode after being reset. Memory expansion mode
is selected by writing “012" to the processor mode is selected bits.
* Applying Vcc to CNVss pin
The microcomputer starts to operate in microprocessor mode after being reset.
Figure 1.6.1 and 1.6.2 show the processor mode register 0 and 1.
Figure 1.6.3 shows the memory maps applicable for each processor modes.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b7 b6 b5

b4 b3 b2 bl bo

Processor mode register O (Note 1)

Symbol Address When reset
PMO 000416 8016 (CNVss ="L")
0316 (CNVss = "H")

T

sy?r%tbol Bit name Function RIW
1
1
bl b0 1

PMO00 0 0: Single-chip mode 00
Processor mode bit 0 1: Memory expansion mode :
(Note 2) | 1 0: Must not be set !

PMO1 1 1: Microprocessor mode O:O
. —_— e — = 1

PMO2 R/W mode select bit 0:RD / BHE / WR 0'0
(Note 3) | 1: RD/WRH/WRL )
1
) The device is reset when this bit is :

PM03 | Software reset bit setto "1". The value of this bit is "0" (OO
when read i
b5 b4 . . :

PM04 0 0 : Multiplexed bus is not used 0'0
Multiplexed bus space | 0 1 : Allocated to CS2 space !
select bit 01 : Allocated to CS1 space !

PMO5 (Note 4) | 11 : Allocated to entire CS space  [01O
(Note 5) :
1

— | Reserved bit Must always be set to "0" @) :O
1
1
. T
BCLK output disable bit | O : BCLK is output (Note 7) !

PMO7 P 1 : Function set by bit 0,1 of system |[O;O
(Note 6)|  clock control register 0 '

Note 1: Set bit 1 of the protect register (address 000A16) to "1" when writing new values to this register.
Note 2: Do not set the processor mode bits and other bits simultaneously when setting the processor
mode bitsto 012 or 112 . Set the other bits first,and then change the processor mode bits.

Note 3: When using 16-bit bus width in DRAM controler, must set this bit to "1".

Note 4: Valid in microprocessor and memory expansion modes 1, 2 and 3. Do not use multiplex bus
when mode 0 is selected. Do not set to allocated to CS2 space when mode 2 is selected.

Note 5: After the reset has been released, the M32C/83 group MCU operates using the separate bus. As
a result, in microprocessor mode, you cannot select the full CS space multiplex bus.
When you select the full CS space multiplex bus in memory expansion mode, the address bus

operates with 64 Kbytes boundaries, for each chip select.
Mode 0: Multiplexed bus cannot be used.
Mode 1: CSO0 to CS2 when you select full CS space.
Mode 2: @ to CS1 when you select full CS space.
Mode 3: CSO0 to CS3 when you select full CS space.

Note 6: No BCLK is output in single chip mode even when "0" is set in PM0O7. When stopping clock
output in microprocessor or memory expansion mode, make the following settings: PM07="1", bit 0
(CMO00) and bit 1 (CM01) of system clock control register 0 (address 000616) = "0". "L" is now

output from P53.

Note 7: When selecting BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CMO01) to "0".

Figure 1.6.1. Processor mode register 0
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Processor mode register 1 (Note 1)
b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| 0 |><| | | | | | | PM1 000516 0X0000002

T , _ ;
bbbt b | symbol Bit name Function R :W
S — I
- - 00 : Mode 0 (P44 to P47 : A20 to A23)|
Pop b b1 't PMIO 01 : Mode 1 (P4a4: A2o, 0.0
External memory area _ P45 1o PA7: CS_Z to CS0) !
R mode bit (Note 2) | 1 0 : Mode 2 (P44, P4s : A20, A21, :
- B P4e, P47 : CS1, CS0) '
A PM11 11:Mode 3 (Note 3) |O:O
A (P44 to P47 :CS3t0 CS0O) |
] . ] . . . 1
.. ... | 0:No wait state |
PM12 | Internal memory wait bit 1 - Wait state inserted OEO
Pl I 0 : One wait state inserted :
- LLGEECEEEE PM13 '
- SFR area wait bit 0 1: Two wait states inserted (Note 4) O:O
A b5 04 :
o eemeeeeaeaas PM14 00:NoALE 00
P ALE pin select bit 01:P53/BCLK (Note 5)|
A (Note 2) | 1.0: P56/RAS :
I SLLLELLLY PM15 11: P54/HLDA 00
HE 1
_______________________ Nothing is assigned. X
. When write, set "0". When read, its content is indeterminate. -
: i
T UGGRLECEETTLEPRELPRE PM17 |Reserved bit Must set to "0" (Ol®)

Note 1: Set bit 1 of the protect register (address 000A16) to “1” when writing new values to this register.

Note 2: Valid in memory expansion mode or in microprocessor mode.

Note 3: When mode 3 is selected, DRAMC is not used.

Note 4: When accessing SFR area for CAN, PM13 must be set to "1".

Note 5: When selecting P53/BCLK, set bits 0 and 1 of system clock control register 0 (CM00, CM01) to "0".

Figure 1.6.2. Processor mode register 1
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Bus Settings

The BYTE pin, bit 0 to 3 of the external data bus width control register (address 000B16), bits 4 and 5 of the
processor mode register 0 (address 000416) and bit 0 and 1 of the processor mode register 1 (address
000516) are used to change the bus settings.

Table 1.7.1 shows the factors used to change the bus settings, figure 1.7.1 shows external data bus width

control register and table 1.7.2 shows external area 0 to 3 and external area mode.

Table 1.7.1. Factors for switching bus settings

Bus setting Switching factor
Switching external address bus width External data bus width control register
Switching external data bus width BYTE pin (external area 3 only)
Switching between separate and multiplex bus Bits 4 and 5 of processor mode register 0
Selecting external area Bits 0 and 1 of processor mode register 1

(1) Selecting external address bus width
You can select the width of the address bus output externally from the 16 Mbytes address space, the
number of chip select signals, and the address area of the chip select signals. (Note, however, that
when you select “Full CS space multiplex bus”, addresses Ao to A15 are output.) The combination of bits
0 and 1 of the processor mode register 1 allow you to set the external area mode.
When using DRAM controller, the DRAM area is output by multiplexing of the time splitting of the row
and column addresses.

(2) Selecting external data bus width
You can select 8-bit or 16-bit for the width of the external data bus for external areas 0, 1, 2, and 3. When
the data bus width bit of the external data bus width control register is “0”, the data bus width is 8 bits;
when “1”, it is 16 bits. The width can be set for each of the external areas. The default bus width for
external area 3 is 16 bits when the BYTE pin is “L” after a reset, or 8 bits when the BYTE pin is “H” after
a reset. The bus width selection is valid only for the external bus (the internal bus width is always 16
bits).
During operation, fix the level of the BYTE pin to “H” or “L".

(3) Selecting separate/multiplex bus
The bus format can be set to multiplex or separate bus using bits 4 and 5 of the processor mode register 0.

e Separate bus
In this bus configuration, input and output is performed on separate data and address buses. The data
bus width can be set to 8 bits or 16 bits using the external data bus width control register. For all
programmable external areas, PO is the data bus when the external data bus is set to 8 bits, and P1is
a programmable 10 port. When the external data bus width is set to 16 bits for any of the external
areas, PO and P1 (although P1 is undefined for any 8-bit bus areas) are the data buses.
When accessing memory using the separate bus configuration, you can select a software wait using
the wait control register.

* Multiplex bus
In this bus configuration, data and addresses are input and output on a time-sharing basis. For areas
for which 8-bit has been selected using the external data bus width control register, the 8 bits Do to D7
are multiplexed with the 8 bits Ao to A7. For areas for which 16-bit has been selected using the external
data bus width control register, the 16 bits Do to D15 are multiplexed with the 16 bits Ao to A15. When
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accessing memory using the multiplex bus configuration, two waits are inserted regardless of whether
you select “No wait” or “1 wait” in the appropriate bit of the wait control register.

The default after a reset is a separate bus configuration, and the full CS space multiplex bus configu-
ration cannot be selected in microprocessor mode. If you select “Full CS space multiplex bus”, the 16
bits from AO to A15 are output for the address

External data bus width control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
M—.—L—L—L—I DS 000B16 XXXXX0002
coro o [ Bit symbol Bit name Function RIW
oo w4 1] DSO External area 0 data bus | 0 : 8 bits data bus width 00
A width bit 1 : 16 bits data bus width !
I External area 1 data bus | 0 : 8 bits data bus width 1
' ' ' ' ' ' P DS1 4 8 i
. width bit 1 : 16 bits data bus width o:o
Vo oo DS?2 External area 2 data bus 0 : 8 bits data bus width OEO
A width bit 1: 16 bits data bus width !
o DS3 External area 3 data bus | O : 8 bits data bus width OiO
; fmmmmmmmm e width bit (Note) 1 : 16 bits data bus width |
AT S PP Nothing is assigned. _ _
When write, set "0". When read, their contents are indeterminate.
Note: The value after a reset is determined by the input via the BYTE pin.
When BYTE pin is "L", DS3 is "1". When "H", it is "0".
Figure 1.7.1. External data bus width control register
Table 1.7.2. External area 0 to 3 and external area mode
External area mode
Note 2) Mode 0 Mode 1 Mode 2 Mode 3
IS .
c < | Memory expansion mode, | (080001 to <CS1 area> SgssologreT EOCOSOlOSreT
£ @ | Microprocessor mode 1FFFFF16 00800016 to o o
X P LFFEFF16 1FFFFF16 1FFFFF16
T . : <CS2 area>
£ | Memory expansion mode, | 20000016 to S areas No area is 20000016 to
= 9 i selected.
HE Microprocessor mode 3FFFFF16 3FFFFF16 2FFFFF16
g ‘c\‘u Memory expansion mode, 40000016 to | <DRAMC area>| <DRAMC area>| <CS3 area>
& 9| Microprocessor mode BFFFFF16 40000016 to 40000016 to | C0000016 to
G (Note 1) BFFFFF16 BFFFFF16 CFFFFF16
0000016 ¢ <CSO0 area> <CS0 area> <CSO0 area>
_ . 16 1o C0000016 to C0000016 to E0000016 to
T Memory expansion mode EFFFFF16 EFFFFF16 EFFFFF16 EFFFFF16
=@
g0
m IS . C0000016 to <CSO0 area> <CS0 area> <CSO0 area>
Microprocessor mode FEEFFF16 E0000016 to C0000016 to F0000016 to
FFFFFF16 FFFFFF16 FFFFFF16

Note 1: DRAMC area when using DRAMC.

Note 2: Set the external area mode (modes 0, 1, 2, and 3) using bits 0 and 1 of the processor mode register
1 (address 000516).
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Table 1.7.3. Each processor mode and port function

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Processor | Single-chip ; ; Memory
mode mode Memory expansion mode/microprocessor modes expansion mode
Multiplexed “01”, “10” “00” “11" (Note 1)
bus space .
. CS1 or CS2 : multiplexed Separate bus ;
select bit bus, and the other - All spacebrlTéJItlplexed
separate bus
Data bus width All external | Some external| All external | Some external | All external | Some external
BYTE pin level areais 8 bits | area is 16 bits | area is 8 bits | areais 16 bits | areais 8 bits | area is 16 bits
PO0o to P07 1/0 port Data bus Data bus Data bus Data bus 1/O port 1/0O port
Ploto P17 1/O port 1/0 port 1/0O port Data bus I/O port I/O port I/O port
P20to P27 I/O port | Address bus Address bus Address bus | Address bus Address bus | Address bus
/data bus /data bus /data bus /data bus
(Note 2) (Note 2)
P3oto P37 I/O port | Address bus Address bus Address bus | Address bus Address bus | Address bus
/data bus /data bus
(Note 2)
P40 to P43 1/O port Address bus Address bus | Address bus | Address bus 1/0 port 1/O port
P44 to P46 1/O port CS (chip select) or address bus (A23)
(For details, refer to “Bus control”) (Note 5)
P47 I/0 port cs (chip select) or address bus (A23)
(For details, refer to “Bus control”) (Note 5)
P50 to P53 /O port Outputs RD, WRL, WRH, and BCLK or RD, BHE, WR, and BCLK
(For details, refer to “Bus control”) (Note 3,4)
P54 1/0 port HLDA(Note 3) | HLDA(Note 3) [ HLDA(Note 3) [ HLDA(Note 3) |HLDA(Note 3) | HLDA(Note 3)
P55 1/0 port HOLD HOLD HOLD HOLD HOLD HOLD
P56 1/0 port RAS (Note 3) [ RAS (Note 3)| RAS (Note 3)| RAS (Note 3) | RAS (Note 3) | RAS (Note 3)
P57 1/0 port RDY RDY RDY RDY RDY RDY

Note 1:The default after a reset is the separate bus configuration, and "Full CS space multiplex bus" cannot be selected in
microprocessor mode. When you select "Full CS space multiplex bus" in extended memory mode, the address bus
operates with 64 Kbytes boundaries for each chip select.

Note 2: Address bus in separate bus configuration.

Note 3: The ALE output pin is selected using bits 4 and 5 of the processor mode register 1. o

Note 4: When you have selected the DRAM controller and access the DRAM area, these are outputs CASL, CASH, DW, and

BCLK.

Note 5: The CS signal and address bus selection are set by the external area mode.

54

‘ MITSUBISHI
AN ELECTRIC




<= Rev.B2 for proof reading
e
Bus Control

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Bus Control

The following explains the signals required for accessing external devices and software waits. The signals
required for accessing the external devices are valid when the processor mode is set to memory expan-
sion mode and microprocessor mode.

(1) Address bus/data bus

There are 24 pins, Ao to A22 and A23 for the address bus for accessing the 16 Mbytes address space.
A23 is an inverted output of the MSB of the address.
The data bus consists of pins for data |0. The external data bus control register (address 000B16)
selects the 8-bit data bus, Do to D7 for each external area, or the 16-bit data bus, Do to D15. After a reset,
there is by default an 8-bit data bus for the external area 3 when the BYTE pin is High, or a 16-bit data
bus when the BYTE pin is Low.
When shifting from single-chip mode to extended memory mode, the value on the address bus is unde-
fined until an external area is accessed.
When accessing a DRAM area with DRAM control in use, a multiplexed signal consisting of row address
and column address is output to As to A20.

(2) Chip select signals
The chip select signals share Ao to A22 and A23. You can use bits 0 and 1 of the processor mode register
1 (address 000516) to set the external area mode, then select the chip select area and number of
address outputs.
In microprocessor mode, external area mode 0 is selected after a reset. The external area can be split
into a maximum of four Blocks or Areas using the chip select signals. Table 1.7.4 shows the external
areas specified by the chip select signals.

Table 1.7.4. External areas specified by the chip select signals

Memory space Chip select signal
expansion Processor mode p—
mode CSO CS1 CS2 CS3
Mode 0
(A23) (A22) (A21) (A20)
) C0000016 to
2 Memory expansion mode DFFFFF16
© (2 Mbytes) 00800016 to 20000016 to
| Mode 1 1FFFFF16 3FFFFF16
o E0000016 to (2016 Kbytes) (2 Mbytes) (A20)
S Microprocessor mode FFFFFF16
e (2 Mbytes)
kS C0000016 to
S Memory expansion mode EFFFFF16
(qg. yexp (3 Mbytes) 00800016 to
0| Mode 2 3FFFFF16
C0000016 to (4064 Kbytes) (A21) (A20)
Microprocessor mode FFFFFF16
(4 Mbytes)
. E0000016 to
Memory expansion mode EFFFFF16
(1 Mbytes) 10000016 to 20000016 to €0000016 to
Mode 3 0000016 & 1FFFFF16 2FFFFF16 CFFFFF16
16 1O
Microprocessor mode FEFFFF16 (1 Mbytes) (1 Mbytes) (1 Mbytes)
(1 Mbytes)
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The chip select signal turns Low (active) in synchronize with the address bus. However, its turning High
depends on the area accessed in the next cycle. Figure 1.7.2 shows the output examples of the address
bus and chip select signals.

Example 1: After accessing the external area, the Example 2: After accessing the external area, only the
address bus and chip select signal both are chip select signal is changed in the next
changed in the next cycle. cycle. (The address bus does not change.)

The following example shows the other chip select The following example shows the CPU accesses the
sighal accessing area (j) in the cycle after having internal ROM/RAM area in the cycle after having
accessed external area (i). In this case, the address accessed external area. In this case, the chip select
bus and chip select signal both change between the signal changes between the two cycles but the
two cycles. address bus does not.
Access to Access to Access to Access to
external  external external  internal
. area (i) |, area() . ,area ,ROM/RAM
: : : : : : jarea
' ) ‘ <
Data bus :
S G () Data bus | ————+—{Pae}——
Address bus ; - :
| Address>< : Address bus | Address! :
Chip select ; ' v . | i . -
(csi) . ! Chip select :
Chip select ! ' - | i . | |
(csj f | !

Example 3: After accessing the external area, only the Example 4: After accessing the external area, the

address bus is changed in the next cycle. address bus and chip select signal both are
(The chip select signal does not change.) not changed in the next cycle.
The following example shows the same chip select The following example shows CPU does not access
signal accessing area (i) in the cycle after having any area in the cycle after having accessed external
accessed external area (i). In this case, the address area (no instruction pre-fetch is occurred). In this
bus changes between the two cycles, but the chip case, the address bus and the chip select signal do
select signal does not. not change between the two cycles.
Access to Access to Access to
extemal  external external
, ,area(l)  area() | . ,area ,Noaccess
E - E -
! i ' : ! Y ey :
Data bus Data bus —{ Data) :
Address bus AddressX Address bus ! Address
Chip select — . —]
Cs)) | ! ! Chip select : ! :

Note: These examples show the address bus and chip select signal for two consecutive cycles.
By combining these examples, chip select signal can be extended beyond two cycles.

Figure 1.7.2. Example of address bus and chip select signal outputs (Separate bus)
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(3) Read/write signals
With a 16-bit data bus, bit 2 of the processor mode register 0 (address 000416) selects the combinations
of RD, BHE, and WR signals or RD, WRL, and WRH signals. With a 8-bit full space data bus, use the
combination of RD, WR, and BHE signals as read/write signals. (Set "0" to bit 2 of the processor mode
register O (address 000416).) When using both 8-bit and 16-bit data bus widths to access a 8-bit data bus
area, the RD, WR and BHE signals combination is selected regardless of the value of bit 2 of the
processor mode register O (address 000416).
Tables 1.7.5 and 1.7.6 show the operation of these signals.
After a reset has been cancelled, the combination of RD, WR, and BHE signals is automatically se-
lected.
When switching to the RD, WRL, and WRH combination, do not write to external memory until bit 2 of
the processor mode register 0 (address 000416) has been set (Note),
Note 1: Before attempting to change the contents of the processor mode register 0, set bit 1 of the

protect register (address 000A16) to “1”".

Note 2: When using 16-bit data bus width for DRAM controller, select RD, WRL, and WRH signals.

Table 1.7.5. Operation of RD, WRL, and WRH signals

Data bus width RD WRL WRH Status of external data bus
L H H Read data
16-bit H L H Write 1 byte of data to even address
H H L Write 1 byte of data to odd address
H L L Write data to both even and odd addresses
8-bit H L (Note) Not used | Write 1 byte of data
L H (Note) | Notused | Read 1 byte of data

Note: It becomes WR signal.

Table 1.7.6. Operation of RD, WR, and BHE signals

Data bus width RD WR BHE A0 Status of external data bus
H L L H Write 1 byte of data to odd address
L H L H Read 1 byte of data from odd address
16-bit H L H L Write 1 byte of data to even address
L H H L Read 1 byte of 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-bit H L Not used H/L Write 1 byte of data
L H Not used H/L Read 1 byte of data
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(4) ALE signal
The ALE signal latches the address when accessing the multiplex bus space. Latch the address when
the ALE signal falls. The ALE output pin is selected using bits 4 and 5 of the processor mode register 1
(address 000516).
The ALE signal is occurred regardless of internal area and external area.

When BYTE pin = “H” When BYTE pin =“L"

ALE 11 ALE 11

Do/Ao to D7/A7 >< Address X Data™”* " >< DO/A0 to D15/A15 >< Address >< Data™*® ! ><
A8 to A15 >< Address ><

A16 to A19 >< Address™¢? >< Al6 to A19 >< Address®ote 2) ><
A20 to A22, A23 >< Address or CS >< A20 to A22, A23 >< Address or CS ><

Note 1: Floating when reading.
Note 2: When full space multiplexed bus is selected, these are 1/O ports.

Figure 1.7.3. ALE signal and address/data bus

(5) Ready signal

The ready signal facilitates access of external devices that require a long time for access. As shown in
Figure 1.7.2, inputting “L” to the RDY pin at the falling edge of BCLK causes the microcomputer to enter
the ready state. Inputting “H” to the RDY pin at the falling edge of BCLK cancels the ready state. Table
1.7.7 shows the microcomputer status in the ready state. Figure 1.7.4 shows the example of the RD
signal being extended using the RDY signal.

Ready is valid when accessing the external area during the bus cycle in which the software wait is
applied. When no software wait is operating, the RDY signal is ignored, but even in this case, unused
pins must be pulled up.

Table 1.7.7. Microcomputer status in ready state No®

Item Status
Oscillation On
RD/WR signal, address bus, data bus, CS Maintain status when ready signal received
ALE signal, HLDA, programmable I/O ports
Internal peripheral circuits On

Note: The ready signal cannot be received immediately prior to a software wait.
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Separate bus (2 wait)

1st cycle

T

2nd cycle

s/ /[

3rd cycle

s T

4th cycle

(=0103) i

RDY 3

- >
: T iz /1
<« tsu(RDY  BCLK)
RDY received timing
Multiplexed bus (2 wait)
1st cycle 2nd cycle 3rd cycle 4th cycle

RD !
csi A
i=0t03) ----
(=0t3) (Note) |
RDY i

@ : wait using RDY signal
%’f{? : Wait using software

tSU(RDY-BCLK)=RDY input setup time
RDY signal received timing for i wait(s): i+ 1 cycles (i=1to 3)

*

RDY received timing

Note: Chip select (C_Si) may get longer by a state of CPU such as an instruction queue buffer.

PRl 5| tsu(RDY - BCLK)

Figure 1.7.4. Example of RD signal extended by RDY signal

MITSUBISHI
ELECTRIC

59



e & i Mitsubishi Microcomputers
oS Rev.B2 for proof reading e o

(2
¢ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Bus Control

(6) Hold signal
The hold signal is used to transfer the bus privileges from the CPU to the external circuits. Inputting “L”
to the HOLD pin places the microcomputer in the hold state at the end of the current bus access. This
status is maintained and “L” is output from the HLDA pin as long as “L” is input to the HOLD pin. Table
1.7.8 shows the microcomputer status in the hold state. The bus is used in the following descending
order of priority: HOLD, DMAC, CPU.

HOLD > DMAC > CPU

Figure 1.7.5. Example of RD signal extended by RDY signal

Table 1.7.8. Microcomputer status in hold state

Item Status
Oscillation ON
RD/WR signal, address bus, data bus, CS, BHE Floating
Programmable 1/O ports: PO to P15 Maintains status when hold signal is received
HLDA Output “L”
Internal peripheral circuits ON (but watchdog timer stops)
ALE signal Output “L”

(7) External bus status when accessing to internal area
Table 1.7.9 shows external bus status when accessing to internal area

Table 1.7.9. External bus status when accessing to internal area

ltem SFR accessing status | Internal ROM/RAM accessing status
Address bus Remain address of external area accessed immediately before

Data bus|When read | Floating

When write | Floating

RD, WR, WRL, WRH | Output "H"

BHE Remain external area status accessed immediately before
CS Output "H"
ALE ALE output

(8) BCLK output
BCLK output can be selected by bit 7 of the processor mode register 0 (address 000416 :PM07) and bit
1 and bit O of the system clock select register 0 (address 000616 :CM01, CM00). Setting PMO07 to “0”
and CM01 and CMO0O to “00” outputs the BCLK signal from P53. However, in single chip mode, BCLK
signal is inactive. When setting PMO07 to “1”, the function is set by CM01 and CMOO.
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(9) DRAM controller signals (RAS, CASL, CASH, and DW)
Bits 1, 2, and 3 of the DRAM control register (address 000416) select the DRAM space and enable the
DRAM controller. The DRAM controller signals are output when the DRAM area is accessed. Table
1.7.10 shows the operation of the respective signals.

Table 1.7.10. Operation of 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 of data from even address

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

8-bit L L Not used H Read 1 byte of data
L L Not used L Write 1 byte of data

(10) Software wait
A software wait can be inserted by setting the wait control register (address 000816). Figure 1.7.6 shows
wait control register.
You can use the external area i wait bits (where i = 0 to 3) of the wait control register to specify from “No
wait” to “3 waits” for the external memory area. When you select “No wait”, the read cycle is executed in
the BCLK1 cycle. The write cycle is executed in the BCLK2 cycle (which has 1 wait). When accessing
external memory using the multiplex bus, access has two waits regardless of whether you specify “No
wait” or “1 wait” in the appropriate external area i wait bits in the wait control register.
Software waits in the internal memory (internal RAM and internal ROM) can be set using the internal
memory wait bits of the processor mode register 1 (address 000516). Setting the internal memory wait
bit = “0” sets “No wait”. Setting the internal memory wait bit = “1” specifies a wait.
SFR area is accessed with either "1 wait" (BCLK 2-cycle) or "2 waits" (BCLK 3-cycle) by setting the SFR
wait bit (bit 3) of the processor mode register 1 (address 000516). SFR area of CAN must be accessed
with "2 waits".
Table 1.7.11 shows the software waits and bus cycles. Figures 1.7.7 and 1.7.8 show example bus timing
when using software waits.
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Wait control register (Note 1, 2)
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
TTTTT T 1] we 000815 e

A Bit symbol Bit name Function RIW
I b1 b0 ‘
opop 1ty WCRO ) Externalarea0 0 0: Without wait 00
or o 0 1: With 1 wait !
T T T WCR1 1 0: With 2 waits O: 0O
E : : : : : 1 1: With 3 waits ‘
- b3 b2 1
E . Voo e WCR?2 \I/Ev);ti?rbr;?l area l 0 0: Without wait 0.0
Lo 0 1: With 1 wait :
A WCR3 1 0: With 2 waits 00
oo 1 1: With 3 waits !
Voo b5 b4 l
Voo T WCR4 External area 2 0 0: Without wait 0.0
o wait bit 0 1: With 1 wait ‘.
A WCR5 1 0: With 2 waits 00
o 1 1: With 3 waits !
b WCR6 b7TE . |
' External area 3 0 0: Without wait 00
E wait bit 0 1: With 1 wait
R L CE LR EREE WCR7 1 0: With 2 waits !

1 1: With 3 waits 0.0

Note 1: When using the multiplex bus configuration, there are two waits regardless of whether you have
specified "No wait" or "1 wait". However, you can specify "2 waits" or "3 waits".

Note 2: When using the separate bus configuration, the read bus cycle is executed in the BCLK1 cycle,
and the write cycle is executed in the BCLK2 cycle (with 1 wait).

Figure 1.7.6. Wait control register

Table 1.7.11. Software waits and bus cycles

Are B tat SFR area Internal External memory Bus cvcle
rea us status wait bit memory wait bit area i wait bit us cy
- _— 2 BCLK cycles
SFR 0 Y
—_— 1 _— - 3 BCLK cycles
Internal - - 0 —_— 1 BCLK cycle
ROM/RAM — —_— 1 — 2 BCLK cycles
002 Read :1 BCLK cycle
Write : 2 BCLK cycles
2 BCLK cycles
Separate bus e — 012 Y
102 3 BCLK cycles
External 112 4 BCLK cycles
memory
area 002 3 BCLK cycle
012 3 BCLK cycles
Multiplex bus 102 3 BCLK cycles
112 4 BCLK cycles
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< Separate bus (no wait) > Bus cycle (Note) Bus cycle (Note)
BCLK |
Write signal
Read signal
Address bus (Note 2) X Address >< XAddressX X
Chip select (Note 2,3)
< Separate bus (with wait) >
Bus cycle (Note) Bus cycle (Note)
BCLK |
Write signal
Read signal
Data bus ——COutput > { Input}
Address bus (Note 2) >< Address X >< Address X
Chip select (Note 2,3)
< Separate bus with 2 wait >
Bus cycle (Note 1) Bus cycle (Note 1)
BCLK
Write signal
Read signal
< \ VAN
Data bus Data output )i { Input ¥
Address bus (Note 2) ( Address X X Address >7
Chip select (Note 2,3) |
Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this
bus cycle.
Note 2: Address bus and chip select may get longer depending on the state of CPU such as an instruction
queue buffer. _
Note 3: When accessing same external area (same CS area) continuously, chip select may output
continuously.

Figure 1.7.7. Typical bus timings using software wait

* MITSUBISHI
ELECTRIC 63



e & i Mitsubishi Microcomputers
oS Rev.B2 for proof reading e o

@
o SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Bus Control
< Separate bus (with 3 wait) >
Bus cycle (Note) Bus cycle (Note)
I< L |-t
BCLK | | L
Write signal
Read signal
Data bus >—< Data output X > ( Input)-
Address >< Address X >< Address >—
(Note 2)
Chip select | |
(Note2,3)  /—— -
< Multiplexed bus (with 2 wait) >
Bus cycle (Note) Bus cycle (Note)
o |-t o
BCLK l
Write signal
Read signal
ALE
Address < Address X X Address )—
Address bus/Data bus AddressX Data output X XAddress\ {input)
(Note 2) X P / \lnpm/
Chip select | |
(Note 2,3 L @@l
< Multiplexed bus (with 3 wait) >
Bus cycle (Note) Bus cycle (Note)
|< o -t L
BCLK |
Write signal
Read signal
Address < Address X X Address >»
Address bus —\
/Data bus ( <Address >< Data output X XAddress> (Input)
Note 2)
ALE
Chip select
(Note2,3y (e
Note 1: This timing example shows bus cycle length. Read cycle and write cycle may be continued after this
bus cycle.
Note 2: Address bus and chip select may get longer depending on the state of CPU such as an instruction
queue buffer. _
Note 3: When accessing same external area (same CS area) continuously, chip select may output
continuously.

Figure 1.7.8. Typical bus timings using software wait
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Clock Generating Circuit

System Clock

Clock Generating Circuit

The clock generating circuit contains three oscillator circuits as follows:
(1) Main clock generating circuit
(2) Sub clock generating circuit
(3) Ring oscillator (oscillation stop detect function)

Table 1.8.1 lists the clock generating circuit specifications and Table 1.8.2 lists registers controlling each
clock generating circuit. Figure 1.8.1 shows block diagram of the system clock generating circuit. Figure
1.8.2 to 1.8.5 show clock control related registers.

Table 1.8.1. The clock oscillation circuit specifications

Main clock Sub clock ; ;
Item generating circuit generating circuit Ring oscillator
Use of clock * CPU's operating | » CPU's operating » CPU's operating
clock source clock source clock source when
« Internal peripheral | » Timer A/B's count | main clock
unit's operating clock source frequency stops
,,,,,,,,,,,,,,,,,,,,,,,, clocksource |
Clock frequency | 0to 30 MHz 32.768 kHz About 1 MHz

Usable oscillator | * Ceramic oscillator | « Crystal oscillator
« Crystal oscillator

Pins to connect | XIN, XoUT XCIN, XcouT

oscillator

Oscillation stop/ | Presence Presence Presence
restart function

Oscillator status | Oscillating Stopped Stopped
after reset

Other Externally derived clock can be input

Table 1.8.2. Control registers for each clock generating circuits

Clock generating circuit Control register

Main clock System clock control register O (address 000616) :CMO
System clock control register 1 (address 000716) :CM1
Main clock divide register (address 000C16) : MCD

Sub clock System clock control register 0 (address 000616) : CMO
System clock control register 1 (address 000716) :CM1
Oscillation stop detect function Oscillation stop detect register (address 000D16) : CM2

Note : CMO, CM1, CM2 and MCD registers are protected from a false write by program runaway. When you
want to rewrite these registers, set "1" to bit O of protect register (address 000A16) to release protect,
then rewrite the register.
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Clock Generating Circuit

Main clock
XIN Xout

—>—fAD
»—[} f1

Ring oscillator
circuit

CMO05
Lomert >
cmoz@
c . d
>t
Sub clock
s qQle Xcin - Xcout
(Wait mode) WAIT instruction ——|R
BCLK
Software reset
CM04—
RESET L
NMI »
Interrupt request level
judgment output
a_)
(Stop mode) Write "1" to CM10 ——{S Q
R

CMOi : Bit i at system clock control register 0 (address 000616)
CML1i : Biti at system clock control register 1 (address 000716)
CM2i : Biti at oscillation stop detect register (address 000D16)

Divider 2 Bit 7 at address 035F16

c—o0 1/n 12 d

Divide rate 2n (n=0 to 15) is set by bit 0 to 3 at count source prescaler register (address 035Fz16)

Ring i
oscnlator Clock edge detect
i Clock Icharge and Charge and Interrupt
from( }——— discharge — discharge generating Int .
ircui circuit circuit nterrup
XIN circuit control ?[} request signal
Watchdog timer

interrupt
. . - Ring oscillator
Rin illator circuit
o g oscillator circu » clock

. CM21 switch
" select signal

Figure 1.8.1. Clock generating circuit
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Clock Generating Circuit

b7 b6 b5

System clock control register O (Note 1)

b4 b3 b2 bl b0

Note 3:
Note 4.

Note 5:

Note 6:

Note 7:
Note 8:

| | Symbol Address When reset
1 1 1T VN 1 CMO 000616 0000 X0002
: A T symbol Bit Function R'W
Do on | 2120 |
b by CMoo | Clack output fundtion | 50 1o port P53 00
e select bit (Note 2) 0 1: fc output
Vor o ] CcMo1 10: fs output !
: 11: f32 output O;O
A cMo2 | WAIT peripheral 0 : Do not stop peripheral clock
R function clock stop bit in wait mode 00
R 1: Stop peripheral clock in 1
oo wait mode (Note 3) |
A Nothing is assigned. L
- When write, set "0". When read, their contents are indeterminate. 1
E i E E Port Xc select bit 0: I/O port |
e cMo4 1 : XcIN-XcouT generation (Note 4) Ofo
P Main clock (XIN-XouT) | O : Main clock On |
.- ] CMO5 ’ ! |
Py TTTTTmTmEmmnees stop bit (Note 5) 1 : Main clock Off (Note 6) ©0
Watchdog timer 0 : Watchdog timer interrupt
vooTTTTTTT T CM06 function select bit 1: Reset (Note 7) O:O
System clock select bit | 0 : XIN, XouT
Sommmmmmmmmmmmmmmmmee o CcMmo7 (Note 8) 1 : XCIN, XcouT OJO

: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.
: The port P53 dose not function as an 1/0 port in microprocessor or memory expansion

mode.

When outputting ALE to P53 (bits 5 and 4 of processor mode register 0 is "01"), set
these bits to "00".

The port P53 function is not selected, even when you set "00" in microprocessor or
memory expansion mode and bit 7 of the processor mode register 0 is "1".

fc32 is not included. When this bit is set to "1", PLL cannot be used in WAIT.

When XcIN-XcouT is used, set port P86 and P87 to no pull-up resistance with the input
port.

When entering the power saving mode, the main clock is stopped using this bit. To stop
the main clock, set system clock stop bit (CMQ7) to "1" while an oscillation of sub clock is
stable. Then set this bit to "1".

When XIN is used after returning from stop mode, set this bit to "0".

When this bit is "1", XouT is "H". Also, the internal feedback resistance remains ON, so
XIN is pulled up to XouT ("H" level) via the feedback resistance.

When the main clock is stopped, the main clock division register (address 000C1s) is set
to the division by 8 mode.

However, in ring oscillator mode, the main clock division register is not set to the division
by 8 mode when XIN-XouT is stopped by this bit.

When "1" has been set once, "0" cannot be written by software.

Set this bit "0" to "1" when sub clock oscillation is stable by setting CM04 to "1".

Set this bit "1" to "0" when main clock oscillation is stable by setting CM05 to "0".

Do not set CM04 and CMO5 simultaneously.

Figure 1.8.2. Clock control related register (1)
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68

System clock control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl b0 Svmbol Add Wh .
ymbo ress en rese
|°| °| 1| °| °| 0 o] | & 000716 001000002
¢ Bt symbol Bit Function R'W
S e V i1 All clock stop control bit | 0 : Clock on OEO
A R (Note 2) 1 : All clocks off (stop mode) (Note 3) [~
Reserved bit Must set to “0" 00
; . R Reserved bit Must set to “1” 0.0
----------------------- Reserved bit Must set to “0” OEO

Note 1: Set bit O of the protect register (address 000A16) to “1” before writing to this register.
Note 2: When this bit is "1", XouT is "H", and the internal feedback resistance is disabled. XcIN
and XcouT are high-inpedance.
Note 3: When all clocks are stopped (stop mode), the main clock division register
(address 000C1s) is set to the division by 8 mode.

Main clock division register (Note 1)

b7 b6 b5 b4 b3 b2 bl bo

00100 : Division by 4 mode
00110 : Division by 6 mode

|><|><|><| | | | | | Symbol Address When reset

BN I N MCD 000C16 XXX010002
1+ [ Bitsymbol Bit name Function RW
' ' ' 1 . L. b4 b3 b2 bl b0 !
P v MeDo th)/:f&gltgcg 2'1';’ ision select | 1 5010 : No division mode 00
Voo ’ 00010 : Division by 2 mode 1
E . ] MCD1 00011 : Division by 3 mode 00

VTt MCD2 01000 : Division by 8 mode O}O
, 01010 : Division by 10 mode 1
] MCD3 01100 : Division by 12 mode 00
01110: D!v!s!on by 14 mode ‘
b MCD4 00000 : Division by 16 mode OEO

Nothing is assigned.
When write, set "0". When read, their contents are indeterminate.

Note 1: Set bit O of the protect register (address 000A16) to “1” before writing to this register.

Note 2: These bits are "010002" (8-division mode) when main clock is stopped or you shift to stop
mode. However, in ring oscillator mode, this register is not set to the division by 8 mode when
XIN-XouT is stopped by main clock stop bit.

Note 3: Do not attempt to set combinations of values other than those shown in this figure.

Note 4: SFR area of CAN is accessed with no division mode.

Figure 1.8.3. Clock control related registers (2)
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Oscillation stop detect register (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

lofojojol [ [ 1]

Symbol Address When reset
CcM2 000D16 0016
Bit Bit name Function RIW
symbol '
1
cM20 Oscillation stop detect | 0: Oscillation stop detect function disabled o ! o
enable bit 1: Oscillation stop detect function enabled | !
Main clock switching bit | 0: XiN selected '
M21 . . X
c (Note 2,3) | 1: Ring oscillator selected o :O
. . . 1
cM22 Oscillation stop detect | O: Ignored o 00
flag (Note 4) | 1: Detect oscillation stop !
1
1
cM23 XIN clock monitor flag 0: XIN osullatm . O:f
(Note 5) | 1: XiN not oscillating !
1
—_— 0,0
1
i
1
) O :O
Reserved bit Must set to "0" .
1
— 00
1
|
0,0
1

Note 1: Set bit O of the protect register (address 000A16) to "1" before writing to this register.

Note 2: When XIN oscillation stop is detected in CM20="1", this bit becomes "1".

After this, although XIN starts oscillating, this bit does not become "0". When you change to XIN as

system clock after XiN restarts oscillating, write "0" to this bit.
Note 3: When CM20="1" and CM22="1", this bit cannot be written.

Note 4: When detecting oscillation stop, this bit becomes "1". "0" can be written by software.
When "0" is written during XIN oscillation stop, this bit does not becomes "1" although XIN oscillating stops.
Note 5: XIN state is judged by reading this bit several times in oscillation stop interrupt process program.

Figure 1.8.4. Clock control related register (3)
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Count source prescale register
b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset
5 5 5 TCSPR 035F16 0XXX 00002
Bit Bit name Function R :W
P4 o+ 1+ 1 1| symbol ;
A b3b2b1b0 !
P1ob b b b1 % CNTO 0 0 0 0: No-division O:O
00 0 1: Division by 2 !
00 1 0: Division by 4 !
R CNTL 00 1 1: Division by 6 O:O
Division rate select bit : (Note) ;
e CNT2 - offe
oo 11 0 1: Division by 26 :
oo 11 1 0: Division by 28 '
bbb R CNT3 111 1: Division by 30 OH®)
N !
R !
Do e — —i-
A Nothing is assigned. When write, set to "0". e
P When read, their contents are indeterminate. |
P i
] - i
: :
cst lo . ble bi 0: Divider stops !
peration enable bit 1: Divider starts O:O
Note : Write to these bits during the count stop.
VDC control register for PLL (Note 1)
b7 b6 bS b4 b3 b2 bl boO Symbol Address When reset
| | | | | | | | | PLV 001716 XXXXXX012
Bit Bit name Function R 1W
Pobo o b b1 i [ symbol 3
IR PLL VDC enable bit 0 : Cut off power to PLL
PLV00 (Note 2)| 1: Power to PLL O}O
A — | Reserved bit Must set to "0" 0:0
___________________________ | Nothing is assigned. When write, set to "0". _ : B
When read, their contents are indeterminate. :
Note 1: When rewriting this register, set bit 3 of protect regiser (address 000A16) to "1".
Note 2: Set this bit to "0" before shifting to stop mode.

Figure 1.8.5. Clock control related register (4)
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(1) Main clock

The main clock is a clock source for CPU operation and peripheral I/O. Figure 1.8.6 shows example of a

main clock. When a reset, the clock oscillates and after a reset, the clock is divided by 8 to the BCLK
(CPU operating clock).

(a) Main clock On/Off function
» Main clock (XIN-XouT) stop bit of system control register 0 (bit 5 at address 000616)
0: Main clock On
1: Main clock Off
Also, the clock is stopped by shifting to the stop mode.

« All clock stop control bit of system control register 1 (bit O at address 000716)
0: Clock on

1: All clocks off (stop mode)

Microcomputer _ I_\/Iicrocomputer
(Built-in feedback resistance) (Built-in feedback resistance)
XIN Xout XIN Xout

Open
(Note)
Rad
||:|| Externally derived clock
(L1
L

e Tewr WL

Note: Insert a damping resistance if required. The resistance will vary depending on
the oscillator setting. Use the value recommended by the maker of the oscillator.
Insert a feedback resistance between XIN and XouT when an oscillation
manufacture required.

Figure 1.8.6. Examples of main clock
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(2) Sub clock
The sub clock is a clock source for CPU operation and count source for timer A and B. Figure 1.8.7
shows example of sub clock. When the sub clock is used, set ports P86 and P87 to no pull-up resistance
with the input port. No sub clock is generated during and after a reset.

(a) Sub clock On/Off function
When you want to use sub clock, set the following bit and sub clock enabled.
* Port Xc select bit of system control register O (bit 4 at address 000616)
0: 1/0 port (sub clock off)
1: XIN-XouT generation (sub-clock on)
Also, shifting to the stop mode stops the clock.
* All clock stop control bit of system control register 1 (bit O at address 000716)
0: Clock On
1: All clock stop (stop mode)

Microcomputer Microcomputer
(Built-in feedback resistance) (Built-in feedback resistance)
XCIN Xcout XcIN Xcout

Note: Insert a damping resistance if required. The resistance will vary depending on
the oscillator and the oscillation drive capacity setting. Use the value
recommended by the maker of the oscillator.

When the oscillation drive capacity is set to low, check that oscillation is stable.
Insert a feedback resistance between XcIN and XcouT when an oscillation
manufacture required.

Open
(Note)
Rcd
IDI Externally derived clock

Vss

Figure 1.8.7. Examples of sub clock
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(3) Oscillation stop detect function (OSD function)
This function monitor the main clock (XIN pin). When main clock is stopped, internal ring oscillator starts
ocsillation and replace the main clock. Then oscillation stop detect interrupt process is operated.
When frequency of main clock is less or equal than 2MHz, this function does not work.

(a) OSD function enable/disable
» OSD enable bit of oscillation stop detect register (bit O at address 000D16)
0: OSD function disabled
1: OSD function enabled
Set OSD enable bit (bit 0) of oscillation stop detect register to "0" to disable OSD function before
setting stop mode. Stop mode is canceled before setting this bit to "1".

(b) Operation when oscillation stop detects

1) When XIN oscillation stops, a built in ring oscillation starts as a main clock automatically.

2) OSD interrupt request is generated, jump to an address FFFFFO16 to FFFFF316 allocated fixed
vector table (watchdog timer interrupt vector) and execute program of jump address.

3) OSD interrupt shares vector table with watchdog timer interrupt. When using both OSD and watch-
dog timer interrupts, read and judge OSD flag in interrupt process routine.

OSD flag of oscillation stop detect register (bit 2 at address 000D16)
1: Oscillation stop detects

4) XIN does not become main clock although XiN On after oscillation stop detects. When you want XIN

to be main clock, execute a process shown in Figure 1.8.8.

(' XN switching )

o

|
A
-

Oscillation stop detect register (address 000D16)
bit 3: XiN clock monitor flag

XIN is ON

0: XINON
1: XINOFF
Confirm XIN is ON several times
Write "0" to OSD flag bit2: Oscillation stop detect flag

Write "0" to main clock
select bit

bit 1: Main clock select bit
0: XIN selected
1: Ring oscillator selected

End

Figure 1.8.8. Main clock switching sequence
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CPU clock (BCLK)

Main clock, sub clock or clock from ring oscillator can be selected as clock source for BCLK.
System clock select bit of system clock control register (bit 7 at address 000616)
0: Main clock is selected (XIN-XOUT)
1: Sub clock is selected (XCIN-XCOUT)
Main clock select bit of oscillation stop detect register (bit 1 at address 000D16)
0: Main clock is selected (XIN-XOUT)
1: Clock from ring oscillator is selected

Table 1.8.3. BCLK source and setting bit

BCLK source System clock select bit Main clock select bit
(Bit 7 of address 000616) (Bit 1 of address 000D16)
Main clock (XIN-XouT) 0 0
Sub clock (XcIN-XcouT) 1 0
Ring oscillator 0 1

When main clock or ring oscillator clock is selected as clock source for BCLK, the BCLK is the clock
derived by dividing the main clock or ring oscillator clock by 1, 2, 3, 4, 6, 8, 10, 12, 14 or 16.

Main clock divide rate select bit of main clock division register (bit O to 4 at address 000C16)

The BCLK is derived by dividing the main clock (XIN-XouT) by 8 after a reset. (Main clock division register
= "XXX010002")

When main clock is stopped under changing to stop mode or selecting XIN-XouT (main clock select bit =
"0"), the main clock division register is set to the division by 8 ("XXX010002").

When ring oscillator clock is selected as clock source for BCLK, although main clock is stoped, the
contents of main clock division register is maintained.

Peripheral function clock

Main clock, sub clock, PLL clock or ring oscillator clock can be selected as clock source for peripheral
function.
(1) f1, fs, fon
The clock is derived from the main clock or by dividing it by 1, 8 or 2n (n=1 to 15). It is used for the
timer A and timer B counts and serial I/O and UART operation clock.
The f2n division rate is set by the count source prescaler register. Figure 1.8.5 shows the count source
prescaler register.
(2) faD
This clock has the same frequency as the main clock or ring oscillator clock and is used for A-D
conversion.
(3) fc32
This clock is derived by dividing the sub clock by 32. It is used for the timer A and timer B counts.
(4) fPLL
This clock is 80 MHz generated by PLL synthesizer. It is used for the intelligent 1/O group 3.
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Clock Generating Circuit

Clock Output

You can output clock from the P53 pin.
» BCLK output function select bit of processor mode register 0 (bit 7 at address 000416)
» ALE select bits of processor mode register 1 (bit 4 and 5 at address 000516)

» Clock output function select bits of system clock select register (bits 1 and 0 at address 000616)

ooig&«e“‘ Rev.B2 for proof reading

Mitsubishi Microcomputers

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

Table 1.8.4 shows clock output setting (single chip mode) and Table 1.8.5 shows clock output setting
(memory expansion/microprocessor mode).

Table 1.8.4. Clock output setting (single chip mode)

BCLK So(;gpctitbfit:nction Clock ;)gltggttg::nction ALE pin select bit P53/BC_LK/ALE_/CLKOUT
PMO7 cMmo1 CMO00 PM15 PM14 pin function
Ignored 0 0 Ignored Ignored P53 1/O port
1 (0] 1 Ignored Ignored | fc output (Note)
1 1 0 Ignored Ignored fs output (Note)
1 1 1 Ignored Ignored f32 output (Note)

Note :Must use P57 as input port.

Table 1.8.5. Clock output setting (memory expansion/microprocessor mode)

BCLK output function Clock output function ALE pi lect bit
select bit select bit pin select bi P53/BC_|—Kf/ALE/CLKOUT
PMO7 CMO1 CMOO PM15 PM14 pin function

0 0 0 BCLK output
1 0 0 0.0 "L" output (not P53)
1 0 1 " Q" fc output
1 1 0 L1 f8 output
1 1 1 f32 output

Ignored 0 0 0 1 ALE output

Note: The processor mode register 0 and 1 are protected from false write by program run away.

Set bit 1 to "1" at protect register (address 000A16) and release protect before rewriting processor
mode register 0 and 1.
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Power Saving

Power Saving
There are three power save modes. Figure 1.8.9 shows the clock transition between each of the three
modes, (1), (2), and (3).

* Normal operating mode
CPU and peripheral function operate when supplying clock. Power dissipation is reduced by making
BCLK slow.

» Wait mode
BCLK is stopped. Peripheral function clock is stopped as desired. Main clock and sub clock isn't
stopped. Power dissipation is reduced than normal operating mode.

* Stop mode (Note 1)
Main clock, sub clock and PLL synthesizer are stopped. CPU and peripheral function clock are
stopped. Power dissipation is the most few in this mode.
Note :When using stop mode, oscillation stop detect function must be canceled.

(1) Normal operating mode

High-speed mode
Main clock one cycle forms CPU operating clock.
Medium-speed mode
The main clock divided into 2, 3, 4, 6, 8, 10, 12, 14, or 16 forms CPU operating clock.
Low-speed mode
Subclock (fc) forms CPU operating clock.
Low power-dissipation mode
This mode is selected when the main clock is stopped from low-speed mode. Only the peripheral
functions for which the subclock was selected as the count source continue to run.
Ring oscillator mode
The ring oscillator clock divided into 2, 3, 4, 6, 8, 10, 12, 14, or 16 forms CPU operating clock.
Ring oscillator low power-dissipation mode
This mode is selected when the main clock is stopped from low-speed mode.

When switching BCLK from ring oscillator to main clock, switch clock after main clock oscillates fully
stable. After setting divided by 8 (main clock division register =0816) in ring oscilltor mode, switching
to the middle mode (divided by 8) is recommended.

(2) Wait mode
In wait mode, BCLK is stopped and CPU and watchdog timer operated by BCLK are halted. The main
clock, subclock and ring oscillator clock continue to run.

(a) Shifting to wait mode
Execute WAIT instruction.

(b) Peripheral function clock stop function
The f1, f8 and f2n being supplied to the internal peripheral functions stops. The internal peripheral
functions operated by the clock stop.
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Power Saving

WAIT peripheral function clock stop bit of system clock control register O (bit 2 at address 000616)
0: Do not stop f1, fg and f2n in wait mode and do not stop supplying clock to PLL circuit
1: Stop f1, f8 and f2n in wait mode and stop supplying clock to PLL circuit

(c) The status of the ports in wait mode
Table 1.8.6 shows the status of the ports in wait mode.

(d) Exit from wait mode
Wait mode is cancelled by a hardware reset or interrupt. If a peripheral function interrupt is used to
cancel wait mode, set the following registers.

Interrupt priority set bits for exiting a stop/wait state of exit priority register (bits 0 to 2 at address
009F16) :RLVLO to RLVL2
Set the same level as the flag register (FLG) processor interrupt level (IPL).
Interrupt priority set bits of interrupt control register (bits 0 to 2)
Set to a priority level above the level set by RLVLO to RLVL2 bits
Interrupt enable flag of FLG register
=1

When using an interrupt to exit Wait mode, the microcomputer resumes operating the clock that was oper-
ating when the WAIT command was executed as BCLK from the interrupt routine.

Table 1.8.6. Port status during wait mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode

Address bus, data bus, CSO to CS3, Retains status before wait mode

BHE

RD, WR, WRL, WRH, DW, CASL, CASH “H (Note)

RAS “H» (Note)

HLDA,BCLK “H”

ALE “L”

Port Retains status before wait mode

CLKouTt When fc selected Does not stop

When fs, f32 selected Does not stop when the WAIT peripheral function clock stop bit is

“0”. When the WAIT peripheral function clock stop bit is “1”, the
status immediately prior to entering wait mode is maint ained.

Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L".
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Power Saving

(3) Stop mode
All oscillation, main clock, subclock, and PLL synthesizer stop in this mode. Because the oscillation of
BCLK and peripheral clock stops in stop mode, peripheral functions such as the A-D converter, timer A
and B, serial I/O, intelligent I/O and watchdog timer do not function.
The content of the internal RAM is retained provided that Vcc remains above 2.5V.
When changing to stop mode, the main clock division register (000C16) is set to “XXX010002” (division by
8 mode).

(a) Changing to stop mode
All clock stop control bit of system clock control register 1 (bit 0 at address 000716)
0: Clock ON
1: All clocks off (stop mode)
Before changing to stop mode, set bit 7 of PLL control register 0 (address 037616) to "0" to stop PLL.
Also, set bit 0 of VDC control register for PLL (address 001716) to "1" to turn PLL circuit power off.

(b) The status of the ports in stop mode
Table 1.8.7 shows the status of the ports in stop mode.

(c) Exit from stop mode
Stop mode is cancelled by a hardware reset or interrupt. If a peripheral function interrupt is used to
cancel stop mode, set the following registers.
« Interrupt priority set bits for exiting a stop/wait state of exit priority register (bits 0 to 2 at address 009F16) :RLVLO to RLVL2
Set the same level as the flag register (FLG) processor interrupt level (IPL).
* Interrupt priority set bits of interrupt control register (bits 0 to 2)
Set to a priority level above the level set by RLVLO to RLVL2 bits
* Interrupt enable flag of FLG register
=1
When exiting from stop mode using peripheral interrupt request, CPU operates the following BCLK
and the relevant interrupt routine is executed.
» When subclock was set as BCLK before changing to stop mode, subclock is set to BCLK after
cancelled stop mode
* When main clock was set as BCLK before changing to stop mode, the main clock division by 8 is set
to BCLK after cancelled stop mode.

Table 1.8.7. Port status during stop mode

Pin Memory expansion mode Single-chip mode
Microprocessor mode
Address bus, data bus, CS0 to CS3, BHE Retains status before stop mode
RD, WR, WRL, WRH, DW, CASL, CASH “H (Note)
RAS “H» (Note)
HLDA, BCLK “H”
ALE “H”
Port Retains status before stop mode
CLKouTt When fc selected “H”
When f8, f32 selected Retains status before stop mode

Note :When self-refresh is done in operating DRAM control, CAS and RAS becomes “L".
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Power Saving

' Reset '

~ ™)
A J
s ~N
Interrupt Middle-speed mode
P (divided by 8 mode)
- J
All oscillation is stopped + Note 1 ) )
— . ~ ~ WAIT instruction
CM10="1 High-speed / < interrupt
Stop mode middle-speed mode < e
J
Note 1, 5 Note 2, 4
All oscillation is stopped
CMlO:Vllu f \
- WAIT instruction
Stop mode % Note 3 L_ow' spt_aed/ low power < .
dissipation mode interrupt
- J
Interrupt ~
Note 1
Xin oscillation is stopped

Interrupt WAIT instruction

Detect

Ring oscillator / ring oscillator Note 6 ‘
low power dissipation mode

; Normal operation mode _/

oscillation stop interrupt

Note 1 :Switch clocks after the main clock oscillation is fully stabled.

Note 2 :Switch clocks after oscillation of sub clock is fully stable.

Note 3 :The main clock division register is set to the division by 8 mode (MCD="0816").

Note 4 :When changing to low power dissipation mode, the main clock division register is set to
the division by 8 mode (MCD="0816").

Note 5 :Low power dissipation mode can not be changed to high-speed / middle-speed mode.

Note 6 :Other oscillation mode cannot be changed to low power dissipation mode.

CPU operation
is stopped

Figure 1.8.9. Clock transition
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Power Saving

Transition of normal mode Seh ook oot

Middle-speed mode (divided-by-8 mode)

/ BCLK :f(XIN)/8
\ CMO07="0" MCD="0816"

Please change according to a direction of an arrow.

I
High-speed/middle-speed mode
|

(" MCD="XX16" ) ) o CM04="1" )
Main clock is oscillating |  Note 1, 3 Main clock is oscillating MCD="XX16"
Sub clock is stopped Sub clock is oscillating w Note 1, 3
/ High-speed mode \ / High-speed mode \
CM21="0"
BCLK :f(XIN) BCLK :f(XIN) < Note 1
CMO07="0" MCD="1216" CM04="0" CM07=*0" MCD="1216"
“—
Middle-speed mode Middle-speed mode
(divided-by-2, 3, 4, 6, 8, 10, 12, 14 and 16 mode) p| (divided-by-2,3,4,6,8, 10, 12, 14 and 16 mode) CM21="1"
BCLK :f(Xm)/division rate CMO04="1" BCLK :f(xm)/division rate Note 1
CMO07="0" MCD="XX16" CMO07="0" MCD="XX16"
Note 3 Note 3
% 4 J
cmo7=0"  Note 1 cmo7="0" Note 1 CMO7="1"
McD="xx16" Note 3 mcD=xx16" Note 3 Note 2
CMO04="0"
Low-speed/low power dissipation mode
I\S/Iaki)n (I:Iof(k. is sto'ﬁp?d cmo7="1" Note 2 Main clock is oscillating
ub clock Is osclllating —uqn . R
Low power CM05="1 Sub clock is oscillating
dissipation mode Low-speed mode v
CMO05="1"
BCLK :f(XcIN) * BCLK :f(Xcin)
CM07="1" )L CM07="1"
cmos="0" Note 4
Ring oscillator/ring oscillator low power dissipation mode
[ Rin_g oscilla_tor is selected Ring oscillator is selected \
Main clock is stopped Main clock is oscillating
Sub clock is stopped Sub clock is oscillating (stopped)
Ring oscillator low power Ring oscillator mode
dissipation mode
CMO05="1"
BCLK: Ring oscillator clock/division rate CM04="0" BCLK: Ring oscillator clock/division rate)
CM21="1" CM21="1"
CMO05="1" > CMO5="0"
CMO05="0"
\_ (CM04="1") )

Note 1: Switch clocks after oscillation of main clock is fully stable.

Note 2: Switch clocks after oscillation of sub clock is fully stable.

Note 3: Set the desired division to the main clock division register (MCD).
Note 4: Set to divided by 8 mode (MCD is set to "0816").

Figure 1.8.10. Clock transition
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Protection
The protection function is provided so that the values in important registers cannot be changed in the event
that the program runs out of control. Figure 1.8.11 shows the protect register. The following registers are
protected by the protect register.
(1) Registers protected by PRCO (bit 0)
 System clock control registers 0 and 1 (addresses 000616 and 000716)
» Main clock division register (address 000C16)
* Oscillation stop detect register (address 000D16)
» PLL control register 0 (address 037616)
(2) Registers protected by PRC1 (bit 1)
 Processor mode registers 0 and 1 (addresses 000416 and 000516)
» Three-phase PWM control registers 0 and 1 (addresses 030816 and 030916)
(3) Registers protected by PRC2 (bit 2)
* Port P9 direction register (address 03C716)
* Function select register A3 (address 03B516)
(4) Registers protected by PRC3 (bit 3)
» VDC control register for PLL (address 001716)
» VDC control register O (address 001F16)

If, after “1” (write-enabled) has been written to the PRC2, a value is written to any address, the bit automati-
cally reverts to “0” (write-inhibited). Change port P9 input/output and function select register A3 immedi-
ately after setting "1" to PRC2. Interrupt and DMA transfer should not be inserted between instructions.
However, the PRCO, PRC1 and PRC3 do not automatically return to “0” after a value has been written to an
address. The program must therefore be written to return these bits to “0”".
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Protect register

b7 b6 b5 b4 b3 b2 bl b0

DW | | | | Symbol Address When reset
PRCR 000A16 XXXX00002
sy%ig)ol Bit name Function R'W

Enables writing to system clock control registers O
and 1 (addresses 000616 and 000716), main clock
. division register (address 000C16), oscillation stop
1 PRCO | Protectbit 0 | detect register (address 000D16) and PLL control |©
register O (address 037616)
0 : Write-inhibited

1 : Write-enabled

fmmmmmmmmmm

@)

Enables writing to processor mode registers 0 and
1 (addresses 000416 and 000516) and three- |
o . phase PWM control register 0 and 1 (addresses |

PRCL | Protectbit1l | h3ng:5 and 030916) o
0 : Write-inhibited '
1 : Write-enabled

O

Enables writing to port P9 direction register (

. address 03C716) and function select register A3
--------- PRC2 Protect bit 2 (address 038516) ®)
(Note 1)| 0 : Write-inhibited
1 : Write-enabled

O

Enables writing to VDC control register for PLL (
___________ address 001716), VDC control register 0 and 1 (
PRC3 | Protect bit3 | addresses 001F16 and 001B16) (@)
0 : Write-inhibited

1 : Write-enabled (Note 2)

O

Nothing is assigned.
When write, set “0”. When read, their contents are indeterminate.

Note 1: Writing a value to an address after “1” is written to this bit returns the bit
to “0”. Other bits do not automatically return to “0” and they must therefore
be reset by the program.

Note 2: User cannot use. Writing to VDC control registers 0 and 1 (addresses
001F16, 001B16) is enabled so that a careful handling is required.

Figure 1.8.11. Protect register
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Interrupt Outline

Types of Interrupts
» Maskable interrupt : An interrupt which can be disabled by the interrupt enable flag (I flag) or
whose interrupt priority can be changed by priority level.
* Non-maskable interrupt : An interrupt which cannot be disabled by the interrupt enable flag (I flag) or
whose interrupt priority cannot be changed by priority level.

Figure 1.9.1 lists the types of interrupts.

[] Undefined instruction (UND instruction)
[[] Overflow (INTO instruction)
Software [ ] BRK instruction
[
U

BRK2 instruction
INT instruction

Interrupt

Special [ ] Watchdog timer

[] Ocsillation stop detection

[l
[l
] [] Single step
[l
[l

1o o
O
Py
D
4

Hardware

[ ] Address matched
Peripheral 1/0™

*1 Peripheral 1/O interrupts are generated by the peripheral functions built into the microcomputer
system. High-speed interrupt can be used as highest priority in peripheral 1/O interrupts.

Figure 1.9.1. Classification of interrupts

Software Interrupts
Software interrupts are generated by some instruction that generates an interrupt request when ex-
ecuted. Software interrupts are nonmaskable interrupts.
(1) Undefined-instruction interrupt
This interrupt occurs when the UND instruction is executed.
(2) Overflow interrupt
This interrupt occurs if the INTO instruction is executed when the O flag is 1.
The following lists the instructions that cause the O flag to change:
ABS, ADC, ADCF, ADD, ADDX, CMP, CMPX, DIV, DIVU, DIVX, NEG, RMPA, SBB, SCMPU, SHA,
SUB, SUBX
(3) BRK interrupt
This interrupt occurs when the BRK instruction is executed.
(4) BRK2 interrupt
This interrupt occurs when the BRK2 instruction is executed. This interrupt is used exclusively for
debugger purposes. You normally do not need to use this interrupt.
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(5) INT instruction interrupt
This interrupt occurs when the INT instruction is executed after specifying a software interrupt number
from O to 63. Note that software interrupt numbers 7 to 54 and 57 are assigned to peripheral 1/O
interrupts. This means that by executing the INT instruction, you can execute the same interrupt
routine as used in peripheral 1/O interrupts.
The stack pointer used in INT instruction interrupt varies depending on the software interrupt number.
For software interrupt numbers 0 to 31, the U flag is saved when an interrupt occurs and the U flag is
cleared to O to choose the interrupt stack pointer (ISP) before executing the interrupt sequence. The
previous U flag before the interrupt occurred is restored when control returns from the interrupt rou-
tine. For software interrupt numbers 32 to 63, such stack pointer switchover does not occur.
However, in peripheral I/O interrupts, the U flag is saved when an interrupt occurs and the U flag is
cleared to O to choose ISP.
Therefore movement of U flag is different by peripheral I/O interrupt or INT instruction in software
interrupt number 32 to 54 and 57.

Hardware Interrupts

There are Two types of hardware Interrupts; special interrupts and Peripheral I/O interrupts.

(1) Special interrupts
Special interrupts are nonmaskable interrupts.

* Reset
A reset occurs when the RESET pin is pulled low.

« NMIl interrupt
This interrupt occurs when the NMI pin is pulled low.

* Watchdog timer interrupt
This interrupt is caused by the watchdog timer.

* Ocsillation stop detect interrupt
This interrupt is caused by the ocsillation stop detect function.
It occurs when detecting the XIN ocsillation is stopped.

e Single-step interrupt
This interrupt is used exclusively for debugger purposes. These interrupts normally do not need to use
this interrupt. A single-step interrupt occurs when the D flag is set (= 1); in this case, an interrupt is
generated each time an instruction is executed.

e Address-match interrupt
This interrupt occurs when the program's execution address matches the contents of the address
match register while the address match interrupt enable bit is set (= 1).
This interrupt does not occur if any address other than the start address of an instruction is set in the
address match register.
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(2) Peripheral I/O interrupts
A peripheral 1/O interrupt is generated by one of the built-in peripheral functions. Built-in peripheral
functions are dependent on classes of products, so the interrupt factors too are dependent on classes
of products. The interrupt vector table is the same as the one for software interrupt numbers 7 through
54 and 57 the INT instruction uses. Peripheral I/O interrupts are maskable interrupts.

* UART related interrupt (UARTO to 4)
- UART transmission/NACK interrupt
- UART reception/ACK interrupt
- Bus collision detection, start/stop condition detection interrupts
This is an interrupt that the serial 1/0 bus collision detection generates. When I2C mode is selected,
start, stop condition interrupt is selected.

* DMAO through DMAZ3 interrupts

» Key-input interrupt
A key-input interrupt occurs if an “L” is input to the KI pin.

* A-D conversion interrupt (ADO, 1)

e Timer A interrupt (TAO to 4)

e Timer B interrupt (TBO to 5)

« INT interrupt (INTO to INT5)
An INT interrupt selects an edge sense or a level sense. In edge sense, an INT interrupt occurs if
either a rising edge or a falling edge is input to the INT pin. In level sense, an INT interrupt occurs if
either a "H" level or a "L" level is input to the INT pin.

« Intelligent 1/O interrupt

* CAN interrupt

High-speed interrupts
High-speed interrupts are interrupts in which the response is executed at 5 cycles and the return is 3
cycles.
When a high-speed interrupt is received, the flag register (FLG) and program counter (PC) are saved to
the save flag register (SVF) and save PC register (SVP) and the program is executed from the address
shown in the vector register (VCT).
Execute an FREIT instruction to return from the high-speed interrupt routine.
High-speed interrupts can be set by setting “1” in the high-speed interrupt specification bit allocated to bit
3 of the exit priority register. Setting “1” in the high-speed interrupt specification bit makes the interrupt set
to level 7 in the interrupt control register a high-speed interrupt.
You can only set one interrupt as a high-speed interrupt. When using a high-speed interrupt, do not set
multiple interrupts as level 7 interrupts. When using high speed interrupt, DMA Il cannot be used.
The interrupt vector for a high-speed interrupt must be set in the vector register (VCT).
When using a high-speed interrupt, you can use a maximum of two DMAC channels.
The execution speed is improved when register bank 1 is used with high speed interrupt register selected
by not saving registers to the stack but to the switching register bank. In this case, switch register bank
mode for high-speed interrupt routine.
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Interrupts and Interrupt Vector Tables
If an interrupt request is accepted, a program branches to the interrupt routine set in the interrupt vector
table. Set the first address of the interrupt routine in each vector table. Figure 1.9.2 shows the format for
specifying the address.
Two types of interrupt vector tables are available — fixed vector table, in which addresses are fixed, and
relocatable vector table, in which addresses can be varied by the setting.

MSB

LSB

Vector address + 0

Low address

Vector address + 1

Mid address

Vector address + 2

High address

Vector address + 3

0016

Figure 1.9.2. Format for specifying interrupt vector addresses

« Fixed vector tables
The fixed vector table is a table in which addresses are fixed. The vector tables are located in an area
extending from FFFFDC16 to FFFFFF16. Each vector comprises four bytes. Set the first address of
interrupt routine in each vector table. Table 1.9.1 shows the interrupts assigned to the fixed vector
tables and addresses of vector tables.

Table 1.9.1. Interrupt factors (fixed interrupt vector addresses)

Interrupt source

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

Remarks

Undefined instruction

FFFFDC16 to FFFFDF16

Interrupt on UND instruction

Overflow

FFFFEO16 to FFFFE316

Interrupt on INTO instruction

BRK instruction

FFFFE416 to FFFFE716

the relocatable vector table

If contents of FFFFE716 is filled with FF16, program
execution starts from the address shown by the vector in

Address match

FFFFES816 to FFFFEB16

There is an address-matching interrupt enable bit

Watchdog timer

FFFFFO16 to FFFFF316

Share it with watchdog timer and oscillation stop detect

interrupt
NMI FFFFF816 to FFFFFB16 External interrupt by input to NMI pin
Reset FFFFFC16 to FFFFFF16
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* Vector table dedicated for emulator
Table 1.9.2 shows interrupt vector address, which is vector table register dedicated for emulator (ad-
dress 00002016 to 00002216). These instructions are not effected with interrupt enable flag (I flag)
(non maskable interrupt).
This interrupt is used exclusively for debugger purposes. You normally do not need to use this inter-
rupt. Do not access the interrupt vector table register dedicated for emulator (address 00002016 to
00002216).

Table 1.9.2. Interrupt vector table register for emulator

Interrupt source Vector table addresses Remarks
Address (L) to address (H)

BRK?2 instruction |Interrupt vector table register for emulator Interrupt for debugger

Single step 00002016 to 00002216

* Relocatable vector tables

The addresses in the relocatable vector table can be modified, according to the user’s settings. Indi-
cate the first address using the interrupt table register (INTB). The 256-byte area subsequent to the
address the INTB indicates becomes the area for the relocatable vector tables. One vector table
comprises four bytes. Set the first address of the interrupt routine in each vector table. Table 1.9.3
shows the interrupts assigned to the relocatable vector tables and addresses of vector tables.

Set an even address to the start address of vector table setting in INTB so that operating efficiency is
increased.
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Table 1.9.3. Interrupt causes (variable interrupt vector addresses) (1/2)

Softwear interrupt number

Vector table address
Address(L)to address(H) (Note 1)

Interrutp source

Softwear interrupt number 0 (Note 2)

+0 to +3 (000016 to 000316)

BRK instruction

Softwear interrupt number 7 +28 to +31 (001C16 to 001F16) A-D channel 1
Softwear interrupt number 8 +32 to +35 (002016 to 002316) DMAO
Softwear interrupt number 9 +36 to +39 (002416 to 002716) DMA1
Softwear interrupt number 10 +40 to +43 (002816 to 002B16) DMA2
Softwear interrupt number 11 +44 to +47 (002C16 to 002F16) DMAS3
Softwear interrupt number 12 +48 to +51 (003016 to 003316) Timer AO
Softwear interrupt number 13 +52 to +55 (003416 to 003716) Timer Al
Softwear interrupt number 14 +56 to +59 (003816 to 003B16) Timer A2
Softwear interrupt number 15 +60 to +63 (003C16 to 003F16) Timer A3
Softwear interrupt number 16 +64 to +67 (004016 to 004316) Timer A4

Softwear interrupt number 17

+68 to +71 (004416 to 004716)

UARTO transmit/NACK (Note 3)

Softwear interrupt number 18

+72 to +75 (004816 to 004B16)

UARTO receive/ACK (Note 3)

Softwear interrupt number 19

+76 to +79 (004C16 to 004F16)

UART1 transmit/NACK (Note 3)

Softwear interrupt number 20

+80 to +83 (005016 to 005316)

UART1 receive/ACK (Note 3)

Softwear interrupt number 21 +84 to +87 (005416 to 005716) Timer BO
Softwear interrupt number 22 +88 to +91 (005816 to 005B16) Timer B1
Softwear interrupt number 23 +92 to +95 (005C16 to 005F16) Timer B2
Softwear interrupt number 24 +96 to +99 (006016 to 006316) Timer B3
Softwear interrupt number 25 +100 to +103 (006416 to 006716) | Timer B4
Softwear interrupt number 26 +104 to +107 (006816 to 006B16) | INT5
Softwear interrupt number 27 +108 to +111 (006C16 to 006F16) | INT4
Softwear interrupt number 28 +112 to +115 (007016 to 007316) | INT3
Softwear interrupt number 29 +116 to +119 (007416 to 007716) | INT2
Softwear interrupt number 30 +120 to +123 (007816 to 007B16) | INT1
Softwear interrupt number 31 +124 to +127 (007C16 to 007F16) | INTO
Softwear interrupt number 32 +128 to +131 (008016 to 008316) | Timer B5

Softwear interrupt number 33

+132 to +135 (008416 to 008716)

UART?2 transmit/NACK (Note 3)

Softwear interrupt number 34

+136 to +139 (008816 to 008B16)

UART2 receive/ACK (Note 3)

Softwear interrupt number 35

+140 to +143 (008C16 to 008F16)

UARTS3 transmit/NACK (Note 3)

Softwear interrupt number 36

+144 to +147 (009016 to 009316)

UARTS3 receive/ACK (Note 3)

Softwear interrupt number 37

+148 to +151 (009416 to 009716)

UART4 transmit/NACK (Note 3)

Softwear interrupt number 38

+152 to +155 (009816 to 009B16)

UART4 receive/ACK (Note 3)

Softwear interrupt number 39

+156 to +159 (009C16 to 009F16)

Bus collision detection, start/stop condition
detection (UART2)(Note 3)

Softwear interrupt number 40

+160 to +163 (00A016 to 00A316)

Bus collision detection, start/stop condition
detection (UART3/UARTO)(Note 3)

Softwear interrupt number 41

+164 to +167 (00A416 to 00A716)

Bus collision detection, start/stop condition
detection (UART4/UART1)(Note 3)

Softwear interrupt number 42

+168 to +171 (00A816 to 00AB16)

A-D channel 0

Softwear interrupt number 43

+172 to +175 (O0AC16 to 00AF16)

Key input interrupt

Softwear interrupt number 44

+176 to +179 (00B016 to 00B316)

Intelligent 1/O interrupt O

Softwear interrupt number 45

+180 to +183 (00B416 to 00B716)

Intelligent 1/O interrupt 1

Softwear interrupt number 46

+184 to +187 (00B816 to 00BB16)

Intelligent 1/O interrupt 2

Softwear interrupt number 47

+188 to +191 (00BC16 to O0BF16)

Intelligent 1/O interrupt 3

Softwear interrupt number 48

+192 to +195 (00CO016 to 00C316)

Intelligent 1/O interrupt 4

Softwear interrupt number 49

+196 to +199 (00C416 to 00C716)

Intelligent 1/O interrupt 5

Softwear interrupt number 50

+200 to +203 (00C816 to 00CB16)

Intelligent 1/O interrupt 6

Softwear interrupt number 51

+204 to +207 (00CC16 to O0CF1s)

Intelligent 1/O interrupt 7

Softwear interrupt number 52

+208 to +211 (00D016 to 00D316)

Intelligent 1/O interrupt 8

Softwear interrupt number 53

+212 to +215 (00D416 to 00D716)

Intelligent I/O interrupt 9/CAN interrupt O

Softwear interrupt number 54

+216 to +219 (00D816 to 00DB16)

Intelligent I/O interrupt 10/CAN interrupt 1
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Table 1.9.3. Interrupt causes (variable interrupt vector addresses) (2/2)

Softwear interrupt number Vector table address Interrutp source
Address(L)to address(H) (Note 1)

Softwear interrupt number 55 +220 to +223 (00DC16 to 00DF16)| Softwea interrupt
Softwear interrupt number 56 +224 to +227 (O0EO16 to O0E316) | Softwea interrupt
Softwear interrupt number 57 +228 to +231 (00E416 to O0E716) | Intelligent 1/O interrupt 11/CAN interrupt 2
Softwear interrupt number 58 Not 2)[ 1232 to +235 (O0E816 to 00EB16) | Softwea interrupt

to to
Softwear interrupt number 63 +252 to +255 (00FC16 to O0FF16)

Note 1: Address relative to address in interrupt table register (INTB).

Note 2: Cannot be masked by | flag.

Note 3: When IIC mode is selected, NACK/ACK, start/stop condition detection interrupts are selected. The fault error
interrupt is selected when SS pin is selected.

Interrupt request reception
The following lists the conditions under which an interrupt request is acknowledged:
* Interrupt enable flag (I flag) =1
* Interrupt request bit =1
* Interrupt priority level > Processor interrupt priority level (IPL)

The interrupt enable flag (I flag), the processor interrupt priority level (IPL), interrupt request bit and
interrupt priority level select bit are all independent of each other, so they do not affect any other bit.
There are | flag and IPL in flag register (FLG). This flag and bit are described below.

Interrupt Enable Flag (I Flag) and processor Interrupt Priority Level (IPL)
| flag is used to disable/enable maskable interrupts. When this flag is set (= 1), all maskable interrupts
are enabled; when the flag is cleared to O, they are disabled. This flag is automatically cleared to 0
after a reset.
IPL is configured with three bits, for specification of up to eight processor interrupt priority levels from
level 0 to level 7.
If a requested interrupt has priority greater than the processor interrupt priority level (IPL), the interrupt
is enabled.
Table 1.9.4 shows interrupt enable levels in relation to the processor interrupt priority level (IPL).

Table 1.9.4. IPL and Interrupt Enable Levels

Processor interrupt priority level (IPL) Enabled interrupt priority levels

IPL2 IPL1 IPLo

0 0 Interrupt levels 1 and above are enabled.

Interrupt levels 2 and above are enabled.

Interrupt levels 3 and above are enabled.

Interrupt levels 4 and above are enabled.

Interrupt levels 5 and above are enabled.

Interrupt levels 6 and above are enabled.

Interrupt levels 7 and above are enabled.

R | | || O 0O |0 |Oo

E E E=R E= ==
P |O|lRr |O R O

All maskable interrupts are disabled.
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Interrupt control registers and Exit priority register
Peripheral 1/O interrupts have their own interrupt control registers. Figure 1.9.3 and 1.9.4 show the
interrupt control registers and figure 1.9.5 shows exit priority register.

Interrupt control register

Symbol Address When reset

TAIIC(i=0to 4) 006C16, 008C16, 006E16, 008E16, 007016 XXXXX0002
TBilC(i=0to 5) 009416, 007616, 009616, 007816, 009816, 006916 XXXXX0002
SiTIC(i=0to 4) 009016, 009216, 008916, 008B16, 008D16 XXXXX0002
SIRIC(i=0to 4) 007216, 007416, 006B16, 006D16, 006F16 XXXXX0002
BCNIlC(i=0 to 4) 007116, 009116, 008F16, 007116(Note 1) 009116(Note 2) XXXXX0002
DMilC(i=0to 3) 006816, 008816, 006A16, 008A16 XXXXX0002
ADIIC(i=0,1) 007316, 008616 XXXXX0002
KUPIC (i=0) 009316 XXXXX0002

b7 06 bS b4 b3 b2 bl b0 II0iIC(i=0t0 5) 007516, 009516, 007716, 009716, 007916, 009916 XXXXX0002
II0IIC(i=6 to 11) 007Bz16, 009B16, 007D16, 009D16, 007F16, 008116 XXXXX0002

e e e CANIIC(i=0 to 2) 009D16, 007F16, 008116 XXXXX0002

Vv b v b v b | Bitsymbol Bit name Function R' W

A ILVLO Interrupt priority level

A A S select bit b2 b1 00 _ _ o' 0

o 000: Level O (interrupt disabled)

R T A R 001: Levell

S A R ILVL1 010: Level 2

Pooror 011: Level3 o 0O

e 100: Level4

. ILVL2 101: Level5

Pl 110: Level 6 ol o

Poor o 111: Level7

"""""" 1: Interrupt requested (Note 3

Nothing is assigned.
When write, set "0". When read, their contents are indeterminate.

IR Interrupt request bit 0 : Interrupt not requested o) o)

Note 1: UARTO bus collision and start/stop condition detection interrupt control register is shared with UART3.
Note 2: UART1 bus collision and start/stop condition detection interrupt control register is shared with UARTA4.
Note 3: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).

Figure 1.9.3. Interrupt control register (1)
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Interrupt control register

Nothing is assigned.
When write, set "0". When read, their contents are indeterminate.

b7 b6 b5 b4 b3 b2 bl boO Symbol Address When reset
INTIIC(i=0 to 2) 009E16, 007E16, 009C16 XX00 X0002
|><|><| | | | | | | INTIIC(i=3 to 5)(*1) 007C16, 009A16, 007A16 XX00 X0002
v b Bitsymbol Bit name Function R W
N ILVLO Interrupt priority level . |
' ' 1 ' ' ' ' . bl b0 |
i i E E E E E select bit 00 0: Level O (interrupt disabled) O o
e 001:Levell :
. ILvL1 010:Level 2 :
A 011:Level3 6.0
P 100:Level 4
R ILVL2 101:Level5 ;
N 110:Level6 O 0
R 111:Level 7 :
A IR Interrupt request bit 0: Interrupt not requested o) e)
T 1: Interrupt requested | (Note 1)
A POL Polarity select bit 0 : Selects falling edge or L level |
o (Note 2) | 1 : Selects rising edge or H level 0.0
E  ERREEETTEEEEE LVS Level sense/edge 0: Edge sense ol 0o
' sense select bit 1:Level sense (Note 3)

Note 1: This bit can only be accessed for reset (= 0), but cannot be accessed for set (= 1).

Note 2: When related bit of external interrupt cause select register (address 031Fz16) are used for both edge,
select the falling edge (=0).

Note 3: When level sense is selected, set related bit of external interrupt cause select register (address 031F16) to
one edge.

*1 When using 16-bit data bus width in microprocessor mode or memory expansion mode, INT3 to INT5 are used
for data bus. In this case, set the interrupt disabled to INT3IC, INT4IC and INT5IC.

Figure 1.9.4. Interrupt control register (2)

Bit 0 to 2: Interrupt Priority Level Select Bits (ILVLO to ILVL2)
Interrupt priority levels are set by ILVLO to ILVL2 bits. When an interrupt request is generated, the
interrupt priority level of this interrupt is compared with IPL. This interrupt is enabled only when its
interrupt priority level is greater than IPL. This means that you can disable any particular interrupt by
setting its interrupt priority level to 0.

Bit 3: Interrupt Request Bit (IR)
This bit is set (= 1) by hardware when an interrupt request is generated. The bit is cleared (= 0) by
hardware when the interrupt request is acknowledged and jump to the interrupt vector.
This bit can be cleared (= 0) (but never be set to 1) in software.
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b7 b6 b5 b4 b3 b2 bl bo

Exit priority register

1: Interrupt priority level 7 =
DMA Il transfer

Symbol Address When reset
RLVL 009F16 XX0X00002
Bit Bi Funcii |
symbol it name unction R :W
1
b2 b1 b0 1
RLVLO 000:Level0 O:O
Interrupt priority set bits| 001 : Level 1 !
for exiting Stop/Wait 010: Level 2 :
RLVL1 | state 011:Level3 00
(Note 1)[ 100: Level 4 !
101:Level5 \
RLVL2 110:Level6 0.0
111:Level?7 1
0: Interrupt priority level 7 = normal :
rgir | High-speed interrupt interrupt |
set bit (Note 2)| 1: Interrupt priority level 7 = (OH@)
high-speed interrupt '
1
Nothing is assigned. E
When write, set "0". When read, its content is indeterminate. T
1
T
) 0: Interrupt priority level 7 = normal '
DMA I DMA Il select bit interrupt or high-speed interrupt |
(Note 3) HO)
1
1
1
1
1
1
1

Nothing is assigned.

When write, set "0". When read, their contents are indeterminate.

Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is higher than

that set in the exit priority register.

Set to the same value as the processor interrupt priority level (IPL) set in the flag

register (FLG).

Note 2: The high-speed interrupt can only be specified for interrupts with interrupt priority level

7. Specify interrupt priority level 7 for only one interrupt.
Note 3: Do not set this bit to O after once setting it to 1.

When this bit is 1, do not set the high-speed interrupt select bit to 0. (This cannot be

used simultaneously with the high-speed interrupt.)

Transfers by DMAC Il are unaffected by the interrupt enable flag (I flag) and processor

interrupt priority level (IPL).

Figure 1.9.5. Exit priority register

Bit 0 to 2: Interrupt priority set bits for exiting Stop/Wait state (RLVLO to RLVL?2)
When using an interrupt to exit Stop mode or Wait mode, the relevant interrupt must be enabled and
set to a priority level above the level set by the RLVLO to RLVL2 bits. Set the RLVLO to RLVL2 bits to
the same level as the flag register (FLG) IPL.
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Interrupt Sequence

An interrupt sequence — what are performed over a period from the instant an interrupt is accepted to the

instant the interrupt routine is executed — is described here.

If an interrupt occurs during execution of an instruction, the processor determines its priority when the

execution of the instruction is completed, and transfers control to the interrupt sequence from the next

cycle. If an interrupt occurs during execution of either the SCMPU, SIN, SMOVB, SMOVF, SMOVU,

SSTR, SOUT or RMPA instruction, the processor temporarily suspends the instruction being executed,

and transfers control to the interrupt sequence.

In the interrupt sequence, the processor carries out the following in sequence given:

(1) CPU gets the interrupt information (the interrupt number and interrupt request level) by reading
address 00000016 (address 00000216 when high-speed interrupt). After this, the related interrupt
request bit is "0".

(2) Saves the contents of the flag register (FLG) immediately before the start of interrupt sequence in the
temporary register (Note) within the CPU.

(3) Sets the interrupt enable flag (I flag), the debug flag (D flag), and the stack pointer select flag (U flag)
to “0” (the U flag, however does not change if the INT instruction, in software interrupt numbers 32
through 63, is executed)

(4) Saves the contents of the temporary register (Note) within the CPU in the stack area. Saves in the
flag save register (SVF) in high-speed interrupt.

(5) Saves the content of the program counter (PC) in the stack area. Saves in the PC save register
(SVP) in high-speed interrupt.

(6) Sets the interrupt priority level of the accepted instruction in the IPL.

After the interrupt sequence is completed, the processor resumes executing instructions from the first

address of the interrupt routine.

Note: This register cannot be utilized by the user.

Interrupt Response Time
‘Interrupt response time' is the period between the instant an interrupt occurs and the instant the first
instruction within the interrupt routine has been executed. This time comprises the period from the occur-
rence of an interrupt to the completion of the instruction under execution at that moment (a) and the time
required for executing the interrupt sequence (b). Figure 1.9.6 shows the interrupt response time.

Interrupt request generated Interrupt request acknowledged

b —

Instruction in interrupt S

i Interrupt sequence .
Instruction p q routine

-0 ol (b) >

Interrupt response time

-

(a) The period from the occurrence of an interrupt to the completion of the instruction under execution.
(b) The time required for executing the interrupt sequence.

Figure 1.9.6. Interrupt response time
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Time (a) varies with each instruction being executed. The DIVX instruction requires a maximum time of

29* cycles.
Time (b) is shown in table 1.9.5.

* |t is when the divisor is immediate or register. When the divisor is memory, the following value is

added.
* Normal addressing
* Index addressing
« Indirect addressing

« Indirect index addressing

2+ X
13+ X
5+ X+2Y
16+ X +2Y

X is number of wait of the divisor area. Y is number of wait of the indirect address stored area.
When X and Y are in odd address or in 8 bit bus area, double the value of X and Y.

Table 1.9.5 Interrupt Sequence Execution Time

Interrupt Interrupt vector address 16 bits data bus | 8 bits data bus

Peripheral 1/0 Even address 14 cycles 16 cycles
Odd address (Note 1) 16 cycles 16 cycles

INT instruction Even address 12 cycles 14 cycles
Odd address (Note 1) 14 cycles 14 cycles

NMI Even address (Note 2) 13 cycles 15 cycles

Watchdog timer

Undefined instruction

Address match

Overflow Even address (Note 2) 14 cycles 16 cycles

BRK instruction (Relocatable vector table) Even address 17 cycles 19 cycles
Odd address (Note 1) 19 cycles 19 cycles

Single step Even address (Note 2) 19 cycles 21 cycles

BRK2 instruction

BRK instruction (Fixed vector table)

High-speed interrupt (Not 3) Vector table is internal register 5 cycles

Note 1: Allocate interrupt vector addresses in even addresses as much as possible.
Note 2: The vector table is fixed to even address.

Note 3: The high-speed interrupt is independent of these conditions.
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Changes of IPL When Interrupt Request Acknowledged
When an interrupt request is acknowledged, the interrupt priority level of the acknowledged interrupt is
set to the processor interrupt priority level (IPL).
If an interrupt request is acknowledged that does not have an interrupt priority level, the value shown in
Table 1.9.6 is set to the IPL.

Table 1.9.6 Relationship between Interrupts without Interrupt Priority Levels and IPL

Interrupt sources without interrupt priority levels Value that is set to IPL
Watchdog timer, NMI 7

Reset 0

Other Not changed

Saving Registers
In an interrupt sequence, only the contents of the flag register (FLG) and program counter (PC) are
saved to the stack area.
The order in which these contents are saved are as follows: First, the FLG register is saved to the stack
area. Next, the 16 high-order bits and 16 low-order bits of the program counter expanded to 32-bit are
saved. Figure 1.9.7 shows the stack status before an interrupt request is acknowledged and the stack
status after an interrupt request is acknowledged.
In a high-speed interrupt sequence, the contents of the flag register (FLG) are saved to the flag save
register (SVF) and program counter (PC) are saved to PC save register (SVP).
If there are any other registers you want to be saved, save them in software at the beginning of the
interrupt routine. The PUSHM instruction allows you to save all registers except the stack pointer (SP)
by a single instruction.
In high speed interrupt, switch register bank, then register bank 1 is used as high speed interrupt register.
In this case, switch register bank mode for high-speed interrupt routine.

Address Stack area Address Stack area
Program counter
m-6 m-6 (PCL) [SP]
Program counter New stack
m-5 m-5 (PCwm) pointer value
Program counter
m-4 m—4 (PCw)
m-3 m-3 0 0
:: : Flag register
m-2 m-2 (FLGL)
Flag register
m-1 m-1 (FLGH)
[SP]
m Content of Stack pointer Content of
previous stack value before m previous stack
1 Content of interrupt occurs Content of
m+ 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 before and after an interrupt request is acknowledged
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Return from Interrupt Routine
As you execute the REIT instruction at the end of the interrupt routine, the contents of the flag register
(FLG) and program counter (PC) that have been saved to the stack area immediately preceding the
interrupt sequence are automatically restored. In high-speed interrupt, as you execute the FREIT in-
struction at the end of the interrupt routine, the contents of the flag register (FLG) and program counter
(PC) that have been saved to the save registers immediately preceding the interrupt sequence are auto-
matically restored.
Then control returns to the routine that was under execution before the interrupt request was acknowl-
edged, and processing is resumed from where control left off.
If there are any registers you saved via software in the interrupt routine, be sure to restore them using an
instruction (e.g., POPM instruction) before executing the REIT or FREIT instruction.
When switching the register bank before executing REIT and FREIT instruction, switched to the register
bank immediately before the interrupt sequence.

Interrupt Priority

If two or more interrupt requests are sampled active at the same time, the interrupt with the highest
priority will be acknowledged.

Maskable interrupts (Peripheral 1/O interrupts) can be assigned any desired priority by setting the inter-
rupt priority level select bit accordingly. If some maskable interrupts are assigned the same priority level,
the priority between these interrupts are resolved by the priority that is set in hardware.

Certain nonmaskable interrupts such as a reset (reset is given the highest priority) and watchdog timer
interrupt have their priority levels set in hardware. Figure 1.9.8 lists the hardware priority levels of these
interrupts.

Software interrupts are not subjected to interrupt priority. They always cause control to branch to an
interrupt routine whenever the relevant instruction is executed.

Interrupt Resolution Circuit

Interrupt resolution circuit selects the highest priority interrupt when two or more interrupt requests are
sampled active at the same time.
Figure 1.9.9 shows the interrupt resolution circuit.

Reset > NMI > Watchdog > Peripheral 1/0 > Single step > Address match

Figure 1.9.8. Interrupt priority that is set in hardware
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\

Low

Priority of peripheral 1/O interrupts
(if priority levels are same)

| A-D1 conversion

| DMAO

| DMA1L

| DMA2

| DMA3

| Timer AQ

| Timer Al

| Timer A2

| Timer A3

| Timer A4

Level O (initial value)

| UARTO transmission/NACK

| UARTO reception/ACK

| UART1 transmission/NACK

[ UARTL reception/AcK

| Timer BO

| Timer B1

| Timer B2

| Timer B3

| Timer B4

| INT5

| iNT4

Bus collision/start, stop
condition(UART?2)

Bus collision/start, stop
condition/fault error (UARTO,3)

Bus collision/start, stop
condition/fault error (UART1,4)

| A-DO conversion

| Key input interrupt

| Intelligent I/O interrupt 0

| Intelligent I/O interrupt 1

| Intelligent I/O interrupt 2

| Intelligent I/O interrupt 3

| Intelligent I/O interrupt 4

| Intelligent I/O interrupt 5

| Intelligent I/O interrupt 6

| Intelligent I/O interrupt 7

| Intelligent I/O interrupt 8

Intelligent I/O interrupt 9
/CAN interrupt 0

Intelligent I/O interrupt 10
/CAN interrupt 1

Intelligent I/O interrupt 11
/CAN interrupt 2

Stop/wait return interrupt level
(RLVL)

Interrupt

| iNTO

| Timer B5

| UART2 transmission/NACK

[ UART2 reception/Ack

| UARTS transmission/NACK

| UARTS3 reception/ACK |_'_|

Processor interrupt priority level
(IPL)

Interrupt enable flag (I flag)

request
accepted.
To CLK

Instruction fetch

— ]

| UART4 transmission/NACK

| UART4 reception/ACK

Address match

Watchdog timer

DBC

NMI

Reset

Interrupt
request
accepted.
To CPU

Figure 1.9.9. Interrupt resolution circuit
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INT Interrupts
INTO to INT5 are external input interrupts. The level sense/edge sense switching bits of the interrupt control
register select the input signal level and edge at which the interrupt can be set to occur on input signal level
and input signal edge. The polarity bit selects the polarity.
With the external interrupt input edge sense, the interrupt can be set to occur on both rising and falling
edges by setting the INTI interrupt polarity switch bit of the interrupt request select register (address
031F16) to “1". When you select both edges, set the polarity switch bit of the corresponding interrupt control
register to the falling edge (“0”).
When you select level sense, set the INTi interrupt polarity switch bit of the interrupt request select register
(address 031F16) to “0".
Figure 1.9.10 shows the interrupt request select register.

External interrupt request cause select register

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
- B IFSR 031F1s 0016
porob oo i Bitsymbol Bit name Function RIW
- VoL IFSRO INTO interrupt polarity | O : One edge
A select bit (Note) 1 : Both edges 00
v IFSR1 INT1 interrupt polarity | 0 : One edge
Voo select bit (Note) 1: Both edges 00
oo IFSR2 | INT2 interrupt polarity | O : One edge 00
A select bit (Note) 1: Both edges !
IFSR3 INT3 interrupt polarity | 0 : One edge
R select bit (Note) 1: Both edges 010
Lo IFSR4 | INT4 interrupt polarity | O : One edge OE O
P T select bit (Note) 1 : Both edges !
IFSR5 INT5 interrupt polarity | 0 : One edge
[ select bit (Note) 1: Both edges O: O
, IFSR6 UARTO/3 interrupt 0 : UART3 bus collision /start,stop !
! cause select bit detect/false error detect |
v TTTTTTTT e 1 : UARTO bus collision /start,stop | O O
H detect/false error detect
IFSR7 UART1/4 interrupt 0 : UARTA4 bus collision /start,stop
] cause select bit detect/false error detect ole
1: UART1 bus collision /start,stop :
detect/false error detect '

Note :When level sense is selected, set this bit to "0".
When both edges are selected, set the corresponding polarity switching bit of INT interrupt control
register to "0" (falling edge).

Figure 1.9.10. External interrupt request cause select register
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NMI Interrupt
An NMI interrupt is generated when the input to the P85/NMI pin changes from “H” to “L”. The NMI interrupt
is a non-maskable external interrupt. The pin level can be checked in the port P85 register (bit 5 at address
03C41s).
This pin cannot be used as a normal port input.
Notes:
When not intending to use the NMI function, be sure to connect the NMI pin to Vcc (pulled-up). The NMI
interrupt is non-maskable. Because it cannot be disabled, the pin must be pulled up.

Key Input Interrupt

If the direction register of any of P104 to P107 is set for input and a falling edge is input to that port, a key
input interrupt is generated. A key input interrupt can also be used as a key-on wakeup function for cancel-
ling the wait mode or stop mode. However, if you intend to use the key input interrupt, do not use P104 to
P107 as A-D input ports. Figure 1.9.11 shows the block diagram of the key input interrupt. Note that if an “L”
level is input to any pin that has not been disabled for input, inputs to the other pins are not detected as an
interrupt.

Setting the key input interrupt disable bit (bit 7 at address 03AF16) to “1” disables key input interrupts from
occurring, regardless of the setting in the interrupt control register. When “1” is set in the key input interrupt
disable register, there is no input via the port pin even when the direction register is set to input.

Port P104-P107 pull-up

Z select bit
Pull-up Key input interrupt control
transistor ) Port P107 direction register (address 009316)

register

Port P107 direction register

P107/KI3 O

Pull-up Port P106 direction
transistor register

Interrupt control s Key input interrupt

P10e/Kl2 O T

circuit request
Pull-up o
transistor Port P10s direction
register
P10s/Kl1 O T
Pull-up Port tPlO4 direction
transistor register

P104/Klo O T I—D

Figure 1.9.11. Block diagram of key input interrupt
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Address Match Interrupt

An address match interrupt is generated when the address match interrupt address register contents match
the program counter value. Four address match interrupts can be set, each of which can be enabled and
disabled by an address match interrupt enable bit. Address match interrupts are not affected by the inter-

rupt enable flag (I flag) and processor interrupt priority level (IPL).

Figure 1.9.12 shows the address match interrupt-related registers.
Set the start address of an instruction to the address match interrupt register.
Address match interrupt is not generated when address such as the middle of instruction or table data is

set.

Address match interrupt enable register
by b6 DS b4 b3 b2 bl b0 Symbol Address When reset
DDXDXIX | | | | AIER 000916 XXXX00002
Bit symbol Bit name Function RW
R AIERO Address match interruth 0 : Interrupt disabled OEO
S enable bit | 1 - |nterrupt enabled
A T S A AIERL |Address match interrupt 1 | 0 : Interrupt disabled 00
enable bit | 1 : Interrupt enabled !
bemd b AIER2 |Address match interrupt 2 | o - interrupt disabled oi0
enable bit | 1 - |nterrupt enabled
AIER3 |Address match interrupt 3 | O : Interrupt disabled o EO
enable bit | 1: Interrupt enabled 1
Nothing is assigned. _3_
When write, set "0". When read, their contents are indeterminate.
Address match interrupt register i (i= 0, 1)
Symbol Address When reset
ek by b7 b RMADO 001216 to 001016 00000016
| | RMAD1 001616 to 001416 00000016
. RMAD2 001A16 to 001816 00000016
H RMAD3 001Ez16to 001C16 00000016
Function Values that can be set |R W
R Address setting register for address match 00000016 to FFFFFF16 OEO
interrupt !

Figure 1.9.12. Address match interrupt-related registers
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Intelligent 1/O and CAN Interrupt

Group 0 to 3 intelligent /O interrupts and CAN interrupt are assigned to software interrupt numbers 44 to 54

and 57.

As intelligent I/O interrupt request, there are base timer interrupt request signals, time measurement inter-
rupt request signals, waveform generation interrupt request signals and interrupt request signals from vari-

OuS communication circuits.

Figure 1.9.13 shows the intelligent I/O interrupts and CAN interrupt block diagram, figure 1.9.14 shows the
interrupt request register and figure 1.9.15 shows interrupt enable register.

Interrupt request flag

non
! :
_'_O—
' ;
H L D QHo,"1" Interrupt—
] .
Interrupt request A : R |i! enable bit A
i f
Write "0" to interrupt ! | E ! Interrupt
request flag A ! ' request bit
: 10,"0" —1.
i o °
' > R
E L D Q—'ro:"l" Interrupt—|
' ;
Interrupt request B ! R |1 enable bit B
. . ! ' — > Cleared when
Write "0" to interrupt ! | b an Interrupt
request flag B : | P request
' : E : received
! ] . |non
| S
i o
! -L D Q-E-Ol"l" Interrupt—
| ,
Interrupt request n : R | enable bit n
i b
Write "0" to interrupt _,_l' ' ! _ Interrupt request
request flag n A J latch bit
n=AtoL

Figure 1.9.13. Intelligent I/O and CAN interrupt block diagram

When using the intelligent I/O or CAN interrupt as an starting factor for DMA 11, the interrupt latch bit must be
set to "0" in order to enable only the interrupt request factor used by the interrupt enable register.
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Interrupt request register

b7 b6 bS b4 b3 b2 bl boO Symbol Address When reset
| | | | | | | |><| II0IIR See below 0000 000X2
PPl = .
. . . . . . i . . 1
symbol Bit name Function R :W
T - 1
T H - Nothing is assigned. i
Voo HE When write, set "0". When read, the content is indeterminate. '
- HE T
Vo o 0 : Interrupt request not present !
o s IRF1 | Interrupt request flag 1 ptreq P (ON@)
oo ' 1: Interrupt request present (Note) :
Vo : 0 : Interrupt request not present X
- femmmmn. IRF2 Interrupt request flag 2 ptreq P O :O
oo 1 : Interrupt request present (Note) |
I i
- 0 : Interrupt request not present
Pl Meeeaeeaaaad IRF3 Interrupt request flag 3 prrea P O :O
oo 1: Interrupt request presence (Note) 1
L] L] L] !
. . . 1
I 0 : Interrupt request not present !
T M IRF4 Interrupt request flag 4 ptreq P OO
P 1 : Interrupt request present (Note) [~ !
. T
. 0 : Interrupt request not present !
L e IRF5 | Interrupt request flag 5 prred P 0,0
: 1: Interrupt request present (Note) | —,
0 : Interrupt request not present X
------------------------ IRF6 Interrupt request flag 6 prred P 0.0
1: Interrupt request present (Note) 1
1
1
0 : Interrupt request not present !
[EEEEEEEEEEEEEEEEEEEEEEEEEEE Interrupt request flag 7
IRF7 ptreq 9 1 : Interrupt request present (Note) © :O
1
Note: "0" can be written.
Interrupt request register table
bit7 bité bit5 bit4 bit3 bit2 bitl bit0
Symbol Address (IRF7) (IRF6) (IRF5) (IRF4) (IRF3) (IRF2) (IRF1) -
1100IR 00AO16 - - SI00r GORI - PO13 TMO02 -
II01IR 00Al16 - - SIO0t GOTO - PO14  [TMO0/PO00 -
1102IR 00A216 - - SIO1r G1RI - TM12/PO12 - -
1103IR 00A316 - - SIO1t G1TO PO27 PO10 TMO03 -
1104IR 00A416 BEANO BEAN1 - BT1 PO32 [TM17/PO17|TM04/PO04 -
1105IR 00A516 - - - SIo2r PO33 PO21  [TMO5/PO05 -
1106IR 00A616 - - - SI02t PO34 PO20 TMO06 -
1I07IR 00A716 IEO - - BTO PO35 PO22 TMO7 -
1108IR 00A816 IE1 IE2 - BT2 PO36 PO23 TM11/PO11 -
1I09IR 00A916 CANO - - - PO31 PO24 PO15 -
11010IR 00AA16 CAN1 - - - PO30 PO25 TM16/PO16 -
IIO11IR 00AB16 CAN2 - - BT3 PO37 PO26 [TM01/PO0O1 -
BTi . Interrupt request from base timer of intelligent I/O group i
TMij : Interrupt request from time measurement function ch j of intelligent I/O group i
POij . Interrupt request from waveform generator function ch j of intelligent I/O group i

SIOir/SIOit : Interrupt request from communication function of intelligent 1/O group i (r:reception, t:transmission)
GIiTO/GIRI : Interrupt request from HDLC data processing function of intelligent /O group i
(Rl:reception input, TO:transmission output)

BEANi . Interrupt request from special communication function of intelligent I/O group i (i=0,1)
IE : Interrupt request from IEBus communication function of intelligent 1/O group 2
CANi . Interrupt request from AN communication function (i=0 to 2)

- : Nothing is assigned in this bit.

Figure 1.9.14. Interrupt request registers

Bit 1to bit 7: Interrupt request flag (IRF1 to IRF7)
To retain respective interrupt requests and judge interrupt kind occurred in the interrupt process rou-
tine.
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Interrupt enable register

=

Interrupt request is latched(used by interrupt)

b7 b6 bS5 b4 b3 b2 bl bO Symbol Address When reset
| | | | |><| IIGIIE See below 0016
Bit Bit name Function R :W
oo symbol
| 0: Interrupt request is not latched(used by DMAII)
o e IRLT Interrupt request latch bit OO

0: Interrupt of corresponding interrupt
PR ITEL | Interrupt enable bit 1 request flag (IRF1) disabled 0]
: : Interrupt of corresponding interrupt

' request flag (IRF1) enabled
: 0: Interrupt of corresponding interrupt
ITE2 | Interrupt enable bit 2 request flag (IRF2) disabled e}
: Interrupt of corresponding interrupt

request flag (IRF2) enabled
0: Interrupt of corresponding interrupt
ITE3 | Interrupt enable bit 3 request flag (IRF3) disabled o
: Interrupt of corresponding interrupt

................. request flag (IRF3) enabled
0: Interrupt of corresponding interrupt

ITE4 | Interrupt enable bit 4 request flag (IRF4) disabled

: Interrupt of corresponding interrupt O

request flag (IRF4) enabled
0: Interrupt of corresponding interrupt

........................ ITES Interrupt enable bit 5 request fiag (IRF5) disabled

: Interrupt of corresponding interrupt @)

request flag (IRF5) enabled

0: Interrupt of corresponding interrupt
ITE6 | Interrupt enable bit 6 request flag (IRF6) disabled 0]
: Interrupt of corresponding interrupt
request flag (IRF6) enabled
0: Interrupt of corresponding interrupt
request flag (IRF7) disabled
: Interrupt of corresponding interrupt O
request flag (IRF7) enabled

O

=

O

=

O

=

O

=

O

=

O

=

ITE7 Interrupt enable bit 7 @)

=

Interrupt request register table

bit7 bité bit5 bit4 bit3 bit2 bitl bitl

Symbol Address (ITE7) (ITE6) (ITES) (ITE4) (ITE3) (ITE2) (ITE1) (IRLT)
1100IE 00BO16 - - SI00r GORI - PO13 TMO02 IRLT
1IO1IE 00B116 - - SI00t GOTO - PO14 TMO0/PO00 IRLT
1102IE 00B216 - - SIO1r G1RI - TM12/PO12 - IRLT
1103IE 00B316 - - SIO1t G1TO PO27 PO10 TMO03 IRLT
11041E 00B416 BEANO BEAN1 - BT1 PO32 TM17/PO17|TM04/PO04 IRLT
1IO5IE 00B516 - - - SI02r PO33 PO21 TMO5/PO05 IRLT
1106IE 00B616 - - - SI02t PO34 PO20 TMO06 IRLT
1IO71E 00B716 IEO - - BTO PO35 PO22 T™MO7 IRLT
1108IE 00B816 IE1 IE2 - BT2 PO36 PO23 TM11/PO11 IRLT
1109IE 00B916 CANO - - - PO31 PO24 PO15 IRLT
II010IE 00BA16 CAN1 - - - PO30 PO25 TM16/PO16 IRLT
IIO11IE 00BB16 CAN2 - - BT3 PO37 PO26 TM01/PO01 IRLT

BTi . Interrupt request from base timer of intelligent I/O group i is enabled

TMij . Interrupt request from time measurement function ch j of intelligent I/O group i is enabled

POij - Interrupt request from waveform generator function ch j of intelligent I/O group i is enabled

SIOIr/SIOit : Interrupt request from communication function of intelligent 1/O group i (r:reception, t:transmission) is enabled
GIiTO/GIRI : Interrupt request from HDLC data processing function of intelligent /O group i (Rl:reception input,
TO:transmission output) is enabled

BEANI . Interrupt request from special communication function of intelligent I/O group i (i=0,1) is enabled
IE - Interrupt request from IEBus communication function of intelligent I/O group 2 is enabled
CANi . Interrupt request from CAN communication function (i=0 to 2) is enabled

- : Nothing is assigned in this bit. (Set "0" to these bits.)

Figure 1.9.15. Interrupt enable registers
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Interrupts

Bit O: Interrupt request latch bit (IRLT)
An interrupt signal or latched signal of the interrupt signal is selected as an interrupt request signal.
When the latched signal of an interrupt signal is used, this flag must be set to "0" after interrupt request
flag is read in interrupt process routine, . If this flag is not set to "0" and interrupt process is completed,
although interrupt request occurs again, interrupt will not occur.

Bit 1 to bit 7: Interrupt enable bit (ITE 1 to ITE 7)
To enable/disable respective interrupts.

Precautions for Interrupts
(1) Reading addresses 00000016 and 00000216

» When maskable interrupt occurs, CPU reads the interrupt information (the interrupt number and inter-
rupt request level) in the interrupt sequence from address 00000016. When a high-speed interrupt
occurs, CPU reads from address 00000216.

The interrupt request bit of the certain interrupt will then be set to “0”.
However, reading addresses 00000016 and 00000216 by software does not set request bit to “0”.

(2) Setting the stack pointer
» The value of the stack pointer imnmediately after reset is initialized to 00000016. Accepting an interrupt
before setting a value in the stack pointer may cause runaway. Be sure to set a value in the stack
pointer before accepting an interrupt. When using the NMI interrupt, initialize the stack point at the
beginning of a program. Any interrupt including the NMI interrupt is generated immediately after ex-
ecuting the first instruction after reset. Set an even number to the stack pointer. Set an even address
to the stack pointer so that operating efficiency is increased.

(3) The NMI interrupt

« As for the NMI interrupt pin, this interrupt cannot be disabled. Connect it to the Vcc pin via a pull-up
resistor if unused.

» The NMI pin also serves as P85, which is exclusively input. Reading the contents of the P8 register
allows reading the pin value. Use the reading of this pin only for establishing the pin level at the time
when the NMI interrupt is input.

« A low level signal with more than 1 clock cycle (BCLK) is necessary for NMI pin.

(4) External interrupt

» Edge sense
Either a low level or a high level for at least 250 ns is necessary for the signal input to pins INTo
to INT5 regardless of the CPU operation clock.

* Level sense
Either a low level or a high level of 1 cycle of BCLK + at least 200 ns width is necessary for the signal
input to pins INTo to INTs regardless of the CPU operation clock. (When XiN=20MHz and no division
mode, at least 250 ns width is necessary.)
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* When the polarity of the INTo to INT5 pins is changed, the interrupt request bit is sometimes set to "1".
After changing the polarity, set the interrupt request bit to "0". Figure 1.9.12 shows the procedure for
changing the INT interrupt generate factor.

Set the interrupt priority level to level O
(Disable INTi interrupt)

( Set the polarity select bit )

( Clear the interrupt request bit to “0” )

Set the interrupt priority level to level 1 to 7
(Enable the accepting of INTi interrupt request)

Figure 1.9.16. Switching condition of INT interrupt request

(5) Rewrite the interrupt control register
* When an instruction to rewrite the interrupt control register is executed but the interrupt is disabled, the
interrupt request bit is not set sometimes even if the interrupt request for that register has been gener-
ated. This will depend on the instruction. If this creates problems, use the below instructions to change
the register.
Instructions : AND, OR, BCLR, BSET

(6) Rewrite interrupt request register
* When writing to "0" to this register, the following instructions must be used.
Instructions : AND, BCLR
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Watchdog Timer

The watchdog timer has the function of detecting when the program is out of control. The watchdog timer is
a 15-bit counter which down-counts the clock derived by dividing the BCLK using the prescaler. Whether a
watchdog timer interrupt is generated or reset is selected when an underflow occurs in the watchdog timer.
Watchdog timer interrupt is selected when bit 6 (CM06) of the system control register O (address 000816) is
"0" and reset is selected when CMO06 is "1". No value other than "1" can be written in CM06. Once reset is
selected (CM06="1"), watchdog timer interrupt cannot be selected by software.

When XIN is selected for the BCLK, bit 7 (WDC7) of the watchdog timer control register (address 000F16)
selects the prescaler division ratio (by 16 or by 128). When XcIN is selected as the BCLK, the prescaler is
set for division by 2 regardless of WDC7. Therefore, the watchdog timer cycle can be calculated as follows.
However, errors can arise in the watchdog timer cycle due to the prescaler.

When XIN is selected in BCLK
Prescaler division ratio (16 or 128) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

When XcCIN is selected in BCLK

Prescaler division ratio (2) x watchdog timer count (32768)
BCLK

Watchdog timer cycle =

For example, when BCLK is 20MHz and the prescaler division ratio is set to 16, the monitor timer cycle is
approximately 26.2 ms, and approximately 17.5 ms when BCLK is 30MHz.

The watchdog timer is initialized by writing to the watchdog timer start register (address 000E16) and when
a watchdog timer interrupt request is generated. The prescaler is initialized only when the microcomputer is
reset. After a reset is cancelled, the watchdog timer and prescaler are both stopped. The count is started by
writing to the watchdog timer start register (address 000E16). CMOG6 is initialized only at reset. After reset,
watchdog timer interrupt is selected.

The watchdog timer and the prescaler stop in stop mode, wait mode and hold status. After exiting these
modes and status, counting starts from the previous value.

In the stop mode, wait mode and hold state, the watchdog timer and prescaler are stopped. Counting is
resumed from the held value when the modes or state are released. Figure 1.10.1 shows the block diagram
of the watchdog timer. Figure 1.10.2 and 1.10.3 show the watchdog timer-related registers.

Prescaler

"CM06=0"

Watchdog timer
interrupt request
o—
BCLK .
S —¢ Watchdog timer o
HOLD o—m
A “CM06=1"
Reset

Write to the watchdog timer

start register -] Set to
(address 000E16) “7TFFF16”
RESET © OI> D

Figure 1.10.1. Block diagram of watchdog timer
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b7 b6 b5 b4 b3 b2 bl bO

[ lo]o]

b7

Watchdog timer control register

b0

Watchdog timer start register

Symbol Address When reset
WDC 000F16 000XXXXX2
Bit Bit Functi R IW
symbol it name unction !
|
N O—
|
|
N o!—
1
1
_ High-order bit of watchdog timer O—
|
1
1
- O |—
|
|
N o!—
1
1
1
— 0:0
Reserved bit Must always be set to "0" :
1
— !0
1
Prescaler select bit 0 : Divided by 16 X
WDC7 L
1 : Divided by 128 O:O
Symbol Address When reset
WDTS 000E16 Indeterminate
Function RIW
1
The watchdog timer is initialized and starts counting after a write |
instruction to this register. The watchdog timer value is always initialized | :O
to "7FFF16" regardless of the value written. |
1

Figure 1.10.2. Watchdog timer control and start registers

z MITSUBISHI
ELECTRIC

107



L
\i;ie\OQ
Watchdog Timer

«"Rev.B2 for proof reading

System clock control register O (Note 1)

Note 3:
Note 4:

Note 5:

Note 6:

Note 7:
Note 8:

b7 b6 b5 b4 b3 b2 bl bo

| | Symbol Address When reset
B I N N 70\ S N CMO 000616 0000 X0002
: oo n i i symbol Bit Function RW
T - o150 !
E I I I ' I I - CM00 CI?th %L.‘ttp“t Iunzctlon 00 : /O port P53 (ol(®)
A select bit (Note 2) 01 : fc output
R A CMO1 1 0: fg output !
: ' ' ' ' ' 11 : 32 output O:O
N cMo2 | WAIT peripheral 0 : Do not stop peripheral clock ‘
E voor o function clock stop bit in wait mode 00
- 1 : Stop peripheral clock in i
oo wait mode (Note 3) |
oo ] Nothing is assigned. R
o When write, set "0". When read, their contents are indeterminate. |
; P Port Xc select bit 0: 1/O port |
Voo T cMo4 1 : XcIN-XcouT generation (Note 4) Oio
Voo cMos | Main clock (XIN-XouT) | 0 : Main clock On OEO
b TTTTmmmmTmmmmey stop bit (Note 5) 1 : Main clock Off (Note 6) !
E - Watchdog timer 0 : Watchdog timer interrupt
vooTTTTTTE T CMO6 function select bit 1: Reset (Note 7) O:O
E System clock select bit | 0 : XIN, XouT ‘
et CMo7 (Note 8) 1: XcIN, XcouT O:O

: Set bit 0 of the protect register (address 000A16) to “1” before writing to this register.
: The port P53 dose not function as an 1/0O port in microprocessor or memory expansion

mode.

When outputting ALE to P53 (bits 5 and 4 of processor mode register 0 is "01"), set
these bits to "00".

The port P53 function is not selected, even when you set "00" in microprocessor or
memory expansion mode and bit 7 of the processor mode register 0 is "1".

fca2 is not included. When this bit is set to "1", PLL cannot be used in WAIT.

When XcIN-XcouT is used, set port P86 and P87 to no pull-up resistance with the input
port.

When entering the power saving mode, the main clock is stopped using this bit. To stop
the main clock, set system clock stop bit (CM07) to "1" while an oscillation of sub clock is
stable. Then set this bit to "1".

When XIN is used after returning from stop mode, set this bit to "0".

When this bit is "1", XouT is "H". Also, the internal feedback resistance remains ON, so
XIN is pulled up to XouT ("H" level) via the feedback resistance.

When the main clock is stopped, the main clock division register (address 000C1s) is set
to the division by 8 mode.

However, in ring oscillator mode, the main clock division register is not set to the division
by 8 mode when XIN-XouT is stopped by this bit.

When "1" has been set once, "0" cannot be written by software.

Set this bit "0" to "1" when sub clock oscillation is stable by setting CM04 to "1".

Set this bit "1" to "0" when main clock oscillation is stable by setting CM05 to "0".

Do not set CM04 and CMO05 simultaneously.

Figure 1.10.3. System clock control register 0
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DMAC

DMAC

This microcomputer has four DMAC (direct memory access controller) channels that allow data to be sent
to memory without using the CPU. DMAC is a function that transmit delete data of a source address (8 bits
/16 bits) to a destination address when transmission request occurs. When using three or more DMAC
channels, the register bank 1 and high-speed interrupt register are used as DMAC registers. If you are
using three or more DMAC channels, you cannot use high-speed interrupts. The CPU and DMAC use the
same data bus, but the DMAC has a higher bus access privilege than the CPU, and because of the use of
cycle-steeling, operations are performed at high-speed from the occurrence of a transfer request until one
word (16 bits) or 1 byte (8 bits) of data have been sent. Figure 1.11.1 shows the mapping of registers used
by the DMAC. Table 1.11.1 shows DMAC specifications. Figures 1.11.2 to 1.11.5 show the structures of the
registers used.

As the registers shown in Figure 1.11.1 are allocated in the CPU, use LDC instruction when writing. When
writing to DCT2, DCT3, DRC2, DRC3, DMA2 and DMAZ3, set register bank select flag (B flag) to "1" and use
MOV instruction to set RO to R3, A0 and Al registers. When writing to DSA2 and DSA3, set register bank
select flag (B flag) to "1" and use LDC instruction to set SB and FB registers.

DMAC related registers
DMDO
DMDL DMA mode register 0, 1
DCTO
DCTL DMA 0, 1 transfer count register
J
DRCO
DMA 0, 1 transfer count reload register
DRC1
DMAO
DMAL DMA 0, 1 memory address register
DSAQ ]
DSAL » DMA 0, 1 SFR address register
J
DRAO
DMA 0, 1 memory address reload register
DRA1
When using three or more DMAC channels When using three or more DMAC channels
The register bank 1 is used as a DMAC register The high-speed interrupt register is used as a DMAC
register
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 DRAL (VCT) DMA3 memory address reload register
DRC3 (R3) DMAS3 transfer count reload register
DMA2 (A0 DMA2 memory address register .
(40) ) When using DMA2 and DMAS3, use the CPU
DMA3 (A1) DMA3 memory address register registers shown in parentheses.
DSA2 (SB) DMA2 SFR address register
DSA3 (FB) DMA3 SFR address register

Figure 1.11.1. Register map using DMAC

In addition to writing to the software DMA request bit to start DMAC transfer, the interrupt request signals
output from the functions specified in the DMA request factor select bits are also used. However, in contrast
to the interrupt requests, repeated DMA requests can be received, regardless of the interrupt flag.

(Note, however, that the number of actual transfers may not match the number of transfer requests if the
DMA request cycle is shorter than the DMR transfer cycle. For details, see the description of the DMAC
request bit.)
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Table 1.11.1. DMAC specifications

Item Specification

No. of channels 4 (cycle steal method)

Transfer memory space « From any address in the 16 Mbytes space to a fixed address (16
Mbytes space)

» From a fixed address (16 Mbytes space) to any address in the 16 M

bytes space

Maximum No. of bytes transferred| 128 Kbytes (with 16-bit transfers) or 64 Kbytes (with 8-bit transfers)

DMA request factors (Note) Falling edge of INTO to INT3 or both edge

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UARTA4 transmission and reception interrupt requests
A-D conversion interrupt requests

Intelligent 1/O interrupt

Software triggers

Channel priority DMAO > DMA1 > DMA2 > DMA3 (DMAQO is the first priority)

Transfer unit 8 bits or 16 bits

Transfer address direction forward/fixed (forward direction cannot be specified for both source and
destination simultaneously)

Transfer mode « Single transfer

Transfer ends when the transfer count register is "000016".

* Repeat transfer
When the transfer counter is "000016", the value in the transfer
counter reload register is reloaded into the transfer counter and the
DMA transfer is continued

DMA interrupt request generation timing| When the transfer counter register changes from "000116" to "000016".

DMA startup * Single transfer
Transfer starts when DMA transfer count register is more than
"000116" and the DMA is requested after “012” is written to the
channel i transfer mode select bits

* Repeat transfer
Transfer starts when the DMA is requested after “112” is written to the
channel i transfer mode select bits

DMA shutdown « Single transfer
When “002” is written to the channel i transfer mode select bits and
DMA transfer count register becomes "000016" by DMA transfer or
write

* Repeat transfer
When “002” is written to the channel i transfer mode select bits

Reload timing When the transfer counter register changes from "000116" to "000016" in
repeat transfer mode.
Reading / writing the register Registers are always read/write enabled.

Number of DMA transfer cycles |Between SFR and internal RAM : 3 cycles
Between external 1/0 and external memory : minimum 3 cycles

Note: DMA transfer doed not affect any interrupt.
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b7 b6 b5 b4 b3 b2 bl bO

DMAI request cause select register (=0 to 3)

Symbol Address When reset
DMiSL(i=0 to 3) 037816, 037916, 037A16, 037B16 0X0000002
Bit Bit name Function R :W
symbol '
1
1
DSELO o0
1
:
DSEL1 0,0
1
:
DSEL2 | DMA request cause Refer to function table O:O
select bit |
(Note 1) :
DSEL3 o0
1
:
DSEL4 0.0
1
If software trigger is selected, a DMA request !
DSR rse(z]fg’;zl[%i?MA (Note 2) is generated by setting this bit to "1" (When 0.0
read, the value of this bit is always "0") '
1
Nothing is assigned. When write, set "0". e
When read, its content is indeterminate. !
0 : Not requested !
DR DMA request bit '
Q 4 (Note 2, 3)| 1 : Requested O:O

Note 1: Set DMA inhibit before changing the DMA request cause. Set DRQ bit to "1" simultaneously.
e.g.) MOV.B #083h, DMISL ; Set timer AO
Note 2: When setting DSR to "1", set DRQ bit to "1" using OR instruction etc. simultaneously.
e.g.) OR.B #0AOh, DMiSL
Note 3: Do not write "0" to this bit. There is no need to clear the DMA request bit.

Figure 1.11.2. DMAC register (1)
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Table 1.11.2. DMAI request cause select register function

Setting value DMA request cause

b4 b3 b2 bl b0 DMAO DMA1 DMA2 DMA3

00O0O0O Software trigger

00001 Falling edge of INTO pin | Falling edge of INT1 pin | Falling edge of INT2 pin | Falling edge of INT3 pin | (Note 1)

00010 Both edges of INTO | Both edges of INT1 | Both edges of INT2 | Both edges of INT3 | (Note 1)

00011 Timer AO

00100 Timer Al

00101 Timer A2

00110 Timer A3

00111 Timer A4

01000 Timer BO

01001 Timer B1

01010 Timer B2

01011 Timer B3

01100 Timer B4

01101 Timer B5

01110 UARTO transmit

01111 UARTO receive /ACK (Note 2)

10000 UART1 transmit

10001 UART1 receive /ACK (Note 2)

10010 UART2 transmit

10011 UART?2 receive /ACK (Note 2)

10100 UART3 transmit

10101 UART3 receive /ACK (Note 2)

10110 UART4 transmit

10111 UART4 receive /ACK (Note 2)

11000 A-DO A-D1 A-DO A-D1

11001 Intelligent I/O interrupt | Intelligent 1/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt
control register 0 control register 7 control register 2 control register 9

11010 Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt
control register 1 control register 8 control register 3 control register 10

11011 Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent 1/O interrupt | Intelligent I/O interrupt
control register 2 control register 9 control register 4 control register 11

11100 Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt
control register 3 control register 10 control register 5 control register 0

11101 Intelligent I/O interrupt | Intelligent 1/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt
control register 4 control register 11 control register 6 control register 1

11110 Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt
control register 5 control register 0 control register 7 control register 2

11111 Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent I/O interrupt | Intelligent 1/O interrupt
control register 6 control register 1 control register 8 control register 3

Note 1: When INT3 pin is data bus in microprocessor mode, INT3 edge cannot be used as DMA3 request cause.
Note 2: UARTI receive /ACK switched by setting of UARTI special mode register and UARTi special mode
register 2 (i=0 to 3)
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DMAC
DMA mode register O
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
| | | | DMDO 0016
¢+ 1+ o+ | Bitsymbol Bit name Function R W
v+ 1+ o+ | Mpoo | Channel O transfer | btbo. o
A mode select bit 00 : DMA inhibit ©.0
[ A 0 1: Single transfer !
. MDO1 1 0 : Must not be set |
v e e T 11 : Repeat transfer ©) ©)
R BWO Channel 0 transfer | 0 : 8 bits o o
unit select bit 1: 16 bits !
R RWO [ Channel O transfer | 0 : Fixed address to memory (forward direction) 00
oo direction select bit | 1 : Memory (forward direction) to fixed address
MD10 | Channel 1 transfer | 2504 -
Voo T mode select bit 00 : D_MA inhibit O ! O
P 0 1: Single transfer !
I MD11 1 0: Must not be set !
vy TTTTTTTmmmmmmTees 11 : Repeat transfer 0.0
____________________ BW1 Channel 1 transfer | O : 8 bits o o
: unit select bit 1:16 bits !
e e Rw1 Channel 1 transfer | o : Fixed address to memory (forward direction) o o
direction select bit | 1 : Memory (forward direction) to fixed address !
DMA mode register 1
(CPU internal register)
b7 b6 b5 b4 b3 b2 bl b0 Symbol When reset
HEEEEEE N o0
v+ 1| Bit symbol Bit name Function RIW
vorov 4 | D20 | Channel 2 transfer | btbo o
A mode select bit | 0 0 : DMA inhibit 0.0
I 0 1: Single transfer :
L MD21 1 0 : Must not be set o ! o
e 11: Repeat transfer !
A BW2 | Channel 2 transfer | 0 : 8 bits o | o
unit select bit 1 : 16 bits ;
o RW2 | Channel 2 transfer | O : Fixed address to memory (forward direction) | o
Cooy T direction select bit | 1 : Memory (forward direction) to fixed address
b MD30 | Channel 3 transfer [ bSb4 o |
P mode select bit 00: DMA inhibit O i O
o 0 1 : Single transfer ‘
. MD31 1 0 : Must not be set o o
o 11 : Repeat transfer !
o BW3 Channel 3 transfer | 0 : 8 bits o o
' unit select bit 1 : 16 bits !
e e e RW3 Channel 3 transfer | 0 : Fixed address to memory (forward direction) o o
direction select bit | 1 : Memory (forward direction) to fixed address

Figure 1.11.3. DMAC register (2)
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DMAI transfer count register (i = 0 to 3)

(CPU internal register)

b15

b0

Symbol
DCTO (Note 2)
DCT1 (Note 2)

DCT2 (bank 1;R0) (Note 3)
DCT3 (bank 1;R1) (Note 3)

Address

(CPU internal register)
(CPU internal register)
(CPU internal register)
(CPU internal register)

When reset
XXXX16
XXXX16
000016
000016

Function

Setting range

R:W

Set transfer number

000016 to FFFF16  |O:O

Note 1: When "0" is set to this register, data transfer is not done even if DMA

is requested.
Note 2: Use LDC instruction to write to this register.

Note 3: When setting DCT2 and DCT3, set "1" to the register bank select flag
(B flag) of flag register (FLG), then set desired value to RO and R1 of
register bank 1. Use MOV instruction to write to this register.

DMAI transfer count reload register (i = 0 to 3)

(CPU internal register)

b15

b0

Symbol
DRCO (Note 1)
DRC1 (Note 1)

DRC2 (bank 1;R2) (Note 2)
DRC3 (bank 1;R3) (Note 2)

Address

(CPU internal register)
(CPU internal register)
(CPU internal register)
(CPU internal register)

When reset
XXXX16
XXXX16
000016
000016

Function

Setting range

RIW

Set transfer number

000016 to FFFF1s  [O:O

Note 1: Use LDC instruction to write to this register.

Note 2: When setting DRC2 and DRC3, set "1" to the register bank select
flag (B flag) of flag register (FLG), then set desired value to R2 and
R3 of register bank 1. Use MOV instruction to write to this register.

Figure 1.11.4. DMAC register (3)
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DMAI memory address register (i =0 to 3)
(CPU internal register)

Symbol Address When reset
b23 o DMAO (Note 2) (CPU internal register)  XXXXXX16
| \ . DMA1 (Note 2) (CPU internal register) ~ XXXXXX16
. 1 DMA2 (bank 1;A0) (Note 3) (CPU internal register) 00000016
! DMAS3 (bank 1;A1) (Note 3) (CPU internal register) 00000016
Function Setting range R'W

00000016 to FFFFFF16 |
(16 Mbytes area)

Set source or destination memory address o

(Note 1)

Note 1: When the transfer direction select bit is "0" (fixed address to memory), this register
is destination memory address.
When the transfer direction select bit is "1" (memory to fixed address), this register
is source memory address.

Note 2: Use LDC instruction to write to this register.

Note 3: When setting DMA2 and DMA3, set "1" to the register bank select flag (B flag) of
flag register (FLG), and set desired value to AO and Al of register bank 1. Use
MOV instruction to write to this register.

DMAI SFR address register (i = 0 to 3)
(CPU internal register)

Set source or destination fixed address
(Note 1)

00000016 to FFFFFF16
(16 Mbytes area)

Symbol Address When reset
b23 o DSAO (Note 2) (CPU internal register)  XXXXXX16
T T DSA1 (Note 2) (CPU internal register) ~ XXXXXX16
| i : DSA2 (bank 1;SB) (Note 3) (CPU internal register) 00000016
DSA3 (bank 1;FB) (Note 4) (CPU internal register) 00000016
Function Setting range RIW|

00

(CPU internal register)

DMAI memory address reload register (i = 0 to 3) (Note 1)

Note 1: When the transfer direction select bit is "0" (fixed address to memory), this register
is source fixed address.
When the transfer direction select bit is "1" (memory to fixed address), this register
is destination fixed address.

Note 2: Use LDC instruction to write to this register.

Note 3: When setting DSA2, set "1" to the register bank select flag (B flag) of flag register
(FLG), and set desired value to SB of register bank 1. Use LDC instruction to write
to this register.

Note 4: When setting DSAS3, set "1" to the register bank select flag (B flag) of flag register
(FLG), and set desired value to FB of register bank 1. Use LDC instruction to write
to this register.

Symbol Address When reset
b23 o DRAO (CPU internal register) ~ XXXXXX16
T T DRA1 (CPU internal register) ~ XXXXXXz16
| ! ! | DRAZ2 (bank 1;SVP) (Note 2) (CPU internal register)  XXXXXX16
DRAS3 (bank 1;VCT) (Note 3) (CPU internal register)  XXXXXX16

Function Setting range RIW

00000016 to FFFFFF16
(16 Mbytes area)

oo

Set source or destination memory address

Note 1: Use LDC instruction to write to this register.
Note 2: When setting DRA2, set desired value to save PC register (SVP).
Note 3: When setting DRAS3, set desired value to vector register (VCT).

Figure 1.11.5. DMAC register (4)
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(1) Transfer cycle
The transfer cycle consists of the bus cycle in which data is read from memory or from the SFR area
(source read) and the bus cycle in which the data is written to memory or to the SFR area (destination
write). The number of read and write bus cycles depends on the source and destination addresses. In
memory expansion mode and microprocessor mode, the number of read and write bus cycles also de-
pends on the level of the BYTE pin. Also, the bus cycle is longer when software waits are inserted.

(a) Effect of source and destination addresses
When 16-bit data is transferred on a 16-bit data bus, and the source and destination both start at odd
addresses, there are one more source read cycle and destination write cycle than when the source
and destination both start at even addresses.

(b) Effect of external data bus width control register

When in memory expansion mode or microprocessor mode, the transfer cycle changes according to

the data bus width at the source and destination.

1. When transferring 16 bits of data and the data bus width at the source and at the destination is 8
bits (data bus width bit = “0”), there are two 8-bit data transfers. Therefore, two bus cycles are
required for reading and two cycles for writing.

2. When transferring 16 bits of data and the data bus width at the source is 8 bits (data bus width bit
="“0") and the data bus width at the destination is 16 bits (data bus width bit = “1"), the data is read
in two 8-bit blocks and written as 16-bit data. Therefore, two bus cycles are required for reading
and one cycle for writing.

3. When transferring 16 bits of data and the data bus width at the source is 16 bits (data bus width bit
="“1") and the data bus width at the destination is 8 bits (data bus width bit = “0"), 16 bits of data are
read and written as two 8-bit blocks. Therefore, one bus cycle is required for reading and two
cycles for writing.

(c) Effect of software wait
When the SFR area or a memory area with a software wait is accessed, the number of cycles is
increased for the soffware wait by 1 bus cycle. The length of the cycle is determined by BCLK.

Figure 1.11.6 shows the example of the transfer cycles for a source read. Figure 1.11.6 shows the desti-
nation is external area, the destination write cycle is shown as two cycle (one bus cycle) and the source
read cycles for the different conditions. In reality, the destination write cycle is subject to the same condi-
tions as the source read cycle, with the transfer cycle changing accordingly. When calculating the transfer
cycle, remember to apply the respective conditions to both the destination write cycle and the source read
cycle. For example (2) in Figure 1.11.6, if data is being transferred in 16-bit units on an 8-bit bus, two bus
cycles are required for both the source read cycle and the destination write cycle.
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(1) *When 8-bit data is transferred
*When 16-bit data is transferred on a 16-bit data bus and the source address is even

BCLK

Address

bus CPU use

CPU use

>< Source >< Destination ><

RD signal

>< Source >< Destination ><

(2) *When 16-bit data is transferred and the source address is odd
*When 16-bit data is transferred and the width of data bus at the source is 8-bit

WR signal

Data

bus CPU use

CPU use

(When the width of data bus at the destination is 8-bit, there are also two destination write cycles).

BCLK

Address

bus CPU use

>
)
2
8

>

Source + 1>< Destination ><

RD signal

WR signal

Data CPU use

Source + Destination
bus >< >< Source 1>< ><

(3) *When one wait is inserted into the source read under the conditions in (1)

CPU use

BCLK

Address CPU use ><

bus CPU use

Source >< Destination ><

RD signal

>< Destination ><

(4) *When one wait is inserted into the source read under the conditions in (2)
(When 16-bit data is transferred and the width of data but at the destination is 8-bit, there are
two destination write cycles).

WR signal

Data
bus CPU use

Source CPU use

BCLK

Address
bus CPU use ><

Source >< Source + 1 >< Destination >< CPU use

RD signal

Source >< >< Destination >< CPU use

Note: The same timing changes occur with the respective conditions at the destination as at the source.

WR signal

Data
bus CPU use

Source +1

Figure 1.11.6. Example of the transfer cycles for a source read
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(2) DMAC transfer cycles
Any combination of even or odd transfer read and write addresses is possible. Table 1.11.2 shows the
number of DMAC transfer cycles.
The number of DMAC transfer cycles can be calculated as follows:

No. of transfer cycles per transfer unit = No. of read cycles x j + No. of write cycles x k

Table 1.11.2. No. of DMAC transfer cycles

Transfer unit Bus width | Access address Single-chip mode Me’\r/rlwig%perégzgzg)rnmrg%%e
No. of read | No. of write | No. of read | No. of write
cycles cycles cycles cycles
16-bit Even 1 1 1 1
8-bit transfers (DSi ="1") Odd 1 1 1 1
(BWi =“0") 8-bit Even — — 1 1
(DSi =“0") Odd — — 1 1
16-hbit Even 1 1 1 1
16-bit transfers (DSi ="1") Odd 2 2 2 2
(BWi ="1") 8-bit Even — — 2 2
(DSi =“0") Odd — — 2 2
Coefficient j, k
Coefficient Coefficient k
Internal memory | Internal ROM/RAM No wait 1 1
Internal ROM/RAM One wait 2 2
SFR area 2 2
External memory | Separate bus No wait 1 2
Separate bus One wait 2 2
Separate bus Two waits 3 3
Separate bus Three waits 4 4
Multiplex bus 3 3

DMA Request Bit
The DMAC can issue DMA requests using preselected DMA request factors for each channel as triggers.
The DMA transfer request factors include the reception of DMA request signals from the internal periph-
eral functions, software DMA factors generated by the program, and external factors using input from
external interrupt signals.
See the description of the DMAI factor selection register for details of how to select DMA request factors.
DMA requests are received as DMA requests when the DMAI request bit is set to “1” and the channel i
transfer mode select bits are “01” or “11". Therefore, even if the DMAI request bit is “1”, no DMA request
is received if the channel i transfer mode select bit is “00”. In this case, DMAI request bit is cleared.
Because the channel i transfer mode select bits default to “00” after a reset, remember to set the channel
i transfer mode select bit for the channel to be activated after setting the DMAC related registers. This
enables receipt of the DMA requests for that channel, and DMA transfers are then performed when the
DMAI request bit is set.
The following describes when the DMAI request bit is set and cleared.
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(1) Internal factors
The DMAI request flag is set to “1” in response to internal factors at the same time as the interrupt
request bit of the interrupt control register for each factor is set. This is because, except for software
trigger DMA factors, they use the interrupt request signals output by each function.
The DMAI request bit is cleared to "0" when the DMA transfer starts or the DMA transfer is disabled
(channel i transfer mode select bits are "00" and the DMAI transfer count register is "0").

(2) External factors

These are DMA request factors that are generated by the input edge from the INTi pin (where i indi-
cates the DMAC channel). When the INTi pin is selected by the DMAI request factor select bit as an
external factor, the inputs from these pins become the DMA request signals.

When an external factor is selected, the DMAI request bit is set, according to the function specified in the
DMA request factor select bit, on either the falling edge of the signal input via the INTi pins, or both edges.
When an external factor is selected, the DMAI request bit is cleared, in the same way as the DMAI
request bit is cleared for internal factors, when the DMA transfer starts or the DMA transfer is in
disable state.

(3) Relationship between external factor request input and DMAI request bits, and DMA transfer timing
When the request inputs to DMAI occur in the same sampling cycle (between the falling edge of BCLK
and the next falling edge), the DMAI request bits are set simultaneously, but if the DMAI enable bits
are all set, DMAQO takes priority and the transfer starts. When one transfer unit is complete, the bus
privilege is returned to the CPU. When the CPU has completed one bus access, DMAL transfer starts,
and, when one transfer unit is complete, the privilege is again returned to the CPU.

The priority is as follows: DMAO > DMA1 > DMA2 > DMAS.
Figure 1.11.7. DMA transfer example by external factors shows what happens when DMAO and DMA1
requests occur in the same sampling cycle.

In this example, DMA transfer request signals are input simultaneously from
external factors and the DMA transfers are executed in the minimum cycles.

S A
L Lo : Lo 3 priviledge
cPU Y 0 | acquired

INTO B

DMAO

request bit
INT1 B

DMA1

request bit

Figure 1.11.7. DMA transfer example by external factors
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Precautions for DMAC
(1) Do not clear the DMA request bit of the DMAI request cause select register.
In M32C/83, when a DMA request is generated while the channel is disabled (N°®), the DMA transfer is
not executed and the DMA request bit is cleared automatically.
Note :The DMA is disabled or the transfer count register is "0".

(2) When DMA transfer is done by a software trigger, set DSR and DRQ of the DMAI request cause select
register to "1" simultaneously using the OR instruction.
e.g.) OR.B #0AOh, DMiSL ; DMISL is DMAI request cause select register

(3) When changing the DMAI request cause select bit of the DMAI request cause select register, set "1" to
the DMA request bit, simultaneously. In this case, the corresponding DMA channel is set to disabled. At
least 8 + 6 x N (N: enabled channel number) clock cycles are needed from the instruction to write to the
DMAI request cause select bit to enable DMA.

e.g.) When DMA request cause is changed to timer A0 and using DMAQ in single transfer after
DMA initial setting

push.w RO ; Store RO register

stc DMDO, RO ; Read DMA mode register O

and.b  #11111100b, ROL ; Clear DMAO transfer mode select bit to "00"
Idc RO, DMDO ; DMAO disabled

mov.b  #10000011b, DMOSL ; Select timer AO
; (Write "1" to DMA request bit simultaneously)

nop At least 8 + 6 x N cycles
: (N: enabled channel number)

Idc RO, DMDO ; DMAO enabled
popw RO ; Restore RO register
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DMAC II
When requested by an interrupt from any peripheral I/O, the DMAC performs a memory-to-memory trans-
fer, an immediate data transfer, or an arithmetic transfer (to transfer the sum of two data added).
Specifications of DMAC Il are shown in Table 1.12.1.

Table 1.12.1 Specifications of DMAC II

Item Specification

Causes to activate DMAC I Interrupt request from any peripheral 1/0O whose interrupt priority is set to
"level 7" by the Interrupt Control Register

Transfer data (1) Memory -> memory (memory-to-memory transfer)
(2) Immediate data -> memory (immediate data transfer)
(3) Memory (or immediate data) + memory -> memory (arithmetic transfer)

Unit of transfer Transferred in 8 or 16 bits
Transfer space 64-Kbyte space at address up to OFFFF16  (Note)
Direction of transfer Fixed or forward address

Can be selected individually for the source and the destination of transfer.

Transfer mode (1) Single transfer
(2) Burst transfer

Chained transfer function Parameters (transfer count, transfer address, and other information)
are switched over when the transfer counter reaches zero.

Interrupt at end of transfer Interrupt is generated when the transfer counter reaches zero.

Multiple transfer function Multiple data transfers can be performed by one DMA Il transfer request generated.

Note : When transfer unit is 16 bits and destination address is OFFFF16, data is transfered to addresses
OFFFF16 and 1000016. When source address is OFFFF16, data is transfered as in the previous.

Settings of DMAC I

DMAC Il can be enabled for use by setting up the following registers and tables.

* Exit Priority Register (address 009F16)

* DMAC Il Index

* Interrupt Control Register for the peripheral I/O that requests a transfer by DMAC Il

* Relocatable Vector Table for the peripheral I/O that requests a transfer by DMAC |l

» When using an intelligent I/O or CAN interrupt, Interrupt Enable Register’s interrupt request latch bit
(bit 0)

(1) Exit priority register (address 009F16)
If this register’'s DMAC 1l select bit (bit 5) and fast interrupt select bit (bit 3) respectively are set to 1 and
0, DMAC Il is activated by an interrupt request from any peripheral I/O whose interrupt priority is set to
“level 7" by the interrupt priority level select bit.
The configuration of the exit priority register is shown in Figure 1.12.1.
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Exit priority register

b7 b6 b5 b4 b3 b2 bl bO

Note 1: Exits the Stop or Wait mode when the requested interrupt priority level is higher than

Symbol Address When reset
RLVL 009F16 XX0X00002
Bit Bit Functi :
symbol it name unction R :W
1
b2 b1 b0 !
RLVLO 000: Level 0 00
Interrupt priority set bits| 001 : Level 1 :
for exiting Stop/Wait 010:Level 2 !
RLVL1 | state 011:Level3 0,0
(Note 1) 100 : Level 4 !
101:Level5 1
RLVL2 110:Level 6 00
111:Level?7 '
1
0: Interrupt priority level 7 = normal !
FSIT High-speed interrupt interrupt !
set bit (Note 2)| 1: Interrupt priority level 7 = 00
high-speed interrupt |
1
T
Nothing is assigned. '
When write, set "0". When read, its content is indeterminate. - :*
) 0: Interrupt priority level 7 = normal X
DMA Il DMA Il select bit interrupt or high-speed interrupt '
(Note 3) | 1: nterrupt priority level 7 = :O
DMA Il transfer !
1
1
T
Nothing is assigned. X
When write, set "0". When read, their contents are indeterminate. '
—_
1
1

that set in the exit priority register.

Set to the same value as the processor interrupt priority level (IPL) set in the flag

register (FLG).

Note 2: The high-speed interrupt can only be specified for interrupts with interrupt priority level

7. Specify interrupt priority level 7 for only one interrupt.
Note 3: Do not set this bit to 0 after once setting it to 1.

When this bit is 1, do not set the high-speed interrupt select bit to 0. (This cannot be

used simultaneously with the high-speed interrupt.)

Transfers by DMAC Il are unaffected by the interrupt enable flag (I flag) and processor

interrupt priority level (IPL).

Figure 1.12.1. Exit priority register
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(2) DMAC Il Index
The DMAC Il Index is a data table, comprised of 8 to 18 bytes (max. 32 kbytes when multiple transfer
function is selected), which contains such parameters as transfer mode, transfer counter, transfer
source address (or immediate data), operation address, transfer destination address, chained trans-
fer address, and end-of-transfer interrupt address.
This DMAC Il Index is located in the RAM area.
Configuration of the DMAC Il Index is shown in Figure 1.12.2. The configuration of the DMAC Il Index
by transfer mode is shown in Table 1.12.2.

Memory-to-memory transfer, Immediate transfer, Multiple transfer
Arithmetic transfer ) )
16 bits 16 bits
< > < >
DMAC Il Index
start 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)  (Notel) BASE + 6 | Transfer destination address (DADR1)
BASE + 8 Transfer destination address (DADR) BASE + 8 | Transfer source address (SADR2)
BASE + 10 | Chained transfer address (CADRO) (Note2) BASE + 10| Transfer destination address (DADR2)
BASE + 12 | Chained transfer address (CADR1) (Note2) 8
BASE + 14 | End-of-transfer interrupt address ~ (IADRO) (Note3) BASE + 28| Transfer source address (SADR7)
BASE + 16 | End-of-transfer interrupt address ~ (IADR1) (Note3) BASE + 30| Transfer destination address (DADRY7)

Note 1: Delete this data when not using the arithmetic transfer function.
Note 2: Delete this data when not using the chained transfer function.
Note 3: Delete this data when not using an end-of-transfer interrupt.

Figure 1.12.2. DMAC Il index

* Transfer mode (MOD)
This two-byte data sets DMAC Il transfer mode. Configuration of transfer modes is shown in Figure
1.12.3.

* Transfer counter (COUNT)
This two-byte data sets the number of times transfer is performed.

* Transfer source address (SADR)
This two-byte data sets the memory address from which data is transferred or immediate data.

» Operation address (OADR)
This two-byte data sets the memory address to be operated on for calculation. This data is added to
the table only when using the arithmetic transfer function.

» Transfer destination address (DADR)
This two-byte data sets the memory address to which data is transferred.

* Chained transfer address (CADR)
This four-byte data sets the DMAC Il Index start address for the next DMAC Il transfer to be per-
formed. This data is added to the table only when using the chained transfer function.

» End-of-transfer interrupt address (IADR)
This four-byte data sets the jump address for end-of-transfer interrupt processing. This data is added
to the table only when using an end-of-transfer interrupt.
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Table 1.12.2. The configuration of the DMAC Il Index by transfer mode

. Memory-to-memory transfer . . .
Transmit data /immediate 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 I
12 bytes | 12 bytes IADRO CADR1 IADR1 CADR1 SADRI
IADR1 14 bytes | 14 bytes IADRO DADRI
16 bytes IADR1 |(i=1t0 7
Max. 32 bytes
18 bytes | (when i=7)
Transfer mode(MOD)
b15 b8
(b7) (b0)b7 b0
Bit ) Function Function :
: B symbol Bit name (MULT=0) (MULT=1) RiW
H T . 1
H HEH Transfer unit 0: 8 bits |
: R SIZE | select bit 1: 16 bits OEO
Transfer data 0: Immedeate data . :
: B IMM | select bit 1: Memory Must set to "1 O:O
Transfer source 0: Fixed address |
UPDS direction select bit | 1: Forward address O:O
: R i
H Vo Transfer distination| O: Fixed address !
UPDD direction select bit | 1: Forward address OEO
R OPER | Alithmatic transfer | 0: Not used b6 bS b4 !
: I EEERREEE ) ol 00 0: Do not 0,0
: i /ICNTO | function select bit | 1: Used set this :
: I . 00 1: Once '
: i BRST | Burst transfer 0: Single transfer 01 0: Twice 0'0
H P /CNT1 | select bit 1: Burst transfer : :
: : ] INTE |End of transfer 0: Interrupt not used | 1 1 0: 6 times OEO
H : /CNT2 |interrupt select bit | 1: Interrupt used 111:7times !
Chained transfer | 0: Chained transfer not used '
D LARLECLELEE CHAIN ) ng"
select bit 1: Chained transfer used Must set to "0 O:O
Nothing is assigned. When write, set "0". _ Ei
When read, their contents are indeterminate. !
: _ i
e MULT Mult|ple.transfer 0: Not multiple transfer | 1: Multiple transfer O:O
select bit '

Figure 1.12.3. Transfer mode
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(3) Interrupt Control Register for Peripheral 1/O
For peripheral 1/O interrupts used to request a transfer by DMAC I, set the Interrupt Control Register
for each peripheral 1/O to select “level 7” for their interrupt priority.

(4) Relocatable Vector Table for Peripheral I/O
In the relocatable vector table for each peripheral 1/0O that requests a transfer by DMAC I, set the
DMAC Il Index start address. (When using chained transfers, the relocatable vector table must be
located in the RAM.)

(5) Interrupt Enable Register’s interrupt request latch bit (bit 0)
When using an intelligent I/O or CAN interrupt to activate DMAC Il, set to 0 the Interrupt Enable
Register’s interrupt request latch bit (bit 0) for the intelligent I/O or CAN interrupt that requests a
transfer by DMAC II.

Operation of DMAC I

The DMAC Il function is selected by setting the DMAC Il select bit (bit 5 at address 009F16) to 1. All
peripheral I/O interrupt requests which have had their interrupt priorities set to “level 7” by the Interrupt
Control Register comprise DMAC Il interrupt requests. These interrupt requests (priority level = 7) do not
generate an interrupt, however.

When an interrupt request is generated by any peripheral I/O whose interrupt priority is set to “level 7,”
DMAC Il is activated no matter which state the | flag and processor interrupt priority level(IPL) is in. If an
interrupt request with higher priority than that (e.g., NMI or watchdog timer) occurs, this higher priority
interrupt has precedence over and is accepted before DMAC Il transfers. The pending DMAC Il transfer
is started after the interrupt processing sequence for that interrupt finishes.

Transfer data
DMAC Il transfers data in units of 8 or 16 bits as described below.

» Memory-to-memory transfer: Data is transferred from any memory location in the 64-Kbyte space to
any memory location in the same space.

» Immediate data transfer: Data is transferred as immediate data to any memory location in the 64-
Kbyte space.

» Arithmetic transfer: Two 8 orl6 bits of data are added together and the result is transferred to any
memory location in the 64-Kbyte space.

When transfer unit is 16 bits and destination address is OFFFF16, data is transfered to addresses
OFFFF16 and 1000016. When source address is OFFFF16, data is transfered as in the previous.
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(1) Memory-to-memory transfer
Data can be transferred from any memory location in the 64-Kbyte space to any memory location in
the same space in one of the following four ways:
« Transfer from a fixed address to another fixed address
» Transfer from a fixed address to a variable address
« Transfer from a variable address to a fixed address
» Transfer from a variable address to another variable address
If variable address mode is selected, the transfer address is incremented for the next DMA Il transfer
to be performed. When transferred in units of 8 bits, the transfer address is incremented by one; when
transferred in units of 16 bits, the transfer address is incremented by two. If the transfer source or
destination address exceeds OFFFF16 as a result of address incrementation, the transfer source or
destination address recycles back to 0000016.

(2) Immediate data transfer
Data is transferred as immediate data to any memory location in the 64-Kbyte space. A fixed or
variable address can be selected for the transfer destination address. Store the immediate data in the
DMAC Il Index’s transfer source address. When transferring 8-bit immediate data, set the data in the
lower byte position of the transfer source address. (The upper byte is ignored.)

(3) Arithmetic transfer

Data in two memory locations of the 64-Kbyte space or immediate data and data in any memory
location of the 64-Kbyte space are added together and the result is transferred to any memory location
in the 64-Kbyte space. Set the memory location to be operated on or immediate data in the DMAC II
Index’s transfer source address field and the other memory location to be operated on in the DMAC Il
Index’s operation address field. When performing this mode of transfer on two memory locations, a
fixed or variable address can be selected for the transfer source and transfer destination addresses. If
the transfer source address is chosen to be variable, the operation address also becomes variable.
When performing this mode of transfer on immediate data and any memory location, a fixed or vari-
able address can be selected for the transfer destination address.

Transfer modes
DMAC Il supports single and burst transfers. Use the burst transfer select bit (bit 5) for transfer mode
setup in the DMAC Il index to choose single or burst transfer mode. Use the DMAC Il index transfer
counter to set the number of times a transfer is performed. Neither single transfer nor burst transfer is
performed if the value “000016” is set in the transfer counter.

(1) Single transfer
For a DMAC Il transfer request, 8 or 16 bits of data (one transfer unit) is transferred once. If the
transfer source or transfer destination address is chosen to be variable, the next DMA Il transfer is
performed on an incremented memory address.
The transfer counter is decremented by each DMA Il transfer performed. When using the end-of-transfer
interrupt facility, an end-of-transfer interrupt is generated at the time the transfer counter reaches zero.
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(2) Burst transfer
For a DMAC Il transfer request, data transfers are performed in succession a number of times as set
by the DMAC Il Index transfer counter. When using the end-of-transfer interrupt facility, an end-of-
transfer interrupt is generated at the time a burst transfer finishes (i.e., when the transfer counter
reaches zero after being decremented for each data transfer performed).

(3) Multiple transfers
For multiple transfers, use the multiple transfer select bit (bit 15) for transfer mode setup in the DMAC
Il Index. Setting this bit to 1 selects the multiple transfer function. For the multiple transfer function,
memory to memory transfer can be performed.
Multiple transfers are performed for one DMAC Il transfer request received. Use DMAC Il Index trans-
fer mode bits 4—6 to set the number of transfers to be performed. (Setting these bits to 001 performs
one transfer; setting these bits to 111 performs 7 transfers. Setting these bits to 000 is inhibited.)
The transfer source and transfer destination addresses are alternately incremented beginning with the
DMAC Il Index BASE address + 4 (as many times as the number of transfers performed).
When using multiple transfer function, arithmetic transfer, burst transfer, end-of-transfer interrupt and
chained transfer cannot be used.

(4) Chained transfer
For chained transfers, use the chained transfer select bit (bit 7) for transfer mode setup in the DMAC
Il Index. Setting this bit to 1 selects the chained transfer function. The following describes how a
chained transfer is performed.

1) When a DMA 11 transfer request (interrupt request from any peripheral 1/0) is received, a DMAC I
Index transfer is performed corresponding to the received request.

2) When the DMAC Il Index transfer counter reaches zero, the chained transfer address in the DMAC
Il Index (i.e., the start address of the DMAC Il Index that contains a description of the next DMAC I
transfer to be performed) is written to the relocatable vector table for the peripheral 1/O.

3) From the next DMA Il transfer request on, transfers are performed based on the DMAC Il Index
indicated by the rewritten relocatable vector table of the peripheral 1/0.

Before the chained transfer function can be used, the relocatable vector table must be located in the
RAM area.

(5) End-of-transfer interrupt
For end-of-transfer interrupts, use the end-of-transfer interrupt select bit (bit 6) for transfer mode setup
in the DMAC Il Index. Setting this bit to 1 selects the end-of-transfer interrupt function. Set the jump
address for end-of-transfer interrupt processing in the DMAC Il Index’s end-of-transfer interrupt ad-
dress field. An end-of-transfer interrupt is generated when the DMAC Il Index transfer counter reaches
zero.
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Execution time
The number of DMAC Il execution cycles is calculated by the equation below.

For other than multiple transfers,t=6+ (26 + A+ B+ C+ D) Xm+ (4 + E) X n (cycles)

For multiple transfers, t =21 + (11 + B + C) X k (cycles)

where

A: If the source of transfer is immediate data, A = 0; if it is memory, A=-1

B: If the source address of transfer is a variable address, B = 0; if it is a fixed address, B = 1

C: If the destination address of transfer is a variable address, C = 0; if it is a fixed address, C =1

D: If the arithmetic function is not selected, D = 0; if the arithmetic function is selected and the source of
transfer is immediate data or fixed address memory, D = 7; if the arithmetic function is selected and the
source of transfer is variable address memory, D = 8

E: If the chained transfer function is not selected, E = O; if the chained transfer function is selected, E = 4

m: For single transfer, m = 1; for burst transfer, m = the value set by the transfer counter

n: If the transfer count is one, n = 0O; if the transfer count is two or greater, n =1

k: Number of transfers set by transfer mode bits 4—7

The above equation applies only when all of the following conditions are met, however.

* No bus wait states are inserted.

» The DMAC Il Index is set to an even address.

» During word transfer, the transfer source address, transfer destination address, and operation address
all are set to an even address.

Note that the first instruction in end-of-transfer interrupt processing is executed 7 cycles after DMAC |l

transfers are completed.

When using an end-of-transfer interrupt (transfer counter = 2) after performing a memory to memory
single transfer twice from a variable source address to a fixed destination address, with the chained
transfer function unselected

A=0 B=1 C=0 D=0 E=0

First DMAC Il transfer t=6+27X1+4X1=37 cycle
Second DMAC Il transfer t=6+27X1+4X0=33 cycle

DMAC Il transfer request DMAC Il transfer request
Application| DMAC Il transfer Application DMAC Il transfer End of transfer interrunt program
program (First time) program (Second time) ptprog
37 cycles 33 cycles 8 cycles
Transfer counter = 2 Transfer counter = 1
Down count of transfer counter Down count of transfer counter
Transfer counter = 1 Transfer counter = 0

Figure 1.12.4. Transfer Time
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Timer

There are eleven 16-bit timers. These timers can be classified by function into timers A (five) and timers B
(six). All these timers function independently. Figures 1.13.1 and 1.13.2 show the block diagram of timers.

XiN ()

1/8

Count source
prescaler register

f1 fs fan fC32

O

fon

(n

Clock prescaler

Clock prescaler reset flag (bit 7
at address 034116) set to “1”

=0to15

however, no division when n=0)

* Timer mode
* One-shot mode

=

TAoN O

-
i
filter

(¢]

o\-PWM mode
° |

Timer AO

Timer AQ interrupt

» Event counter mode

« Timer mode
* One-shot mode

Py

Noise

TAIN ()

filter

4

|

Timer Al interrupt

O\-PWM mode
lo} I Timer A1

« Event counter mode

» Timer mode
* One-shot mode

Noise

TA2N ()

filter

B4

|

Timer A2 interrupt

.y

*« PWM mode
:\ I Timer A2

« Event counter mode

« Timer mode
* One-shot mode

Py

Noise

TA3IIN ()

filter

4

|

Timer A3 interrupt

o\-PWM mode
lo} I Timer A3

« Event counter mode

* Timer mode
* One-shot mode

{:OO g‘(‘)oo %OO {:OO

Py

TAaN ()

Noise
filter

f
Ll

4

Timer B2 overflow

(¢]

« PWM mode
AN

Timer A4

|

Timer A4 interrupt

« Event counter mode

|

Figure 1.13.1. Timer A block diagram
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Clock prescaler

xiNn () > f1
¢ 8 8 Clock prescaler reset flag (bit 7
- at address 034116) set to “1”
L— 00 f2n
(n=0to 15
Count source however, no division when n=0)

prescaler register

f1 f8 fon fC32
Timer B2 overflow (to timer A count source)

T

O
7o) « Timer mode
O

Jof * Pulse width measuring mode
) Nose| O} O\ I Timer BO interrupt
TBOIN O ?> filter o O | Timer BO I—o—»

« Event counter mode

O
o « Timer mode
) o O XPulse width measuring mode Timer B1 interrupt
BN () Noise o o | Timer B1 e =
filter 1

 Event counter mode

O
O « Timer mode
0 O * Pulse width measuring mode Timer B2 interrupt
82N () ' Nose] | 3% o | Timer B2 ——>
filter 1 ‘mer

« Event counter mode

O
O * Timer mode
O * Pulse width measuring mode
| Sl s _OE \ I - Timer B3 interrupt
83N () @—@ o o | Timer B3 f———
* Event counter mode
O
o » Timer mode
o Pulse width measuring mode Timer B4 interrupt

o N
TB4IN O ) @—@ gE o I Timer B4 I—o—»

 Event counter mode

O
O « Timer mode
o o\-PuIse width measuring mode Timer B5 interrupt

D—O) -
85N () ) @—@ N o I Timer B5 |—o—>

« Event counter mode

Figure 1.13.2. Timer B block diagram
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Timer A
Figure 1.14.1 shows the block diagram of timer A. Figures 1.14.2 to 1.14.6 show the timer A-related registers.
Except in event counter mode, timers AO through A4 all have the same function. Use the timer Ai mode
register (i = 0 to 4) bits 0 and 1 to choose the desired mode.
Timer A has the four operation modes listed as follows:
» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer over flow.
» One-shot timer mode: The timer outputs one effective pulse until the count reaches “000016".
* Pulse width modulation (PWM) mode: The timer outputs pulses of a given width.

Data bus high-order bits g
Clock source LI
selection « Timer Data bus low-order bits §
fi —o : SWMShOt Low-order High-order
f8 —o \O o 1l 8 bits Vi 8 bits
" N/
fsa2 —oO s Timer Reload register (16) |
fcao ——O (gate function) 7 7
» Event counter 7
Polarity Counter (16) |
AN selection Clock selection Up count/down count
(i=0to4) Count start flag [.A'Ways down count excepj
in event counter mode

(Address 034016)

TAI Addresses TAj TAK
TB2 overflow — O Down count —Q Timer AO 034715 034616  Timer A4  Timer AL
External Timer A1 034916 034816 Timer AO Timer A2
; : Up/down flag O Timer A2 034Bis 034Ais Timer Al Timer A3
TAj overflow . ————0 trigger Timer A3 034D1s 034Cis  Timer A2 Timer Ad
j = i— 1. Note, however, that j = 4 when i = 0) (Address 034416) o imer 16 16 Timer imer
(=i ) ! ’ J Timer A4 034F1s 034Eis Timer A3 Timer AO

TAk overflow ——O
(k =i+ 1. Note, however, that k = 0 when i = 4)

TAiouT Pulse output
(i=0to4)
(o, | I Toggle flip-flop I

Figure 1.14.1. Block diagram of timer A
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Timer Ai register (i = 0 to 4) (Note 1)

(b15) (b8)
b7 b0~ b7 b0
| | Symbol Address When reset
} TAi (i=0to2) 034716,034616, 034916,034816, 034B16,034A16  Indeterminate
TAi (i=3,4) 034D16,034C16, 034F16,034E16 Indeterminate
E Function Values that can be set | R'W
i | Timer mode ] o )
' 16-bit counter (set to dividing ratio) 000016 to FFFF16 |01 O
. | Event counter . o . !
mode 16-bit counter (set to dividing ratio) (Note 2) 000016 to FFFF16 O (@)
IL One-shot timer 16-bit counter (set to one shot width) 000016 to FFFF16 _ o
"1 mode (Note 6) (Note 3)|
Pulse width ; : 1
modulation mode l(gett“:opglsvveerlitgemﬁ,u\:%%) 000016 to FFFE16 | —1O
(16-bit PWM) (Note 4, 7) (Note 3) | |
Pulse width Low-order 8 bits : 8-bit prescaler (Note 5, 7) | 0016 to FE16
modulation mode _ _(set to PWM per[od) (High-order address) | __! o
(8-bit PWM) High-order 8 bits : 8-bit pulse width modulator 0016 to FF16 |
(set to PWM pulse “H” width) (Low-order address) 1
(Note 3) 3
Note 1: Read and write data in 16-bit units.
Note 2: Counts pulses from an external source or timer overflow.
Note 3: Use MOV instruction to write to this register.
Note 4: When setting value is n, PWM period and “H” width of PWM pulse are as follows:
PWM period : (216 - 1) /fi
PWM pulse “H” width : n / fi
Note 5: When setting value of high-order address is n and setting value of low-order address is m, PWM period and
“H” width of PWM pulse are as follows:
PWM period : (28 - 1) X (m + 1) / fi
PWM pulse “H” width : (m + 1)n /fi
Note 6: When the timer Ai register is set to "000016", the counter does not operate and the timer Ai interrupt request
is not generated. When the pulse is set to output, the pulse does not output from the TAiouT pin.
Note 7: When the timer Ai register is set to "000016", the pulse width modulator does not operate and the output

level of the TAiouT pin remains "L" level, therefore the timer Ai interrupt request is not generated. This also
occurs in the 8-bit pulse width modulator mode when the significant 8 high-order bits in the timer Ai register
are set to "0016".

Figure 1.14.2. Timer A-related registers (1)
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Timer Ai mode register (i=0to 4)
br b6 b5 D4 b3 b2 b1 KO Symbol Address When reset
| | | | | | | | | TAIMR(i=0 to 4) 035616, 035716, 035816, 035916, 035A16 00000X002

Vv 4 4 4 v 1 1| Bitsymbol Bit name Function RIW

A ; b1 bo !

P ff 000 +{ Tmopo | Operationmode 00 : Timer mode 00

e select bit 0 1 : Event counter mode !

E : : : : : : 1 0 : One-shot timer mode 1

oo T TMOD1 11 : Pulse width modulation 00

A (PWM) mode !

A This bit is invalid in M32C/80 series. |

[ MRO Port output control is set by the function select —-i=

I registers A, B and C. !

ol ] MR1 3

R Function varies with each O; o

e MR2 operation mode 0.0

R R MR3 00

P T TCKO Count source Function varies with each 0.0

B ECETTEEEPPEFEPEY TCK1 select bit operation mode 00

Count start flag

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset

B N A I N B TABSR 034016 0016

v+ 4 o0+ 4| Bitsymbol Bit name Function R:'W|

Y Timer AO count 0 : Stops counting w

Por o e TAOS start flag 1: Starts counting O; o

. TALS Timer A1 count 0 : Stops counting e

e start flag 1 : Starts counting !

________ Timer A2 count 0 : Stops counting |

TA2S start flag 1 : Starts counting O o

b Timer A3 count 0 : Stops counting

Coa o TA3S start flag 1: Starts counting Ol >

. TA4S Timer A4 count 0 : Stops counting 00

. start flag 1: Starts counting !

o] TBOS | Timer BO count 0 : Stops counting 00

. start flag 1: Starts counting !

E . ____________________ Timer B1 count 0 : Stops counting

. TB1S start flag 1 : Starts counting O o

] Timer B2 count 0 : Stops counting
TB2S start flag 1 : Starts counting OiO

Figure 1.14.3. Timer A-related registers (2)
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Up/down flag (Note 1)

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
|| 1 |||| UDF 034416 0016
E ' ' ' ' ' ' ' Bit symbol Bit name Function R'W
A Timer A0 up/down flag 0 : Down count i
Vo v 4 a4 4ol TAOUD |
[ 1: Up count (Note 2) O:O
E . . . . . . Timer Al up/down flag 0 : Down count
----- TA1UD
- v 1: Up count (Note 2) O:O
o Timer A2 up/down flag 0 : Down count !
' ' ' R T TR TA2UD |
E . . . . 1: Up count (Note 2) O:O
E ' ' ' ' Timer A3 up/down flag 0 : Down count
Rt EEE TA3UD |
A 1: Up count (Note 2) O:O
Timer A4 up/down flag 0 : Down count
e R EEE R TA4UD ‘
o 1: Up count (Note 2) O:O
P Timer A2 two-phase pulse | 0 : two-phase pulse signal
] TA2P signal processing select bit processing disabled —'0
o 1 : two-phase pulse signal !
HE processing enabled (Note 3)| |
E ' Timer A3 two-phase pulse | O :two-phase pulse signal
] TA3P signal processing select bit processing disabled -0
. 1 : two-phase pulse signal 1
E processing enabled (Note 3)
1 Timer A4 two-phase pulse | 0 :two-phase pulse signal
R TA4P signal processing select bit processing disabled —EO
1 : two-phase pulse signal !
processing enabled (Note 3) !

One-shot start flag

Note 1: Use MOV instruction to write to this register.
Note 2: This specification becomes valid when the up/down flag content is selected for up/down switching cause.
Note 3: When not using the two-phase pulse signal processing function, set the select bit to “0”.

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset
| | | | | | | | | ONSF 034216 0016

: Bit symbol Bit name Function R'W

b1+ | TAOOS | Timer AO one-shot start flag | O : Invalid OEO

: ! : ' ! : : 1 : Timer start (Note 1) !

. TA10S [ Timer Al one-shot start flag [0 : Invalid Oio

oo 1: Timer start (Note 1)|~ |

E : : : : ________ TA20S | Timer A2 one-shot start flag | 0 : Invalid OEO

o 1: Timer start (Note 1)~

e TA30S | Timer A3 one-shot start flag | 0 : Invalid OEO

P 1: Timer start (Note 1)[ 1

T TA40S | Timer A4 one-shot start flag | 0 : Invalid 00

: 1: Timer start (Note 1)~

E ' L _________________ TAZIE Z phase input enable bit 0 : Invalid OiO

b 1: Valid

Lo TAOTGL | Timer AO event/trigger b7 b6 :

bt select bit 9 00 : Input on TAo is selected (Note 2)/O:O

' 0 1: TB2 overflow is selected ;

] TAOTGH 10: TA4 overflow is selected O: o
11: TA1 overflow is selected !

Note 1: When read, the value is “0".
Note 2: Set the corresponding pin output function select register to 1/O port, and port direction register to “0”.

Figure 1.14.4. Timer A-related registers (3)
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Trigger select register

b7 b6 b5 b4 b3 b2 bl b0

0 1: TB2 overflow is selected

| | | | | | | | | Symbol Address When reset
L TRGSR 034316 0016
Bit symbol Bit name Function RIW
¢ L] TALTGL | Timer Al event/trigger b1 bo : i
: select bit 00 : Inputon TALN is selected  (Note) [O'O

_____ TA1TGH 10: TAO overflow is selected

0 1: TB2 overflow is selected 1
TAATGH 10: TA3 overflow is selected i

E E i 11:TA2 overflow is selected Oio
Timer A2 event/trigger b3 b2
oo vooTTTTT TAZ2TGL select bit 0 0 : Input on TA2iN is selected ~ (Note) O;O
N . 0 1: TB2 overflow is selected 1
R TA2TGH 10 TAL overflow is selected 0.0
o 11 : TA3 overflow is selected !
o Timer A3 event/trigger bs ba "
E E E trmmmmmmmmmmmy TA3TGL select bit 99 0 0 : Input on TA3IN is selected  (Note) OEO
o 01 :TB2 overflow is selected !
R TA3TGH 10:TA2 overflow is selected 00
v 11: TA4 overflow is selected |
. ; ; b7 b6 |
H  ERLEEELELEEEEEEED TA4TGL -srg(]eecrt ﬁ‘é’ event/trigger 00 :Inputon TA4INis selected  (Note)| Q'O

ST 1 1: TAO overflow is selected O}O
Note: Set the corresponding port function select register A to I/O port, and port direction register to “0”.
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
L_MM CPSRF 034116 OXXXXXXX2
poror o141 1| Bitsymbol Bit name Function RIW
RRRERRLS Nothing is assigned. -
oo When write, set “0”. When read, their contents are 1
T - indeterminate. e
E CPSR Clock prescaler reset flag 0:lIgnored
------------------------ 1: Prescaler is reset 00
(When read, the value is “0”)

Figure 1.14.5. Timer A-related registers (4)
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Count source prescaler register
b7 b6 b5 b4 b3 b2 bl b0
| |><|><|><| | | | | Symbol Address When reset

AZNANZN | 1] TCSPR 035F16 OXXXXXXX2

i 4+ 4 % a1 1 a1 1| Bitsymbol Bit name Function R W

1 1 1 1 1 1 1 1 b3 b2 bl b0 "

Py s CNTO Count value set bits 000 0 : No division 0.0

A 000 1: Division by 2 3

E E E E E E ] CNT1 001 0: Division by 4 00

Pooron e 001 1: Division by 6 i

R ' (Note 1) [—

A CNT2 ' 00

110 1: Division by 26 :

FH S T S R CNT3 1110: Division by 28 00

Poor o 111 1: Division by 30 |

o Nothing is assigned.

b e I When write, set “0”. When read, their contents are -

- indeterminate. !

o ; 0 : Stops counting
cst Count start bit 1 : Starts counting (Note 2) O;O

Note 1: Set count start bit to “0” before writing to count value set bits.

Note 2: When this bit is set to “0”, divider circuit is inactive.

Figure 1.14.6. Timer A-related registers (5)
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In this mode, the timer counts an internally generated count source. (See Table 1.14.1.) Figure 1.14.7
shows the timer Ai mode register in timer mode.
Table 1.14.1. Specifications of timer mode

Item

Specification

Count source

f1, fs, f2n, fc32

Count operation

* Down count
* When the timer underflows, it reloads the reload register contents before continuing
counting

Divide ratio

1/(m+1)m : Set value

Count start condition

Count start flag is set (= 1)

Count stop condition

Count start flag is reset (= 0)

Interrupt request generation timing

When the timer underflows

TAIIN pin function

Programmable /O port or gate input

TAiouT pin function

Programmable I/O port or pulse output (Setting by corresponding function select
registers A, B and C)

Read from timer

Count value can be read out by reading timer Ai register

Write to timer

* When counting stopped
When a value is written to timer Ai register, it is written to both reload register and
counter
* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Select function

 Gate function

Counting can be started and stopped by the TAIIN pin’s input signal
« Pulse output function

Each time the timer underflows, the TAiouT pin’s polarity is reversed

Timer Ai mode register (i = 0 to 4) (Timer mode)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| TAIMR(i=0 to 4) 035616, 035716, 035816, 035916, 035A16 00000X002
: ¢ [ Bit symbol Bit name Function R:W,
i -1__TMODO | operation mode |°**® 60
PR TMOD1 | select bit 00 : Timer mode 00
This bit is invalid in M32C/80 series. ‘
""" MRO Port output control is set by the function select -
registers A, B and C.
Gate function b4 b3 ) ) !
______ MR1 select bit 0 X Gate function not available  (Note 1) 00
(TAIIN pin is a normal port pin) '
1 0: Timer counts only when TAiN (Note 2)| .
pin is held “L” !
------ MR2 11 : Timer counts only when TAiN (Note 2)|O: O
pin is held “H” |
------ MR3 0 (Set to “0” in timer mode) o0
Count source b7 b6 1
------ TCKO h . ‘
select bit 00:f1 o0
01:fs ;
______ TCK1 10:f2n (Note 3)|[0'0
11:fc3z |

Note 1: X value can be “0” or “1".
Note 2: Set the corresponding function select register A to 1/O port, and port direction register to “0”".
Note 3: n =0 to 15. nis set by the count source prescaler register (address 035F16).

Figure 1.14.7. Timer Ai mode register in timer mode
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(2) Event counter mode
In this mode, the timer counts an external signal or an internal timer’s overflow. Timers AO and Al can
count a single-phase external signal. Timers A2, A3, and A4 can count a single-phase and a two-phase
external signal. Table 1.14.2 lists timer specifications when counting a single-phase external signal.
Table 1.14.3 lists timer specifications when counting a two-phase external signal. Figure 1.14.8 shows
the timer Ai mode register in event counter mode.

Table 1.14.2. Timer specifications in event counter mode (when not processing two-phase pulse signal)

Iltem Specification

Count source « External signals input to TAIIN pin (effective edge can be selected by software)
« TB2 overflows or underflows, TAj overflows or underflows

Count operation « Up count or down count can be selected by external signal or software
* When the timer overflows or underflows, it reloads the reload register contents
before continuing counting (Note)

Divide ratio ¢ 1/ (FFFF16 - n + 1) for up count

e 1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | The timer overflows or underflows

TAIIN pin function Programmable 1/O port or count source input

TAIouUT pin function Programmable 1/O port, pulse output, or up/down count select input (Setting by corre-
sponding function select registers A, B and C)

Read from timer Count value can be read out by reading timer Ai register

Write to timer * When counting stopped
When a value is written to timer Ai register, it is written to both reload register and
counter

« When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)

Select function ¢ Free-run count function
Even when the timer overflows or underflows, the reload register content is not
reloaded to it

¢ Pulse output function

Each time the timer overflows or underflows, the TAIOUT pin’s polarity is reversed

Note: This does not apply when the free-run function is selected.
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Timer Ai mode register (i = 0 to 4) (Event counter mode)

b7 b6 b5 b4 b3 b2 bl bO

| Symbol Address When reset
TAIMR(i=0to 4) 035616, 035716, 035816, 035916, 035A16 00000X002
Bit Function Function
: Bit name | (When not using two-phase |  (When using two-phase |R "W/
symbol pulse signal processing) pulse signal processing) !
1 TMODO | operation mode | 2 00
TMODL select bit 0 1: Event counter mode (Note 1)[O'O
This bit is invalid in M32C/80 series.
ort output control is set by the function select registers A,Band C. |~ |~
MRO [P li by the functi | i A,BandC
Count polarity | 0 : Counts external 0 (Setto “0” when using | !
MRL |select bit signal's falling edges | two-phase pulse signal |5'o
(Note 2) 1: Counts external processing) !
signal's rising edges '
MR2 Up/down 0 : Up/down flag's content | 1 (Setto “1” when using | |
switching cause 1 : TAIOUT pin's input signal| two-phase pulse signal  |O;O
select bit (Note 3) | processing) i
MR3 | O (Setto “0” in Event counter mode) oio
Tcko |Count operation | 0 : Reload type OEO
type select bit 1: Free-run type !
T.‘”’O"l’hase pulse | g (Set to “0” when not | O : Normal processing
TCK1 |signal processing using two-phase pulse operation 0'0

operation select
bit (Note 4,Note 5)

signal processing)

1 : Multiply-by-4
processing operation

Note 1: Count source is select by the event/trigger select bit (addresses 034216, 034316) in event counter mode.

Note 2: This bit is valid when only counting an external signal.

Note 3: Set the corresponding function select register A to I/O port, and port direction register to “0”.
Signal of TAiouT pin counts down at the time of “L” and counts up at the time of “H".

Note 4: This bit is valid for timer A3 mode register.
Timer AO and Al can be “0” or “1".
Timer A2 is fixed to normal processing operation and timer A4 is fixed to multiply-by-4
processing operation.

Note 5: When performing two-phase pulse signal processing, make sure the two-phase pulse
signal processing operation select bit (address 03441s) is set to “1". Also, always be
sure to set the event/trigger select bit (address 034316) to “00”.

Figure 1.14.8. Timer Ai mode register in event counter mode
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Table 1.14.3. Timer specifications in event counter mode

Item Specification
Count source Two-phase pulse signals input to TAIIN or TAIOUT pin
Count operation « Up count or down count can be selected by two-phase pulse signal

« When the timer overflows or underflows, the reload register content is

reloaded and the timer starts over again (Note 1)

Divide ratio e 1/ (FFFF16 - n + 1) for up count

e 1/ (n + 1) for down count n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing | Timer overflows or underflows

TAIIN pin function Two-phase pulse input

TAIouT pin function Two-phase pulse input (Set corresponding function select register A for I/O port)
Read from timer Count value can be read out by reading timer A2, A3, or A4 register

Write to timer * When counting stopped

When a value is written to timer A2, A3, or A4 register, it is written to both reload

register and counter

When counting in progress
When a value is written to timer A2, A3, or A4 register, it is written to only reload

register. (Transferred to counter at next reload time.)

Select function (Note 2)

Normal processing operation (TimerA2 and timer A3)
The timer counts up rising edges or counts down falling edges on the TAIIN pin when
input signal on the TAiouT pin is “H”

TAIoOUT J L
TAIIN _+ * 4 * * L

(i=2,3) up Up Up Down Down  Down
count count count count count  count

Multiply-by-4 processing operation (TimerA3 and timer A4)

If the phase relationship is such that the TAIiIN pin goes “H” when the input signal on
the TAiouT pin is “H”, the timer counts up rising and falling edges on the TAiouT and
TAIIN pins. If the phase relationship is such that the TAiIN pin goes “L” when the input
signal on the TAiouT pin is “H”, the timer counts down rising and falling edges on the
TAiouT and TAIIN pins.

TAiouT \_4 U Lf U !{_4 tj

Count up\:’gl edges Count down all edges

TAi(IiN:3’4) ﬂvn ﬂ A_YKA_t

Count up all edges Count down all edges

(when processing two-phase pulse signal with timers A2, A3, and A4)

Note 1: This does not apply when the free-run function is selected.

Note 2: Timer A3 is selectable. Timer A2 is fixed to normal processing operation and timer A4 is fixed to
multiply-by-4 operation.
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» Counter Resetting by Two-Phase Pulse Signal Processing
This function resets the timer counter to “0” when the Z-phase (counter reset) is input during two-
phase pulse signal processing.
This function can only be used in timer A3 event counter mode, two-phase pulse signal processing,
free-run type, and multiply-by-4 processing. The Z phase is input to the INT2 pin.
When the Z-phase input enable bit (bit 5 at address 034216) is set to “1”, the counter can be reset by
Z-phase input. For the counter to be reset to “0” by Z-phase input, you must first write “000016” to the
timer A3 register (addresses 034D16 and 034C1s).
The Z-phase is input when the INT2 input edge is detected. The edge polarity is selected by the INT2
polarity switch bit (bit 4 at address 009C16). The Z-phase must have a pulse width greater than 1 cycle
of the timer A3 count source. Figure 1.14.9 shows the relationship between the two-phase pulse (A
phase and B phase) and the Z phase.
The counter is reset at the count source following Z-phase input. Figure 1.14.10 shows the timing at
which the counter is reset to “0”.
Note that timer A3 interrupt requests occur successively two times when timer A3 underflow and INT2
input reload occures at the same time.
Do not use timer A3 interrupt request when this function is used.

TA3ouT
(A phase) | ‘ ‘

TA3IN
(B phase)

camsase TL_J1_TL_[L_TLTLTL 1L
e’ 1]

<>

The pulse must be wider than this width. Note: When the rising edge of INT2 is selected.

Figure 1.14.9. The relationship between the two-phase pulse (A phase and B phase) and the Z phase

TA30UT 4|—|—|7
(A phase)

TA3IN _I—l—l—l—
(B phase) ‘

Count source _|_| |_| |_| |_| |_| |_| |_|

INT2 (Note)

(Z phase)
Count value :X m Xm+1>< 1 >< 2 X 3 X 4 X 5
A

Becoming “0” at this timing.  Note: When the rising edge of INT2 is selected.

Figure 1.14.10. The counter reset timing
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(3) One-shot timer mode
In this mode, the timer operates only once. (See Table 1.14.4.) When a trigger occurs, the timer starts
up and continues operating for a given period. Figure 1.14.11 shows the timer Ai mode register in one-
shot timer mode.

Table 1.14.4. Timer specifications in one-shot timer mode

Iltem Specification
Count source f1, fs, fon, fc32
Count operation ¢ The timer counts down

« When the count reaches 000016, the timer stops counting after reloading a new
count
« If a trigger occurs when counting, the timer reloads a new count and restarts counting

Divide ratio 1/n n : Set value

Count start condition « An external trigger is input
¢ The timer overflows
« The one-shot start flag is set (= 1)

Count stop condition * A new count is reloaded after the count has reached 000016
« The count start flag is reset (= 0)

Interrupt request generation timing | The count reaches 000016

TAIIN pin function Programmable I/O port or trigger input

TAIouUT pin function Programmable I/O port or pulse output (Setting by corresponding function select regis-
ters A, B and C)

Read from timer When timer Ai register is read, it indicates an indeterminate value

Write to timer « When counting stopped

When a value is written to timer Ai register, it is written to both reload register and
counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register

(Transferred to counter at next reload time)
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Timer Ai mode register (i = 0 to 4) (One-shot timer mode)

b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
— TAIMR(i=0 to 4) 035616, 035716, 035816, 035916, 035A16 00000X002
b4 v v TRitsymbol Bit name Function R'W
v+ 1+ 4 =1 TMODO | Operation mode select bit| b _ 0.0
A A TMODL 1 0 : One-shot timer mode 00
b MRO | This bit is invalid in M32C/80 series. }
oy T Port output control is set by the function select registers A, B and C. -
E E E E E MR1 External trigger select bit |0 : Falling edge of TAiN pin's input signal (Note 2) 3
A R (Note 1) | 1+ Rising edge of TAiw pin's input signal (Note 2) O;O
E E E E MR2 Trigger select bit 0 : One-shot start flag is valid OEO
"""""""" 1: Selected by event/trigger select register |
T MR3 [0 (Set to “0” in one-shot timer mode) 00
B LLLEEEEEEEEPRPEy TCKO [ count source select bit 8786: f1 o) o)
: 01:fs :
] TCK1 10:fon (Note 3) O:O

11:fc32 !

Note 1: Valid only when the TAIIN pin is selected by the event/trigger select bit

(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “0”".
Note 2: Set the corresponding function select register A to I/O port, and port direction register to “0”.
Note 3: n =0 to 15. nis set by the count source prescaler register (address 035F16).

Figure 1.14.11. Timer Ai mode register in one-shot timer mode
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(4) Pulse width modulation (PWM) mode
In this mode, the timer outputs pulses of a given width in succession. (See Table 1.14.5.) In this mode, the
counter functions as either a 16-bit pulse width modulator or an 8-bit pulse width modulator. Figure
1.14.12 shows the timer Ai mode register in pulse width modulation mode. Figure 1.14.13 shows the
example of how a 16-bit pulse width modulator operates. Figure 1.14.14 shows the example of how an 8-

bit pulse width modulator operates.

Table 1.14.5. Timer specifications in pulse width modulation mode

Item

Specification

Count source

f1, f8, fan, fcaz

Count operation

* The timer counts down (operating as an 8-bit or a 16-bit pulse width modulator)
< The timer reloads a new count at a rising edge of PWM pulse and continues counting
« The timer is not affected by a trigger that occurs when counting

16-bit PWM  High level width n/fi n:Setvalue
« Cycle time (216-1) /fi fixed
8-bit PWM * High level width nX(m+1)/fi n:values set to timer Ai register's high-order address

« Cycle time (28-1) X(m+1) /fi m:values set to timer Ai register's low-order address

Count start condition

« External trigger is input
e The timer overflows
« The count start flag is set (= 1)

Count stop condition

* The count start flag is reset (= 0)

Interrupt request generation timing

PWM pulse goes “L”

TAIIN pin function

Programmable 1/O port or trigger input

TAiouT pin function

Pulse output (TAiouT is selected by corresponding function select registers A, B and C)

Read from timer

When timer Ai register is read, it indicates an indeterminate value

Write to timer

« When counting stopped
When a value is written to timer Ai register, it is written to both reload register and
counter

* When counting in progress
When a value is written to timer Ai register, it is written to only reload register
(Transferred to counter at next reload time)
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Timer Ai mode register (i = 0 to 4) (Pulse width modulator mode)

b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
A A S S S TAIMR(i=0 to 4) 035616, 035716, 035816, 035916, 035A16 00000X002
E : : : : : : : Bit symbol Bit name Function RIW
v+ v 4 =1 TMODO | Operation mode b1 b0 ) 0.0
A TMODL | select bit 11: Pulse width modulator (PWM) mode  [575
e MRO This bit is invalid in M32C/80 series.
or o Port output control is set by the function select registers A, Band C. [~ —
E E E E E MR1 External trigger select bit | 0: Falling edge of TAin pin's input signal (Note 2) Oi o
E - - - : (Note 1) 1: Rising edge of TAIIN pin's input signal (Note 2)
A MR2 Trigger select bit 0: Count start flag is valid 00
I 1: Selected by event/trigger select register
E E E MR3 16/8'bit.PWM mode 0: Functions as a 16-bit pulse width modulator Oi 0]
o TTTEmmmmm e select bit 1: Functions as an 8-bit pulse width modulator 1
TCKO Count source select bit | 276
e 00:f1 0.0
! 01:fs ‘
: TCK1 10:fan (Note 3) | !
STy 11:fc32 O O

: Valid only when the TAIIN pin is selected by the event/trigger select bit

(addresses 034216 and 034316). If timer overflow is selected, this bit can be “1” or “0".
Note 2: Set the corresponding function select register A to I/O port, and port direction register to “0”".
Note 3: n=01to 15. nis set by the count source prescaler register (address 035F16).

Figure 1.14.12. Timer Ai mode register in pulse width modulation mode
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Condition : Reload register = 000316, when external trigger
(rising edge of TAIIN pin input signal) is selected

1/fix (2% -1)

Count source
TAIIN pin H } | *\ _____________
input signal “r | -

PWM pulse output “H" ‘ ‘
from TAiouT pin an | |
Timer Aiinterrupt ~ “1”
request bit wy
v 0 e _____
fi: Frequency of count source \ /

(f1, f8, f2n, fc32) Cleared to “0” when interrupt request is accepted, or cleared by software

Note: n = 000016 to FFFE16.

Figure 1.14.13. Example of how a 16-bit pulse width modulator operates

Condition : Reload register high-order 8 bits = 0216
Reload register low-order 8 bits = 0216
External trigger (falling edge of TAIIN pin input signal) is selected

1/fiX(Mm+1) X (2% -1)

countsource voret) || JUUu

TAIIN pin input signal H—+ !

, . L/ X (m+1)

Underflow signal of ~“H'—————r—r—4r—r—r—r——>----"-
8-bit prescaler (Note2) . »

PWM pulse output H

from TAiouT pin aLn w - -
Timer Ai interrupt E

request bit - _______

fi: Frequency of count source

(. fs, fon. fca2) Cleared to “0” when interrupt request is accepted, or cleaerd by software

Note 1: The 8-bit prescaler counts the count source.
Note 2: The 8-bit pulse width modulator counts the 8-bit prescaler's underflow signal.
Note 3: m = 0016 to FF16; n = 0016 to FE1s6.

Figure 1.14.14. Example of how an 8-bit pulse width modulator operates
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Figure 1.15.1 shows the block diagram of timer B. Figures 1.15.2 and 1.15.4 show the timer B-related
registers. Use the timer Bi mode register (i = 0 to 5) bits 0 and 1 to choose the desired mode.
Timer B has three operation modes listed as follows:

» Timer mode: The timer counts an internal count source.
» Event counter mode: The timer counts pulses from an external source or a timer overflow.

* Pulse period/pulse width measuring mode: The timer measures an external signal's pulse period or

pulse width.

Data bus high-order bits

1A

Data bus low-order bits

] [Low-order 8 bits U

High-order 8 bits

Reload register (16)

(i=01t05) O— and edge pulse

Can be selected in only
event counter mode

U1l

Counter (16)

(address 034016)

Counter reset circuit ||

Clock source selection )
fi o « Timer
fg o « Pulse period/pulse v(v)idth measurement |
f32 —o ] [
fcaa_o « Event counter
TBiN Polarity switching Count start flag

A

A

TBi Address TBj
TBj overfow —O Timer BO 035116 035016 Timer B2
(j =i- 1. Note, however, Timer B1 035316 035216 Timer BO
j=2wheni=0, Timer B2 035516 035416 Timer B1
j=5wheni=3) Timer B3 031116 031016 Timer B5
Timer B4 031316 031216 Timer B3
Timer B5 031516 031416 Timer B4
Figure 1.15.1. Block diagram of timer B
Timer Bi register (i = 0 to 6) (Note 1)
(b15) (b8)
b7 bo_ b7 b0
| Symbol Address When reset
TBi(i=0to2) 035116,035016, 035316,035216, 035516,035416 Indeterminate
TBi (i=3to5) 031116,031016, 031316,031216, 031516,031416 Indeterminate
Function Values that can be set | R '\W
Timer mode 16-bit counter (set to dividing ratio) 000016 to FFFF16 [O:O

Event counter mode

16-bit counter (set to dividing ratio)

(Note 2)

000016 to FFFF16 [O' O

femmemmmmemmecemmcememaa———

| Pulse period / pulse width
measurement mode

Measures a pulse period or width

Note 1: Read and write data in 16-bit units.
Note 2: Counts external pulses input or a timer overflow.

Figure 1.15.2. Timer B-related registers (1)

z MITSUBISHI
ELECTRIC

147



& e . I Mitsubishi Microcomputers
S Rev.B2 for proof reading D computers
Timer B SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Timer Bi mode register (i=0to 5)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | | | | TBIMR(i=0to 5) 035B16, 035C16, 035D16, 031B16, 031C16, 031DB16 00XX00002
v 0 [ Bitsymbol Bit name Function RIW
A on mode | L2 1
01 i1 i1+ TMopo | Operationmode | o0: Timer mode 00
A select bit 0 1: Event counter mode !
- 1 0 : Pulse period/pulse width 1
REREE TMOD1 measurement mode 00
[ 11:Don'tsetitup
Dol e MRO 0.0
N MR1 Function varies with each (Note 1) 0.0
T RDLEEEEEE MR2 operation mode (Note 2) [OIO
I PRPPRRRRRRR MR3 00
T RGRREELEEECEEEED TCKO Count source Function varies with each 00
] TCK1 select bit operation mode 0.0

Note 1: Bit 4 is valid only by timer BO and timer B3.
Note 2: In timer B1, timer B2, timer B4 and timer B5, nothing is assigned by bit 4(There is not R/W).
When write, set “0”. When read, its content is indeterminate.

Count start flag

b7 b6 b5 b4 b3 b2 bl b0

| | | | | | | | | Symbol Address When reset
B S A I N B A TABSR 034016 0016
Poro 4| Bitsymbol Bit name Function R:W|
N Timer AO count 0 : Stops counting
ooror TAOS start flag 1 : Starts counting O;O
A TALS Timer Al count 0 : Stops counting OEO
e start flag 1: Starts counting !
i E i E i E ________ Timer A2 count 0 : Stops counting !
TA2S start flag 1 : Starts counting Oio
] Timer A3 count 0 : Stops counting
TA3S

Vo start flag 1: Starts counting OEO
R TA4S Timer A4 count 0 : Stops counting OEO
. start flag 1 : Starts counting !
A TBOS | Timer BO count 0 : Stops counting 00
o start flag 1 : Starts counting !
_____________________ Timer B1 count 0 : Stops counting |
, TB1S start flag 1 : Starts counting 0.0
i Timer B2 count 0 : Stops counting
------------------------ TB2 ! !

s start flag 1 : Starts counting Olo

Figure 1.15.3. Timer B-related registers (2)
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b7 b6 b5 b4 b3 b2 bl b0

Timer B3, B4,B5 count start flag

| | | Symbol Address When reset
11 AN TBSR 030016 000XXXXX2
i 4 4 4+ 4 4 & | Bitsymbol Bit name Function R/W
R Nothing is assigned. _i_
When write, set "0". When read, its content is indeterminate.
P _________________ Timer B3 count 0 : Stops counting ;
T83S start flag 1 : Starts counting OEO
_____________________ Timer B4 count 0 : Stops counting
TB4S start flag 1 : Starts counting OEO
________________________ Timer B5 count 0 : Stops counting
TBSS start flag 1 : Starts counting O:O
Clock prescaler reset flag
b7 b6 b5 b4 b3 b2 bl b
Symbol Address When reset
me CPSRF 034116 OXXXXXXX2
i 4+ 4 4+ a1 1 a1 1| Bitsymbol Bit name Function R W
E E E E E REEEEEEE Nothing is assigned. T
When write, set “0”. When read, their contents are !
R indeterminate. -
CPSR [Clock prescaler reset flag 0:lIgnored
------------------------ 1: Prescaler is reset 00
(When read, the value is “0”)

Figure 1.15.4. Timer B-related regi

sters (3)
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(1) Timer mode
In this mode, the timer counts an internally generated count source. (See Table 1.15.1.) Figure 1.15.5
shows the timer Bi mode register in timer mode.

Table 1.15.1. Timer specifications in timer mode

Iltem Specification
Count source f1, fs, fon, fc32
Count operation « Counts down

« When the timer underflows, it reloads the reload register contents before continuing

counting
Divide ratio 1/(m+1)m : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| The timer underflows

TBIIN pin function Programmable 1/O port
Read from timer Count value is read out by reading timer Bi register
Write to timer * When counting stopped

When a value is written to timer Bi register, it is written to both reload register and
counter

* When counting in progress
When a value is written to timer Bi register, it is written to only reload register
(Transferred to counter at next reload time)

Timer Bi mode register (i = 0 to 5) (Timer mode)
b7 b6 b5 b4 b3 b2 bl bo

mode, its content is indeterminate.

| | | | | | | | | Symbol Address When reset
T T T T T TBIMR(i=0to 5) 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX00002
Bit symbol Bit name Function R W
v ro+ o+ 1+ ~{ TMODO | Operation mode select bit |22 . 0.0
O TMOD1 00 : Timer mode 0. 0
I MRO Invalid in timer mode. 0:0
o ] MR1 Can be “0” or “1". 0 0
0 (Set to “0” in timer mode) (Note 1) [ O 0
oo T MR2 Nothing is assigned. (i=1, 2, 4, 5) (Note2) | &
When write, set "0". When read, its content is indeterminate. |
o ] MR3 Invalid in timer mode. When write, set "0". When read in timer | _ ' __

B b7 b6
L TCKO Count source select bit 00:f 0'0
' 01:fs
] 10:f2n (Note 3)
ekt 11:fc32 0.0

Note 1: R/W is valid only in timer BO and timer B3.

Note 2: In timer B1, timer B2, timer B4 and timer B5, nothing is assigned by bit 4(There is not R/W).
When write, set “0". When read, its content is indeterminate.

Note 3: n =0to 15. nis set by the count source prescaler register (address 035F16).

Figure 1.15.5. Timer Bi mode register in timer mode
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(2) Event counter mode

In this mode, the timer counts an external signal or an internal timer's overflow. (See Table 1.15.2.)
Figure 1.15.6 shows the timer Bi mode register in event counter mode.

Table 1.15.2. Timer specifications in event counter mode

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Iltem Specification

Count source « External signals input to TBiIN pin
Effective edge of count source can be a rising edge, a falling edge, or falling and

rising edges as selected by software
* TBj overflows or underflows

Count operation « Counts down
« When the timer underflows, it reloads the reload register contents before continuing
counting
Divide ratio 1/(n+1) n : Set value
Count start condition Count start flag is set (= 1)
Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing| The timer underflows

TBIIN pin function

Count source input (Set the corresponding function select register A to I/O port.)

Read from timer Count value can be read out by reading timer Bi register

Write to timer * When counting stopped
When a value is written to timer Bi register, it is written to both reload register and

counter
* When counting in progress

(Transferred to counter at next reload time)

When a value is written to timer Bi register, it is written to only reload register

Timer Bi mode register (i = 0 to 5) (Event counter mode)

b7 b6 b5 b4 b3 b2 bl bo

When write, set “0”. When read, its content is indeterminate.

| | | | Symbol Address When reset

. B T NN B TBiIMR(i=0 to 5) 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX00002
v 4 4 1 4+ 4+ & .| Bitsymbol Bit name Function RIW
i 4 4+ 4 4+ 1 4 -1 TMODO | Operation mode b1 b0 0:0
[ TMOD1 select bit 01: Event counter mode 0 0
Count polarity select |b3b2
e MRO bit P y 0 0 : Counts external signal's falling edges | O ! @]
T 0 1: Counts external signal's rising edges '
Voo 1 0: Counts external signal's falling and !
L MR1 rising edges !
oo (Note 1)] 1 1 : Inhibited |
MR2 0 (Set to “0” in event counter mode) (Note 2)[ O !
. Nothingis assigned. (i=1,2,4,5) 77 (Note 3)| T

R MR3 Invalid in event counter mode. When write, set "0". When _ _
read in event counter mode, its content is indeterminate. '

_____________________ TCKO Invalid in event counter mode. 0O'0
Can be “0” or “1”. 1
L —— TCK1 Event clock select bit | O : Input from TBiIN pin (Note 4)|

1: TBj overflow (Note 5) o ! o

Note 1: Valid only when input from the TBiIN pin is selected as the event clock.
If timer's overflow is selected, this bit can be “0” or “1”.
Note 2: R/W is valid only in timer BO and timer B3.
Note 3: In timer B1, timer B2, timer B4 and timer B5, nothing is assigned by bit 4(There is not R/W).
When write, set “0”. When read, its content is indeterminate.
Note 4: Set the corresponding function select register A to I/O port, and port direction register to “0”.
Note 5:j =i—1; however, j=2wheni=0,j=5wheni=3.

Figure 1.15.6. Timer Bi mode register in event counter mode
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(3) Pulse period/pulse width measurement mode
In this mode, the timer measures the pulse period or pulse width of an external signal. (See Table 1.15.3.)
Figure 1.15.7 shows the timer Bi mode register in pulse period/pulse width measurement mode. Figure
1.15.8 shows the operation timing when measuring a pulse period. Figure 1.15.9 shows the operation
timing when measuring a pulse width.

Table 1.15.3. Timer specifications in pulse period/pulse width measurement mode

Item Specification
Count source f1, fs, fon, fc32
Count operation * Count up

< Counter value “000016” is transferred to reload register at measurement pulse's

effective edge and the timer continues counting

Count start condition Count start flag is set (= 1)

Count stop condition Count start flag is reset (= 0)

Interrupt request generation timing « When measurement pulse's effective edge is input (Note 1)
* When an overflow occurs. (Simultaneously, the timer Bi overflow flag changes to “1”.
The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value

is written to the timer Bi mode register.)

TBIIN pin function Measurement pulse input (Set the corresponding function select register A to I/O port.)

Read from timer When timer Bi register is read, it indicates the reload register’s content
(measurement result) (Note 2)

Write to timer Cannot be written to

Note 1: An interrupt request is not generated when the first effective edge is input after the timer has started
counting.

Note 2: The value read out from the timer Bi register is indeterminate until the second effective edge is input
after the timer.

MITSUBISHI
152 A ELECTRIC



et e Mitsubishi Microcomputers
0(;«» ‘'« Rev.B2 for proof reading DT

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Timer B

Timer Bi mode register (i = 0 to 5) (Pulse period / pulse width measurement mode)
b7 b6 b5 b4 b3 b2 bl bo

| | | | | | | | | Symbol Address When reset
A N N A N S E— TBiIMR(i=0to 5) 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX00002
N A R =T symbol Bit name Function RIW
poi i r i i1 Y TMODO | Operation mode oo ) ) 0:0
P select bit 1 0 : Pulse period / pulse width ;
[ TMOD1 measurement mode o' 0
T MRO Measurement mode | **% . 0] i o)
voror o select bit 0 0 : Pulse period measurement 1 !
- 0 1: Pulse period measurement 2 .
R 1 0 : Pulse width measurement o o
e MR1 11 : Must not be set (Note 1) :
E . . ______________ 0 (Set to “0” in pulse period/pulse width measurement mode)
oo MR2 b eomme e e e e (Note 2)| © 1 O]
N Nothing is assigned (i = 1, 2, 4, 5). (Note 3)| __ ' __
E . . When write, set "0". When read, its content is indeterminate. ,
R MR3 Timer Bi overflow 0 : Timer did not overflow o
N flag (Note 4)| 1 : Timer has overflowed '
] TCKO Count source '8"8 1 00
. select bit : |
! 01:f8 X
s mmmmmmsmmmmmm - TCK1 10:fan (Note 5) 0O 0
11:fca32 !

Note 1: Do the next measurement, In the measurement mode select bit.
Pulse period measurement 1 (bit 3, bit 2="0 0”) : Interval between measurement pulse's falling edge to falling edge.
Pulse period measurement 2 (bit 3, bit 2="0 1”) : Interval between measurement pulse's rising edge to rising edge.
Pulse width measurement  (bit 3, bit 2="1 0”) : Interval between measurement pulse's falling edge to rising edge,

and between rising edge to falling edge.

Note 2: R/W is valid only in timer BO and timer B3.

Note 3: In timer B1, timer B2, timer B4 and timer B5, nothing is assigned by bit 4(There is not R/W).
When write, set “0”. When read, its content is indeterminate.

Note 4: It is indeterminate when reset.
The timer Bi overflow flag changes to “0” when the count start flag is “1” and a value is written to the
timer Bi mode register. This flag cannot be set to “1” by software.

Note 5: n=0to 15. nis set by the count source prescaler register (address 035F16).

Figure 1.15.7. Timer Bi mode register in pulse period/pulse width measurement mode
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Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.15.8. Operation timing when measuring a pulse period
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Cleared to “0” when interrupt request is accepted, or cleared by software.

Note 1: Counter is initialized at completion of measurement.
Note 2: Timer has overflowed.

Figure 1.15.9. Operation timing when measuring a pulse width
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Three-phase motor control timers’ functions
Use of more than one built-in timer A and timer B provides the means of outputting three-phase motor

driving waveforms.
Figures 1.16.1 through 1.16.5 show registers related to timers for three-phase motor control.

Three-phase PWM control register O (Note 4)
b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
| | | | | | | | | INVCO 030816 0016

oo Bit symbol Bit name Description RIW
E ' ' ' ' ' ' ' Effective interrupt output 0: A timer B2 interrupt occurs when the
R T B T INVOO polarity select bit timer A1 reload control signal is “1”. !
e 1: A timer B2 interrupt occurs whenthe  [O ' O
oo timer Al reload control signal is “0”. 1
e (Note3) | !
oo Effective interrupt output 0: Not specified.
e INVO1 specification bit 1: Selected by the INVOO bit. o o
T (Note 2) (Note 3) !
E ' ' ' ' :_ _______ INVO2 Mode select bit 0: Normal mode o o
E . . . . (Note 4) 1: Three-phase PWM output mode :
P INVO3 Output control bit 0: Output disabled o o
SRR 1: Output enabled |
E . . . ............. Positive and negative 0: Feature disabled
INVO4 phases concurrent L output| 1: Feature enabled 010
o disable function enable bit
P Positive and negative 0: Not detected yet
REEEEEEEEL L, INVO5 phases concurrent L output| 1: Already detected (Note 5) |01 O
Vo detect flag !
e INVO6 Modulation mode select 0: Triangular wave modulation mode  (Note 6) |~ |
E bit 1: Sawtooth wave modulation mode  (Note 7) |
R —— INVO7 Software trigger bit 0: Ignored

99 1: Trigger generated (Note 8) © ! ©

Note 1: Set bit 1 of the protect register (address 000A16) to “1” before writing to this register.

Note 2: Set bit 1 of this register to “1” after setting timer B2 interrupt occurrences frequency set counter.

Note 3: Effective only in three-phase mode 1(Three-phase PWM control register's bit 1 = “1”).

Note 4: Selecting three-phase PWM output mode causes the dead time timer, the U, V, W phase output control circuits,
and the timer B2 interrupt frequency set circuit works.

For U, T, V, V, W and W output from P8o, P81, and P72 through P7s, setting of function select registers A, B and
C is required.

Note 5: No value other than “0” can be written.

Note 6: The dead time timer starts in synchronization with the falling edge of timer Ai output. The data transfer from the
three-phase buffer register to the three-phase output shift register is made only once in synchronization with the
transfer trigger signal after writing to the three-phase output buffer register.

Note 7: The dead time timer starts in synchronization with the falling edge of timer A output and with the transfer trigger
signal. The data transfer from the three-phase output buffer register to the three-phase output shift register is
made with respect to every transfer trigger.

Note 8: The value, when read, is “0”.

Figure 1.16.1. Registers related to timers for three-phase motor control
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Three-phase PWM control register 1 (Note 1)

b7 b6 b5 b4 b3 b2 bl bO

Note 3:Usually set to “1".

Note 4:INV17 is valid only in three-phase mode 1.

Three-phase output buffer register i (i=0, 1) (Note)

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
INVC1 030916 0016
Bit symbol Bit name Description RIW
Timer Ai start trigger signal| O: Timer B2 overflow signal
INV10 select bit 1: Timer B2 overflow signal, 0'0
signal for writing to timer B2 '
Timer Al-1, A2-1, A4-1 0: Three-phase mode 0
INV11 control bit (Note 2) | 1: Three-phase mode 1 O o
Dead time timer count 0:f1
INV12 source select bit 1:f1/2 0,0
INV13 Carrier wave detect flag 0: Rising edge of triangular waveform o —
1: Falling edge of triangular waveform
Output polarity control bit 0 : Low active
INV14 1 : High active © ! ©
Dead time invalid bit 0: Dead time valid bit
INV15 1: Dead time invalid bit © ©
Dead time timer trigger 0: Triggers from corresponding timer
INV16 select bit 1: Rising edge of corresponding phase |0 O
output (Note 3)
INV17 Waveform reflect timing 0: Synchronized with raising edge of
select bit triangular waveform 00
1: Synchronized with timer B2 overflow '
(Note 4) !
Note 1: Set bit 1 of the protect register (address 000A16) to “1” before writing to this register.
Note 2: INV13 is valid only in triangular waveform mode (INV06=0) and three-phase mode (INV11=1).
Symbol Address When reset
IDBi (i=0,1) 030A16, 030B16 XX00 00002
Bit Symbol Bit name Function RIW
DUI U phase output buffer i Setting in U phase output buffer i O O
DUBI U phase output buffer i Setting in U phase output buffer i OO0
DVi V phase output buffer i Setting in V phase output buffer i O @)
DVBI V phase output buffer i Setting in V phase output buffer i 00
DWi W phase output buffer i Setting in W phase output buffer i O O
DWBI w phase output buffer i Setting in W phase output buffer i O O
- Nothing is assigned. T
When write, set “0”. When read, their contents are “0”". :
Note: When executing read instruction of this register, the contents of three-phase shift register is read out.

Figure 1.16.2. Registers related to timers for three-phase motor control

156

‘ MITSUBISHI
AN ELECTRIC




\)‘@i\o?@e& Rev . B 2 fo r p ro Of read | N g Mitsubishi Microcomputers

&
Three-phase motor control timers’ functions

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

Dead time timer (Note)
b7 b0o
Symbol Address When reset
| DTT 030C16 Indeterminate
Function Values that can be set | R | w
b 8-bits counter (set dead time timer) 1to 255 _ o
Note: Use MOV instruction to write to this register.
Timer B2 interrupt occurrences frequency set counter (Note 1 to 4)
b7 b0
Symbol Address When reset
ICTB2 030D16 Indeterminate
: E Function Values that can be set | R | W
[ Set occurrence frequency of timer B2 11015
; interrupt request 0 -
o Nothing is assigned. o
When write, set to “0". |
Note 1: Use MOV instruction to write to this register.
Note 2: When the effective interrupt output specification bit (INVO1: bit 1 at 030816) is set to “1” and three-phase
motor control timer is operating, do not rewrite to this register.
Note 3: Do not write to this register at the timing of timer B2 overflow.
Note 4: Setting of this register is valid only when bit 2 (INV02) of three-phase PWM control register 0 is set to "1".
Timer Ai, Ai-1 register (Note 1 to 3)
b b8
(bis) (bo) b7 bo Symbol Address When reset
T TAi(i1,2,4) 034916,034816, 034B16,034A16, 034F16,034E16 Indeterminate
; TAil (i1, 2,4) 030316,030216, 030516,030416, 030716,030616 Indeterminate
: Function Values that can be set | R |
EREREEEEEELEE Three-phase PWM pulse width modulator 000016 to FFFF16 _
(decide PWM output pulse width)
Note 1: Read and write data in 16-bit units.
Note 2: When set “000016” to the timer Ai register, counter doesn't move, and timer Ai interrupt isn't generated.
Note 3: Use MOV instruction to write to this register.
Timer B2 register (Note)
(b15) (b8)
b7 bo b7 bo Symbol Address When reset
. TB2 035516,035416 Indeterminate
E Function Values that can beset | R W
""""""" Set the period of carrier wave 000016 to FFFF16 @) @)
Note : Read and write data in 16-bit units.

Figure 1.16.3. Registers related to timers for three-phase motor control
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Timer B2 special mode register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset
AZNZNZNZNZNZN TB2SC 035E16 XXXXXXX02
A symbol Bit name Function R:W
E ' ' ' ' ' ' ' PWCOM | Timer B2 reload timing | O : Next underflow
oo e T switching bit 1 : Synchronized rising edge of 00
e triangular wave |
E ' ' ' ' ' ' Nothing is assigned. __
bombmotmmdendeeste ot nnn When write, set “0”. When read, its content is “0”. |
Trigger select register
b7 b6 b5 b4 b3 b2 bl boO
Symbol Address When reset
|||||||| TRGSR 034316 0016
E I I l I I I l Bit symbol Bit name Function RI'W
b4 0 11 = TALTGL | Timer Al event/trigger | set pit 1 and bit O to “0 1” before using[O 'O
A select bit to the V phase output control circuit.
N TALTGH (Note) |©: O
A TA2TGL | Timer A2 eventitrigger | set bit 3 and bit 2 to “0 1" before using|O 'O
oo select bit to the W phase output control circuit. ‘
b e TA2TGH (Note) | ©1 O
S TA3TGL —i—
o Inhibited in Three-phase PWM mode.
 ECGOGCETTTEEEEE TA3TGH -
H bommmmmmmmm o TAATGL Timer A4 event/trlgger Set bit 7 and bit 6 to “0 1” before using O | O
! select bit o :
' to the U phase output control circuit. T
R OODEEEEEERERES TA4TGH (Note) |O: O
Note: Set the corresponding port function select register A to I/O port, and port direction register to “0".
Count start flag
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | Symbol Address When reset
I I I I I B TABSR 034016 0016
P44 4| Bit symbol Bit name Function R'W,
A Timer AO count 0 : Stops counting
L TAOS start flag 1: Starts counting O;O
A TALS Timer Al count 0 : Stops counting 00
T start flag 1: Starts counting '
- Timer A2 count 0 : Stops counting |
oo TA2S start flag 1: Starts counting Ofo
___________ Timer A3 count 0 : Stops counting
TA
R 38 start flag 1: Starts counting Ofo
e TA4S Timer A4 count 0 : Stops counting 00
voro start flag 1: Starts counting '
A TBOS | Timer BO count 0 : Stops counting 00
o start flag 1: Starts counting '
____________________ Timer B1 count 0 : Stops counting 1
: TB1S start flag 1 : Starts counting 0,0
S Timer B2 count 0 : Stops counting
825 start flag 1 : Starts counting Ofo

Figure 1.16.4. Registers related to timers for three-phase motor control
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Three-phase motor driving waveform output mode (three-phase PWM output mode)
Setting “1” in the mode select bit (bit 2 at 030816) shown in Figure 1.16.1 causes three-phase PWM
output mode that uses four timers Al, A2, A4, and B2. As shown in Figure 1.16.4 and 1.16.5 set timers
Al, A2, and A4 in one-shot timer mode, set the trigger in timer B2, and set timer B2 in timer mode using
the respective timer mode registers.

Timer Ai mode register (i=1, 2, 4)

b7 b6 b5 b4 b3 b2 bl b0
| | | 0 | 1 | 1 | 0 | Symbol Address When reset
— T T T T T T T TAIMR(i=1, 2, 4) 035716, 035816, 035A16 00000X002
v v TRt symbol Bit name Function R'W
oo -1 TMODO  [operation mode select bit | b1 b0 _ 0.0
. TMODL 1 0 : One-shot timer mode 00
A VRO | ThiS bitis invalid in M32C/80 series. e
e Port output control is set by the function select registers A, B and C. !
et MR1 External trigger select bit | Invalid in Three-phase PWM output mode. |00
S MR2 Trigger select bit 1: Selected by event/trigger select register |O (@)
O —— MR3 0 (Set to “0” in one-shot timer mode) 00
- . b7 b6 |
e AR EEL LR TCKO Count source selectbit 4 q. ¢ 0.0
01:fs
] TCK1 10:fan (Note) 0.0
11:fc32 !
Note: n =0to 15. nis set by the count source prescaler register (address 035F16).
Timer B2 mode register
b7 b6 b5 b4 b3 b2 bl b0
| | | | 0 | | | 0 | 0 | Symbol Address When reset
— T T T T T Tt TB2MR 035D16 00XX00002
p o010t [ Bitsymbol Bit name Function RIW
T T TMODO ) b0 00
o Operation mode select bit [ 0 0 : Timer mode ;
R A A TMOD1 (o)e}
. MRO Invalid in timer mode 0.0
A VRL Can be “0” or “1” 00
o ] MR2 0 (Set to “0” in timer mode) 00
A Invalid in timer mode.
L R LRREEEEEEEEES MR3 When write, set “0”. When read in timer mode, its content is —i—
' indeterminate. !
L TCKO Count source select bit *8*’06 " OEO
E 01:fs (Note) ‘
: 10:fan ote) |
D L EEEEEEEEEEREEE TCK1 !
11:fca2 Oio

Note: n =0to 15.

n is set by the count source prescaler register (address 035Fz16).

Figure 1.16.5. Timer mode registers in three-phase PWM output mode
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Figure 1.16.6 shows the block diagram for three-phase waveform mode. The Low active output polarity
in three-phase waveform mode, the positive-phase waveforms (U phase, V phase, and W phase) and
negative waveforms (U phase, V phase, and W phase), six waveforms in total, are output from P8o, P81,
P72, P73, P74, and P75 as active on the “L” level. Of the timers used in this mode, timer A4 controls the
U phase and U phase, timer Al controls the V phase and V phase, and timer A2 controls the W phase
and W phase respectively; timer B2 controls the periods of one-shot pulse output from timers A4, Al,
and A2.

In outputting a waveform, dead time can be set so as to cause the “L” level of the positive waveform
output (U phase, V phase, and W phase) not to lap over the “L” level of the negative waveform output (U
phase, V phase, and W phase).

To set short circuit time, use three 8-bit timers, sharing the reload register, for setting dead time. A value
from 1 through 255 can be set as the count of the timer for setting dead time. The timer for setting dead
time works as a one-shot timer. If a value is written to the dead timer (030C16), the value is written to the
reload register shared by the three timers for setting dead time.

Any of the timers for setting dead time takes the value of the reload register into its counter, if a start
trigger comes from its corresponding timer, and performs a down count in line with the clock source
selected by the dead time timer count source select bit (bit 2 at 030916). The timer can receive another
trigger again before the workings due to the previous trigger are completed. In this instance, the timer
performs a down count from the reload register’s content after its transfer, provoked by the trigger, to the
timer for setting dead time.

Since the timer for setting dead time works as a one-shot timer, it starts outputting pulses if a trigger
comes; it stops outputting pulses as soon as its content becomes 0016, and waits for the next trigger to
come.

The positive waveforms (U phase, V phase, and W phase) and the negative waveforms (U phase, V
phase, and W phase) in three-phase waveform mode are output, from respective ports by means of
setting “1” in the output control bit (bit 3 at 030816). Setting “0” in this bit causes the ports to be the high-
impedance state. This bit can be set to “0” not only by use of the applicable instruction, but by entering
a falling edge in the NMI terminal or by resetting. Also, if “1” is set in the positive and negative phases
concurrent L output disable function enable bit (bit 4 at 030816) causes one of the pairs of U phase and
U phase, V phase and V phase, and W phase and W phase concurrently go to “L”, as a result, the output
control bit becomes the high-impedance state.
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Triangular wave modulation
To generate a PWM waveform of triangular wave modulation, set “0” in the modulation mode select bit
(bit 6 at 030816). Also, set “1” in the timers A4-1, Al1-1, A2-1 control bit (bit 1 at 030916). In this mode,
each of timers A4, Al, and A2 has two timer registers, and alternately reloads the timer register’s con-
tent to the counter every time timer B2 counter’s content becomes 00001s. If “0” is set to the effective
interrupt output specification bit (bit 1 at 030816), the frequency of interrupt requests that occur every
time the timer B2 counter’s value becomes 000016 can be set by use of the timer B2 counter (030D16)
for setting the frequency of interrupt occurrences. The frequency of occurrences is given by (setting;
setting # 0).
Setting “1” in the effective interrupt output specification bit (bit 1 at 030816) provides the means to
choose which value of the timer Al reload control signal to use, “0” or “1”, to cause timer B2’s interrupt
request to occur. To make this selection, use the effective interrupt output polarity selection bit (bit O at
0308186).
An example of U phase waveform is shown in Figure 1.16.7, and the description of waveform output
workings is given below. Set “1” in DUO (bit 0 at 030A16). And set “0” in DUBO (bit 1 at 030A16). In
addition, set “0” in DU1 (bit O at 030B16) and set “1” in DUB1 (bit 1 at 030B16). Also, set “0” in the
effective interrupt output specification bit (bit 1 at 030816) to set a value in the timer B2 interrupt occur-
rence frequency set counter. By this setting, a timer B2 interrupt occurs when the timer B2 counter’s
content becomes 000016 as many as (setting) times. Furthermore, set “1” in the effective interrupt output
specification bit (bit 1 at 030816), set in the effective interrupt polarity select bit (bit 0 at 030816) and set
“1” in the interrupt occurrence frequency set counter (030D16). These settings cause a timer B2 interrupt
to occur every other interval when the U phase output goes to “H”.
When the timer B2 counter’s content becomes 000016, timer A4 starts outputting one-shot pulses. In this
instance, the content of DU1 (bit 0 at 030B16) and that of DUO (bit O at 030A16) are set in the three-phase
output shift register (U phase), the content of DUB1 (bit 1 at 030B16) and that of DUBO (bit 1 at 030A16)
are set in the three-phase shift register (U phase). After triangular wave modulation mode is selected,
however, no setting is made in the shift register even though the timer B2 counter’s content becomes
00001s.
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (034F16, 034E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase shift register’'s content is shifted one posi-
tion, and the value of DU1 and that of DUB1 are output to the U phase output signal and to U phase
output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform doesn’t overlap the Low level
of the U phase waveform, which has the opposite phase of the former. The U phase waveform output
that started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-
shot pulses even though the three-phase output shift register’s content changes from “1” to “0” by the
effect of the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses,
“0” already shifted in the three-phase shift register goes active, and the U phase waveform changes to
the Low level. When the timer B2 counter’s content becomes 000016, the timer A4 counter starts count-
ing the value written to timer A4-1 (030716, 030616), and starts outputting one-shot pulses. When timer
A4 finishes outputting one-shot pulses, the three-phase shift register’s content is shifted one position,
but if the three-phase output shift register’'s content changes from “0” to “1” as a result of the shift, the
output level changes from “L” to “H” without waiting for the timer for setting dead time to finish outputting
one-shot pulses. A U phase waveform is generated by these workings repeatedly. With the exception
that the three-phase output shift register on the U phase side is used, the workings in generating a U
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phase waveform, which has the opposite phase of the U phase waveform, are the same as in generating
a U phase waveform. In this way, a waveform can be picked up from the applicable terminal in a manner
in which the “L” level of the U phase waveform doesn’t lap over that of the U phase waveform, which has
the opposite phase of the U phase waveform. The width of the “L” level too can be adjusted by varying
the values of timer B2, timer A4, and timer A4-1. In dealing with the V and W phases, and V and W
phases, the latter are of opposite phase of the former, have the corresponding timers work similarly to
dealing with the U and U phases to generate an intended waveform.

A carrier wave of triangular waveform

Carrier wave — g

Signal wave —m

Timer B2

Timber B2 interrupt occurres

Rewriting timer A4 and timer A4-1. .
{ Possible to set the number of overflows to generate an

interrupt by use of the interrupt occurrences frequency |

Trigger signal for A
i~ set circuit

timer Ai start : : T ; NG .
(timer B2 overflow J'| |'| ﬂ |'| ﬂ\\ﬂ |'| ﬂ

signal)
The three-phase
shift register
shifts in
synchronization
with the falling
edge of the A4
output.

Timer A4 output

Control signal for
timer A4 reload

U phase
output signal

J

u phase P
output signal _l

U phase _,_’ : : | IR
(Note 1) : i. : oo
Uphase | i l : I Pt
P g Bebatinein
Defad tlirlne
Uphase ! l : E : :
(Note2) { P : oo :
Uphase | || : P 5 : :
e R N e Sl e T e
Dea:ld time

INV13(Triangular wave
modulation detect flag)
(Note 3)

Note 2: When INV14="1" (output wave High active)
Note 3: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.16.7. Timing chart of operation (1)
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Assigning certain values to DUO (bit O at 030A16) and DUBO (bit 1 at 030A16), and to DU1 (bit O at
030B16) and DUBL1 (bit 1 at 030B16) allows you to output the waveforms as shown in Figure 1.16.8, that
is, to output the U phase alone, to fix U phase to “H”, to fix the U phase to “H,” or to output the U phase

alone.

A carrier wave of triangular waveform

Carrier wave 7\ /\
Signal wave —a : \/ : \/

Timer B2

i Rewriting timer A4 every timer B2 interrupt occurres.
Timer B2 intérrupt occurres.

Trigger signal for :  Rewriting three-phase buffer register.
timer Ai start ] : HE '

signal)

(timer B2 overflow_i-l ” n ﬂ ﬂ ﬂ

Timer A4 output

Control signal for l_— l |

timer A4 reload

U phase
output signal

U phase —l |17'_]

output signal

U phase Vo : oo : : H :
Dead time

Note: Set to triangular wave modulation mode and to three-phase mode 1.

Figure 1.16.8. Timing chart of operation (2)
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Sawtooth modulation
To generate a PWM waveform of sawtooth wave modulation, set “1” in the modulation mode select bit
(bit 6 at 030816). Also, set “0” in the timers A4, Al, and A2-1 control bit (bit 1 at 030916). In this mode, the
timer registers of timers A4, Al, and of A2 comprise conventional timers A4, Al, and A2 alone, and
reload the corresponding timer register’s content to the counter every time the timer B2 counter’s con-
tent becomes 000016. The effective interrupt output specification bit (bit 1 at 030816) and the effective
interrupt output polarity select bit (bit 0 at 030816) go nullified.
An example of U phase waveform is shown in Figure 1.16.9, and the description of waveform output
workings is given below. Set “1” in DUO (bit 0 at 030A16), and set “0” in DUBO (bit 1 at 030A16). In
addition, set “0” in DU1 (bit 0 at 030B16) and set “1” in DUB1 (bit 1 at 030B16).
When the timber B2 counter’s content becomes 000016, timer B2 generates an interrupt, and timer A4
starts outputting one-shot pulses at the same time. In this instance, the contents of the three-phase
buffer registers DU1 and DUO are set in the three-phase output shift register (U phase), and the contents
of DUB1 and DUBO are set in the three-phase output register (U phase). After this, the three-phase
buffer register’'s content is set in the three-phase shift register every time the timer B2 counter’s content
becomes 00001s6.
The value of DUO and that of DUBO are output to the U terminal (P80) and to the U terminal (P81)
respectively. When the timer A4 counter counts the value written to timer A4 (034F16, 034E16) and when
timer A4 finishes outputting one-shot pulses, the three-phase output shift register’s content is shifted
one position, and the value of DU1 and that of DUB1 are output to the U phase output signal and to the
U output signal respectively. At this time, one-shot pulses are output from the timer for setting dead time
used for setting the time over which the “L” level of the U phase waveform doesn’t lap over the “L” level
of the U phase waveform, which has the opposite phase of the former. The U phase waveform output
that started from the “H” level keeps its level until the timer for setting dead time finishes outputting one-
shot pulses even though the three-phase output shift register’s content changes from “1” to “0 "by the
effect of the one-shot pulses. When the timer for setting dead time finishes outputting one-shot pulses,
0 already shifted in the three-phase shift register goes effective, and the U phase waveform changes to
the “L” level. When the timer B2 counter’s content becomes 000016, the contents of the three-phase
buffer registers DU1 and DUO are set in the three-phase shift register (U phase), and the contents of
DUB1 and DUBO are set in the three-phase shift register (U phase) again.
A U phase waveform is generated by these workings repeatedly. With the exception that the three-
phase output shift register on the U phase side is used, the workings in generating a U phase waveform,
which has the opposite phase of the U phase waveform, are the same as in generating a U phase
waveform. In this way, a waveform can be picked up from the applicable terminal in a manner in which
the “L” level of the U phase waveform doesn’t lap over that of the U phase waveform, which has the
opposite phase of the U phase waveform. The width of the “L” level can also be adjusted by varying the
values of timer B2 and timer A4. In dealing with the V and W phases, and V and W phases, the latter are
of opposite phase of the former, have the corresponding timers work similarly to dealing with the U and
U phases to generate an intended waveform.
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A carrier wave of sawtooth waveform

Carrier wave —i_5,
Signal wave —

Timer B2

Interrupt occurres.

Trigger signal for Rewriting the value of timer A4.

(timer B2 overflow

Data transfer is made from the three-
phase buffer registers to the three-
phase shift registers in step with the
timing of the timer B overflow.

timer Ai start J_l

L/ \

! 1

v

Dead time

signal) /
: i The three-phase
Timer A4 output o p h+  shift registers
5 /shifts in
i |4 synchronization
]+ with the falling
U phase output L I~ 1+ edge of timer A4.
signal : 5 : : : ; P
U phase ' | I—] | [
output signal ; g : : : : Co
Uprese T JE | il B
l_Jphase i ' i 1 ‘—l u
> - - - - - - - Ealaie i o > -

Note: Set to sawtooth modulation mode and to three-phase mode 0.

Figure 1.16.9. Timing chart of operation (3)
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Setting “1” both in DUBO and in DUB1 provides a means to output the U phase alone and to fix the U
phase output to “H” as shown in Figure 1.16.10.

A carrier wave of sawtooth waveform

Carrier wave ——i_,

Signal wave-a

Timer B2
Ilgterrgpt ochcurrels.  timer Ad Interrupt occurres. Data transfer is made from the three-
ewntllng the value 0 timer A4. Rewnt'mg the value of timer A4. phase buffer registers to the three-
Trigger signal for ! : Rewriting three-phase \ : phase shift registers in step with the
timer Ai start : : output buffer register 5 5 timing of the timer B overflow.
(timer B2 overflow f ‘ H i .
signal) ﬂ H \ ﬂ ”—

%

The three-phase
shift registers shifts
in synchronization

[ with the falling

g edge of timer A4.

Timer A4 output

U phase
output signal

u phase
output signal

U phase

G phase

> > > e e P e

d

Dead time

Note: Set to sawtooth modulation mode and to three-phase mode O.

Figure 1.16.10. Timing chart of operation (4)
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Serial I/O

Serial 1/10
Serial I/0 is configured as five channels: UARTO to UART4.
UARTI (i=0 to 4) each have an exclusive timer to generate a transfer clock, so they operate independently
of each other.
Figure 1.17.1 shows the block diagram of UARTI.
UARTI has two operation modes: a clock synchronous serial I/O mode and a clock asynchronous serial 1/0O
mode (UART mode). The contents of the serial I/O mode select bits (bits O to 2 at addresses 036816,
02E816, 033816, 032816 and 02F816) determine whether UARTI is used as a clock synchronous serial I/O
or as a UART.
It has the bus collision detection function that generates an interrupt request if the TxD pin and the RxD pin
are different in level.
Figures 1.17.2 through 1.17.8 show the registers related to UARTI.
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- TxD
. RxD polarity - .
RxDi O— LA H polarity (O TxDi
reversing circuit ‘ reversing
UART reception Receive circuit
Clock source selection Reception | clock Transmit/ (Note)
f1 Bit rate Clock synchronous type ro ‘ control circuit receive
° Internal t . T unit
fs o\ generator o l .
1/ (ni+l UART transmission Transmit
fan © - (ni+1) Q4,_| Transmission | |clock
control circuit
External Clock synchronous type
Clock synchronous type
(when internal clock is selected)
Q
O
Clock synchronous type Clock synchronous type
(when internal clock is selected)  (when external clock is
pg;ﬁw )/‘ selected)
CLKi O reversing N
cireit_| CTSIRTS  CTS/RTS disabled
selected RTS2
Vce
CTSIRTS disabled
{D CTS2
0
ni : Values set to UARTI bit rate generator (UIBRG)
Note :UART 2 is not CMOS output but N channel open drain output.
No reverse
. RxD data %—
01O~ '
Reverse
Clock
synchronous type
UART
(7 bits)
UART ) ) ;
PAR g‘;ihmmus (@ bits) UART(7 bits) UARTI receive register
disabled | ype
2sp PAR UART Clock
enabled synchronous type
: : : : : : : : UARTI receive
0:0:0:0:0:0:0 :Ds | | D7: De:Ds:DsiDsiDz2:D1 D0| buffor register
Address 036E16
| Logic reverse circuit + MSB/LSB conversion circuitl Address 036F16
Address 02EE16
[ Address 02EF16
3 n Address 033E16
Data bus high-order bits Address 033F16
Address 032E16
| {} Address 032F16
. Address 02FE16
Data bus low-order bits Address 02FF16
| Logic reverse circuit + MSB/LSB conversion circuitl
| Ds | | D7 Dsi DsiDaiDsiDz2:D1iDo | UARTI transmit buffer
- - - - - - - register
Address 036A16
Address 036B16
UART Address 02EA16
(8 bits) Address 02EB16
UART Address 033A16
(9 bits) Address 033B16
UART Address 032A16
PAR (9 bits) (s:lg?;\ronoust e Address 032816
enabled  ART 4 o Address 02FA16
Address 02FB16
T
Clock . . . .
synchronous UART(7 bits) UARTI transmit register
type
uqr
synchronous type
Eigg'ralzlgna\ output No reverse
) Error signal TxD data TxDi
SP_: Stop blt' O—I output cigrcuit }}_Q/E':" reverse circuit
iPAR g?gt‘)‘, bit Error signal output Reverse
: enable

Figure 1.17.1. Block diagram of UARTI
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b15 b8

UARTI transmit buffer register (=0 to 4) (Note)

(b7) (b0)b7 b0 Symbol Address When reset
% § § % § % § i UiTB(i=0,1,2) 036B16, 036A16, 02EB16, 02EA16, 033B16, 033A16 Indeterminate
HHHHHHHHE UiTB(i=3,4) 032B16, 032A16, 02FB16, 02FA16 Indeterminate
Bit Function Function |
vii iy i| symbol | (Clock synchronous serial I/O mode) (UART mode) R :W
. . 1
LT REERY 1ty —— | Transmit data Transmit data -0
H I
: |
L Lt e e Transmit data (9th bit) —0
|
Nothing is assigned. L
When write, set "0". When read, their contents are indeterminate. '
Note: Use MOV instruction to write to this register.
UARTI receive buffer register (i=0to 4)
b15 b8
(b7) (b0)o7 b0 Symbol Address When reset
% § i UiRB(i=0,1,2) 036F16,036E16, 02EF16,02EE16, 033F16,033E16 Indeterminate
H UiRB(i=3,4) 032F16,032E16, 02FF16,02FE16 Indeterminate
: Bit . Function Function :
; grbo | Bteame | Clogk iSO | wartmain RV
] 1
: —_— —_ Receive data Receive data O—
H 1
: :
— — — Receive data(oth bit)| O1—
. 1
: i
] 1
' Nothing is assigned. !
. When write, set "0". When read, their contents are indeterminate. !
H —_—
: :
H Arbitration lost 0: Not detectet . |
P femmmmmmmmmennnnmney ABT | detecting flag(Note 1)| 1: Detected Invalid O:O
OER Overrun error flag 0:Nooverrunerror | 0: No overrun error o L
HEEH (Note 2)| 1: Overrun error found | 1: Overrun error found ™~
) T
H Framing error flag . 0: No framing error 1
Py R FER (Note 2) Invalid 1: Framing error found O-
. 1
Parity error fla . 0: No parity error X
PP PER vy 9 Invalid . partty Oi—
' (Note 2) 1: Parity error found .
Error sum flag . 0: No error '
TrTTTTTTTTTmmmmmmmmmmmmmees SUM (Note 2) Invalid 1: Error found O:

Note 1: Arbitration lost detecting flag must always write "0".
Note 2: Bits 15 through 12 are set to 0002 when the serial /O mode select bit (bits 2 to 0 at addresses 036816,
02E816, 033816, 032816, 02F816) are set to "0002" or the receive enable bit is set to "0".
(Bit 15 is set to "0" when bits 14 to 12 all are set to "0".)
Bits 14 and 13 are also set to "0" when the lower byte of the UARTI receive buffer register (addresses
036E16, 02EE16, 033E16, 032E16, 02FE1s6) is read.

Figure 1.17.2. Serial I/O-related registers (1)
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UARTI bit rate generator (=0 to 4) (Note 1, 2)

b7 b0

Symbol Address

| | UIBRG(i=0 to 4)

036916, 02E916, 033916, 032916, 02F916

When reset
Indeterminate

Function Values that can be set |R /W

Assuming that set value = n, BRGi divides EO

"""""""" the count source by n+1 0016 to FF1s i

1
Note 1: Use MOV instruction to write to this register.
Note 2: Write a value to this register while transmit/receive halts.
UARTI transmit/receive mode register (=0 to 4)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | UiIMR(i=0to 4) 036816, 02E816, 033816, 032816, 02F816 0016
Bit ] Function Function j
bbb bbb |symbol)  Bitmame (P money (UART mode) Rw
A S b2 160 b2 160 :
Porob b n b1 t-1SMDO 0 0 0: Serial YO invalid | 00 0: Serial /O invalid 00
00 1: Serial /Omode | 100: Transfer data 7 bitslongg !
Serial I/O mode |0 1 0: 12C mode 101: Transfer data8 bits long| _ !
R SMD1 select bit Must not be set 11 0: Transfer data 9 bits Iongo:O
except above Must not be set :
T SMD2 except above o0
A :
0 : Internal clock 0 : Internal clock X
A CKDIR LT:ET?ZESSLTI 1 : External ¢ 3‘8}‘2 D |1 : External clock OEO
Pl ' (Note 2) (Note 2) .
o : Stop bit length . 0 : One stop bit |
R S STPS . Invalid |
P select bit 1 : Two stop bits O.O
o : Valid when bit 6 = "1" i
HEH Odd/ t ) . '
Pop mmmmmmmmmeseeeeeeee PRY | e\:n PATY 1 invalid 0 : Odd parity o0
H select bit 1 : Even parity '
. . . 0 : Parity disabled |
T P PP POPRe P | Inval _ '
: PRYE | Parity enable bit | Invalid 1 : Parity enabled O:O
: TXD,RxD input/ :
: ' ; 0: No reversed
........................... IOPOL |output polarity _ 0.0
switch bit (Note 3) 1: Reversed :

Note 3: Normally set "0".

Note 1: Select CLK output by the corresponding function select registers A, B and C.
Note 2: Set the corresponding function select register A to the I/O port.

Figure 1.17.3. Serial I/O-related registers (2)
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UARTI transmit/receive control register O (=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | UiCO0(i=0 to 4) 036C16, 02EC16, 033C16, 032C16, 02FC16 0816
: : : A Bit ) Functjon Function :
P symbol | Bitname ki | wetmosy |RIW
S o0 |
P : CLKO 00: f1 is selected 00
- : Br‘;G cgpnt SOUTCe | g 1: fg is selected :
N v CLK1 select bit 1 0: f2n is selected O:O
Y : 1 1: Must not be set '
Porob oo c====a . | Valid when bit 4 = 0" :
- T/RTS fi — - !
R el CRS CSI / b.S unction 0 : CTS function is selected (Note 1) |O/O
- select bit 1 : RTS function is selected (Note 2)|
0 : Data present in transmit register |
VoL T Transmit register (during transmission) P
TXEPT | empty flag 1 : No data present in transmit register O:
HE- S (transmission completed) 1
oow o TTTTmmmmmmmmmmme [ —— —_— — - i
I CRD C_TS/RTS disable |0:CTS/RTS funct!on er\abled 0'0
I bit 1: CTS/RTS function disabled !
NCH |Data output select | 0 : TXDi pin is CMOS output O:O
v (Note 3) [bit 1 : TXDi pin is N-channel open drain output |~
0 : Transmit data is output '
v TTTTTmTmnmmmmmmmmmmeetd ) at falling edge of transfer '
ckpoL |CHK pol-arlty clock and receive data | ger00" |00
select bit is input at rising edge ,
1: Transmit data is output '
___________________________ at rising edge of transfer i
clock and receive data X
is input at falling edge '
Transfer format 0: LSB first !
UFORM . ) !
select bit (Note 4) | 1 : MSB first O:O
Note 1: Set the corresponding function select register A to I/O port, and port direction register to “0”
Note 2: Select RTS output using the corresponding function select registers A, B and C.
Note 3: UART2 transfer pin (TxD2:P70) is N-channel open drain output. It is not set to CMOS output.
Note 4: Valid only in clock syncronous serial I/O mode and 8 bits UART mode.

Figure 1.17.4. Serial 1/O-related registers (3)
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b7

b6 b5 b4 b3 b2 bl bo

UARTI special mode register (i=0 to 4)

b7 b6 b5 b4 b3

UARTI transmit/receive control register 1 (i=0to 4)

Symbol Address When reset
UiC1(i=0 to 4) 036D16, 02ED16, 033D16, 032D16, 02FD16 0216
Bit . Function |
b | Btname | CloakiHonous wRTmode)  |RW
1
TE Transmit 0: Transmission disabled O:O
enable bit 1: Transmission enabled '
T Transmit buffer |0: Data present in transmit buffer register O:
empty flag 0: No data present in transmit buffer register '
RE Receive 0: Reception disabled O:O
enable bit 1: Reception enabled |
1
. 1
RI Receive 0: Data present in receive buffer register O:—
complete flag  [0: No data present in receive buffer register !
UIIRS .UARTi transmit | ransmit buffer empty (TI = 1) '
I interrupt cause |- it leted (TXEPT = 1 0,0
select bit : Transmit is completed ( =1) :
UARTI 0: Cor&tinéj,ou%lredceive !
i mode disable wyp
UIRRM |continuous . |1 &0htinuous receive |Setto 0 0.0
enable bit mode enabled .
1
. Data logi - No rever: !
UILCH ata ogc 0: No reverse 00
select bit 1: Reverse !
Clock divide Clock divide synchronizing stop bi :
SCLKSTPB ;
synchronizing stop bit i uey 1
ERE R naPoutgut 0: Synchronizing stop Setto “0 0,0
enable 1: Synchronous start (Note)

Note :When this bit and bit 7 of UARTi special mode register 2 are set, clock synchronizing function is used

b2 bl bo

Symbol Address When reset
UiSMR(i=0 to 4) 036716, 02E716, 033716, 032716, 02F 716 0016
Bit . Function X
sympol |  Bitname clHs o UARTmode)  |RW
IIC mode 0: Normal mode A :
IICM select bit 1: 1IC mode Set to "0 O:O
1
Avrbitration lost | . : X
ABC |detecting flag O: Update per bit Set to "0" OO
control bit 1: Update per byte |
0: SdTOP cgndition !
etecte nAn
BBS Bus busy flag [4. START condition Setto "0 0,0
detected (Note 1)
SCLL sync . !
LSYN |output enable 0: Disabled Set to "0" 0,0
bit 1: Enabled I
Bus collision 0: Rising edge of ransfer clock| !
ABSCS |detect sampling [ Set to "0" 1: Underflow signal of timer Ai |O 1O
clock select bit (Note 2)] 1
Auto clear function 0: No auto clear function '
ACSE |select bit of transmit | Set to "0" 1: Auto clear at O:0
enable bit occurrence of bus .
Transmit start . : .
SSS | condition Set to 0" 2: Srﬁ.'nary e of Ro| 910
select bit : Falling edge of RxDi| ~ !
T
Lo N 1
scLkpiv |Clock divide | 0: Divided-by-2 )| se 1 70" 0'0
set bit 1: No divided '

Note 1: Nothing but "0" may be written.

Note 2: UARTO: timer A3 underflow signal, UART1: timer A4 underflow signal, UART2: timer AO underflow signal,
UARTS3: timer A3 underflow signal, UART4: timer A4 underflow signal.

Note 3: When this bit and bit 7 of UARTI transmit/receive control register 1 are set, clock synchronizing
function is used.

Figure 1.17.5. Serial I/O-related registers (4)
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Serial I1/0
UARTI special mode register 2 (=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | UiSMR2(i=0to 4) 036616, 02E616, 033616, 032616, 02F616 0016

Bit Bit name Function R EW
v+ 4+ % 4+ % &+ v | symbol X
I 0: NACK/ACK interrupt (DMA source - ACK) | 1
- Transfer to receive buffer at the rising '
A edge of last hit of receive clock !
A Receive interrupt occurs at the rising edge | 1
A IIC mode select of last bit of receive clock X
A L bit 2 1. UART transfer/receive interrupt (DMA 00
R source - UART receive) I
A Transfer to receive buffer at the falling |
- edge of last bit of receive clock '
Receive interrupt occurs at the falling !
A edge of last bit of receive clock !
AR R Clock 0: Disabled !
A cse synchronous bit | 1: Enabled O:O
Pl b . | 0: Disabled ;
L SCL wait output bit '
I Swe PO 1. Enabled 00
.| 0: Disabled i
E E E E """""" ALS SDA output stop bit 1 Enabled O:O
o | 0: Disabled |
STC | UARTinitialize bit | ;. = o0\ O:O
R SCLwait output | 0: UARTI clock !
P swe2 bit 2 1: 0 output O:O
P SDA output inhibit | 0: Disabled |
SDHI bit 1: Enabled (high impedance) O:O
; Clock divide . - !
: 0: Synchronous disabled
R RRERERE SU1HIM | synchronizing 1 Sy h bled 0.0

enable bit : Synchronous enable :

Figure 1.17.6. Serial I/O-related registers (5)
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b7 b6 b5 b4 b3 b2 bl bo

UARTI special mode register 3 (i=0 to 4)

Symbol Address When reset
UiSMR3(i=0to 4) 036516, 02E516, 033516, 032516, 02F516 0016
Bit Bit name Function R :W
symbol '
Ss port function 0: SS function disabled :
E . == . !
SS enable bit (Note 1) | 1: SS function enabled O:O
Clock phase 0: Without clock delay '
CKPH set bit 1: With clock delay O:O
DING Serial input port 0: Select TxDi and RxDi (master mode) O:O
set bit 0: Select STxDi and SRxDi (slave mode) |
1
Clock output 0: CLKi is CMOS output (Note 2) |
NODC ) S . !
select bit 1: CLKi is N-channel open drain output (Note 3) © ! O
0: Without fault error X
ERR | Faulterror flag 1: With fault error (Note 4) O:O
b7b6b5 :
DLO 000 :Without delay 0:0
001 :2-cycle of BRG count source !
) o 010 :3-cycle of BRG count source T
pL1 | SPAITXDi) digital | 011 :4-cycle of BRG count source 0'0
delay time set bit | 100 :5-cycle of BRG count source '
(Note 5,6) | 101 :6-cycle of BRG count source X
DL2 110 :7-cycle of BRG count source 0.0

111 :8-cycle of BRG count source

register 0) to "1".

Note 1: Set SS function after setting CTS/RTS disable bit (bit 4 of UARTI transfer/receive control

Note 2: Set CLKi and TxDi both for output using the CLKi and TxDi function select register A. Set the
RxDi function select register A for input/output port and the port direction register to "0".
Note 3: Set STxDi for output using the STxDi function select registers A and B. Set the CLKi and
SRxDi function select register A for input/output port and the port direction register to "0".
Note 4: Nothing but "0" may be written.
Note 5: These bits are used for SDAI (TxDi) output digital delay when using UARTi for IIC interface.
Otherwise, must set to "000".
Note 6: When external clock is selected, delay is increased approximately 100ns.

Figure 1.17.7. Serial I/O-related registers (6)
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UARTI special mode register 4 (=0 to 4)

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| UiSMRA4(i=0to 4) 036416, 02E416, 033416, 032416, 02F416 0016
syﬁi:)ol Bit name Function R EW
1
Start condition 0: Clear O:O
STAREQ generate bit (Note)| 1: Start '
Restart condition | O: Clear O:O
RSTAREQ generate bit (Note)| 1: Start '
Stop condition 0: Clear |
STPREQ generate bit (Note)| 1: Start O:O
1
1
SCL, SDA output | O: Ordinal block O:O
STSPSEL | select bit 1: Start/stop condition generate block '
. 0: ACK '
ACKD ACK data bit 1: NACK O:O
ACK data output 0: SI/O data output :
ACKC | gnable bit 1: ACKD output 00
1
1
SCL output stop 0: Disabled '
SCLHI enabie bit 1: Enabled O:O
sweo | ¢ wait output | 0: SCL "L" hold disabled o: o
bit 3 1: SCL "L" hold enabled |
Note :When start condition is generated, these bits automatically become "0".
External interrupt request cause select register
b7 b6 b5 b4 b3 b2 bl bo
| | | | | | | | | Symbol Address When reset
N T IFSR 031F1e 0016
S 1| Bitsymbol Bit name Function RIW
A - IFSRO INTO interrupt polarity | O : One edge
oo H select bit (Note) 1 : Both edges O ! O
] IFSR1 INT1 interrupt polarity | 0 : One edge
A select bit (Note) 1: Both edges ©:0
E : : ________ IFSR2 INT2 interrupt polarity [ O : One edge O O
A select bit (Note) 1 : Both edges !
. , IFSR3 INT3 interrupt polarity | O : One edge
oo T select bit (Note) 1 : Both edges O ! O
IFSR4 INT4 interrupt polarity | O : One edge ) )
P T select bit (Note) 1: Both edges !
IFSR5 INT5 interrupt polarity | 0 : One edge
vy T select bit (Note) 1: Both edges O | O
i IFSR6 UARTO/3 interrupt 0 : UARTS bus collision /start,stop '
P cause select bit detect/false error detect 1
vooTTTTTTTTTTTEm e 1: UARTO bus collision /start,stop 00
' detect/false error detect
IFSR7 UART1/4 interrupt 0 : UARTA4 bus collision /start,stop
] cause select bit detect/false error detect 00
1: UART1 bus collision /start,stop '
detect/false error detect |

register to "0" (falling edge).

Note :When level sense is selected, set this bit to "0".
When both edges are selected, set the corresponding polarity switching bit of INT interrupt control

Figure 1.17.8. Serial I/O-related registers (7)
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(1) Clock synchronous serial I/O mode

The clock synchronous serial I/O mode uses a transfer clock to transmit and receive data. Tables 1.18.1
and 1.18.2 list the specifications of the clock synchronous serial I/O mode.

Table 1.18.1. Specifications of clock synchronous serial /O mode (1/2)

Item

Specification

Transfer data format

« Transfer data length: 8 bits

Transfer clock

* When internal clock is selected (bit 3 at addresses 036816, 02E816, 033816, 032816,
02F816 = “0") : fif 2(m+1) Note 1) i = f1 fg, fon(Note 2)
— CLK is selected by the corresponding peripheral function select register A, B and C.
* When external clock is selected (bit 3 at addresses 036816, 02E816, 033816 , 0328186,
02F816= “1") : Input from CLKi pin

- Set the corresponding function select register A to I/O port

Transmission/reception control

* CTS function/RTS function/CTS, RTS function chosen to be invalid

Transmission start condition

« To start transmission, the following requirements must be met:
— Transmit enable bit (bit 0 at addresses 036D16, 02ED16, 033D16, 032D16, 02FD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 036D16, 02ED16, 033D16, 032D16, 02FD16) = “0”
— When CTS function selected, CTS input level = “L”
— TxD output is selected by the corresponding peripheral function select register A, B and C.
« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKi polarity select bit (bit 6 at addresses 036C16, 02EC16, 033C16, 032C1s,
02FCz16) = “0": CLKi input level = “H”
— CLKi polarity select bit (bit 6 at addresses 036C16, 02EC16, 033C16, 032C1s,
02FC16) = “1": CLKi input level = “L”

Reception start condition

« To start reception, the following requirements must be met:
— Receive enable bit (bit 2 at addresses 036D 16, 02ED16, 033D16, 032D16, 02FD16) = “1”
- Transmit enable bit (bit 0 at addresses 036D 16, 02ED16, 033D16, 032D16, 02FD16) = “1”
- Transmit buffer empty flag (bit 1 at addresses 036D16, 02ED16, 033D16, 032D16, 02FD16) = “0”
« Furthermore, if external clock is selected, the following requirements must also be met:
— CLKi polarity select bit (bit 6 at addresses 036C16, 02EC16, 033C16, 032C1s,
02FC1s6) = “0”: CLKi input level = “H”
— CLKi polarity select bit (bit 6 at addresses 036C16, 02EC16, 033C16, 032C1s,
02FC16) = “1”: CLKi input level = “L”

Interrupt request
generation timing

* When transmitting
— Transmit interrupt cause select bit (bit 4 at address 036D16, 02ED16, 033D1s,
032D16, 02FD16) = “0": Interrupts requested when data transfer from UARTI trans-
fer buffer register to UARTI transmit register is completed
— Transmit interrupt cause select bit (bit 4 at address 036D16, 02ED16, 033D1s,
032D16, 02FD16) = “1": Interrupts requested when data transmission from UARTI
transfer register is completed
* When receiving
— Interrupts requested when data transfer from UARTI receive register to UARTI

receive buffer register is completed

Note 1: “m” denotes the value 0016 to FF16 that is set to the UART bit rate generator.
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Table 1.18.2. Specifications of clock synchronous serial I/O mode (2/2)

Item

Specification

Error detection

- Overrun error (Note)
This error occurs when the next data is started to receive and 6.5 transfer clock is
elapsed before UARTI receive buffer register are read out.

Select function

* CLK polarity selection
Whether transmit data is output/input at the rising edge or falling edge of the transfer
clock can be selected

* LSB first/MSB first selection
Whether transmission/reception begins with bit O or bit 7 can be selected

« Continuous receive mode selection

Reception is enabled simultaneously by a read from the receive buffer register

* Reversing serial data logic
Whether to reverse data in writing to the transmission buffer register or reading the
reception buffer register can be selected.

» TxD, RxD 1/O polarity reverse
This function is reversing TxD port output and RxD port input. All I/O data level is
reversed.

Note : If an overrun error occurs, the UARTI receive buffer will have the next data written in.

Table 1.18.3 lists the functions of the input/output pins during clock synchronous serial I/O mode. Note
that for a period from when the UARTI operation mode is selected to when transfer starts, the TxDi pin
outputs a “H". (If the N-channel open drain is selected, this pin is in floating state.)

Table 1.18.3. Input/output pin functions in clock synchronous serial /O mode

Pin name Function Method of selection
TxDi Serial data output (Outputs dummy data when performing reception only)
(P63, P67, P70, | (Note 1)
P92, P96)
RxDi Serial data input Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address
(P62, P66, P71, | (Note 2) 03C21s, bit 1 at address 03C316, bit 1 and 7 at address 03C716)= “0"
P91, P97) (Can be used as an input port when performing transmission only)
CLKi Transfer clock output Internal/external clock select bit (bit 3 at addresses 036816, 02E81s,
(P61, P65, P72, | (Note 1) 033816, 032816, 02F816) = “0”
RS NN Internal/external clock select bit (bit 3 at addresses 036816, 02E815,
Transfer clock input nternal/external clock select bit (bit 3 at addresses 16, 16,
(Note 2) P 033816, 032816, 02F816) = “1”
Port P61, P65, P72, P90 and P95 direction register (bits 1 and 5 at address
03C21s, bit 2 at address 03C31s6, bit 0 and 5 at address 03C716) = “0”
CTSI/RTSI CTS input CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C16, 032C16,
(P60, P64, P73, | (Note 2) 02FC16) =“0"
P93, P94) CTS/RTS function select bit (bit 2 at addresses 036C16, 02EC16, 033C1s,
032C16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
03C21s, bit 3 at address 03C316, bits 3 and 4 at address 03C716) = “0”
RTS output (Note 1) CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C1s,
032C16, 02FC16) = “0”
CTS/RTS function select bit (bit 2 at addresses 036C16, 02EC16, 033C1s,
032C16, 02FC16) = “1”
Programmable I/O port | CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C1s6,
(Note 2) 032C16, 02FC16) = “1”

Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B and C.
Note 2: Select I/O port by the corresponding function select register A.
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Clock SynChronOUS serial /O mode SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

» Example of transmit timing (when internal clock is selected)

Tc

Transfer clock I||||||||||||||||||||||||||||||||||| |||||||

Transmit enable J ; | |
bit (TE) ‘0" :Data is set in UARTI transmit buffer register

Transmit buffer "1 I

empty flag (TI) “gr 4>\

Transferred from UARTI transmit buffer register to UARTI transmit register

SR I e L] L

Stopped pulsing because CTS = “H” Stopped pulsing because transfer enable bit = “0”

CLKi

TN @@@@@@@@@@@@@@@@@@@@@ >

Transmit o E
pgseeney | . : -
Tt [ — ]

Cleared to “0” when interrupt request is accepted, or cleared by software

(=)

Shown in ( ) are bit symbols.

The above timing applies to the following settings: Tc=TCLK=2(m + 1) /fi
« Internal clock is selected. fi: frequency of BRGi count source (f1, f8, f2n)
» CTS function is selected. m: value set to BRGi

» CLK polarity select bit = “0".
« Transmit interrupt cause select bit = “0".

» Example of receive timing (when external clock is selected)
Receive enable ‘1"
bit (RE) “gr J

Transmit enable
bit (TE)

agn
g !
Transmit buffer ~ “1” | | I Eb’
empty flag (T1) w0 ’
ap

. Transferred from UARTI transmit buffer register to UARTI transmit register

RTSi

L
CLKi
RxDi
. apn Transferred from UARTI receive register Read out from UARTI receive buffer register
Receive complete to UARTI receive buffer register |
flag (RI) “0”
Receive interrupt  “1” i T
request bit (IR) “Q?
/

Cleared to “0” when interrupt request is accepted, or cleared by software
Over run error “1"
flag(OER) ugy

Shown in () are bit symbols.

The above timing applies to the following settings: The following conditions are met when the CLKi
« External clock is selected. input before data reception = “H”
« RTS function is selected. « Transmit enable bit — “1”
» CLK polarity select bit = “0". « Receive enable bit — “1”

« Dummy data write to UARTI transmit buffer register
fEXT: frequency of external clock

Figure 1.18.1. Typical transmit/receive timings in clock synchronous serial /0O mode
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(a) Polarity select function

As shown in Figure 1.18.2, the CLK polarity select bit (bit 6 at addresses 036C16, 02EC16, 033C1s6,
032C16, 02FCa1s) allows selection of the polarity of the transfer clock.

» When CLK polarity select bit = “0”

T O o O N O O I o

| .
TXDi X po X p1 X Dz/ X p3s X pa X D5 X D6 X D7 Note 1: Irgigé-rﬁrﬁ’é“ J:;’::S"‘,’,m?f‘ not

RXDi X po X p1 X p2 X D3 X pa X b5 X ps X D7

* When CLK polarity select bit = “1”

S

Note 2: The CLK pin level when not

|
TXDi >< Do ;{ D1 >< D2 )>< D3 >< D4 >< D5 >< D6 >< D7 transferring data is “L".
/
RXDi X po X b1 X D2 X D3 X D4 X D5 X D6 X D7

Figure 1.18.2. Polarity of transfer clock

(b) LSB first/MSB first select function
As shown in Figure 1.18.3, when the transfer format select bit (bit 7 at addresses 036C16, 02EC1s,

033C16, 032C16, 02FC16) = “0”, the transfer format is “LSB first”; when the bit = “1”, the transfer format
is “MSB first”.

* When transfer format select bit = “0”

e L UYL
TXDi X po X b1 X D2 X D3 X Da X _Ds X Ds X D7

= | SB first
RXDi X po X b1 X D2 X D3 X Da X D5 X D6 X D7
* When transfer format select bit = “1”
e L L) L)L L L L
TXDi ><D7><D6><D5><D4><D3><D2><D1><Do
= MSB first

RXDi X b7 X bs X Ds X pa X D3 X D2 X D1 X Do

Note: This applies when the CLK polarity select bit = “0".

Figure 1.18.3. Transfer format

MITSUBISHI
180 A ELECTRIC



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

\)068\\09‘(\6& Rev . B 2 fo r p ro Of read | 1] g Mitsubishi Microcomputers
e

Clock synchronous serial I/0O mode

(c) Continuous receive mode
If the continuous receive mode enable bit (bit 5 at address 036D16, 02ED16, 033D16, 032D1s,
02FDz1s6) is set to “1”, the unit is placed in continuous receive mode. In this mode, when the receive
buffer register is read out, the unit simultaneously goes to a receive enable state without having to set
dummy data back to the transmit buffer register again.

(d) Serial data logic switch function
When the data logic select bit (bit6 at address 036D16, 02ED16, 033D16, 032D16, 02FD16) = “1", and
writing to transmit buffer register or reading from receive buffer register, data is reversed. Figure
1.18.4 shows the timing example of serial data logic switch.

*When LSB first

Transfer clock H | | | | | | | | | | | | | | | |

TxDi “H"
(norever)'(se)I T \ Do Y D1 D2 \ D3 ) D4 Y D5 N D6 | D7 f
TXDi “H" N —
i e 28 e s e B e

Figure 1.18.4. Timing for switching serial data logic
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. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
Clock asynchronous serial I/0 (UART) mode

(2) Clock asynchronous serial 1/0 (UART) mode
The UART mode allows transmitting and receiving data after setting the desired transfer rate and transfer
data format. Tables 1.19.1 and 1.19.2 list the specifications of the UART mode. Figure 1.19.1 shows the
UARTI transmit/receive mode register.

Table 1.19.1. Specifications of UART Mode (1/2)

Item Specification

Transfer data format  Character bit (transfer data): 7 bits, 8 bits, or 9 bits as selected

« Start bit: 1 bit

« Parity bit: Odd, even, or nothing as selected

« Stop bit: 1 bit or 2 bits as selected

Transfer clock * When internal clock is selected (bit 3 at addresses 036816, 02E816, 033816, 0328186,
02F816 = “0") : fi/16(m+1) (Note 1) fi =f1, fg, fan

* When external clock is selected (bit 3 at addresses 036816, 02E816, 033816, 032816,
02F816 =*1") : fExT/16(m+1)(Note 1, 2)

Transmission/reception control |« CTS function, RTS function, CTS/RTS function chosen to be invalid

Transmission start condition | To start transmission, the following requirements must be met:

- Transmit enable bit (bit 0 at addresses 036D 16, 02ED16, 033D16, 032D16, 02FD16) = “1”

- Transmit buffer empty flag (bit 1 at addresses 036D16, 02ED16, 033D16, 032D16,
02FD16) = “0”

- When CTS function selected, CTS input level = “L”

- TxD output is selected by the corresponding peripheral function select register A, B
and C.

Reception start condition * To start reception, the following requirements must be met:

- Receive enable bit (bit 2 at addresses 036D16, 02ED16, 033D16, 032D16, 02FD16) = “1”

- Start bit detection

Interrupt request * When transmitting

generation timing - Transmit interrupt cause select bits (bit 4 at address 036D16, 02ED16, 033D1s,
032D16, 02FD16) = “0": Interrupts requested when data transfer from UARTI transfer
buffer register to UARTI transmit register is completed
- Transmit interrupt cause select bits (bit 4 at address 036D16, 02ED16, 033D1s,
032D16, 02FD16) = “1": Interrupts requested when data transmission from UARTi
transfer register is completed
* When receiving
- Interrupts requested when data transfer from UARTI receive register to UARTI

receive buffer register is completed

Error detection « Overrun error (Note 3)
This error occurs when the next data is started to receive and 6.5 transfer

clock is elapsed before UARTI receive buffer register are read out.

Note 1: ‘m’ denotes the value 0016 to FF16 that is set to the UARTI bit rate generator.
Note 2: fEXT is input from the CLKi pin.
Note 3: If an overrun error occurs, the UARTI receive buffer will be over written with the next data.
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Table 1.19.2. Specifications of UART Mode (2/2)
Item

Specification

Error detection * Framing error
This error occurs when the number of stop bits set is not detected
* Parity error
If parity is enabled this error occurs when, the number of 1's in parity and character
bits does not match the number of 1's set
« Error sum flag
This flag is set (= 1) when any of the overrun, framing, and parity errors isencoun-

tered

Select function « Serial data logic switch
This function reveres the logic value of transferring data. Start bit, parity bit and stop
bit are not reversed.

* TxD, RxD 1/O polarity switch
This function reveres the TxD port output and RxD port input. All I/O data level is

reversed.

Table 1.19.3 lists the functions of the input/output pins in UART mode. Note that for a period from when
the UARTI operation mode is selected to when transfer starts, the TxDi pin outputs a “H". (If the N-
channel open drain is selected, this pin is in floating state.)

Table 1.19.3. Input/output pin functions in UART mode

Pin name Function Method of selection
TxDi Serial data output
(P63, P67, P70, | (Note 1)
P92, P96)
RxDi Serial data input Port P62, P66, P71, P91 and P97 direction register (bits 2 and 6 at address
(P62, P66, P71, | (Note 2) 03C218, bit 1 at address 03C316, bit 1 and 7 at address 03C716)= “0”
P91, P97) (Can be used as an input port when performing transmission only)
CLKi Programmable 1/O port | Internal/external clock select bit (bit 3 at addresses 036816, 02E816,
(P61, P65, P72, (Note 2) 033816, 032816, 02F816) = “0”
P90, P9s) Transfer clock input Internal/external clock select bit (bit 3 at addresses 036816, 02E816,
(Note 2) 033816, 032816, 02F816) = “1”
Port P61, P65, P72, P90 and P9s direction register (bits 1 and 5 at address
03C216, bit 2 at address 03C316, bits 0 and 5 at address 03C716) = “0”
CTSI/RTSi CTS input CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C16,
(P60, P64, P73, | (Note 2) 032Cz16, 02FC16) =0"
P93, P94) CTS/RTS function select bit (bit 2 at addresses 036C16, 02EC16, 033C1s6,
032Cz16, 02FC16) = “0”
Port P60, P64, P73, P93 and P94 direction register (bits 0 and 4 at address
,,,,,,,,,,,,,,,,,,,,,,,,,,, 03C215, bit 3 at address 03C31, bits 3 and 4 at address 03C716) =*0"
RTS output (Note 1) CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C16, 032C156,
02FC16) = “0”
CTS/RTS function select bit (bit 2 at addresses 036C16, 02EC16, 033C16,
032C16, 02FC16) = “1”
Programmable I/O port | CTS/RTS disable bit (bit 4 at addresses 036C16, 02EC16, 033C16, 032C16,
(Note 2) 02FC1i6) = “1”

Note 1: Select TxD output, CLK output and RTS output by the corresponding function select registers A, B and C.
Note 2: Select I/O port by the corresponding function select register A.
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Clock asynchronous serial I/0 (UART) mode

» Example of transmit timing when transfer data is 8 bits long (parity enabled, one stop bit)

The transfer clock stops momentarily as CTS is “H” when the stop bit is checked.

Tc The transfer clock starts as the transfer starts immediately CTS changes to “L".

— s
Transfer clock | | | |||||||||”||||||||||||||| | |||

Transmit enable s J ; ; | li
bi(TE) o Data is set in UARTI transmit buffer regiéter.

Transmit buffer E 1 | \X

empty flag(Tl) o :

Transfe;red f:rom UARTI transmit buffer register to UARTI tn\'ansmt register

Start Parity E Sto;; Stopped pulsing because transmit enable bit = “0”
bit bt bit

ol STADKOKONDHOKONDHOK Y 57 \STAPKLROXONDKOKONDK P /5P

Transmit register “1"
empty flag (TXEPT)

Transmit interrupt

request bit (IR) Q _l\ _/|

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16 (m+1)/fior 16 (m + 1) / fext
« Parity is enabled. fi : frequency of BRGi count source (f1, 8, f2n)
* One stop bit. fEXT : frequency of BRGi count source (external clock)
« CTS function is selected. m : value set to BRGi

 Transmit interrupt cause select bit = “1".

» Example of transmit timing when transfer data is 9 bits long (parity disabled, two stop bits)

Tc

Transfer clock | | | | |||||||||||||||||| | | | |||||

Transmit enable S J g ! | |'
bit(TE) “qn ~ Data is set in UARTI transmit buffer register

Transmit buffer v ] qf | I
empty flag(Tl) o ! \

Transferred from QARTi transmit buffer register to UARTI transmit register

'St:_art Stép Stop
bit bit bit

o T KXo oo X oo oo 5r s \SK oK oo oXo KooK o Koo PP

Transmit register 1 —
empty flag (TXEPT) w0

T ] —
X -

Cleared to “0” when interrupt request is accepted, or cleared by software

Shown in () are bit symbols.

The above timing applies to the following settings : Tc=16 (m+1)/fior 16 (m + 1) / fext
« Parity is disabled. fi : frequency of BRGi count source (f1, f8, f2n)
* Two stop bits. fEXT : frequency of BRGi count source (external clock)
* CTS function is disabled. m : value set to BRGi

 Transmit interrupt cause select bit = “0".

Figure 1.19.1. Typical transmit timings in UART mode
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» Example of receive timing when transfer data is 8 bits long (parity disabled, one stop bit)

oo ML, A
source - -

Receive enable bit ; _I
s Stop bit
(D1 _D7f -

Receive data taken in

RxDi Sta’r\t bit I(

Sampled “L”

[ S R

F'zecéption triggered when transfer clock ~ Transferred from UARTI receive register to
“1" is generated by falling edge of start bit UARTI receive buffer register \ﬁ

Transfer clock

Receive
complete flag

1

0" T
s w1 ]

aqr

0

Becomes “L” by reading the receive buffer /'\_

Cleared to “0” when interrupt request is accepted, or cleared by software

Receive interrupt
request bit

The above timing applies to the following settings :
*Parity is disabled.
*One stop bit.
*RTS function is selected.

Figure 1.19.2. Typical receive timing in UART mode

(a) Function for switching serial data logic
When the data logic select bit (bit 6 of address 036D16, 02ED16, 033D16, 032D16, 02FD1s6) is assigned
1, data is inverted in writing to the transmission buffer register or reading the reception buffer register.
Figure 1.19.3 shows the example of timing for switching serial data logic.

* When LSB first, parity enabled, one stop bit

Transfer clock | | | | | | | | | | | | | | |
o

TxDi
(no reverse)

\'sT /Do) D1)D2)D3)D4a)D5)fD6)D7) P ) SP

(oversd) \_sT (Do (o1 {2 \ D3 D4 5 D6 \ D7 { P J sP
ST : Start bit
P : Even parity
SP : Stop bit

Figure 1.19.3. Timing for switching serial data logic
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(b) TxD, RxD 1/O polarity reverse function
This function is to reverse TxD pin output and RxD pin input. The level of any data to be input or output
(including the start bit, stop bit(s), and parity bit) is reversed. Set this function to “0” (not to reverse) for
normal use.

(c) Bus collision detection function
This function is to sample the output level of the TxD pin and the input level of the RxD pin at the rising
edge of the transfer clock; if their values are different, then an interrupt request occurs. Figure 1.19.4
shows the example of detection timing of a bus collision (in UART mode).
UARTO and UARTS3 are allocated to software interrupt number 40. UART1 and UART4 are allocated
to software interrupt number 41. When selecting UART 0, 3, 1 or 4 bus collision detect function, bit 6
or 7 of external interrupt cause select register (address 031F16) must be set.

manseraoek | LA LA LA LA LA LA LA
o T \s [\ w
vor T\ st S A W B

Bus collision detection “pn

interrupt request signal o L/
Bus collision detection wpn
interrupt request bit g |
ST : Start bit
SP : Stop bit

Figure 1.19.4. Detection timing of a bus collision (in UART mode)
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UARTI Special Mode Register

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

UARTI Special Mode Register
UARTI (i=0 to 4) operate the IIC bus interface (simple 1IC bus) using the UARTi special mode register
(addresses 036716, 02E716, 033716, 032716 and 02F716) and UARTI special mode register 2 (addresses
036616, 02E616, 033616, 032616 and 02F616). UARTI add special functions using UARTi special mode
resister 3 (addresses 036516, 02E516, 035516, 032516 and 02F516).

(2) IC Bus Interface Mode

The 12C bus interface mode is provided with UARTI.

Table 1.21.1 shows the construction of the UARTI special mode register and UARTI special mode regis-
ter 2.

When the I2C mode select bit (bit 0 in addresses 036716, 02E716, 033716, 032716 and 02F716) is set to
“1”, the 12C bus (simple 12C bus) interface circuit is enabled.

To use the 12C bus, set the SCLi and the SDAI of both master and slave to output with the function select
register. Also, set the data output select bit (bit 5 in address 036C16, 02EC16, 033C16, 032C16 and
02FCz16) to N-channel open drain output.

Table 1.21.1 shows the relationship of the IIC mode select bit to control. To use the chip in the clock
synchronized serial I/O mode or UART mode, always set this bit to “0”".

Table 1.21.1. Features in I)C mode

Function Normal mode (1ICM=0) 12C mode (IICM=1) (Note 1)
. ) rt condition ion or
1 | Factor of interrupt number 39 to 41(Note 2) Bus collision detection Sé%éiggndég?ecﬂg;ectlo or stop
2 | Factor of interrupt number 17, 19, 33, 35, 37 (Note 2) | JARTi transmission No acknowledgment detection (NACK)
3 | Factor of interrupt number 18, 20, 34, 36, 38 (Note 2) | yARTi reception Acknowledgment detection (ACK)
4 | UARTI transmission output delay Not delayed Delayed
5 26; Lljjsﬁe?’ P70, P92, P96 at the time when UARTi TxDi (output) SDAI (input/output)
6 [ P62, P66, P71, P91, P97 at the time when UARTI RxDi (input) SCLi (inputioutput)
is in use
7 IIZGI:] uPs6eS, P72, P90, P95 at the time when UARTI CLKi P61, P65, P72, P90, P95 (Note 3)
8 [ DMA factor at the time UARTI reception Acknowledgment detection (ACK)
9 | Noise filter width 15ns 50ns
. Reading the terminal when 0 is Reading the terminal regardless of the
10| Reading P62, P66, P71, P91, P97 assigned to the direction register | value of the direction register
H level (when O . dt The value set in latch P63, P67, P70,
iti i evel (when J1s assigned to P92, P96 when the port is selected
11 Initial value of UARTI output the CLK polarity select bit) now3) p

Note 1: Make the settings given below when 12C mode is used.

Set 0 1 0in bits 2, 1, 0 of the UARTI transmission/reception mode register.
Disable the RTS/CTS function. Choose the MSB First function.

Note 2: Follow the steps given below to switch from one factor to another.

1. Disable the interrupt of the corresponding number.

2. Switch from a factor to another.

3. Reset the interrupt request flag of the corresponding number.
4. Set an interrupt level of the corresponding number.
Note 3: Set an initial value of SDA transmission output when [IC mode (IIC mode select bit = "1") is valid and serial I/O is invalid.
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4»\0 request
> )

UARTI transmission/
NACK interrupt

To DMAI

UARTI reception/ACK
interrupt request
DMAI request

Bus collision/start, stop
condition detection
interrupt request

TXDi/SDA
On : .
[e— Timer ————————» ToDMAI
Selector| /o
1ICM=0 or lICM2=1
delay Transmission register |—
UARTI lICM=1 and $
1ICM2=0
ALS
Arbitration
> Noize 1ICM=0 or
Filter lICM=1 lICM2=1
X SN
- ; ——0
I 1ICM=0 UARTI IICM=1 and
e i IICM2=0
4 | Start condition detection I— _D_
S Bus
R | r Q" busy
_.l Stop condition detection [
Falling ed L-synchronous D g NACK
alling edge 1 «— ,,1hut enabling bit T
detection
RxDIi/SCL D g
1/0 R > ACK
On Data register T
9th pulse
|—o<} Selector| lICM=1
UARTI Internal clock
lICM=1 SWC2 | oLk Bus collision ——0 -
lICM=1 control dfetecnon IICM=0
. External clock UARTI
] Noize o X
Filter 1ICM=0 1 Falling edge of 9th pulse
S .' swc
Port reading
UARTI * With IICM set to 1, the port terminal is to be readable
CLKi lICM=0 even if 1 is assigned to P71 of the direction register.
O.o—c<]—o<]7 Serector

l—— 1/0

le—— Timer

Figure 1.21.1. Functional block diagram for 12C mode

Figure 1.21.1 is a block diagram of the IIC bus interface.
The control bits of the IIC bus interface is explained as follow:

UARTI Special Mode Register (UiSMR:Addresses 036716, 02E716, 033716, 032716, 02F716)

Bit 0 is the [IC mode select bit. When set to “1”, ports operate respectively as the SDAI data transmis-
sion-reception pin, SCLi clock 1/0 pin and port. A delay circuit is added to SDAI transmission output,
therefore after SCLi is sufficiently L level, SDAI output changes. Port (SCLi) is designed to read pin
level regardless of the content of the port direction register. SDAI transmission output is initially set to
port in this mode. Furthermore, interrupt factors for the bus collision detection interrupt, UARTI trans-
mission interrupt and UARTI reception interrupt change respectively to the start/stop condition detec-
tion interrupts, acknowledge non-detection interrupt and acknowledge detection interrupt.
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The start condition detection interrupt is generated when the falling edge at the SDAI pin is detected
while the SCLi pin is in the H state. The stop condition detection interrupt is generated when the rising
edge at the SDA. pin is detected while the SCLi pin is in the H state.

The acknowledge non-detection interrupt is generated when the H level at the SDAI pin is detected at
the 9th rise of the transmission clock.

The acknowledge detection interrupt is generated when the L level at the SDAI pin is detected at the
9th rise of the transmission clock. Also, DMA transfer can be started when the acknowledge is de-
tected and UARTI transmission is selected as the DMAI request factor.

Bit 1 is the arbitration lost detection flag control bit (ABC). Arbitration detects a conflict between data
transmitted at SCLi rise and data at the SDAI pin. This detection flag is allocated to bit 11 in UARTI
transmission buffer register (addresses 036F16, 02EF16, 033F16, 032F16, 02FF16). It is set to “1” when
a conflict is detected. With the arbitration lost detection flag control bit, it can be selected to update the
flag in units of bits or bytes. When this bit is set to “1”, update is set to units of byte. If a conflict is then
detected, the arbitration lost detection flag control bit will be set to “1” at the 9th rise of the clock. When
updating in units of byte, always clear (“0” interrupt) the arbitration lost detection flag control bit after
the 1st byte has been acknowledged but before the next byte starts transmitting.

Bit 2 is the bus busy flag (BBS). It is set to “1” when the start condition is detected, and reset to “0”
when the stop condition is detected.

Bit 3 is the SCLi L synchronization output enable bit (LSYN). When this bit is set to “1”, the port data
register is set to “0” in sync with the L level at the SCLi pin.

Bit 4 is the bus collision detection sampling clock select bit (ABSCS). The bus collision detection

interrupt is generated when RxDi and TxDi level do not conflict with one another. When this bit is “0”,
a conflict is detected in sync with the rise of the transfer clock. When this bit is “1”, detection is made
when timer Ai (timer A3 with UARTO, timer A4 with UART1, timer AO with UART2, timer A3 with
UARTS3 and timer A4 with UART4) underflows. Operation is shown in Figure 1.21.2.

Bit 5 is the transmission enable bit automatic clear select bit (ACSE). By setting this bit to “1”, the

transmission bit is automatically reset to “0” when the bus collision detection interrupt factor bit is “1”
(when a conflict is detected).

Bit 6 is the transmission start condition select bit (SSS). By setting this bit to “1”, TxDi transmission

starts in sync with the rise at the RxDi pin.
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1. Bus collision detect sampling clock select bit (Bit 4 of the UARTI special mode register)
0: Rising edges of the transfer clock
A ¥u

CLKi | |

TxDi/RxDi —| | |

Timer Ai

2. Auto clear function select bit of transmit enable bit (Bit 5 of the UARTI special mode
register)

cLk N T I M T IO O O O
TXDi/RxDi —| | |

Bus collision
detect interrupt |

request bit >
Transmit |

enable bit

3. Transmit start condition select bit (Bit 6 of the UARTi special mode register)
0: In normal state

CLKi |

TxDi I | |

Enabling transmission

With "1: falling edge of RxDi" selected

ST O N N N I B O I R N I B O

) | |
/ | |

Figure 1.21.2. Some other functions added
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UARTI Special Mode Register 2 (UiISMR2:Addresses 036616, 02E616, 033616, 032616, 02F616)
Bit O is the 1IC mode select bit 2 (IICM2). Table 1.21.2 gives control changes by bit when the [IC mode
select bit is “1”. Start and stop condition detection timing characteristics are shown in Figure 1.21.4.
Always set bit 7 (start/stop condition control bit) to “1”.

Bit 1 is the clock synchronizing bit (CSC). When this bit is set to “1”, and the rising edge is detected at
pin SCLi while the internal SCL is High level, the internal SCL is changed to Low level, the baud rate
generator value is reloaded and the Low sector count starts. Also, while the SCLi pin is Low level, and
the internal SCL changes from Low level to High, baud rate generator stops counting. If the SCLi pin
is H level, counting restarts. Because of this function, the UARTI transmission-reception clock takes
the AND condition for the internal SCL and SCLi pin signals. This function operates from the clock half
period before the 1st rise of the UARTI clock to the 9th rise. To use this function, select the internal
clock as the transfer clock.

Bit 2 is the SCL wait output bit (SWC). When this bit is set to “1”, output from the SCLi pin is fixed to L
level at the clock’s 9th rise. When set to “0”, the Low output lock is released.

Bit 3 is the SDA output stop bit (ALS). When this bit is set to “1”, an arbitration lost is generated. If the
arbitration lost detection flag is “1”, then the SDAI pin simultaneously becomes high impedance.

Bit 4 is the UARTI initialize bit (STC). While this bit is set to “1”, the following operations are performed
when the start condition is detected.

1. The transmission shift register is initialized and the content of the transmission register is trans-
mitted to the transmission shift register. As such, transmission starts with the 1st bit of the next
input clock. However, the UARTI output value remains the same as when the start condition was
detected, without changing from when the clock is input to when the 1st bit of data is output.

2. The reception shift register is initialized and reception starts with the 1st bit of the next input
clock.

3. The SCL wait output bit is set to “1”. As such, the SCLi pin becomes Low level at the rise of the
9th bit of the clock.

When UART transmission-reception has started using this function, the content of the transmission
buffer available flag does not change. Also, to use this function, select an external clock as the transfer
clock.

Bit 5 is SCL wait output bit 2 (SWC2). When this bit is set to “1” and serial I/O is selected, an Low level
can be forcefully output from the SCLi pin even during UART operation. When this bit is set to “0', the
Low output from the SCLi pin is canceled and the UARTI clock is input and output.

Bit 6 is the SDA output disable bit (SDHI). When this bit is set to “1”, the SDAI pin is forced to high
impedance. To overwrite this bit, do so at the rise of the UARTI transfer clock. The arbitration lost
detection flag may be set.
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Table 1.21.2. Functions changed by I2C mode select bit 2

Function IICM2 =0 IICM2 =1

Interrupt no. 17, 19, 33, 35, 37 fac- | Acknowledge not detect UARTI transfer (rising edge of the

tor (NACK) last bit)

Interrupt no. 18, 20, 34, 36, 38 fac- | Acknowledge detect (ACK) UARTIi receive (falling edge of the

tor last bit)

DMA factor Acknowledge detect (ACK) UARTI receive (falling edge of the
last bit)

Data transfer timing from UART re- | Rising edge of the last bit of re- | Rising edge of the last bit of re-

ceive shift register to receive buffer | ceive clock ceive clock

UART receive / ACK interrupt re- | Rising edge of the last bit of re- | Rising edge of the last bit of re-

quest generation timing ceive clock ceive clock

3 to 6 cycles < set up time (Note)
3 to 6 cycles < hold time (Note)

' Setuptime Hold time

SCL

SDA
(Start condition)

SDA
(Stop condition)

Note : Cycle number shows main clock input oscillation frequency f(XIN) cycle number.

Figure 1.21.3. Start/stop condition detect timing characteristics

UARTI Special Mode Register 3 (UiSMR3:Addresses 036516, 02E516, 033516, 032516, 02F516)
Bit 1 is clock phase set bit (CKPH). When both the [IC mode select bit (bit 0 of UARTI special mode

select register) and the 11IC mode select bit 2 (bit 0 of UISMR2 register) are "1", functions changed by
these bits are shown in table 1.21.3 and figure 1.21.4.

Bits 5 to 7 are SDAI digital delay setting bits (DLO to DL2). By setting these bits, it is possible to turn the
SDAI delay OFF or set the BRG count source delay to 2 to 8 cycles.

Table 1.21.3. Functions changed by clock phase set bits

Function CKPH=0,lICM=1,lICM2=1| CKPH=1,lICM=1,lICM2=1
SCL initial and last value Initial value = H, last value = L | Initial value =L, last value = L
Transfer interrupt factor Rising edge of 9th bit Falling edge of 10th bit

Data transfer times from UART re-| Falling edge of 9th bit Two times :falling edge of 9th bit
ceive shift register to receive buffer and rising edge of 9th bit

register
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* CKPH="0" (IICM=1, lICM2=1)

see [ L] LT L)L LWLy
soa X b7 X ps X bs X pa X ps X b2 X b1 X o X Ds

(Internal clock, transfer data 9 bits long and MSB first selected.) T T
Receive interrupt  Transmit interrupt

Transfer to receive buffer
e CKPH="1" (lICM=1, lICM2=1)

I I I I A A
SDA :><D7><D6><D5><D4><D3><D2><Dl><DO><D8

(Internal clock, transfer data 9 bits long and MSB first selected.) f
Receive |nterrupt Transmit interrupt

f

Transfer to receive buffer

Figure 1.21.4. Functions changed by clock phase set bits

UARTI Special Mode Register 4 (UiSMR4:Addresses 036416, 02E416, 033416, 032416, 02F416)
Bit O is the start condition generate bit (STAREQ). When the SCL, SDA output select bit (bit 3 of
UiSMR4 register) is "1" and this bit is "1", then the start condition is generated.

Bit 1 is the restart condition generate bit (RSTAREQ). When the SCL, SDA output select bit (bit 3 of
UiSMRA4 register) is "1" and this bit is "1", then the restart condition is generated.

Bit 2 is the stop condition generate bit (STPREQ). When the SCL, SDA output select bit (bit 3 of
UiSMR4 register) is "1" and this bit is "1", then the stop condition is generated.

Bit 3 is SCL, SDA output select bit (STSPSEL). Functions changed by these bits are shown in table
1.21.4 and figure 1.21.5.

Table 1.21.4. Functions changed by SCL, SDA output select bit
Function STSPSEL =0 STSPSEL =1

SCL, SDA output Output of SI/O control circuit Output of start/stop condition
control circuit

Star/stop condition interrupt factor | Start/stop condition detection Completion of start/stop condition
generation
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* When slave mode (CKDIR=0, STSPSEL=0)

SCL

SDA

Start condition detection Stop condition detection
interrupt interrupt

* When master mode (CKDIR=1, STSPSEL=1)

STSPSEL=0 STSPSEL=1 STSPSEL=0 STSPSEL=1 STSPSEL=0
SCL
SDA T
STAREQ:lT - _ STPREQ=1 T
Start condition detection Stop condition detection
interrupt interrupt

Figure 1.21.5 Functions changed by SCL, SDA output select bit

Bit 4 is ACK data bit (ACKD). When the SCL, SDA output select bit (bit 3 of UISMR4 register) is "0"
and the ACK data output enable bit (bit 5 of UiISMR4 register) is "1", then the content of ACK data bit
is output to SDAI pin.

Bit 5 is ACK data output enable bit (ACKC). When the SCL, SDA output select bit (bit 3 of UiISMR4
register) is "0" and this bit is "1", then the content of ACK data bit is output to SDAI pin.

Bit 6 is SCL output stop bit (SCLHI). When this bit is "1", SCLi output is stopped at stop condition
detection. (Hi-impedance status).

Bit 7 is SCL wait output bit 3 (SWC9). When this bit is "1", SCLi output is fixed to "L" at falling edge of
10th bit of clock. When this bit is "0", SCLi output fixed to "L" is released.
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(2) Serial Interface Special Function
UARTI can control communications on the serial bus using the SSi input pins (Figure 1.21.6). The master
outputting the transfer clock transfers data to the slave inputting the transfer clock. In this case, in order to
prevent a data collision on the bus, the master floats the output pin of other slaves/masters using the SSi
input pins.
SSi input pins function between the master and slave are as follows.

IC1 1IC2

P13

Pl2f—
P93(SS3) P93(SS3)
P90(CLK3) P90(CLK3)
P91(RxD3) P91(STxD3)
P92(TxD3) P92(SRxD3)

M16C/80 (M) M16C/80 (S)

IC3

P93(SS3)
P90(CLK3)
M :Master P91STxD3)
S :Slave P92(SRxD3)
M16C/80 (S)

Figure 1.21.6. Serial bus communication control example using the SS input pins

< Slave Mode (STxDi and SRxDi are selected, DINC = 1) >
When an H level signal is input to an SSi input pin, the STxDi and SRxDi pins both become high
impedance, hence the clock input is ignored. When an "L" level signal is input to an SSi input pin, the
clock input becomes effective and serial communications are enabled.

< Master Mode (TxDi and RxDi are selected, DINC = 0) >
The SSi input pins are used with a multiple master system. When an SSi input pin is H level, transmis-
sion has priority and serial communications are enabled. When an L signal is input to an SSi input pin,
another master exists, and the TxDi, RxDi and CLKi pins all become high impedance. Moreover, the
trouble error interrupt request bit becomes “1”. Communications do not stop even when a trouble error
is generated during communications. To stop communications, set bits 0, 1 and 2 of the UARTi trans-
mission-reception mode register (addresses 036816, 02E816, 033816, 032816 and 02F816) to “0".
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B Clock Phase Setting
With bit 1 of UARTI special mode register 3 (UiSMR3:addresses 036516, 02E516, 033516, 032515,
02F516) and bit 6 of UARTI transmission-reception control register O (addresses 036C16, 02EC1s,
033C16, 032C16, 02FC16), four combinations of transfer clock phase and polarity can be selected.
Bit 6 of UARTI transmission-reception control register 0 sets transfer clock polarity, whereas bit 1 of
UiSMRa3 register sets transfer clock phase.
Transfer clock phase and polarity must be the same between the master and slave involved in the
transfer.

< Master (Internal Clock) (DINC = 0) >
Figure 1.21.7 shows the transmission and reception timing.

< Slave (External Clock) (DINC =1) >
« With “0” for CKPH bit (bit 1 of UiISMR3 register), when an SSi input pin is H level, output data is high
impedance. When an SSi input pin is L level, the serial transmission start condition is satisfied,
though output is indeterminate. After that, serial transmission is synchronized with the clock. Figure
1.21.8 shows the timing.
« With “1” for CKPH bit, when an SSi input pin is H level, output data is high impedance. When an SSi
input pin is L level, the first data is output. After that, serial transmission is synchronized with the
clock.Figure 1.21.9 shows the thing.

Master SS input

moT

Clock output
(CKPOL=0, CKPH=0) "L"

Clock output e
(CKPOL=1, CKPH=0) ""

Clock output H
(CKPOL=0, CKPH=1) w«

Clock output "H
(CKPOL=1, CKPH=1) "

Data output timing ':_X DOX DlX sz D3X D“X D5X DGX D7
Data input timing T T T T T T T T

Figure 1.21.7. The transmission and reception timing in master mode (internal clock)

r
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. "H
SS input o _|
Clock input "H" —J_I_I_l_l_l_|_|_|_|_|_|—|
(CKPOL=0, CKPH=0) "L" | —
(CKPOL=1, CKPH=0) "L |
. o
Data output timing " DoX D1X — X = X D4X - X - X — |
(Note) High- D( >_ngh_

inpedance inpedance

Note :UART?2 output is an N-channel open drain and needs to be pulled-up externally.

-

Figure 1.21.8. The transmission and reception timing (CKPH=0) in slave mode (external clock)
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Figure 1.21.9. The transmission and reception timing (CKPH=1) in slave mode (external clock)
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?E:AN Module SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CAN Module
The microcomputer incorporates Full-CAN modules compliant with CAN (Controller Area Network) 2.0B
specification.

These Full-CAN modules are outlined below.

Table 1.22.1 Outline of the CAN module

ltem Description
Protocol Compliant with CAN 2.0B specification
Number of message slots 16 slots
Polarity 0: Dominant
1: Recessive
Acceptance filter Global mask: 1 mask (for message slots 0—13)
Local mask: 2 masks (for message slots 14 and 15 each)
Baud rate 1 time quantum (Tq) = (BRP + 1) / CPU clock (Note)

(BRP = baud rate prescaler set value)
Baud rate = 1/ (Tq period x number of Tq's in one bit) ---Max. 1 Mbps
BRP: 1-255 (0: Inhibited)
Number of Tqg's in one bit = Synchronization Segment +
Propagation Time Segment +
Phase Buffer Segment 1 +
Phase Buffer Segment 2

Synchronization Segment : 1 Tq (fixed)
Propagation Time Segment :1to8Tq
Phase Buffer Segment 1 :2t08Tq
Phase Buffer Segment 2 :2t08Tq
Remote frame automatic The message slot that received a remote frame automatically transmits it.
answering function
Timestamp function This timestamp function is based on a 16-bit counter. A count period can
be derived from the CAN bus bit period (as the fundamental period) by
dividing itby 1, 2, 3, or 4.
BasicCAN mode The BasicCAN function is realized by using message slots 14 and 15.
Transmit abort function This function is used to cancel a transmit request.
Loopback function The data the CAN module itself transmitted is received.

Return from bus-off function | Forcibly placed into an error active state from a bus-off state.

Note: Use a specification conforming resonator whose maximum permissible error of oscillation is not
greater than 1.58%
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Data bus

I U 7

g

g

g

g

Sleep control . Global Error interrupt Error interrupt Acceptance
| register | Control register | mask register mask register Message status register filter spupport
I T T slot buffer 0 - >
] i ; Slot interrupt register
BCLK Baud rate Configuration Local Slot interrupt status register
prescaler register mask register A mask register
I - I Status
Expansion ID Local register
register mask register B -
Slot buffer Transmit error
Message slot 0 I select register count register
control register Receive error
! count register
L] Message
| v slot 0
Acceptance
Filter
CANout O CAN protocol — Message box
controller > 16 bits timer (slot 0 to 15)
Time stam
CANIN O— Ver 2.0B Teistar
Interrupt
> R — — Interrupt request
> control circuit

Figure 1.22.1 CAN module blobk diagram

CANO message slot buffer 0 and 1 can be selected by setting of slot buffer select register. Figure 1.22.2
shows the message slot buffer and 16 bytes of message slots. Figure 1.22.26 to 1.22.30 show related

registers.

CANO message slot buffer 0 (addresses 01E016 to 01EF16)
CANO message slot buffer 1 (addresses 01F016 to 01FF16)

CANO message slot buffer 0 standard IDO
CANO message slot buffer 0 standard ID1
CANO message slot buffer 0 extend IDO
CANO message slot buffer 0 extend ID1
CANO message slot buffer 0 extend 1D2
CANO message slot buffer 0 data length code
CANO message slot buffer 0 data 0

CANO message slot buffer 0 data 1

CANO message slot buffer 0 data 2

CANO message slot buffer 0 data 3

CANO message slot buffer 0 data 4

CANO message slot buffer 0 data 5

CANO message slot buffer 0 data 6

CANO message slot buffer 0 data 7

CANO message slot buffer 0 time stamp high
CANO message slot buffer 0 time stamp low

| CANO message slot buffer 1 time stamp low

CANO message slot 0 to 15

CANO message slot 0 data 0
CANO message slot 0 data 1
CANO message slot 0 data 2
CANO message slot 0 data 3
CANO message slot 0 data 4
CANO message slot 0 data 5
CANO message slot 0 data 6
CANO message slot 0 data 7

CANO message slot 0 standard IDO
CANO message slot 0 standard ID1
CANO message slot 0 extend IDO
CANO message slot 0 extend ID1
CANO message slot 0 extend ID2
CANO message slot 0 data length code

CANO message slot 0 time stamp high
CANO message slot 0 time stamp low

de

L]
CANO message slot 15 time stamp low hd

Figure 1.22.2. Message slot buffer and message slots
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CANO control register O

b15 b8
(b7) (b0)b7 b0 Symbol Address When reset (Note 1)
COCTLRO 020116, 020016 XXXX 0000 XX01 0X012
Bit Bi Functi R IW
symbol it name unction !
. 0: Reset released |
Reset 0 | CAN reset bit 0
ese 1: Reset requested 0,0
Loonback Loop back mode 0: Loop back function disabled O:O
P select bit 1: Loop back function enabled X
Nothing is assigned. When write, set to "0". e
When read, its contents is indeterminate. !
BasicCAN Basic CAN mode 0 : Basic CAN mode function disabled O:O
select bit 1 : Basic CAN mode function enabled |
. 0 : Reset released '
Reset1 |CAN reset bit 1 1 Reset requested O:O
1
—— [Reserved bit Must set to "0". 00
1
|
N =
Nothing is assigned. When write, set to "0". !
When read, their contents are indeterminate. !
|
b9 b8 !
TSPre0 |Time stamp 0 0: CAN bus bit clock is selected O,
prescaler select bit 0 1: Division by 2 of CAN bus bit clock is selected :
e . . X
TSPrel 10: Dfos!on by 3 of CAN bus b!t clock !s selected 00
1 1: Division by 4 of CAN bus bit clock is selected | — |
1
H Time stamp 0 : Count enabled !
' TSReset .
H 5 | counter reset bit 1: Count reset (set 000016) (Note 2) O:O
ECReset Error counter 0 : Normal operation mode O:O
reset bit 1 : Error counter reset (Note 2) |~
X
—_— —_
1
1
|
N i
Nothing is assigned. When write, set to "0". !
When read, their contents are indeterminate. '
N ——
1
1
—_— —_
1
1

Note 1: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit

(bit 0 at address 024216) to 1 after reset.
Note 2: Only writing 1 is accepted. The bit is automatically cleared to 0 in hardware.

Figure 1.22.3 CANO control register 0

200

z MITSUBISHI
ELECTRIC



et & i Mitsubishi Microcomputers
e Rev.B2 for proof reading e s

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CAN Module

1. CANO control register O
Bit 0: CAN reset bits 0 and 1 (Reset0 and Reset1)

If the ResetO and Resetl bits both are set from 1 to 0, CAN communication is enabled after detecting

11 consecutive recessive bits. The CAN Timestamp Register starts counting at the same time com-

munication is enabled.

In no case will the CAN be reset unless transmission of all messages are completed.

Note 1: Reset0 and Resetl bits must both be cleared to "0" or set to "1" simutnously.

Note 2: Setting a new transmit request is inhibited before the CAN Status Register State Reset bit is
set to 1 and the CAN module is reset after setting the Reset0 and Resetl bits to 1.

Note 3: When the CAN module is reset by setting the ResetO and Resetl bits to 1, the CAN
Timestamp Register (COTSR), CAN Transmit Error Counter (COTEC), and CAN Receive
Error Counter (COREC) are initialized to 0.

Note 4: If ResetO and Resetl bits sre set to "1" during communication, the CANOUT pin output goes
"H" immediately after that. Therefore, setting these bits to 1 while the CAN module is sending
a frame may cause a CAN bus error.

Note 5: To CAN communication, function select register A1 (PS1), function select register A2 (PS2),
function select register B1 (PSL1), function select register B2 (PSL2), function select register
C (PSC) and input function select register (IPS) must be set. These registers must be set
when CAN module is reset.

Bit 1: Loopback mode select bit (LoopBack)
Setting the LoopBack bit to 1 enables loopback mode, so that if any receive slot whose ID matches
that of a frame the CAN module itself transmitted exists, the frame is received.
Note 1: ACK is not returned for the transmit frame.
Note 2: Do not set or reset the LoopBack bit while the CAN module is operating (CAN Status Register
State_Reset bit = 0).

Bit 3: BasicCAN mode select bit (BasicCAN)
If this bit is set to 1, message slots 14 and 15 operate in BasicCAN mode.
* Operation during BasicCAN mode
In BasicCAN mode, message slots 14 and 15 are used with a dual-structured buffer. The received
frames whose IDs are found matching by acceptance filtering are stored in slots 14 and 15 alter-
nately. When slot 14 is active (i.e., the next received frame is to be stored in slot 14), this acceptance
filtering is accomplished using the ID that is set in slot 14 and local mask A; when slot 15 is active, it
is accomplished using the ID that is set in slot 15 and local mask B. Frame types of both data frame
and remote frame can be received.
When using BasicCAN mode, setting the IDs of two slots and the mask registers the same way helps
to reduce the possibility of causing an overrun error.
« Procedure for entering BasicCAN mode
Make the following settings during initialization.
(1) Set the BasicCAN bit to 1.
(2) Set the IDs of slots 14 and 15 and Local Mask Registers A and B. (We recommend setting the
same value)
(3) Set the frame format to be handled with slots 14 and 15 (standard or extended) in the CAN
Extended ID Register. (We recommend setting the same format)
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(4) Set the Message Slot Control Registers for slots 14 and 15 to receive data frames.

Note 1: Do not set or reset the BasicCAN bit while the CAN module is operating (CAN Status Regis-
ter State_Reset bit = 0).

Note 2: Slot 14 is the first slot to become active after clearing the ResetO bit.

Note 3: Even during BasicCAN mode, slot 0 through slot 13 can be used in the same way as when
operating normally.

Bit 8, 9: Timestamp prescaler select bits (TSPre0, 1)
These bits select the count clock source for the timestamp counter.
Note 1: Do not set or reset these TSPre0, 1 bits while the CAN module is operating (CAN Status
Register State_Reset bit = 0).

Bit 10: Timestamp counter reset bit (TSReset)
Setting this bit to 1 clears the value of the CAN Timestamp Register (COTSR) to 000016. This bit is
automatically cleared after the CAN Timestamp Register (COTSR) has its value cleared to 000016.

Bit 11: Error counter reset bit (ECReset)
Setting this bit to 1 clears the Receive Error Counter Register (COREC) and Transmit Error Counter
Register (COTEC), with the CAN module forcibly placed in an error active state. This bit is automati-
cally cleared upon entering an error active state.
Note 1: When in an error active state, the CAN module becomes ready to communicate when it
detects 11 consecutive recessive bits on the CAN bus.
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CANO control register 1

b7 b0 Symbol Address When reset (Note)
olo 0 COCTLR1 024116 XX0000XX2
Bit . . |
symbol Bit name Function R/W
1
1
_ i
Nothing is assigned. When write, set to "0". X
When read, their contents are indeterminate. X
------ — p— I_
1
1
1
---------- — | Reserved bit Must set to "0". 00
1
1
) 0 : Message slot control register X
............. BankSel | CANO bank select bit selected o0
1 : Mask register selected i
1
----------------- — 0.0
1
Reserved bit Must set to "0". :
-------------------- — 00
|
1
........................ S i
Nothing is assigned. When write, set to "0". |
When read, their contents are indeterminate. !
1
........................... - ——
1

Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.

Figure 1.22.4. CANO control register 1

2. CANO control register 1
Bit 3: CANO bank select bit (BankSel)
This bit selects between registers allocated to the addresses 022016 through 023F16.
Setting the BankSel bit to 0 selects the CANO Message Slot Control Register. Setting the BankSel bit

to 1 selects the CANO Mask Register.
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

CANO sleep control register

b7 b0

Symbol Address When reset
COSLPR 024216 XXXXXXX02
Bit . . |
symbol Bit name Function RW
1
1
. 0 : Sleep mode On !
1
Sleep | Sleep mode control bit 1: Sleep mode Off (Note) |O'O

Nothing is assigned. When write, set to "0".
When read, their contents are indeterminate.

Note: After CAN sleep mode is canceled, set up the CAN configuration. While the CAN module is in sleep
mode, no SFR registers for the CAN, except the sleep mode control register, can be accessed for

read or write.

Figure 1.22.5. CANO sleep control register

3. CANO sleep control register

Bit 0: Sleep mode control bit (Sleep)
The CAN module isn't supplied with a clock by setting the Sleep bit to 0, and is shifted to sleep mode.
The CAN module is supplied with a clock by setting the Sleep bit to 1, and is released from sleep

mode.

Note: Sleep mode can be shifted to only after CAN is reset (State_Reset bit = 1).
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER

b15
(b7)

CANO status register
b8
(b0)b7 b0 Symbol Address When reset (Note)

! ! COSTR 020316,020216 X000 0X01 0000 00002
T . Funct Rw
N T symbol it name unction :
HE R ]
A b3 b2 b1 b0 '
Pobd A 000 0:Sloto o=
P : 0010:Slt1 o
Vo : 0011:Slot2 '
N : MBox1 . : o -
N H Active slot 0100:Slot3 !
determination bit * * X
HE H MBox2 * . O —
HE H 1101:Slot13 '
P : 111 0:Slot14 :
v ' MBox3 111 1:Slot15 Oi—
A : '
TrmSuce Transmission-finished | 0: Transmission not finished O:*
status 1: Transmission finished '
RecSUCe Reception-finished 0: Reception not finished OE*
status 1: Reception finished !
HE . P ]

O T T P . TrmState | Transmission status O: Not transmitting O —
N 1: Transmitting !
Do - — ;
T . RecState | Reception status O: Not receiving O!—
o 1: Receiving .
o 0: Operating '
A S R AN r "~
State_Reset |C eset status 1- Reset O:
T
0: Normal mode !
----------------- LoopBack | L k —
State_LoopBac oop back status 1: Loop back mode OE
Nothing is assigned. When write, set to "0". 7:7
When read, its content is indeterminate. :
0: Normal mode !
--------------------- State_BasicCAN | Basic CAN stat ) '—
ale_saste asic CAN status 1: Basic CAN mode O:
T
..................... State_BusError | CAN bus error 0:No error occurred O:f
1: Error occurred !
. . 1
--------------------- State_ErrPas | Error passive status O: Not error passwe state O:f
1: Error passive state !
0: Not bus-off state '
--------------------- State_BusOff | Bus-off status —
ale_sus 1: Bus-off state O:
T
Nothing is assigned. When write, set to "0". e
When read, its content is indeterminate. !
Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit 0 at address 024216) to 1 after reset.

Figure 1.22.6. CANO status register

4. CANO status register

Bits 0-3: Active slot determination bits (MBox)
When the CAN module finished transmitting data or finished storing received data, the relevant slot
number is stored in these bits.
The MBox bits cannot be cleared to O in software.
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Bit 4: Transmission-finished status (TrmSucc)
[Set condition]
This bit is set to 1 when the CAN module finished transmitting data normally.
[Clear condition]
This bit is cleared when the CAN module finished receiving data normally.

Bit 5: Reception-finished status (RecSucc)
[Set condition]
This bit is set to 1 when the CAN module finished receiving data normally (regardless of whether the
received message has been stored in a message slot). However, this bit is not set if the received
message is one that was transmitted in loopback mode.
[Clear condition]
This bit is cleared when the CAN module finished transmitting data normally.

Bit 6: Transmission status (TrmState)
[Set condition]
This bit is set to 1 when the CAN module is operating as a transmit node.
[Clear condition]
This bit is cleared when the CAN module goes to a bus-idle state or starts operating as a receive
node.

Bit 7: Reception status (RecState)
[Set condition]
This bit is set to 1 when the CAN module is operating as a receive node.
[Clear condition]
This bit is cleared when the CAN module goes to a bus-idle state or starts operating as a transmit
node.

Bit 8: CAN reset status (State_Reset)
When the State_Reset bit = 1, it means that the CAN module is in a reset state.
[Set condition]
This bit is set to 1 when CAN module is in a reset state.
[Clear condition]
This bit is cleared by clearing the Reset0 or Resetl bits to 0.

Bit 9: Loopback status (State_loopBack)
When the State_loopBack bit = 1, it means that the CAN module is operating in loopback mode.
[Set condition]
This bit is set to 1 by setting the CAN control register LoopBack bit to 1.
[Clear condition]
This bit is cleared by clearing the LoopBack bit to 0.
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Bit 11: BasicCAN status (State_BasicCAN)
When the State_BasicCAN bit = 1, it means that the CAN module is operating in BasicCAN mode.
[Set condition]
This bit is set to 1 when the CAN module is operating in BasicCAN mode.
Conditions for the CAN module to operate in BasicCAN mode are as follows:
» The CAN Control Register BasicCAN bit is set to 1.
* Slots 14 and 15 both are set for data frame reception.
[Clear condition]
This bit is cleared by clearing the BasicCAN bit to 0.

Bit 12: CAN bus error (State_BusError)
[Set condition]
This bit is set to 1 when an error on the CAN bus is detected.
[Clear condition]
This bit is cleared when the CAN module finished transmitting or receiving normally. Clearing of this
bit does not depend on whether the received message has been stored in a message slot.
Note :When this bit is 1, although CAN module is reset, this bit does not become to 0.

Bit 13: Error passive status (State_ErrPas)
When the State_ErrPas bit = 1, it means that the CAN module is in an error-passive state.
[Set condition]
This bit is set to 1 when the value of COTEC register or COREC register exceeds 127, with the CAN
module in an error-passive state.
[Clear condition]
This bit is cleared when the CAN module goes from the error-passive state to any other error state.
Note :When this bit is 1, then CAN module is reset, this bit becomes 0 automatically.

Bit 14: Bus-off status (State_BusOff)
When the State BusOff bit = 1, it means that the CAN module is in a bus-off state.
[Set condition]
This bit is set to 1 when the value of the COTEC register exceeds 255, with the CAN module in a bus-
off state.
[Clear condition]
This bit is cleared when the CAN module returns from the bus-off state.
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CANO extended ID register
b15 b8
(b7) (b0)b7 b0 Symbol Address When reset (Note)
COIDR 020516,020416 000016
PRIETIERIIEIREL it . . R'W
Pirriiriiiii ittt gymbol Bit name Function !
B SRR _ 0: Standard ID format |
IDE15 |Expansion ID15 (slot 15) 1: Extended ID format O:O
P . 0: Standard ID format '
IDE14 |Expansion ID14 (slot 14) 1: Extended ID format O:O
. 0: Standard ID format :
----{ IDE13 |Expansion ID13 (slot 13) 1 Extended ID format OEO
. 0: Standard ID format |
' H IDE12 |Expansion ID12 (slot 12) 1 Extended ID format O:O
. 0: Standard ID format '
IDE11 |Expansion ID11 (slot 11) 1- Extended ID format O:O
. 0: Standard ID format :
IDE10 |Expansion ID10 (slot 10) 1- Extended ID format OEO
. 0: Standard ID format |
IDE9 [ Expansion ID9 (slot 9) 1: Extended ID format O:O
. 0: Standard ID format '
IDE8 [Expansion ID8 (slot 8) 1: Extended ID format O:O
. 0: Standard ID format '
IDE7 |Expansion ID7 (slot 7) 1- Extended ID format O:O
. 0: Standard ID format :
IDE6 [ Expansion ID6 (slot 6) 1- Extended ID format OEO
. 0: Standard ID format |
IDE5 [Expansion ID5 (slot 5) 1- Extended ID format O:O
: . 0: Standard ID format '
S IDE4 [Expansion D4 (slot 4) 1: Extended ID format O:O
R . 0: Standard ID format |
IDE3 [ Expansion ID3 (slot 3) 1: Extended ID format O:O
. 0: Standard ID format |
IDE2 [Expansion ID2 (slot 2) 1: Extended ID format O:O
. 0: Standard ID format '
IDE1 [Expansion ID1 (slot 1) 1: Extended ID format O:O
H . 0: Standard ID format :
---------------------------- IDEO | Expansion IDO (slot 0) 1: Extended ID format O:O
Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.

Figure 1.22.7. CANO extended ID register

5. CANO extended ID register
This register selects the format of a frame handled by the message slot that corresponds to each bit
in this register.
Setting any bit to 0 selects the standard (Standard ID) format.
Setting any bit to 1 selects the extended (Extended ID) format.
Note 1: When setting or resetting any bit in this register, make sure the corresponding slot has no
transmit or receive request.
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CANO configuration register
b15 b8
(b7) (b0)b7 b0 Symbol Address When reset (Note)
Og § g § COCONR 020716,020616 000X16
SERESERRERE Bit . . :
E symbol Bit name Function RiW
:
AR — —1—
AR R _ i
I Nothing is assigned. When write, set to "0". |
- When read, their contents are indeterminate. \
L N N N N N I _—
- !
R 0
R R - BB
R 0: Sampled once X
e SAM mpling number .
R Sampling numbe 1: Sampled three times O:O
RS ERREE b7 b6 b5 :
L ELE R LR L PTSO 0 0 0: Propagation Time Segment = 1Tq O:O
I 0 0 1: Propagation Time Segment = 2Tq i
R Propagation Time 0 1 0: Propagation Time Segment = 3Tq '
T PTS1 0 1 1: Propagation Time Segment =4Tq |O:O
- Segment 1 0 0: Propagation Time Segment = 5Tq !
EEEEEEE 1 0 1: Propagation Time Segment = 6Tq i
rrrr PTS2 11 0: Propagation Time Segment =7Tq OO
HE - 11 1: Propagation Time Segment = 8Tq 1
R b10b9 b8 1
R PBS10 0 0 0: Must not be set 0.0
- 0 0 1: Phase Buffer Segment 1 = 2Tq !
Phase Buffer 0 1 0: Phase Buffer Segment 1 = 3Tq \
v PBS11 01 1: Phase Buffer Segment 1 = 4Tq O:O
N Segment 1 10 0: Phase Buffer Segment 1 = 5Tq X
HE 10 1: Phase Buffer Segment 1 = 6Tq '
A PBS12 11 0: Phase Buffer Segment 1 = 7Tq 00
I 11 1: Phase Buffer Segment 1 = 8Tq !
b13b12b11 )
T PBS20 0 0 0: Must not be set 0.0
H 0 0 1: Phase Buffer Segment 2 = 2Tq !
i 0 1 0: Phase Buffer Segment 2 = 3Tq |
s PBS21 Phase Buffer 01 1: Phase Buffer Segment 2 = 4Tq 0'0
H Segment 2 1 0 0: Phase Buffer Segment 2 = 5Tq |
H 10 1: Phase Buffer Segment 2 = 6Tq '
i PBS22 11 0: Phase Buffer Segment 2 = 7Tq [elle)
11 1: Phase Buffer Segment 2 = 8Tq !
i ]
. b15b14 1
R CTTETCTTEPCTPEPLETE SIWO0 s = 0.0
reSynchronization 8 2; gjw = gq |
Jump Width 10: SIW = 3Tg :
- 1
Siwi 11:SIW=4Tq 0,0
1
Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.

Figure 1.22.8. CANO configuration register
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6. CANO configuration register
Bit 4: SAM bit (SAM)
This bit sets the sampling number per one bit.
0: The value sampled at the last of the Phase Buffer Segment 1 becomes the bit value.
1: The bit value is determined by the majority operation circuit using values sampled at the following
three points: the last of the Phase Buffer Segment 1, before 1Tq, and before 2Tq.

Bits 5-7: PTS bits (RTS00-RTS02)
These bits set the width of Propagation Time Segment.

Bits 8-10: PBS1 bits (PBS10-PBS12)
These bits set the width of Phase Buffer Segment 1. The PBS1 bits must be set to 1 or greater.

Bits 11-13: PBS2 bits (PBS20-PBS22)
These bits set the width of Phase Buffer Segment 2. The PBS2 bits must be set to 1 or greater.

Bits 14, 15: SJW bits (SJWO0, SIW1)
These bits set the width of reSynchronization Jump Width. The SJW bits must be set to a value equal

to or less than PBS2.

Table 1.22.2 Bit Timing Setup Example when the CPU Clock = 30 MHz

Baud rate BRP |Tq period (ns)| 1 bit's Tq nhumber | PTS+PBS1 PBS2 Sample point
1Mbps 1 66.7 15 12 2 87%

1 66.7 15 11 3 80%

1 66.7 15 10 4 73%

2 100 10 7 2 80%

2 100 10 6 3 70%

2 100 10 5 4 60%

500Kbps 2 100 20 16 3 85%
2 100 20 15 4 80%

2 100 20 14 5 75%

3 133.3 15 12 2 87%

3 133.3 15 11 3 80%

3 133.3 15 10 4 73%

4 166.7 12 9 2 83%

4 166.7 12 8 3 75%

4 166.7 12 7 4 67%

5 200 10 7 2 80%

5 200 10 6 3 70%

5 200 10 5 4 60%
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CANO time stamp register

b15 b8

(b7) (bO)b7 b0 Symbol Address When reset (Note)
| (Upper 8-bit) : (Lower 8-bit) | COTSR 020916,020816 000016
Function Setting range RIW
i
[} 1
REEEELEEEREREEE 16 bits count value 000016 to FFFF16 O:f
1

Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.

Figure 1.22.9. CANO time stamp register

7. CANO Timestamp register

The CAN module incorporates a 16-bit counter. The count period for this counter can be derived

from the CAN bus bit period by dividing it by 1, 2, 3, or 4 using the CANO control register0

(COCTLRO)'s TSPre0, 1 bits.

When the CAN module finishes transmitting or receiving, the CANO Timestamp Register (COTSR)

value is captured and the value is automatically stored in a message slot.

The COTSR register starts counting upon clearing the COCTLR register’s Reset and Reset1 bits to 0.

Note 1: Setting the COCTLRO register’s Reset0 and Resetl bits to 1 resets CAN, and the COTSR
register thereby initialized to 000016. Also, setting the TSReset (timestamp counter reset) bit
to 1 initializes the COTSR register to 000016 on-the-fly (while the CAN remains operating;
CANO status register's State_Reset bit is "0").

Note 2: During loopback mode, if any receive slot exists in which a message can be stored, the
COTSR register value is stored in the corresponding slot when the CAN module finished

receiving. (This storing of the COTSR register value does not occur at completion of trans-
mission.)

CANO transmit error count register

b7 bo Symbol Address When reset (Note)
| 8-bit | COTEC 020A16 0016
T
Function RIW
i
CORTR—— Transmit error count value @) E —
1

Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit 0 at address 024216) to 1 after reset.

Figure 1.22.10. CANO transmit error count register

8. CANO transmit error count register

When in an error active or an error passive state, the transmit error count value is stored in this
register. The count is decremented when the CAN module finished transmitting normally or
incremented when an error occurred while transmitting.

When in a bus-off state, an indeterminate value is stored in this register. The register is reset to 0016
upon returning to an error active state.
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CANO reception error count register

b7 bo Symbol Address When reset (Note)
| 8-bit | COREC 020B16 0016
T
Function RIW
i
CORTRR——— Reception error count value OE—
1

Note: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit 0 at address 024216) to 1 after reset.

Figure 1.22.11. CANO reception error count register

9. CANO reception error count register
When in an error active or an error passive state, the receive error count value is stored in this
register. The count is decremented when the CAN module finished receiving normally or incremented
when an error occurred while receiving.
When COREC > 128 (error passive state) at the time the CAN module finished receiving normally, the
COREC register is set to 127.
When in a bus-off state, an indeterminate value is stored in this register. The register is reset to 0016
upon returning to an error active state.

CANO baud rate prescaler

b7 bo Symbol Address When reset (Note 1)
| 8-bit | COBRP 021716 0116
Function Settingrange  |R\W
i
DI Baud rate prescaler value selected 0116 to FF16 OEO
(Note 2)|

Note 1: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.

Note 2: Do not set to "0016" (division by 1).

Figure 1.22.12. CANO baud rate register

10. CANO baud rate prescaler

This register is used to set the Tq period, the CAN bit time. The CAN baud rate is determined by (Tq
period x number of Tqg's in one bit).

Tq period = (COBRP+1)/CPU clock

CAN baud rate =1/ (Tq period x number of Tq's in one bit)

Number of Tq's in one bit = Synchronization Segment +
Propagation Time Segment +
Phase Buffer Segment 1 +
Phase Buffer Segment 2
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CAN Module SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER
CANO slot interrupt status register
b15 b8
(b7) (b0)b7 b0 Symbol Address When reset (Note 1)
COSISTR 020D16,020C16 000016
SEEEEEEERERRERE T . Funct RIW
T i1t symbol it name unction !
R R Slot 15 int t 0: Interrupt not requested '
i Piiiiinf gisps D00 IMENUR P d (Note 2) |00
. T request status bit 1: Interrupt requested |
R EEEE Slot 14 interrupt 0: Interrupt not requested '
: v -4 SIS14 Note 2 !
request status bit 1: Interrupt requested (Note 2) O:O
: : Slot 13 int t 0: Interrupt not requested |
: ----d SIS13 ot LS nterrupt P d (Note 2) |O'O
: request status bit 1: Interrupt requested !
Slot 12 interrupt 0: Interrupt not requested |
R I I R A B M SIS12 ot L2 interrupt P d (Note 2) (01O
: request status bit 1: Interrupt requested |
Slot 11 interrupt 0: Interrupt not requested !
Rt SIs11 Note 2 '
: request status bit 1: Interrupt requested (Note 2) O:O
: Slot 10 inty t 0: Interrupt not requested |
Rl e SIS10 ot errUp_ P q (Note 2) |O'O
: request status bit 1: Interrupt requested !
: Slot 9 interrupt 0: Interrupt not requested |
Ll SIS9 ) Note 2
: request status bit 1: Interrupt requested (Note 2) O:O
5 Slot 8 interrupt 0: Interrupt not requested '
e LECEELEED SIS8 . Note 2
: request status bit 1: Interrupt requested ( ) O:O
E Slot 7 interrupt 0: Interrupt not requested '
L ELLLCEEEEEE sIs7 Note 2
' request status bit 1: Interrupt requested (Note 2) O:O
Slot 6 int t 0: Interrupt not requested |
Tr 1 meeeeeeeeeeeaeas SIS6 ot b interrup . P q (Note 2) |[O'O
' request status bit 1: Interrupt requested !
Slot 5 interrupt 0: Interrupt not requested |
TR E R EREP LR R SIS5 Note 2
' request status bit 1: Interrupt requested (Note 2) O:O
Slot 4 interrupt 0: Interrupt not requested '
e LR LT EREE SIs4 Note 2
H request status bit 1: Interrupt requested ( ) O:O
: Slot 3 int t 0: Interrupt not requested |
T SIS3 ot S interrup ) P q (Note 2) |O'O
' request status bit 1: Interrupt requested !
Slot 2 interrupt 0: Interrupt not requested |
R e e e LR P SIs2 Note 2
H request status bit 1: Interrupt requested (Note 2) O:O
Slot 1 int t 0: Interrupt not requested '
R EE T TLE LRI SISl ot Linterrupt P q (Note 2) |O,O
' request status bit 1: Interrupt requested .
Slot 0 int t 0: Interrupt not requested :
---------------------------- SIS0 ot B interrup . P q (Note 2) |O'O
request status bit 1: Interrupt requested !
Note 1: This applies when the CAN module is supplied with a clock by setting the sleep mode control bit
(bit O at address 024216) to 1 after reset.
Note 2: "0" can be set. When set to "1", the previous value is remained.

Figure 1.22.13. CAN slot interrupt status register
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9. CANO slot interrupt status register
When using CAN interrupts, the CANO Slot Interrupt Status Register helps to know which slot requested
an interrupt.
* For transmit slots
The status is set to 1 when the CAN module finished storing the CAN Timestamp Register value in
the message slot after completing transmission.
To clear this bit, write 0 in software (Note 1),

* For receive slots
The status is set to 1 when the CAN module finished storing the received message in the message
slot after completing reception.
T