To all our customers

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

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

contents of the document itself.

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

and power devices.

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

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

molded QFP/LQFP package.

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

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

Applications

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

Mitsubishi Microcomputers

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

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

Iltem Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 33 ns (f(XiIN)=30MHz)
Operation mode Single-chip, memory expansion and microprocessor modes
Memory space 16M bytes
Memory capacity See Table 1.1.3.
Peripheral | 1/O port 124 pins (PO to P15, P8sis used as an input port)
function | Multifunction timer
Output 16 bits x 5 channels (TAO, TA1, TA2, TA3, TA4)
Input 16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5)
Three-phase motor control output 1 circuit
Intelligent I/O 4 groups
Time measurement function 12 channels (group 0: 8 channels, groupl: 4 channels)
Waveform generation function 28 channels (group 0: 4 channels, group1,2,3: 8 channels each)
Bit modulation PWM 16 channels (group 2,3: 8 channels each)
Real-time port 16 channels (group 2,3: 8 channels each)
Communication function « Clock synchronous serial I/O, UART: 2 channels (group 0 and 1)
* HDLC data processing : 2 channels (group 0 and 1)
« Clock synchronous variable length serial I/O:1 channel (group 2)
« IE bus? : 1 channel (group 2)
« 8-bit or 16-bit clock synchronous serial I/O : 1 channel (group 3)
Serial 1/0 5 channels (UARTO to UART4)
Clock synchronous,Clock asynchronous,|E Bus?, I2C Bus 2
CAN module 1 channel, supporting CAN 2.0B specification
A-D converter 10-bit A-D x 2 circuits (standard 18 inputs, maximum 34 inputs)
D-A converter 8-bit D-A x 2 circuits
DMAC 4 channels
DMAC Il Activated by all relocatable vector interrupt factors
Immediate transfer, arithmetic transfer and chain transfer functions
DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT
X-Y converter 16 bits X 16 bits
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 42 internal and 8 external sources, 5 software sources, interrupt priority level 7
Clock generation circuit 4 circuits
» Main clock generation circuit
* Sub clock generation circuit
The above circuits include an internal feedback resistance and
external ceramic resonator/crystal oscillator.
* Ring oscillator (for the main clock oscillator stop detect function)
e PLL frequency synthesizer
Electric | Supply voltage 4.2 to 5.5V (f(XIN)=30MHz, VDC on)
charact- 3.0 to 5.5V (f(XIN)=20MHz, VDC on)
eristics 3.0 to 3.6V (f(XIN)=20MHz, VDC off)
Power consumption 38mA (f(XIN)=30MHz with no wait,Vcc=5V)
26mA (f(XIN)=20MHz with no wait,Vcc=3.3V)
1/0 characteristics | I/0 withstand voltage | Vcc
1/0O current 5mA
Operating ambient temperature —20 to 85°C, —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 144-pin plastic mold QFP
Notes :

1. IE Bus is a trademark of NEC Corporation.

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

RENESAS

RenesasTechnology Corp.




o & Preliminary Specifications REV.1.02
Specifications in this manual are tentative and subject to change.

T
\ie“e\OQ

Overview

Mitsubishi Microcomputers

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

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

Item Performance
CPU Basic instructions 108 instructions
Shortest instruction execution time 33 ns (f(XIN)=30MHz)
Operation mode Single-chip, memory expansion and microprocessor modes
Memory space 16M bytes
Memory capacity See Table 1.1.3.
Peripheral | 1/0O port 88 pins (PO to P10, P8s is used as an input port)
function | Multifunction timer
Output 16 bits x 5 channels (TAO, TA1, TA2, TA3, TA4)
Input 16 bits x 6 channels (TBO, TB1, TB2, TB3, TB4, TB5)
Three-phase motor control output 1 circuit
Intelligent I/O 4 groups
Time measurement function 5 channels (group 0: 3 channels, groupl: 2 channels)
Waveform generation function 10 channels (group 0,3: 2 channels each, groupl,2: 3 channels each)
Bit modulation PWM 5 channels (group 2 : 3 channels, group 3 : 2 channels)
Real time port 5 channels (group 2 : 3 channels, group 3 : 2 channels)
Communication function * Clock synchronous serial I/O, UART: 2 channels (group 0 and 1)
* HDLC data processing : 2 channels (group 0 and 1)
* Clock synchronous variable length serial 1/0:1 channel (group 2)
« IE bus! : 1 channel (group 2)
Serial 110 5 channels (UARTO to UART4)
Clock synchronous,Clock asynchronous,|E Bus 1 12C Bus 2
CAN module 1 channel, supporting CAN 2.0B specification
A-D converter 10-bit A-Dx 2 circuits (standard 10 inputs, maximum 26 inputs)
D-A converter 8-bit D-A x 2 circuits
DMAC 4 channels
DMAC Il Activated by all relocatable vector interrupt factors
Immediate transfer, arithmetic transfer and chain transfer functions
DRAMC CAS-before-RAS refresh, self-refresh, EDO, FP
CRC calculation circuit CRC-CCITT
X-Y converter 16 bits X 16 bits
Watchdog timer 15 bits x 1 channel (with prescaler)
Interrupt 42 internal and 8 external sources, 5 software sources,
interrupt priority level 7
Clock generation circuit 4 circuits
* Main clock generation circuit
 Sub clock generation circuit
The above circuits include an internal feedback resistance and
external ceramic resonator/crystal oscillator.
* Ring oscillator (for the main clock oscillator stop detect function)
* PLL frequency synthesizer
Electric | Supply voltage 4.2 to 5.5V (f(XIN)=30MHz, VDC on)
charac- 3.0 to 5.5V (f(XIN)=20MHz, VDC on)
teristics 3.0 to 3.6V (f(XIN)=20MHz, VDC off)
Power consumption 38mA (f(XIN)=30MHz with no wait,Vcc=5V)
26mA (f(XIN)=20MHz with no wait,Vcc=3.3V)
1/0 characteristics | 1/0 withstand voltage | Vcc
I/O current 5mA
Operating ambient temperature —20 to 85°C, —40 to 85°C
Device configuration CMOS high performance silicon gate
Package 100-pin plastic mold QFP
Notes :

1. IE Bus is a trademark of NEC Corporation.

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

Figure 1.1.1. M32C/83 Group Block Diagram
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Product Information

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

Mitsubishi Microcomputers

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

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

(1) Support for the flash memory version

(2) ROM/RAM capacity

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

Table 1.1.3. M32C/83 Group

As of December, 2002

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

:

ROM capacity:

Memory type:

M16C Family

J = 512K bytes

M32C/83 Group

Package type options:
FP = Package
GP = Package

100P6S-A

100P6Q-A, 144P6Q-A

F = Flash memory version

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

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

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

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

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

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

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

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

Mitsubishi Microcomputers

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

ﬂ'g CoFr:itnroI Port Inte;)rir#pt Timer pin UART/CAN pin Intelligent 1/O pin Analog pin Bus control pin
49 P136 OUTC21/ISCLK2

50 P13s OUTC22/ISRXD2/IEIN

51 P134 OUTC20/ISTxD2/IEout

52 P57 RDY

53 P56 ALE/RAS

54 P55 HOLD

55 P54 HLDAJALE

56 P133 OUTC23

57 | Vss

58 P132 OUTC26

59 [ Vcc

60 P131 OUTC2s

61 P130 OUTC24

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

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

67 P126 OUTC3s

68 P12s OUTC3s

69 P47 CS0/A23

70 P4s CS1/A2

71 P4s CS2/A21

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

74 | Vcc

75 P42 A18(MA10)

76 | Vss

77 P41 A17(MAo)

78 P40 A16(MAs)

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

87 P123 OUTC33

88 P122 OUTC32/ISRxD3

89 P121 OUTC31/ISCLK3

90 P120 OUTC30/ISTxD3

91 | Vcc

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

94 P27 AN27 A7(/D7)

95 P26 AN26 As(/Ds)

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

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

100 P21 AN21 A1(/D1)

101 P20 AN20 Ao(/Do)

102 P17 |INT5 Dis

103 Pls | INT4 D14

104 Pls | INT3 D13

105 P14 D12

106 P13 D11

107 P12 D10

108 P11 Do

109 P1lo Ds

110 P07 ANO7 D7

11 POs ANOs Ds

112 POs ANOs Ds

113 P04 ANO4 D4

114 P114

115 P113 OUTC13

116 P112 INPC12/0UTC12/ISRXD1/BELIN

17 P111 INPC11/OUTC11/ISCLK1

118 Pllo OUTC10/ISTXxD1/BElout

119 P03 ANO3 D3

120 P02 ANO2 D2

121 PO1 ANO1 D1

122 P0Oo ANOo Do

123 P157 INPCO7 AN157

124 P156 INPCOs AN156

125 P15s5 INPCOs/OUTCO5 AN155

126 P154 INPC04/OUTC04 AN154

127 P153 INPCO3 AN153

128 P152 INPCO2/ISRXDO/BEOIN AN152

129 P151 INPC01/OUTC01/ISCLKO AN151

130]| Vss

131 P150 INPC00/OUTCO0/ISTXDO/BEQouT | AN150

132]| Vcc

133 P107 | Kiz AN7

134 P10s | K2 ANs

135 P10s | Ki1 ANs

136 P104 | Klo AN4

137 P103 AN3

138 P102 AN2

139 P101 AN1

140| AVss

141 P100 ANo

142 VREF

143| AVcc

144 P97 RxD4/SCL4/STxD4 ADTRG
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Notes :

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

100P6S-A

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

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

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

D10/ P12 +>{76]

D7/ ANO7 / PO7 [ 79
D6 / ANOs / P06 <[ 80
D5/ ANOs / POsd—P'E
D4/ ANO4 / P04 <—| 82
D3 /ANO3 / PO3 4| 83
D2 / ANO2 / PO2 <= 84
D1/ANO1/ P01 4|85
_Do/ANOQo / POo+—| 86
KI3 / AN37 / P107 4| 87
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D9 /P11 ‘—PE
D8/ P10g—p /8

93
Avss —»| 94
VREF —| 96
Avce —»| 97

O

M32C/83 GROUP

O

J

0
9
8
7
6
5

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

R RRRERRRRERERRARRRER R

.

]
[2]

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

BYTE —[6 |
CNVss —p [ 7 |

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

CLK3/ TBOIN / P90 «— [ 5 |

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

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

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

[i9]
XouT <— [11]
Vss —» @

RESET —»

XN — [13]
Vee —DE

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

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

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

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

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

NMI/ P85 —

INT2 / P84 €+

CANIN/INT1/ P83 ¢

ISRXD3 / OUTC32/ CANOUT / INTO / P82 €

ISTXD3 / OUTC30/ U / TA4IN / P81 <—»

[

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

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

v =]

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

100P6Q-A

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

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

Table 1.1.5. Pin Characteristics for 100-Pin Package

Package

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

1| 99 P96 TxD4/SDA4/SRXD4 ANEX1

2 |100 P95 CLK4 ANEX0

3| 1 P94 TB4IN CTS4/RTS4/SS4 DA1

4| 2 P93 TB3IN CTS3/RTS3/SS3 DAO

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

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

71 5 P90 TBOIN CLK3

8 | 6|BYTE

9 7 | CNVss

10 8 | Xcin/Veont | P87

11 9 | Xcout P86

12 | 10 |RESET

13 11 | Xout

14 12 [ Vss

15 13 | XiN

16 14 | Vcc

17 | 15 P8 | NMI

18 | 16 P84 |INT2

19 | 17 P83 | INT1 CANIN

20 | 18 P82 | INTO CANouT OUTC32/ISRXD3

21 | 19 P81 TA4INU OUTC30/ISTXD3

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

23 | 21 P77 TA3IN CANIN INPC01/OUTCO1/ISCLKO

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

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

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

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

28 | 26 P72 TAloutV. | CLK2

29 | 27 P71 TBS5IN/TAOIN | RxD2/SCL2/STXxD2 | OUTC22/ISRXD2/IEIN

30 | 28 P70 TAOouT TxD2/SDA2/SRxD2 | OUTC20/ISTxD2/IEouT

31 | 29 P67 TxD1/SDA1/SRxD1

32 | 30 P66 RxD1/SCL1/STxD1

33 | a1 P65 CLK1

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

35 | 33 P63 TxDO/SDAO/SRXDO

36 | 34 P62 RxDO/SCLO/STXDO

37 | 35 P61 CLKO

38 | 36 P60 CTSO/RTS0/SS0

39 | 37 P57 RDY

40 | 38 P56 ALE/RAS
41 | 39 P55 HOLD

42 | 40 P54 HLDA/ALE
43 | 41 P53 CLKouT/BCLK/ALE
44 | 42 P52 RD/DW
45 | 43 P51 WRH/BHE/CASH
46 | 44 P50 WRL/WR/CASL
47 | 45 P47 CS0/A23
48 | 46 P46 CS1/A22
49 | 47 P4s CS2/A21
50 | 48 P44 CS3/A20(MA12)

12

RENESAS

RenesasTechnology Corp.



e & Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
\)“Qe\& Specifications in this manual are tentative and subject to change. M32C/83 group

<&
N . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Overview

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

Package
pin No C%r;rt]rol Port Intgg:}upt Timer pin UART/CAN pin Intelligent I/O pin An;lilr?g Bus control pin
FP | GP
51| 49 P43 A19(MA11)
52| 50 P42 A1g(MA10)
53| 51 P41 A17(MA9)
54| 52 P4o A16(MA8)
55| 53 P37 A15(MA7)(/D15)
56 | 54 P36 A14(MAs)(/D14)
57| 55 P3s A13(MAs5)(/D13)
58 | 56 P34 A12(MA4)(/D12)
59| 57 P33 A11(MA3)(/D11)
60| 58 P32 A10(MA2)(/D10)
61| 59 P31 Ao(MA1)(/D9)
62| 60| Vcc
63| 61 P3o As(MA0)(/Ds)
64| 62| Vss
65| 63 P27 AN27 A7(/D7)
66 | 64 P26 AN26 As(/De)
67| 65 P25 AN25 As(/Ds)
68| 66 P24 AN24 A4(/D4)
69| 67 P23 AN23 A3(/D3)
70| 68 P22 AN22 A2(/D2)
71| 69 P21 AN21 A1(/D1)
72| 70 P20 AN20 Ao(/Do)
73| 71 P17 INTS Dis
74| 72 Ple INT4 D14
75| 73 P1s INT3 D13
76| 74 P14 D12
77| 75 P13 D11
78| 76 P12 Dio
79| 77 P11 D9
80| 78 Plo Ds
81| 79 PO7 ANO7 D7
82| 80 POs ANOs Ds
83| 81 POs ANOs Ds
84| 82 P04 ANO4 Da
85| 83 P03 ANO3 D3
86| 84 P02 ANO2 D2
87| 85 P01 ANO1 D1
88| 86 POo ANOo Do
89| 87 P107 | Kis AN7
90| 88 P10s | Ki2 ANs
91| 89 P10s | Kix ANs
92| 90 P104 | Klo AN4
93] 91 P103 AN3
94| 92 P102 AN2
95| 93 P101 AN1
96 | 94| AVss
97 [ 95 P100 ANo
98| 96 VREF
99| 97| Avcc
100 | 98 P97 RxD4/SCL4/STxD4 ADTRG

RENESAS 13
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Mitsubishi Microcomputers

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

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

Symbol Function I/O type Description

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

Vss I Connect Vss pinto 0 V.

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

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

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

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

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

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

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

input Connect this pin to Vcc.

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

input Connect this pin to Vss.

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

P0o to PO7 I/O port PO I/O 8-hit I/O ports in CMOS, having a direction register to select an
input or output. Each pin is set as an input port or output port. An
input port in single-chip mode can be set for a pull-up or for no
pull-up in 4-bit unit by program. When these pins are used as bus
control signals in memory expansion mode and microprocessor
mode, internal pull-up resistance cannot be selected. Ports used
as input ports can be set for a pull-up or for no pull-up in these
modes above.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

same frequency as XcIN from P53.

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

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

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

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

OUTC21 outputs a clock for the waveform generation function.

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

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

RenesasTechnology Corp.



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

<&
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Overview

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

Symbol Function 1/0 type Description

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

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

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

SDAS3, SDA4
SRxD3, SRxD4

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

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

IEouT communication function.

IEIN IEoUT outputs transmit data for the intelligento I/O

ISRxD2 communication function or IE mode.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Central Processing Unit (CPU)

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

b3, b15 b0
General register ‘ R2 ROH ROL [
: _________________
! R3 R1H RiL |
""""""""" 1| ~Data register 1
R2
b23 R3 I
A0 I .
|| PAddress register 1
Al
SB Il Static base register 1
FB Il Frame base register 1
!
USP User stack pointer
ISP Interrupt stack pointer
INTB Interrupt table register
PC Program counter
| FLG | Flag register
bis. - " bs b7 bo!
L[ ee [ [ ]1[u[t]ofs]s[z[o]c]
Carry flag
Debug flag
Zero flag
Sign flag
Register bank flag
Overflow flag
Interrupt enable flag
Stack pointer select flag
Reserved space
Processor interrupt priority level
Reserved space
b15 b0
High-speed interrupt register . SVF Flag save register
SVP PC save register
VCT Vector register
b7 b0
DMAC related register DMDO
DMA mode register
b15 DMD1
DCTO .
DMA transfer count register
DCT1
DRCO
DMA transfer count reload register
b23 DRC1
DMAO )
DMA memory address register
DMA1
DRAO
DMA memory address reload register
DRA1
DSAO0
DMA SFR adress register
DSA1l
Notes :
1. These registers comprise a register bank. Two sets of register banks are provided.

Figure 1.3.1. CPU Register
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Central Processing Unit (CPU)

General Register

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

(2) Address Registers (A0 and Al)

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

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

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

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

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

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

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

DMAC-associated Registers

Registers associated to DMAC are as follows. Refer to the section "DMAC" for details.
- DMA mode register (DMDO, DMD1)

- DMA transfer count register (DCTO, DCT1)

- DMA transfer count reload register (DRCO, DRC1)

- DMA memory address register (DMAO, DMA1)

- DMA SFR address register (DSA0, DSA1)

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

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

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

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

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

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

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

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

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

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

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

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

Reset

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

Hardware Reset
1. When the Power Supply is Stable

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

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

2. When the Power Supply is On

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

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

Software Reset

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

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

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

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

Reset

e I

—- = 20 or more cycles are required

Microprocessor
mode BYTE = “H"

RESET BCLK 40 to 45 cycles

-

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

Microprocessor
mode BYTE = “L"

| | Content of reset vector

¢ o e

Address ( jFFFFFClje X FFFFFElei )( {

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

—

!

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

Figure 1.4.2. Reset Circuit
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M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Reset

Table 1.4.1. Pin Status

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

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

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

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

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

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

P53 Input port (high-impedance) | BCLK output

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

P56 Input port (high-impedance) | RAS output

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

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

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

Internal Space

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

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

Figure 1.4.3. CPU Register after Reset
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SFR

SFR

Mitsubishi Microcomputers

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

Address Register Symbol Value after RESET
000016
000116
000216
000316
. 1000 00002(CNVss pin ="L")
000416 | Processor mode register O PMO 0000 00112(CNVss pin ="H")
000516 | Processor mode register 1 PM1 0X00 00002
000616 | System clock control register O CMO 0000 X0002
000716 | System clock control register 1 CMm1 0010 00002
000816 | Wait control register WCR 1111 11112
000916 | Address match interrupt enable register AIER XXXX 00002
000A16 | Protect register PRCR XXXX 00002
) ) XXXX 10002(BYTE pin ="L")
000B16 | External data bus width control register DS XXXX 00002(BYTE pin ="H")
000C16 | Main clock division register MCD XXX0 10002
000D16 | Oscillation stop detect register CM2 0000 00002
000E16 | Watchdog timer start register WDTS ??16
000F16 | Watchdog timer control register WDC 0007? ????2
001016
001116 | Address match interrupt register O RMADO 00000016
001216
001316
001416
001516 | Address match interrupt register 1 RMAD1 00000016
001616
001716 | VDC control register for PLL PLV XXXX XX012
001816
001916 | Address match interrupt register 2 RMAD2 00000016
001A16
001B16 | VDC control register O VDCO 0000 00002
001Cz1s6
001D16 | Address match interrupt register 3 RMAD3 00000016
001E16
001F16 | VDC control register 1 VDC1 0000 00002
002016
002116 | Emulator interrupt vector table register EIAD F0000016
002216
002316 | Emulator interrupt detect register EITD XXXX XX002
002416 | Emulator protect register EPRR XXXX XXX02
002516 | Emulator protect control register EMU XXXX X0002
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16

X : Nothing is assigned ? : Indetermination

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

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

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

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

Address Register Symbol Value after RESET
006016

006116

006216

006316

006416

006516

006616

006716

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

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

008116 CAN interrupt 2 control register CAN2IC XXXX 20002
008216

008316

008416

008516

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

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

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

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

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

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

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

00F716

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

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

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

013716

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

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

015916

015A16

015B16

015C16

015D16

015E16

015F16

016016 ??16

016116 Group 2 base timer register G2BT 2716

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

016616 | Group 2 function enable register G2FE 0000 00002
016716 | Group 2 RTP output buffer register G2RTP 0000 00002
016816

016916

016A16 | Group 2 SI/O communication mode register G2MR 00XX X0002
016B16 | Group 2 SI/O communication control register G2CR 0000 X0002
016C16 2777 272772
016D16 Group 2 SI/O transmit buffer register G2TB 229X X2772
016E16 2777 272772
016F16 Group 2 SI/O receive buffer register G2RB XXX? XXXX2
017016 27?7?7772
017116 Group 2 IE Bus address register IEAR XXXX 27272
017216 | Group 2 |IE Bus control register IECR 00XX X0002
017316 | Group 2 |IE Bus transmit interrupt cause detect register IETIF XXX0 00002
017416 | Group 2 |IE Bus receive interrupt cause detect register IERIF XXX0 00002
017516

017616

017716

017816 | Input function select register IPS 0000 00002
017916

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

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

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

RENESAS

RenesasTechnology Corp.

33



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

SFR

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

01A516

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

01A916

01AA16

01AB16

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

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

34 RENESANS

RenesasTechnology Corp.



o & Preliminary Specifications REV.1.02 Mitsubishi Microcomputers

\2;“6\0\) Specifications in this manual are tentative and subject to change. M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

Address Register Symbol Value after RESET
01B016 ) 0000 00002

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

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

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

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

01BA16 ) 0000 00002

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

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

01CO016 27277 27772

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

01C216 27277 27772

01C316 A-D1 register 1 AD11 XXXX XX272

01C416 27277 27772

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

01C616 272727 27772

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

01C816 272727 27772

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

01CA16 272727 27772

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

01CCi6 27277 27772

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

01CE16 272727 27772

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

01DO016

01D116

01D216

01D316

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

01D516

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

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

01D816

01D916

01DA16

01DB16

01DC1s6

01DD16

01DE16

01DF16

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

020F16

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

Notes :

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

021016 0000 00002 2

021116 CANO slot interrupt mask register COSIMKR 0000 00002 2

021216

021316

021416 | CANO error interrupt mask register COEIMKR XXXX X0002 2

021516 | CANO error interrupt status register COEISTR XXXX X0002 2

021616

021716 | CANO baud rate prescaler COBRP 0000 00012 2

021816

021916

021A16

021B16

021C1s

021D1s6

021E16

021F16

022016 ‘

022116

022216

022316

022416

022516

022616

022716

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

022916 | CANO global mask register standard ID1 COGMR1 XX00 00002 2

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

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

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

022D16

022E16

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

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

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

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

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

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

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

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

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

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

X : Nothing is assigned ? : Indetermination

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

Notes :

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

RENESAS

RenesasTechnology Corp.

37



&

SFR
|

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

Mitsubishi Microcomputers

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

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

X : Nothing is assigned ? : Indetermination

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

Notes :

1. Addresses 023016 to 023F16 are switched its function in the BANKSEL bit in the COCTLRL1 register.
2. Values are obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and allocating a
clock to CAN module after reset.

38

RENESAS

RenesasTechnology Corp.



o & Preliminary Specifications REV.1.02 Mitsubishi Microcomputers

\2;“6\0\) Specifications in this manual are tentative and subject to change. M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

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

02E216

02E316

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

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

SFR

Address Register Symbol Value after RESET
02F016

02F116

02F216

02F316

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

030216 | ) ??16
030316 Timer Al-1 register TAll 2716
030416 | ) ??16
030516 Timer A2-1 register TA21 2716
030616 ??16
030716 Timer A4-1 register TA41 2716
030816 | Three-phase PWM control register 0 INVCO 0000 00002
030916 | Three-phase PWM control register 1 INVC1 0000 00002
030A16 | Three-phase output buffer register 0 IDBO XX11 11112
030B16 | Three-phase output buffer register 1 IDB1 XX11 11112
030C16 | Dead time timer DTT ?7?16
030D16 | Timer B2 interrupt generation frequency set counter ICTB2 XXXX 2?2?72
030E16

030F16

031016 ??16
031116 Timer B3 register TB3 2716

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

031716

031816

031916

031A16

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

031F16 | External interrupt cause select register IFSR 0000 00002

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

Address Register Symbol Value after RESET
032016

032116

032216

032316

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

033116

033216

033316

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

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

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

SFR

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

035116 Timer BO register TBO 2716

035216 | ) ??16

035316 Timer B1 register TB1 2716

035416 | ) ??16

035516 Timer B2 register TB2 2716

035616 | Timer AO mode register TAOMR 0000 0X002
035716 | Timer A1 mode register TAIMR 0000 0X002
035816 | Timer A2 mode register TA2MR 0000 0X002
035916 | Timer A3 mode register TA3MR 0000 0X002
035A16 | Timer A4 mode register TAAMR 0000 0X002
035B16 | Timer BO mode register TBOMR 00?7 00002
035C16 | Timer B1 mode register TB1IMR 00?X 00002
035D16 | Timer B2 mode register TB2MR 00?X 00002
035E16 | Timer B2 special mode register TB2SC XXXX XXX02
035F16 | Count source prescaler register TCSPR 0XXX 00002
036016

036116

036216

036316

036416 | UARTO special mode register 4 UOSMR4 0000 00002
036516 | UARTO special mode register 3 UOSMR3 0000 00002
036616 | UARTO special mode register 2 UOSMR2 0000 00002
036716 | UARTO special mode register UOSMR 0000 00002
036816 | UARTO transmit/receive mode register UOMR 0000 00002
036916 | UARTO baud rate register UOBRG ??16
036A16 ???? 2?7?72
036B16 UARTO transmit buffer register uoTB XXXX XXX?2
036C16 | UARTO transmit/receive control register O uoco 0000 10002
036D16 | UARTO transmit/receive control register 1 uoC1 0000 00102
036E16 ???? 2?7?72
036F16 UARTO receive buffer register UORB 2999 PXX?2
037016

037116

037216

037316

037416

037516

037616 | PLL control register 0 PLCO 0011 X1002
037716 | PLL control register 1 PLC1 XXXX 00002
037816 | DMAO cause select register DMOSL 0X00 00002
037916 | DMAL cause select register DM1SL 0X00 00002
037A16 | DMAZ2 cause select register DM2SL 0X00 00002
037B16 | DMAS3 cause select register DM3SL 0X00 00002
037C16 ?7?16
037D16 CRC data register CRCD 2716
037E16 | CRC input register CRCIN ??16

037F16

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

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

039116

039216

039316

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

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

039916

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

039B16

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

039E16

039F16

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

<144-pin package>

Address Register Symbol Value after RESET
03A016 | Function select register A8 PS8 X000 00002
03Al16 | Function select register A9 PS9 0000 00002
03A216

03A316

03A416

03A516

03A616

03A716

03A816

03A916

03AA16

03AB16

03AC16

03AD16

03AE16

03AF16 | Function select register C PSC 00X0 00002
03B016 | Function select register AO PSO 0000 00002
03B116 | Function select register Al PS1 0000 00002
03B216 | Function select register BO PSLO 0000 00002
03B316 | Function select register B1 PSL1 0000 00002
03B416 | Function select register A2 PS2 00X0 00002
03B516 | Function select register A3 PS3 0000 00002
03B616 | Function select register B2 PSL2 00X0 00002
03B716 | Function select register B3 PSL3 0000 00002
03B816

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

03BB16

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

03BF16

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

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

a4 RENESANS

RenesasTechnology Corp.



™ \®

SFR

o e Preliminary Specifications REV.1.02
Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

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

<144-pin package>

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

03D516

03D616

03D716

03D816

03D916

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

03DE16

03DF16

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

03ED16

03EE16

03EF16

03F016 | Pull-up control register 0 PURO 0000 00002
03F116 | Pull-up control register 1 PUR1 XXXX 00002
03F216

03F316

03F416

03F516

03F616

03F716

03F816

03F916

03FA16

03FB16

03FC16

03FD16

03FE16

03FF16 | Port control register PCR XXXX XXX02

X : Nothing is assigned ? : Indetermination
Blank columns are all reserved space. No use is allowed.
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\3;&\0\’ Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
SFR

<100-pin package>

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

03B816

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

(Note 2)

(Note 2)

(Note 2)

(Note 1)

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

<100-pin package>

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

(Note 1)
03D316
03D416
03D516
03D616
03D716
03D816
03D916
03DA16| Pull-up control register 2 PUR2 0000 00002
03DB16| Pull-up control register 3 PUR3 0000 00002
03DC16 (Note 2)
03DD16
03DE16
03DF16
03EO016 | Port PO register PO ??16
03E116 | Port P1 register P1 ??16
03E216 | Port PO direction register PDO 0000 00002
03E316 | Port P1 direction register PD1 0000 00002
03E416 | Port P2 register P2 ??16
03E516 | Port P3 register P3 ??16
03E616 | Port P2 direction register PD2 0000 00002
03E716 | Port P3 direction register PD3 0000 00002
03E816 | Port P4 register P4 ??16
03E916 | Port P5 register P5 ??16
03EA16| Port P4 direction register PD4 0000 00002
03EB16| Port P5 direction register PD5 0000 00002
03EC16
03ED16
03EE16
03EF16
03F016 | Pull-up control register 0 PURO 0000 00002
03F116 | Pull-up control register 1 PUR1 XXXX 00002
03F216
03F316
03F416
03F516
03F616
03F716
03F816
03F916
03FA16
03FB16
03FC16
03FD16
03FE16
03FF16 | Port control register PCR XXXX XXX02

(Note 3)

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

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

Processor Mode
(1) Types of Processor Mode

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

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

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

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

(2) Setting Processor Mode

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

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

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

Mitsubishi Microcomputers

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

Processor mode register 01

b7 b6 b5 b4 b3 b2 bl bo

Notes :

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

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

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

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

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

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

performed after reset.

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

CS3in mode 3.

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

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

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

Processor Mode

Processor mode register 1*

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

(CS3 to CSO for P44 to P47)

0 : No wait

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

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

Figure 1.6.2. PM1 Register
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Figure 1.6.3. Memory Map in Each Processor Mode
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Bus

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

Bus Settings

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

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

Table 1.7.1. Bus Settings

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

External data bus width control register

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

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

Notes :

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

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

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

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

(2) Selecting External Data Bus

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

(3) Selecting Separate/Multiplex Bus

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

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

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

PMO register

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

(Separate bus)

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

(All space multiplex bus)

Data bus width
of space
to be accessed

All 8-bit
external space

Some 16-bit
external space

All 8-bit
external space

Some 16-bit
external space

All 8-bit
external space

Some 16-bit
external space

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

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

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

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

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

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

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

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

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

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

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

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

P57 1/0 port RDY RDY RDY RDY RDY RDY

Notes :

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

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

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

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

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

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

(1) Address Bus and Data Bus

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

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

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

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

(2) Chip-Select Signal

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

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

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

Address bus

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

(See Figure 1.6.3 about i and k)

Notes :

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

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

Example 2:

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

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

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

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

Table 1.7.3. RD, WRL and WRH Signals

Data bus RD WRL WRH Status of external data bus

L H H Read data

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

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

Notes :

1. The WR signal is set.

Table 1.7.4. RD, WR and BHE Signals

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

(4) Bus Timing

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

* Write cycle with a separate bus and no wait.

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

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

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

Figure 1.7.3. WCR Register
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Table 1.7.5. Software Wait and Bus Cycle

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

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

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

Chip-select 2.3

Notes :

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

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

CS space) consecutively, the chip-select may be

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

Bus cycle 1

|

Bus cycle !

BCLK |

Write signal

Read signal

Data bus

H

Data output

=<
~—

Address bus 2 ><

Address

Address

Chip-select 2.3 |

(2) Multiplexed bus with 2 waits

.
),
|

Bus cycle 1

BCLK

Write signal

}4 Bus cycle 1

»‘

Read signal

ALE

Address bus <

Address

A

Address >—

Address bus/Data bus 2 XAddress X Data output X

XAddress\

/ /mEt\
L)

Chip-select 2.3 |

(3) Multiplexed bus with 3 waits

Bus cycle 1

=

Bus cycle 1

BCLK |

Write signal

Read signal

Address bus <

Address

X

Address >—

Address bus
/Data bus 2

<Address ><

Data output

XAddress

> {Input)

ALE

Chip-select 2. 3

Notes :

instruction queue buffer.

consecutively.

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

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

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

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

Figure 1.7.6. ALE Signal and Address/data Bus

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

Table 1.7.6. Microcomputer Status in a Wait State!

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

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

1st cycle

I

sk /[ )\

2nd cycle

3rd cycle

—1
CSi \

4th cycle

(=0 to 3)

RDY

(2) Multiplex bus (2 waits)

1st cycle

2nd cycle

*

RDY received timing

3rd cycle

> tsu(RDY - BCLK)

4th cycle

RDY

@ : wait by RDY

";,ffff:.’# : Wait by program

Note:

tsu(RDY-BCLK): RDY input setup time

*

RDY received timing

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

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

tsu(RDY - BCLK)

Figure 1.7.7. RD Signal Output Longer by RDY Signal

(7) HOLD Signal

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

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

HOLD > DMAC > CPU

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

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

(8) External Bus Status when Accessing Internal Space

Table 1.7.8 shows external bus status when accessing internal space.

Table 1.7.8. External Bus State when Accessing Internal Space

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

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

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

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

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

Table 1.7.9. RAS, CASL, CASH and DW Signals

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

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

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

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

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

* Sub clock oscillation circuit

* Ring oscillator

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

Table 1.8.1. Clock Generation Circuit Specifications

* Peripheral function
clock source

* Timer A and B
clock source

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

* Peripheral function
clock source

* Peripheral function
clock source

Clock frequency

Up to 30 MHz

32.768 kHz

Approximatly 1 MHz

20 MHz, 30 MHz

Connectable or
additional circuit
oscillator

+ Ceramic resonator
« Crystal oscillator

* Crystal oscillator

* Low pass filter

generated clock can
be input

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

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

restart function

Oscillator status | Oscillating Stopped Stopped Stopped

after reset

Other Externally Externally When main clock With PLL frequency

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

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

System clock control register 0?

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

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

1: Select XcIN - XcouT

Notes :

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

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

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

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

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

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

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

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

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

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

System clock control register 1*

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

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

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

Notes :

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

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

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

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

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

|

Main clock division register?

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

Nothing is assigned

. When write, should set to "0".

When read, its content is indeterminate.

Notes :

division mode).

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

Figure 1.8.4. MCD Register
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Oscillation stop detect register?

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

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

Notes :

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

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

program.

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

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

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

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

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

processing program several times.

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

Figure 1.8.5. CM2 Register
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Count source prescaler register

flag When read, its content is "0".

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

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

Notes :

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

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

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

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

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

PLCO7 [Operation enable bit 1: PLL On RW

Notes :

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

it cannot be changed.

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

connect P86 to Vss.

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

VDC control register for PLL!

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

Bit Bit name Function RW

$opo4 i o4 o4oro 1| symbol

A ) 0 : Cut off power to PLL

oo b = PLV PLL VDC enable bit?

N 00 C enable bit 1: Power to PLL RW

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

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

When read, its content is indeterminate.

Notes :

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

Figure 1.8.7. PLCO and PLV Registers
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PLL control register 112

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

When read, its content is indeterminate.

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

f f f f 0 0 PLC1 037716 XXXX 00002

Bit Bit name Function RW
Porof % 41 i | _symbol

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

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

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

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

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

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

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

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

details.
Microcomputer ~ Microcomputer

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

XIN Xout XIN Xout

Open
Oscillator Ral

||:|| Externally generated clock
(L1

T o Teor e LTI

— — Vss

Notes :

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

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

Figure 1.8.9. Main Clock Circuit Connection
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System Clock

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

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

Notes :

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

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

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

(1) Oscillation Stop Detect Function

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

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

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

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

(2) How to Use Oscillation Stop Detect Function

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

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

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

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

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

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

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

Verify the CM23 bit

A A

1 (main clock stop)

0 (main clock oscillating)

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

Determine several times that a main clock is supplied

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

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

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

End CM21 to CM23 bits : Bits in CM2 register

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

4. PLL Clock

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

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

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

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

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

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

C1

Vss

P86

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

Notes :

c2

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

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

Figure 1.8.12. External Circuit with PLL Frequency Synthesizer

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

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

@ke PLL clock into CPU clock sourcD

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

Set the PLCO register and the PLC12 bit

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

Wait for 20 to 50ms

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

C

End

PLC11 bit : Bit in PLCL1 register

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

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

Table 1.8.3. CPU Clock Source and Bit Settings

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

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

1. fa,fs, f32 and f2n

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

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

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

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

2. fAD

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

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

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

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

Table 1.8.4. CLKouT Pin in Single-Chip Mode

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Table 1.8.6. Pin Status in Wait Mode

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

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

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

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

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

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

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

INT interrupt Available Available

CAN interrupt Available Avoid using

Intelligent I/O interrupt  |Available Avoid using

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

executing the WAIT instruction.

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

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

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

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

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

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

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

(1) Entering Stop Mode

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

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

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

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

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

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

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

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

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

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

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

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

Reset

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

1. See Figure 1.8.15.

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

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

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

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

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

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

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

Registers protected by the PRC2 bit : PD9 and PS3 registers

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

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

Protect register

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

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

0 : Write disable

1: Write enable

PRCO [ Protect bit 0 RW

Enables writing to PMO, PM1, INVCO,
INVC1 registers

0 : Write disable RW
1 : Write enable

feeees PRC1 |Protect bit 1

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

1 : Write enable

Enables writing to PLV, VDCO, VDC1

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

1 : Write enable

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

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

Figure 1.8.16. PRCR Register
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Interrupts

Types of Interrupts
Figure 1.9.1 shows types of interrupts.

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

Figure 1.9.1. Interrupts

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

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

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

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

88 RENESAS

RenesasTechnology Corp.



o ‘(\é\‘ Preliminary Specifications REV.1.02 _ Mitsubishi Microcomputers
\;‘;@\oﬂ’ Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Interrupts

(3) BRK Interrupt
The BRK interrupt is generated when the BRK instruction is executed.

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

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

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

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

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

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

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

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

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

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

Interrupts and Interrupt Vectors

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

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

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

Table 1.9.1. Fixed Vector Table

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

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

NMI FFFFF816 to FFFFFB16
Reset FFFFFC16 to FFFFFF16 Reset

(2) Relocatable Vector Tables

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

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

Interrupt generated by

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

Software
interrupt number

Reference

BRK instruction?

+0 to +3 (000016 to 000316)

0

M32C/80 series

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Mitsubishi Microcomputers

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

stop condition detect, (UART2)®,

fault error®

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

+252 to +255 (00FC16 to O0FF16)

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

stop condition detect,

(UART3/UARTO), fault error?

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

stop condition detect,

(UART4/UART1)®, fault error?

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

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

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

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

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

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

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

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

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

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

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

Notes :

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

ga b~ WN

in UARTO or UARTS3.

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

int UART1 or UART4.

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

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

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

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

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

Table 1.9.4. Interrupt Priority Levels Field Encording

IPL2 IPL1 IPLO Interrupt priority levels
0 0

level 1 and above are enabled

level 2 and above are enabled

level 3 and above are enabled

level 4 and above are enabled

level 5 and above are enabled

level 6 and above are enabled

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

level 7 and above are enabled

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

[EEY

All maskable interrupts are disabled

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

RECONEN

Interrupt control register

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

1: Interrupt requested®

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

Notes :

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

Figure 1.9.3. Interrupt Control Register (1)
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b7 b6 b5 b4 b3 b2 bl bO

DD T L LT T ] symeo

Interrupt control register

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

Notes

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

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

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

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

Figure 1.9.4. Interrupt Control Register (2)

¢ ILVL2 to ILVLO Bits

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

comes, the higher interrupt priority level gets.

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

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

* IR Bit

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

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

When read, its content is indeterminate.

0: Interrupt priority level 7 is used

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

for DMAC Il transfer

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

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

A Bi Functi

Prot ottt | symbol it name unction RW

A b2b1b0

oror o e RLVLO 000: Level 0 RW

A o | 001:Levell

[ Interrupt priority set bits | 91 0: Level 2

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

Voo 100:Level4

oo 101:Level5

- TEPPEETE RLVL2 110:Level6 RW

oo 111:Level7

0: Interrupt priority level 7 is used

A High-speed interrupt i

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

A setbi 1: Interrupt priority level 7 is used

P for high-speed interrupt

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

Notes :

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

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

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

Figure 1.9.5. RLVL Register

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

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

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

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

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

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

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

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

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

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

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

Interrupt request is generated  Interrupt request is acknowledged

{} 4} — Time
ya /

Instruction within an
interrupt routine

Instruction Interrupt sequence

(@) (b)

-t -t -

Interrupt response time

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

Figure 1.9.6. Interrupt Response Time

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

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

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

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

Mitsubishi Microcomputers

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

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

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

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

NMI Even address 2 13 cycles 15 cycles

Watchdog timer

Undefined instruction

Address match

Overflow Even address 2 14 cycles 16 cycles

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

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

High-speed interrupt Vector table is internal register 5 cycles

Notes :

1. Interrupt vectors should be allocated in even addresses.

2. Vectors are fixed to even addresses.

(5) Changes of IPL When Interrupt Request is Acknowledged

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

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

level.

Table 1.9.5 Interrupts without Interrupt Priority Levels and IPL

Interrupt sources

Level that is set to IPL

Watchdog timer, NMI, Oscillation stop detect

7

Reset

0

Software, Address match

Not changed

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

m Content of SP value before Content of

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

previous stack m+1 previous stack

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

Figure 1.9.7. Stack Status

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

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

Reset > NMI > Watchdog > Peripheral function > Address match

Figure 1.9.8. Interrupt Priority

RENESAS 101

RenesasTechnology Corp.



e ‘(\eﬂ\‘ Preliminary Specifications REV.1.02 _ Mitsubishi Microcomputers
\i:;“e\oﬂ’ Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Interrupts
. __________________________________________________________________________________________________________________________|

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

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

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

Bit Bit name Function

P4 o: 1 1 i1 1| symbol RW

INTO interrupt polarity 0 : One edge

IFSRO select bit! 1 : Both edges RW

INT1 interrupt polarity 0 : One edge

IFSRL 1 select bitt 1 : Both edges RW

INT2 interrupt polarity 0 : One edge

IFSR2 | select bitt 1 : Both edges RW

INT3 interrupt polarity 0 : One edge

IFSR3 1 select bitt 1 : Both edges RW

________________ INT4 interrupt polarity | 0: One edge

P PSR4 elect bitt 1: Both edges RW

N INTS5 interrupt polarity | O : One edge

IFSRS | olect bitt 1: Both edges RW

0 : UARTS3 bus conflict, start condition|

detect, stop condition detect, fault

v UARTO, 3 interrupt error detect

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

detect, stop condition detect, fault

error detect

0 : UART4 bus conflict, start condition|

detect, stop condition detect, fault

' UART1, 4 interrupt error detect

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

detect, stop condition detect, fault
error detect

Notes :

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

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

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

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

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

PSC_7 bit PD10_7 bit

P107/KI3 O

o

Pull-up

; PD10_6 bit
transistor

\

Interrupt control

Key input interrupt

\Van

P106/Kl2  O—0 —>

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

transistor
T
P104/Klo O—s >

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

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

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

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

i=0to 11

Figure 1.9.13. Intelligent I/O Interrupt and CAN Interrupt

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

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

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

Bit symbols for the interrupt request register

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

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

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

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

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

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

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

Figure 1.9.14. 1IO0IR to II011IR Registers
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Interrupts

Interrupt enable register

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

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

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

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

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

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

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

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

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

Bit symbols for the interrupt enable register

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

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

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

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

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

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

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

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

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

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

(3) INT Interrupt

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

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

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

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

(INT interrupt disabled)

CThe POL bit in the INTIIC register should be set)

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

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

(INT interrupt request acknouwledgement are
enabled)

Figure 1.9.16. Switching Procedure for INT Interrupt request
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Interrupts

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

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

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

Watchdog Timer

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

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

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

Watchdog timer cycle =

When the sub clock is selected as the CPU clock

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

Watchdog timer cycle =
CPU clock

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

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

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

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

Prescaler

""""""" i cMo7=0

1/16 |WDC7=0

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

1
O T Reset
CMO06

CPU clock
HOLD signal

Write to WDTS register

RESET © O[> —\

Set to
7FFF16

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

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

Watchdog timer control register

b7 b0

Watchdog timer start register

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

to "7FFF16" regardless of a value written.

Figure 1.10.2. WDC Register and WDTS Register
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Watchdog Timer

System clock control register 0?

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

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

1: Select XcCIN - Xcout

Notes :

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

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

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

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

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

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

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

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

"0" to "1".

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

"1" to "0".

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

N

©

Figure 1.10.3. CMO Register

114 RENESAS

RenesasTechnology Corp.



o «\é\‘ Preli_mina_try S_pec_ifications REV.1.02 _ Mitsubishi Microcomputers
\>°qe\oﬂ’ Specifications in this manual are tentative and subject to change. M32C/83 group

<
SMAC SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

DMAC

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

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

To set DSA2, DSA3, DRA2 and DRA3 registers, the B flag should be set to "1" and the SB, FB, SVP, VCT
registers should be set with the LDC instruction.

DMAC-associated registers

DMDO DMA mode register 0
DMD1 DMA mode register 1
DCTO DMA 0 transfer count register
DCT1 DMA 1 transfer count register
DRCO DMA 0 transfer count reload register 1
DRC1 DMA 1 transfer count reload register 1
DMAO DMA 0 memory address register
DMA1 DMA 1 memory address register
DSA0 DMA 0 SFR address register
DSA1 DMA 1 SFR address register
DRAO DMA 0 memory address reload register 1
DRA1 DMA 1 memory address reload register 1
When using three or more DMAC channels, When using three or more DMAC channels,
the register bank 1 is used as DMAC registers the high-speed interrupt register is used as DMAC
registers
DCT2 (RO) DMA2 transfer count register SVF Flag save register
DCT3 (R1) DMAS3 transfer count register DRA2 (SVP) DMA2 memory address reload register
DRC2 (R2) DMA2 transfer count reload register 1 DRAL1 (VCT) DMA3 memory address reload register 1
DRCS (R39) DMA ransfer count reload register * When using DMA2 and DMA3, use the CPU registers shown in parentheses ().
DMA2 (A0) DMA2 memory address register
DMA3 (A1) DMA3 memory address register
DSA2 (SB) DMA2 SFR address register
DSA3 (FB) DMA3 SFR address register

Notes :
1. Registers are used for repeat transter, not for single transfer.

Figure 1.11.1. Register Mapping for DMAC
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DMAC

To start a DMAC transfer, in addition to a write into the DSR bits in the DMISL register (i=0 to 3), interrupt
request signals that are output from each functions specified in the DSEL 4 to DSELO bits in the DMiSL
register are used DMA request. In contrast to an interrupt request, the | flag and interrupt control register do
not affect DMA. Therefore a DMA request can be acknowledged even if an interrupt request is rejected or
interrupt is restricted. The IR bit in the interrupt control register is never modified in a DMA transfer since no
interrupt is affected by DMAC.

Table 1.11.1. DMAC Specifications

ltem Specification

Channels 4 channels (cycle-steal method)

Transfer memory space * From any address in a 16M-byte space to a fixed address in a 16M-
bytes space

* From a fixed address in a 16M-byte space to any address in a 16M-

bytes space

Maximum bytes transferred 128K-byte (with 16-bit transfer) or 64K-byte (with 8-bit transfer)

DMA request factors! Falling edge or both edge of inputs to INTO to INT3 pins

Timer AO to timer A4 interrupt requests

Timer BO to timer B5 interrupt requests

UARTO to UART4 transmit and receive interrupt requests
A-DO and A-D1 conversion interrupt requests

Intelligent 1/O interrupt requests

Software trigger

Channel priority DMAO > DMA1 > DMA2 > DMA3 (DMAO has the higher priority)
Transfer unit 8 bits, 16 bits
Transfer address direction forward/fixed (forward and fixed directions cannot be specified when

specifying source and destination addresses simultaneously)

Transfer mode |Single transfer | Transfer is completed when the DCTi register (i = O to 3) is set to "000016"
Repeat transfer | When DCTi register is set to "000016", a value of the DRCi register is
reloaded into the DCTi register and a DMA transfer is continued

DMA interrupt request generation timing| When the DCTi register is set to "000016" from "000116"

DMA startup Single transfer |Transfer starts when the DCTi register is set to "000116" or more and the
DMA is requested after the MDil to MDO bits in the DMDj register (j=0
to 1) are set to "012" (single transfer)

Repeat transfer| Transfer starts when DCTi register is set to "000116" and more and
DMA is requested after "112" (repeat transfer) is written to the MDil to
MDO bits

DMA shutdown | Single transfer |When the MDil to MDO bits is set to "002" (DMA inhibited) and DCTi
register is set to "000016" (number of times for DMA transfer 0) by
DMA transfer or write

Repeat transfer | The MDil to MDO bits is set to "002" and the DCTi register is set to
"000016" with the DRCi register set to "000016"

Reload timing to DCTi When the DCTi register is set to "000016" from "000116" in repeat trans-
or DMA. register fer mode

DMA transfer cycles Minimum 3 cycles

Notes :

1.No DMA transfer affects an interrupt.
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DMAI request factor select register (i=o to 3)

b7 b6 b5 b4 b3 b2 bl boO Symbol Address When reset

| I><| | | | | | DMOSL to DM3SL 037816, 037916, 037A16, 037B16 0X00 00002
syr?witt)ol Bit name Function RW
Pioi i ib i | DSEL RW
S DSEL1 RW
A T S DSEL2 DMA reglljest cause Seg Tablg 1.11.2 about PM|SL RW
N select bit register (i = 0 to 3) function
R R DSEL3 RW
R RREEEELEEERD DSEL4 RW
E E E When a software trigger is selected, a DMA
- DMA . ) e
Ton mmmmmmmmmsmmsmsssees DSR Software o request is generated by setting this bitto “1" | RW
HE request bit (When read, its content is always "0")
R Nothing is assigned. When write, should set "0". B
: When read, its content is indeterminate.
OR DMA b2, 3 0 : Not requested B

Q requestoi 1: Requested

Notes :

e.g OR.B #0AOh, DMiSL

1. The MDil to MDi0 bits in the DMAO or DMDL1 register should be set to "002" (DMA inhibit) before
changing the DSEL4 to DSELDO bits. Also, the DRQ bit should be set to "1" simultaneously when
changing the DSEL4 to DSELO bits.

e.g MOV.B #083h, DMISL ; Set timer AO

2. When setting the DSR bit to "1", the DRQ should be set to "1" simultaneously.

Figure 1.11.2. DMOSL to DM3SL Registers
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Table 1.11.2. DMiSL Register (i = 0 to 3) Function
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Setting value

Conditions generated a DMA request

b4 b3 b2 bl b0

DMAO

DMA1

DMA2

DMA3

00O00O

Software trigger

Falling edge of INTO

Falling edge of INT1

Falling edge of INT2

Falling edge of INT3!

Both edges of INTO

Both edges of INT1

Both edges of INT2

Both edges of INT31

Timer AQ interrupt request

Timer Al interrupt request

Timer A2 interrupt request

Timer A3 interrupt request

Timer A4 interrupt request

Timer BO interrupt request

Timer B1 interrupt request

Timer B2 interrupt request

Timer B3 interrupt request

Timer B4 interrupt request

Timer B5 interrupt request

UARTO transmit interrupt request

UARTO receive or ACK interrupt request3

UART1 transmit interrupt request

UART1 receive or ACK interrupt request3

UART?2 transmit interrupt request

UART2 receive or ACK interrupt request®

UARTS3 transmit interrupt request

UARTS3 receive or ACK interrupt request3

UART4 transmit interrupt request

UART4 receive or ACK interrupt request3

A-DO interrupt request

A-D1 interrupt request

A-DO interrupt request

A-D1 interrupt request

PrliPr|IP|P|P|P|([P|P|P|P|OJO|O|O|O|O|O|O|O|OCO|O|O|]O|O|O|O
Rl IOjlO|lO|O|OCO|O|OC|O|(F|F|IF|FP|(F|FP|IFP|IP|O|lJlOJlO|J|OC|OC|O|O
o|o|r|FP|FR|RP|lO|jlO|O|O|(FR|P|P|P|O|lO|O|OC|FRP|FR|P|FL,|O|O|O
o|lo|(r|Fk|O|OCO|F|PRP|O|O|FR|FP|O|OCO|FP|P|O|O|FRP|FRP|O|OC|F|FL]|O
Fr|O|Rr|O|FR|O|(FR|O|FRP|O|(RP|O|P|O|(FRP|O|P|O|P|O|RP|O|RL|O|RF

Intelligent 1/O
interrupt 0 request

Intelligent 1/O
interrupt 7 request

Intelligent 1/O
interrupt 2 request

Intelligent I/O
interrupt 9 request*

11010 Intelligent /0 Intelligent 1/O Intelligent 1/O Intelligent /0
interrupt 1 request interrupt 8 request interrupt 3 request interrupt 10 request®
11011 Intelligent /0 Intelligent I/0 Intelligent 1/0 Intelligent /0
interrupt 2 request interrupt 9 request* interrupt 4 request interrupt 11 request®
11100 Intelligent 1/0 Intelligent 1/0 Intelligent 1/0 Intelligent /0
interrupt 3 request interrupt 10 request® interrupt 5 request interrupt 0 request
11101 Intelligent /0 Intelligent 1/0 Intelligent 1/0 Intelligent /0
interrupt 4 request interrupt 11 request® interrupt 6 request interrupt 1 request
11110 Intelligent /0 Intelligent I/0 Intelligent 1/0 Intelligent /0
interrupt 5 request interrupt 0 request interrupt 7 request interrupt 2 request
11111 Intelligent /0 Intelligent I/O Intelligent 1/0 Intelligent 110
interrupt 6 request interrupt 1 request interrupt 8 request interrupt 3 request
Notes :

(Note 2)

(Note 2)

1. When the INT3 pin is data bus in the memory expansion mode or microprocessor mode, DMA3 request cannot be
generated by an INT3 pin interrupt. . _

2. The falling edge and both edge of input to the INT]j pin (j = 0 to 3) cause a DMA request. An INT interrupt (the POL
bit in the INTIIC register, the LVS bit, the IFSR register) is not affected, and vice versa.

3. UKSMR register and UKSMR2 register (k = 0 to 4) determines receiving UART]j and switching ACk.

4. An intelligent I/O interrupt 9 request shares DMA1 and DMAS requests with a CAN interrupt O request.

5. An intelligent I/O interrupt 10 request shares DMA1 and DMA3 requests with a CAN interrupt 1 request.

6. An intelligent I/O interrupt 11 request shares DMA1 and DMA3 requests with a CAN interrupt 2 request.
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DMA mode register 0*

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | DMDO CPU internal register 0000 00002
Bit Bit name Function RW
oy o v v v v 1| symbol
SR A A b1
Poob bbb k- MDOO 0 0 : DMA inhibited RwW
e Channel 0 transfer 01: Single transfer
mode select bit 10 : Avoid this setting RW
MDO1 11 : Repeat transfer
A T S BWO Channel 0 tr.ansfer 0:8 b|t§ RW
- unit select bit 1: 16 bits
_ ____________ RWO Channel 0 transfer 0 : Fixed address to memory (forward direction) RW
Voo direction select bit 1 : Memory (forward direction) to fixed address
oo b5 ba
I MD10 0 0 : DMA inhibited Rw
FE I Chznnelll tre:)r.)sfer 0 1: Single transfer
- mode select bit . . ;
R MD11 1 0: Avoid this setting RW
11 : Repeat transfer
Channel 1 transfer 0: 8 bits
SRRLELELELELELEEEED BW1 RW
unit select bit 1: 16 bits
__________________________ RW1 Channel 1 transfer 0 : Fixed address to memory (forward direction) RW

direction select bit 1 : Memory (forward direction) to fixed address
Notes :
1. The LDC instruction should be used to set this register.

DMA mode register 1*

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset

| | | | | | | | | DMD1 CPU internal register 0000 00002
Bit Bit name Function RW
Py 1 1| symbol
SRR A b1
Do oo k| MD20 0 0 : DMA inhibited RW
- Channel 2 transfer 01 : Single transfer
oo MD21 mode select bit 10 : Avoid this setting R
A 11 : Repeat transfer
Channel 2 transfer |0 : 8 bits
BW2 | unit select bit 1: 16 bits RW
Rwo | Channel 2 transfer | 0 : Fixed address to memory (forward direction)]
direction select bit |1 : Memory (forward direction) to fixed address
oo b5 b4
P Ty MD30 0 0 : DMA inhibited RW
- Chz;nnells tra:)nsfer 0 1: Single transfer
- mode select bit . : ; :
T MD31 1 0 : Avoid this setting RW
P 11 : Repeat transfer
Channel 3 transfer 0 : 8 bits
P mmmmmmmmmmmmmsmmmsened BW3 . . . RW
unit select bit 1: 16 bits
RW3 Channel 3 transfer 0 : Fixed address to memory (forward direction) RW

direction select bit 1 : Memory (forward direction) to fixed address

Notes :

1. The LDC instruction should

be used to set this register.

Figure 1.11.3. DMDO Register, DMD1 Register
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DMAI transfer count register (i = 0 to 3)

b1s b8 Symbol Address When reset
(b7) (b0) b7 b0 DCT02 (CPU internal register) XXXX16
! | DCT12 (CPU internal register) XXXX16
: DCT2 (bank 1;R0)3 (CPU internal register) 000016
DCT3 (bank 1;R1)4 (CPU internal register) 000016
Function Setting range RW
beememeo Set the number of transfers 000016 to FFFF16 1 | Rw
Notes :

1. When setting this register to "000016", no data transfer occurs regardless of a DMA request.

2. The LDC instruction should be used to set this register.

3. When setting the DCT2 register, the B flag in the FLG register should be set to "1" (register bank 1)
to set the RO register. The MOV instruction should be used to set this register.

4. When setting the DCT3 register, the B flag should be set to "1" to set the R1 register. The MOV
instruction should be used to set this register.

DMAI transfer count reload register (i = 0 to 3)

b15 b8 Symbol Address When reset
®7) (bo), b7 bo DRCO0! (CPU internal register) XXXX16
! | DRC11 (CPU internal register) XXXX16
E DRC2 (bank 1;R2)2 (CPU internal register) 000016
! DRC3 (bank 1;R3)3 (CPU internal register) 000016
Function Setting range RW
EEEEETEREE Set the number of transfers 000016 to FFFF16 RW
Notes :

1. The LDC instruction should be used to set this register.

2. When setting the DRC2 register, the B flag in the FLG register should be set to "1" (register bank 1)
to set the R2 register. The MOV instruction should be used to set this register.

3. When setting the DRC3 register, the B flag should be set to "1" to set the R3 register. The MOV
should be used to set this register.

Figure 1.11.4. DCTO to DCT3 Registers and DRCO to DRC3 Registers

120 RENESAS

RenesasTechnology Corp.



O
&3

DMAC

ot ‘Qe“‘ Preliminary Specifications REV.1.02
qe\oQ Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

DMAI memory address register (i = 0 to 3)

b23 b16 bi5 b8 Symbol Address ) When reset
(b7) (b0) (b7) (b0) b7 o DMAO02 (CPU internal register) XXXXXX16
j ] DMA12 (CPU internal register) XXXXXX16

) . . DMA2 (bank 1;A0)3 (CPU internal register) 00000016

DMAS3 (bank 1;A1)4 (CPU internal register) 00000016

Function Setting range RW

""""" Set a source or destination memory address? Oo?fg&fg;?e':s?;zg *1 Rrw
Notes :
1. When the RWK bit (k = 0 to 3) in the DMD;j register (j = 0,1) is set to "0" (fixed address to memory), an address for

this register becomes a destination address.
When the RWK bit is set to "1" (memory to fixed address), an address for this register becomes a source address.

. The LDC instruction should be used to set this register.
. When setting the DMAZ2 register, the B flag in the FLG register should be set to "1" (register bank 1) to set the A0

register. The MOV instruction should be used to set this register.

. When setting the DMA3 register, the B flag should be set to "1" to set the Al register. The MOV instruction should

be used to set this register.

DMAI SFR address register (i = 0 to 3)

Symbol Address When reset
(‘fg 3]106) (2%5 (E%) b7 po DSA02 (CPU internal register) XXXXXX16
T T DSA12 (CPU internal register) XXXXXX16

H . DSA2 (bank 1;SB)3 (CPU internal register) 00000016

DSAS3 (bank 1;FB)4 (CPU internal register) 00000016

Function Setting range RW

00000016 to FFFFFF16

---------- Set a source or destination fixed address? (16M-byte space) RW
Notes :
1. When the RWk (k=0 to 3) bit in the DMDj (j=0 to 3) register is set to "0" (fixed address to memory), an address
for this register becomes a source fixed address.
When the RWK bit is set to "1" (memory to fixed address), an address for this register becomes a destination
address.
2. The LDC instruction should be used to set this register.
3. When setting the DSA2 register, the B flag in the FLG register should be set to "1" (register bank 1) to set the
SB register. The MOV instruction should be used to set this register.
4. When setting the DSAS3 register, the B flag should be set to "1" to set the FB register. The MOV instruction
should be used to set this register.
DMAI memory address reload register (i = 0 to 3)1
b3 b16 bis ve Symbol Addregs . When reset
®7) ®0) (67) (b0) b7 o DRAO (CPU internal register) ~ XXXXXX16
T T DRA1 (CPU internal register) ~ XXXXXX16

. . | DRAZ2 (bank 1;SVP)2  (CPU internal register) ~ XXXXXX16

DRA3 (bank 1;VCT)3  (CPU internal register) ~ XXXXXX16

5 Function Setting range RW

00000016 to FFFFFF16

.......... r r ination mem r
Set a source or destination memory address (16M-byte space)

RW

Notes :
1. The LDC instruction should be used to set this register.
2. When setting for DRA2, the SVP register should be set.
3. When setting for DRA3, the VCT register should be set.

Figure 1.11.5. DMAO to DMA3 Registers, DSAO0 to DSA3 Registers and DRAO to DRA3 Registers
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Transfer Cycles
Transfer cycle contains a bus cycle to read data from memory or from SFR space (source read) and a bus
cycle to write data to a memory space or to a SFR space (destination write). The number of read and write
bus cycles depends on source or destination addresses. In memory expansion mode and microprocessor
mode, the number of read and write bus cycles also depends on the DS register. A bus cycle is longer when
a software wait and the RDY signal are inserted.

1. Effect of Source and Destination Addresses
When source address is an odd address with a 16-bit transfer unit and a 16-bit data bus, source read
cycle is incremented by one bus cycle, compared to a source address being an even address.
Likewise, with a 16-bit transfer unit and a 16-bit data bus, a destination address is an odd address, a
destination write cycle is incremented by one bus cycle, compared to an destination address being an
even address.

2. Effect of DS Register

In an external space in memory expansion or microprocessor mode, a transfer cycle varies depending on

a data bus used at source and destination address. See Figure 1.7.1 for details about the DS register.

(1) When an 8-bit data bus each to access both source address and destination address are used to
transfer a 16-bit data, an 8-bit data is transferred twice. Therefore, two bus cycles are required for
reading and another two bus cycles are for writing.

(2) When an 8-bit data bus to access a source address and a 16-bit data bus to access a destination
address are used to transfer a 16-bit data, an 8-bit data. Therefore, two bus cycles are required for
reading and one bus cycle is for writing.

(3) When a 16-bit data bus to access a source address and an 8-bit data bus to access a destination
address are used to transfer a 16-bit data, a 16-bit data is read and an 8-bit data is written twice.
Therefore, one bus cycle is required for reading and two bus cycles is for writing.

3. Effect of Software Wait

When a SFR space or a memory space with a software wait is accessed, the number of cycles is
incremented by software wait(s).

Figure 1.11.6 shows an example of a transfer cycle for a source read. In Figure 1.11.6, the number of
source read cycles is illustlited with different conditions, provided that a destination address is in an
external space with two bus cycles for a destination write cycle. Indeed, a destination write cycle is
affected by each condition as well as a source read cycle and a transfer cycle changes accordingly.
When calculating a transfer cycle, apply respective conditions to both destination write cycle and source
read cycle. For example (2) in Figure 1.11.6, when an 8-bit data bus each to access both source address
and destination address are used to transfer a 16-bit data, two bus cycles are each required as a source
read cycle and destination write cycle.

4. Effect of RDY Signal

In memory expansion or microprocessor mode, the RDY signal affect an external space. Refer to the
paragraph "Bus control" and "6. RDY signal" in the section "Bus" for details.
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CPU clock

Address
bus

RD signal

WR signal

Data
bus

CPU clock

Address
bus

RD signal

WR signal

Data
bus

CPU clock

Address
bus

RD signal

WR signal

Data
bus

(1) When 8-bit data is transferred
or when 16-bit data is transferred with a 16-bit data bus and even source address

CPU use

>< Source >< Destination ><

CPU use

CPU use

CPU use

>< Source >< Destination ><

(2) When 16-bit data is transferred with odd source address or when
16-bit data is transferred with 8-bit bus to access a source address

CPU use

CPU use

CPU use

>< Source ><Source + 1>< Destination ><

(3) When one wait is inserted into a source read under the conditions in (1)

CPU use ><

CPU use

Source >< Destination ><

CPU use

>< Source

CPU use

>< Destination ><

(4) When one wait is inserted into a source read under the conditions in (2)

CPU clock

éggress CPU use >< Source >< Source + 1 >< Destination >< CPU use
RD signal

WR signal ‘

Data -~

bus CPU use Source Source + 1 Destination CPU use
Notes :

1. The above applies to 2 cycles (1 bus cycle) for a destination write cycle.
A destination address has the same timing changes as a source address has, under each condition.

Figure 1.11.6. Transfer Cycles for Source Read
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DMAC Transfer Cycles
The number of DMAC transfer cycle can be calculated as follows.
Any combination of even or odd transfer read and write addresses are available. Table 1.11.3 lists the
number of DMAC transfer cycles. Table 1.1.4 lists coefficient j, k.

Transfer cycles per transfer unit = Number of read cycle(s) x j + Number of write cycle(s) x k

Table 1.11.3. DMAC Transfer Cycles

Transfer unit Bus width | Access address Single-chip mode Me@ﬁ%ﬁé@i@ig}rnm%%e
Read Write Read Write
cycles cycles cycles cycles

16-bit Even 1 1 1 1
8-bit transfers Odd 1 1 1 1
(BWi bit in the DMDp 8-bit Even — — 1 1
register = 0) Odd — — 1 1
16-bit Even 1 1 1 1
16-bit transfers Odd 2 2 2 2
(BWi bit = 1) 8-hit Even — — 2 2
Odd — — 2 2
i=0to3,p=0to 1
Table 1.11.4. Coefficient j, k
Internal space External space
Internal ROM |Internal ROM |SFR Separate |Separate |Separate | Separate |Multiplex | Multiplex
or internal RAM| or internal RAM|space bus bus bus bus bus bus
No wait Wait No wait |1 wait 2 waits 3 waits |2 waits |3 waits
=1 j=2 j=2 j=1 j=2 j=3 =4 =3 =4
k=1 k=2 k=2 k=2 k=2 k=3 k=4 k=3 k=4

Channel Priority and DMA Transfer Timing

124

When some DMA requests occur in the same sampling period between the falling edge of the CPU
clock and the following falling edge, the DRQ bit in the DMISL register (i = 0 to 3) is set to "1" (with a
request) simultaneously. Channel priority in this case is : DMAO > DMA1 > DMA2 > DMAS3.

Figure 1.11.7 shows an example of a DMA transfer by external factors it illustllates. What happens
when DMAO and DMAL requests occur in the same sampling cycle.

In Figure 1.11.7, a DMAQO request having priority is received first to start transfers when a DMAO
request and DMAL request occur simultaneously. When one DMAQO transfer unit is completed, a bus
privilege is returned to the CPU. When the CPU has completed one bus access, a DMA1 transfer
starts. When one DMAL transfer unit is completed, the privilege is again returned to the CPU.

In addition, DMA requests cannot be counted up since the DRQ bit is 1 bit for each channel. There-
fore, when DMA requests, as DMAL in Figure 1.11.7, occurs more than one time, the DRQ bit is set to
"0" as soon as getting the privilege the privilege is returned to the CPU when one transfer unit is
completed.
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When DMA transfer request signals are input simultaneously and DMA transfers
are executed in the minimum cycles.

CPU clock

o

o M\
P L P L 3 priviledge

cPy iy ) | acquired

INTO B B § |

DRQ bit N L

in DMAO - |

INTL B |

DRQ bit | 3
nDMAL | .

Figure 1.11.7. DMA Transfer by External Factors

Precautions for DMAC
(1) When setting registers associated with DMAC, the MDil to MDi0 bits (i=0 to 3) in the DMDj register
(7=0,1) corresponding to channel i should be set to "002" (DMA disabled). Then the MDil to MDiO bits
should be set to "012" (single transfer) or "112" (repeat transfer). This setting allows a DMA request
of channels to be received.

(2) The DRQ bit in the DMISL register should be avoided setting to "0" (no request).
When a DMA request is generated with a channel disabled®, a DMA transfer is not performed and
the DRQ bit is set to "0."
Notes :
1. This state means that the MDil to MDiO bits is set to "002" or the DCTi register is set to "000016"
(the number of transfer: 0).

(3) When a DMA transfer is performed by a software trigger, the DSR and DRQ bits in the DMiSL
register should be set to "1" simultaneously.
e.g. OR.B #0AOh, DMISL ; The DSR and DRQ bits should be set to "1" simultaneously.

(4) If the DMA interrupt is used including other channels, avoid generating a DMA request of channel i when
setting the DCTi register to "1" and the MDil to MDIO bits of corresponding channel i to "012" or "112".

A DMA request of channel i should be generated after setting a DMA-associated register of channel i.
(The peripheral function as DMA request factors should be set after setting a DMA-associated register.)
If not fulfilling the above conditions (setting the INT interrupt for DMA request factor), avoid setting the
DCTi register to "1".
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DMAC Il

The DMAC Il performs a memory-to-memory transfer, an immediate data transfer or an arithmetic transfer
the sum of two data added by an interrupt request from any peripheral functions.
Table 1.12.1 lists specifications of the DMAC II.

Table 1.12.1. DMAC Il Specifications

Item Specification

DMAC Il request factor Interrupt request from all peripheral functions I/O the ILVL2 to ILVLO bits of Interrupt
control register is set to "1112" (level 7)

Transfer data * Memory -> memory (memory-to-memory transfer)
» Immediate data -> memory (immediate data transfer)
* Memory (or immediate data) + memory -> memory (arithmetic transfer)

Transfer block 8 or 16 bits
Transfer space 64-Kbyte space at addresses 000016 to OFFFFli6
Transfer direction Fixed or forward address

Can be selected for either a source address or destination address.

Transfer mode * Single transfer
* Burst transfer

Chained transfer function Parameters (transfer count, transfer address, and other information)
are switched over when a transfer counter reaches zero.

Interrupt at end of transfer Interrupt is generated when a transfer counter reaches zero.
Multiple transfer function Multiple data transfers can be performed by one DMA Il transfer request generated.
Notes :

1. When transferring a 16-bit data to a destination address as OFFFFu1s, it is transferred to OFFFF16 and
1000016. When to a source address as OFFFF16, data is transferred as well.

DMAC Il Settings
DMAC Il can be enabled for use by setting up the following registers and tables.
* RLVL register
* DMAC Il Index
* Interrupt control register for the peripheral function causing DMAC Il request
* Relocatable vector table for the peripheral function causing DMAC Il request
* With the intelligent I/O or CAN interrupt, set the IRLT bit of IIOIIE register (i = 0 to 11).
Refer to the section "Interrupt” about the IIOIIE register

126 RENESAS

RenesasTechnology Corp.



o ‘(\eﬁ‘ Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
VT e®  Specifications in this manual are tentative and subject to change. M32C/83 group

&
o SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
DMAC II

1. RLVL Register
When setting the DMA I bit to "1" (DMAC Il transfer) and the FSIT bit to "0" (normal interrupt), the
DMAC Il is activated by an interrupt request from all peripheral functions that is set the ILVL2 to ILVLO
bits in the interrupt control register to "1112" (level 7).
Figure 1.12.1 shows the RLVL register.

Exit priority register

When read, its content is indeterminate.

0: Interrupt priority level 7 is used

L IRTLELIEEELETEE DMA Il | DMAC Il select bit3 for interrupt ' RW
1: Interrupt priority level 7 is used

for DMAC Il transfer

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

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
DOA DA 1] v oo

R A L Bi Functi

Poror b rr | symbol it name unction RW

A 621 bo

P 111 T RLVLO 000:Level 0 RW

A A - - | 001:Levell

[ R R Interrupt priority set bits | 010 Level 2

e RLVL1 | to exit stop/wait model | 011: Level 3 RW

Voo 100:Level4

oo 101:Level5

Voo meeeeeees RLVL2 110:Level6 RW

oo 111:Level7

0: Interrupt priority level 7 is used

- B High-speed interrupt i

R ESIT e? b'tzp P for normal Interrupt RW

- setbi 1: Interrupt priority level 7 is used

- for high-speed interrupt

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

Notes :

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

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

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

Figure 1.12.1. RLVL Register
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(2) DMAC Il Index
The DMAC Il index is a data table, comprised of 8 to 18 bytes (maximum 32 bytes when the multiple
transfer function is selected). The DMA 1l index stores parameters for transfer mode, transfer counter,
transfer source address (or immediate data), operation address, transfer destination address,
chained transfer address, and end-of-transfer interrupt address.
This DMAC Il index should be located on the RAM space.
Figure 1.12.2 shows a configuration of the DMAC Il index. Table 1.12.2 lists a configuration of the
DMAC Il index in transfer mode.

Memory-to-memory transfer, Immediate transfer, Multiple transfer
Arithmetic transfer ) )
16 bits 16 bits
< » < »
DMAC Il Index
starting address (BASE) |_Transfer mode (MOD) BASE Transfer mode (MOD)
BASE +2 | Transfer counter (COUNT) BASE + 2 | Transfer counter (COUNT)
BASE + 4 | Transfer source address (or imm data) (SADR) BASE + 4 | Transfer source address (SADR1)
BASE + 6 Operation address? (OADR) BASE + 6 | Transfer destination address (DADR1)
BASE + 8 | Transfer destination address (DADR) BASE + 8 | Transfer source address (SADR2)
BASE + 10 | Chained transfer address? (CADRO) BASE + 10| Transfer destination address (DADR2)
BASE + 12 | Chained transfer address? (CADR1) 8
BASE + 14 | End-of-transfer interrupt address3 (IADRO) BASE + 28| Transfer source address (SADRY7)
BASE + 16 | End-of-transfer interrupt address3 (IADR1) BASE + 30| Transfer destination address (DADRY7)
Notes :

1. This data is not required when not using the arithmetic transfer function.
2. This data is not required when not using the chained transfer function.
3. This data is not required when not using an end-of-transfer interrupt.

DMAC Il index should be located on the RAM. Necessary data is set front-aligned. For example, if not using the arithmetic transfer function,
a destination address should be set to BASE+6. (See Table 1.12.2.)
A starting address of DMAC Il index should be set in an interrupt vector for a peripheral function interrupt causing a DMAC Il request.

Figure 1.12.2. DMAC Il Index

The detail for DMAC Il index is below. These parameters should be set in the specified order listed on
Table 1.12.2, according to DMAC Il transfer mode.
* Transfer mode (MOD)
Two-byte data is required to set transfer mode. Figure 1.12.3 shows a configuration for transfer
mode.
* Transfer counter (COUNT)
Two-byte data is required to set the number of transfer.
* Transfer source address (SADR)
Two-byte data is required to set a source memory address or immediate data.
* Operation address (OADR)
Two-byte data is required to set a memory address for calculation. This data should be set only with
the arithmetic transfer function.
* Transfer destination address (DADR)
Two-byte data is required to set a destination memory address.
* Chained transfer address (CADR)
Four-byte data is required to set the DMAC Il index starting address for the next transfer. This data
should be set only with the chained transfer function.
 End-of-transfer interrupt address (IADR)
Four-byte data is required to set a jump address for end-of-transfer interrupt processing. This data
should be set only with the end-of-transfer interrupt.
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Table 1.12.2. DMAC Il Index Configuration in Transfer Mode
. Memory-to-memory transfer . . .
Transmit data Jimmediate data transfer Arithmetic transfer Multiple transfe
Chained transfer| Not use Use Not use Use Not use Use Not use Use Cannot use
Interrupt at Not use Not use Use Use Not use Not use Use Use Cannot use
end of transfer
MOD MOD MOD MOD MOD MOD MOD MOD MOD
COUNT COUNT ||| COUNT COUNT | || COUNT COUNT COUNT COUNT COUNT
SADR SADR SADR SADR SADR SADR SADR SADR SADR1
DADR DADR DADR DADR OADR OADR OADR OADR DADR1
DMAC Il 8 bytes CADRO IADRO CADRO DADR DADR DADR DADR | |
index ADR1 ' '
CADR1 IADR1 c 10 bytes || CADRO IADRO ||| CADRO | I
12 bytes | 12 bytes IADRO CADR1 IADR1 CADR1 SADRI
IADR1 14 bytes | 14 bytes IADRO DADRI
16 bytes IADR1 |li=1t0 7
Max 32 bytes
18 bytes | (when i=7)
Transfer mode(MOD)?!
b15 b8
(b7) (b0)b7 b0
Bit . Function Function
E P symbol Bit name (MULT=0) (MULT=1) RwW
Transfer unit 0: 8 bits
P P SIZE | select bit 1: 16 bits RW
i i IMM Transfer data 0: Immediate Should set to "1" RW
I i select bit 1: Memory
Transfer source 0: Fixed address
UPDS direction select bit | 1: Forward address RW
Transfer destination| 0: Fixed address
UPDD direction select bit | 1: Forward address RW
OPER/ | Arithmetic transfer | 0: Not used 13818“64 Avoid thi RW
HH . 2 ; ; . »Avoi is
' : CNTO- [function select bit | 1: Used setting
__________ BRST/ | Burst transfer 0: Single transfer 8 8 é '?vr\:lii RW
I CNT12| select bit 1: Burst transfer :
Prirririay o INTE/ [ End of transfer 0: No interrupt used 11 O 6 times RW
CNT22|interrupt select bit | 1: Interrupt used 111:7times
Chained transfer | 0: No chained-transfer used
R R L L LR ERERERE CHAIN . "o" RW
select bit 1: Chained-transfer used Should setto "0
Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.
Multiple transfer . . . .
............................. MULT ) 0: No multiple transfer | 1: Multiple transfer | RwW
select bit
Notes :
1. The MOD register should be located on the RAM.
2. When setting the MULT bit to "0" (no muliple transfer), bits 4 to 6 shift to the OPER,BRST, INTE bits.
When setting the MULT bit to "1" (muliple transfer), bits 4 to 6 shift to the CNTO to CNT2 bits.

Figure 1.12.3. MOD
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(3) Interrupt Control Register for Peripheral Function
For the peripheral function interrupt used as a DMAC Il request factor, the ILVL2 to ILVLO bits should
be set to "1112" (level 7).

(4) Relocatable Vector Table for Peripheral Function
The DMAC Il index starting address should be set in a relocatable vector table for the peripheral
function interrupt causing a DMAC Il request.
When using chained transfers, a relocatable vector table should be located on the RAM.

(5) IRLT Bit in the lIOIIE Register (i=0 to 11)
When using the intelligent I/O interrupt or CAN interrupt to activate DMAC I, the IRLT bit in the IIOIIE
register for interrupts causing a request should be set to "0".

Operation of DMAC I

The DMAC Il function is selected by setting the DMA Il bit to "1" (DMAC Il transfer). All peripheral function
interrupt requests that the ILVL2 to ILVLO bits are set to "1112" (level 7) comprise DMAC Il request
factors. These function interrupt request signals would change to DMAC Il transfer request signals the
peripheral function interrupt cannot be used.

When an interrupt request is generated with setting the ILVL2 to ILVLO bits to "1112" (level 7), the DMAC
Il is activated no matter which state the | flag and IPL is in.

Transfer Data

The DMAC Il transfers an 8-bit or 16-bit data.
» Memory-to-memory transfer : Data is transferred from any memory location in a 64K-byte space
(Addresses 0000016 to OFFFF16) to any memory location in the same space.
» Immediate data transfer : Data is transferred as an immediate data to any memory location in a 64K-
byte space.
» Arithmetic transfer : Two 8-bit or16-bit data are added together and the result is transferred to any
memory location in a 64K-byte space.
When to transferring a 16-bit data to a destination address as OFFFF1s, it is transferred to OFFFF16 and
1000016. When to a source address as 16-bit data is transferred as well.

(1) Memory-to-memory Transfer
Data transfer from any memory location to any memory location can be:
« Transfer from a fixed address to another fixed address
» Transfer from a fixed address to a relocatable address
« Transfer from a locatable address to a fixed address
* Transfer from a locatable address to another relocatable address

When selecting a locatable address, an address is incremented for the next transfer after transfer. In
a 8-bit transfer, a transfer address is incremented by one. In a 16-bit transfer, a transfer address is
incremented by two.

When a source or destination address exceeds address OFFFFi16 as a result of address
incrementation, a source or destination address is back to address 00000016 to increment. A source
or destination address should be maintained below.
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(2) Immediate Data Transfer
Immediate data is transferred to any memory location. A fixed or locatable address can be selected
as a destination address. An immediate data should be stored into the SADR. When transferring a 8-
bit immediate data, data should be set in a lower one byte position of the SADR (a high-order byte is
ignored).

(3) Arithmetic Transfer

Calculated results are transferred to any memory after any memory and any memory, or an immediate
data and any memory are added together. A memory location address to be operated or immediate
data should be set in the SADR and another memory location address to be operated should be set in
the OADR. When performing a memory + memory arithmetic transfer, a fixed or relocatable address
can be selected for source and destination addresses. When a transfer source address is relocatable,
an operation address also becomes relocatable. When performing an immediate data + memory arith-
metic transfer, a fixed or locatable address can be selected for a transfer destination address.

Transfer Modes
In DMAC I, single and burst transfers are available. The BRST bit in MOD determines which transfer
method is used single or burst transfer. COUNT determines how many transfer is performed. Transfer is
not performed when setting COUNT to "000016".

1. Single Transfer
For one request factor, an 8-bit or 16-bit data as one transfer unit is transferred once. When a source
or destination address is relocatable, an address is incremented for the following transfer after a
transfer.
COUNT is decremented by each transfer performed. With the end-of-transfer interrupt, it is generated
when COUNT reaches "0".

2. Burst Transfer
For one request factor, data are transferred consecutively only as set in COUNT. COUNT is
decremented by each transfer performed. Burst transfer ends when COUNT reaches "0". The end-of-
transfer interrupt is generated when burst transfer ends if using the end-of-transfer interrupt. The inter-
rupt is ignored when burst transfer is in progress.

3. Multiple Transfer

Multiple transfer can be selected by the MULT bit in MOD. For multiple transfer memory to memory
transfer can be also performed. Multiple transfers are performed for one request factor received. The
CNT2 to CNTO bits in MOD determines how many transfer is performed from "0012" (once) to "1112"
(7 times). Avoid setting the CNT2 to CNTO bits to "0002".

The transfer source and transfer destination addresses to be transferred should be allocated alter-
nately in addresses following both MOD and COUNT. When selecting multiple transfer, arithmetic
transfer, burst transfer, end-of-transfer interrupt and chained transfer cannot be used.
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4. Chained Transfer
Chained transfer can be selected by the CHAIN bit in MOD.
The following is how chained transfer is performed.

(1) with a request factor, transfer is performed in accordance with DMAC Il index contents provided by
vectors of the factor. For one request factor, the BRST bit determines whether single or burst
transfer.

(2) When COUNT reaches "0", contents of CADR1 to CADRO are rewritten to contents of vector for the
peripheral function interrupt causing a DMAC Il request. When the INTE bit in the MOD is set to "1,"
the end-of-transfer interrupt is generated simultaneously.

(3) When the next DMAC Il transfer request conditions are met, transfer occurs in accordance with the
DMAC Il index provided by a vector for the peripheral function interrupt as rewritten on (2).

Figure 1.12.4 shows a relocatable vector and DMACII index when chained transfer is in progress.
With chained transfer, a relocatable vector table must be located in the RAM.

RAM
INTB
Relocatable vector
-a— Peripheral I/O interrupt vector causing DMAC Il request
DMAC Il default value is BASE(1).
BASE(1)
DMAC Il
Index(1)
(CADR1 to BASE(2) — The above vector is rewritten to BASE(2)
CADRO) when a transfer is completed.
Started at BASE(2) when next request conditions
are met.
Transferred according to DMAC Il Index.
BASE(2) 4—,
DMAC I
Index(2)
(CADR1 to BASE(3) — The above vector is rewritten to BASE(3)
CADRO) when a transfer is completed.

Figure 1.12.4. Relocatable Vector and DMAC Il Index

5. End-of-transfer Interrupt
The INTE bit in MOD selects the End-of-transfer interrupt. A starting address of the end-of-transfer inter-
rupt routine should be set in the IADR1 to IADRO bits. The end-of-transfer interrupt is generated when
COUNT reaches "0."
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Execution Time
DMAC Il execution cycle is calculated by the equation below.

Other than multiple transfers,t=6+ (26 +a+b+c+d) Xm+ (4 + e) X n (cycles)

Multiple transfers, t =21 + (11 + b + ¢) X k (cycles)

where :

a: If IMM = 0 (source of transfer is immediate data), a = 0; if IMM = 1 (it is memory), a = -1

b: If UPDS = 0 (source address of transfer is a locatable address), b = 0; if UPDS =1 (it is a fixed address),
b=1

c: If UPDD = 0 (destination address of transfer is a locatable address), ¢ = 0; if UPDD = 1 (it is a fixed
address), c=1

d: If OPER = 0 (arithmetic function is not selected), d = 0; if OPER = 1 (arithmetic function is selected) and
LIPDS = 0 (source of transfer is immediate data or fixed address memory), d = 7; if OPER = 1 (arith-
metic function is selected) and LIPDS = 1 (source of transfer is locatable address memory), d = 8

e: If CHAIN = 0 (chained transfer function is not selected), e = 0; if CHAIN = 0 (chained transfer function
is selected), e =4

m: BRST = 0 (single transfer), m = 1; BRST = 1 (burst transfer), m = the value set by COUNT

n: fCOUNT=1,n=0;if COUNT=0,n=1

k: Number of transfers set by the CNT2 to CNTO bits

The above equation applies only when all of the following conditions are met.

* A bus wait is set to "0".

* DMAC Il Index is set to an even address.

* During a word transfer, all transfer source address, transfer destination address, and operation address
are set to even addresses.

The first instruction from end-of-transfer interrupt routine is executed in 7 cycles after DMAC Il transfers
are completed.
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When using an end-of-transfer interrupt (transfer counter = 2) after performing a memory to memory

transfer, source address relocatable, destination address fixed, single transfer and double transfer
with a chained transfer function unselected

a=-1 b=1 c=1 d=0 e=0 m=1

First DMAC Il transfer t=6+27x1+4x1=37 cycles
Second DMAC Il transfer t=6+27x1+4x0=33 cycles

DMAC Il transfer request DMAC Il transfer request

DMAC Il transfer DMAC Il transfer Transfer end interrupt processing
P o P .
rogram (First time) rogram (Second time) executed
37 cycles 33 cycles 7 cycles

Transfer counter = 2 Transfer counter = 1

Decrement transfer counter

Decrement transfer counter
Transfer counter = 1

Transfer counter = 0

Figure 1.12.5. Transfer Cycle

When an interrupt request causing DMAC Il request conditions and interrupt request with higher priority
(e.g. NMI or watchdog timer) are generated, this higher priority interrupt takes precedence over the

DMAC Il transfer to be received. The pending DMAC Il transfer starts after an interrupt processing se-
guence is completed.
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Timer

The microcomputer has eleven 16-bit timers. Five timers A and six timers B have different functions. Each
timer functions independently. Count source of each timer is a clock for the timer operation like counting
and reloading, etc. Figures 1.13.1 and 1.13.2 show block diagrams of the timer A and timer B configuration.

Clock prescaler
Main clock > f1 xein O fca2
Ring oscillator
clock < fs o ] Reset
CPSR bit in CPSRF register
PLL clock ot
- - o fon SEL10"1
CST (Note 1)
f1 fg fan fC32
00 TCK1 10 TCKO
00: Timer mode
9LS TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
oo 105 o\c I 1 Timer AO interrupt
=710 O Timer AO -
i 03 | 1
TA0N O) @—‘E o0 5° TAOTGH to
Q TAOTGL 01: Event counter mode
f
TCK1 to TCKO 1
00 00: Timer mode
01 TMOD1 to TMODO 10: One-shot tiemr mode
10/~ 11: PWM mode
oo 1076 \ [ 1 Timer Al interrupt
- [ =ee) ] Timer Al -
N 0]
TAIN O 2> fiter o0 0/0 TALTGH to L |
Q TALITGL 01: Event counter mode
L
11
TCK1 to TCKO
00 00: Timer mode
o) TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
olllo 1018 \o 1 Timer A2 interrupt
- ¢-0 0 —l Timer A2 -
N 01
Tazn O e oo™ [ razrarne |
o TA2TGL 01: Event counter mode
L
11
TCK1 to TCKO
00 00: Timer mode
01 o) TMOD1 to TMODO 10: One-shot timer mode
1015 11: PWM mode
¢ilo 178 \ I 1 Timer A3 interrupt
- [ =e) o) Timer A3 -
0]
TA3N () §>—i Noee 00 O/C TA3TGH fo L |
[e] TA3TGL 01: Event counter mode
1
TCK1 to TCKO 1
00 00: Timer mode
0115 TMOD1 to TMODO  10: One-shot timer mode
1015 11: PWM mode
oo 1074 \O 1 Timer A4 interrupt
- ¢-10 o) —l Timer A4 -
N 0]
Taan O R e FW .
Q TA4TGL 01: Event counter mode
‘} 11
Timer B2 overflow
or underflow
CST: Bit in TCSPR register
TCK1 to TCKO, TMODL1 to TMODO : Bits in TAIMR register
TAOGH to TAOGL: Bits in ONSF register
TAIGH to TAIGL: Bits in TRGSR register (i=1 to 4)
Notes :
1. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

Figure 1.13.1. Timer A Configuration
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Clock prescaler

Main clock -1
Ring oscillator o
clock R
PLLclock 18 8 CPSR bitin CPSRF register eset
E setto "1"
CsT (Note 1)

f1 f8 fan fC32
Timer B2 overflow or underflow (to timer A count source)
TcKitoTcko

00
01l 5 TMODL to TMODO .
10 ° 00: Timer mode
0&-0 P 10: Pulse width measurent mode Ti BO ints .
TBOIN Nose] 1 - imer interrup
G loise o0 o Timer BO ————————
filter 0 ekt
01:Event counter mode
TCK1 to TCKO
00
23 O TMODL to TMODO
o) 00: Timer mode
oLllo L 10: Pulse width measurent mode
TB1IN - o Timer B1 interrupt
Noise .
G 2>_| filter |_ o ad O—I Timer B1 |‘0—>
TCK1
OOTCKl to TCKO 01:Event counter mode
23 '9) TMODL to TMODO
’e) 00: Timer mode
oiltlo 1O x 10: Pulse width measurent mode Timer B2 i
- imer interrupt
N .
TB2IN G fi?tlesre 00 8] —I Timer B2
TCK1
01:Event counter mode
TCK1 to TCKO
00 CK1to TC

O,

01
0 \ TMODL to TMODO
00: Timer mode

11

o

=0 1 10: Pulse width measurent mode
- Timer B3 interrupt
Noise -
: p——
83N () :E—O oo lo —| Timer B3 |-<
00 TCK1 to TCKO 01:Event counter mode
01
o1 TMOD1 to TMODO .
') 00: Timer mode
oo 10 x 10: Pulse width measurent mode
i - Timer B4 interrupt
TB4IN O @_% o OO O I Timer B4 |—<b—> P
TCK1
TCK1 to TCKO 01:Event counter mode
00
(1)3 &c TMOD1 to TMODO
1 O 00: Timer mode
0 10 10: Pulse width measurent mode . .
- Timer B5 interrupt
Noise «[O\C | "
i p——
85N () s o Yo { Timer B5 I
01:Event counter mode

CST : Bitin TCSPR register
TCK1 to TCKO, TMOD1 to TMODO : Bits in TBIMR register (i=0 to 5)

Notes :
1. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

Figure 1.13.2. Timer B Configuration
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Timer A
Figure 1.14.1 shows a block diagram of the timer A. Figures 1.14.2 to 1.14.5 show registers associated with
the timer A.
The timer A supports the following four modes. Except in event counter mode, all timers AO to A4 have the
same function. The TMOD1 to TMODOQO bits in the TAIMR register (i=0 to 4) determine which mode is used.

» Timer mode: The timer counts an internal count source.

» Event counter mode: The timer counts an external pulse or overflow and underflow of other timers.

Mitsubishi Microcomputers

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

» One-shot timer mode: The timer outputs one valid pulse until the counter reaches "000016".
Pulse width modulation mode: The timer consecutively outputs a given pulse width.

Selecting clock

j=i-1, except j=4 if i=0
k=i+1, except k=0 if i=4
Notes :

1. The CNT3 to CNTO bits in the TCSPR register

Timer AO 034716 034616 Timer A4 Timer Al
Timer A1 034916 034816 Timer A0 Timer A2
Timer A2 034B16 034A16 Timer Al Timer A3
Timer A3 034D16 034C16 Timer A2 Timer A4

determines either "No division (n=0)" or "divide-by-2n Timer A4 034F1s 034Eis Timer A3 Timer AQ

(n=1to 15)".
2. Overflow or underflow

TCK1 to TCKO, TMOD1 to TMOCO, MR2 to MR1 : Bits in TAIMR register
TAITGH to TAITGL : Bit in ONSF register if i=0, Bits in TRGSR register if i=1 to 4

O N -
Selecting count ES_ Data bus high-order Ibli(s ~
source ! -
' Data bus low-order bits
[ 00 TCK11t0 TCKO . Timer :TMOD1 to TMODO0=00, MR2=0 ) 3 Figh )
1 — * One-shot timer :TMOD1 to TMOD0=10 : Low-order -
fs 2—(1).0 « Pulse width modulation : TMOD1 to TMOD0=11 -,u\éng tg TMODO, 8 bits iyt g’gﬁ;
o H b \/
120 : ~ -
fan 11 « Timer(gate function):TMOD1 to TMODO0=00 . | Reload register
fca2—1—o0O MR2=1 o N VAN AN
« Event counter:TMOD1 to TMOD0=01 o : L 1l 1l
o] Polarity prmn oo g=p% Counter —
A selector ! TABSR register Increment / decrement
iIN ! Always decrement except
! in event counter mode
00 : 00
01 Q : 01
TB2 overflow? 0 O ' 11
TAj overflow? ) FO ! Decrement —
TAk overflow? —O 01 KC
TAITGH to TAITGL ; o)
________________________________________________ ' 0 TMOD1 to TMODO
UDF register —KO
1
—1O
Pulse output MR2
TAiouT
O | I Toggle flip flop I
i=0to 4 TAi  Addresses TAj TAK

Figure 1.14.1. Timer A Block Diagram
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Timer Ai register (i=0 to 4)*

3)175) (ES) b7 bo Symbol Address When reset
| | TAO to TA2 034716-034616, 034916-034816, 034B16-034A16 Indeterminate
TA3, TA4 034D16-034C16, 034F16-034E16 Indeterminate
Mode Function Value that ca be set| RW

A count source divided by n+1,

given n as a setting value 000016 to FFFF16 | RW

Timer mode

A count source divided by FFFF16 -
n+1 when a count source is
incremented and by n+1 when a 000016 to FFFF16 |RW
count source is decremented given
n as the setting value?

Event counter
mode

- i A count source divided by n, given
One-shot timer yhg 000016 to FFFF163| WO

--------------- mode n as a setting value, then stopped*
Given fj as a frequency of count
Pulse width source and n as a setting value of
modulation mode| TAl register, 000016 to FFFF163| WO

. PWM cycle: (2 -1) /fj
(16-bit PWM) "H" width of PWM pulse: n / fj
(Note 5)

Given fj as a frequency of count
source, n as high-order address

Pulse width setting value of TAi register and m | 001610 FE16%
modulation mode as Iov_v-order address setting value |(High-order address) WO
: of TAi register, 0016 to FE163
(8-bit PWM) PWM cycle: (2° -1)x(m+1) / fj (Low-order address)
"H" width of PWM pulse: (m+1)n / fj
(Note 5)

Notes :

1. For read and write, 16-bit data should be used as a transfer unit.

2. The TAi register counts how many pulses are input from an external input pulse or how
many times another timer overflows and underflows.

3. The MOV instruction should be used to set the TAi register.

4. When setting the TAi register to "000016", the counter does not operate and a timer Ai
interrupt request is not generated.

5. When setting the TAi register to "000016", a pulse width modulator does not operate and
an output level of the TAIOUT pin remains in "L". the TAi interrupt request is also not
generated. This also occurs in an 8-bit pulse width modulator mode when 8 high-order bits
in the TAi register are set to "0016".

Figure 1.14.2. TAO to TA4 Registers
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Count start flag

b7 b6 b5 b4 b3 b2 bl bO

Timer Ai mode register (i=0 to 4)

b7 b6 b5 b4 b3 b2 bl bO

Symbol Address When reset
TAOMRO to TA4AMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit name Function RW
symbol
b1b0
TMODO 00 : Timer mode RW
Operation mode 0 1: Event counter mode
select bit 10 : One-shot timer mode
TMOD1 1 1: Pulse width modulation RW
(PWM) mode
MRO | Nothing is assigned. When write, should set to "0". —
MR1 RW
MR2 Function varies depending on an RW
operation mode
MR3 RW
TCKO RW
Count source Function varies depending on an
select bit operation mode
TCK1 RW
Symbol Address When reset
TABSR 034016 0000 00002
Bit Bit name Function RW
symbol
TAOS Timer AO count 0 Stops countl_ng RW
start flag 1: Starts counting
Timer Al count 0 : Stops counting
TALS start flag 1: Starts counting RW
TA2S Timer A2 count 0 Stops counting RW
start flag 1: Starts counting
Timer A3 count 0 : Stops counting
TA3S start flag 1: Starts counting RW
TA4S Timer A4 count 0 Stops count{ng RW
start flag 1: Starts counting
Timer BO count 0 : Stops counting
TBOS start flag 1: Starts counting RW
Timer B1 count 0 : Stops counting
TB1S start flag 1: Starts counting RW
Timer B2 count 0 : Stops counting
TB2S start flag 1: Starts counting RW

Figure 1.14.3. TAOMR to TA4MR Registers and TABSR Register
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Up/down flag!

b7 b6 b5 b4 b3 b2 bl b0

Symbol Address When reset
UDF 034416 0000 00002
Bit . )
symbol Bit name Function RW
TAOUD | Timer AO up/down flag 2 :?E:;:gi?t (Note 2) | RW
TA1UD | Timer Al up/down flag (1) aif:n";i?t (Note 2) | RW
TA2UD | Timer A2 up/down flag 2 :?Ef;?;gi?t (Note 2) | RW
TA3UD | Timer A3 up/down flag | o & PecTement (Note 2) | RW
TA4UD | Timer A4 up/down flag 2 aifx;i?t (Note 2) | RW
) 0 : two-phase pulse signal processing
Timer A2 two-phase function disabled
TA2P |pulse signal processing . ] . . WO
f - lect bi 1 : two-phase pulse signal processing
unction select bit function enabled (Note 3)
’ 0 : two-phase pulse signal processing
Timer A.3 two phase‘ function disabled
FREEEEEEEEREEEEEEREEEEEEE TA3P |pulse signal processing |, ..~ A . WO
' function select bit 1 : two-phase pulse signal processing
function enabled (Note 3)
' 0 : two-phase pulse signal processing
s TALP Tlurgir S?Ant;\llo-r%r::?;iin function disabled WO
puise signal proc 9 1 two-phase pulse signal processing
function select bit
function enabled (Note 3)

Notes :

One-shot start flag

b7 b6 b5 b4 b3 b2 bl b0

1. The MOV instruction should be used to set this register.
2. This bit is enabled when setting the MR2 bit in the TAIMR register to "0" (contens of the

UDF register cause increment/decrement switching) in the event counter mode.
3. This bit should be set to "0" when not using a two-phase pulse signal processing function.

Symbol Address When reset
ONSF 034216 0000 00002
Bit Bit name Function RW
symbol
Timer AO one-shot 0:idle
TA0OS start flag 1: Timer start (Note 1) RW
Timer Al one-shot 0:idle
TA10S start flag 1: Timer start (Note 1) RW
Timer A2 one-shot 0:idle
TA20S start flag 1: Timer start (Note) | RW
Timer A3 one-shot 0:idle
TASOS start flag 1 : Timer start (Note 1) | RW
Timer A4 one-shot 0 :idle
TA40S start flag 1: Timer start (Note 1) RwW
. .| 0:Z-phase input disabled
TAZIE | Z-phase input enable bit| 1: Z-phase input enabled RW
b1 b0
TAOTGL 0 0 : Selects input on TAOIN RW
Timer AO event/trigger | 01: Selects TB2 overflow?
select bit 10 : Selects TA4 overflow?
TAOTGH 11: Selects TA1 overflow? RW

Notes :
1. When read, a value is "0".
2. Overflow or underflow.

Figure 1.14.4. UDF Register and ONSF Register
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Trigger select register

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset

| | | | | | | | | TRGSR 034316 0000 00002
Bit Bit name Function RW
P14 4 1 1 1| symbol
A b160
LoroL oL M| TALTGL | ) 00 : Selects input on TALIN RW
A Timer Al event/trigger | ¢ 1 : Selects TB2 overflow!
- select bit . 1
e TALTGH 10 : Selects TAO overflow RW
- 11: Selects TA2 overflow!
A b1b0
R A TA2TGL | . 00 : Selects input on TA2IN RW
oo T'Tert ﬁ% event/trigger | ¢ 1 . selects TB2 overflow?
FE - select bi . 1
E E E E emmmmmmma——- TA2TGH 10: Selects TAL overflow RW
oo 11 : Selects TA3 overflow!
b1b0
LR EELEEEEEEELE TA3TGL 00 : Selects input on TA3IN RW
o Timer A3 event/trigger | 01 : Selects TB2 overflow!
oo select bit 10 : Selects TA2 overflow!
P TTTTTmmmmmmmmmmmees TASTGH 11 : Selects TA4 overflow* RW
b1b0
T TA4TGL | . 00 : Selects input on TA4IN RwW
E Timer A4 event/trigger 01 : Selects TB2 overflow!
' select bit

___________________________ TAATGH 10 : Selects TA3 overflow! RW
1 1: Selects TAO overflow!

Notes :
1. Overflow or underflow.

Count source prescaler register

b7 b6 b5 b4 b3 b2 bl bo

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

Py
=

Symbol Address When reset

2 g Z g 2 g TCSPR 035F16 0XXX 00002
Bit Bit name Function RW
P11 11| symbol
e RW
E E E E E E R f2n is equal to the one that is divided the | Ry
- CNT1 . ) )
rooror o n L . . main clock, ring pscillator and PLL clock
- Divide ratio select bit . .
T by 2n, given n as the setting value.
A T R CNT2 Not divided if n=0. RW
E E E E E (Note 1)
e CNT3 RW
Pl e — RW

0 : Stopping a divider

--------------------------- CST [ Operation enable bit ) .
1 : Operating a divider

RW

Notes :
1. The CNT3 to CNTO bits should be rewritten after setting the CST bit to "0" (stops a divider).

Figure 1.14.5. TRGSR Register and TCSPR Register
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Table 1.14.1. Pin Settings for Output from TAiouT Pin

Pin Bit and setting values
PS1, PS2 registers PSL1, PSL2 registers PSC register
P70/TAOOUT! PS1 0=1 PSL1 0=1 -
P72/TAlouTt PS1 2=1 PSL1 2=1 -
P74/TA20UT PS1 4=1 PSL1_4=0 PSC 4=0
P76/TA30UT PS1 6=1 PSL1 6=1 -
P8o/TA40UT PS2 0=1 PSL2_0=0 -
Notes :

1. N-channel open drain

Table 1.14.2. Pin Settings for Input from TAIiIN and TAiouT Pins

Pin Bits and setting values
PS1, PS2 registers PD7, PD8 registers
P70/TAOoOUT PS1_0=0 PD7_0=0
P71/TAQIN PS1_1=0 PD7_1=0
P72/TAlouT PS1_2=0 PD7_2=0
P73/TALIN PS1_3=0 PD7_3=0
P74TA20UT PS1_4=0 PD7_4=0
P75/TA2IN PS1_5=0 PD7_5=0
P76TA30UT PS1_6=0 PD7_6=0
P77/TA3IN PS1_7=0 PD7_7=0
P80TA40uUT PS2_0=0 PD8_0=0
P81/TA4IN PS2_1=0 PD8_1=0
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1. Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 1.14.3). Figure 1.14.6
shows the TAIMR register in timer mode.

Table 1.14.3. Specifications in Timer Mode

Item

Specification

Count source

f1, fs, fonl, fca2

Count operation

* The timer decrements the counter
* When the timer underflows, it reloads contents of the reload register into ones of the

count register to continue counting.

Divide ratio

1/(n+1)  n: setting value of TAi register (i=0 to 4) 000016 to FFFF16

Count start condition

The TAIS bit in the TABSR register is set to "1" (starts counting)

Count stop condition

The TAIS bit is set to "0" (stops counting)

Interrupt request generation timing

Timer underflows

TAIIN pin function

Programmable I/O port or gate input

TAIouT pin function

Programmable I/O port or pulse output

Read from timer

The Ai register indicates a value of the counter

Write to timer

» When the counter stops or before the first count source prior to starting of the counter
is input
A value written to the TAi register is also written to both reload register and counter
* While counting
A value written to the TAi register is written to the reload register only
(Transferred a value to the counter at the next reload time)

Selectable function

* Gate function

Input signal to the TAIIN pin determines whether the timer starts or stops counting
« Pulse output function

A polarity of the TAiouT pin is inversed whenever the timer underflows

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n

(n=1to 15)".
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Timer Ai mode register (i=0 to 4) (Timer mode)

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset

TAOMRO to TA4AMR 035616, 035716, 035816, 035916, 035A16 0000 0X002

syIrBTitboI Bit name Function RW
Poiob i bbb hTmoDo RW
Operation mode %180_ T J

A select bit - Himer mode
e TMOD1 RW
A T T R T MRO | Nothing is assigned. When write, should set to "0". —
R o160

A . MR1 0 X : Gate function disabled* | rw
F Gate functi (TAiIN pin is a programmable I/0 pin)

ate lunction 1 0 : Timer counts only when the
S CLCLEICIEEE select bit TAIIN pin is set to "L"

MR2 11 : Timer counts only when the RwW
oo TAIIN pin is set to "H"

P T MR3 | Shold be set to "0" in timer mode RW
P b1.60

SRR EEEE LR EEED TCKO 00:f1 RW
Count source 01:fs

select bit 10: fan2

--------------------------- TCK1 11 fcs2 RW

Notes :
1. X value can be set to either way "0" or "1".
2. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or
"divide-by-2n (n=1 to 15)".

Figure 1.14.6. TAOMR to TA4AMR Registers
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(2) Event Counter Mode
In event counter mode, the timer counts how many external signals are input or how many times another
timer overflows and underflows. The timers A2, A3 and A4 can count an external signal two-phase. Table
1.14.4 lists specifications in event counter mode (when not processing two-phase pulse signal). Table
1.14.5 lists specifications in event counter mode (when processing two-phase pulse signal on the timer
A2, A3 and A4). Figure 1.14.7 shows the TAIMR register in event counter mode.

Table 1.14.4. Specifications in Event Counter Mode (when not processing two-phase pulse signal)

Item

Specification

Count source

 External signal input to the TAIIN pin (i = 0 to4) (valid edge can be selected by program)
» The timer B2 overflows or underflows, timer Aj overflows or underflows (j=i-1, except

j=4 if i=0) and timer Ak overflows or underflows (k=i+1, except k=0 if i=4)

Count operation

» Determines whether the timer increments or decrements the counter
* When the timer overflows or underflows, it reloads contents of the reload register into
ones of the count register to continue counting. With the free-running count function,

the timer continues counting without a reloading operation

Divide ratio

* 1/(FFFF16 - n + 1) for a counter increment
« 1/(n + 1) for a counter decrement n : setting value of the TAi register 000016 to FFFF16

Count start condition

The TAIS bit is set to "1" (starts counting)

Count stop condition

The TAIS bit is set to "0" (stops counting)

Interrupt request generation timing

The timer overflows or underflows

TAIIN pin function

Programmable I/O port or count source input

TAiouT pin function

Programmable I/O port, pulse output or input to a select the counter increment/decrement

Read from timer

The Ai register indicates a value of the counter

Write to timer

» When the counter stops or before the first count source prior to starting of the counter
is input
A value written to the TAi register is also written to both reload register and counter.
* While counting
A value written to the TAi register is written to reload register only

(Transferred a value to the counter at the next reload time).

Selectable function

 Free-running count function

Contents of the reload register are not reloaded even if the The timer overflows or
underflows
 Pulse output function

A polarity of the TAiouT is inversed whenever the timer overflows or underflows
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Table 1.14.5. Specifications in Event Counter Mode (when processing two-phase pulse

signal on timer A2, A3 and A4)

Item

Specification

Count source

Two-phase pulse signal input to the TAIiIN or TAIoOuT pin (i = 2 to 4)

Count operation

« Determines whether the timer increments or decrements the counter

« When the timer overflows or underflows, it reloads contents of the reload register into
ones of the count register to continue counting. With the free-running count function,
the timer continues counting without a reloading operation

Divide ratio

e 1/ (FFFF16 - n + 1) for a counter increment
e 1/ (n + 1) for a counter decrement n : setting value of the TAi register

Count start condition

The TAIS bit is set to "1" (starts counting)

Count stop condition

The TAIS bit is set to "0" (stops counting)

Interrupt request generation timing

The timer overflows or underflows

TAIIN pin function

Two-phase pulse input

TAiouT pin function

Two-phase pulse input

Read from timer

The Ai register indicates a value of the counter

Write to timer

* When the counter stops or before the first count source prior to starting of the counter is
input

A value written to the TAi register is also written to both reload register and counter
* While counting

A value written to the TAi register is written to the reload register only

(Transferred to counter at next reload time).

Selectable function?

* Normal processing operation (the timer A2 and timer A3)
While input signal to the TAjouT pin is set to "H" the timer increments the counter on

the rising edge of the TAjIN pin or decrements the counter on the falling edge

TAjouT
TAjIN § § § LI LI L

(j:2 3) Increment Increment Increment Decrement Decrement Decrement
L

« Multiplied-by-4 processing operation (the timer A3 and timer A4)
When an input signal to the TAkouT pin is set to "H" with the rising edge of the TAKIN pin,
the timer increments the counter on the rising and falling edges of the TAkout and TAkin
pins.
When an input signal to the TAkouT pin is set to "H" with the falling edge of the TAKIN
pin, the timer decrements the counter on the rising and falling edges of the TAkouT
and TAKIN pins.

TAKOUT §i§i§_i§i§i

Increment on all edges Decrement on all edges

Notes :

1. Only timer A3 is selectable. The timer A2 is fixed to normal processing operation. The timer A4 is
fixed to multiplied-by-4 operation.
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b7 b6 b5 b4 b3 b2 bl bO

HEEEEX

Timer Ai mode register (i=0 to 4) (Event counter mode)

Symbol Address When reset
TAOMR to TAMMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Function Function
syr7!|b0| Bit name (When not using two-phase| (When using two-phase | RW
pulse signal processing) | pulse signal processing)
TMODO b1bo RW
Operation mode
. 0 1: Event counter model
select bit
TMOD1 RW
MRO Nothing is assigned. When write, should set to "0". —
0 : Counts falling edges
Count polari i
MR1 P 2 4 ) of external signal Should set to "0" RW
select bit: 1: Counts rising edges
of external signal
Increment/decrement | 0 : Content of UDF
MR2  |switching cause 1 : Input signal to Should set to "1" RW
select bit TAiouT pin3
MR3 Should set to 0" in event counter mode RW
TCKO Count operatllon 0: Reloadlng RW
type select bit 1: Free running
Two-phase pulse 0: Norme:_l processing
TCK1 |signal processing Should set to "0" . operation RW
tion select bit45 1+ Muttiplied-by-4
opera processing operation

Notes :

event counter mode.

1. The TAITGH and TAITGL bits in the ONSF or TRGSR register determine a counter source in the

2. The MR1 bit is enabled only when counting how many times external signals are input.
3. The timer decrements the counter when an input signal to the TAiouT pin is set to "L" and the timer
increments the counter when an input signal to the TAiouT pin is set to "H".

4. The TCK bit is enabled for the TA3MR register.
5. For two-phase pulse signal processing, the TAjP bit in the UDF register (j=2 to 4) should be set to "1"
(two-phase pulse signal processing function enabled). Also, the TAITGH and TAITGL bits should be

set to "002" (input to the TAjIN pin).

Figure 1.14.7. TAOMR to TA4AMR Registers
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* Counter Reset by Two-Phase Pulse Signal Processing
The timer counter is reset to "0" by the Z-phase (counter reset) input when processing a two-phase
pulse signal.
This function can be used in timer A3 event counter mode, two-phase pulse signal processing, free-
run type and multiplied-by-4 processing. The Z-phase is input to the INT2 pin.
When the TAZIE bit in the ONSF register is set to "1" (Z-phase input enabled), the counter is enabled
by a Z-phase input. When the counter is reset to "0" by Z-phase input, the TA3 register should be set
to "000016" initially.
Z-phase input is enabled when an edge of the INT2 input is detected. The POL bit in the INT2IC
register determines an edge polarity. The Z-phase should have a pulse width equal to or more than
one cycle of timer A3 count source. Figure 1.14.8 shows two-phase pulses (A-phase and B-phase)
and the Z-phase.
Z-phase input resets the counter in the next count source following Z-phase input. Figure 1.14.9
shows the counter reset timing.
Timer A3 interrupt request is generated twice when a timer A3 overflow and underflow coincide with
counter reset by INT2 input. Avoid using a timer A3 interrupt request when this function is used.

TA30uUT T _I
(A-phase) — ‘ : ; !
TA3IN | | |
(B-phase) \—,— : ! ‘
Count source |_| |_| |_| |_| |_| |_| |_| |_| |_| |_|
INT2L 4|_—‘
(Z-phase) ! :

<>
Pulse width equal to or more than one Notes :
cycle of count source is required 1. When the rising edge of INT2 is selected.

Figure 1.14.8. Two-phase Pulse (A-phase and B-phase) and the Z-phase
TA30uT 4|—|—|7
(A-phase)

TA3IN _I—I—I—I—
(B-phase) |

Count source |_| |_| |_| |_| |_| |_|
NT2L f
(Z-phase)
Count value X m Xm+1>< 1 X 2 X 3 >< 4 X 5

Counter is reset at this timing  Notes :
1. When the rising edge of INT2 is selected.

Figure 1.14.9. Counter Reset Timing
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3. One-shot Timer Mode
In one-shot timer mode, the timer operates only once in response to one trigger (see Table 1.14.6).
When a trigger occurs, the timer starts up and continues operating for a given period. Figure 1.14.10
shows the TAIMR register (i=0 to 4) in one-shot timer mode.

Table 1.14.6. Specifications in One-shot Timer Mode

Item Specification
Count source f1, fg, fnl, fcaz
Count operation » The timer decrements the counter

* When the counter reaches "000016", the timer stops counting after reloading
« If a trigger occurs while counting, the timer reloads to resume counting

Divide ratio 1/n  n: setting value of the TAi register (i=0 to 4) 000016 to FFFF1s, the counter do not
run if n=000016
Count start condition » The TAIS bit in the TABSR register is set to "1" (starts counting) and following triggers

are generated
« External trigger is input
* The timer overflows and underflows
» The TAIOS bit in the ONSF register is set to "1" (timer starts)
Count stop condition » Reload after the counter has reached "000016"
* The TAIOS bit is set to "0" (timer stops)
Interrupt request generation timing |Counter reaches "000016"

TAIIN pin function Programmable 1/O port or trigger input

TAiouT pin function Programmable 1/O port or pulse output

Read from timer Value is indeterminate by reading the TAi register

Write to timer » When the counter stops or before the first count source prior to starting of the counter
is input

A value written to the TAi register is also written to both reload register and counter.
* When counting is in progress
A value written to the TAi register is written to the reload register only.

(Transferred a value to counter at the next reload time.)

Notes :
1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n
(n=1to 15)".
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Timer Ai mode register (i=0 to 4) (One-shot timer mode)
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address When reset

| . | . | . | . | . | . | . | | TAOMRO to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit name Function RW
Py 2 4 3 4 i | symbol
O A RVl RW
Operation mode b1b0 hot i g
I select bit 0 1 : One-shot timer mode
R R TMOD1 RW
R T Rer MRO | Nothing is assigned. When write, should set to "0". —
) |0 : Falling edge of input signal to TAIIN pin
R 1
oo MR1 | External trigger select bit 1: Rising edge of input signal to TAIIN pin RW
A A . . 0: TAIOS bitis enabled
. MR2 | Trigger select bit 1: Selected by TAITGH and TATGL bits | RV
R SRELLLELEEEELED MR3 Should set to "0" in the ohe-shot timer mode RW
P b1.b0
P Rrrmmeeesnnenseeann TCKO 00 f1 RW
Count source 01:fs
select bit 10: fon2
--------------------------- TCK1 11:fos RW
Notes :

1. The MRL1 bit is enabled only when the TAITGH and TAITGL bits in the TRGSR are set to
"002". The MR1 bit can be set to either way "0" or "1" when setting to "012" (TB2 overflow
and underflow), "102" (TA4 overflow and underflow) or "112" (TA1 overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or
"divide-by-2n (n=1 to 15)".

Figure 1.14.10. TAOMR to TA4AMR Registers
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4. Pulse Width Modulation Mode
In pulse width modulation mode, the timer outputs pulses of a given width continuously (see Table
1.14.7). The counter functions as either 16-bit pulse width modulator or 8-bit pulse width modulator.
Figure 1.14.11 shows the TAIMR register (i=0 to 4) in pulse width modulation mode. Figures 1.14.12 and
1.14.13 show examples of how a 16-bit pulse width modulator operates and of how an 8-bit pulse width
modulator operates.

Table 1.14.7. Specifications in Pulse Width Modulation Mode

Iltem Specification
Count source f1, fs, fanl, fcaz
Count operation » The timer decrements the counter (operating as an 8-bit or a 16-bit pulse width modu-
lator)

» The timer reloads on the rising edge of PWM pulse and continues counting

« The timer is not affected by a trigger that occurs during counting

16-bit PWM e "H" width = n / fi n : setting value of TAi register 000016 to FFFF16
fi : Count source frequency

« Cycle = (216-1) / fi fixed

8-bit PWM e "H" width =n x (m+1) / fj

n : setting value of high-order address of the TAi register 0016 to FF16
Cycles = (28-1) x (m+1) / fj

m : setting value of low-order address of the TAi register 0016 to FF16

Count start condition « External trigger is input
e The timer overflows and underflows
« The TAIS bit in the TABSR register is set to "1" (start counting)

Count stop condition The TAIS bit is set to "0" (stop counting)
Interrupt request generation timing | Falling edge of PWM pulse

TAjIN pin function Programmable I/O port or trigger input

TAjouT pin function Pulse output

Read from timer The Ai register indicates a value of the counter
Write to timer * When the counter stops

A value written to the TAi register is also written to both reload register and counter.
* While counting

A value written to the TAI register is written to the reload register only.

(Transferred a value to the counter at the next reload time.)

Notes :
1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n
(n=1to 15)".
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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
| | | | | | | | | TAOMRO to TAAMR 035616, 035716, 035816, 035916, 035A16 0000 0X002
Bit Bit name Function RW
+ o+ | symbol
**| TMODO o : d b1 b0 RW
o peration mode . . .
P select bit 11 : Pulse width modulation (PWM) mode
P Reeee TMOD1 RW

--------- MRO | Nothing is assigned. When write, should set to "0". —

0 : Falling edge of input signal to TAIIN pin

1: Rising edge of input signal to TAIIN pin RW

T RRLLlh MR1 |External trigger select bitl

. . 0 : TAIOS bhit is enabled
: MR2 Trigger select bit 1: Selected by TAITGH and TAITGL bits RW

16/8-bit PWM mode 0: Functions as a 16-bit pulse width modulator

S MR3 | select bit 1: Functions as an 8-bit pulse width modulator| <"
P Temmmemeseeeneseeeeneees TCKO o RW
Count source 01:fs
select bit 10:fn2
Temrmmmmmmessssnenneey TCK1 11 :fc32 RW
Notes :

1. The MR1 bit is enabled only when the TAITGH and TAITGL bits in the TRGSR are set to
"002". The MR1 bit can be set to either way "0" or "1" when setting to "012" (TB2 overflow
and underflow), "102" (TA4 overflow and underflow) or "112" (TA1 overflow and underflow).

2. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or
"divide-by-2n (n=1 to 15)".

Figure 1.14.11. TAOMR to TA4AMR Registers
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Timer (Timer A)

When reload register = 000316 and external trigger
(rising edge of input signal to the TAIIN pin) is selected

11X (216 - 1)

Count source E i
Input signal H } | }V _____________
to TAIN pin 'K 3

Trigger is not generated by this siénal

—><—1/fixn!
PWM pulse output H ‘ ‘
from TAiouT pin w n I
wp
IR bit in TAIIC register w0
fi: Frequency of count source \ /

2
=0 (f1’4f8’ fan?, fc32) Should set to "0" when interrupt request is ackowledged, or should set by program
i=0 to

Notes :
1. n =000016 to FFFE16.
2. "No division (n=0)" or "divide-by-2n (n=1 to 15)" should be set, depending on the CNT3 to CNTO bits in
the TCSPR register.

Figure 1.14.12. 16-bit Pulse Width Modulator Operation

When reload high-order 8 bits of reload register = 0216,
reload low-order 8 bits of reload register = 0216 and
external trigger (falling edge of input signal to the TAIIN pin) is selected

1/6i X(m+1) X(28 —1)

HEH A
Count sourcel IR H
L (RS L

“‘[“
I

Input signal to TAIIN pin H }

el L1 X (1R

Underflow signal of H— — — — — - - - -
8-bit prescaler? a

PWM pulse output H
from TAiouT pin “PL ‘ T
aqn l_
IR bit in TAIIC register w0 —I_

fi: Frequenczy of count source Should set to "0" when interrupt request is
(fa, fs, fan?, fcs2) ackowledged, or should set by program

i=0to 4

Notes :
1. 8-bit prescaler counts the count source.
2. 8-bit pulse width modulator counts underflow signal of the 8-bit prescaler.
3. m = 0016 to FF16, n = 0016 to FE16
4. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)"
or "divide-by-2n (n=1to 15)" .

Figure 1.14.13. 8-bit Pulse Width Modulator Operation
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. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Timer (Timer B)
|

Timer B
Figure 1.15.1 shows a block diagram of the timer B. Figures 1.15.2 and 1.15.4 show registers associated
with the timer B. The timer B operates in three modes below. The TMOD1 to TMODO bits in the TBIMR
register (i=0 to 5) determine which mode is used.
» Timer mode : The timer counts an internal count source.
» Event counter mode : The timer counts pulses from an external source or overflow and underflow of
another timer.
* Pulse period/pulse width measuring mode : The timer measures pulse period or pulse width of an
external signal.

( Data bus high-order bits
Selecting clock source S Data bus low-order bits
TCK1 to 1 . .
TCKO ) [Low-order 8 bits High-order 8 bits
fi 00, 00: Timer 1§
01: Pulse period and pulse Reload register
01 J
f8 —o \: width measurement  MOD1 to TMODO | p p |
fant ﬂ_o KO [ J l [
fe32 i_o Tck1 Ol Counter |
T8j overflow (Note 2,3) 1 Event counter A

O O
TABSR or TBSR registerl
: Polarity switching | g0
TB Oo—
N and edge pulse

[ Counter reset circuit ||

. TBi Address TBj
i=0to 5 Timer BO 035116 035016 Timer B2
Notes : Timer B1 035316 035216 Timer BO
1. The CNT3 to CNTO bits in the TCSPR register determines Timer B2 035516 035416 Timer B1
either "no division (n=0)" or "divide-by-2n (n=1 to 15)". Timer B3 031116 031016 Timer B5
2. Overflows or underflows. ) Timer B4 031316 031216 Timer B3
3. j=i-1, except j=2 when i=0 j=5 when i=3 Timer B5 031516 031416 Timer B4

TCK1 to TCKO, TMOD1 to TMODO: Bits in TAIMR register

Figure 1.15.1. Timer B Block Diagram

Timer Bi register (i=0 to 5)*

3)175) <ES) b7 bo Symbol Address When reset
| TBOto TB2 035116 - 035016, 035316 - 035216, 035516 - 035416  Indeterminate
TB3to TB5 031116 - 031016, 031316 - 031216, 031516 - 031416 Indeterminate

Mode Function Value that can be set| RW
) A count source divided by n+1,
Timer mode given n as a setting value 000016 to FFFF16 |RW
Event counter A count source divided by n+1,
Smmmmmmmeaneee mode given n as a setting value?2 000016 to FFFF15 |RW

Pulse period/pulse |A count source is incremented at a
width measurement | period between an valid edge and | 000016 to FFFF163| RO
mode another valid edge of TBiIN pulse

Notes :
1. For read and write, 16-bit data should be used as a transfer unit.
2. The TBi register counts how many pulses are input from an external input pulse or how
many times another timer overflows and underflows.

Figure 1.15.2. TBO to TB5 Registers
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é.e . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Timer (Timer B)

Timer Bi mode register (i=0 to 5)

b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Symbol Address When reset

TBOMRO to TBSMR 035Bu16, 035C16, 035D16, 031B16, 031C16, 031D16 0000 0X002

A A A N - : ,

symbol Bit name Function RW
S o160

v v v v 1 -TMoDO 00 : Timer mode RW
- Operation mode 0 1: Event counter mode

select bit 10 : Pulse period measurement mode,
R T P TMOD1 pulse width measurement mode RW
11 : Avoid this setting

I T S S MRO RW
. MR1 Function varies depending on an RW
T MR2 operation model2 RW
RN OPPOPPOPROPPRERPORS MR3 RW
N TCKO _ _ _ RW
Count source Function varies depending on an

' select bit operation mode
e TCK1 RW

Notes :
1. The MR2 bits in theTBOMR and TB3MR registers are enabled.
2. Nothing is assigned in the MR2 bit in the TBIMR, TB2MR, TB4MR and TB5MR registers.
When write, should set to "0". When read, its content is indeterminate.

Count start flag

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | | | | | | | TABSR 034016 0000 00002

Bit Bit name Function RW
Py b r b 1 [ symbol

E E E E E E E E__ Timer AO count 0 : Stops counting

TAOS | start flag 1 : Starts counting RW
Timer Al count 0 : Stops counting

A TALS start flag 1: Starts counting RW
O Timer A2 count 0 : Stops counting

- TAZS | qtart flag 1: Starts counting RW
I Timer A3 count 0 : Stops counting

R TA3S start flag 1: Starts counting RW
R Timer A4 count 0 : Stops counting

TA4S | srart flag 1: Starts counting RW
: P Timer BO count 0 : Stops counting
N TBOS | start flag 1: Starts counting RW
N Timer B1 count 0 : Stops counting

------------------ TB1S start flag 1 : Starts counting RW
Timer B2 count 0 : Stops counting
----------------------- TB2S start flag 1 : Starts counting RW

Figure 1.15.3. TBOMR to TB5MR Registers, TABSR Register
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. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Timer (Timer B)

Timer B3, B4,B5 count start flag

b7 b6 b5 b4 b3 b2 bl bo
Symbol Address When reset

| | | |><|><|><I><I><| TBSR 030016 000X XXXX2
Bit Bit name Function RW
Py 1 i [ symbol
Nothing is assigned. When write, should set to "0".
HE - When read, its content is indeterminate. B
Timer B3 count 0 : Stops counting
P T TB3s start flag 1 : Starts counting RW
Timer B4 count 0 : Stops counting
"""""""""""" TB4S start flag 1 : Starts counting RW
E Timer B5 count 0 : Stops counting
""""""""""""""" TBSS start flag 1 : Starts counting RW

Figure 1.15.4. TBSR Register

Table 1.15.1. Settings for the TBiIN Pins (i=0 to 5)

Port name | Function Bits and Setting values

PS1, PS31 registers PD7, PD91 registers
P90 TBOIN PS3_0=0 PD9_0=0
P91 TB1IN PS3_1=0 PD9_1=0
P92 TB2IN PS3_2=0 PD9_2=0
P93 TB3IN PS3_3=0 PD9_3=0
P94 TB4IN PS3 4=0 PD9_4=0
P71 TB5IN PS1_1=0 PD7_1=0
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2
bit in the PRCR register is set to "1" (write enable). Avoid generating an interrupt and
operating a DMA transfer between the instruction to set the PRC2 bit to "1" and the

instruction to write to the PD9 and PS3 registers.
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Timer (Timer B)

1. Timer Mode

In timer mode, the timer counts an internally generated count source (see Table 1.15.2). Figure 1.15.5
shows the TBIMR register (i=0 to 5) in timer mode.

Table 1.15.2. Specifications in Timer Mode

Item

Specification

Count source

f1, fs, fonl, fca2

Count operation

* The timer decrements the counter

* When the timer overflows of underflows, it reloads contents of the reload register into
ones of the count register to continue counting with the free-running count function,
the timer continue counting without a reloading operation.

Divide ratio

1/(n+1) n : setting value of the TBi register (i=0 to 5) 000016 to FFFF1s6

Count start condition

The TBIS bit in the TABSR or TBSR register is set to "1" (start counting)

Count stop condition

The TBIS bit is set to "0" (stop counting)

Interrupt request generation timing

The timer underflows

TBIIN pin function

Programmable I/O port

Read from timer

The Ai register indicates a value of the counter

Write to timer

» When the counter stops or before the first count source prior to stating of the counter is
input
A value written to the TBi register is written to both reload register and counter.
* When counting is in progress
A value written to the TBi register is written to the reload register only
(Transferred a value to the counter at the next reload time).

Notes :
1. The CNT3to CNTO
(n=1to 15)".

bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n

Timer Bi mode register (i=0 to 5) (Timer mode)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
| | | TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

Notes :

R TCK1

o Bit ; :
!t | symbol Bit name Function RW
i % TMODO RW
Operation mode *6180_ Ti g
: select bit - limer mode
Seee- TMOD1 RW
enmenses MRO | pisabled in timer mode. RW
_________ MR1 | Canbe setto "0" or "1". RW
TBOMR, TB3MR registers RW
| Should setto "0" intimermode |
--------- MR2 [ TB1MR, TB2MR TB4MR, TB5MR registers
Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.
B R REEELELEEED MR3 Shold be set to "0" in timer mode RW
H b1 b0
------------------------ TCKO 00:f1 RW
Count spurce 01:fs
select bit 10 fanl
11:fca2 RW

1. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or
"divide-by-2n (n=1 to 15)".

Figure 1.15.5. TBOMR to

TB5MR Registers
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. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Timer (Timer B)

2. Event Counter Mode
In event count mode, the timer counts how many external signals are input or how many timers overflows
and underflows. (See Table 1.15.3.) Figure 1.15.6 shows the TBiMR register (i=0 to 5) in event counter
mode.

Table 1.15.3. Specifications in event counter mode

Iltem Specification

Count source « External signal input to the TBiIN pin (i =0 to 5)

Rising edge and falling edge or falling edge and rising edge can be selectable as an
valid edge of a count source by program.
« TBj overflows or underflows (j=i-1, except j=2 when i=0, j=5 when i=3)

Count operation « The timer decrements the counter
* When the timer underflows, it reloads contents the reload register into ones of the

register to continue counting

Divide ratio 1/(n+1) n : setting value of the TBi register 000016 to FFFF16

Count start condition The TBIS bit in the TABSR or TBSR register is set to "1" (starts counting)

Count stop condition The TBIS bit is set to "0" (stops counting)

Interrupt request generation timing | The timer underflows until the first count source, after start counting, is input

TBIIN pin function Programmable I/O port, count source input

Read from timer The Ai register indicates a value of the counter

Write to timer * When the counter stops or before the first count source prior to stating of a coutner is
input

A value written to the TBi register is also written to both reload register and counter.
* While counting

A value written to the TBi register is written to the reload register only

(Transferred to counter at next reload time).
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Timer (Timer B)

Timer Bi mode register (i=0 to 5) (Event counter mode)

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

TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

When read, its content is indeterminate.

syﬁltbol Bit name Function RW
ioro1 1 111 | TMODO | operation mode b1b0 RW
[ T i 0 1: Event counter mode

E E E E E E [ TMOD1 select bit RW
R b1b0

s MRO 00 : Counts falling edges of external signal| Ry
- B Count polarity select 01: Counts falling edges of external signal

bitl 10 Counts falling and rising edges of

T T MR1 external signal RW
11: Avoid this setting

P TBOMR, TB3MR registers RW
oo | Should setto "0" in Event countermode ~__  {
Do e MR2 | TB1IMR, TB2MR TB4MR, TB5MR registers

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

e MR3 Disabled in event coutner mode. When write, should set to "0". RO

LR T Disabled in event coutner mode.
TCKO Can be setto "0" or "1". RW

Count source 0 : Input from TBIIN pin

--------------------------- TCKL | select bit 1: TBj overflow?

RW

Notes :

1. This bit is enabled when setting the TCK1 bit to "0" (select TBiin pin input as event clock).
The MR1 bit can be set to either way "0" or "1" when setting the TCK1 bit to "1" (select
timer overflow or underflow).

2. j=i — 1, except j=2 when i=0 and j=5 when i=3.

Figure 1.15.6. TBOMR to TB5MR Registers
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3. Pulse Period and Pulse Width Measurement Mode
In pulse period and pulse width measurement mode, the timer measures pulse period or pulse width of an
external signal. (See Table 1.15.4.) Figure 1.15.7 shows the TBiIMR register (i=0 to 5) in pulse period and
pulse width measurement mode. Figure 1.15.8 shows a operation timing when measuring a pulse pe-
riod. Figure 1.15.9 shows an example of the pulse width measurement.

Table 1.15.4. Specifications in Pulse Period and Pulse Width Measurement Mode

Item

Specification

Count source

f1, fs, fon3, fc32

Count operation

* The timer increments the counter
« Counter value is transferred to the reload register on a valid edge of measurement pulse
The counter value is set to "000016" to continue counting

Count start condition

The TBIS bit in the TABSR or TBSR register is set to "1" (starts counting)

Count stop condition

The TBIS bit is set to "0" (stops counting)

Interrupt request generation

timing

« When valid edge of measurement pulse is input!

* When the timer overflows, the MR3 bit in the TBIMR register is set to "1" (overflow)
simultaneously. When the TBIS bit is set to "1" (start counting) and the next count
source is counted after setting the MR3 bit to "1" (overflow), the MR3 bit is set to "0"

(no overflow) by the TBiIMR register again.

TBIIN pin function

Measurement pulse input

Read from timer

The Ai register indicates a value of the counter?

Write to timer

Value written to TBi register can be written to neither reload register nor counter

Notes :

1. No interrupt request is generated when the first valid edge is input after the timer has started count-

ing.

2. Value read from the TBi register is indeterminate until the second valid edge is input after the timer

starts counting.

3. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n

(n=1to 15)".
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é.e . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Timer (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

TBOMR to TB5MR 035B16, 035C16, 035D16, 031B16, 031C16, 031D16 00XX 00002

sy?riltbol Bit name Function RW
Pl :. | TMoDO i b1bo _ RW
oo P Operation mode 10 : Pulse period measurement mode,
A Yoo T™MoD1 | Select bit pulse width measurement mode | Ry
H b1 bo

oo EEEEEE R MRO 00 : Pulse period measurement 1 | RW
N Measurement mode 01 : Pulse period measurement 2
Pl select bit 10 : Pulse width measurement

T T MR1 11: Avoid this setting? RW
TBOMR, TB3MR registers RW
oo Should set to "0" in Event counter mode

P tmmmmmmemeeees MR2 | TBIMR, TB2MR TB4MR, TB5MR registers

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

Vo 0 : No overflow

"""""""""" MR3 | Timer Bi overflow flag? | 1 . 5yerflow RO
b1b0

i TCKO 00:f1 RW
Count source 01:fs

H select bit 10: fon3

RRRRIRECIIECLIE TCK1 11 fos RW

Notes :

1. The MR1 to MRO bits measure as follows.
Pulse period measurement 1 (MR1 to MRO bits = 002) :
Measurement between a falling edge and the next falling edge of measurement pulse.
Pulse period measurement 2 (MR1 to MRO bits = 012) :
Measurement between a rising edge and the next rising edge of measurement pulse .
Pulse width measurement (MR1 to MRO bits = 102) :
Measurement between a falling edge and the next rising edge of measurement pulse,
between a rising edge and the falling edge of measurement pulse.

2. This bit is indeterminate when reset.
When the timer overflows, the MR3 bit is set to "1" (overflow) simultaneously. When the
TBIS bit is set to "1" (start counting) and the next count source is counted after setting the
MR3 bit to "1", the MR3 bit is set to "0" (no overflow) by setting the TBiIMR register again.
The MR3 bit cannot be set to "1" by program.

3. The CNT3 to CNTO bits in the TCSPR register determines either "no division (n=0)" or
"divide-by-2n (n=1 to 15)".

Figure 1.15.7. TBOMR to TB5MR Registers
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Count source

Uiuuuuuriyiyiuuuuyy

Measurement pulse

Transfer
/ (measured value)

N
5/(N0te1)
1

! Transfer
/ (indeterminate value)

1

1/ (Note 1)
1

transfer timing

Timing that counter reaches
"000016"

|
|
|
:
|
Reload register + counter |
|
|
|
|
|
|

wpn

TBIS bit in TABSR or
TBSR register

P

IR bit in TBIIC register

Should seet to "0" when interrupt request is accepted, or set by program

S

MR3 bit in TBIMR

register “0” -
i=0to 5
Notes :

1. Counter is reset when measurement is completed.

2. Overflow.

Figure 1.15.8. Pulse Period 1 Measurement

Count source

Measurement pulse

I
I
I
I
I
i
I
l
1 Transfer I
I
I
I
i
I
I
]
I

Transfer Transfer 1 Transfer
/(indeterminate/}v (measured value) |« (measured ; (measured value)
. I g V4 (
Reload register « counter |—| value) I—I value)
} ~ (Note 1) /(Note 1) | /(Note 1)/,(Note 1) ; /(Note 2)

Timing that counter
reaches "000016"

1 1

transfer timing l

TBIS bit in TABSR or
TBSR register

IR bit in TBIIC register

A

Should set to "0" when interrupt request is accepted, or set by program.

MR3 bit in TBIMR 1 Ii
register “qr .-
Notes :

1. Counter is reset when measurement is completed.

2. Overflow.

Figure 1.15.9. Pulse Width Measurement
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Three-phase motor control timer functions

Three-phase Motor Control Timer Functions

Three-phase motor driving waveform can be output by using the timers Al, A2, A4 and B2. Table 1.16.1
lists specifications of the three-phase motor control timer functions. Table 1.16.2 lists pin settings. Figure
1.16.1 shows a block diagram. Figures 1.16.2 to 1.16.7 show registers associated with the three-phase
control timer functions.

Table 1.16.1 Three-phase Motor Control Timer Functions Specification

Iltem Specification
Three-phase waveform output pin | Six pins (U, U, V, V, W, W)
Forced cutoff input! Input "L" to the NMI pin
Timers to be used Timer A4, Al, A2 (used in one-shot timer mode)

Timer A4: U- and U-phase waveform control
Timer Al: V- and V-phase waveform control
Timer A2: W- and W-phase waveform control
Timer B2 (used in timer mode)
Carrier wave cycle control
Dead time timer (three 8-bit timer share reload register)
Dead time control

Output waveform Triangular wave modulation, Sawtooth wave modification
Can output "H" or "L" for one cycle

Can set in positive-phase level and negative-phase level respectively

Carrier wave cycle Triangular wave modulation: count source x (m+1) x 2
Sawtooth wave modulation: count source x (m+1)
m: setting value of the TB2 register, 000016 to FFFF16
Count source: f1, f8, f2n?, fc32

Three-phase PWM output width Triangular wave modulation: count source x n x 2

Sawtooth wave modulation: count source x n
n : setting value of the TA4, TA1 and TA2 register (of the TA4, TA41, TA1, TA1l,
TA2 and TA21 registers when setting the INV11bit to "1"), 000016 to FFFF16
Count source: f1, fs, f2n, fc32

Dead time Count source x p, or no dead time
p: setting value of the DTT register, 0016 to FF16
Count source: f1, or f1 divided by 2

Active level Selectable from "H" or "L"

Positive and negative-phase con- Positive and negative-phases concurrent active disable function
current active disable function Positive and negative-phases concurrent active detect function

Interrupt frequency For the timer B2 interrupt, a carrier wave cycle-to-cycle basis through 15 times

carrier wave cycle-to-cycle basis can be selected

Notes :
1. Forced cutoff with NMI input is enabled when setting the INVO02 bit to "1" (the three-phase motor
control timer functions) and the INVO3 bit to "1" (the three-phase motor control timer input enabled).
2. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n
(n=1to 15)".
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o° . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions
|

Table 1.16.2. Pin Settings

) Bits and Setting values
Pin
PS1, PS2 registers? PSL1, PSL2 registers PSC register
P72/V PS1_2 bit=1 PSL1_2 bit=0 PSC_2 bit=1
P73V PS1_3 bit=1 PSL1_3 bit =1 —
P74/W PS1 4 bit=1 PSL1 4 bit=1 e
P75/W PS1 5 bit=1 PSL1_5 bit =0 e
P8o/U PS2_0 bit =1 PSL2_0 bit =1  —
P81/U PS2_1 bit=1 PSL2_1 bit =0 _
Notes :
1. The PS1_2to PS1_5 and PS2_0 to PS2_1 bits in the PS1 and PS2 registers should be set to "1" after setting the
INVO2 bit to "1".
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Figure 1.16.1. Three-phase Motor Control Timer Functions Block Diagram
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. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Three-phase PWM control register 0*

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
LT LT L] e

Bit . .

symbol Bit name Function RW

0: ICTB2 counter is incremented by one
when timer B2 underflows every add times

Interrupt enable output

-1 INVOO . . : iS i RW
polarity select bit 1 IF:TBZ counter is incremented bonne when
timer B2 underflows every even times
(Note 3)
0: ICTB2 counter is incremented by one
| | h
femmn- INVO1 nterr.u.pt t?nab .ezoutput when timer B2 underflows RW
specification bit 1: Selected by the INVOO bit (Note 3)

0: Not use the three-phase control timer
""""" INV02 [ Mode select bit4°® functions (High-impedance) RW
1: Three-phase control timer function®

0: Three-phase control timer output
) disabled®
""""""" INVO3 | Output control bit 1: Three-phase control timer output RW

enabled’

Positive and negative- g concyrrent active enabled
"""""""" INVO4 [phases concurrent active | ive disabled RW
disable function enable bit |- Concurrent active disable

Positive and negative- 0: Not detected

Temmmmmmmmmmnenseeeey INVO5 [phases concurrent active |, g RW
output detect flag 1: Detected
T INVOG Modulation mode select |0: Triangular wave modulation mode RW
bit® 1: Sawtooth wave modulation mod?©
Transfer trigger is generated when
H ) setting the INVO7 bit to "1". Trigger
LT ELLEEE TP PLEEEE INVO7 Software trigger select to the dead time timer is also RW

bit generated when setting the INVO6 bit
to "1". Its value is "0" when reading

Notes :

1. This register should be set after the PRC1 bit in the PRCR register is set to "1" (write enable).

2. The INVO1 bit should be set to "1" after setting a value in the ICTB2 register .

3. This bit is enabled only when setting the INV11 bit to "1" (three-phase mode 1). ICTB2 counter is
incremented by one whenever timer B2 underflows, regardless of INVOO and INVO1 bits, when setting to
"0" (three-phase mode).

4. When setting the INVO02 bit to "1", dead time timer, U-, V-and W-phase output control circuits and ICTB2
counter are operated.

5. Pins should be set after setting the INV02 bit to "1". See Table 1.16.2 about pin settings.

6. When setting the INV02 bit to "1" (three-phase control timer functions) and the INV03 bit to "0" (three-
phase control timer output disabled), U, U,V,V,Wand W pins, including on other output functions shared
pins, to goes into a high-impedance state.

7. The INVO3 bit is set to "0" in the following condition is :

- Reset
- When setting to "0" by program .
- When NMI pin is is set to "H" from "L" (Cannot be set the INV03 bit to "1" when setting NMI pin to "L".)

8. "1" cannot be set by program but "0" can.

9. The following table lists how the INVO6 bit works.

Iltem INVO6 =0 INVO6 = 1
mode Triangular wave modulation mode Sawtooth wave modulation mode
Timing to transfer from the IDBO Transfer once in sync with a Transfer every transfer trigger
and IDBL1 registers to three output | transfer trigger after setting the IDBO
shift register and IDBL1 registers

Transfer trigger : Timer B2 underflow and write to the INVO7 bit, or write to the TB2 register when INV10 = 1

10. When setting the INVO06 bit to "1", the INV11 bit to "0" (three-phase mode 0), and the PWCON bit to "0"
(reload timer B2 with timer B2 underflow) should be set.

Figure 1.16.2. INVCO Register
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o° . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Three-phase PWM control register 1*

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
INVC1 030916 0000 00002
Bit . :

symbol Bit name Function RW

Timer AL, A2 and A4 0: Timer B2 underflow

INV1 . . - Ti i RW
0 start trigger select bit 1: Timer B2 underflow and write to

timer B2
i - . . . i 3
INVLL Timer A1‘12, A2-1, A4-1 | O: Three-phase mode 0 RW
control bit 1: Three-phase mode 1
Dead time timer 0:fa
INV12 count source select bit | 1 : f1 divided by 2 RW
0: Timer A output in odd timers
INV13 |Carrier wave detect flag* ((?ount TAIL reglster valge) RO
1: Timer A output in even timers
(Count TAj1 register value)
. . : fi "L" acti
INV14 | Output polarity control bit 0 Output waveform active RW

1 : Output waveform "H" active

. . . 0: Dead time enabled
INV15 |Dead time disabled bit 1- Dead time disabled RW

—— | Reserved bit Should set to "1" RW

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

Notes :

1. This register should be set after the PRCL1 bit in the PRCR register is set to "1" (write enable).
2. The following table lists now the INV11 bit works.

Item INV11=0 INV11=1
mode Three-phase mode 0 Three-phase mode 1
TA11, TA21 and TA41 registers| Not used Used
Disabled. ICTB2 counter is
INVOO and INVO1 bit incremented whenever timer B2 Enabled
underflows
INV13 bit Disabled Enabled when INV11=1 and INV06=0

3. When setting the INVO6 bit to "1" (sawtooth wave modulation mode), this bit is set to "0" (three-phase
mode 0). Also, when setting the INV11 bit to "0", the PWCON bit is set to "0" (reload timer B2 with
timer B2 underflow).

4. The INV13 bit is enabled only when setting INV06 bit to "1" (sawtooth wave modulation mode) and the
INV11 bit to "1" (three-phase mode 1).

Figure 1.16.3. INVC1 Register

RENESAS 167

RenesasTechnology Corp.



é@‘ ‘(\G(\K Prehmlﬂal’y SpeCIflcatlonS REVlOZ Mitsubishi Microcomputers
0“\\?,\09 Specifications in this manual are tentative and subject to change. M32C/83 group

& . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Three-phase output buffer register i (i=0, 1)*

---------- DVi | V-phase output buffer i RW

1 meeeeeeaeaas DVBi | V-phase output bufferi | When read, a value of three-phase | RW

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
IDBO, IDB1 030A16, 030B16 XX11 11112
R n — —
Pl 1| symbol it name unction
i i 1 1 1 | DU |U-phase outputbufferi | write output level RW
e DUBi | U-phase output buffer i | - Active level RW
oo - 1: Non-active level

L CLCCCLLEEEEEE DWi | W-phase output buffer i shift register is read. RW
R RRELEEEEELEEE DWBI | W-phase output buffer i RW
e EEORORLELELELY - Nothing is assigned. When write, should set to "0". -

........................... —_— When read, its contents is "0". —

Notes :
1. Values of the IDB0O and IDBL1 registers are transferred to the three-phase output shift register by
transfer trigger.
After the transfer trigger occurs, the values written in the IDBO register become each phase output
signal first.
Then values written in the IDB1 register on the falling edge of timers A1, A2 and A4 one-shot pulse
become each phase output signal.

Dead time timer!2

b7 b0 Symbol Address When reset
| | DTT 030C16 Indeterminate
Function Setting range RW

As a setting value is n, after a start trigger occurs,
the timer stops when counting n times of a count
source selected by the INV12 bit. Phase of either
positive or negative phase, which change from
non-active level to active level, shifts on when the
dead time timer stops.

1to 255 WO

Notes :
1. The MOV instruction should be used to set this register.
2. The dead time timer is enabled when setting the INV15 bit to "0" (dead time enabled). No dead time
period can be set when setting the INV15 bit to "1" (dead time disabled). The INVO06 bit determines a
start trigger of the DTT register in the INVO6 bit.

Figure 1.16.4. IDBO, IDB1 and DTT Registers

168 RENESAS

RenesasTechnology Corp.



et @eﬂ\‘ Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
\3:;\‘6\0Q Specifications in this manual are tentative and subject to change. M32C/83 group

. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Timer B2 interrupt generation frequency set counter

b7 b0 Symbol Address When reset
DX | cTe2 030D16 XXXX 22272
Function Setting range | RW

When setting the INVO1 bit to "0" (the ICTB2 counter
increments whenever the timer B2 underflows) and a
setting value is n, the timer B2 interrupt is generated
whenever the nth timer B2 underflow occurs.

EEEEEE When setting the INVO1 bit to "1" (the NV0O bit selects 1to 15 WO
count timing of the ICTB2 counter) and a setting value is
n, the timer B2 interrupt is generated whenever the nth
timer B2 underflow occurs by matching the condition
selected in the INVOO bit. (Note 1)

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

Notes :
1. The MOV instruction should be used to set the ICTB2 register.
When setting the INVO1 bit to "1" and the TB2S bit to "0" (timer B2 counter stop), the ICTB2 register should be set.
When setting the INVO1 bit to "0" and the TB2S bit to "1" (timer B2 counter start), the ICTB2 register can be set.
But, when the timer B2 underflows, avoid setting the ICTB2 register.

Timer Ai, Ai-1 registert2:3:4.56

b15 b8
(b7) (b0)b7 b0 Symbol Address When reset
| H | TA1, TA2, TA4 034916 - 034816, 034B16 - 034A16, 034F16 - 034E16 Indeterminate
. TA11, TA21, TA41 030316 - 030216, 030516 - 030416, 030716 - 030616 Indeterminate
: Function Setting range RW
As a setting value is n, after a start trigger occurs , a
timer stops when nth count source is counted.
eeeeeeemnnnnns T Stop : . 000016 to FFFF1s | WO
Positive phase changes to negative phase, and vice
versa, when the timers A1, A2 and A4 stop.
Notes :

1. 16-bit data should be used for read and write.

2. When setting these registers to "000016", no counter starts and no timer Ai interrupt is generated.

3. The MOV instruction should be used to set these registers.

4. When the INV15 bit in the INVCL1 register is set to "0" (dead timer enabled), a phase, which change from
a non-active level to active level, changes when a dead time timer stops.

5. When setting the INV11 bit to "0" (three-phase mode 0), a value of the TAi register is transferred to the
reload register by a timer Aj start trigger.
When setting the INV11 bit to "1" (three-phase mode 1), value of the TAil register is transferred to the
reload register. Then value of the TAj register is transferred to the reload register when a timer Ai start
trigger occurs.

6. Avoid writing to these registers when the timer B2 underflows.

Timer B2 special mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

TB2SC 035E16 XXXX XXX02
P [ B . Funct W
A | symbol it name unction
oo : : Timer B2 reload timing 0 : Timer B2 underflow
PWCOM switching bit® 1: Timer A output in odd times RW
i

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

Notes :
1. When setting the INV11 bit to "0" (three-phase mode 0) or the INVO06 bit to "0" (timer B2 underflow),
the PWCOM bit should be set to "0" (timer B2 underflow).

Figure 1.16.5. ICTB Register, TA1, TA2, TA4, TA1l, TA21 and TA41 Registers and TB2SC Register
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& . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Timer B2 register!

b15 b8

b7) (b0)b7 bo Symbol Address When reset
TB2 035516 - 035416 Indeterminate
: Function Setting range RW
: As a setting value is n, a count source is divided by n+1.
H ) 000016 to FFFF16 | RW
--------------- Timers A1, A2 and A4 starts whenever an underflow occurs.

Notes :

1. 16-bit data should be used for write and read.

Trigger select register

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
[TTTTT111]] 7resr 034316 0000 00002
N Bit Bi Funcii RW
Pror b b bt | symbol it name unction
P i i b1 |TALTGL | Timer Al eventitrigger |Should setto "012" (TB2 underflow) before | RW
E . . . . . .. ..... TAL1TGH | select bit using a V-phase output control circuit RW
A e TA2TGL | Timer A2 event/trigger  |Should set to "012" (TB2 underflow) before | RW
T T W TA2TGH | select bit using a W-phase output control circuit RW
Voo b1b0
oo T TA3TGL | 3 i 0 0: Selects TA3IN pin input RW
T|Ter ?) evenutrigger | 1. selects TB2 overflow!
R S PR TA3TGH select bit 1 0: Selects TA2 overflow! RW
1 1: Selects TA4 overflow?!
_ Permeseessssssesenaeees TAATGL | Timer A4 event/trigger |Should set to "012" (TB2 underflow) before | RW
R L L e LR LR LR L LY TA4TGH | select bit using a U-phase output control circuit RW
Notes :
1. Overflow or underflow
Count start flag
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | | TABSR 034016 0000 00002
Pib T . .
o Pt 1| symbol Bit name Function RW
o oo Timer AO count 0 : Stops counting
TAOS | gtart flag 1 : Starts counting RW
Timer Al count 0 : Stops counting
I Do TA1S start flag 1: Starts counting RW
Timer A2 count 0 : Stops counting
HEH- Dot ) RW
Vor ' TA2S | start flag 1: Starts counting
o : Timer A3 count 0 : Stops counting
TA3S | start flag 1 : Starts counting RW
e Timer A4 count 0 : Stops counting
TA4S | start flag 1 : Starts counting RW
Timer BO count 0 : Stops counting
Pop trmmmmmemmeeeeees . RW
HE TBOS | start flag 1: Starts counting
Do Timer B1 count 0 : Stops counting
P tTTTmmmmmmmammamasraes TBIS | gant flag 1: Starts counting RW
L Timer B2 count 0 : Stops counting
TB2S start flag 1 : Starts counting RW

Figure 1.16.6. TB2, TRGSR and TABSR Registers
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Three-phase motor control timer functions
|

Timer Ai mode register (i=1, 2, 4)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

| | [of1] | [2]o] 7AIMR TA2MR, TA4MR 035716, 035816, 03516 0000 X002
A - |
: A symbol Bit name Function RW
ittt tfTMoDo Operation mode Should s_et to "102" (one-shot timer
O select bit mode) with three-phase motor RW
. TMOD1 control timer function
O MRO Nothing |§ assigned. . o
P When write, should set to "0.
Vbbb eeeeeeaeaeas MR1 External trigger select bit Dlsabled_ with thre_e-phase motor RW
FE- control timer function
Should set to "1"(selected by TRGSR
R AAREERLERELE MR2 | Trigger select bit register) with three-phase motor RW
o control timer function
R LLLLITEIT TR MR3 | Should setto "0" in the three-phase motor control timer function | RW
b1b0
P e TCKO 00:f1 RW
Count source select bit 01:fs
e TCKL 10:fnl! RW

11:fc32

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determines either "No division (n=0)" or "divide-by-

2n (n=1to 15)".

Timer B2 mode register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
| lo| | [o]o] Ta2wr 035D16 00XX 00002

A - - |
Porof i b b 1| symbol Bit name Function RW
i+ i 1 i1 1 1-{TMODO | Operation mode Should set to "002" (timer mode) with
N T TMOD1 | select bit three-phase motor control timer function| RW
T T S R SR MRO | Disabled with three-phase motor control timer function.
When write, should set to "0". —
e MR1 | When read, its content is indeterminate.
R AAREERLERELE MR2 | Should set to "0" with three-phase motor control timer function RW
R MR3 | Nothing is assigned. When write, should set to "0". RW
HE When read, its content is indeterminate.
b1b0
CENRTITTLELCELEEEEEEEEEEEEE TCKO 00:f1 RW
Count source select bit 01:fs
: 1 0:fanl
--------------------------- TCK1

11:fc32 RW

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-

2n (n=1to 15)".

Figure 1.16.7. TAIMR, TA2MR, TA4MR Registers and TB2MR Register
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. . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

When the INVO2 bit in the INVCO register is set to "1", the three-phase control timer function is activated.
The timer B2 is used for carrier wave control and timer A1, A2, A4 for three-phase PWM output (U, U, V,
V, W, W) control. The exclusive dead time timer controls dead time. Figure 1.16.8 shows an example of
the triangular modulation waveform. Figure 1.16.9 shows an example of the sawtooth modulation wave-
form.

Triangular waveform as a carrier wave

|
Triangular wave —

Signal wave —

I
|
TB2S bitin 1
TABSR register | |

Timer B2

Timer A4
start trigger signall

Timer A4
one-shot pulse1

Rewrite the IDBO
and IDBL1 registers

Timer A4
Reload control signal1

U-phase output

signal® 4|3—| 3 L 3 ; 3 ‘
_ | | | | | Lo | o 1 Transfer a counter value to
U-phase output : : : ‘ l A } e } the three-phase shift register
signaalf S ‘ ] ‘ | M e eep 9
U-phase 4‘—‘1‘ \ | | 7 IR l mlli 7 7
INV14 =0 b ‘ L | L‘—‘, | | H | |
(Active ") | G.phase ——— | - | |
| | | Lo ™ :"f' Dead time L | |
Uphase ———— 1 LT LM
INV14 = 1 | | Lo L ) L | |
| | | | | — 4— Dead ti N | |
(Active "H") ! ! ! ! | ! ! ea ime L ! !

U-phase !

INV13 1
When INV11=1

(three-phase mode 1)

Notes :

1. Internal signals. See Figure 1.16.1.
The above applies when INVCO = 00XX11XX2 and INVC1 = 010XXXX02 (X: Varies depending on each system.)
Examples of PWM output change are

(1) When INV11=1 (three-phase mode 1) (2) When INV11=0 (three-phase mode 0)

- INV01=0 and ICTB2=216 (The timer B2 interrupt is - INV01=0, ICTB2=116 (The timer B2 interrupt is generated
generated whenever the second timer B2 underflow whenever the timer B2 underflows)
occurs) or INV01=1, INVOO=1and ICTB2=116 (The timer - Default value of the timer TA4=m
B2 interrupt is generated whenever the timer B2 evenly The TA4 register is changed whenever the timer B2
underflows) interrupt is generated.

- Dealt value of the timer TA41=m, TA4=m First time TA4=m. Second time TA4=n. Third time TA4=n
The TA4 and TAA41 registers are changed whenever the Fourth time TA=p. Fifth time=p.
timer B2 interrupt is generated. - Default value of the IDBO and IDB1 registers
First time TA41=n, TA4=n. Second time TA41=p, TA4=p. DUO0=1, DUB0=0, DU1=0, DUB1=1

- Default value of the IDBO and IDB1 registers Changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by the sixth
DUO0=1, DUB0=0, DU1=0, DUB1=1 timer B2 interrupt.

Changed to DUO=1, DUB0=0, DU1=1, DUB1=0 by the
third timer B2 interrupt.

Figure 1.16.8. Trianglar Wave Modulation Operation
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o° . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Three-phase motor control timer functions

Triangular waveform as a carrier wave

Triangular wave —,

RV V4 VY

Timer B2

Timer A4
start trigger signall ﬂ

Timer A4
one-shot pulse® | | ‘ | I |

L

Transfer the counter to the

. and IDB1 registers \ | three-phase shift register |

U-phase output | | ‘ | | |
signal

U-phase output

T LT
venase | [ L L 1
- ‘u -~ ‘I—' 1 s s s
Aove™) | Dophase | L LI
g I i D R R
nvia S L | L e : : : |
(Ao ™M) | Gphase | 1 s e
Notes :

1. Internal signals. See Figure 1.16.1.

The above applies when INVCO = 01XX110X2 and INVC1 = 110XXX002 (X: Varies depending on each system.)
The examples of PWM output change are
- ICTB2=n (The timer B2 interrupt is generated whenever the nth timer B2 underflows occur.)
- Default value of the IDBO and IDB1 registers  DU0=1, DUB0=0, DU1=0, DUB1=0
Changed to DUO=1, DUB0=0, DU1=1, DUB1=1 by the timer B2 interrupt.

Figure 1.16.9. Sawtooth Wave Modulation Operation
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. SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Serial I/O

Serial I/O

Serial I/O consists of five channels (UARTO to UART4).

Each UARTI (i=0 to 4) has an exclusive timer to generate the transfer clock and operates independently.
Figure 1.17.1 shows a UARTI block diagram.

UARTI supports the following modes :

- Clock synchronous serial /0 mode

- Clock asynchronous serial /0 mode (UART mode)

- Special mode 1 (IIC mode)

- Special mode 2

- Special mode 3 (Clock-divided synchronous function, GCI mode)
- Special mode 4 (Bus conflict detect function, IE mode)

- Special mode 5 (SIM mode)

Figures 1.17.2 to 1.17.9 show registers associated with UARTi.
Refer to the tables listed each mode for register and pin settings.
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Serial I/0
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

s TxD
X RxD polarity - O i
RxDi O——— inverse circuit Clock asynchronous W SSV?II?H%,Q T
receive SMD2 to SMDO circuit
17261910, 100, 101, 110 _ Receive ‘
Selecting clock source 001 L Reclel\_/e . clock Transmit/ (Note 1)
00 ! control circuit receive
f - ﬂ;ﬁ': UIBRG Clock synchronous type: ' : unit
fs —10 NG 0 regitster Clock asynchronous 1
10 transmit ! Transmit
fan2—1—0 1/ (n+1) 1/16] ! i Jock
CLK110 GLKO 1, 010, 100, 101, 110 KO__ CoH;f;iri?lctu“ clocl
Outside Clock synchronous Iypoe01
Clock synchronous type
(when internal clock is selected)
1/2 o

Clock synchronous type

o
Clock synchronous  GKDIR

CKPOL
(when internal clock is selected) YPe )
CLK (when external clock is
olarit )/‘ selected)
cki O LPoany
switching N
circuit CTS/RTS
CTSIRTS = "CTSIRTS disabled
selected %
CRD i
cTsi/RTsi O o—oft <l RTSI
CRS |0 \{cc
S CTS/RTS disabled cTsi
oo
CRD n : setting value of UiBRG register
Notes :
1. UART2 is N-channel open drain output. UART2 is cannnot be
set for CMOS output.
|OPOL 2. The CNT3 to CNTO bits in the TCSPR register determines either
No inverse "no division (n=0)" or "divide-by-2n (n=1 to 15)".
RxDi ()—4
Inverse
Clock
o synchronous type|
Clock
asynchronous
type (7 bits)
Clock Clock
I;ﬁ;E Clock asynchronous  |asynchronous
synchronous| type(8 bits) type (7 bits) UARTI receive register

mp

1 1 Clock* 1 Clock 1
2SP PAR asynchronous Clock synchronous typ
enabled type asynchru_nous Clock
SMD2 to SMDO | tyPe (9 bits) asynchronous
type (8 bits)
Clock
asynchronous
type (9 bits)
ofoioioioioio §Ds| |D7§D6§D5§D4§D3§D2§D1§D0|UiRBregisler
| Logic inverse circuit + MSB/LSB conversion circuit |
Data bus high-order bits
Data bus low-order bits
| Logic inverse circuit + MSB/LSB conversion circuit |
| Ds | | D7 { De ! Ds ! D4 ! D3 ! D2 ! D1 i Do | UITB register
Clock
asynchronous
type (8 bits)
Clock
Clock asynchronous
PRYE SMD2 to SMDO type (9 bits)
STPS PAR  Clocka asynchronous | Clock
2SP enabled synchronous type | YP® (i bits) SV”Ch’f”OUS type
1 1 1

CLK1 to CLKO, CKPOL, CRD, CRS: Bits in UiCO register
UIERE: Bit in UiC1 register

SMD2 to SMDO, STPS, PRYE, IOPOL, CKDIR: Bits in UiMR register

: —o !
Clock 0 0 Clock UARTI transmit register
/ synchronous Clock asynchronous
disabled | type asynchronous type (7 bits)
type (7 bits)
0 Clock
asynchronous
type (8 bits)
Clock i
synchronous type ‘l;ZirSrLa)'rlelgnal output IOPOL  No inverse
0
. TxD data O i
PAR: Parity bit UERE 1 1
i=0to 4 Error signal output Inverse
enable

Figure 1.17.1. UARTI Block Diagram
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. SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Serial I/O

UARTI transmit buffer register (i=o to 4)*

b15 b8

(67 (b0) b7 bo Symbol Address When reset
WI:I UOTB to U2TB 036B16-036A16, 02EB16-02EA16, 033B16-033A16 Indeterminate
HHHHHEHE H U3TB, U4TB 032B16-032A16, 02FB16-02FA16 Indeterminate
Syr?f)m Function RW
P temmmmnes —— | Data to be transmitted (D7 to Do) WO
[ —— | Data to be transmitted (Ds) WO

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

Notes :
1. The MOV instruction should be used to set this register.

UARTI receive buffer register (=0 to 4)

0: No overrun error

. OER |Overrun error flag? 1: OVeITUN EITor OCCUrS RO

0: No framing error

b15 b8

(b7) (bO)b7 b0 Symbol Address When reset
UORB to U2RB  036F16 - 036E16, 02EF16 - 02EE16, 033F16 - 033E16 Indeterminate

HE H R : U3RB, U4RB 032F16 - 032E16, 02FF16 - 02FE16 Indeterminate

Bit Bit name Function RW

HE H symbol

R N — Received data (D7 to Do) RO

PRI L — S Received data (Ds) RO

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

R When read, its content is indeterminate.

Arbitration lost : Not detected (win

priiy o ABT b aolos 0: Not detected (win) RW

I detect flag 1: Detected (lose)

R FER |Framing error flag? , RO
g g 1: Framing error occurs
- 0: No parity error
R PER |Parity error flag? i RO
: v g 1: Parity error occurs
R SUM | Error sum flag? 0: No error RO

1: Error occurs

Notes :
1. The ABT bit can be set to "0" only.
2. When the SMD2 to SMDO bits in the UiMR register is set to "0002" (serial /0 disable) or the RE bit
in the UiC1 register be set to "0" (receive disable), the OER, FER, PER and SUM bits are set to "0"
(no error).
When setting all OER, FER and PER bits to "0" (no error), the SUM bit is set to "0" (no error).
Also, the FER and PER bhits is set to "0" when reading low-order bits of the UiRB register.

Figure 1.17.2. UOTB to U4TB Registers and UORB to U4RB Registers
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

UARTI baud rate register (=o to 4)-2

switch bit

b7 bo Symbol Address When reset
| | UOBRG to U4BRG 036916, 02E916, 033916, 032916, 02F916  Indeterminate
Function Setting value RW
As a setting value is n, the UiBRG register
"""""""" divides a count source by n+1 0016 to FF16 WO
Notes :
1. The MOV instruction should be used to set this register.
2. The UIBRG register should be set while stopping transmitting and receiving.
UARTI transmit/receive mode register (=0 to 4)
b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | UOMR to UAMR 036816, 02E816, 033816, 032816, 02F816 0000 00002
L Bit name Functi
Poiob b b i i i |symbol unction RW
SRR A T,
N S e 00 O: Serial I/0 disabled RW
[ 0 0 1: Clock synchronous serial /O mode
R TR . 01 0: IIC mode
e SMD1 Seelgilt Itl)lct) mode | 1 60: UART mode, transfer data 7 bits long RW
10 1: UART mode, transfer data 8 bits long
SMD2 11 0: UART mode, transfer data 9 bits long
Avoid setting other than RwW
Internal/external | O : Internal clock
CKDIR clock select bit [ 1 : External clock RW
A STPS Stop bltllength 0: 1 stop b!t RW
Do select bit 1: 2 stop bits
P : Enabled when PRYE =1
N Odd!/ t X
Pl T PRY (o000 P 10 odd parity RW
P select bi 1 : Even parity
: | 0: Parity disabled
CACLECCELETLEPPEPLE PRYE |Parit ble bit ) RW
' artty enable bl 1 : Parity enabled
: TXD,RXD input/ | . No inverse
--------------------------- IOPOL [output polarity 1- Inverse RW

Figure 1.17.3. UOBRG to U4BRG Registers and UOMR to U4MR Registers
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. SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Serial I/O

UARTI transmit/receive control register O (=0 to 4)

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset
| | | | | | | | | U0CO to U4C0 036C16, 02EC16, 033C16, 032C16, 02FC16 0000 10002

é é é é é é é é syr?will’:)ol Bit name Function RW
PLob oo
foror o r o =1 CLKO 0 0: Selects f1 RW
A BR;G cgunt SOUrCe | g 1: Selects fs
A CLK1 select bit 1 0: Selects f2n?
R 1 1: Avoid this setting Rw
B oTRTe .| Enabled when CRD=0
oo CST/RTS funct = ;
e CRS lect bi HNEioN 10 Selects CTS function RW
oy select bit 1: Selects RTS function
0 : Data available in transmit register
ol e Transmit register (during transmitting)
TXEPT empty flag 1: No data available in transmit register | RO
- (transmitting completed)
CTS/RTS disable | 0: CTS/RTS function enabled
oa a mmmmmmmmmsmeseses CRD f — = . . RW
FE bit 1 : CTS/RTS function disabled
Data output select | 0 : TxDi pin is CMOS output
e R EELEE LR NCH : R . RW
- c bit! 1 : TxDi pin is N-channel open drain output
0 : Data to be transmitted is output on the
) falling edge of the transfer clock and
FA T ckpoL |CLK polarity received data is input on the rising edge
: select bit 1 : Data to be transmitted is output on the
H - RW
: rising edge of the transfer clock and
received data is input on the falling edge
Transfer format 0 : LSB first

UFORM select bit 1: MSB first RW

Notes :
1. The P70/TxD2 pin is N-channel open drain output. P70/TxD2 pin cannot be set for CMOS output.
2. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n
(n=1to 15)".

Figure 1.17.4. UOCO to U4CO Registers
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

b2 bl bo

UARTI transmit/receive control register 1 (i=0to 4)

b4 b3

UARTI special mode register (i=o0 to 4)

b7 b6 b5 b4 b3 b2 bl bo

Notes :

Symbol Address When reset
UOCL1 to U4C1 036D16, 02ED16, 033D16, 032D16, 02FD16 0000 00102
Bit ; i
symbol Bit name Function RW
Transmit 0: Transmit disable
TE enable bit 1: Transmit enable RW
T Transmit buffer |0: Data available in the UiTB register RO
empty flag 1: No data available in the UiTB register
Receive 0: Receive disable
RE . . RW
enable bit 1: Receive enable
RI Receive 0: Data available in the UiRB register RO
complete flag 1: No data available in the UiRB register
UARTI transmit |n. (i ;
. . :UITB TI=1
UiIRS |interrupt cause 2 ?I regls_ter (_empty (I d )TXEPT -1 RW
select bit : Transmission is completed ( =1)
RTi . . . de disabled
UIRRM Fgge%gomugde 0: Cont!nuous receive mode disable RW
enable bd 1: Continuous receive mode enabled
UILCH Data Ioglc 0: No inverse RW
select bit 1: Inverse
Clock-divided SIOtS:I:OcFJ)lvsl(:;(l ﬁ)rlgﬁri]zr?r?gus stop bit (special mode 3)
SCLKSTPB Zﬁr}chronous stop 1: Start synchronizing RW
JUIERE Error sianal Error signal output enable bit (UART mode)
or signa . |0: Output disabled
output enable bit 1. oytput enabled
Symbol Address When reset
UOSMR to U4SMR 036716, 02E716, 033716, 032716, 02F 716 0000 00002
Bit . .
symbol Bit name Function RW
ICM | 1IC mode select bit | & EXCceptlIC mode RW
1: 1IC mode
Arbitration lost 0: Update per bit
ABC . RW
detecting flag 1: Update per byte
0: Stop condition detected
BBS | Bus busy fi " Rw!
us busy flag 1: Start condition detected (Busy)
SCLL sync output 0: Disabled
LSYN enable bit 1: Enabled RW
ABSCS Bus cgnfliCt detect 0: Rising edge of transfer clock RW
sampling clock select | 1: Timer Aj underflow (Note 2)
Auto clear function select | 0: No auto clear function
ACSE bit of transmit enable bit | 1: Auto clear at bus conflict RW
sss Transmit start 0: Not related to RxDi
condition select bit 1: Synchronized with RxDi RW
scLkpiy| Clock divide (Note 3) RW
synchronous bit 0

1. The BBS bit is set to "0" when setting it to "0" by program. It remains unchanged if setting it to "1".
2. UARTO: timer A3 underflow signal, UART1: timer A4 underflow signal,
UART2: timer AO underflow signal, UART3: timer A3 underflow signal,
UART4: timer A4 underflow signal.
3. Refer to the notes for the SULHIM bit in the UiISMR2 register.

Figure 1.17.5. UOC1 to U4C1 Registers and UOSMR to U4ASMR Registers
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Mitsubishi Microcomputers

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

UARTI special mode register 2 (=0 to 4)
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | UOSMR2 to U4SMR2 036616, 02E616, 033616, 032616, 02F616 0000 00002
Bit Bit name Function RW
P4 v 0 % 4 1 & | symbol
Lol v ieme IIF: mode select (Note 1) RW
SR bit 2
A 0: Disabled
e csc | Clock _ . RW
AR synchronous bit | 1: Enabled
Pl : | 0: Disabled
- L SCL wait output bit RW
. Swe P 1: Enabled
Pl _| 0: Disabled
------------- ALS | SDA output stop bit 1- Enabled RW
_________________ sTC i initialize bit | o 2isabled RW
UARTI initialize bit 1: Enabled
____________________ SWC2 S‘CL wait output 0: Transfer clock RW
bit 2 1: 0 output
SDA output inhibit | 0: Enabled
I RRRELEEELEELEREEEED SDHI . ) _ RW
bit 1: Disabled (high-impedance)
External clock
O RRRRERLLLEELEEEEEED SU1HIM | synchronous (Note 2) RW
enable bit
Notes :
1. Refer to the "Special mode 1."
2. The external clock synchronous function can be selected in a combination with the SCLKDIV bit
in the UiSMR register.
SCLKDIV bit in the SU1HIM bit in the External clock synchronous function that
UiSMR register UiSMR2 register can be selected
0 0 No synchronization
0 1 Same division as an external clock
1 Oorl The external clock divided by 2

Figure 1.17.6. UOSMR2 to U4SMR2 Registers
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Serial I/O SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

UARTI special mode register 3 (i=0to 4)

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | | | | UOSMR3 to U4SMR3 036516, 02E516, 033516, 032516, 02F516 0000 00002

E E E sy%if)ol Bit name Function RW
Pl SS pin function | 0: SS function disabled
A SSE | enable bitt 1: SS function enabled RW
Clock-phase 0: No clock delay
A CKPH 1 st bit 1: Clock delay RW
P ________ DING Serial input port 0: Selects TxDi and RxDi (master mode)
set bit 1: Selects STxDi and SRxDi (slave mode) | RW
Clock output 0: CLKi is CMOS output
R A T NODC | select bit 1: CLKi is N-channel open drain output | ~*V
I ________________ Fault fl 0: No fault error
I ERR | Faulterrorflag 1: Fault error (Note 2) RW
b7b6 b5
AR DLO 000 : No delay RW
: 001 : 1-to-2 cycles of BRG count source
I o 010 : 2-to-3 cycles of BRG count source
SN pLy |SPAidigital 54| 011 : 3-to-4 cycles of BRG count source | o,/
delay time set bit>*| 100 : 4-t0-5 cycles of BRG count source
: 101 : 5-to-6 cycles of BRG count source
S DL2 110 : 6-to-7 cycles of BRG count source | gy
111 : 7-to-8 cycles of BRG count source

Notes :
1. SS function should be set after the CRD bit in the UiCO register is set to "1" (CTS/RTS function disabled).
2. The ERR bit is set to "0" when setting it to "0" by program. It remains unchanged if setting it to "1".
3. Digital delay is generated from a SDAI output by the DL2 to DLO bits in IIC mode. These bis should set to
"0002" (no delay) except in the 1IC mode.
4. When selecting the external clock, a delay approximately 100ns is added.

Figure 1.17.7. UOSMR3 to U4SMR3 Registers
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. SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Serial I/O

UARTI special mode register 4 (i=0 to 4)
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | UOSMR4 to UO4SMR4 036416, 02E416, 033416, 032416, 02F416 0000 00002
Syﬁiéol Bit name Function RW
A Start condition 0: Clear
Py b b 111 :.JSTARE . RW
oror o S Q generate bit! 1: Start
A Restart condition | O: Clear
- T RSTARE , RW
- S Q generate bit! 1: Start
Stop condition 0: Clear
O TPRE _ RW
oo S Q generate bit! 1: Start
SCL, SDA output | 0: Selects serial I/ circuit
P STSPSEL . P 1: Selects start/stop condition generation | RW
o select bit A
T circuit
A . 0: ACK
ACKD [ ACK data bit 1: NACK RW
oo ACK data output | 0: Serial I/O data output
e ACK i RW
[ cke enable bit 1: ACK data output
SCL output stop | 0: Disabled
I CACLECCETETLEPPEPLE SCLHI _ RW
: enable bit 1: Enabled
: SCL wait output | 0: SCL "L" hold disable
s W i RW
SWE bit 3 1: SCL "L" hold enable
Notes :
1. When each condition is generated, this bit is set to "0". When a condition generation is incomplete,
this bit is remains unchanged in "1".

Figure 1.17.8. UOSMR4 to U4ASMR4 Registers
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bO

External interrupt request cause select register

Symbol Address When reset
IFSR 031F16 0000 00002
Bit Bit name Function
symbol RwW
INTO interrupt polarity 0 : One edge
IFSRO select bit? 1: Both edges RW
INT1 interrupt polarity 0 : One edge
IFSR1 select bit? 1: Both edges RW
INT2 interrupt polarity 0 : One edge
IFSR2 .
select bit? 1: Both edges RW
INT3 interrupt polarity 0 : One edge
IFSR3 .
select bit? 1: Both edges RW
INT4 interrupt polarity | O : One edge
IFSR4 select bit! 1 : Both edges RW
INT5 interrupt polarity | 0 : One edge
IFSRS 1 select bitt 1: Both edges RW
0 : UARTS3 bus conflict, start condition
detect, stop condition detect, fault
UARTO, 3 interrupt error detect
IFSR6 cause select bit 1: UARTO bus conflict, start condition RW
detect, stop condition detect, fault
error detect
0 : UART4 bus conflict, start condition
detect, stop condition detect, fault
UART1, 4 interrupt error detect
IFSR7 cause select bit 1: UART1 bus conflict, start condition RW

detect, stop condition detect, fault
error detect

Notes :

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

Figure 1.17.9. IFSR Register
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&
\ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Serial I/0 SCIock anchronous Serial I/OZ

Clock Synchronous Serial I/0O Mode
In clock synchronous serial I/O mode, the transfer clock transmits and receives data. Table 1.18.1 lists
specifications of clock synchronous serial I/O mode. Table 1.18.2 lists registers to be used and register
settings. Tables 1.18.3to 1.18.5 list pin settings. When selecting UARTI (i=0 to 4) operation mode, the TxDi
pin outputs "H" before a transfer starts (this pin is in high-impedance state when N-channel open drain is
selected).

Table 1.18.1. Clock Synchronous Serial I/O Mode Specifications

Item Specification
Transfer data format * Transfer data long : 8 bits
Transfer clock » The CKDIR bit in the UiMR register (i=0 to 4) is set to "0" (internal clock is selected):
ﬁ fi=f1, fs, f2n1 m :setting value of the UiBRG register. 0016 to FF16.
* CKDIR bhit is set to "1" (external clock is selected) : input from CLKi pin
Transmit/receive control « Selectable from the CTS function, RTS function or CTS/RTS function disabled
Transmit start condition « To start transmitting, the following requirements should be met?:

- The TE bit in the UiC1 register is set to "1" (transmit enable)

- The Tl bit in the UiC1 register is set to "0" (data available in the UiTB register)
- A CTSi input level is in "L" when the CTS function is selected

Receive start condition « To start receiving, the following requirements must be met?:

- The RE bit in the UIiC1 register is set to "1" (receive enable)

- The TE bit is set to "1" (transmit enable)

- The Tl bit is set to "0" (data available in the UiTB register)

» While transmitting, the following condition can be selected:

- The UIIRS bit in the UiC1 register is set to "0" (Transmit buffer empty) :
Interrupt request when data is transferred from the UiTB register to the UARTI transmit register (transfer starts)
generation timing - The UIIRS bit is set to "1" (transmission completes) :

when data transfer from the UARTI transmit register is completed
* While receiving

When data is transferred from the UARTIi receive register to the UiRB register (reception completes)
Error detection « Overrun error3

This error occurs when reading a seventh bit of the next received data before reading
the UiRB register
Selectable function * CLK polarity

Either rising edge or falling edge of the transfer clock can be selected when a transferred
data is output and input.
* LSB first/MSB first
Whether a data is transmitted/received in bitO or in bit7 can be selected
« Continuous receive mode
Reception is enabled simultaneously by reading the UiRB register
* Serial data logic inverse
This function inverses transmitted/received data logically

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

2. These conditions should be met when the internal clock is selected and the CKPOL bit in the UiCO register is set to
"0" (transmitted data is output on the falling edge of the transfer clock and received data is input on the rising edge)
with the CLKi pin in "H" and the CKPOL bit is set to "1" (transmit data is output on the rising edge of the transfer
clock and received data is input on the falling edge) with the CLKi pin in "L".

3. If an overrun error occurs, the next data will be set in the UiRB register. The IR bit in the SiRIC register does not
change to "1" (interrupt request).

184 RENESAS

RenesasTechnology Corp.



o BN Preliminary Specifications REV.1.02 _ Mitsubishi Microcomputers
\)‘\&\& Specifications in this manual are tentative and subject to change. M32C/83 group

<
¢ SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Serial I/0O SCIock anchronous Serial I/OZ

Table 1.18.2. Registers to be Used and Setting Value in Clock Synchronous Serial 1/O Mode

Register Bit Function

uiTB Oto7 Set data to be transmitted

UiRB Oto7 Received data can be read
OER Overrun error flag

UiBRG Oto7 Set a baud rate

UiMR SMD2 to SMDO Set to "0012"
CKDIR Select the internal clock or external clock
IOPOL Set to "0"

uico CLK1 to CLKO Select a count source of the UiBRG register
CRS Select either CTS or RTS when using one of them
TXEPT Transmit register empty flag
CRD Select the CTS or RTS function enabled or disabled
NCH Select an output format of the TxDi pin
CKPOL Select transmit clock polarity
UFORM Select either LSB first or MSB first

UiC1 TE When data transmission and reception are enabled set to "1"
TI Transmit buffer empty flag
RE When data reception is enabled set to "1"
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM Set to "1" when using continuous receive mode
UILCH Set to "1" when using data logic inverse
SCLKSTPB Set to "0"

UiSMR Oto7 Set to "0"

UiSMR2 Oto7 Set to "0"

UiSMR3 Oto2 Set to "0"
NODC Select a clock output format
4t07 Set to "0"

UiSMR4 Oto7 Set to "0"

i=0to 4
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Table 1.18.3. Pin Settings in Clock Synchronous Serial 1/O Mode

Mitsubishi Microcomputers

Port Function Setting value
PSO register PSLO register PD6 register

P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PSO_0=1 - -

P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PSO_1=1 - -

P62 RxDO input PS0_2=0 - PD6_2=0

P63 TxDO output PSO_3=1 - -

P64 CTS1 input PSO_4=0 - PD6_3=0
RTS1 output PSO_4=1 PSLO_4=0 -

P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PSO_5=1 - -

P66 RxD1 input PS0_6=0 - PD6_6=0

P67 TxD1 output PSO_7=1 - -

Table 1.18.4. Pin Settings (Continued)

Port Function Setting value
PS1 register PSL1 register PSC register PD7 register
P70l TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p711 RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1_2=1 PSL1_2=0 PSC_2=0 -
P73 ‘CTS2 input PS1_3=0 - - PD7_3=0
'RTS2 output PS1_3=1 PSL1_3=0 PSC_3=0 -
Notes :

1. N-channel open drain output

Table 1.18.5. Pin Settings (Continued)

Port Function Setting value
PS3 register! PSL3 register PD9 register!

P9o CLK3 input PS3 _0=0 - PD9 _0=0
CLK3 output PS3 0=1 - -

P91 RxD3 input PS3_1=0 - PD9_1=0

P92 TxD3 output PS3 2=1 PSL3 2=0 -

P93 ‘CTS3 input PS3_3=0 PSL3_3=0 PD9_3=0
'RTS3 output PS3_3=1 - -

P94 ‘CTS4 input PS3_4=0 PSL3_4=0 PD9 4=0
'RTS4 output PS3 _4=1 - -

P95 'CLK4 input PS3_4=0 PSL3_5=0 PD9_5=0
'CLK4 output PS3 5=1 - -

P96 TxD4 output PS3 6=1 - -

P97 RxD4 input PS3_7=0 - PD9_7=0

Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to

set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.
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(1) Transmit timing (with the internal clock)

Tc

R

Transfer clock

S UUuiiutrUr iUy i U Iy

UiCO register

P ]

TEbitinuict 0 [ o | [
register 0" :Set data in the UiTB register
TI bitin UiC1 1—w o~
register 0"
. Data transfer from the UiTB register to the UARTI transmit register
CTSi L—I | TcLk Xl |_
. <_ Stop pulse because CTSi = H Stop pulse because TE bit = 0
CLKi
ol (XX XXX o XXX XXX X Xo XXX eXoXoXer
TXEPT bitin w 1 : :

[ 1 [

IR bitin SiTIC "1
register ugn

i_l

T AN

The above applies to the following settings:

» The CKDIR bit in the UiIMR register is set to "0" (internal clock selected)

* The CRD bit in the UiCo register is set to "0" (RTS/CTS function enabled)
The CRS bit is set to "0" (CTS function selected)

» The CKPOL bit the in UiCo register is set to "0" (data to be transmitted is
output on the falling edge of the transfer clock)

* The UiRS bit in the UiC1 register is set to "0" (interrupt request generated
due to a empty UiTB register)

(2) Recieve timing (with the external clock)

Set to "0" when interrupt request is acknowledged or set by program

Te=TcLk=2(m+1)/

Notes :

S

fi : a count source frequency set in the UiBRG register (f1, f8, f2n2)
m : setting value of the UiBRG register
i=0to 4

1. The CNT3 to CNTO bits in the TCSPR register determines either "no division
(n=0)" or "divide-by-2n (n=1 to 15)".

RE bit in UiC1 |
register |
I
TE bit in UiC1 L . ) .
register " J Set dummy data in the UiTB register
|
I
TIbit in UiCL w
register "0" !
| H Transfer data from the UiTB register to the UARTI transmit register
m
RTSi |
e ]
I
CLKi
RXDi E
N Transferred data from the UARTi Read from the UTB register |
RI bit in UiC1 receive register to the UiTB register\ I
register g
IR bitin SITIC 1 '
register g |

P

OER bit in UiRB e
register

Set to "0" when interrupt request is acknowledged or set by program

’l_

The above applies to the following settings:
« The CKDIR bit in the UiMR register is set to "1" (external clock selected)
« The CRD bit in the UiCo register is set to "0" (RTS/CTS fiction enabled)
The CRS bit is set to "1" (RTS function selected)
* The CKPOL bit in the UiCO register is set to "0"
(Received data is input on the rising edge of the transfer clock)

fext: frequency of the external clock i=0to 4

The following conditions are met when the CLKi

pin input is in "H" before data in received:
« TE bit in the UiC1 register is set to "1" (transmit enabled)
* RE bit in the UiC1 register is set to "1" (recieve enabled)
« Dummy data in written to UiTB register

Figure 1.18.1. Transmit and receive Operation
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1. Selecting CLK Polarity

As shown in Figure 1.18.2, the CKPOL bit in the UiCO register (i=0 to 4) determines polarity of the transfer
clock.

(1) When the CKPOL bit in the UiCO register (i=0to 4) =0
(data to be transmitted is output on the falling edge of transfer clock and received data is input on the rising edge)

e LIPS L

l
TXDi X Do % D1
RXDi {100 (D2 X0z XDz )4 }(Ds }(s X 07

Notes :

1. CLKi pin level is in "L" when no data
is transferred

Notes :

2. The above applies to the UFORM bit in the UiCO register set to "0" (LSB first) and the
UILCH bit in the UiC1 register set to "0" (no inverse).

(2) When the CKPOL bit in the UiCO register = 1
(data to be transmitted is output on the rising edge of transfer clock and received data is input on the falling edge)

ST [ S B

Notes :

3. CLKi pin level is in “L" when no data

TXDi is transferred

RXDI {Cpo o1 X(p2 X(ps X(ps X5 )(os )} or

Notes :

4. The above applies to the UFORM bit in the UiCO register set to "0" (LSB first), the
UILCH bit in the UiC1 register is set "0" (no inverse)

Figure 1.18.2. Transfer Clock Polarity

2. Selecting LSB First/MSB First
As shown in Figure 1.18.3, the UFORM bit in the UiCO register (i=0 to 4) determines data transfer format.

(1) When the UFORM bit in the UiCO register (i=0 to 4) = 0 (LSB first)
T I o B o R

S D €Y D CR Y CD E

Notes :

1. The above applies to the CKPOL bit in the UiCO register set to "0" (data to be
transmitted is output on the falling edge of transfer clock and received data is input
on the rising edge) and the UiLCH bit in the UiC1 register set to "0" (no inverse).

(2) When the UFORM bit in the UiCO register = 1 (MSB first)

Notes :

2. The above applies to the CKPOL bit in the UiCO register set to "0" (data to be
transmitted is output on the falling edge of transfer clock and received data is input
on the rising edge) and the UILCH bit in the UiC1 register set to "0" (no inverse).

Figure 1.18.3. Transfer Format

188

RENESAS

RenesasTechnology Corp.



o BN Preliminary Specifications REV.1.02 _ Mitsubishi Microcomputers
O 4o Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Serial I/0O SCIock anchronous Serial I/OZ

3. Continuous Receive Mode
When the UiRRM bit in the UiC1 register (i=0 to 4) is set to "1" (continuous receive mode), the Tl bit is set
to "0" (data available in the UiTB register) by reading the UiRB register. When the UIRRM bit is set to "1",
avoid setting a dummy data in the UiTB register by program.

4. Serial Data Logic Inverse Function
When the UILCH bit in the UiC1 register is set to "1" (inverse), while transmitting, data logic written in the
UIiTB register is inversed to transmit. When reading the UiRB register, the inversed receive data logic can
be read. Figure 1.18.4 shows a serial data logic.

(1) When the UIiLCH bit in the UiC1 register (i=0 to 4) = 0 (no inverse)

Transfer clock T | | | | | | | | | |
TxDi " ‘(DoXDlXDzXD3XD4XD5XD6XD7y

(noinverse) .«

(2) When the UILCH bit in the UiC1 register = 1 (inverse)

Transfer clock i | | | | | | | | | | |
o

TxDi "H" —_— e
(inver);e) '_L| XDOX D1 X D2X D3X D4XD5 X DeX D7y

Notes :
1. The above applies to the CKPOL bit in the UiCO register set to "0" (data to be transmitted is
output on the falling edge and received data is input on the rising edge) and the UFORM bit in
the UiC register set to "0" (LSB first).

Figure 1.18.4. Switching Serial Data Logic Switching

RENESAS 189

RenesasTechnology Corp.



«

L
0“&\0\’ Specifications in this manual are tentative and subject to change.
&

Serial I/0 (UART)
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Clock Asynchronous serial I/O (UART) mode
In UART mode, data is transmitted and received after setting the desired baud rate and data transfer
format. Table 1.19.1 lists specifications of UART mode.

Table 1.19.1. UART Mode Specifications

Item

Specification

Transfer data format

« character bit (transfer data ) : selectable from 7 bits, 8 bits, or 9 bits
« Start bit: 1 bit

« Parity bit: selectable from Odd, even, or nothing

« Stop bit: selectable from 1 bit or 2 bits

Transfer clock

* When the CKDIR bit in the UIMR register is set to "0" (internal clock is selected) :
fil16(m+1) fj=f1,fs, fanl  m:setting value of the UIBRG register 0016 to FF16
» When the CKDIR bit is set to "1" (external clock is selected) :
fEXT/16(M+1) fEXT: input clock from the CLKi pin

Transmit/receive control

» Selectable from CTS function, RTS function or CTS/RTS function disabled

Transmit start condition

« To start transmitting, the following requirements should be met:
- The TE bit in the UiC1 register is set to "1" (transmit enable)
- The TI bit in the UiC1 register is set to "0" (data available in transmit buffer register)
- CTS input level is in "L" when CTS function is selected

Receive start condition

« To start receiving, the following requirements should be met:
- The RE bit in the UiC1 register is set to "1" (receive enable)
- The start bit is detected

Interrupt request
generation timing

» While transmitting, the following condition can be selected:
- The UIIRS bit in the UiC1 register is set to "0" (transmit buffer empty) :
when data is transferred from the UiTB register to the UARTI transmit register (starts transfer)
- The UIIRS bit is set to "1" (transmission completes) :
when data transmission from the UARTI transfer register is completed
» While receiving
- When data is transferred from UARTI receive register to UiRB register (reception comples)

Error detection

« Overrun error?
This error occurs when the next data is started to receive and a bit immediately before
last stop bit is received (first stop bit when selecting 2 stop bits)

 Framing error
This error occurs when the number of stop bits set is not detected

* Parity error
When parity is enabled, this error occurs when the number of "1" in parity and character
bits does not match the number of "1" set

* Error sum flag
This flag is set to "1" when any of an overrun, framing or parity errors occur

Selectable function

* LSB first or MSB first
Whether a data is transmitted/received in bit O or in bit 7 can be selected
*Serial data logic inverse
Logic values of data to be transmitted and received data are inversed. The start bit and
stop bit are not inversed
*TxD, RxD /O polarity switching
TxD pin output and RxD pin input are inversed. All I/O data levels are also inversed.

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determines either "no division (n=0)" or "divide-by-2n (n=1 to 15)".
2. If an overrun error occurs, the UiRB register becomes indetermine. The IR bit in the SiRIC register remains un-
changed in "0" (interrupt request).
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Table 1.19.2 lists registers to be used and register settings. Tables 1.19.3 to 1.19.5 list pin settings.
When UARTI operation mode is selected, the TxDi pin outputs "H" before transfer is started (this pin is in
high-impedance state when N-channel open drain is selected).

Table 1.19.2. Registers to be Used and Settings in UART

Register Bit Function
UiTB 0to 8 Set data to be transmitted?
UiRB Oto8 Received data can be read?
OER, FER, Error flags
PER, SUM
UiBRG Oto7 Set a baud rate
UIMR SMD2 to SMDO When transfer data is 7 bits long, setto "1002"
When transfer data is 8 bits long, set to "1012"
When transfer data is 9 bits long, setto "1102"
CKDIR Select the internal clock or external clock
STPS Select a stop bit length
PRY, PRYE Select parity enable or disable, odd or even
IOPOL Select TxD / RxD /O polarity
uico CLKO, CLK1 Select a count source of the UiBRG reigster
CRS Select either CTS or RTS when using one of them
TXEPT Transfer register empty flag
CRD Select the CTS or RTS function enabled or disabled
NCH Select an output format of the TxDi pin
CKPOL Set to "0"
UFORM When transfer data is 8 bits long, LSB first or MSB first can be selected.
When transfer data is 7 bits or 9 bits long, set to "0".
UiC1l TE When transfer is enabled, set to "1"
Tl Transfer buffer empty flag
RE Set to "1" when data reception is enabled
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM Set to "0"
UiLCH When using continuous receive mode, set to "1"
UIERE Set to "0"
UiSMR Oto7 Set to "0"
UiSMR2 Oto7 Set to "0"
UiSMR3 0Oto7 Set to "0"
UiSMR4 Oto7 Set to "0"
Notes :

1. Bits to be used are bits 0 to 6 when transfer data is 7 bits long, bits 0 to 7 when 8 bits long, bits O to 8 when 9 bits

long.
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Table 1.19.3. Pin Settings in UART

Port Function Bit and setting value
PSO register PSLO register PD6 register
P60 ‘CTSO input PS0_0=0 - PD6_0=0
'RTSO output PSO_0=1 - -
P61 CLKO input PS0_1=0 - PD6_1=0
P62 RxDO input PSSO _2=0 - PD6_2=0
P63 TxDO output PSO_3=1 - —
P64 CTS1 input PS0_4=0 - PD6_3=0
RTST output PSO 4=1 PSLO_4=0 -
P65 CLK1 input PS0_5=0 - PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 - —

Table 1.19.4. Pin Settings (Continued)

Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register

P70l TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p711 RxD2 input PS1_1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
P73 CTS2 input PS1_3=0 - - PD7_3=0

'RTS2 output PS1_3=1 PSL1_3=0 PSC_3=0 -
Notes :

1. N-channel open drain output

Table 1.19.5. Pin Settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register!
P9o CLK3 input PS3 0=0 - PD9 _0=0
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3_2=0 -
P93 CTS3 input PS3_3=0 PSL3 3=0 PD9_3=0
'RTS3 output PS3 3=1 - -
P94 CTS4 input PS3_4=0 PSL3_4=0 PD9_4=0
'RTS4 output PS3 4=1 - -
P95 CLK4 input PS3_5=0 PSL3_5=0 PD9_5=0
P96 TxD4 output PS3 6=1 - —
P97 RxD4 input PS3_7=0 - PD9 _7=0
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.
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(1) 8-bit data transmit timing (with parity enabled and 1 stop bit)

Tc The transfer clock resumes running as soon as CTS is in "L".

o
Transfer clock | || ||| || ||| || ||H_ﬂ

The transfer clock stops momentarily because CTS is in "H" when the stop bit is verified.

Transfer data from UiTB register to UARTI transmit register

- L
oS oL ||

T \REEERRERD \HEEREEERD

TXEPT bitin UiICO  »n ———

TE bitin UiC1 v |
register "0" Set data in UARTI register

TI bit in UiC1 " —4 K —l X

register >‘\

Start Parity : Stob Stop pulse because Tl bit = "0"

register
g g

IR bit in UiCO register "1" [ i
g | |

division (n=0)" or "divide-by-2n (n=1 to 15)".

(2) 9-bit data transmit timing (with parity disabled and 2-stop bit)
Tc

-

Transfer clock

U U U U U U

N 7

Set to "0" when interrupt request is acknowledged or set by program

i=0 to 4
The above timing applies to the following settings : Tc=16 (m+1)/fjor 16 (m + 1) / fext
* The PRYE bit in the UiMR register is set to "1" (parity enabled) fi : a count source frequency set in the UiBRG register (f1, f8, f2n
* The SRPS bit in the UiMR register is set to "0" (1-stop bit) fEXT : a count source frequency set in the UiBRG register (exterr
» The CRD bit in the UiCo register is set to "0" and the CRS bit clock)
is set to "0" (CTS function selected) m : setting value of the UiBRG register
« The UIilRS bit in the UiC1 register is set to "1" Notes :
(interrupt request is generated due to the UiTB register empty) 1. The CNT3 to CNTO bits in the TCSPR register determines either "I

TXDi T \KeXeXoXoX XX oXoXosY P P \sTAeK X oX oXoX XXXy 5P

TXEPT bitin UiCO 1" —
register

TE bit in UiC1 " N I r
register g Set data in UARTI register
TI bitin UiC1 " j j’
register ugr
Transfer data UiTB register to UARTI transmit register
Start Stop  Stop
bit bit bit

s H H "1“ . |
IR bit in UiCO register o —l ﬁ
N v

Set to "0" when interrupt request is acknowledged or set by program

division (n=0)" or "divide-by-2n (n=1 to 15)".

i=0to 4
The above timing applies to the following settings : Tc=16 (m+1)/fjor 16 (m + 1) / fext
* The PRYE bit in the UIMR register is set to "0" (parity disabled) fi : a count source frequency set in the UIBRG register (f1, f8, fan!
» The SRPS bit in the UIMR register is set to "1" (2-stop bit) fEXT : a count source frequency set in the UiIBRG register (extern.
« The CRD bit in the UiCo register is set to "1" (CTS function disabled) clock)
« The UIIRS bit in the UiC1 register is set to "1" m : setting value of the UiBRG register
(interrupt request is generated due to the UiTB register empty) Notes :

1. The CNT3 to CNTO bits in the TCSPR register determines either

Figure 1.19.1. Transmit Operation
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8-bit data receive timing (with parity disabled and 1 stop bit)

source M.
source . .

RE bit in UiC1 """ —_—nmm

register nyn _I

______ Stop bit
D1 D7f -
Capture received data

Jj) E e

Transfer data from the URTi receive

RxDi Stafr\t bit I(

Determine if it
is setto "L"

Transfer clock !
Start receiving when the transfer clock is

RI bit in UiC1 "1 gelnerlated on the falling edge of the start bit register to the UiRB register ~— ﬁ
register O :
e H i
RTSi

K —I—I "L" is read by reading the receive buffer /\_
IR bitin SIiRIC 1 :
register 0

A

Set to "0" when interrupt request is acknowledged or set by program

i=0to 4
Notes :
1. The above applies to the PRYE bit in the UiMR register set to "0" (parity disabled),
the SRPS bit in the UiMR register set to "0" (1 stop bit) and the CRS bit in the UiCo register set to "1"
(RTS function selected).

Figure 1.19.2. Receive Operation

1. LSB First / MSB First Select Function
As shown in Figure 1.19.3, the UFORM bit in the UiCO register determines data transfer format. This
function is available for 8-bit transfer data.

(1) When the UFORM Bit in the UiCO Register (i=0 to 4) = 0 (LSB first)

TxDi \ ST/ Do Y D1 X D2) Ds)fDa)XDs)Ds)fDr) PJ)spP

RxD:i \_ST { Do \ D: \ Dz Ds \ Da |\ Ds f Ds \ D7 \ P | SP

(1) When the UFORM Bit in the UiCO Register = 1 (MSB first)

TxDi \ sT{ Do) D1 YD) Ds) Da Ds Y\ DY D7 Y P ) sP
RxDi \ sT (Do Y\ D1\ D2\ D3\ DafDs \Dsf D) PJ sP
Notes : ST : Start bit
1. The above applies to the CKPOL bit in the UiCO register set to "0" (data to be P : Even parity

transmitted is output on the falling edge of the transfer clock and received data is input ~ SP : Stop bit
on the rising edge) and the UILCH bit in the UiC1 register set to "0" (no inverse).

Figure 1.19.3. Transfer Format
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2. Serial Data Logic Inverse Function
When writing to and reading from the UiTB register, data logic is inversed by setting the UiLCH bit in the
UIC1 register. Figure 1.19.4 shows a serial data logic.

(1) When the UILCH bit in the UiC1 register (i=0 to 4) = 0 (no inverse)

Transfer clock

TXDi H'
(noinver);e) n \ STX Do X D1 X D2 X D3 X D4 X Ds X De X D7 X p )’ SP

(2) When the UILCH bit in the UiC1 register = 1 (inverse)

Transfer clock “H”

(versy o \LST (Do \ o )02} s N e \ D5 Do N D P ) 5P

Notes :
1. The above applies to the UFORM bit in the UiCO register set to "0" (LSB first) the STPS bit in the
UiMR bit set to "0" (1 stop bit) and the PRYE bit set to "1" (parity enabled).

Figure 1.19.4. Serial Data Logic Inverse

3. TxD and RxD 1/O Polarity Inverse Function
TxD pin output and RxD pin input are inversed. All I/O data level, including the start bit, stop bit and parity
bit, are inversed. Figure 1.19.5 shows TxD and RxD I/O polarity inverse.

(1) When the IOPOL bit in the UiMR register (i=0 to 4) = 0 (no inverse)

Transfer clock 'El | | | | | | | | | | | | |

TxDi
(no inverse)

RxDi
(noinverse) “L”

i

\ ST/ Do) Di) D2) D3 ) D4} Ds) Ds Y D7 X P Y SP

I

\ST{Dof Dif D2 Da) Da)f Ds)f De X D7} P ) SP

(1) When the IOPOL bit in the UiMR register= 1 ( inverse)

Transfer clock Tl | | | | | | | | | | | | |

L — _
LM IS 0 o 67 (600 7 6 60 e B s
RxDi " SIVo Vo Vo Yo Vo Vo Vo Y o — sp
(inverse)I €@ / \ Do X Dr | D2  Ds | D4 \ Ds f Ds X D7 A P )
N ST : Start bit

1. The above applies to the UFORM bit in the UICO register set to "0" (LSB first), the p . gyen parity
STPS bit in the UIMR bit set to "0" (1 stop bit) and the PRYE bit set to "1" (parity gp - Stop bit
enabled).

Figure 1.19.5. TxD, RxD I/O Polarity reverse function
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Special Function
Serial I/0 has the following modes.
- Special mode 1 (IIC mode)
- Special mode 2
- Special mode 3 (Clock-divided synchronous function, GCI mode)
- Special mode 4 (Bus conflict detect function, IE mode)
- Special mode 5 (SIM mode)

1. Special Mode 1 (IIC Mode)

IIC mode is a mode to communicate with external devices with a simplified 12C . Table 1.20.1 lists
specifications of IIC mode. Table 1.20.2 lists registers to be used and settings, Table 1.20.3 lists each
function. Figure 1.20.1 shows a block diagram of 1IC mode. Figure 1.20.2 shows SCLi timing (i=0 to 4).
Tables 1.20.4 to 1.20.6 list pin settings.

As shown in Table 1.20.3, IIC mode is entered when the SMD2 to SMDO bits in the UiMR register is set to

"0102" and the IICM bit in the UIMR register is set to "1". SDAI output changes after SCLi is stable in "L"
due to a SDAI transmitted output via the delay circuit.

Table 1.20.1. 1IC Mode Specifications

Item Specifications
Interrupt Start condition detect, stop condition detect, no acknowledgment detect, acknowledgment
detect
Selectable function * Arbitration lost

An update timing of the ABT bit in the UiRB register can be selected
Refer to the paragraph "« Arbitration”
» SDAI digital delay
Selectable from no digital delay or 2 to 8 cycle delay of a count source of BRG
Refer to the paragraph " « SDAI"
« Clock phase setting

Selectable from clock delay or no clock delay

Refer to the paragraph "« Transfer clock"
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sSwcC

(Note 1)

Port reading

i=0to 4
Notes :
1. Set in the PSj (j=0,1,3), PSLj or PSC registers.

IICM : Bit in the UiSMR register
1ICM2 : Bit in the UiISMR2 register

SDAI O“ (Notel) ) -
O——— Timer ——————» ToDMAI
O o— /0
O_
IICM=0 or IICM2=1
Transmit register |— UARTI transmission
UARTI o NACK interrupt
IICM=1 and request
ALS 1ICM2=0
L To DMAI
Arbitration
> 1ICM=0 or
te 1 HIEM lIcM2=1
° i i UARTI 1 tion
0 i receptio
UARTI —> ACK interrupt request
[ ICM=1 and DMAI request
| Start condition detect I» _D— 1ICM2=0
S Bus
! | r Q[ busy
_| Stop condition detect [ NACK
) 1 D
Falling edge — | SYN bit T
detection
D o
(Note 1) PT ACK
scLi O+ O} 110 R |Data register oth pulse
:} i Internal clock 1 Bus conflict
o UARTI — start condition detect
lICM=1 CLK Bus conflict stop condition detect
1ICM control detection IICM interrupt request
o UARTI

Falling edge of 9th pulse

port pin can be read

UARTI * When setting the [ICM bit to "1", a
© ICM=0 regardless of the direction register set to "1".
cLki Od—oFot——0— o 1o
O— Timer

Figure 1.20.1. IIC Mode Block Diagram
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Table 1.20.2. Registers to Be Used and Settings (IIC Mode)

Register Bit Function
Master Slave
uiTB Oto7 Set data to be transmitted
UiRB Oto7 Received data can be read
8 R/W and ACK bits can be read
ABT Arbitration lost detect flag |Disabled
OER Overrun error flag
UiBRG Oto7 Set baud rate |Disabled
UiIMR SMD2 to SMDO Set to "0102"
CKDIR Set to "1" with a slave, set to "0" with a master |Set to "1"
IOPOL Set to "0"
UiCo CLK1 to CLKO Select a count source of the UIBRG register |Disab|ed
CRS Disabled since CRD = 1
TXEPT Transfer register empty flag
CRD, NCH Setto "1"
CKPOL Set to "0"
UFORM Setto "1"
UiC1l TE When data transmission is enabled, set to "1"
TI Transfer buffer empty flag
RE When data reception is enabled, set to "1"
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM, UiLCH, Set to "0"
SCLKSTPB
UiSMR IICM Setto "1"
ABC Select arbitration lost detect timing Disabled
BBS Bus busy flag |
LSYN Set to "0"
3to7 Set to "0"
UiSMR2 1ICM2 See Table 1.20.3
CsC When clock synchronization is enabled, set to "1" |Set to "1"
SWC Set to "1" when SCLi output is fixed to output "L" on the falling edge of ninth bit
of the transfer clock
ALS Set to "1" when SDAI output is Not used. Set to "0".
terminated by detecting the arbitration lost
STC Not used. Set to "0". Set to "1" when UARTI is reset
by detecting the start condition
SWC2 When SCL output is forcibly set to "L", set to "1"
SDHI When SDA output is disabled, set to "1"
SU1HIM Set to "0"
UiSMR3 SSE Set to "0"
CKPH See Table 1.20.3.
DINC, NODC, ERR | Set to "0"
DL2 to DLO Set a digital delay value
UiSMR4 STAREQ When generating a start condition, set to "1" Not used. Set to "0".
RSTAREQ When generating a restart condition, set to "1"
STPREQ When using condition generating function, set to "1"
STSPSEL When using a condition generating function, set to "1"
ACKD Select ACK or NACK
ACKC When ACK data is output, set to "1"
SCLHI Set to "1" when SCL output stop is enabled Not used. Set to "0".
by detecting an arbitration lost
SWC9 Not used. Set to "0". Set to "1" when SCLi output is fixed
to output "L" on the falling edge of
ninth bit of the transfer clock
IFSR IFSR6, IFSR7 Select how the start condition and stop condition detect interrupts are generated
i=0to 4
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Tablel.20.3. 1IC Mode Functions
IIC mode (SMD2 to SMD0=0102, IICM=1)
Clock synchronous lIcM2=0 IICM2=1 (UART transmit / UART receive
Function serial /O mode NACK/ACK interrupt interrupt
(SMD2 to SMD0=0012, | { interrupt) interrupt)
[ICM=0) CKPH=0 CKPH=1 CKPH=0 CKPH=1
(No clock delay) | (clock delay) | (No clock delay) | (clock delay)

Intrrupt numbers 39
to 41 generated by!
(See Figure 1.20.2)

Start condition detect, stop condi

tion detect (See Table 1.20.7)

Intrrupt number 17,
19, 33, 35, 37
generated by*
(See Figure 1.20.2)

UARTI transmission
Transmission start or
transmission completed
(selected by UIRS register)

No acknowlege detected
(NACK)

UARTI
transmission
Rising edge of
9th bit of SCLi

UARTI transmission
Next falling edge of 9th bit
of SCLi

Intrrupt numbers
18, 20, 34, 36, 38
generated by

UARTI reception
receiving at 8th bit
CKPOL=0(rising edge)
CKPOL=1(falling edge)

Acknowlege detect (ACK)
Rising edge of 9th bit of SCLi

UARTI reception

Falling edge of 9th bit of SCLi

Data transfer timing
from UART receive
shift register to
UIRB register

CKPOL=0(rising edge)
CKPOL=1(falling edge)

Rising edge of 9th bit of SCLi

Rising edge of
9th bit of SCLi

Falling edge and rising
edge of 9th bit of SCLi

UARTI transmit

P97 pin functions

output delay No delay Selects delay time
P63, P67, P70, P92, . .

P9 pin functions TxDi output SDAI I/O

P62, PBo, P71, POL, | oy b input SCLi /0

P61, P65, P72, P90,
P95 pin functions

Select CLKi input or
output

— (Not used in 1IC mode)

Noise filter width

15ns

50ns

Read RxDi, SCLi
pin level

When the direction
register is set to "0"

Can be read regardless of the direction register

TxDi, SDAI output
initial value

CKPOL=0 (H)
CKPOL=1 (L)

Values set in the port register before entering IIC mode

SCLi initial value

H L

H

L

DMA generated by
(See Figure 1.20.2)

UARTI reception

Acknowlege detected (ACK)

UARTI reception

Rising edge of 9 bit of SCLi

Storing received data

Store first to eighth bit
into bits 7 to 0 in the
UiRB register

Store first to eighth bit into bits
7 to 0 in the UIRB register

UIiRB register.

Store first to seventh bits into bits 6 to 0 in
UiRB register. Store eighth bit into bit 8 in

Store first to eighth bits into
bits 7 to 0 in UiRB register®

Reading received
data

Read out UiRB register state

Read out bits 6 to 0 in UIRB
register as bits 7 to 1.

Read our bit 8 in UIRB
register as bit 0. (Note 4)

Notes :

1. The following procedures should be taken if changing how an interrupt is generated.
(a) Disable an interrupt of a corresponding interrupt number.
(b) Change how an interrupt is generated.

(c) Set the IR bit of a corresponding interrupt number to "0" (interrupt disabled).
(d) Set the IPL2 to IPLO bits of a corresponding interrupt number.

2. An default value of a SDAI output should be set when the SMD2 to SMDO bits in the UiMR register are set to "0002"

(serial 1/O disabled).
3. Second data transfer to the UiRB register (on the rising edge of the ninth bit of SCLi).
4. First data transfer to the UiRB register (on the rising edge of the ninth bit of SCLI).
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(1) When [ICM2 = 0 (ACK or NACK interrupt) and CKPH = 0 (No clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th o9th
bit bit bit bit bit bit bit bit bit
SCLi

spai X D7 X De X Ds X Da X D3 X D2 X D1 X Do XDs(ACK or NACK)
t

ACK (DMA request)
interrupt or NACK interrupt

? b15 b9 b8 b7 bo

Transfer data to the UiRB register [ |~ [ [Ds[D7[De[Ds[D4] D3[D2[D1]Do]
Consist of the UiRB register

(2) When [ICM2 = 0 and CKPH = 1 (clock delay)

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

S [ A A Y A I
SDAI :>< D7 X Ds X Ds X Da ¥ D3 X D2 X D1 X Do X Ds(ACK or NACK)
f

ACK (DMA request)
interrupt or NACK interrupt

b15 b9 b8 b7 b0
Transfer data to the UiRB register ||~ [_[D8[D7[De[D5]D4[D3[D2[D1[Do]
Consist of the UiRB register

(3) When IICM2 = 1 (UART transmission or reception interrupt) and CKPH = 0

1st 2nd 3rd 4th 5th 6th 7th 8th 9th
bit bit bit bit bit bit bit bit bit

spai X D7 X e X Ds X Da X Ds X D2 X D1 X Do XDs(ACK or NACK)
tt

Receive interrupt  Transmit interrupt

(DMA request)
% b1s b9 b8 b7 bo
Transfer data to the UiRB register [ |- [ _[Do] - [D7[De[Ds[D4[D3[D2]D1]
(4) When IICM2 = 1 and CKPH = 1 Consist of the UiRB register
1st  2nd 3rd  4th 5th 6th 7th 8th oth
bit bit bit bit bit bit bit bit bit

SCLi

spai X D7 X Ds X Ds X Da X D3 )} Dz X D1 X Do XDs(ACK or NACK)
bt

Receive interrupt Transmit interrupt
(DMA request)

t

Transfer data to the UiRB register Transfer data to the UiRB register

b1s b9 b8 b7 bo bis b9 b8 b7 b0
[ ][ [Do] - [D7[De[D5[D4[D3[D2[D1] [ |- [ [D8[D7]De[D5[D4]D3[D2]D1]Do]
0104 Consist of the UiRB register Consist of the UiRB register
=0 to

IICM2 : Bit in the UiISMR2 register
CKPH : Bit in the UiISMRS3 regiser

The above timing applies to the following setting :
* CKDIR bit in the UIMR register = 1 (select slave)

Figure 1.20.2. SCLi Timing
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Table 1.20.4. Pin Settings in 1IC Mode

Port Function Bit and setting value
PSO register PSLO register PD6 register
P62 SCLO output PS0_2=1 PSLO_2=0 PD6_2=0
P63 SDAO output PS0_3=1 - PD6_3=0
P66 SCL1 output PS0_6=1 PSLO_6=0 PD6_6=0
P67 SDAL1 output PS0_7=1 - PD6_7=0
Table 1.20.5. Pin Settings (Continued)
Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register
P70l SDAZ2 output PS1_0=1 PSL1_0=0 PSC_0=0 PD7_0=0
p711 SCL2 output PS1_1=1 PSL1_1=0 PSC_1=0 PD7_1=0
Notes :

1. N-channel open drain output.

Table 1.20.6. Pin Settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register!
P91 SCL3 output PS3_1=1 PSL3_1=0 PD9_1=0
P92 SDAZ3 output PS3 2=1 PSL3_2=0 PD9_2=0
P96 SCL4 output PS3 6=1 - PD9 6=0
P97 SDA4 output PS3 7=1 PSL3 7=0 PD9 7=0
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

« Start Condition and Stop Condition

The microcomputer detects either start condition or stop condition. The start condition detect interrupt is
generated when the SCLi (i=0 to 4) pin is set to "H" and also the SDAI pin changes "H" to "L". The stop
condition detect interrupt is generated when the SCLi pin is set to "H" and also the SDAi pin changes "L"
to "H". The start condition detect interrupt and stop condition detect interrupt need the same interrupt
control registers and vectors. The BBS bit in the UiSMR register determines which interrupt is requested.

3to 6 cycles < set up time 1
3 to 6 cycles < hold time 1

Set up time Hold time i

SCLi

SDAI : : i
(Start condition)

SDAI : '
(Stop condition)

i=0to 4
Notes :
1. The number of cycles means a main clock input generation frequency cycles (XIN)

Figure 1.20.3. Start Condition or Stop Condition Detection
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« Start Condition or Stop Condition Output
The start condition is generated when the STAREQ bit in the UiSMR4 register (i=0 to 4) is set to "1"
(start). The restart condition is generated when the RSTAREQ bit in the UiISMR4 register is set to "1"
(start). The stop condition is generated when the STPREQ bit in the UiSMR4 is set to "1" (start).
The start condition is output when the STAREQ bit is set to "1" and the STSPSEL bit in the UiISMR4
register is set to "1" (start or stop condition output). The restart condition is output when setting the
RSTAREQ bit and STSPSEL bit to "1". The stop condition is output when setting the STPREQ bit and the
STSPSEL bit to "1".
When the start condition, stop condition or restart condition is output, avoid generating an interrupt be-
tween the instruction to set the STAREQ bit, STPREQ bit or RSTAREQ bit to "1" and the instruction to set
the STSPSEL bit to "1". When the start condition is output, the STAREQ bit should be set to "1" before
setting the STSPSEL bit to "1".
Table 1.20.7 lists function of the STSPSEL bit. Figure 1.20.4 shows function of the STSPSEL bit.

Table 1.20.7 STSPSEL Bit Function

Function STSPSEL =0 STSPSEL =1
Start condition and stop condition Program with a port determines The STAREQ bit, RSTAREQ bit and
output how the start condition or stop STPREQ bhit determine how the start
condition is output condition or stop condition is output
Timing to generate a start condition The start condition and stop Start condition and stop condition
and stop condition interrupt request condition are detected generation are completed

(2) In slave mode
CKDIR =1 (internal clock)
STSPSEL = 0 (no start condition and stop condition output)

Start condition detect Stop condition detect
interrupt interrupt

(1) In master mode
CKDIR = 0 (external clock)
STSPSEL =1 (start condition and stop condition output)

setting value for g 1 0 1 0
STSPEL bit —_— > >« ——————><—

SCLi

SDAI

STAREQ=1 \ S / T
. TPREQ=1
(start) Start condition detect (start) Q Stop condition detect
interrupt interrupt

i=0to 4

Figure 1.20.4. STSPSEL Bit Function
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* Arbitration

The ABC bit in the UiSMR register (i=0 to 4) determines update timing for the ABT bit in the UiRB register.
On the rising edge of SCLi, the microcomputer determines whether data being transmitted matches data
input to the SDAI pin.

When the ABC bit is set to "0" (update per bit), the ABT bit is set to "1" as soon as detecting a data
discrepancy. The ABT bitis set to "1" (detected-arbitration is lost) on the falling edge of the ninth bit of the
transfer clock if once detecting the discrepancy. When the ABT bit is updated per byte, the ABT bit
should be set to "0" (not detected-won) between an ACK detection in the first byte data and the next byte
data to be transferred. When the ALS bit is set to "1" (SDA output stop enable), the arbitration lost occurs.
The ABT bit is set to "1" as soon as the SDAI pin is placed in a high-impedance state.

* Transfer Clock

The transfer clock transmits and receives data shown in Figure 1.20.4.

The CSC bit in the UiISMR2 register (i=0 to 4) synchronizes an internally generated clock (internal SCLi)
with the external clock that is input into the SCLi pin. When setting the CSC bit to "1" (clock synchronous
enabled) and internal SCLi to "H", internal SCL is set to "L" if the SCLi pin is on the falling edge. The
UiBRG register is reloaded to start counting for the "L" leg. When setting the SCLi pin to "L", internal SCL
is set to "H" form "L" to stop counting. Counting is resumed when setting the SCLi pin to "H". The transfer
clock of UARTI is equivalent to the AND for an internal SCLi and signals from the SCLi pin.

The transfer clock is synchronized between a half cycle before the falling edge of first bit of an internal
SCLi and the rising edge of the ninth bit. The internal clock should be selected as the transfer clock while
the CSC bit is set to "1".

The SWC bit in the UiSMR2 register determines whether the SCLi pin that is set to "L" output is fixed on
the falling edge of ninth cycle of the transfer clock or not.

When the SCLHI bit in the UiSMR4 register is set to "1" (enabled), SCLi output is halted when detecting
a stop condition (high-impedance).

When the SWC2 bit in the UiISMR2 register is set to "1" (0 output), the SCLi pin can output "L" forcibly
while transmitting and receiving. When setting the SWC2 bit to "0" (transfer clock), the SCLi pin stops "L"
output to input and output the transfer clock.

When the CKPH bit in the UiISMR3 register is set to "1" and the SWC9 bit in the UiSMR4 register is set to
"1" (SCL "L" hold enabled), the SCLi pin is fixed to output "L" on the next falling edge after ninth bit of the
clock. When setting the SWC9 bit to "0" (SCL "L" hold disabled), the SCLi pin is not fixed to output "L".

* SDA Output

Values in bits 7 to 0 (D7 to Do) in the UiTB register (i=0 to 4) are output in descending order from D7. The
ninth bit (D8) is ACK or NACK.

A default value of SDAI output for transmission should be set when the IICM bit is set to "1" (1IC mode) the
SMD2 to SMDO bits in the UIMR register are set to "0002" (serial I/O disabled).

The DL2 to DLO bits in the UiISMR3 register determine a SDAI output delay status or a count source of the
UiBRG register with 2 to 8 cycle delay.

When the SDHI bit in the UiISMR2 register is set to "1" (SDA output disabled), the SDAI pin is placed in a
high-impedance state forcibly. Avoid setting in the SDHI bit on the rising edge of the URTi transfer clock.
The ABT bit in the UiRB register may be set to "1" (detected).
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* SDA Input
When the [ICM2 bit in the UiISMR2 register (i=0 to 4) is set to "0", store first to eighth bits of received data
are stored into bits 7 to 0 (D7 to Do) in the UiRB register. The ninth bit (D8) is ACK or NACK.
When setting the IICM2 bit to "1", first to seventh bits (D7 to D1) of received data are stored into bits 6 to
0 in the UiRB register. Eighth bit (Ds) should be stored into bit 8 in the UiRB register.
If the IICM bit in the UiSMR register is set to "1" and the CKPH bit is set to "1", the same data can be read
as data when setting bit to "0". To read the data, the UiRB register should be read after the rising edge of
ninth bit of the transfer clock.

*« ACK, NACK
When the STSPSEL bit in the UiISMRA4 register (i=0 to 4) is set to "0" (not output start or stop condition)
and the ACKC bit in the UiISMR4 register is set to "1" (ACK data output), the value of the ACKD bit is
output from the SDAI pin.
If setting the 1ICM2 bit to "0", NACK interrupt request is generated when the SDAI pin is set to "H" on the
rising edge of ninth bit of the transfer clock. ACK interrupt request is generated when the SDAI pin is set
to "L" on the rising edge of ninth bit of the transfer clock.
When selecting ACK how a DMAI request is generated, DMA transfer is activated by an ACK detection.

* Transmit and Receive Reset

When the STC bit in the UiISMR2 register is set to "1" (UARTI initialization enabled) and a start condition

is detected.

- the transmit shift register is reset and content of the UiTB register is transferred to the transmit shift
register. The next clock becomes a first bit to start transmitting. UARTI output value remains un-
changed between a clock provided and data of first bit output. The value is the same as a value when
a start condition is detected.

- the receive shift register is reset and the next clock provided becomes first bit to start transmitting.

- the SWC bit is set to "1" (SCL wait output enabled). The SCLi pin is set to "L" on the falling edge of ninth
bit of the transfer clock.

When UARTI transmission and reception are started with this function, the Tl bit remains unchanged.
The external clock should be selected as the transfer clock when using this function.
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2. Special Mode 2

Special mode 2 is a mode that serial communication between one or multiple master(s) and multiple
slaves is available. The SSi input pin (i=0 to 4) controls serial bus communication. Table 1.20.8 lists
specifications of special mode 2. Table 1.20.9 lists registers to be used register and settings. Tables
1.20.10 to 1.20.12 list pin settings.

Table1.20.8. Special Mode 2 Specifications

Item

Specification

Transfer data format

Transfer data : 8 bits long

Transfer clock

When setting the CKDIR bit in the UiMR register (i=0 to 4) to "0" (internal clock selected) :
fil2(m+1) fj=f1,fs, f2a1 m : setting value of the UIBRG register 0016 to FF16

When setting the CKDIR bit to "1" (external clock selected) : input clock from the CLKi pin

Transmit/receive control

Selectable from CTS function, RTS function or CTS/RTS function disabled

Transmit start condition

+To start transmitting, the following requirement should be met? :

- The TE bit in the UiC1 register is set to "1" (transmit enable)

- The Tl bit in the UiC1 register to "0" (data available in the UiTB register)
- CTSiinput level is "L" when CTS function is selected

Receive start condition

« To start receiving, the following requirement should be met? :
- The RE bit in the UiC1 register is set to "1" (receive enable)
- The TE bit is set to "1" (receive enable)

- Tl bit is set to "0" (data available in the UiTB register)

Interrupt request
generation timing

» While transmitting, the following condition can be selected:

- The UIIRS bit in the UIC1 register is set to "0" (transmit buffer empty) :
when data is transferred from the UiTB register to the UARTI transmit register (transmit starting)

- The UIRS register is set to "1" (transmit completed):
when data transmission from UARTI transfer register is completed

» While receiving
When data is transferred from UARTI receive register to the UiRB register (receive completed)

Error detection

«Overrun error3

This error occurs when reading a seventh bit of the next received data before reading the
UiRB register

Selectable function

¢ CLK polarity

Either rising edge or falling edge of a the transfer clock can be selected when a trans-
ferred data is output and input

* LSB first or MSB first
Whether a data is transmitted/received in bitO or in bit7 can be selected
 Continuous receive mode
Reception is enabled simultaneously by reading the UiRB register
« Serial data logic inverse
This function inverses transmitted/received data logically
» TxD, RxD 1/O polarity switching
TxD pin output and RxD pin input are inversed. All /O data levels are also inversed
* Clock phase
One of 4 combinations of transfer data polarity and phases can be read
« SSi input pin function
Output pin is placed in a high-impedance state to avoid data conflict between a master and
another masters or slave

Notes :

1. The CNT3 to CNTO bits in the TRGSR register determine either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

2. When selecting the external clock, the external clock is in "H" when the CKPOL bit in the UiCO register is set to "0"
and is in "L" when the CKPOL bit is set to "1".

3. If an overrun error occurs, the UiRB register is indeterminate. The IR bit of SiRIC register does not change to "1"

(interrupt request).
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Table 1.20.9. Registers to Be Used and Settings in Special Mode 2

Register Bit Function
uiTB Oto7 Set data to be transmitted
UiRB Oto7 Received data can be read
OER Overrun error flag
UIBRG Oto7 Set baud rate
UIMR SMD2 to SMDO Set to "0012"
CKDIR Set to "0" in master mode, "1" in slave mode
IOPOL Set to "0"
UiCo CLKO, CLK1 Select a count source of the UIBRG register
CRS Disabled since CRD =1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select output format of the TxDi pin
CKPOL Clock phase can be set by a combination of the CKPOL bit and the CKPH bit in
the UiSMRS register
UFORM Set to "0"
UiC1l TE When data transfer and reception is enabled, set to "0"
TI Transfer buffer empty flag
RE When data reception is enabled, set to "1"
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UIiLCH, SCLKSTPB| Set to "0"
UiRRM When continuous recieve mode is enabled, set to "1"
UiSMR Oto7 Set to "0"
UiSMR2 Oto7 Set to "0"
UiSMR3 SSE Setto "1"
CKPH Clock phase can be set by a combination of the CKPH bit and the CKPOL bit
in the UiCO register
DINC Set to "0" in master mode, "1" in slave mode
NODC Set to "0"
ERR Fault error flag
5t07 Set to "0"
UiSMR4 Oto7 Set to "0"
IFSR IFSR6, IFSR7 Select how a fault error occurs
i=0to 4
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Table 1.20.10. Pin settings in Special Mode 2

Port Function Bit and setting value
PSO register PSLO register PD6 register
P60 SS0 input PSO_0=0 - PD6_0=0
P61 CLKO input (slave) PS0_1=0 - PD6_1=0
CLKO output (master)| PS0_1=1 - -
P62 RxDO input (master) | PS0_2=0 - PD6_2=0
STxDO input (slave) | PS0_2=1 PSLO_2=1 -
P63 TxDO output (master)| PS0_3=1 - -
SRxDO output (slave)| PS0_3=0 - PD6_3=0
P64 SS1 input PS0_4=0 - PD6_4=0
P65 CLK1 output (slave) | PS0_5=0 - PD6_5=0
CLK1 output (master)| PS0_5=1 - -
P66 RxD1 input (master) | PS0_6=0 - PD6_6=0
STxD1 input (slave) | PS0_6=1 PSLO_6=1 -
P67 TxD1 output (master)| PS0_7=1 - -
SRxD1 input (slave) | PS0_7=0 — PD6_7=0
Table 1.20.11. Pin settings (Continued)
Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register
P70l TxD2 output (master) | PS1_0=1 PSL1_0=0 PSC_0=0 -
SRxD2 input (slave) |PS1_0=0 - - PD7_0=0
P71l RxD2 input (master) |[PS1_1=0 - - PD7_1=0
STxD2 output (slave) | PS1_1=1 PSL1 1=1 - -
P72 CLK2 input (slave) PS1_2=0 - - PD7_2=0
CLK2 output (master) | PS1_2=1 PSL1 2=0 PSC_2=0 -
P73 SS2 input PS1_3=0 - - PD7_3=0
Notes :

1. N-channel open drain output

Table 1.20.12. Pin settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register!
P90 CLK3 input (slave) PS3_0=0 - PD9_0=0
CLK3 output (master)| PS3_0=1 - -
P91 RxD3 input (master) | PS3_1=0 - PD9_1=0
STxD3 output (slave)| PS3_1=1 PSL3_1=1 -
P92 TxD3 output (master)| PS3_2=1 PSL3_2=0 -
SRxD3 input (slave) | PS3_2=0 - PD9_2=0
P93 SS3 input PS3_3=0 PSL3_3=0 PD9_3=0
P94 SS4 input PS3_4=0 PSL3_4=0 PD9_4=0
P9s CLK4 input (slave) PS3_5=0 PSL3_5=0 PD9_5=0
CLK4 output (master)| PS3_5=1 - -
P96 TxD4 output (master)| PS3_6=1 - -
SRxD4 input (slave) | PS3_6=0 PSL3_6=0 PD9_6=0
P97 RxD4 input (master) | PS3_7=0 — PD9_7=0
STxD4 input (slave) | PS3_7=1 PSL3_7=1 -
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.
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« SSi Input Pin Function (i=0 to 4)
When the SSE bit in the UiISMR3 register to "1" (SS function enabled), the SSi input pin function is
selected to activate pin functions.
The DINC bit in the UiISMR3 register determines which microcomputers perform as master(s) or slave(s).
When multiple microcomputers as a master (multi-master system), the SSi pin state determines at each
activation of this mode.

(1) When setting the DINC Bit to "1" (Slave Mode)
When an "H" signal is input to the SSi pin, the STxDi and SRxDi pins are placed in a high-impedance
state and an input to the transfer clock is ignored. When an "L" signal is input to the SSi input pin, the
transfer clock is enabled to input and serial communications are available.

(2) When setting the DINC Bit to "0" (Master Mode)

When an "H" signal is input to the SSi pin, serial communication is available due to a transmission.
The master outputs the transfer clock. When a "L" signal is input to SSi pin, it indicates that another
master already works and all TxDi, RxDi and CLKi pins are placed in a high-impedance state. More-
over, a fault error occurs and the IR bit in the BCNIIC register is set to "1" (interrupt request). The ERR
bit in the UiSMR3 register identifies whether a fault error occurs.

In master mode, software interrupt numbers 39, 40 and 41 become fault error interrupt. The fault error
interrupt is generated when the ERR bit changes "0" to "1". The fault error interrupt of UARTO shares
an interrupt vector with the one of UARTS3. The fault error interrupt of UART1 shares an interrupt
vector with the one of UART4. The IFSR6 and IFSR7 bits in the IFSR register determine which fault
error interrupt is used.

Communications is not terminated even when a fault error is generated during communications. To
stop communications, the SMD 2 to SMDO bit in the UIMR register is set to "0002" (serial /0 disabled).

Microcomputer Microcomputer
P13
PlL2[f——

P93(SS3) P93(SS3)
P90(CLK3)— P90(CLK3)
P91(RxD3) [ P91(STxD3)
P92(TxD3) — P92(SRxD3)

Master Slave

Microcomputer

P93(SS3)

P90(CLK3)
P91(STXD3)
P92(SRXD3)

Slave

Figure 1.20.5. Serial Bus Communication Control with SS Pin
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* Clock Phase Function
The CKPH bit in the UiISMR3 register (i=0 to 4) and the CKPOL bit in the UiCO register determine of four
combinations of transfer clock polarity and phases.
The transfer clock phase and polarity should be the same between a master and a slave involved in the
transfer.

(1) When setting the DINC Bit to "0" (Master (Internal Clock))
Figure 1.20.6 shows a transmit and receive timing.

(2) When setting the DINC Bit to "1" (Slave (External Clock))

When setting the CKPH bit to "0" (no clock delay) and the SSi input pin to "H", output data is placed in
a high-impedance state. When SSi input pin is set to "L", an serial transmit start conditions are met
though an output is indeterminate. Serial transmission is synchronized with the transfer clock. Figure
1.20.7 shows the transmit and receive timing.

When setting the CKPH bit to "1" (clock delay) and the SSi input pin to "H", output data is placed in a
high-impedance state. When the SSi pin is set to "L", the first data is output. Serial transmission is
synchronized with the transfer clock. Figure 1.20.8 shows the transmit and receive timing.

- I

Master SS input

Clock output
(CKPOL=0, CKPH=0) "L"

Clock output “He
(CKPOL=1, CKPH=0) "L

Clock output "H"
(CKPOL=1, CKPH=1) "L" 1 4 1 b1 L L

Data output timing 'C:X DOX DlX DZX D3X D“X DSX DeX o7
Data input timing T T T T T T T T

Figure 1.20.6. Transmit and Receive Timing in Master Mode (Internal Clock)

Clock output e L o e A e e
(CKPOL=0, CKPH=1) L L L L L L |
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. "H"
SS input o _|
(CKPOL=0, CKPH=0) "L"
(CKPOL=1, CKPH=0) "L"
g e
Data output timing " o X o X i~ X = X D4X - X — X — _
h- D( > —

Higl !
inpedance inpedance

e T N T T Y S

Notes :
1. UART?2 output is an N-channel open drain and needs to be pulled up externally.

=

=

Figure 1.20.7. Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=0)

. H
SSinput o _|
(CKPOL=0, CKPH=0) "L"
(CKPOL=1, CKPH=1) "L"
e
I ST Y 2 0 Y ) S ey
igh-

High- !
inpedance inpedance

(S N N O N

Notes :
1. UART2 output is an N-channel open drain and needs to be pulled up externally.

=

=

Figure 1.21.9. Transmit and Receive Timing in Slave Mode (External Clock) (CKPH=1)
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3. Special Mode 3 (GCI Mode)

GCIl mode is a mode to synchronize the external clock with the transfer clock used in the clock synchro-
nous serial I/O mode.

Table 1.20.13 lists specifications of GCl mode. Table 1.20.14 lists registers to be used and register set-
tings. Tables 1.20.15 to 1.20.17 list pin settings.

Tablel.20.13. GCI Mode Specifications

Item Specification

Transfer data format Transfer data : 8 bits long

Transfer clock When the CKDIR bit in the UIMR register (i=0 to 4) is set to "1" (external clock selected) :
input from the CLKi pin

Clock Input trigger from the CTSi pin

synchronization function

Transmit/receive start * When the external clock is set to "H", the following conditions should be met :
condition - The TE bit in the UiC1 register is set to "1" (transmit enable)

- The RE bit in the UiC1 register to "1" (receive enable)

- The Tl bit in the UiC1 register to "0" (Data in UiTB register)
- CTSi input level is "L"

Interrupt request » While transmitting, the following condition can be selected:

generation timing - The UIIRS bit in the UiC1 register is set to "0" (Transmit buffer empty) :
when data is transferred from the UiTB register to the UARTI transmit register (starting transmit)

- The UIIRS bit is set to "1" (Transmit completed):
when data transmission from the UARTI transfer register is completed
» While receiving

When data is transferred from the UARTI receive register to the UiRB register (receive com-
pleted)

Error detection Overrun error!

This error occurs when reading a seventh bit of the next received data before reading the
UiRB register

Notes :
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register does not change to
"1" (interrupt request).
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Table 1.20.14. Registers to be Used and Settings in CGIl Mode

Register Bit Function
uiTB Oto7 Set data to be transmitted
UiRB Oto7 Received data
OER Overrun error flag
UIBRG Oto7 Set to "0016"
UiMR SMD2 to SMDO Set to "0012"
CKDIR Set to "1"
IOPOL Set to "0"
uiCco CLK1 to CLKO Set to "002"
CRS Disabled since CRD =1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Select an output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
UiC1 TE When data transfer is enabled, set to "1"
TI Transfer buffer empty flag
RE When data reception is enabled, set to "1"
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM, UILCH, Set to "0"
SCLKSTPB Set to "0"
UiSMR Oto 6 Set to "0"
SCLKDIV See Table 1.20.18.
UiSMR2 Oto 6 Set to "0"
SU1HIM See Table 1.20.18.
UiSMR3 Oto2 Set to "0"
NODC Fix to "0"
4t07 Set to "0"
UiSMR4 Oto7 Set to "0"
i=0to 4
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Table 1.20.15. Pin settings in CGI Mode

Port Function Bit and setting value
PSO register PSLO register PD6 register

P60 ‘CTSO0 input! PS0_0=0 - PD6_0=0
P61 CLKO input PS0_1=0 - PD6_1=0
P62 RxDO input PSO_2=0 - PD6_2=0
P63 TxDO output PS0_3=1 - —

P64 CTS1 input PS0_4=0 - PD6_4=0
P65 CLK1 input PSO_5=0 - PD6_5=0
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PS0_7=1 - —

Notes :

1. CTS input is used for trigger input.

Table 1.20.16. Pin settings (Continued)

Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register
P70l TxD2 output PS1 0=1 PSL1_0=0 PSC_0=0 -
p711 RxD2 input PS1 1=0 - - PD7_1=0
P72 CLK2 input PS1 2=0 - - PD7_2=0
P73 RTSZ input? PS1 3=0 - - PD7_3=0
Notes :

1. N-channel open drain output
2. CTS input is used for trigger input.

Table 1.20.17. Pin settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register®

P90 CLK3 input PS3_0=0 - PD9_0=0
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3_2=1 PSL3_2=0 -

P93 ‘CTS3input? PS3_3=0 PSL3_3=0 PD9_3=0
P94 ‘CTS4 input? PS3 4=0 PSL3_4=0 PD9_4=0
P9s CLK4 input PS3_5=0 PSL3_5=0 PD9_5=0
P96 TxD4 output PS3 6=1 - -

P97 RxD4 input PS3_7=0 - PD9_7=0
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

2. CTS input is used for a trigger input.
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To generate the internal clock synchronized with the external clock, the SU1HIM bit in the UiISMR2 regis-
ter (i=0 to 4) and the SCLKDIV bit in the UiSMR register should be set to values shown in Table 1.20.18
first. A trigger signal should be input to the CTSi pin. Either the same clock cycle as the external clock or
external clock divided by two can be selected as the transfer clock. To start or stop the transfer clock
during an external clock operation, the SCLKSTPB bit in the UiC1 register controls the transfer clock.
Figure 1.20.9 shows an example of the clock-divided synchronous function.

Table 1.20.18. Clock-Divided Synchronous Function Select

SCLKDIV bit in SU1HIM bit in Clock-divided synchronous function Example of waveform
UiISMR register UiSMR register
0 0 No synchronized -
0 0 The same division as the external clock A in Figure 1.20.9
0 Oor1l The same division as the external clock B in Figure 1.20.9
divided by 2
i=0to 4

External clock
fomcikipn | LI LT LML LML L L
Trigger signal : : : :
from CTSi pin ‘

Transfer clock

132334536738
m | SCLKSTPB bit in UiC1 register

A ; ; ; ; stops the clock
TxDi 123456 7)38
o X
Transfer clock 7 0 I 7 17 I 11
B R
TxDi 1 1 I 2 1 3 1 4 Y 5 Y 6 Y 7 )Y s

i=0to 4
A, B : See Figure 1.20.18.

Figurel.20.9. Clock-Divided Synchronous Function

4. Special Mode 4 (IE Mode)

IE mode is a mode to communicate in UART mode among devices connenting with the IEBus.
Table 1.20.20 lists registers to be used and register settings. Tables 1.20.21 to 1.20.23 list pin settings.
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Table 1.20.20. Registers to Be Used and settings in IE Mode

Register Bit Function
uiTB 0to 8 Set data to be transmitted
UiRB Oto8 Received data can be read
OER, FER, Error flags
PER, SUM
UiBRG Oto7 Set baud rate
UIMR SMD2 to SMDO Set to "1102"
CKDIR Select the internal clock or external clock
STPS Set to "0"
PRY Disabled since PRYE=0
PRYE Set to "0"
I0POL Select TxD and RxD I/O polarity
UiCo CLK1 to CLKO Select a count source of the UIBRG register
CRS Disabled since CRD=1
TXEPT Transfer register empty flag
CRD Set to "1"
NCH Select output format of the TxDi pin
CKPOL Set to "0"
UFORM Set to "0"
UiC1 TE When data transfer is enabled, set to "1"
TI Transfer buffer empty flag
RE When data reception is enabled, set to "1"
RI Receive complete flag
UiIRS Select how the UARTI transmit interrupt is generated
UiRRM, UILCH, Set to "0"
SCLKSTPB
UiSMR 0to3 Set to "0"
ABSCS Select bus conflict detect sampling timing
ACSE When the transmit enable bit is automatically clear, set to "1"
SSS Select the transmit start condition
SCLKDIV Set to "0"
UiSMR2 Oto7 Set to "0"
UiSMR3 Oto7 Set to "0"
UiSMR4 Oto7 Set to "0"
IFSR IFSR6, IFSR7 Select how the bus conflict interrupt occurs
i=0to 4

RENESAS

RenesasTechnology Corp.

215



et < Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
0“&\0\’ Specifications in this manual are tentative and subject to change. M32C/83 group

(ya
. . . SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
Serial 1/0O (Special Function)
.}

Table 1.20.21. Pin Settings in IE Mode

Port Function Bit and setting value
PSO register PSLO register PD6 register

P61 CLKO input PS0_1=0 - PD6_1=0
CLKO output PSO_1=1 - -

P62 RxDO input PS0_2=0 - PD6_2=0

P63 TxDO output PS0_3=1 - -

P65 CLK1 input PS0_5=0 - PD6_5=0
CLK1 output PS0_5=1 - -

P66 RxD1 input PS0_6=0 - PD6_6=0

P67 TxD1 output PS0_7=1 - —

Table 1.20.22. Pin Settings (Continued)

Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register
P70l TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p711 RxD2 input PS1 1=0 - - PD7_1=0
P72 CLK2 input PS1_2=0 - - PD7_2=0
CLK2 output PS1_2=1 PSL1_2=0 PSC_2=0 -
Notes :

1. N-channel open drain output

Table 1.20.23. Pin Settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register?
P9o CLK3 input PS3 0=0 - PD9 _0=0
CLK3 output PS3 0=1 — —
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3 2=1 PSL3 2=0 -
P95 CLK4 input PS3_5=0 PSL3 5=0 PD9_5=0
CLK4 output PS3 5=1 - -
P96 TxD4 output PS3 6=1 - -
P97 RxD4 input PS3_7=0 — PD9_7=0
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.
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When an output level of the TxDi pin (i=0 to 4) differs from an input level of the RxDi pin, an interrupt
request is generated.

UARTO and UARTS3 are assigned in software interrupt number 40, UART1 and UART4 are assigned in
the number 41. When using the bus conflict detect function of UARTO or UART3, of UART1 or UART4,
the IFSR6 bit and the IFSR7 bit in the IFSR register select software interrupt number 40 or 41.

When the ABSCS bit in the UiSMR register is set to "0" (rising edge of the transfer clock), on the rising
edge of the transfer clock, an output level of the TxD pin is determined whether it matches input level of
the RxD pin. When setting the ABSCS bit to "1" (timer Aj underflow), it is detemined when an overflow of
the timer Aj (timer A3 in UARTO, timer A4 in UARTZ, timer AO in UART2, timer A3 in UARTS3, the timer A4
in UART4) occurs. The timer Aj should be used in one-shot timer mode.

When the ACSE bit in the UiSMR register is set to "1" (automatic clear at bus conflict) and the IR bit in the
BCNIIC register to "1" (discrepancy detected), the TE bit is set to "0" (transmit disable).

When the SSS bit in the UiSMR register is set to "1" (falling edge of RxDi), transmission from the TxDi pin
is started on the rising edge of the RxDi pin. Figure 1.20.10 shows bits associated with the bus conflict
detect function.
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(1) The ABSCS hit in the UiSMR register (with bus conflict and sampling clock)

(i=0 to 4)
Detected a bus conflict on the rising edge of transfer clock when ABSCS=0
¥

Transfer clock

ST Do D1 D2 D3 D4 Ds De D7 Ds SP
TxDi
RxDi |

Trigger input into TA]jIN pin T
Timer Aj

When ABSCS = 1, detected when timer Aj underflow occurs (in the one-shot mode)
Interrupt request is generated

Timer Aj: timer A3 with UARTO, UART3, timer A4 with UART1, UART4, timer AO with UART2.

(2) The ACSE bit in the UiISMR register (transmit enable bit is automatically cleared)

Transfer clock

ST Do D1 D2 D3 D4 Ds De D7 Ds SP
TxDi
RxDi |

IR bitin
BCNIIC register |

TE bitin
UiC1 register |

(3) The SSS bit in the UISMR register (transmit start condition is selected)

When SSS=0, starts transmitting after one cycle of transfer clock when transmission is enabled.

Transfer clock
ST Do D1 D2 D3 D4 Ds De D7 Ds Sp

TxDi T | I

transmit enable conditons are met

When SSS=1, starts transmitting on the falling edge of RxDil

CLKi

ST Do D1 D2 D3 D4 Ds Ds D7 Ds SP

TxDi (Note 2) [ ) | ‘
RXDi / | |

Notes :
1. Falling edge of RxDi when IOPOL=0, rising edge of RxDi when IOPOL=1.
2. Transmission should be enabled before the falling edge of RxD.

Figure 1.20.10. Bit Function Related Bus Conflict Detection
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5. Special Mode 5 (SIM Mode)
SIM mode is a mode to communicate in UART mode with SIM interface devices. Direct format and
inverse format can be achieved and The TxDi pin (i=0 to 4) output "L" when a parity error is detected.
Table 1.20.24 lists specifications of SIM mode. Table 1.20.25 lists registers to be used and register
settings. Tables 1.20.26 to 1.20.28 list pin settings.

Tablel.20.24. SIM Mode Specifications

Iltem Specification
Transfer data format « Transfer data: 8-bit UART mode * One stop bit
* In direct format * In inverse format
Parity Even Parity Odd
Data logic Direct Data logic Inverse
Transfer format ~ LSB first Transfer format MSB first
Transfer clock When the CKDIR bit in the UiMR register (i=0 to 4) to "0" (internal clock selected) :

fil16(m+1)! fj=f1, fs, f2n2 m : setting value of the UIBRG register 0016 to FF16
Avoid setting the CKDIR bit to "1" (external clock selected)

Transmit / receive The CRD bit in the UiCO register is set to "1" (CTS, RTS function disable)

control

Other setting item The UIIRS bit in the UiC1 register is set to "1" (transmit interrupt caused by transmit com-
pleted)

Transmit start condition | To start transmitting, the following requirements should be met
» The TE hit in the UiC1 register is set to "1" (transmit enable)
« The Tl bit in the UiC1 register is set to "0" (data available in the UiTB register)

Receive start condition | To start receiving, the following requirements should be met
» The RE bit in the UiC1 register is set to "1" (receive enable)

» The start bit is detected

Interrupt request While transmitting:

generation timing » The UIRS bit is set to "1" (transmit is completed):
when data transmission from the UARTi transfer register is completed

While receiving

» When data is transferred from the UARTI receive register to the UiRB register (receive completed)

Error detection « Overrun errorl

This error occurs when an eighth bit of the next data before reading the UiRB bit is received
 Flaming error

This error occurs when the number of the stop bit set is not detected

* Parity error

This error occurs when the number of "1" in parity bit and character bits is different from
the number set.

« Error sum flag

The SUM bit is set to "1" when an overrun error, flaming error or parity error occurs.

Notes :
1. If an overrun error occurs, the UiRB register is indeterminate. The IR bit in the SiRIC register does not change to

"1" (interrupt request).
2. The CNT3 to CNTO bits in the TRGSR register determine either "no division (n=0)" or "divide-by-2n (n=1 to 15)".
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Table 1.20.25. Registers to Be Used and Settings

Register Bit Function
uiTB Oto7 Set data to be transmitted
UiRB Oto7 Received data can be read
OER, FER, Error flags
PER, SUM
UIBRG Oto7 Set a baud rate
UiMR SMD2 to SMDO Set to "1012"
CKDIR Set to "0"
STPS Set to "0"
PRY Set to "1" for direct format or to "0" for inverse format
PRYE Set to "1"
IOPOL Set to "0"
uiCco CLK1 to CLKO Select a count source of the UiBRG register
CRS Disabled since CRD=1
TXEPT Transfer register empty flag
CRD Setto "1"
NCH Setto "1"
CKPOL Set to "0"
UFORM Set to "0" for direct format or to "1" for inverse format
UiC1 TE When transfer is enabled, set to "1"
TI Transfer buffer empty flag
RE When reception is enabled, set to "1"
RI Receive complete flag
UiIRS Setto "1"
UiIRRM Set to "0"
UIiLCH Set to "0" for direct format or to "1" for inverse format
UIERE Setto "1"
UiSMR Oto3 Set to "0"
UiSMR2 Oto7 Set to "0"
UiSMR3 Oto7 Set to "0"
UiSMR4 Oto7 Set to "0"
i=0to 4
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Table 1.20.26. Pin Settings in SIM Mode

Port Function Bit and setting value
PSO register PSLO register PDE6 register
P62 RxDO input PS0_2=0 - PD6_2=0
P63 TxDO output PSO_3=1 — -
P66 RxD1 input PS0_6=0 - PD6_6=0
P67 TxD1 output PSO_7=1 — -

Table 1.20.27. Pin Settings (Continued)

Port Function Bit and setting value
PS1 register PSL1 register PSC register PD7 register
P70l TxD2 output PS1_0=1 PSL1_0=0 PSC_0=0 -
p711 RxD2 input PS1 1=0 - - PD7_1=0
Notes :

1. N-channel open drain output

Table 1.20.28. Pin Settings (Continued)

Port Function Bit and setting value
PS3 register! PSL3 register PD9 register?
P91 RxD3 input PS3_1=0 - PD9_1=0
P92 TxD3 output PS3_2=1 PSL3_2=0 -
P96 TxD4 output PS3_6=1 - -
P97 RxD4 input PS3_7=0 - PD9_7=0
Notes :

1.The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR register
is setto "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the instruction to
set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

Figure 1.20.11 shows an example of a SIM interface operation. Figure 1.20.12 shows an example of a
SIM interface connection. TxDi should be connected to RxDi for a pull-up.
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(1) Ttransmit Timing

Tc

Transfer clock |||||‘|‘i|||||||| ||||||||||||||||_r
TE bit in UiC1 v ] ’
register "0 : Set data in UARTI register Note 1
Tl bit in UiC1 "1 — N
register g

Transfer data from UiTB register to

UARI transmit register

Start Parity Stop
bit bit bit
TXDI STADKO KKK KOKOKNK P P STAPKKOKOKKOHKOKOK P o
RxDi
“L" level is returned from SIM %"
card due to parity error
. . > R

Signal line level STADoX DX D2X DX DX DX DX DX P Y 5P STADoX DX D2X D:X DsX DsXDsX D7X P NP

Detect a level in Detect a level in interrupt rc
TXEPT bit in "1 — interrupt routine —
UiCO register g
IR bitin SITIC "1"
register g

hN el

Set to "0" when interrupt request is acknowledged or set by prograt
i=0to 4
The avobe applies to the following settings :
« The PRYE bit in the UiMR register is set to "1" (parity enabled)
* The SRPS bit in the UiMR register is set to "0" (1 stop bit)
« The UIIRS bit in the UiC1 register is set to "1" (interrupt request is generated
due to transmission completed)

Tc =16(m+1) / fj
fj : frequency of UIBRG count source (f1, fs, f2n3)
m : setting value of UIBRG

(1) Recive Timing

Tc
Transfer clock |||i“i||||||| | |||||||||||||I|l|l
REbitof Uic1 1 J
register g
Start Parity! stop
bit bit bit
RxDi STA DoX D1X D2X D3sX DaX DsX DX D7X P ) SP STA DoX DiX D2X D3X DaX Ds X DsX D7 X P SP
TxDi
"L" level is returned from SIM /
card due to parity error
Signal line level? STADoX D1X D2X DsX D4X DsX DsX D7X P Y SP STADoX D1X D2XD3X DaXDsX DeXD7X P\ SP/
RI bit in UiC1 "1 ——
register [~
0" | »
L o Read from UiTB register /
IR bit in SIRIC 1 _L
register "or
Set to "0" when interrupt request is acknowledged or set by progre
i=0to 4
The avobe applies to the following settings : Tc = 16(m+1) /fj
» The PRYE bit in the UiIMR register is set to "1" (parity enabled) fj : frequency of UIBRG count source (f1, f8, f2n3)
« The SRPS bit in the UiMR register is set to "0" (1 stop bit) m : setting value of UIBRG
« The UIiIRS bit in the UiCL1 register is set to "1" (interrupt request generated
due to transmission completed)
Notes :

1. Transmission start when a BRG overflow occurs after a value is set to the UiTB register.
2. The same waveform is generated during transmitting and during receiving due to TxDi and RxDi connection.
3. The CNT3 to CNTO bits in the TCSPR register determine either "no division (n=0)" or "divide-by-2n (n=1 to 15)".

Figure 1.20.11. SIM Interface Operation
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Microcomputer

TxDi j ®
RxDi

SIM card

i=0to 4

Figure 1.20.12. SIM Interface Connection

 Parity Error Signal

- Parity error signal output function
When the UIERE bit in the UiC1 register (i=0 to 4) is set to "1", the parity error signal can be output. The
parity error signal is output with detecting a parity error when data is received. TxDi output is set to "L"
in timing shown Figure 1.20.11. When reading the UiRB register during a parity error output, the PER
bit in the UiRB register is set to "0" and a TxDi output returns to "H" simultaneously.

- Parity error signal
With a transmit complete interrupt routine, port that shares pins with RxDi indicates whether the parity
error signal is returned.

RXDi ': \ ST [ Do Y Di\ D2) Ds \ D4 \ Ds Y\ D \ D7 { P J SP
.He -
TxDi Hi-Z
e (e
Recieve "1" |
complete flag
Notes : . ;
1. The above applies to the direct format conditions (PRY=1, UFORM=0, UiLCH=0). ST - Start bit
P : Even parity
SP : Stop bit
i=0to 4

Figure 1.20.13. Parity Error Signal Output Timing (LSB First)
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e Format
- Direct format

The PRY bit in the UiMR register (i=0 to 4) should be set to "1", the UFORM bit in the UiCO register be
set to "0" and the UILCH bit in the UiC1 register be set to "0". When transmitting data, data set in UiTB
register are transmitted with even parity, starting from Do. When receiving data, received data are
stored in the UiRB register, starting from Do. Even parity determines whether a parity error occurs.

- Inverter format
The PRY bit should be set to "0", the UFORM bit be set to "1" and the UiLCH bit be set to "1".
When receiving data, a value set in the UiTB register is logically inversed and is transmitted with odd
parity, starting from D7. When receiving data, received data is logically inversed to be stored in the
UiRB register, starting from D7. Odd parity determines whether a parity error occurs.

(1) Direct format

Transfer clock | | | | | | | |
oy

TXDi '2 \__ [Do ) i ] D2)ps Y DafDs s D7 P/

P : Even parity

(2) Inverse format

Transfer clock ': | | | | | | |

mo " T\ (D7 X De K Do [ Da J(Ds X D2 X br o [ P J
P :Odd parity

i=0to4

Figure 1.20.14. Parity Error Signal Output Timing (LSB First)
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CAN Module

The CAN (Controller Area Network) module incorporated in the M32C/83 group is a Full CAN module,
totally compatible with CAN Specification 2.0 Part B. Table 1.21.1 lists specifications of the CAN module.

Table 1.21.1. CAN Module Specifications

ltem Specification
Protocol CAN Specification 2.0 Part B
Number of message slots 16 slots
Polarity Dominant: "L"
Recessive: "H"
Acceptance filter Global mask: 1 mask (for CANO message slots 0 t013)
Local mask: 2 masks (for CANO message slots 14 and 15 each)
Baud rate Baud rate = Tq clock cilcle XTqperbt Max 1 Mbps
Tq clock cycle = %

Tq per bit =SS + PTS +PBS1+PBS2
Tg: Time quantum/quanta
BRP: Setting value of the COBRP register, 1-255
SS: Synchronization Segment, 1 Tq
PTS: Propagation Time Segment, 1 to 8 Tq
PBS1: Phase Buffer Segment 1, 2to 8 Tq
PBS2: Phase Buffer Segment 2, 2 to 8 Tq

Remote frame automatic A message slot that is received a remote frame transmits a data frame
answering function automatically.
Time stamp function Time stamp function with a 16-bit counter. A count source can be select-
able CAN bus bit clock divided by 1, 2, 3, or 4.
BasicCAN mode BasicCAN function is operated by using CANO message slots 14 and 15.
Transmit abort function A transmission request is aborted.
Loopback function A frame that the CAN module transmitted is received by the same CAN
module.
Forcible error active clear function| Forcibly goes into an error active state.
Notes :

1. An oscillator satisfied 1.58% as maximum oscillator tolerance should be used.

Figure 1.21.1 shows a block diagram of the CAN module. Figure 1.21.2 shows CANO message slot buffers
(the message slot buffers) and CANO message slots (the message slots). Table 1.21.2 lists pin settings of
the CAN module.

The message slot i (i=0 to 15) cannot be accessed directly from the CPU. The message slot i to be used
should be allocated to the message slot buffer O or 1. It can be accessed via an allocated address to the
message slot buffer 0 or 1. The COSBS register selects the message slot i. Figure 1.21.2 shows the 16 byte
message slot buffer and message slot.
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Data bus

Iz U 7 37 1 1O U

COSLPR COCTLRO, 1 COGMRO to 4 COEIMKR COEISTR
| register | | register | | register | | register | COSLOTO_0 to15 COAFS
' L L I COSLOTL_0 tol5 register
f1 COBRP COCONR COLMARO to 4 COSIMKR COSISTR _
register register register register register
I I
COIDR COLMBRO to 4 SosTR
register register 9
COTEC CO0SBS
COMCTLO to 15 register “1 register
register II COREC
A g
— Interrupt
control circuit [ > Interrupt request
—>
canour O——  CAN protocol Acclfi’l’gnce
controller Message
-bit ti slot 0 to 15
CANIN O—— Ver 2.0B 16-bit timer
COTSR
register

Figure 1.21.1. CAN Module Block Diagram

CANO message slot buffer O (addresses 01E016 to 01EF16)
CANO message slot buffer 1 (addresses 01F016 to 01FF16) CANO message slot 0 to 15
CANO message slot buffer 0 standard IDO (COSLOTO_0) CANO message slot 0 standard IDO
CANO message slot buffer 0 standard ID1 (COSLOTO_1) B CANO message slot 0 standard ID1
CANO message slot buffer 0 extended IDO (COSLOTO_2) CANO message slot 0 extended IDO
CANO message slot buffer 0 extended ID1 (COSLOTO_3) CANO message slot 0 extended ID1
CANO message slot buffer 0 extended ID2 (COSLOTO_4) CANO message slot 0 extended ID2
CANO message slot buffer 0 data length code (COSLOTO_5) CANO message slot 0 data length code
CANO message slot buffer 0 data 0 (COSLOTO_6) CANO message slot 0 data 0
CANO message slot buffer 0 data 1 (COSLOTO_7) CANO message slot 0 data 1 de
CANO message slot buffer 0 data 2 (COSLOTO_8) CANO message slot 0 data 2
CANO message slot buffer 0 data 3 (COSLOTO_9) CANO message slot 0 data 3
CANO message slot buffer 0 data 4 (COSLOTO_10) CANO message slot 0 data 4
CANO message slot buffer 0 data 5 (COSLOTO_11) CANO message slot 0 data 5
CANO message slot buffer 0 data 6 (COSLOTO_12) CANO message slot 0 data 6
CANO message slot buffer 0 data 7 (COSLOTO_13) CANO message slot 0 data 7
CANO message slot buffer 0 time stamp high (COSLOTO_14) CANO message slot 0 time stamp high
CANO message slot buffer 0 time stamp low (COSLOTO_15) CANO message slot 0 time stamp low
| CANO message slot buffer 1 time stamp low (COSLOT1_15) ) °
CANO message slot 15 time stamp low o

Figure 1.21.2. Message Slot Buffer and Message Slot

Table 1.21.2. Pin Settings

Port Function | Bit and Setting
PS1, PS2 PSL1, PSL2 PSC IPS PD7, PD8
registers registers register register registers
P76 CANourt | PS1_6=1 PSL1_6=0 PSC _6=1 - -
P77 CANIN PS1_7=0 - - IPS3=0 PD7_7=0
P82 CANourT | PS2_2=1 PSL2_2=1 - - -
P83 CANIN - - - IPS3=1 PD8_3=0
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CAN-Associated Registers
Figures 1.21.3 to 1.21.28 show registers associated with CAN. When accessing the associated registers,
the MCD4 to MCDO bits in the MCD register should be set to "100102" (no division of CPU clock), the PM13
bit in the PM1 register be set to "1" (two waits) and the CMO7 bit in the CMO register be set to "0" (selectable
from XIN-XouT).

1. CANO Control Register 0 (COCTLRO Register)

CANO control register 0

b15 b8

(b7) (b0) b7 bo Symbol Address When reset
DMJ_'LU 5 ! 0 8 COCTLRO 020116 - 020016 XXXX 0000 XX01 0X012
H Pii| Bt Bit Functi RW
i i 1| symbol it name unction
P 0: CAN module is not reset
e + + +d RESETO | CAN reset bit 0 .
i i 1: CAN module is reset? RW
LOOPBACK Loop back mode 0: Loop back function disabled RW
select bit 1: Loop back function enabled
I Nothing is assigned. When write, should set to "0". .
When read, its content is indeterminate.
BASICCAN Basic CAN mode 0 : Basic CAN mode function disabled RW
select bit 1 : Basic CAN mode function enabled
CAN reset bit 1 0: CAN module is not reset
RESETL ese 1: CAN module is reset? RW
ISR SELTRRRER —— | Reserved bit Should set to "0". RW
peor T Nothing is assigned. When write, should set to "0". B
When read, its content is indeterminate.
i 6905
D e eeeeeeeeeeaaa- TSPREO | _ 0 0: CAN bus bit clock is selected RW
H Time stamp 0 1: CAN bus bit clock divided by 2 is selected
. prescaler select bit . ; i ;
s TSPREL 10: CAN bus b!t clock d!v!ded by 3 !s selected RW
1 1: CAN bus bit clock divided by 4 is selected
Time stamp When writing "1" to this bit, the COTSR
-------------------- TSRESET . register is set to "000016". After that, RW
counter reset bit o .
this bit is automatically set to "0". 3
£ When writing "1" to this bit, the COTEC
...................... ECRESET ”0'; E.c;unter and COREC registers are set to "0016". | RW
resetbi After that, this bit is automatically set to "0". 3
""""""""""""" Nothing is assigned. When write, should set to "0". B
When read, its content is indeterminate. _

Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
2. The RESETO bit and RESET1 bit should be set to the same value simultaneously.
3. This bit can be set to "1" by program but cannot to "0".

Figure 1.21.3 COCTLRO Register
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« RESETO Bit and RESETL1 Bit
When setting both RESETO and RESETL bits to "1", the CAN module is immediately reset regargless
of ongoing CAN communication.
When the CAN module reset is completed, the COTSR register is set to "000016". Also, the COTEC
and COREC registers are set to "0016" and the STATE_ERRPAS and STATE_BUSOFF bits in the
COSTR register are set to "0".
When both RESETO and RESET1 bits are changed "1" to "0", the COTSR register starts counting.
CAN communication is available after detecting 11 contiguous recessive bits.
Notes :
1. Both RESETO and RESET1 bits should be set to the same value simultaneously.
2. After setting the RESETO and RESET1 bits to "1", confirm that set the STATE_RESET bit in the
COSTR register to "1" (CAN module reset is completed) for CAN configuration.
3. When setting the RESETO and RESET1 bits to "1", the CANouT pin outputs "H". CAN bus error
may occur by setting the RESETO0 and RESET1 bits while CAN frame is transmitting.
4. For CAN communication, the PS1, PS2, PSL1, PSL2, PSC and IPS registers should be set with
setting the STATE_RESET bit to "1" (CAN module reset is completed).

LOOPBACK Bit
When the LOOPBACK bit is set to "1" (loopback function enabled) and the receive message slot has
a matching identifier and frame format with a transmitted frame, the transmitted frame is stored to the
receive message slot.
Notes :
1. No ACK is returned to a transmitted frame.
2. The LOOPBACK bit should be changed only when setting the STATE_RESET bit to "1" (CAN
module reset is completed).

BASICCAN Bit
When setting the BASICCAN bit to "1", message slots 14 and 15 enter BasicCAN mode.
* Operation in BasicCAN Mode
In BasicCAN mode, the message slots 14 and 15 are used as dual-structured buffers. Received
frames with a matching identifier are alternately stored into the message slots 14 and 15 by accep-
tance filter. When the message slot 14 is active (the next received frame is to be stored in the mes-
sage slot 14), an identifier in the message slot 14 and the COLMARO to COLMARA4 registers are used
as the acceptance filter. When the message slot 15 is active, an identifier in the message slot 15 and
the COLMBRO to COLMBR4 registers are used as the acceptance filter as well. Both data frame and
remote frame can be received.
When entering BasicCAN mode, the same identifier should be set in two message slots and the same
value be set in the COLMARO to COLMARA4 registers and in the COLMBRO to COLMBR4 registers.
* How to Enter BasicCAN Mode
(1) Set the BASICCAN bit to "1".
(2) Set an identifier in the message slots 14 and 15. Set the COLMARO to COLMARA4 registers and
COLMBRO to COLMBR4 registers. (Set the same value.)
(3) Select a frame format (standard or extended) to be handled with the message slots 14 and 15 in
the IDE14 and 15 bits in the COIDR register. (Set the same format.)
(4) Set the REMACTIVE bit in the COMCTL 14 and COMCTL15 registers for the message slots 14
and 15 to "0" (data frame is received) and the RECREQ bit to "1" (receive requested).
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Notes :
1. The BASICCAN bit should be changed only when the STATE_RESET bit is set to "1" (CAN
module reset is completed).
2. The message slot 14 is the first slot to become active after setting the RESETO and RESET1
bits to "0".
3. The message slots 0 to 13 are not affected by entering BasicCAN mode.

TSPRE1, TSPREO Bits
The TSPRE1 and TSPREO bits determines which count source is used for a time stamp counter.
Notes :
1. The TSPREL1 to TSPREO bits should be changed only when setting the STATE_RESET bit to
"1" (CAN module reset is completed).

TSRESET Bit
When setting the TSRESET bit to "1" (counter reset), the COTSR register is set to "000016". The
TSRESET bit is automatically set to "0" after setting the COTSR register to "000016".

ECRESET Bit
When setting the ECRESET bit to "1", the COTEC and COREC registers are set to "0016". The CAN
module forcibly enters an error active state.
The ECRESET bit is automatically set to "0" after entering an error active state.
Notes :
1. In an error active state, the CAN module is ready to communicate when detecting 11 continuous
recessive bits on a CAN bus.
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b7 b6 b5 b4 b3 b2 bl bO

CANO control register 1

Symbol Address

|><|><| 0 | 0 | | 0 |><|><| COCTLR1 024116

When reset !

XX00 00XX2
Bit . .
symbol Bit name Function RW
Nothing is assigned. When write, set to "0".
When read, its content is indeterminate.
—— | Reserved bit Should set to "0". RW
0 : Selects message slot control
BANKSEL| CANO bank switch bit register RW
1: Selects mask register
e RW
Reserved bit Should set to "0".
—_ RW

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

Notes :

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.4. COCTLR1 Register

BANKSEL Bit

The BANKSEL bit selects registers allocated to addresses 022016 to 023F16.

When setting the BANKSEL bit to "0", the COMCTLO to COMCTL15 registers can be accessed. When
setting the BANKSEL bit to "1", the COGMRO to COGMRA4 registers, COLMARO to COLMARA4 regis-

ters and COLMBRO to COLMBRA4 registers can be accessed.
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3. CANO Sleep Control Register (COSLPR Register)

CANO sleep control register

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
MXWJ COSLPR 024216 XXXX XXX02
Bit Bit Functi RW
symbol it name unction

0 : Enters sleep mode

L. sl de control bit )
SLEEP ©ep mode confrot ol 1: Exits sleep mode

(Note 1) | RW

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

Notes:
1. The CAN configuration should be set up after CAN sleep mode is canceled. While the CAN module
is in sleep mode, no SFR registers (addresses 01EO16 to 024516) for the CAN, except this register,
can be accessed.

Figure 1.21.5. COSLPR Register

SLEEP Bit
When setting the SLEEP bit to "0", a clock stops running to enter sleep mode.
When setting the SLEEP bit to "1", a clock starts running to exit sleep mode.
Notes :
1. Sleep mode should be entered after setting the STATE_RESET bit to "1" (CAN module reset is
completed).
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4. CANO Status Register (COSTR Register)

CANO status register
b15 b8
(b7) (b0) b7 b0 Symbol Address When reset *
COSTR 020316 - 020216 X000 0X01 0000 00002

' R Bit Bi Functi RW
i AR symbol it name unction
' EEEEEEE b3 b2 b1 b
i Priiiiir MBOXO 0 0 0 0:Message slot 0 RO
0 0 0 1:Message slot 1
i 0 0 1 0:Message slot 2
' LR R MBOX].
Active slot 0 0 1 1:Message slot3 RO
determination bit : .
i R MBOX2 . . RO
HH Vo 110 1:Message slot13
11 1 0:Message slot 14
H HE S MBOX3 11 1 1:Message slot15 RO
' TRMSUCC Transmit completed 0: Transmit incompleted o
status 1: Transmit completed R
Receive completed 0: Receive incompleted
e BRFEEEEEEEEES RECSUCC . RO
i B status 1: Receive completed
i C TRMSTATE | Transmit status O: Not transmitting RO
s : 1: Transmitting
. 0: Not receivin
v LD RECSTATE |Receive status : >ceving RO
i 1: Receiving
H 0: Resetting
R TR LR ELERELE STATE_RESET| CAN reset status .
s - 1: CAN module reset is completed RO
i - Ex L km
R EETPEEEPEEP LR STATE_LOOPBACK| Loop back status 0- Except Loop back mode RO
i 1: Loop back mode
R Nothing is assigned. When write, set to "0". B
i When read, its content is indeterminate.
i . 0: Except Basic CAN mode
R P ERRTTTEEEEE STATE_BASICCAN| B CAN stat )
i - asic status 1: Basic CAN mode RO
0: No error occurred
....................... STATE_BUSERROR| CAN bus error 1- Error occurred RO
. 0: No error passive state
I meseesssesseseeseaeeae STATE_ERRPAS| Error passive status . RO
t 1: Error passive state
i STATE_BUSOFF| Bus-off status 0-No bus-off state RO
= 1: Bus-off state
e Nothing is assigned. When write, should set to "0". _

When read, its content is indeterminate.
Notes :

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.6. COSTR Register

MBOX3 to MBOXO Bits
When the CAN module has transmitted data or stored received data, relevant slot number is stored
into the MBOX3 to MBOXO bits.

TRMSUCC Bit
The TRMSUCC bit is set to "1" when the CAN module has transmitted data normally.
The TRMSUCC bit is set to "0" when the CAN module has received data normally.
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RECSUCC Bit
The RECSUCC bhit is set to "1" when the CAN module has received data normally. (It does not matter
whether received message has been stored in the message slot or not.) If the received message is
transmitted in loopback mode, the TRMSUCC bit is set to "1" and the RECSUCC bit is set to "0".
The RECSUCC bit is set to "0" when the CAN module has transmitted data normally.

TRMSTATE Bit
The TRMSTATE bit is set to "1" when the CAN module is operating as a transmit node.
The TRMSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts operating as a
receive node.

RECSTATE Bit
The RECSTATE bit is set to "1" when the CAN module is operating as a receive node.
The RECSTATE bit is set to "0" when the CAN module is in a bus-idle state or starts operating as a
transmit node.

STATE_RESET Bit
After setting both RESETO and RESET1 bits to "1" (CAN module is reset), the STATE_RESET bit is
set to "1" by completion of CAN module reset.
The STATE_RESET bit is set to "0" when setting the RESETO or RESET1 bits to "0".

STATE_LOOPBACK Bit
The STATE_LOOPBACK bit indicates that the CAN module is operating in loopback mode when
setting the STATE_ LOOPBACK bit to "1".
The STATE_LOOPBACK bit is set to "1" when the LOOPBACK bit in the COCTLRO register is set to "1"
(loop back function enabled).
The STATE_LOOPBACK bit is set to "0" when the LOOPBACK bit is set to "0" (loop back function
disabled).

STATE_BASICCAN Bit
The CAN module operates in BasicCAN mode when setting the STATE_BASICCAN bit to "1".
Refer to "BASICCAN bit" in "1. CANO control register (COCTLRO register)" about BasicCAN mode.
The STATE_BASICCAN bit is set to "0" when setting the BASICCAN bit to "0" (BasicCAN mode
function disabled).

STATE_BUSERROR Bit
The STATE_BUSERROR bit is set to "1" when an error is detected.
The STATE_BUSERROR bit is set to "0" when the CAN module has transmitted or received nor-
mally. It does not matter whether a received message has been stored into the message slot or not.
Note :
1. When the STATE_BUSERROR bit is set to "1", the STATE_BUSERROR bit remains un-
changed even if both RESET 0 and RESET1 bits are set to "1" (CAN module is reset).
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STATE_ERRPAS Bit
The STATE_ERRPAS bit is set to "1" when values of the COTEC or COREC register exceeds 127
with the CAN module placed in an error-passive state.
The STATE_ERRPAS bit is set to "0" when the CAN module is in another error state from in an error
passive state.
The STATE_ERRPAS bit is set to "0" when both RESETO and RESET1 bits are set to "1" (CAN
module is reset).

STATE_BUSOFF Bit
The STATE_BUSOFF bit is set to "1" when value of the COTEC register exceeds 255 with the CAN
module placed in a bus-off state.
The STATE_BUSOFF bit is set to "0" when the CAN module is in an error-active state again from in
a bus-off state.
The STATE_BUSOFF bit is set to "0" when both RESETO and RESET1 bits are set to "1" (CAN
module is reset).
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5. CANO Extended ID Register (COIDR Register)

CANO extended ID register

b15 b8

Symbol Address When reset !
COIDR 020516 - 020416 000016
Bit Bit name Function RW
symbol
IDE15 |Extended ID15 (message slot 15) Standard or extended RW
IDE14 |Extended ID14 (message slot 14) format is set by the RW
IDE13 |Extended ID13 (message slot 13) corresponding message | pyy
IDE12 |Extended ID12 (message slot 12) sltz)t: Standard format RW
IDE11 |Extended ID11 (message slot 11) 1: Extended format RW
IDE10 |Extended ID10 (message slot 10) RW
IDE9 [Extended ID9 (message slot 9) RW
IDE8 [Extended ID8 (message slot 8) RW
IDE7 |Extended ID7 (message slot 7) RW
IDE6 | Extended ID6 (message slot 6) RW
IDE5 |Extended ID5 (message slot 5) RW
IDE4 |Extended ID4 (message slot 4) RW
IDE3 | Extended ID3 (message slot 3) RW
IDE2 |Extended ID2 (message slot 2) RW
IDE1 |Extended ID1 (message slot 1) RW
IDE0 | Extended IDO (message slot 0) RW

Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to CAN module after reset.

Figure 1.21.7. COIDR Register

Bits in the COIDR register determines a frame format in the message slot for each bit.

Standard format is selected when setting the above bit to "0".
Extended format is selected when setting the above bit to "1".

Notes :

1. Each bit in the COIDR register should be set when neither transmit request nor receive request
from the message slot is generated.
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6. CANO Configuration Register (COCONR Register)

b15
(b7)

b8
(b0) b7 bo

CANO configuration register

Symbol Address When reset
COCONR 020716 - 020616 0000 0000 0000 XXXX2
Bit Bi F . RW
symbol it name unction
Nothing is assigned. When write, should set to "0". B
When read, its content is indeterminate.
. 0: Sampled once
SAM Sampling number 1: Sampled three times RW
b7 b6 b5
PTSO 00 0:PTS=1Tq RW
0 0 1: PTS=2Tq
; ; 01 0:PTS=3Tq
— Propagation Time 01 1:PTS=4Tq RW
Segment 1 0 0: PTS=5Tq
10 1:PTS=6Tq
11 1:PTS=8Tq
b10b9 b8
PBS10 0 0 0: Avoid this setting RW
0 0 1: PBS1=2Tq
0 1 0:PBS1=23Tq
ppsiy | nase Buffer 0 1 1:PBSL = 4Tq RW
Segmentl |1 o 0:PBS1="5Tq
10 1:PBS1=6Tq
PBS12 110:PBS1=7Tq RW
11 1:PBS1=8Tq
b13b12b11
PBS20 0 0 0:Avoid this setting RW
0 0 1: PBS2=2Tq
0 1 0:PBS2=23Tq
pesz | nase Buffer 0 1 1:PBS2 = 4Tq RW
Segment2 |1 o 0: PBS2 =5Tq
10 1:PBS2=6Tq
PBS22 11 0:PBS2=7Tq RW
11 1:PBS2=8Tq
b15 b14
SIWO0 . _ RW
reSynchronization 0 0:SJW=1Tq
Jump Width 0 1:5IW=2Tq
Sw1 1 0:SJW=23Tq RW

1 1:SIW=4Tq

Notes :

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

supplying a clock to the CAN module after reset.

PTS: Propagation Time Segment, PBS1: Phase Buffer Segment 1, PBS2: Phase Buffer Segment 2,

SJW: reSynchronization Jump Width

Figure 1.21.8. COCONR Register
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SAM Bit
The SAM bit determines the number of smples of the CANIN pin output to be taken per bit.
When setting the SAM bit to "0", only one sample is taken per bit at the end of Phase Buffer Segment
1 (PBS1) to determine the value of the bit.
When setting the SAM bit to "1", three samples per bit are taken at the end of PBS1, in one time
guantum in two time quanta before the end of PBS1.

PTS2 to PTSO Bits
The PTS2 to PTSO bits determine Propagation Time Segment (PTS) wide.

PBS12 to PBS10 Bits
The PBS12 to PBS10 bits determine PBS1 wide. The PBS12 to 10 bits should be set to "0012" or
more.

PBS22 to PBS20 Bits
The PBS22 to PBS20 bits determine PBS2 wide. The PBS22 to PBS20 bits should be set to "0012"
or more.

SJW1 to SJWO Bits
The SJW1 to SJWO bits fix Resynchronization Jump Width (SJW) width. The SJW1 to SJWO bits
should be set to a value less than the PBS22 to PBS20 bits.

Table 1.21.3 Bit Timing when CPU Clock = 30 MHz

Baud rate BRP | Tq clock cycles (ns) Tq per bit 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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7. CANO Time Stamp Register (COTSR Register)

CANO time stamp register
b15 b8
(b7) (b0)b7 b0 Symbol Address When reset *
| : | COTSR 020916 - 020816 000016
Function RW
(A Value of time stamp RO
Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.9. COTSR Register

The COTSR register is a 16-bit counter. The COTSR register selects either CAN bus bit clock divided
by 1, 2, 3 or 4 as a count source in the TSPREO and TSPREZ1 bits in the COCTLRO register.

When transmission or reception is completed, a value of the COTSR register is automatically stored
into the message slot.

The COTSR register starts counting up when the RESETO and RESET1 bits in the COCTLRO register
are set to "0".

The COTSR register is set to "000016" upon the following conditions:

« At the next count timing after the COTSR register is set to "FFFF16"

* When the RESETO and RESET1 bits are set to "1" (CAN module is reset) by program

* When the TSRESET bit is set to "1" (COTSR register reset) by program

In loopback mode, when either data frame or remote frame receive message slot that stores mes-
sage is available, a value of the COTSR register is stored into the corresponding message slot when
a frame reception is completed. (A value of the COTSR register is not stored when a frame transmis-
sion is completed.)

8. CANO Transmit Error Count Register (COTEC Register)

CANO transmit error count register

b7 bo Symbol Address When reset
| 8-bit | COTEC 020A16 0016
Function RwW
b Count value of transmission errors RO
Notes :

1. Value is obtained by setting the SLEEP bit in the e register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.10. COTEC Register

In an error active or an error passive state, a count value of the transmission error is stored into the
COTEC register. The counter is decremented when the CAN module has transmitted normally or it is
incremented when an error occurs while transmitting.

In a bus-off state, an indeterminate value is stored into the COTEC register. The COTEC register is
set to "0016" when the CAN module is placed in an error active state again.
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9. CANO Receive Error Count Register (COREC Register)

CANO receive error count register

b7 bo Symbol Address When reset *
| 8-bit | COREC 020B16 0016
Function RW
REEEREEEEEEEEEE Count value of reception error RO
Notes :

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.11. COREC Register

In an error active or an error passive state, a count value of the reception error is stored into the
COREC register. The counter is decremented when the CAN module has received normally or it is
incremented when an error occurs while receiving.

When CAN module has received normally with the COREC register being equal to or more than 128

(error passive state), the COREC register is set to 127.
In a bus-off state, an indeterminate value is stored into the COREC register. The COREC register is set

to "0016" the CAN module is placed in entering an error active state again.

10. CANO Baud Rate Prescaler (COBPR Register)

CANO baud rate prescaler

b7 b0 Symbol Address When reset *
| | COBRP 021716 0116
Function Setting range RW
_______________ As a setting value is n, CPU clock is divided by 0116 to FE162 RW
(n+1)
Notes :

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

2. Avoid setting to "0016" (divide-by-1).

Figure 1.21.12. COBPR Register

The COBPR register determines the Tq clock cycle, which is used to build up an respective bit timing.
The baud rate is obtained from Tq clock cycle x Tq per bit.

Tq clock cycle = (BRP+1) / f1

1

Tq clcok cycle x Tq per bit

Tq per bit= SS + PTS + PBS1 + PBS2
Tq: Time quantum/quanta BRP: Setting value of the COBPR register, 1-255
SS: Synchronization Segment, 1 Tq PTS: Propagation Time Segment, 1 to 8 Tq
PBS1: Phase Buffer Segment 1, 2 to 8 Tq PBS2: Phase Buffer Segment 2, 2 to 8 Tq

Baud rate =
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11. CANO Slot Interrupt Status Register (COSISTR Register)

CANO slot interrupt status register
b15 b8
(b7 (bO)b7 b0 Symbol Address When reset 1
COSISTR 020D16 - 020C16 0000 0000 0000 00002
Bit Bit nam Function RW
symbol ame unctio
gis15 | Message slot 15 interrupt | Determines whether interrupt fora | gy
: . request status bit corresponding message slot is
. A Message slot 14 interrupt | requested or not.
Thraa bl vy SIS4 . . RW
prrinriiinii request status bit 0: No interrupt requested (Note 2)
R Message slot 13 interrupt | 1* Interrupt requested
Laa bbbl SIS13 . RW
I R R A A request status bit
H R Message slot 12 interrupt
H R SIS12 ) RW
: request status bit
H Message slot 11 interrupt
SIS11 ) RW
request status bit
H R Message slot 10 interrupt
Por e rosnna o SIS10 . RW
T request status bit
R Message slot 9 interrupt
R bl SIS9 . RW
I A request status bit
R Message slot 8 interrupt
' trras SIS8 . RW
H i request status bit
: Message slot 7 interrupt
: sIs7 9 ) P RW
request status bit
Message slot 6 interrupt
sis6 9 nierrup RW
request status bit
Message slot 5 interrupt
siss 9 nmiertp RW
request status bit
Message slot 4 interrupt
sisa 9 nmierp RW
request status bit
Message slot 3 interrupt
sis3 9 nmierp RW
request status bit
Message slot 2 interrupt
sis2 9 nmierp RW
request status bit
Message slot 1 interrupt
sis1 9 nmiertp RW
request status bit
Message slot 0 interrupt
SISO . RW
request status bit
Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
2. Each bit can be set to "0" by program. When setting it to "1", the value before setting to "1" is
remained unchanged.

Figure 1.21.13. COSISTR Register
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With the CAN interrupt, the COSISTR register determines which message slot requests an interrupt. The
SISi bits (i=0 to 15) are not automatically set to "0" (no interrupt request) although an interrupt is ac-
knowledged. The SISi bits should be set to "0" by program?.

Refer to the paragraph "CAN interrupt" for details.

* Message Slot Set for Transmission

The SISi bit is set to "1" (interrupt request) when the CAN module stores a value of the COTSR
register into the message slot i after transmission completes.

* Message Slot Set for Reception

The SISi bit is set to "1" when the CAN module stores a received message in the message slot i after
reception completes.

Notes :
1. The MOV instruction, instead of the bit clear instruction, should be used to set the SISi bit to
"0". Bits to remain unchanged should be set to "1".
e.g. To set the SISO bit to "0"
Assembler language: mov.w #07FFFh, COSISTR
C language: cOsistr = OX7FFF;
2. If the automatic answering function is enabled with the message slot to receive remote frames,
the SISi bit is set to "1" after receiving a remote frame and transmitting a data frame.
3. With the message slot to transmit remote frames, the SISi bit is set to "1" after transmitting a
remote frame and receiving a data frame.
4. The SISi bit is set to "1" when setting the SISi bit is set to "1" by an interrupt request and to "0"
by program simultaneously.
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b15
(b7)

Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

CANO slot interrupt mask register

request mask bit

b8
(b0) b7 bo Symbol Address When reset
COSIMKR 021116 - 021016 0000 0000 0000 00002
Pl | Bit Bit Functi RW
. i| symbol it name unction
| sims | S'ot15 interrupt Determines whether an interrupt RW
R request mask bit request of the corresponding
Slot 14 interrupt message slot is enabled or disabled.
P 1 == SIM14 . . RW
i : request mask bit 0: Interrupt request masked (disabled)
EEEEERERERE Slot 13 interrupt 1: Interrupt request enabled
Traia iyt SIiv13 - RW
R request mask bit
HEHH : Slot 12 interrupt
N SIM12 . RW
i request mask bit
HEHH Slot 11 interrupt
o SIM11 . RW
i request mask bit
HEHH Slot 10 interrupt
A SIM10 . RW
i request mask bit
Slot 9 interrupt
I SIM9 . RW
P request mask bit
Slot 8 interrupt
LR PR LR SIM8 . RW
P request mask bit
P Slot 7 interru
I TR SIM7 pt. RW
v request mask bit
i lot 6 interr
] s | Slot 6 interrupt RW
request mask bit
| interrt
___________________ SIMS Slot 5 inte upt. RW
request mask bit
lot 4 interr
_____________________ SIMa4 Slot 4 inte Upt_ RW
request mask bit
| interrt
______________________ SIM3 Slot 3 inte upt. RW
request mask bit
_________________________ SIM2 Slot 2 interrupt . RW
request mask bit
_________________________ SIML Slot 1 interrupt . RW
request mask bit
_________________________ SIMO Slot 0 interrupt RW

supplying a clock to the CAN module after reset.

Figure 1.21.14. COSIMKR Register

The COSIMKR register determines whether an interrupt request generated by transmitting or receiving
the corresponding message slot is enabled or disabled. When setting the SIMi bit to "1", an interrupt
request generated by transmitting or receiving the corresponding message slot is enabled. Refer to the
paragraph "CAN interrupt" for details.
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13. CANO Error Interrupt Mask Register (COEIMKR Register)

CANO error interrupt mask register

b7 b6 bS5 b4 b3 b2 bl bo Symbol Address When reset 1
|><|><|><|><|><I | | | COEIMKR 021416 XXXX X0002
T S S S S R B e . . -
symbol it name unction
i.l Bom |Bus of'f'mterrupt 0: Interrupt request masked (disabled)| .\,
mask bit 1: Interrupt request enabled
_____ Epim | ETor passive interrupt | O: Interrupt request masked (disabled) RW
mask bit 1: Interrupt request enabled
________ BEM | CAN bus error interrupt| O: Interrupt request masked (disabled) RW
mask bit 1: Interrupt request enabled

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

Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.15. COEIMKR Register

BOIM Bit
The BOIM bit determines whether an interrupt request is enabled or disabled when the CAN module
is placed in a bus-off state. When setting the BOIM bit to "1", a bus-off interrupt request is enabled.

EPIM Bit
The EPIM bit determines whether an interrupt request is enabled or disabled when the CAN module

is placed in an error passive state. When setting the EPIM bit to "1", an error passive interrupt
request is enabled.

BEIM Bit
The BEIM bit determines whether an interrupt request is enabled or disabled when a CAN bus error
occurs. When setting the BEIM bit to "1", a CAN bus error interrupt request is enabled.
Refer to the paragraph "CAN interrupt” for details.
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14. CANO Error Interrupt Status Register (COEISTR Register)

CANO error interrupt status register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset *
W*LJ_J COEISTR 021516 XXXX X0002
Bit Bi F )
symbol it name unction RW
Bus-off interrupt 0: No interrupt requested
BOIS status bit 1: Interrupt requested (Note 2)| RW
Error-passive interrupt | 0: No interrupt requested
EPIS status bit 1: Interrupt requested (Note 2) | RW
: CAN bus error interrupt | 0: No interrupt requested
R BEIS p ptreq (Note 2) | RW

status bit 1: Interrupt requested

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

Notes :
1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
2. Each bit can be set to "0" by program. When setting it to "1", the value before setting to "1" is
remained unchanged.

Figure 1.21.16. COEISTR Register

With the CAN interrupt, the COEISTR register determines how an interrupt caused by occuring an error
is generated. The BOIS, EPIS and BEIS bits are not automatically set to "0" (no interrupt request) even
if an interrupt is acknowledged. These bits should be set to "0" by program.!

Refer to the paragraph "CAN interrupt” for details.

BOIS Bit
The BOIS bit is set to "1" when the CAN module is in a bus-off state.

EPIS Bit
The EPIS bit is set to "1" when the CAN module is in an error passive state.

BEIS Bit
The BEIS bit is set to "1" when a CAN bus error is detected.

Notes :
1. When setting any bits in the COEISTR register to "0", the MOV instruction, instead of the bit
clear instruction, should be used . Bits to remain unchanged should be set to "1".
e.g. To set the BOIS bit to "0"
Assembler language: = MOV.B #006h, COEISTR
C language: cOeistr = 0x06;
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15. CANO Global Mask Register, CANO Local Mask Register A and CANO Local Mask
Register B (COGMRj (j=0 to 4), COLMARj and COLMBRj Registers)

The COGMR]j, COLMAR]j and COLMBR;j registers are used with the acceptance filter.

The COGMR;j register determines whether an identifier (ID) check for the message slots 0 to 13 is
executed. The COLMARj register determines whether an ID check for the massage slot 14 is ex-
ecuted. The COLMBRj register determines whether an ID check for the message slot 15 is executed.

« When bits in these registers are set to "0", each bit (ID bit) in the corresponding message slots i
standard IDO to 1 and the message slots i extended IDO to 2 is masked while acceptance filtering.
(The corresponding bit is assumed to have a matched ID.)

* When bits in these registers are set to "1", its corresponding ID bits are compared with a received
ID. If the received ID matches an ID in the message slot i, the received data having the matched
ID is stored into that slot.

Notes :
1. The COMAR] register should be changed when the message slots 0 to 13 have no receive
request.
2. The COMAR; register should be changed when the message slot 14 has no receive request.
3. The COMBR;j register should be changed when the message slot 15 has no receive request.
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CAN Module

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

CANO global mask register standard 1D0*
CANO local mask register A standard D0
CANO local mask register B standard IDO*

b7 b6 b5 b4 b3 b2 bl bo

|

Symbol Address When reset 2

COGMRO 022816 XXX0 00002

COLMARO 0230163 XXX0 00002

COLMBRO 0238164 XXX0 00002

Bit . .
symbol Bit name Function RwW
SID6M | Standard ID6 RW
SID7M | Standard ID7 RW
SID8M |Standard ID8 0:No ID checked RW
1: ID checked

SID9M | Standard ID9 RW
SID10M | Standard ID10 RW

Nothing is assigned

. When write, should set to "0".

When read, its content is indeterminate.

Notes :

1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

supplying the clock to the CAN module after reset.
3. The COLMARQO register shares the same address with the COMCTLO register.
4. The COLMBRO register shares the same address with the COMCTLS register.

Figure 1.21.17. COGMRO, COLMARO and COLMBRO Registers
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CAN Module

Mitsubishi Microcomputers

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

b7 b6 b5 b4 b3 b2 bl bo

CANO global mask register standard ID1 *
CANO local mask register A standard ID1 1
CANO local mask register B standard I1D1 1

Symbol Address When reset 2
COGMR1 022916 XX00 00002
COLMAR1 0231163 XX00 00002
COLMBR1 0239164 XX00 00002
Bit . )
symbol Bit name Function RW
SIDOM | Standard IDO RW
SID1M |Standard ID1 RW
SID2M | Standard ID2 RW
0: No ID checked
1: ID checked
SID3M | Standard ID3 RW
SID4M | Standard ID4 RW
SID5M | Standard ID5 RW
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying the clock to the CAN module after reset.

3. The COLMARL register shares the same address with the COMCTL1 register.

4. The COLMBRL1 register shares the same address with the COMCTLO register.

Figure 1.21.18. COGMR1, COLMAR1 and COLMBR1 Registers
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

CANO global mask register extended IDO *
CANO local mask register A extended 1D0 1
CANO local mask register B extended 1D0 !

b7 b6 b5 b4 b3 b2 bl bo

|

Symbol Address When reset 2
COGMR2 022A16 XXXX 00002
COLMAR2 023216 3 XXXX 00002
COLMBR2 023A16 4 XXXX 00002
Bit : i RW
symbol Bit name Function
EID14M | extended ID14 RW
EID15M | extended ID15 RW
0: No ID checked
1: ID checked
EID16M | extended ID16 RW
EID17M | extended ID17 RW

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

supplying a clock to the CAN module after reset.
3. The COLMAR? register shares the same address with the COMCTL2 register.
4. The COLMBR2 register shares the same address with the COMCTL10 register.

Figure 1.21.19. COGMR2, COLMAR2 and COLMBR2 Registers
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N
68
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER
CAN Module

CANO global mask register extended ID1 1
CANO local mask register A extended ID1 1
CANO local mask register B extended ID1?!
b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset 2
| | | | | | | | | COGMR3 022B16 0000 00002
E : : : : : : : COLMAR3 0233163 0000 00002
A A COLMBR3 023B16*4 0000 00002
- - AR Bit . .
Doron b0 b | symbol Bit name Function RW
P bbbt L) EiDeM |extended ID6 RW
R EID7M |extended ID7 RW
e EID8M |extended ID8 RW
(A EID9M |extended ID9 RW
oo 0: No ID checked
HEH 1: ID checked
 EEEELEELLE EID10M |extended ID10 RW
o e EID11M | extended ID11 RW
R SLLLEREEEEEEE EID12M | extended ID12 RW
M EID13M | extended ID13 RW
Notes :
1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COLMARS register shares the same address with the COMCTL3 register.
4. The COLMBRS register shares the same address with the COMCTLL11 register.

Figure 1.21.20. COGMRS3, COLMAR3 and COLMBR3 Registers
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Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

CANO global mask register extended 1D2 1
CANO local mask register A extended 1D2 *
CANO local mask register B extended 1D2*

b7 b6 b5 b4 b3 b2 bl bO

|

Symbol Address When reset 2
COGMR4 022C16 XX00 00002
COLMAR4 0234163 XX00 00002
COLMBR4 023C164 XX00 00002
Bit . .
symbol Bit name Function RW
EIDOM |extended IDO RW
EID1M |extended ID1 RW
EID2M |extended ID2 RW
0: No ID checked
1: ID checked
EID3M |extended ID3 RW
EID4M |extended ID4 RW
EID5M |extended ID5 RW
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. This register can be accessed when the BANKSEL bit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and

supplying a clock to the CAN module after reset.
3. The COLMARA4 register shares the same address with the COMCTLA register.
4. The COLMBR4 register shares the same address with the COMCTL12 register.

Figure 1.21.21. COGMR4, COLMAR4 and COLMBR4 Registers
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16. CANO Message Slot i Control Register (COMCTLI Register)(i=0 to 15)

CANO message slot i control register (i=o to 15)*

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset ?

| | | | | | | | | COMCTLO to COMCTL3  023016° 0231163 023216% 0233163 0000 00002
— T COMCTL4 to COMCTL7 0234168 023516, 023616, 023716 0000 00002
COMCTLS8 to COMCTL11 023816°% 023916°, 023A16°, 023B16° 0000 00002
e COMCTL12 to COMCTL15 023C16° 023D16, 023E16, 023F16 0000 00002
T - B - - Bit . ]
Poro b n r | symbol Bit name Function RW
oot bt [Whenreceive, Receive complete. [ When fransmitiing When receiving
- FE TR TR al . f 4 . : 4
A ngry\tlgﬁl%it, 29 emit complete |0: Not transmitted 0: Not received RW
- AR SENTDATA '[flag 1: Already transmitted 1: Already received
A vm\e}rz\ Ir_eDC/ElT‘;f Receiving flag When transm!ttllng When receiving
- When transmit itting fl 0: Stops transmitting 0: Stop receiving RO
RS- TRMACTIVE | Transmitting flag 1 4. Accepts transmit request 1: Storing received data
A A . 0: No overrun error not occurred
e MSGLOST| Overwrite flag (Note 4)| RW
- 1: Overrun error occurred
In modes except BasicCan mode
Remote frame (1) gata ftrarfne (Note 4)
VoL Tmemmemmeeees REMACTIVE| transmit/receive | - 'tc MOt€ rame RW
ooy In BasicCan mode
A status flag 0: Data frame
1: Remote frame
oo Automatic answering | O: Automatic answering of remote frame enabled
Pl e RSPLOCK[ - omatc answering ) ng _ RW
HE disable mode select bit| 1: Automatic answering of remote frame disabled
P Remote frame |[0: Transmits/receives data frame
Do femmmmemeeemeeeneeo REMOTE . ) _ RW
I set bit 1: Transmits/receives remote frame
P i 0: No receive requested
e RCELCETEETEECEPLED RECREQ| Receve : q RW
H request bit 1: Receive requested
: i 0: No transmit requested
RN TRMREQ Transmit ' _ q RW

request bit 1: Transmit requested

Notes :
1. This register can be accessed when the BANKSEL bhit in the COCTLR1 register is set to "1".
2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.
3. The COMCTLO to COMCTLA4 registers share addresses with the COMARO to COMARA4 registers.
4. Each bit can be set to "0" by program. When setting it to "1", the value before setting to "1" is
remained unchanged.

Figure 1.21.22. COMCTLO to COMCTL15 Registers

Table 1.21.4 COMCTLI register(i = 0 to 15) Settings and Transmit/Receive Mode

Settings for the COMCTLI register
TRMREC|RECREQ | REMOTE |RSPLOCK | REMACTIVE| MSGLOST| TRMACTIVE |[SENTDATA| Transmit/receive mode
INVALDATA [NEWDATA
0 0 - - 0 0 - 0 No transmission/reception
0 1 0 0 0 0 - 0 Data frame received
0 1 1 1 0 0 - 0 Remote frame received
or (After remote frame is received,
0 data frame is transmitted.)
1 0 0 0 0 0 - 0 Data frame transmitted
1 0 1 0 0 0 - 0 Remote frame transmitted
(After remote frame is transmitted,
data frame is received.)
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SENTDATA/NEWDATA Bit

The SENTDATA/NEWDATA bit indicates that the CAN module has transmitted or received a CAN

message. The SENTDATA/NEWDATA bit should be set to "0 " (not transmitted or not received) by

program before starting transmission and reception. The SENTDATA/NEWDATA bit is not automati-

cally set to "0". When the TRMACTIVE/INVALDATA bit is set to "1" (accepts transmit request or

storing received data), the SENTDATA/NEWDATA bit cannot be set to "0".

SENTDATA : The SENTDATA bit is set to "1" (already transmitted) when a transmission is com-
pleted in the message slot.

NEWDATA  : The NEWDADA bitis setto "1" (already received) when a message to be stored into
the message slot i is normally received in the message slot.

Notes :

1. The NEWDATA bit should be set to "0" before reading a received data from the message slot
i. Ifthe NEWDATA bit is set to "1" after reading, it indicates that new received data has been
stored into the message slot while reading and that the data contains an indeterminate value.
In this case, the data with indeterminate value should be discarded and data be read after
setting the NEWDATA bit to "0".

2. When transmitting and receiving a remote frame, the SENTDATA/NEWDATA bit remains un-
changed while a complete remote frame transmission or reception is completed. The
SENTDATA/NEWDATA bit is set to "1" when a subsequent data frame transmission or recep-
tion is completed.

TRMACTIVE/INVALDATA Bit

The TRMACTIVE/INVALDATA bit indicates that the CAN module is transmitting or receiving a mes-

sage and accessing the message sloti. The TRMACTIVE/INVALDATA bit is set to "1" when the CAN

module is accessing the message slot and to "0 " when not accessing the message slot.

TRMACTIVE : The TRMACTIVE bit is set to "1" (accepts transmission request) when accepting a
transmission request in the message slot. If the CAN module loses arbitration,
CAN bus error occurs or the TRMACTIVE bit is set to "0" (stops transmitting) when
CAN message transmission is completed.

INVALDATA : The INVALDATA bit is set to "1" (storing received data) when receiving a message
and storing a received data into the message slot. Data, which is read from the
message slot while setting this bit to "1", is indeterminate.

MSGLOST Bit
The MSGLOST bit is valid only when setting the receive message slots. The MSGLOST bit is set to
"1" (overrun error occurred) when the message slot i is rewritten by a new received message with the
NEWDATA bit set to "1" (already received).
The MSGLOST bit is not automatically set to "0". This bit should be set to "0" (no overrun error
occurred) by program.

REMACTIVE Bit
The REMACTIVE bit in the COMCTLO to COMCTL13 registers and in the COMCTL14 and COMCTL15
registers have different functions.
» The COMCTLO to COMCTL13 registers, the COMCTL14 and COMCTL15 registers when setting
the STATE_BASICCAN bit to "0" (except BasicCAN mode):
When setting the message slot i to transmit or receive a remote frame, the REMACTIVE bit is set
to "1" (remote frame). The REMACTIVE bit is set to "0" (data frame) after a remote frame has
been transmitted and received.
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* The COMCTL14 and COMCTL15 registers when setting the STATE_BASICCAN bit to "1"
(BasicCAN mode):
When the REMACTIVE bit is set to "0", it indicates that a message stored into the message slot is
a data frame. When the REMACTIVE bit is set to "1", it also indicates a message stored into the
message slot is a remote frame.

RSPLOCK Bit
The RSPLOCK bit is valid only when selecting a remote frame reception shown in Table 1.21.4. The
RSPLOCK determines a remote frame processing after receiving.
When the RSPLOCK bit is set to "0" (automatic answering of remote frame enabled), the slot auto-
matically changes to a transmit slot after receiving a remote frame. A message stored into the
message slot is transmitted as a data frame.
When the RSPLOCK bit is set to "1" (automatic answering of remote frame disabled), the slot halts
operating after receiving a remote frame.
The RSPLOCK bit should be set to "0" whenever selecting any transmit/receive modes other than
the remote frame reception.

REMOTE Bit

The REMOTE bit selects a transmit/receive mode shown in Table 1.21.4. The REMOTE bit should be

set to "0" to transmit and receive a data frame. The REMOTE bit should be set to "1" to transmit and

receive a remote frame.

If transmitting and receiving a remote frame, the following occurs:

 Transmitting a remote frame
A message stored into the message slot i is transmitted as a remote frame. The slot automatically
changes to the message slot to receive a data frame after transmitting.
If a data frame is received before transmitting a remote frame, the data frame is stored into the
message slot i. The remote frame is not transmitted.

* Receiving a remote frame
The message slot receives a remote frame. The RSPLOCK bit determines how to process a
received remote frame.

RECREQ Bit
The RECREQ bit selects a transmit/receive mode shown in Table 1.21.4. The RECREQ bit should
be set to "1" (receive requested) when receiving a data frame or a remote frame. The RECREQ bit
should be set to "0" (no receive requested) when transmitting a data frame or a remote frame.
When automatically transmitting a data frame after receiving a remote frame, the RECREQ bit re-
mains unchanged in "1". When transmitting a remote frame, the RECREQ bit should be set to "0".
After transmitting a remote frame, a data frame is automatically received when the RECREQ bit
remains unchanged in "0".
When setting the TRMREQ bit to "1" (transmit requested), avoid setting the RECREQ bit to "1"
(receive requested).

TRMREQ Bit
The TRMREQ bit selects a transmit/receive mode shown in Table 1.21.4. The TRMREQ bit should
be set to "1" (transmit requested) when transmitting a data frame or a remote frame.
The TRMREQ bit should be set to "0" (no transmit requested) when receiving a data frame or a
remote frame.
When automatically receiving a data frame after transmitting a remote frame, the TRMREQ bit re-
mains unchanged in "1". When receiving a remote frame, the TRMREQ bit should be set to "0". After
receiving a remote frame, a data frame is automatically transmitted when the TRMREQ bit remains
unchanged in "0".
If the RECREQ bit is set to "1" (receive requested), avoid setting the TRMREQ bit to "1" (transmit
requested).
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CAN Module

17. CANO Slot Buffer Select Register (COSBS Register)

Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

b7 b6 b5 b4 b3 b2 bl bO

CANO slot buffer select register

Symbol Address When reset 2
COSBS 024016 0000 00002
Bit . )
symbol Bit name Function RwW
b3 b2 b1 b0
SBS00 0 0 0 0: Message slot0 RW
0 0 0 1: Message slot 1
0 0 1 0: Message slot 2
SBS01 | caNo message 00 1 1: Messageslot3 RW
slot buffer 0 (Note 1)
number select bit H H
SBS02 110 0: Message slot 12 RW
110 1: Message slot 13
SBSO03 111 0: Message slot 14 RW
111 1: Message slot 15
b3 b2 bl b0
SBS10 0 0 0 0: Message slot0 RwW
0 0 0 1: Message slot 1
SBSIL 0 0 1 0: Message slot 2 RW
CANO message 0 01 1: Message slot3
| ffer 1 H H 1
f\l?;tt’)l;rzrelect bit : : (Note 1)
SBS12 110 0: Message slot 12 RW
110 1: Message slot 13
SBS13 111 0: Message slot 14 RW
111 1: Message slot 15

Notes :

a receive slot.

1. 16 CANO message slots are provided in total. Each message slot can be selected as a transmit or

2. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

Figure 1.21.23. COSBS Register

SBS03 to SBSO00 Bits

Assume a number selected in the SBS03 to SBSO00 bits is i, the message slot i is allocated to the
message slot buffer 0. The message slot i can be accessed via the allocated addresses (01EOQ16 to

01EF1s).

SBS13 to SBS10 Bits

Assume a number selected in the SBS13 to SBS10 bits is i, the message slot i is allocated to the
message slot buffer 1. The message slot i can be accessed via the allocated addresses (01F016 to

01FFz1s).

18. Message Slot Buffer

The message slot selected by the COSBS register can be read when reading the message slot buffer. A
message can be written in the message slot selected by the COSBS register when writing a message in

the message slot buffer.
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CAN Module

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

CANO message slot buffer i standard IDO (i=0,1)*

b7 b6 b5 b4 b3 b2 bl bO

%

Symbol

COSLOTO_0, COSLOT1_0

Address
01EO016, 01F016

When reset
Indeterminate

Notes :

b7 b6 b5 b4 b3 b2 bl bO

sy%%tbol Bit name Function RW
Read or write message slot j
SID6 | Standard ID6 (=0 to 15) standard 1D6 RW
SID7 | standard ID7 Read or write message slot j RW
standard ID7
SID8 | standard 1D8 Read or write message slot j RW
standard ID8
siD9 | standard ID9 Read or write message slot RW
standard ID9
Read or write message slot j
SID10 |Standard ID10 standard 1D10 RW
Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.
1. The COSBS register should select the message slot j to be accessed by this register.
CANO message slot buffer i standard ID1 (=0,1) !
Symbol Address When reset
COSLOTO_1, COSLOT1_1 01Elies, 01F116 Indeterminate
Bit Bi F . RW
symbol it name unction
Read or write message slot j
SIDO | Standard IDO (=0 to 15) standard 1DO RW
sip1 | standard ID1 Read or write message slot j RW
standard ID1
SiD2 | standard D2 Read or write message slot j RW
standard ID2
SID3 | standard 1D3 Read or write message slot RW
standard ID3
Read or write message slot j
SID4 | Standard ID4 standard D4 RW
SID5 | standard 1D5 Read or write message slot j RW
standard ID5
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :

1. The COSBS register should select the message slot j to be accessed by this register.

Figure 1.21.24. COSLOTO_0, COSLOTL_0, COSLOTO_1 and COSLOTL_1 Registers
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CANO message slot buffer i extended 1DO (=0,1) 12

b7 b6 b5 b4 b3 b2 bl bo

Notes :

1. When receive slot is standard ID format, the EID bits are indeterminate when storing a received data.

Symbol
COSLOTO_2, COSLOT1_2

Address
01E216,01F216

When reset
Indeterminate

sy|r37|1tbol Bit name Function RW
ded ID14 Read or write message slot j RW
EID14 | extende (=0 to 15) extended ID14
ded ID1 Read or write message slot j RW
EID15 |extende 5 extended D15
Read or write message slot j
EID16 |extended ID16 extended ID16 RW
Read or write message slot j
EID17 |extended ID17 RW

extended ID17

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

2. The COSBS register should select the message slot j to be accessed by this register.

CANO message slot buffer i extended ID1 (=0,1) 12

b7 b6 b5 b4 b3 b2 bl bo

Notes :

1. When receive slot is standard ID format, the EID bits are indeterminate when storing a received data.

Symbol
COSLOTO_3, COSLOT1_3

Address
01E316, 01F316

When reset
Indeterminate

sy?rlltbol Bit name Function RW
Read or write message slot j
extended ID6 ) RW
EID6 | ex (=0 to 15) extended D6
EID7 |extended ID7 Read or write message slot j RW
extended ID 7
Read it lot
EID8 |extended ID8 ead or write message siot RW
extended ID 8
R i lot j
EID9 | extended 1D9 ead or write message slot j RW
extended ID 9
Read or write message slot j
EID10 |extended ID10 extended ID 10 RW
Read or write message slot j
extended ID11 RW
EID11 x extended ID 11
Read or write message slot j
EID12 | extended ID12 extended ID 12 RW
Read or write message slot j
extended ID13 RW
EID13 | ex extended ID 13

2. The COSBS register should select the message slot j to be accessed by this register.

Figure 1.21.25. COSLOTO_2, COSLOT1_2, COSLOTO_3 and COSLOT1_3 Registers
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CANO message slot buffer i extended 1D2 (=0,1) 12

b7 b6 b5 b4 b3 b2 bl bo

Notes :

Symbol
COSLOTO_4, COSLOT1_4

Address
01E416, 01F416

When reset
Indeterminate

syatbol Bit name Function RW
Read or write message slot
tended IDO ) RW
EIDO  |extende (j=0 to 15) extended IDO
EIDL | extended ID1 Read or write message slot j RW
extended ID1
ded D2 Read or write message slot RW
EIDZ | extende extended ID2
ded ID3 Read or write message slot RW
EID3 | extende extended ID3
EID4 | extended D4 Read or write message slot j RW
extended ID4
EID5 | extended IDS Read or write message slot j RW
extended ID5
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

1. When receive slot is standard ID format, the EID bits are indeterminate when storing a received data.
2. The COSBS register should select the message slot j to be accessed by this register.

CANO message slot buffer i data length code (=0,1)*

b7 b6 b5 b4 b3 b2 bl ho

Notes :

Symbol
COSLOTO_5, COSLOT1_5

Address
01E516, 01F516

When reset
Indeterminate

syl?r%tbol Bit name Function RW
DLCO RW
DLC1 RW
Data lenath set bit Read or write message slot j
ata length set bl (=0 to 15) data length set bit
DLC2 RW
DLC3 RW

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

1. The COSBS register should select the message slot j to be accessed by this register.

Figure 1.21.26. COSLOTO_4, COSLOTZ_4, COSLOTO_5 and COSLOT1_5 Registers
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CANO message slot buffer i data m (i=0,1 k=010 7)

b7 b0 Symbol Address When reset
| | COSLOTO_q(q=k+6,k=0t0 3) ~ 01E616, 01E716, 01E816, 01E916 Indeterminate
COSLOTO_q(q=k+6,k=4t0 7) ~ 01EA16, 01EB16, 01EC16, 01ED16 Indeterminate
COSLOT1_q(q=k+6,k=0to 3) 01F616, 01F716, 01F816, 01F916 Indeterminate
COSLOT1_q(q=k+6,k=4to 7) 01FA16, 01FB16, 01FC16, 01FD16 Indeterminate

Function Setting range | RW

EEE R T RTETRTEY Read or write message slot j data k (j=0 to 15) 0016 to FF16 RW

Notes :

1. The COSBS register should select data k in the message slot j to be accessed by this register.

CANO message slot buffer i time stamp high (i=0,1)

b7 b0 Symbol Address

COSLOTO_14, COSLOT1_14  01EEz1s 01FE1e

When reset
Indeterminate

Function

Setting range

RW

Read or write in message slot j time stamp
high-order (j=0 to 15)

0016 to FF16

RW

Notes :

1. The COSBS register should select the time stamp high-order in the message slot j to be accessed

by this register.

CANO message slot buffer i time stamp low (i=0,1)

b7 b0 Symbol Address

COSLOTO_15, COSLOT1_15 01EF16, 01FF16

When reset
Indeterminate

Function

Setting range

RW

Read or write in message slot j time stamp
low-order (j=0 to 15)

0016 to FF16

RW

Notes :

1. The COSBS register should select the time stamp low-order in the message slot j to be accessed

by this register.

Figure 1.21.27. COSLOTO_6 to COSLOTO_13, COSLOT1_6 to COSLOT1_13, COSLOTO_14,
COSLOT1_14, COSLOTO_15 and COSLOT1_15 Registers
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19. CANO Acceptance Filter Support Register

CANO acceptance filter support register

b15 bg b7 bo Symbol Address When reset!
| i COAFS 024516 - 024416 010016
Function Settingrange | RW
EEERERERERTRTEY Generates data to determine received data 000016 to FFFF16 | RW
Notes:

1. Value is obtained by setting the SLEEP bit in the COSLPR register to "1" (sleep mode exited) and
supplying a clock to the CAN module after reset.

b15 b0
Write N><‘SID5‘SID4‘SID3 SIDZ‘SIDl‘SIDO SIDlO‘SIDQ‘SIDS‘SID7‘SIDGl
3-8 decoding
b15 b8, b7 b0
Read |CSID7‘CSIDB‘CSIDS‘CSIDA‘ CSIDS‘CSIDZ‘ CSIDl‘CSIDO SIDlO‘SID9‘SID8‘SID7‘SID6‘SID5‘SID4‘SID3|

b7 b6 b5 b4 b3 b2 bl b0

. Ton+001s | 00716 | 00616 | 00516 | 00416 | 00316 | 00216 | 00116 | 00018
Data to search a data table is gener- P O R T O O I I
. . 00F16 | 00E16 | 00D16 | 00C16 | 00B16 | 00A16 | 00916 | 00816
ated with a received ID of standard Top+0116 [ =533 1= G [ *5g - " gw [ "gn 1" g+ | "gn | gr
formated. The table search with this A N
data determines whether a received ID Top+DEss | 25116425010 0FBre  SF41e [OFSie, OFLe Lo ae S0
is valid or not. AL ~L
' /\v /\J
Ton+EE1e | {F/16] 7F616 | 7TF516 | 7FA16 | 7TF316] 7F216 | 7F116] 7F016
p "0" "0" "0" "0" "0" "0" "0" "1
Ton+EF1s | FF16] 7FE16 | 7FD1s| 7FC16| 7FB16 | 7FA1s | 7F916 | 7F816
P "0" "0" "1 "0" "0" "0" "0" "0"
\ I J
Address search information Bit search information
When a received ID is "6F316" bis v b7
SID5 SID4 SID3 SID2 SID1 SIDO SID10SID9 SID8 SID7 SID6

Write to COAFS register |030313130303131|030303131303131

SID10 U SIDO

Received ID 6" i = : g
1:1:0i1|1:1:1i0|0:1:1
Divide to 8 bits + 3 bits "D" Q= ngu
H_/
8 bits 3 bits
b15 b8 b7 bo

0:0:0:0:1|/0:0:0(|1:1:0:1|1:1:1:0 Because a value of
~ - —— — these 3 bits is 3, b3 in
Read from COAFS register 0816 D E the table leftis 1. (If the

Bit search information Address search information value of these 3 bits is 4,
b4 in the table leftis 1.)

Bit search information | 7 b3 vo | 3 low-order bits of received ID
0116 00000001 016
0216 00000010 116
0416 00000100 216
0816 00001000 316
1016 00010000 416
2016 00100000 516
4016 01000000 616
8016 10000000 716

Figure 1.21.28. COAFS Register

The table search determines whether a received ID is valid or not as soon as it can. This function is
for a standard-formatted ID only.
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Timing of CAN-Associated Registers
1. CAN Module Reset

Figure 1.21.29 shows an example of an operation timing when the CAN module is reset.

(1) The CAN module can be reset when the RESETO and RESET1 bits in the COCTLRO register are set
to "1" (CAN module is reset) and the STATE_RESET bit in the COSTR register is set to "1" (CAN
module reset is completed).

(2) Set necessary CAN-associated registers.

(3) CAN communication can be established when setting the RESETO0 and RESET1 bits to "0" (CAN
module is not reset) and STATE_RESET bit to "0" (resetting).

Setto "1" by program Set to "0" by program
simultaneously simultaneously

RESETO bit

STATE_RESET bit *
o

I

'

'

1

4</erify the STATE_RESET bM CAN counfiguration X A E>< CAN operation

'
: ! : / '

Verify the STATE_RESET bit

|
|

RESET1 bit . |

Operation (1) Operation (2) Operation (3)

Figure 1.21.29 Operation Timing at CAN Module Reset

2. CAN Transmit Timing
Figure 1.21.30 shows an example of an operation timing when the CAN data frame is transmitted.

(1) When setting the TRMREQ bit to "1" (transmit requested) in a bus idle state, the TRMACTIVE bit
in the COMCTLI register is set to "1" (accepts transmit request) and the TRMSTATE bit in the
COSTR register is set to "1" (transmitting). The CAN data frame is started transmitting.

(2) After transmitting the CAN data frame, the SENTDATA bit in the COMCTLI register is set to "1" (trans-
mit completed), the TRMSUCC bit in the COSTR register is set to "1" (transmit completed) and the SISi
bit in the COSISTR register to "1" (interrupt request). A message slot number transmitted to the
MBOX3 to MBOXO bits in the COSTR register is stored.
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@)

Start transmtting

Complete transmitting
@

Intermission field

CAN bus Bus idle >E< Transmit frame ” Transmit frame >E< 4 E Bus idle
SENTDATA bit .. |
TRMACTIVE bit [ Set Jﬁ;;ggs;la;ogram |

- . ; : .
TRUREQDL | \\ g | message sot number
NS ; \ X #
TRMSUCC bit i [
TRMSTATE bit ** |:
SIS bit o | |

7/

Figure 1.21.30 Operation Timing at CAN data frame transmission

3. CAN Receive Timing

Figure 1.21.31 shows an example of an operation timing when the CAN data frame is received.

(1) When the RECREQ bit in the COMCTLI register (i = 0 to 15) is set to "1" (transmit requested), the
CAN data frame can be received anytime.
(2) When starting a reception of the CAN data frame, the RECSTATE bit in the COSTR register is set

to "1" (transmitting).

(3) After receiving the CAN data frame, the INVALDTA bit in the COMCTLO register is set to "1" (store
a received data), the NEWDATA bit in the COMCTLO register is set to "1" (receive completed) and
the RECSUCC bit in the COSTR register is set to "1" (receive completed).

(4) After writing to the message slot, The INVALDATA bit is set to "0" (stops receiving) and the SISi
bit is set to "1" (interrupt request). Received slot numbers are stored into the MBOX3 to MBOXO0

bits.

The MBOX3 to MBOXO bits stores message slot numbers received.

(1) ()

Start receiving

Reception is completed

@ @

Intermission field

' // L

CAN bus Bus idle >< 1 Receive frame / Receive frame >5< ' ’X Bus idle
NEWDATAbit b B
INVALDATA bit " oo
RECREQ bit % W Setto " by program Recelved message

o 4 simultaneously slot number
MBOX3 - ! \\ y 3
MBOXO bits

RECSUCC bit .,

SISi bit v
o

RECSTATE bit j];j]

]

1
1
]
]
]
1
]
1
1
1
T
]
]
1
1 VA
1
]
]
'
T
1
]
]
]
]
]
]
1

17

Figure 1.21.31 Operation Timing at CAN data frame reception
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4. CAN bus Error Timing

Figure 1.21.32 shows an example of an operation timing when a CAN bus error occurs.
(1) When detecting a CAN bus error, the STATE_ BUSERROR bit in the COSTR register is set to "1",
(error occurred) and the BEIS bit in the COEISTR register is set to "1" (interrupt request). The
error frame is started transmitting.

Error detected
(1V

CAN bus Transmit / receive frame>§< Error frame
STATE_BUSERROR "1 i
bit - |
) " : |
BEIS bit o 5

Figure 1.21.32. Operation timing when a CAN bus error occurred

CAN Interrupts
CANj interrupts (j=0 to 2) are provided as the CAN interrupt. Figure 1.21.33 shows a block diagram of
the CAN interrupts.
The followings cause the CAN-associated interrupt request to be generated.
- CANO slot i transmission completed (i=0 to 15)
- CANO slot i reception completed
- CANO slot i bus error detection
- CANO slot i error-passive transaction
- CANO slot i bus-off transaction

If the CAN-associated interrupt is generated by the above interrupt request(s), a corresponding bit in the
COSISTR register is set to "1" (interrupt request) when CANO transmission or reception is completed.
A corresponding bit in the COEISTR register is set to "1" (interrupt request) with CANO bus error detec-
tion, CANO error-passive transaction or CANO bus-off transaction. When a corresponding bit in the
COSISTR or COEISTR is set to "1" and a corresponding bit in the COSIMKR or COEIMKR is set to "1", the
CANQO interrupt request signal is set to "1".

When the CANO interrupt request signal change "0" to "1" all CANjR bits in the II09IR to IIO11IR regis-
ters are set to "1" (interrupt request).

If at least one of the CANJE bits in the [IO9IR to [IO11IR registers is set to "1", the IR bit in the corre-
sponding CANjIC register is set to "1". If another interrupt request causes a corresponding bit in the
COSISTR or COEISTR to be set to "1" and a corresponding bit in the COSIMKR or COEIMKR to be set to
"1", the CANO interrupt request signal remains unchanged in "1". The CANjR and IR bits also remain
unchanged.

Bits in the COSISTR or COEISTR register and CAN|R bits in the IIO9IR to IIO11IR registers are not set to
"0" automatically regardless of an interrupt acknowledgment. These bits should be set to "0" by pro-
gram.

The 1109IR to 11011IR registers enable CANjR bits to acknowledge an interrupt. The

COSIMKR or COEIMKR register enables the COSISTR or COEISTR register to acknowledge an interrupt.
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The CANj interrupts are acknowledged when both the CANjR bits and corresponding bits in the
COSISTR or COEISTR register are set to "0". If these bits are left unchanged in "1", all interrupt requests

generated are disabled.

CANO slot0 receive completed —

SIMO bit

CANO slot0 transmit completed I

CANO slot15 receive completed —
) > SIS15 bit

CANO slot15 transmit completed —

SIM15 bit

BEIM bit

CANO error-passive transition EPIS bit

EPIM bit

BOIM bit

CANO bus error detection BEIS bit .

CANO bus-off transition BOIS bit .

CANO interrupt

CANOR bit in IR bit in CANOIC
IIO9IR register register

CANOR bit in
IIO9IE register

CANO(enable)

CANLIR bitin IR bit in CAN1IC
1I010IR register register

L CAN1(request) . -
CANLE bitin
II010IE register

CAN1(enable)

CANZE bit in IR bit in CAN2IC
II011IR register register

CAN2ZE bitin

IIO11IE register

CAN2(enable)

Figure 1.21.33. CAN Interrupts
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The intelligent I/0 is a multi-functional 1/0 port for time measurement, waveform generation, clock synchro-
nous serial 1/0, clock asynchronous serial I/0 (UART), IEBus! communications, HDLC data processing

and more.

The intelligent /O consists of 4 groups and each group has one 16-bit base timer for free-running operation,
eight 16-bit registers for time measurement and waveform generation and two 8-bit shift registers (or one
16-bit register) for communications.

Table 1.22.1 lists functions and channels of the intelligent 1/O.

Notes :

1. IEBus is a trademark of NEC Corporation.

Table 1.22.1. Intelligent I/O Functions and Channels

(2 channels)

(3 channels)

(3 channels)

(2 channels)

Function Group O Group 1 Group 2 Group 3 Group 0,1

cascaded

Time measurement?® 8 channels 4 channels Not Available | Not Available |8 channels
(8 channels)? | (2 channels) (3 channels)

Digital filter 8 channels 4 channels 8 channels
(3 channels) (2 channels) (3 channels)

Trigger input prescaler 2 channels 2 channels 2 channels

Trigger input gate 2 channels 2 channels 2 channels

Waveform generation? 4 channels 8 channels 8 channels 8 channels 8 channels

(3 channels)

Single-phase waveform output

Phase-delayed waveform output

SR waveform output

Available

Available

Bit modulation PWM output

RTP output

Parallel RTP output

Not Available

Not Available

Available

Available

Available

Not Available

Communication

8 bits fixed

Variable

8 bits or 16 bits

Not Available

Clock synchronous serial 1/0 mode

UART mode

HDLC data processing mode

Available

Available

Available

Not Available

|IE mode

Not Available

Available

Not Available

Not Available

Notes :

1. The time measurement function share pins with the waveform generation function.
2. Channels for the 100-pin package is in parentheses.

The time measurement function and waveform generation function can be selected in each channel.
The communication function is available by a combination of multiple channels.
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Figures 1.22.1 to 1.22.4 show block diagrams of the intelligent 1/O group 0 to 3.

Request from INT pin
Request from groupl

Request by matching GOPOO register and base timer

Group0 base timer reset

Base timer

INPCOs fiiter

INPCO7 Tiiter

10: B0}
r : Q
Digital |11:f1 .‘.

0 0
L ||| Edge l Gate IE Prescaler E
select | |f function
DF1 to DFO oT PR

unction| 1

10:BT0|
B

GOTMO, GOPOO

-5 Base timer interrupt req;

uest®

1% Overflow of base timer bit 15

register

GOTM1, GOPO1

register

GOTM2, GOPO2

register

GOTM3, GOPO3

register

GOTM4, GOPO4

register

GOTMS5, GOPO5

CTS1to CTSO
00

00 CTS1to CTSO

DF110 DFO| | 5775 ¢ TS0

BTOS.
f1 1 o
—0 2(n+1) feto
Two-phase ——o | Divider | [
pulse input  BCK1 to BCKO DIV4 to DIVO
00
10:f8To
Digital | 11:f1 E
INPCOo fter [y 1O
0 DFO
o Jog ] CTS1 0 CTS0
INPCOL l i b Edge
/1SCLKO filter select
DI
- 'F“"Eg" CTST10CTSO
BT
INPCO2 lD\gltaI i E | [Edge
11SRxDO DbF1 5 BE select
a0 | [CTSLCTS0
BTO|
INPCO3 [ b, ] Edge
filter select
DF1 0 DFO
=00 | [CTSL o CTS0
r BTO[
Digital [11:f1 L | 1] Edge
INPCO4 09 select
DF1 to DFO
[ ] 00 ||CTSLt0CTSO
=
Digital |11:f1 Edge
fi lect
(Note 1) < 1 bF1tobro| | L2=C

0 0
Edge e IE Prescaler b GOTM7, GOPO7
select [ |function| 1 function [l register

ot PR

register

GOTM6, GOPO6
. register

GOTB register
Transmit buffer register)

SOF Transmit data
generation circuit generation circuit

Transmit |

register |

I Transmit latch
Data |

Transmission

Polarity

selector

9|

GORI register

Receive
buffer

Receive
register

Polarity
inverse |

T

Receive data
generation circuit

Start bit OPOL

cho Transmit generation circui|
ch3 | Clock | operating cock ontre

selector circuit Stop bi GOTO register

generation circuit] Transmit
ch1 register |
ch2 1 clock
ch3 | selector
Extemal clock
lREce\ve operating clock
™ Abtaton | Reception

1 Data
Bit insert selector
check

IPOL

GODR register
(Receive data register)

Shift
register

GORB register

Receive
buffer |

Bit insert
(oo |

Stop bit
check

L_| Special

interrupt
check

]

I
q
I {
GOCMP3 register

Comparator

—»

Notes :

clock.
3. See Figure 1.

9.14.

1. These pins are not connected to external pins in the 100-pin package.
2. Each register is in a reset status after the GOBCRO register allocates a

DIV4 to DIVO bits, BCK1 to BCKO bits : Bits in the GOBCRO register

BTS : Bit in the GOBCRL register
BTOS : Bit in BTSR register

MOD2 to MODO
0010 010 OUTCO0/ISTXDO
L > [Pom w
output MOD?2 to MODO
I 00 10 10 OUTCO1/ISCLKO
l[) PWM
output
o]
0 OUTCO04
l! >H |Pwm
output] (Note 1)
I 0 OUTCOs
ChO to ch7 .
interrupt request signal
Waveform generation match
signal groupl (When cascaded)
Time measurement trigger groupl
(When cascaded)
Transmit]interrupt request

(SIOOTRY)

HDLC data transmit
interrupt request
(GOTOR)®

Receive interrupt request
(SIOORR)*

Special communication
interrupt request
(SRTOR)?

HDLC data receive
interrupt request
(GORIR)*

CTS1 to CTS0, DF1 to DFO, GT, PR : Bits in the GOTMCR; register (j = 0 to 7)

MOD2 to MODO : Bits in the GOPOCR; regi:
TXSL, RXSL : Bits in the GOEMR register
OPOL, IPOL : Bits in the GOCR register

ster

Figure 1.22.1. Intelligent I/O Group 0 Block Diagram
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Request

from INT pin

Request by matching G1POO register and base timer

Request from group0

Wii)

Group1 base timer reset

BT1S.
BTS Bit 15 overflow from
?le to BCKO group0 base timer
f1 o § Lo. >~
BT1
Two—p_hase 10 —Of— zl)xiv(ind;%) : Base timer > Base timer interrupt request (BT1R)"
pulse input o DIV4 to DIVO 1 : = Overflow of base timer bit 15
Waveform generation match signal groupl !
(When cascaded) T |
Time measurement trigger groupl. ! 1
(When cascaded) : |
fl 1
1 1
'
] 1 MOD2 to MODO
Edge I ! G1TMO, G1PO0O 000 to 010
INPC11 select g0 — register (Note 1) o gg{&%rU/ISTXDll
CTS1 to CTSO — |PWM A
output]
INPC12 Edge G1TM1, G1PO1 000 to 010 | o OUTC11/ISCLK1
select register 111 |
CTS1 to CTSO MOD2
] to MODO
Edge G1TM2, G1PO2
INPC12 select register © ouTCL2
PWM
CTS1to CTSO output|
G1TM3, G1PO3 N
register © OUTCls
G1TM4, G1PO4
register 1 0 OUTCl4
PWM
outpu]
G1TMS5, G1PO5
register © ouTCls >(N0te 2)
a
0
10:fBT1 5 —
INPC16 oo Digital {1LH1 il 8 GLTM6, GLPOG o oUTCIs
filter DF1 to DFO select function| T register
(Note 2) PWM
00 output]
I Digital m .‘ [ 11] Edge Gate | 1 F" G1TM7, G1PO7 0 OUTC17
INPC17 0 filter A select [ * Jlunction| 2= register — <
DF1 to DFO GT 9
Cho0 to ch7 X
interrupt request signal
Transmit interrupt request
T (SIO1TR)*
nﬁansmit data | Transmission
G1TB register generation circuit
(Transmit buffer register) generation circuit
Transmit - -
B Bit insert circuit
Transmit l Transmit latch s TXSL
register — 0
‘ g 1 | 1 oata | Polarity
selector
Start bit 1 OPOL
cho Transmit generation circuit]
ch3 | Clock |operating clock G1TO register
External clock| selector Stop bit N
generation circuit] Transmit HDLC data transmit
register interrupt request
C:; (G1TOR)*
< Clock .
ch3 { selector Transmit
Extemal clock buffer
Arbitration Reception

G1RI register

Receive
buffer

Receive
register

Polarity

Receive data _
generation circuit

G1RB register

— Data
Bit insert selector
check

inverse |

IPOL

GI1DR register
(Receive data register)

Shift
register

buffer
register

Start bit
check

Receive interrupt

Receive
buffer

Stop bit
check

Special

request
(SIO1RR)*

Special communication

interrupt

-

b

check

G4CMD2 "

G1CMP3 register

Comparator

interrupt request
(SRT1R)"

HDLC data receive

Notes :
1. G1TMO register can be used in 32-bit cascade connections only.

2. These pins are not connected to external pins in the 100-pin package.
3. Each register is in a reset status after the G1BCRO register allocates a

clock.
4. See Figure 1.9.14.

BCK1 to BCKO : Bits in the G1BCRO register
CAS, BTS : Bits in the G1BCR1 register
BT1S : Bit in the BTSR register
DF1 to DFO, GT, PR : Bits in the GITMCR; register (j = 0 to 7)
MOD?2 to MODO : Bits in the GIPOCR; register

TXSL, RXSL : Bits in the GLEMR register

interrupt request
(GIRIR)*

Figure 1.22.2. Intelligent I/O Group 1 Block Diagram
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BCK1 to BCKO

Request from communication function
Request from groupl

BT2S :j > D
BTS

Group2 base|
timer reset

11

2 x (n+1) | fBT2

Request by matching G2PO0
register and base timer

Cho interrupt request signal
timer |——> Base timer interrupt request BT2R®

Byte counter

>—| ACK operation }

Arbitration
lost detect

Notes :

cl

L

Start bit
detection
A

IPOL
Polarity

>

IE, serial /0
interrupt control

Receive parity
operation

—>
—>
——

inverse

N

ock.

3. See Figure 1.9.14.

| G2RB register |

[
,_IReceive registerf

Statement length
detect function

| ID detection

dete

Address detect
function

L

fi Divider Base
DIV4 to DIVO . ! Real time port
- Overflow of base timer bit 15 output value
| [ Bitmodulation | L 985 to 010, MORZ 10 MODO
| G2POO0 register OUTC20
ISCLK20 [ | PWM WM NISTXD2/Eour
0 output 111
o - - control 000 to 010, MOD2 to MODO
l Digital - ] ) | [ Bitmodulation | ||[||L| 100
i oo ouTC21
IEIN/ISRXD20O filter o G2PO1 register I I PWM I ASCLK2
111
G2PO2 register I I Bit modulation I L o OUTC22
[ | PWM [ PWM
output
| [ Bitmodulation | control A
| G2PO3 register [ 1 PWM [ O ouTczs
62PO4 register | [ Bitmodulation | |||L_] o ouTCza
| | PWM | PWM
output
I ] I jcontrol
. Bit modulation L]
O OuUTC25
| G2POS5 register [ 1 PWM | > (Note 1)
| G2PO6 register } i Bit mF(,)V?,L:\I/lauon } — O ouTC26
PWM
output
jcontrol
| G2PO7 register } { Bit m;)vtsll:\;atlon '7— O OouTC27 )
»-\Waveform generation
interrupt request
PO2jR®
G2TB register
Clock Bit . . Output control
1 selector H counter |><H| Transmit register j function
31 OPOL
Transmit parity [ Transmit Polarity
operation il i inverse

IE start bit

interrupt request (IEOR to IE2R)®

IE transmit interrupt request (IEOR to IE2R)?
IE receive interrupt request (IEOR to IE2R)?
Clock synchronous serial /0

mode transmit interrupt request

(SIO2TR)?

Clock synchronous serial I/0

mode receive interrupt request

(SIO2RR)?

1. These pins are not connected to external pins in the 100-pin package.
2. Each register is in a reset status after the G2BCRO register allocates a

DIV4 to DIVO, BCK1 to BCKO : Bits in the G2BCRO register
BTS : Bit in the G2BCR1 register

BT2S : Bit in the BTSR register

OPOL, IPOL : Bits in the G2CR register

DF : Bit in the IECR register

MOD2 to MODO : Bits in the G2POCR;j register (j=0to 7)

Figure 1.22.3. Intelligent I/O Group 2 Block Diagram
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BT2S
BTS

BCK1 to BCKO

f1 11

ISCLK3! O0——«—

HRXD/ISRXD3 O——————

Request from communication function

Request by matching G3PO0
Request from group2 register and base timer

Ty

Group3 base

timer reset
2(n+1) |fets X . . 3
Divider Base timer —> Base timer interrupt request (BT3R)
DIV4 to DIVO

> Bit 15 overflow

Real time port
output value

| G3POO register } I B'tm;\?v"’&a“o”

| G3POL1 register } { B'tm;\;jv‘:\;at'on

| G3PO2 register } i B”m;\fvl’i\ha“on

Bit modulation
PWM

| G3PO3 register I I

Bit modulation
PWM

| G3PO4 register 1
G3MK4 register

[ Bit modulation

| G3POS register I I PWM
G3MKS register

| G3PO6 register | | Bit modulation
G3MKB6 register
I Bit modulation

| PWM
| G3PO7 register I‘ 1 PWM
G3MKT7 register

Transmission

Clock
selector

G3TB register Trarnesgrinsi}esrhift

Shift counter
Transmit operating clock

Mode controller

I 1 000 10 010, 100 MOD2 to MODO
I o OUTC30/ISTXD3/HTxD
PWM
output] 111
I icontrol ggg to 010, MOD2 to MODO
I — OUTC31/ISCLK3*
111
} — O OUTC32
PWM
output]
I icontrol N
I — O OUTC33
} — O OUTC34
PWM
output]
control
I O OUTC3s
| L > (Note 1)
} O OUTC36
PWM
output]
icontrol
'7 O OUTC37 )
> Waveform generation
interrupt request
(POB3jR) (Note 3)
OPOL
Polarity
inverse
Transmit interrupt
> request
(SIO3TR)®

, Receive interrupt request

Reception
Receive operating clock Mode controller
Shift counter
IPOL
[Polarity Receive shift
[inverse register

(SIO3RR)?

G3RB register

Notes :

1. These pins are not connected to external pins in the 100-pin package.
2. Each register is in a reset status after the G3BCRO register allocates a clock.
3. See Figure 1.9.14.

DIV4 to DIVO, BCK1 to BCKO : Bits in the G3BCRO register
BTS : Bit in the G3BCR1 register

BT3S : Bit in the BTSR register

MOD2 to MODO : Bits in the G3POCR;j register (j=0to 7)
OPOL, IPOL : Bits in the G3CR register

Figure 1.22.4. Intelligent I/O Group 3 Block Diagram
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Figures 1.22.5 to 1.22.15 show registers associated with the intelligent 1/O base timer, the time measure-
ment function and waveform generation function. (For registers associated with the communication func-
tion, see Figures 1.22.32 t0 1.22.38, 1.22.42 t0 1.22.45 and 1.22.47 t0 1.22.49.)

Group i base timer register (i=0 to 3)

b7 b6 b5 b4 b3 b2 bl bO Symbol
| | | | | | | | | GOBCRO to G3BCRO

Group i base timer control register 0 (i=0 to 3)*

Address When reset
00E216, 012216, 016216, 01A216 0000 00002

b15 b8
(b7) (b0) b7 b0 Symbol Address When reset
| | GOBT,G1BT 00E116 - 00EO16, 012116 - 012016 Indeterminate
H G2BT,G3BT 016116 - 016016, 01Al116 - 01A016 Indeterminate
Function Setting range RW
¢ When the base timer is operating
' When read, value of the counter can be read.
When write, the counter starts counting from the
vaIL_Je written. thwlen the Il‘)allse timer is reset, this 000016 to EFFF16 | RW
register is set to "000016".
e When the base timer is reset
This register is set to "000016" but a value read
is indeterminate. No value is written.1
Notes :

1. Each base timer stops only when the BCK1 to BCKO bits in the GIBCRO register are set to "002" (count
source clock stop). Each base timer operates when the BCK1 to BCKO bits are set to other than "002".
When both BTiS bit in the BTSR register and BTS bit in the GIBCRL1 register are set to "0", the base timer
continues to be reset to remain in a "no counting” state as setting "000016". When either the BTiS bit in
the BTSR register or the BTS bit in the GIBCR1 register is set to "1", this state is cleared to start counting.

interrupt select bit

1 : Bit 14 overflow

syl?r%tbol Bit name Function RW
SR b0

Poioi i1 n | BCKO 0 0: Clock stop RW
oo Count source . . .

Voo . 0 1: Avoid this setting

- - select bit ) >

. 1 0: Two-phase input

o BCK1 11:f1 RW
A count divided source by 2x(n + 1)

R DIVO when a setting value is n (n =0 to 31) RW
b6 b5 b4 b3 b2

i DIV1 (n=0) 00000 : Divide-by-2 RW
oo (n=1) 0000 1: Divide-by-4

Count source (n=2) 00 .0 10 : Divide-by-6

Pl DIVZ | division ratio (n=30) 11110 : Divide-by-62 RW
P select bit (n=31)11111:Nodivision

O SRRRELELLEELEE DIV3 RW
P Tmmemmmemmeneneneene DIv4 RW
Base timer 0 : Bit 15 overflow

--------------------------- IT RW

Notes :

1. When the CAS bit in the GiBCR1 register is set to "1" (32-bit time measurement, waveform gene-
ration function), the GOBCRO register and G1BCRO register should be set the same value.

2. This setting can be used when the UD1 to UDO bits in the GjBCRL1 register (j=0, 1) are set to "102"
(two-phase signal processing mode) for the group 0 or 1. Avoid setting the BCK1 to BCKO bits to
"102" in other modes or for the group 2 or 3.

Figure 1.22.5. GOBT to G3BT Registers and GOBCRO to G3BCRO Registers
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Group i base timer control register 1 (i=0,1)

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | |o] | || ocoBcreGiEcRe 00E315, 012316 0000 00002
Pl b b | Bt Bit Functi RW
Pobor b bbb | symbol it name unction
0: The base timer is not reset by
e Base timer reset synchronizing with a base timer reset
- - RSTO . ) . RW
e cause select bit0  [1: The base timer is reset by
synchronizing with a base timer reset?
0: The base timer is not reset by
- Base timer reset matching the GiPOO register
o RST1 . ) . . RW
e cause select bit 1 |1: The base timer is reset by matching
the GiPOO register?
0: The base timer is not reset when an
A RST?2 Base timer reset input to the INTI pin is "L" level RW
A cause select bit 2 |1: The base timer is reset when an input
oo to the INTi pin is "L" level®
A —— | Reserved bit Should set to "0". RW
R BTS Base t.|mer 0: Base t!mer is reset . RW
FE start bit 1: Base timer starts counting
b6b5 )
FE uDO 00 : Counter increment mode RW
P Counter increment/ | 0 1 : Counter increment/decrement mode
decrement control bit| 10 TW(()j-phase pulse signal processing
E LLLACLETTEERLEPEEE uD1 moae ) RW
H 1 1 : Avoid this setting
Groups 0 and 1 0: 16—b|tft|me measu;emfent, .
R LRGLECLECETCEPEEP LT CAS | cascaded function wavetorm generation unction RW
select bit 1: 32-bit time measurement,
waveform generation function*

Notes :

1. In the group 0, the base timer is reset by synchronizing with the group 1 base timer. In the group 1,
the base timer is reset by synchronizing with the group 0 base timer.

2. The base timer is reset after two clock cycles of fBTi when it matches the GiPOO register. (See
Figure 1.22.13 about the GiPOO register.) When setting the RST1 bit to "1", values of the GiPOj
register (j=1 to7) to use for the waveform generation function and communication function should be
set to smaller value than values of the GiPOO register.

3. In the group 0, the base timer is reset when an input to the INTO pin is “L". In the group 1, the base
timer is resets when an input to the INT1 pin is "L".

4. When setting the CAS bit to "1" (32-bit time measurement, waveform generation function), the
GOBCR1 register should be set to "8116" and the G1BCRL1 register be set to "1000 0XX02".

5. When each base timer starts counting in the group 0 and 1, the BTKS bit (k=0 to 1) in the BTSR
register should be set to "0". Then the BTS bit should be set to "1".

6. When the base timers start counting in multiple groups simultaneously, the BTSR register should be
used. The BTS bit should be set to "0".

Figure 1.22.6. GOBCR1 and G1BCR1 Registers
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b7 b6 b5 b4 b3 b2 bl bo

[ lofo] fo] | |

Group 2 base timer control register 1

Symbol Address When reset
G2BCR1 016316 0000 00002
Bit Bit Functi RW
symbol it name unction
. 0 : The base timer is not reset by synchronizing
Base timer ith a group 1 base timer reset
RSTO | reset cause w g p . L RW
select bit 0 1: The base timer is reset by synchronizing
with a group 1 base timer reset
Base timer 0 : The base timer is not reset by matching the
RST1 |[reset cause G2PO0 reglster_ . RW
select bit 1 1: The base timer is reset by matching the
G2POO register!
) 0 : The base timer is not reset by a reset
Base timer Lo .
request from the communication function
RST2 | reset cause ) . RW
) 1: The base timer is reset by a reset request
select bit 2 L )
from the communication function
—— | Reserved bit  [Should set to "0". RW
Base timer 0 : Base timer is reset
BTS start bit34 1 : Base timer starts counting RW
—_ RW
Reserved bit  [Should set to "0".
RW
Parallel real-time | . .
PRP | port function 2 : §TP ltl)ultgt_thPmoc:e t mod RW
select bit2 : Paralle output mode

Notes :

1. The base timer is reset after two clock cycles of fBT2 when it matches the G2POO0 register. (See
Figurel.22.13 about the G2POO register.) When setting the RST1 bit to "1", values of the G2POi
register (i=1 to 7) to use for the waveform generation function and communication function should be
set to smaller value than values of the G2POO register.

2. The PRP bit is available when the RTP bit in the G2POCRI register is set to "1" (real-time port used).

3. When each base timer starts counting in the group 2, the BT2S bit in the BTSR register should be set
to "0" (base timer reset). Then the BTS bit should be set to "1".

4. When the base timers start counting in multiple groups simultaneously, the BTSR register should be
set. The BTS bit should be set to "0".

Figure 1.22.7. G2BCR1 Register
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Group 3 base timer control register 1

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset

| Jofo| Jo] | | | wocsecre 01A316 0000 00002
A A Bi Functi RW
Poror b r | symbol it name unction
Base timer 0: T.hﬁ base tlmzel; is no.t reset by synchronizing
P4 4+ v 4 L RSTO |resetcause 1 \'/I\'”r: 29“’“'? ase tlmerbreset hronizi RW
select bit 0 tTH e base timer is re§et y synchronizing
A with a group2 base timer reset
Base timer 0: The base timer is not reset by matching
HE- - the G3POO register
- RST1 | reset cause . . . . RW
I lect bit 1 1: The base timer is reset by matching the
select bit G3POO register?
. 0 : The base timer is not reset by a reset
Voo Base timer icati i
- - request from the communication function
F R EE LR R RST2 | reset cause . ; ; RW
HE - ) 1: The base timer is reset by a reset request
[ select bit 2 o .
HE - from the communication function
S —— | Reserved bit | Should set to "0". RW
O BTS Base t!r;wfr 0: Base t!mer is reset . RW
start bit> 1 : Base timer starts counting
b Prrmeeeeeeeeeeeeeees — RW
Reserved bit | Should set to "0".
P eemmememeeseeeeeeed —_— RW
»
--------------------------- P o 1: Parallel RTP output mode

select bit

Notes :

1.The base timer is reset after two clock cycles of f8T3 when it matches the G3POO register. (See Figure
1.22.13 about the G3POO register.) When setting the RST1 bit to "1", values of the G3POQi register
(i=1 to 7) to use for the waveform generation function and communication function should be set to
smaller value than values of the G3POO register.

2. The PRP bit is available when the RTP bit in the G3POCR; register is set to "1" (real-time port used).

3. When the base timer starts counting in the group 3, the BT3S bit in the BTSR register should be set to
"0" (base timer reset). Then the BTS bit should be set to "1".

4. When the base timers start counting in multiple groups simultaneously, the BTSR register should be
used. The BTS bit should be set to "0".

Figure 1.22.8. G3BCRL1 Register
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Base timer start register!?

b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset

5 E 5 E BTSR 016416 XXXX 00002

Pl bbb | Bit Bit Funcii RW

b b b | symbol it name unction

Group 0 base timer 0 : Base timer is reset

ron T BTOS start bit 1 : Base timer starts counting RW

Group 1 base timer 0 : Base timer is reset

(R S T BT1S : : - RW

Voo o e start bit 1 : Base timer starts counting

R A A A BT2S Group.z base timer 0: Base t!mer is reset . RW

H start bit 1 : Base timer starts counting

Group 3 base timer 0 : Base timer is reset

T hRREEEED BT3S ) . . RW

Voo start bit 1 : Base timer starts counting

R S _ Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.

Notes :
1. The followings should be set first to use the intelligent I/O.
(1) The G2BCRO register should be set to provide the clock to the group 2 base timer.
(2) The BTOS to BT3S bits in the BTSR register are set to "0" (base timer reset).
(3) Other registers associated with the intelligent I/O should be set.
The BTIS bit (i=0 to 3) starts counting the base timers in multiple groups simultaneously. When each
base timer starts counting individually, the BTiS bit should be set to "0" to use the BTS bit in the
GiBCRL1 register.

2. When the base timers starts counting in multiple groups simultaneously (including the group 1 an 2
cascade connections), the following procedures should be taken. It is not required when each base
timers starts individually.

» The BCK1 to BCKO bits and DIV4 to DIVO bits in the GiBCRO register (plural number out of i=0 to 3)
in groups started simultaneously should be set to the same value.
« After changing the BCK1 to BCKO bits or DIV4 to DIVO bits, the base timer should be started twice
with the following procedures.
(1) The BTIS bit in the BTSR register should be set to "1" (base timer starts counting).
(2) The BTIS bit should be set to "0" (base timer stops counting) after one clock of f8Ti.
(3) After additional one clock to faTi, the BTiS bit should be set to "1" (base timer starts counting).

Figure 1.22.9. BTSR Register
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Group i time measurement control register j1(i=0,1 / j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
GOTMCRO to GOTMCR3  00D816, 00D916, 00DA16, 00DB16 0000 00002
GOTMCR4 to GOTMCR7  00DCz16, 00DD16, 00DE16, 00DF16 0000 00002

A G1TMCRO to GITMCR3 011816, 011916, 011A16, 011B16 0000 00002

A G1TMCR4 to GITMCR?7 ~ 011Czs, 011D16, 011E16, 011F16 0000 00002

b P D] gmbol Bit name Function RW

R R R bl b0

A A A IS Ti 0 0 : No time measurement RW

RERRRD et | o 1 i

- R i i ) i

T T T P cTs1 1 0 : Falling edge RW

N 1 1 :Both edges

R b3 b2

T A DFO Diital filter funcii 0 0 : No digital filter RW

R sé?e't; b'_tter unction 0 1 :Avoid this setting

HC i

S 1 0:fBTi

DF1 11:f1 RW

o oT Gate function 0 : Gate function not used RW

select bit24 1 : Gate function used

. 0 : Not cleared

L CERLCTTETETEE GOC Gel\te f‘;r.";“;’;‘ clear 1: The gate is cleared when the base| RW

select bit™> timer matches the GiPOK register

é : Gate function clear When setting the GSC bit to "1", a

: GSC bit2:3 gate is cleared. RW

___________________________ PR Prescaler function 0 : Not used RW
select bit? 1: Used

Notes :

1. When the CAS bit in the GIBCRL1 register is set to "0" (16-bit time measurement function), the
G1TMCRO and G1TMCRS3 to GITMCRS registers cannot be used. When write, these register should
be set to "0016".

When setting the CAS bit to "1" (32-bit time measurement function), the GOTMCRj and G1TMCR]j
registers should be set to same value.

2. This bit is in the GITMCR6 and GiTMCRY7 registers.

All bits 4 to 7 in the GITMCRO to GiTMCRS registers should set to "0".

3. These bits are available when setting the GT bit to "1".

4. When the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement function), the GT bit
should be set to "0". The gate function cannot be used.

5. The GOC bit is set to "0" after the gate function is cleared. See Figure 1.22.13 about the GiPOk
register (k=4 when j=6 and k=5 when j=7).

Group i time measurement prescale register j (i=0,1/j=6,7)

b7 b0 Symbol Address When reset
| GOTPR6 to GOTPR7 00E416, 00E516 0000 00002
G1TPR6 to G1ITPR7 012416, 012516 0000 00002

Function Setting range RW

As the setting value is n, time is measured

. ; . 0016 to FF16 RW
whenever a trigger input is counted by n+11

Notes :
1. The first prescaler, after the PR bit in the GiITMCR]j register changes "0" (prescaler function used) to
"1" (prescaler function unused), may be divided by n regarding the setting value n, not by n+1.
Subsequent prescaler is divided by n+1.

Figure 1.22.10. GOTMCRO to GOTMCR7 and G1TMCRO to GITMCR7 Registers, GOTPR6, GOTPR?7
and G1TPR6, G1TPR7 Registers
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Group i time measurement register j (i=0,1 /j=0 to 7)
b15 b8

(b7) (b0)b7 50 Symbol Address When reset
GOTMO to GOTM2  00C116 - 00C0O16, 00C316 - 00C216, 00C516 - 00C416 Indeterminate
GOTM3 to GOTM5  00C716 - 00C616, 00C916 - 00C816, 00CB16 - 00CA16 Indeterminate
GOTM6 to GOTM7  00CD16 - 00CC16, 00CF16 - 00CE16 Indeterminate
G1TMO to GITM2 010116 - 010016, 010316 - 010216, 010516 - 010416 Indeterminate
G1TM3 to GITM5 010716 - 010616, 010916 - 010816, 010B16 - 010A16 Indeterminate
G1TM6 to GITM7  010D16 - 010C16, 010F16 - 010E16 Indeterminate

Function Setting range RW

Value of the base timer is stored every time
measurement. When the CAS bit in the GIBCR1
--------------- register is set to "1" (32-bit time measurement), RO
low-order 16 bits are stored into the GOTM;
register and high-order 16 bits are into stored the
G1TM,; register.

Group i waveform generation control register j* (i=0 to 1/ j=0 to 7)

b7 b6 b5 b4 b3 b2 bl bo

| | Symbol Address When reset
— GOPOCRO to GOPOCR3 00DO016, 00D116, 00D216, 00D316 0X00 X0002
oo GOPOCR4 to GOPOCR7 00D416, 00D516, 00D616, 00D716 0X00 X0002
o G1POCRO to G1IPOCR3 011016, 011116, 011216, 011316 0X00 X0002
oo G1POCR4 to G1IPOCR7 011416, 011516, 011616, 011716 0X00 X0002
Pl B Bit Functi RW
it 1| symbol it name unction
- b2b1b0 Sinal ¢ d
- 000: Single waveform output mode
MODO 001: SR waveform output mode2 RW
o 0 10: Phase-delayed waveform
HE o i d output mode
R peration moae 0 11:Avoid this setting
MOD1 select bit 1 00: Avoid this setting RW
' 1 01: Avoid this setting
: 110: Avoid this setting® .
H MOD2 111: Use c%mmumcatlon function RW
output
_____________ Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.
VL Output initial value 0: Outputs "L" as an initial value RW
select bit 1: Outputs "H" as an initial value
o 0: Reloads the GiPOj register when
.................... RLD GiPQj register value the CPU writes a counter RW
reload timing select bit |1: Reloads the GiPOj register when
the base timer is reset
_______________________ Nothing is assigned. When write, should set to "0". B
When read, its content is indeterminate.
___________________________ INV Inverse output function | 0: Output is not inversed RW
select bit® 1: Output is inversed

Notes :

1. The Group 0 and 1 have the 16-bit and 32-bit waveform generation functions.

When the CAS bit in the GIBCR1 register is set to "0" (16-bit waveform generation function), the
GOPOCR2, 3, 6 and 7 registers cannot be available. When write, should set to "0016".

When setting the CAS bit to "1" (32-bit waveform generation function), the GOPOCR]j and G1POCR]j
registers should set to the same value.

2. This setting is enabled only on even channels. In SR waveform output mode, value written to the
corresponding odd channel (next channel after an even channel) are ignored. An even channel
outputs waveform. An odd channel outputs no waveform.

3. When receiving in UART mode of the group 0 and 1, the GIPOCR2 register should be set to
"0000 01102".

4. This setting is enabled only for channel 0 and 1. When using ISTxDi, the GIiPOCRO register should
set to "1112". When using ISCLKi for output, the MOD2 to MODO bits in the GIPOCR1 register should
set t0"1112". Avoid setting the MOD2 to MODO bits to "1112" other than channels 0 and 1.

5. The inverse output function is performed as a final step on a process of waveform generation. When
setting the INV bit to "1" (output inverse), "H" is output with setting the IVL bit to "0" (output "L" as an
initial value) and "L" with setting the IVL bit to "1" (output "H" as an initial value).

Figure 1.22.11. GOTMO to GOTM7 and G1TMO to G1TM7 Registers, GOPOCRO to GOPOCR7 and
G1POCRO to G1POCRY7 Registers

RENESAS 275

RenesasTechnology Corp.




o «\eﬂ\‘ Preli_rr_lina_lry S_pec_ifications REV.1.02 _ Mitsubishi Microcomputers
00&\0? Specifications in this manual are tentative and subject to change. M32C/83 group

®
Intelllgent 110 SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Group i waveform generation control register j (i=2to 3/j=01t0 7)

b7 b6 b5 b4 b3 b2 bl bO

| | | | | | | | | Symbol Address When reset
. I I G2POCRO to G2POCR3 015016, 015116, 015216, 015316 0000 00002
R G2POCRA4 to G2POCRY? 015416, 015516, 015616, 015716 0000 00002
R G3POCRO to G3POCR3 019016, 019116, 019216, 019316 0000 00002
R G3POCRA4 to G2POCRY? 019416, 019516, 019616, 019716 0000 00002
Pl N T . _
Do it 1 1| symbol Bit name Function RW
Pl Pl FE f )
- - 0 00: Single waveform output mode
oo MODO 001: SR g\J/vaveform outputpmode1 RW
- - 0 10: Inverse waveform output mode
o oo Operation mode 0 11: Avoid this setting
Do Dol e MOD1 | sglect bit® 1 00: Bit modulation PWM mode RW
101: Avoid this setting
N HE 110: Avoid this setting
o] MOD2 111: Use a communication function | gyy
A : output?
0: Not triggered by the base timer
- A Parallel real-time port matches the GiPOO to GiPO7 register
PRT | output trigger select bit* |1: Triggered by the base timer matches | RW
the GiPOO to GiPO7 register
A T A Output initial value 0: Outputs "L" as the initial value
- IVL . . RW
- select bit 1: Outputs "H" as the initial value
- N 0: Reloads the GiPQj register when
N GIPOj rgg!ster value the CPU writes to Jcougnter
RLD | reload tl.mmg 1: Reloads the GiPOj register when RW
select bit the base timer is reset
Real-time port function 0- Not used
1o Tmmmmmmmsmsmsmsmsmsesees RTP ) 1: Used (RTP output mode or parallel | Rw
select bit RTP output mode)
P INV Inverse _output function | O: Output !s .nOt inverted RW
select bit3 1: Output is inverted

Notes :

1. This setting is enabled only on even channels. In SR waveform output mode, value written to the
corresponding odd channel (next channel after an even channel) are ignored. An even channel
outputs waveform. An odd channel outputs no waveform.

2. This setting is enabled only for channels 0 and 1 of the group 2 and 3. When using ISTxD2 or IEouT,
the MOD2 to MODO bits in the G2POCRO register should be set to "1112". When using ISCLK2 for an
output, the MOD2 to MODO bits in the G2POCR1 register should be set to"1112". Avoid setting the
MOD2 to MODO bits to "1112" other than channels 0 and 1.

When using ISTxD3, the MOD2 to MODO bits in the G3POCRO register should be set to "1112". When
using ISCLK3 for output, the MOD2 to MODO bits in the G3BPOCR1 register should be set to "1112".
Avoid setting the MOD2 to MODO bits to "1112" other than channels 0 and 1.

3. The inverse output function is performed as a final step on a process of waveform generation. When
setting the INV bit to "1" (output inversed), "H" is output with setting the IVL bit to "0" (output "L" as an
initial value) and "L" with setting the IVL bit to "1" (output "H" as an initial value).

4. Enabled when the RPT bit is set to "1" (real-time port function used) and the PRP bit in the GIBCR1
register is set to "1" (parallel RTP output mode).

5. When setting the RTP bit to "1", value written to the MOD2 to MODO bits is ignored.

Figure 1.22.12. G2POCRO0 to G2POCR7 and G3POCRO to G3POCR7 Registers
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Group i waveform generation register j (i=0to 3/j=0to 7)

b15 b8 Symbol Address When reset
®7) LI 20 GOPOO to GOPO2  00C116-00C016, 00C316-00C216, 00C516-00C416  Indeterminate
| | GOPO3 to GOPO5 00C716-00C616, 00C916-00C816, 00CB16-00CA16 Indeterminate
: GOPO6 to GOPO7 00CD16-00CC16, 00CF16-00CE16 Indeterminate
H G1POO0 to GIPO2 010116-010016, 010316-010216, 010516-010416 Indeterminate
E G1P0O3 to G1IPO3 010716-010616, 010916-010816, 010B16-010A16 Indeterminate
E G1PO6 to GIPO7 010D16-010C16, 010F16-010E16 Indeterminate
E G2PO0 to G2PO2 014116-014016, 014316-014216, 014516-014416 Indeterminate
H G2PO3 to G2PO5 014716-014616, 014916-014816, 014B16-014A16 Indeterminate
E G2PO06 to G2PO7 014D16-014C16, 014F16-014E16 Indeterminate

G3PO0 to G3PO2 018116-018016, 018316-018216, 018516-018416 Indeterminate
G3PO3 to G3PO5 018716-018616, 018916-018816, 018B16-018A16 Indeterminate
G3PO6 to G3PO7 018D16-018C16, 018F16-018E16 Indeterminate

Function Setting range RW

« When the RLD bit in the GIPOCR; register should
be set to "0"
Value is reloaded into the GiPOj register to
include it in output waveform, etc.

« When the RLD bit should be set to "1"
Value is reloaded when the base timer is reset.
Value written can be read between writing the
value and reloaded.

000016 to FFFF16 RW

Group 3 waveform generation mask register j (j=4 to 7)

b15 b8
(b7) (b0)|b7 bo Symbol Address When reset
| i G3MK4, G3MK5 019916-019816, 019B16-019A16 Indeterminate
H G3MK6, G3MK7 019D16-019C16, 019F16-019E16 Indeterminate
Function Setting range RW
When setting the bit k (singular or plural number
"""""""" out of k=0 to 15) in this register to "1", the bit k of
the group 3 base timer is masked to compare to 000016 to FFFF16 | RW
the G3POQj register.
Notes :

1. This is enabled in single-phase waveform output mode or phase-delayed waveform output mode.
The G3MKi register should set to "000016" in other modes.

Figure 1.22.13. GOPOO to GOPO7, G1POO0 to G1PO7, G2PO0 to G2PO7 and G3POO0 to G3PO7
Registers, G3MK4 to G3MK7 Registers
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Group i function select register (i=0, 1)

function select bit

b7 b6 b5 b4 b3 b2 bl bO Symbol Address When reset
[TTTTTT 1] oorsceirs ook omme 0000 00002

AT . — —
+ ¢+ 1| symbol it name unction
. Channel 0 time measure- |0 : Select the waveform generation
i+ & - FSCO |mentiwaveform generation function RW
P function select bit 1: Select the time measurement
Voo Channel 1 time measure- function
o FSC1 | ment/waveform generation RW

Channel 2 time measure-
P mmmmmeses FSC2 |ment/waveform generation RW
function select bit

Channel 3 time measure-
1o mmmmmmmsemses FSC3 | ment/waveform generation RW
function select bit

Channel 4 time measure-
P SRR EEEEELEE FSC4 | ment/waveform generation RW
function select bit

Channel 5 time measure-
T R E LR R R R FSC5 | ment/waveform generation RW
function select bit

Channel 6 time measure-
1 mmmmmmmmmsmsmmsememseeed FSC6 | ment/waveform generation RW
function select bit

Channel 7 time measure-
--------------------------- FSC7 | ment/waveform generation RW
function select bit

Notes :
1. Channels 2, 3, 6 and 7 of the group 0 have no 16-bit waveform generation function.
Channels 0, 3, 4 and 5 of the group 1 have no 16-bit time measurement function.
When the CAS bit in the GIBCRL register is set to "1" (32-bit time measurement function,
waveform generation function), the GOSF and G1SF registers should be set to same value.

Group i function enable register (i=0 to 3)

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

| | | | | | | | | GOFE to G3FE  00E616, 012616, 016615, 01A616 0000 00002
Syl?ri]tbm Bit name Function RW
| IFEO_[Channel 0 function enabie bit 0 : Channel functions disabled RW
P IFE1 |Channel 1 function enable bit | 1 : Channel functions enabled RW
IFE2 |Channel 2 function enable bit RW
IFE3  |Channel 3 function enable bit RW
S IFE4  |Channel 4 function enable bit RW
D TRTRRRR IFE5  |Channel 5 function enable bit RW
e eemmm e eennnas IFE6 |Channel 6 function enable bit RW
e eenm e IFE7 |Channel 7 function enable bit RW

Figure 1.22.14. GOFS and G1FS Registers and GOFE to G3FE Registers
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b7 b6 b5 b4 b3 b2 bl bo

Group i RTP output buffer register (i=2, 3)

Symbol Address When reset
G2RTP,G3RTP 016716, 01A716 0016
Bit Bi Functi RW
symbol it name unction
RTPO RW
Channel 0 RTP output buffer 0 : Output "0"

RTP1 |Channel 1 RTP output buffer 1: Output "1" RW
RTP2 [Channel 2 RTP output buffer RW
RTP3 [Channel 3 RTP output buffer RW
RTP4 |Channel 4 RTP output buffer RW
RTP5 |Channel 5 RTP output buffer RW
RTP6 |Channel 6 RTP output buffer RW
RTP7 |Channel 7 RTP output buffer RW

Figure 1.22.15. G2RTP and G3RTP Registers
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Base Timer (Group 0to 3)
The base timer counts an internally generated count source with free-running.
Table 1.22.2 lists specifications of the base timer. Figures 1.22.5 to 1.22.9 show registers associated with
the base timer. Figure 1.22.16 shows a block diagram of the base timer. Figure 1.22.17 shows an example
of the base timer (group 0, 1) in counter increment mode. Figure 1.22.18 shows an example of the base
timer (group 0O, 1) in counter increment/decrement mode. Figure 1.22.19 shows a cascaded connection.
Figure 1.22.20 shows an example of two-phase pulse signal processing mode.

Table 1. 22.2. Base Timer Specifications
Item Specification

Count source(faTi)(i=0 to 3) f1 divided by 2(n+1) (group 0 to 3), two pulse input divided by 2(n+1) (group 0, 1)
n: The DIV4 to DIVO bits in the GIBCRO register determines. n=0 to 31
In f1 and two pules input when n=31, a count source is not divided

Counting operation The base timer increments the counter
The base timer decrements the counter (see the group 0, 1 select function)
Two-phase pulse processing (see the group 0, 1 select function)

Count start condition * When the base timers individually start counting
The BTS bit in the GiBCRL1 register should be set to "1" (base timer starts counting)
* When the base timers in multiple groups simultaneously started counting
The BTIS bit in the BTSR register should be set to "1" (base timer starts counting)

Count stop condition The BTIS bit in the BTSR register is set to "0" (base timer reset) and the BTS
bit in the GIBCRL1 register is set to "0" (base timer reset)

Base timer reset condition (1) Synchronized with the base timer reset in different groups
Group 0: synchronized with the base timer reset in the group 1
Group 1: synchronized with the base timer reset in the group 0
Group 2: synchronized with the base timer reset in the group 1
Group 3: synchronized with the base timer reset in the group 2

(2) Value of the base timer matches value of the GiPOO register

(3) Input "L" to external interrupt pins
Group 1: the INTO pin Group 2: the INT1 pin

(4) Requested a reset from the communication function (group 2, 3)

Value for base timer reset "000016"

Interrupt request In bit 14 or bit 15 overflow of the base timer, the BTiR bit in the interrupt
request register is set to "1" (See Figure 1.9.14.)

Read from timer * While the base timer is running, the GiBT register indicates a counter value
* When the base timer is reset, a counter value is indeterminate

Write to timer When a value is written while the base timer is running, the value written is
counted first. No value can be written while the base timer is reset.

Selectable function » Cascaded connection (group0, 1)
The group 1 base timer increments its counter whenever the group 0 base
timer overflows. (See Figure 1.22.19.)

» Counter increment/decrement mode (groupO, 1)

After starting counting, the base timer increments the counter from
"000016" until reaching "FFFF16" to decrement the counter. The base timer
increments the counter again when reaching the next "000016". (See Figure
1.22.18.)
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Item Specification

Selectable function » Two-phase pulse processing mode (group 0, 1)

In the group 0, two-phase pulses from P76 and P77 pins are counted

(See Figure 1.22.20)

P76,P80§*§*§ *;*;*

The timer increments  The timer decrements
a counter on all edge a coutner on all deges

In the group 1, two-phase pulses from P80 and P81 pins are counted as well

fari
BCK1 to BCKO
11
fi —1O
—o-—| 2(n+1) divider Base timer 3b143 b15|
Two-phase palse input i—O (Note 1)
(Group0,1) L Overflow signal
BTiS bit in BTSR register 0 % » Base timer

e} interrupt request
(See the BTIR bit on Figure 1.9.14)

BTS bit in GIBCRL register T

Reset of other base timer

Base timer reset
Matched with GiPOO register

"t INT i Notes :
ngggltjelgl }%mzop%nnsl?r:iocua‘t)ig#) 1. Divider is reset when setting both BTiS bit and BTS bit to "0".

function (Group2,3) i=0to3
BCK1 to BCKO, IT : Bits in the GIBCRO register
RST2 to RSTO : Bits in the GiBCR1 register

Figure 1.22.16. Base Timer Block Diagram

Table 1.22.3. Base Timer Associated Register Settings (Time Measurement Function, Waveform

Generation Function, Communication Function)

Register Bit Function
G2BCRO - Provides the clock to the BTSR register. Set to "0111 11112"
BTSR - Set to "0000 00002"

GiBCRO BCK1 to BCKO Select a count source
DIV4 to DIVO Select a divide ratio of a count source
IT Select the base timer interrupt
GIBCR1 RST2 to RSTO Select base timer reset timing
BTS Used when starting the base timer independently
UD1 to UDO Select how to count (Group0,1)
CAS Select cascaded connection (Group0,1)
GIiBT - Base timer value to read or to write

When setting the RST hit to "1" (base timer reset when base timer matches GiPOO), the following registers require to be setup.

GiPOCRO MOD2 to MODO | Set to "0002" (single-phase waveform output mode)
GiPOO - Set reset cycle

GiFS FSCO Set to "0" (waveform generation function)

GIiFE IFEO Set to "1" (channel operation start)

i:0to3

Bit configuration and function vary depending on which group is used.
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FFFF16

C00016
Content a counter

800016

400016

000016

b14 overflow signal

BTjR bit in IOIIR register

]
1

3 '&L; When setting to "0",

) o write "0" by program
b15 overflow signal ooy +—|/
BTjR bit in IOIIR register [1) I_l

i=4,7,8,11 j=0to 3 k=0,1

The above applies to the following conditions.

» The RST1 bit in the GKBCR1 register is set to "0" (the base timer is not reset by
matching the GiPOO register)

» The UD1 to UDO bits in the GKBCRL register are set to "002" (counter increment mode)

Figure 1.22.17. Counter Increment Mode (GroupO, 1)

N S T e o R L

C00016 |----=--===="~= e
Content a counter l-(,

800016 f-------- .

ety

000016 |'$

b14 overflow signal (l) _'_LI +—l +—'_+_'—
‘ L - When setting to "0",
; P o Vi VA T g e
0 ; .
b15 overflow signal o Q +—|7
1
0

BTjR bit in IIOIIR register "

When setting to "0",

BTjR bit in 110iIR register |_| — write "0" by program

i=4,7,8,11 j=0to 3

Figure 1.22.18. Counter Increment/Decrement Mode (Group 0,1)

Request from group1.
Request by matching GOPOO register and base timer
Request from INT pin

Request from group0
Request by matching G1POO register and base timer
Request from INT pin

Groupl

Group0 base timer

base timer

Bit 15 overflow of
base timer group0

INPC1k by time
measurement trigger

BCK1 to BCKO

INPCOj
Time measurement trigger

GOPOj register

j=0to 7, k=1,2,6,7 BTOS, BT1S : Bits in BTSR register
BTS, CAS : Bits in GIBCR1 register (i=0,1)
BCK1 to BCKO : Bits in GIBCRO register (i = 0,1)

Waveform generation
matching signal

Figure 1.22.19. Cascaded Connection
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(1) When the base timer is reset while the base timer increments the counter

~
GroupO : P76
Groupl : P8o
(A-phase) ! '
Input waveform < —
'minlps ¢ !
GroupO : P77 ! —
Groupl : P81 minlps !

_ (B-phase) :

sy ] n il TN

division 2(n+1) diviser

GroupO0 : INTO (Note 1)
Groupl:INT1
(Z-phase) :

»
>

A

Base timer starts counting

Value of counter X m ><m+1 0 >< 1 >< 2 X

Set to "0" in this timing Set to "1" in this timing

(2) When the base timer is reset while the base timer decrements the counter

4 Group0 : P76
Groupl : P8o
(A-phase)

yminlps
GroupO : P77 [ >
Gropul : P81 ' min 1 ps
(B-phase) .

Input waveform <

~

N 7 LM

division 2(n+1) diviser

GroupO : INTO e (Note 1) |
Groupl:INT1
(Z-phase)

A 4

Base timer starts counting

Value of counter X m X m-1 0 >§<FFFF1&<FFFE1§<

Set to "0" in this timing Set to "FFFF16" in this timing
i=0, 1
Notes :
1. More or equal to 1.5 f8Ti clock cycles are required.

Figure 1.22.20. Base Timer Operation in Two-phase Pulse Signal Processing Mode (Group 0,1)
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Time Measurement Function (group 0 and 1)
With synchronizing an external trigger input, value of the base timer are stored into the GiTMj register (i=0
to 1, j=0to 7). Table 1.22.4 shows specifications of the time measurement function. Figures 1.22.21 and
1.22.22 show an operating timing of the time measurement function. Figure 1.22.23 shows an operating
timing of the prescaler function and gate function.

Table 1.22.4. Time Measurement Function Specifications

Iltem Specification

Measurement channel Group 0: channel 0 to 7

Group 1: channel 1, 2, 6, 7

Selecting trigger input polarity Rising edge, falling edge, both edges of the INPCij pinl

Measurement start condition The IFE;j bit in the GIFE register should be set to "1" (channels j function
enabled) when the FSCj bit (i=0, 1, j=0 to 7) in the GiFS register is set to "1"

(time measurement function selected).

Measurement stop condition The IFEj bit should be set to "0" (channel j function disabled)

Time measurement timing *No prescaler : every a trigger is input

*Prescaler (for channel 6 and channel 7) : every value of the GiTPRk
register (k=6,7) +1 trigger input

Interrupt request generation timing | The TMijR bit in the interrupt request register (See Figure 1.9.14) is set to "1"
at time measurement timing

INPCIj pin function® Trigger input pin

Selectable function « Digital filter function

The digital filter samples a trigger input level every f1 or fBTi to pass pulses
matching a trigger input level three times
» Cascaded connection function

Group 0 and 1 are connected to operate as a 32-bit timer

* Prescaler function (for channel 6 and channel 7)
Trigger inputs are counted to perform time measurement whenever value

of the GITPRKk register + 1 trigger is input

 Gate function (for channel 6 and channel 7)
When a trigger input is inhibited with setting the GOC bit in the GITMCRk
register to "1" (gate cleared by matching the GiPOp register (p=4 when k=6,
p=5 when k=7)) after time measurement by first trigger input, a trigger input

is enabled to receive again by matching the base timer with the GiPOp register

Notes :
1. The INPCOo to INPCO7, INPC11 to INPC12 and INPC16 to INPC17 pins (INPCOo to INPCO7 pins in cascaded connec-
tion)
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Table 1.22.5. Pin settings for Time Measurement Function

Pin? Bit and Setting
PS1, PS2, PS5, PS8, PS9 PD7, PD8, PD11, PD14, PD15 IPS register
registers registers
P74/INPC11 PS1_4=0 PD7_4=0 IPS1=0
P75/INPC12 PS1.5=0 PD7_5=0
P76/INPCO0 PS1.6=0 PD7_6=0 IPS0=0
P77/INPCO1 PS1_7=0 PD7_7=0 IPS0=0
P80/INPCO02 PS2_0=0 PD8 0=0 IPS0=0
P111/INPC111 PS5_1=0 PD11_1=0 IPS1=1
P112/INPC111 PS5 2=0 PD11_2=0
P142/INPC16l PS8 2=0 PD14 2=0 -
P143/INPC171 PS8_3=0 PD14 3=0
P150/INPCO0o? PS9 0=0 PD15_ 0=0 IPS0=1,IPS2=0
P151/INPC011 PS9 1=0 PD15_1=0
P152/INPC021 - PD15 2=0
P153/INPCO3! - PD15 3=0 IPS2=0
P154/INPC04l PS9 4=0 PD15_4=0
P155/INPCOs51 PS9 5=0 PD15 5=0
P156/INPCOs6t - PD15 6=0
P157/INPCO71 - PD15 7=0

Notes :
1. This port can be provided in the 144-pin package only.
2. When the CAS bit in the GiBCR register is set to "1" (32-bit time measurement function), a trigger should be input
to the INPCOQj pin (j=0 to 7). Trigger input to the INPC1Kk1 pin (k=1, 2, 6, 7) is disabled.

Table 1.22.6. Registers Setting Associated with the Time Measurement Function (group0, 1)

Register Bit Function
GiTMCR]j CTS1to CTSO Select time measurement trigger
DF1 to DFO Select the digital filter function

GT, GOC, GSC Select the gate function

PR Select the prescaler function
GiTPRk - Setting value of prescaler
GiFS FSCj Set to "1" (time measurement function)
GIiFE IFE] Set to "1" (channel j function enabled)

i=0 j=0to7 k=6,7
Bit configuration and function vary depending on which group or channel is used.
Registers associated with to the time measurement function should be set after setting registers associated with the base time.
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INPCij pin input ,_| !_l l_l
FFFFi |--------- oo Ao R
e b . i
Base timer i p R R R :
L : ; E
000015 :
GiTM,j register X m X n X )
E When setting to "0", write "0" 'by program
|

Y. 1 —

TMijR bit

i=0,1 j=0to 7 (exceptj=1, 2, 6, 7 when i=1)
TMijR bit : Bits in the [IOO0IIR to 1O8IR and IIO10IR to [IO11IR registers

The above applies to the following condition.

e The CTS1 to CTSO bits in the GITMCR] registers are set to "012" (time measurement
is trigger on the rising edge). The PR bit is set to "0" (no prescaler used) and the GT bit
is set t0"0" (no gate function used).

e All RTS2 to RTSO bits in the GIBCRL1 register are set to "0" (no base timer reset). The
UD1 to UDO bits are set to "002" (counter increment mode) and the CAS bit is set to
"0" (16-bit time measurement).

When the base timer matches the GiPOO register and is set to "000016" (setting the RST1
bit to "1" and the RST0 and RST2 bits to "0"), the base timer is set to "000016" after it
reaches a setting value of the GiPOO register+2.

Figure 1.22.21. Time Measurement Function (1)
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(a) When selecting the rising edge for timer measurement trigger
(The CTS1 to CTSO bits in the GITMCR register (i=0,1, j=0 to 7)=012)

BTl

Base tmer (r2X X KX meaX sl X mesX s ) o meo)ragfr X1k 1360419

(Note 3)

INPCij pin input or

-« >
trigger signal after |
passing the digital
filter
<> V&

TMijR bit2
\ When setting to "0", write "0"

o ' v Delayed by 1 clock v v by program
GiTMj register X n X n+5 X n+8

Notes :
1. If the CAS bit in the GIBCRL1 register should be set to "1" (32-bit time measurement), the group 1 base timer
increments its counter whenever the group 0 base timer overflows.
2. Bits in the I1O0IR to 1IO8IR, II010IR to 1I011R registers. The TMOJR register when setting the CAS bit to "1".
3. For an input pulse to the INPCij pin, more or equal to 1.5 fBTi clock period is required.

(b) When selecting both edges for timer measurement trigger
(The CTS1 to CTSO bits=112)

fBTil

Base irmer (2 )X X KmeaX ez sk e meoX neeX ne7f oK nsaXne10 X110 +14

INPCij pin input or

trigger signal after |
passing the digital

filter

TMIjR bit? = S

‘\ \ When setting to "0",

\J \j v \J v write "0" by program
GITMj register X n X n+2 X n+5 X n+8 X n+12
Notes :
1. If the CAS bit in the GIBCR1 register should be set to "1" (32-bit time measurement), the group 1 base timer
increments its counter whenever the group 0 base timer overflows.
2. Bits in the 1IO0IR to 1I08IR, 11O10IR to IIO11R registers. The TMOjR register when setting the CAS bit to "1".

3. No interrupt is generated when the microcomputer receives input when the TMijR bit is in "H".
Value of the base timer is stored into the GiTMj register.

(c) Trigger signal when using digital filter
(The DF1 to DFO bits in the GiTMCR register =012 or 112)

fi or fBTil
i | | | ! '
INPCijpin T D D e
> v - ' ' i Maximum 3.5 clock cycles
Trigger signal after Signals, which do not match 3 ' of fi or fBTiL
passing the digital times, are stripped off
filter
Notes :

1. fBTi when the DF1 to DFO bits are set to "102" and f1 when to "112".

Figure 1.22.22. Time Measurement Function (2)

RENESAS 287

RenesasTechnology Corp.



o ‘(\eﬂ\‘ Preli_rr_lina_lry S_pec_ifications REV.1.02 _ Mitsubishi Microcomputers
00&\0? Specifications in this manual are tentative and subject to change. M32C/83 group

®
Intelllgent 110 SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

(a) When using the prescaler function
(When the GiTPR;j register (i=0, 1, j=6, 7) =0216, PR bit in the GITMCR register=1)

fBTil

Base timer (o2 naX_n Xtk mezXnssh nsf nseK meeX X meX o010k +1ifr12{n 10419

INPCij pin input or

trigger signal after
passing the digital /I |_| I__
filter
\
Internal time
v \/ \/

measurement trigger

Prescaler? 2 X 1 X 0 X 2

\ When setting to "0", write "0" by program \i
TMIjR bit3 ’/
\/ v
GiTM,j register )L n+1 X n+13

Notes :
1. If the CAS bit in the GiIBCRL1 register should be set to "1" (32-bit time measurement), the group 1 base timer
increments its counter whenever the group 0 base timer overflows.
2. This applies to the second period that the GITPR]j register decrements after setting the PR bit in the GITMCR]j
register to "1" (prescaler used).
3. Bits in the IIO0IR to IO8IR, II010IR to II011R registers. The TMOjR register when setting the CAS bit to "1".

(b) When using the gate function

(Gate function is cleared by matching the GiPOk register and base timer,
the GT bit in the GITMCR; register=1, the GOC bit=1)

FFFF16

X . Value of the GiPOk register-------------==
Base timer i

000016
IFE]j bit in GIFE
register
INPCij pin input or m
trigger signal after |_|

passing the digital

filter This trigger input is disabled
due to gate function.

Internal time |—|
measurement trigger

GiPOKk register h

match signal

\
Gate control signal

¥ Gate Gate cleared > ¥~ Gate
L When setting to "0", write "0" by program
TMijR bit3 |_|x |_|
\/ \/
GiTM,j register X X
Notes :

1. If the CAS bit in the GIBCR1 register should be set to "1" (32-bit time measurement), the group 1 base timer
increments its counter whenever the group 0 base timer overflows.
2. Bits in the IIO0IR to 1108IR, IIO10IR to IIO11R registers. The TMOjR register when setting the CAS bit to "1".

Figure 1.22.23. Prescaler Function and Gate Function
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Waveform Generation Function (Group 0 to 3)
Waveforms are generated when value of the base timer matches GiPQj register (i=0 to 3, j=0 to 7).
The waveform generation function has the following six modes :
* Single-phase waveform output mode (group 0 to 3)
« Phase-delayed waveform output mode (group O to 3)
» Set/Reset waveform output (SR waveform output) mode (group O to 3)
« Bit modulation PWM output mode (group 2 and 3)
 Real-time port output (RTP output) mode (group 2 and 3)
« Parallel real-time port output (parallel RTP output) mode (group 2 and 3)
Table 1.22.7 lists pin settings of the waveform generation function. Table 1.22.8 lists registers associated
with the waveform generation function.

Table 1.22.7. Pin Settings for Waveform Generation Function

Pin Bit and setting
PSO0 to PS2, PS5 to PS9 registers| PSLO, PSL1, PSL2 registers PSC register

P64/OUTC21 PSO 4=1 PSLO 4=1 -
P70/0OUTC20 PS1 0=1 PSL1 0=0 PSC 0=1
P71/0UTC22 PS1 1=1 PSL1 1=0 PSC 1=1
P73/0OUTC102 PS1 3=1 PSL1 3=0 PSC 3=1
P74/OUTC112 PS1 4=1 PSL1 4=0 PSC 4=1
P75/0UTC122 PS1 5=1 PSL1 5=1 -
P76/OUTC002 PS1 6=1 PSL1 6=0 PSC 6=1
P77/0UTCO012 PS1 7=1 - -
P81/OUTC30 PS2 1=1 PSL2 1=1 -
P82/OUTC32 PsS2 2=1 PSL2 2=0 -
P92/0OUTC20 PS3 2=1 PSL3 2=1 -
P110/OUTC101:2 PS5 0=1 - -
P111/0UTC111:2 PS5 1=1

P112/0UTC121:2 PS5 2=1

P113/0UTC131:2 PS5 3=1

P120/OUTC30! PS6 0=1 - -
P121/0UTC31! PS6 1=1

P122/0UTC32! PS6 2=1

P123/0UTC33! PS6 3=1

P124/0OUTC341 PS6 4=1

P125/0UTC35! PS6 5=1

P126/OUTC36! PS6 6=1

P127/0UTC37! PS6 7=1
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Table 1.22.7. Pin Settings (Continued)

Pin Bit and setting
PSO0 to PS2, PS5 to PS9 registers| PSLO, PSL1, PSL2 registers PSC register
P130/0UTC241 PS7_ 0=1 - -
P131/0UTC25t PS7_1=1
P132/0UTC261 PS7_2=1
P133/0UTC23! PS7_3=1
P134/0UTC20! PS7_4=1
P135/0UTC211 PS7. 5=1
P136/0OUTC221 PS7_ 6=1
P137/0UTC271 PS7_7=1
P140/0OUTC141:2 PS8 0=1 - -
P141/0UTC151:2 PS8 1=1
P142/0UTC16:2 PS8 2=1
P143/0UTC171:2 PS8 3=1
P150/0OUTCO0L2 PS9 0=1 - -
P151/0UTC04L:2 PS9 1=1
P154/OUTCO04L:2 PS9 4=1
P155/0UTCOs5L:2 PS9 5=1

Notes :

1. This port can be provided in the 144-pin package only.

2. When the CAS bit in the GIBCR1 register is set to "1" (32-bit time measurement function), the OUTC1, pin (j=0 to 7)

outputs waveform and the OUTCOk pin (k=0, 1, 4, 5) set above outputs low-order 16-bit waveform.

Table 1.22.8. Registers Related to the Waveform Generation Function Settings

Register Bit Function
GiPOCR]j MOD2 to MODO Select output waveform mode
PRT In parallel RTP mode with this channel, set to "1"
IVL Select default value
RLD Select GiPQj register value reload timing
RTPL In parallel RTP mode with this channel, set to "1".
When this bit is set to "1", the MOD2 to 0 bits are disabled.
INV Select inverse output
G2BCR1 PRP In parallel RTP mode with this channel, set to "1"
G3BCR1
GiPOj - Select timing to output waveform inversed
G3MK4 to - Set masked values of the base timer and G3P0O4 to G3PO7 registers
G3MK7
GiFS FSCj Set to "0" (waveform generation function) (Group0, 1)
GIiFE IFEj Set to "1" (enables function on channel j)
G2RTP, RTPO to RTP7 Set a RTP output value in RTP output or parallel RTP output mode
G3RTP

i=0to3, j=0to 7

Bit configuration and function vary depending on which group or channel is used.

Registers associated with the waveform generation function should be set after setting registers associated with the base time.

Note:

1. This is the bit in the G2POCRj and G3POCR; registers only.
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(1) Single-Phase Waveform Output Mode (Group 0 to 3)
Output level of the OUTCIj pin is inversed when value of the base timer matches the one of the GiPOj
register (i=0 to 3, j=0 to 7). The inversed output level is returned to a default output level when the base
timer i reaches "000016". Table 1.22.9 lists specifications of single-phase waveform mode. Figure
1.22.24 lists an example of single-phase waveform mode operation.

Table 1.22.9. Single-phase Waveform Output Mode Specifications

Item Specification

Output waveform « Free-running operation

(the RSTO to RST2 bits in the GIBCRL1 register (i=0 to 3) is set to "0" (no reset))

65536
Cycle | —
y fBTi
Default output level : -
fBTi
65536-m
Inverse level e
fBTi

* The base timer is reset when the base timer matches the GiPOO register
(the RST1 bit is set to "1" and both RSTO and RST2 bits is to "0")

Cycle n+2
y fBTi
m
Default output level :

fBTi

n+2-m

Inverse level rs—
fBTi

m : setting value of the GiPOj register (j=0 to 7), 000116 to FFFD16
n : setting value of the GiPOO register, 000116 to FFFD16
Waveform output start condition The IFE]j bit in the GIFE register should be set to "1" (channel j function enabled)

Waveform output stop condition The IFEj bit should be set to "0" (channel j function disabled)

Interrupt request The PQOIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPQj register. (See Figure 1.9.14.)

OUTCijl pin Pulse output

Selectable function « Default value set function : Output level is set when waveform output starts

« Inverse output function : Waveform level is inversed to output waveform from
the OUTCij pin

« Cascaded connection function : The groups 0 and 1 are connected to
operate as a 32-bit timer

Notes :
1. The OUTCOo, OUTCO01, OUTCO04, OUTCOs, OUTC1o0 to OUTC17, OUTC20 to OUTC27 and OUTC30 to OUTC37
pins (OUTC10 to OUTC17 pins in the groups 0 and 1 cascaded connection)
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(1) Free-running operation
(All RST2 to RSTO bits in the GIBCR1 register are set to "0")

FFFF16 |-------------mmmmmmmm e e e e
Base timer i
00 T e
000016
' m ' 65536-m '
. faTi i fBTi ' \
1 1 '
OUTCij pin ; [“~inverse l [“~Inverse
;~ : 5530 ‘:\ Return to initial output level

When setting to "0",

POIjR bit |_|‘/Wnte "0" by program |_|

i=0to 3, j=0to 7 (j=0, 1, 4, 5 when i=0)
m : Setting value of the GiPQj register
POIjR bit : Bits in the I1O0IR to 1IO11IR registers
The above applies to the following conditions.
e The IVL bit in the GIPOCR; register is set to "0" (output "L" as an initial value) and the INV bit
is set to "0" (no output inversed).
¢ All RST2 to RSTO bits in the GIBCR1 register are set to "0" (no base timer reset), the UD1 to
UDO bits be set to "002" (counter increment mode) and the CAS bit be set to "0" (16-bit time
measurement).

(2) Base timer is reset when the base timer matches the GiPOO register
(The RST1 bitis set to "1" and both RSTO and RST2 bits are set to "0")

FFFF16
A R e e % e
Base timer i
110 T < ey £
000016 . ,
| n+2m : i :
fari | feri ! A ' :

OUTCIk pin m—!Me
n+2 | U S I

Return to initial

fari  When setting output level
to "0", write "0" 1 |
POIjR bit [ ] by program

i=0to 3, k=1to 7 (k=1, 4, 5 when i=0)
m : Setting value of the GiPQj register  n: Setting value of the GiPOO register
POIjR bit : Bits in the IIO0IR to IIO11IR registers
The above applies to the following conditions.
® The IVL bit in the GIPOCRK register is set to "0" (output "L" as an initial value) and the INV
bit be set to "0" (no output inverse).
® The UD1 to UDO bits are set to "002" (counter increment mode). The CAS bit is set to "0" (16-bit time
measurement).

Figure 1.22.24. Single-phase Waveform Output Mode
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(2) Phase-Delayed Waveform Output Mode (Group 0 to 3)
Output level of the OUTCij pin is inversed whenever value of the base timer matches the one of the GiPOj
register value (i=0 to 3, j=0 to 7). Table 1.22.10 lists specifications of phase-delayed waveform mode.
Figure 1.22.25 lists an example of phase-delayed waveform mode operation.

Table 1.22.10. Phase-delayed Waveform Output Mode Specifications

Item

Specification

Output waveform

« Free-running operation

(all RSTO to RST2 bhits in the GIBCR1 register (i=0 to 3) is set to "0" (no reset))

65536 x 2
Cycle fBTi
"H" and "L" width : 65536
fBTi

* The base timer is reset when the base timer matches the GiPOO register

(the RST1 bit is set to "1" and both RSTO and RST2 bits is to "0")

Cvel ~ 2(n+2)
ycle fBTi
. n+2
"H" and "L" width -
fBTi

n : setting value of the GiPOO register, 000116 to FFFD16

Waveform output start condition?

The IFE] bit in the GIiFE register should be set to "1" (channel j function enabled)

Waveform output stop condition

The IFEj bit should be set to "0" (channel j function disabled)

Interrupt request

The POIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPQj register. (See Figure 1.9.14.)

OUTCij? pin

Pulse output

Selectable function

« Default value set function : Output level is set when waveform output starts

« Inverse output function : Waveform level is inversed to output waveform from
the OUTCij pin

« Cascaded connection function : The groups 0 and 1 are connected to
operate as a 32-bit timer

Notes :

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

1. The FSCj bit in the GIiFS register should be set to "0" (waveform generation function selected) in the channels

shared by the time measurement function and waveform generation function.

2. The OUTCO00, OUTCO01, OUTCO04, OUTCO0s5, OUTC10to OUTC17, OUTC20 to OUTC27 and OUTC30 to OUTC37

pins (OUTC10 to OUTC17 pins in group 0 and 1 cascaded connection).
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(1) Free-running operation
(Al RST2 to RSTO bits in the GIBCRL1 register are set to "0")

FFFF16 J------------mmmmmmmm o e m oo s mm e
Base timer i

2 T [ P S~ .

000016

! 65536 ! 65536 ;

! fBTi ! feTi !

' ' Inverse i

OUTCij pin 4!\ Inverse !‘/ !

= | 65536x2_ :

, i feTi ,

When setting to "0",
write "0" by program

POIR bit P 1 |1

i=0to 3, j=0to 7 (j=0, 1, 4, 5 when i=0)
m : Setting value of the GiPQj register
POIjR bit : Bits in the IIO0IR to IIO11IR registers
The above applies to the following conditions.
e The IVL bit in the GIPOCR; register is set to "0" (output "L" as an initial value). The INV bit
is set to "0" (no output inversed).
¢ AllRST2 to RSTO bits in the GIBCR1 register are set to "0" (no base timer reset). The UD1 to UDO
bits are set to "002" (counter increment mode). The CAS bit is set to "0" (16-bit time measurement).

(2) Base timer is reset when the base timer matches GiPOO register
(The RST1 bit should be set to "1" and both RST0 and RST2 bits be set to "0")

FFFFi6
(1R R i e > Hl
Base timer i
1 T < o S T
000016
' n+2 ' n+2 '
feri | feTi ' fBTi '
OUTCIk pin ¥~ Inverse |/ Inverse —
| | + Inverse
E When setting E % E

to "0", write "0"
POIjR bit l—l/ by program l_l l_l

i=0to 3, k=1to 7 (k=1, 4, 5 when i=0)
m : Setting value of the GiPQj register n: Setting value of the GiPOO register
POIjR bit : Bits in the IIO0IR to IIO11IR registers
The above applies to the following conditions.
e The IVL bit in the GIPOCRK register is set to "0" (output "L" as an initial value).
The INV bit is set to "0" (no output inversed).
e The UD1 to UDO bits are set to "002" (counter increment mode). The CAS bit is set to "0"
(16-bit time measurement).

Figure 1.22.25. Phase-delayed Waveform Output Mode
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(3) Set/Reset Waveform Output (SR Waveform Output) Mode (Group 0 to 3)
Output level of the OUTCIj pin is inversed when value of the base timer matches the one of the GiPOj
register value (i=0 to 3, j=0, 2, 4, 6). It is returned to default output level when value of the base timer
matches the one of the GiPOk register (k=j+1) and is set to "0". Table 1.22.11 lists specifications of SR
waveform mode. Figure 1.22.26 lists an example of the SR waveform mode operation.

Table 1.22.11. SR Waveform Output Mode Specifications

Item Specification

Output waveform « Free-running operation

(the RSTO to RST2 bits in the GIBCRL1 register (i=0 to 3) is set to "0" (no reset))

Cvel 65536

ycle fBTi
m-n

Inverse level : -
fBTi

« The base timer is reset when the base timer matches the GiPOO register!

(the RST1bit is set to "1" and both RSTO and RST2 bits is to "0")

Cycle .o_pr2
fBTi

Inverse level : _MN
fBTi

m : setting value of the GiPOj register (j=0, 2, 4, 6 )
n : setting value of the GiPOKk register (k=j+1)

p : setting value of the GiPOO register all m, n, p: 000116 to FFFD16

Waveform output start condition3 | The IFEj bit in the GIiFE register should be set to "1" (channel j function enabled)

Waveform output stop condition The IFEj bit should be set to "0" (channel j function disabled)

Interrupt request The PQOIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPQj register.

The POIKR bit in the interrupt request register is set to "1 " when value of the
base timer matches the one of the GiPOK register (See Figure 1.9.14.)
OUTCij* pin Pulse output

Selectable function « Default value set function : Output level is set when waveform output starts
« Inverse output function : Waveform level is inversed to output waveform from the
OUTCij pin

« Cascaded connection function : The groups 0 and 1 are connected to

operate as a 32-bit timer

Notes :

1. When the GiPOO register resets the base timer, the SR waveform generation function with channels 0 and 1
cannot be used.

2. The waveform generation register of odd channel should have greater value than the one of even channel has.

3. The FSCj bit in the GIFS register should be set to "0" (waveform generation function selected) in the channels
shared by the time measurement function and waveform generation function.

4. The OUTCOo0, OUTCO04, OUTC10, OUTC12, OUTC14, OUTC16, OUTC20, OUTC22, OUTC24, OUTC26, OUTC3o,
OUTC32, OUTC34 and OUTC36 pins (OUTC10, OUTC12, OUTC14, OUTC1s pins in the groups 0 and 1 cascaded
connection).
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(1) Free-running operation
(All RST2 to RSTO bits in the GIBCR1 register are set to "0")

Return to initial

Lo . | tput level
OUTCij pin L e U e |/ Outputievel

e T
n -------------------- A L 1
Base timer i i i
o) S s
000015 : :
romen ' 65536-m+n ! |
v i i fBTi ! i

: | 65536 ' '
' H fBTi ! :
\ When setting to "0", I_l: i
POIjR bit « wiite '0" by program :
: inverse i_|
POIKR bit e

i=0 to 3, j=0, 2, 4, 6 (j=0, 4 when i=0) k=j+1
m : Setting value of the GiPOj register n: Setting value of the GiPOk register
POIjR, POIKR bits : Bits in the IIOO0IR to IIO11IR registers
The above applies to the following conditions.
® The IVL bit in the GIPOCR] register is set to "0" (output "L" as an initial value). The INV bit is set to "0" (no output
inversed).
® All RSTO to RST2 bits in the GIBCR1 register are set to "0" (no base timer reset). The UD1 to UDO bits are set to
"002" (counter increment mode). The CAS bit is set to "0" (16-bit time measurement).

(2) Base timer is reset when the base timer matches the GiPOO register
(the RST bit is set to "1" and both RSTO0 and RST bits are set to "0")

FFFF16
A R ey L LR L e
N |em e e e

Basetimeri m f--------F-----

p+2-m+n
fBTi

Return to initial output level

outcin [ v T —

000016

; T pe2 ; 5 : :

' ! fai ' ' ' !

1 When setting to "0", ! ! : '

POI[R bit [ ~~ write "0" by programl ' '

E When setting to "0", : :

POIKR bit o~ Write "0" by program 1
i=0 to 3, j=2, 4, 6 (j=4 when i=0) k=j+1

m : Setting value of the GiPQj register n: Setting value of the GiPOk register

p: Setting value of the GiPOO register
POIjR bit : Bits in the 1IO0IR to IIO11IR registers
The above applies to the following conditions.
® The IVL bit in the GIPOCRK register is set to "0" (output "L" as an initial value). The INV bit is set to "0" (no output
inverse).
® The UD1 to UDO bits are set to "002" (counter increment mode). The CAS bit is set to "0" (16-bit time measurement).

Figure 1.22.26. SR Waveform Output Mode
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(4) Bit Modulation PWM Output Mode (Group 2 and 3)
Output waveform "L" and "H" width can be changed in bit PWM output mode, "L" width become longer

and "H" width is shorter by one cycle of fBTi every 1024/m (m : low-order 10 bits in the GiPQOj register).

Table 1.22.12. Bit Modulation PWM Mode Specifications

Item Specification
Output waveform When P width is defined as one leg, "L" width of fBTil is out putin m
out of 1024 legs. "L" width of anTi is output in (1024-m) legs.
Average "L" width x(n+ )

fBTi fBTi

n : setting value (6 high-order bits) of the GiPQj register (i=2 to 3, j=0to 7)
m : setting value (10 low-order bits) of the GiPOj register

m, n: 000116 to FFFD16

Waveform output start condition The IFE] bit in the GIiFE register should be set to "1" (channel j function enabled)

Waveform output stop condition The IFEj bit should be set to "0" (channel j function disabled)

Interrupt request The POIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPOj register (see Figure 1.9.14).

OUTCij pin Pulse output

Selectable function « Default value set function : Output level is set when waveform output starts

« Inverse output function : Waveform level is inversed to output waveform from
the OUTCij pin

Table 1.22.13. Modulation-added Leg and Minimum Bit Width Leg t (with Free-Running Operation)

Number of modulation-added leg Minimum bit-added leg

00 0000 00002 none

00 0000 00012 t512

00 0000 00102 t256, t768

00 0000 01002 1128, t384, 1640, t896

00 0000 10002 t64, 1192, t320, t448, t576, t704, t832, t960
10 0000 00002 t1, t3, t5, t7, °e= 11019, t1021, t1023
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(1) Free-running operation
(All RST2 to RSTO bits in the GIBCR1 register are set to "0")

Base width
n=0 to 63 (3F16)

Number of modulation-added leg
m=0 to 1023 (3FF1e)

b0

b15 b10'b9

GiPOj register

Repeat cycle T of PWM

. 3Fu
Low-order 6 bits

- n
of base timer 0016

OUTCij pin

3F1se

Low-order 6 bits

of base timer n
0016

fari

s Minimum bit width

5

Internal signal

|
I
n+1 |
: V\Inverse

OUTCij pin

Initial output level

POI|R bit

AN
When setting to "0",

. |
When setting to "0",

write "0" by program

write "0" by program

The above applies to the following
conditions.

i=2t03,j=0to 7
POIjR bit : Bits in the IIO3IR to IIO11IR registers

* Both IVL and INV bits are set to "0".
* The RST2 to RSTO bits are set to "0002".

Figure 1.22.27. Bit Modulation PWM mode
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(5) Real-Time Port (RTP) Output Mode (Group 2 and 3)
The OUTCiIj pin outputs value set by the GIRTP register when value of the base timer matches the one of
the GiPOj register (i=2 to 3, j=0 to 7). Table 1.22.14 lists specifications of RTP output mode. Figure
1.22.28 shows a block diagram of the RTP output function. Figure 1.22.29 shows an example of RTP
output mode operation.

Table 1.22.14. RTP Output Mode Specifications
Item Specification

Waveform output start condition The IFE]j bit in the GIFE register (i=2 to 3, j=0 to 7) should be set to "1" (channel

function enabled)

Waveform output stop condition The IFE;j bit should be set to "0" (channel j function disabled)

Interrupt request The POIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPOj register (000116 to FFFD16).
(See Figure 1.9.14.)

OUTCij pin RTP output

Selectable function « Default value set function : Output level is set when waveform output starts.

« Inverse output function : Waveform level is inversed to output waveform from
the OUTCij pin

| Base timer | GIiRTP register

@ PUS—— Real-time port output
RTPO] [0g——» OuTCio
' T

I GiPOO register | '

— H
:] "
M
I GiPO6 register } LT
J L [rre] [oo}—— ourtciv

[

[

[

[

[

[

[

[

[

[

: :
[ .
: DRTPG DQ[———» OUTCis
[

[

[

[

[

L]

L

[

I GiPO7 register |

Figure 1.22.28. Real-time Port Output Function Block Diagram
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(1) Free-running operation
(All RST2 to RSTO bits in the GIBCR1 register are set to "0")

FFFF16 |----------mmmmmmmmmm e oo r-
Base timeri m|------------ A -
000016 & : :
RTPj bit i X 1\5 X o\[ 5 X 1
| % -
OUTCij pin ' m . 65535 .
! E When setbting to "0", E
write "0" rogram
POIIR bit e yprog
i=2t03,j=0to 7

m : Setting value of the GiPQj register
POIjR bit : Bits in the IIO3IR to IO11IR registers
The above applies to the following condition
® The IVL bit in the GIPOCR] register is set to "0" (output "L" as an initial value). The INV
bit is set to "0" (no output inverse).
® All RSTO to RST2 bits in the GIBCR1 register are set to "0" (no base timer reset).

(2) The base timer is reset when the base timer matches the GiPOO register
(The RST1 bit is set to "1" and both RSTO and RST2 bits are set to "0")

FFFF16
IR A R e e B D -

Basetimeri mf------------ff e T -

000016

OUTCij pin

o
><
bz

i

POIIR bit

POIkR bit [k [ |_|

When setting to "0",
write "0" by program

n+2

i=2t03,j=1to 7
m : Setting value of the GiPQj register n: Setting value of the GiPOO register
POIjR bit : Bits in the IIO0IR to IIO11IR registers
The above applies to the following condition
e The IVL bit in the GIPOCR;j register is set to "0" (output "L" as an initial value). The INV
bit is set to "0" (no output inverse).

Figure 1.22.29. Real-time Port Output Mode
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(6) Parallel Real-Time Port Output Mode (Group 2 and 3)
The OUTCiIj pin outputs value set by the GIRTP register when value of the base timer matches the one of
the GiPOj register (i=2 to 3, j=0 to 7). Table 1.22.15 lists specifications of the parallel RTP output mode.
Figure 1.22.30 shows a block diagram of the parallel RTP output function. Figure 1.22.31 shows an
example of the parallel RTP output mode operation. (See Figure 1.22.7 about the G2BCR1 register and
Figure 1.22.8 about the G3BCRL1 register.)

Table 1.22.15. Parallel RTP Output Mode Specifications

Item Specification

Waveform output start condition The IFE] bit in the GIiFE register (i=2 to 3, j=0 to 7) should be set to "1" (channel
function enabled)

Waveform output stop condition The IFEj bit should be set to "0" (channel j function disabled)

Interrupt request The POIjR bit in the interrupt request register is set to "1" when value of the
base timer matches the one of the GiPQj register value (000116 to FFFD16).
(See Figure 1.9.14.)

OUTCij pin RTP output

Selectable function » Default value set function: Output level is set when waveform output starts.

« Inverse output function: Waveform level is inversed to output waveform from
the OUTCij pin

GiRTP register

""""" ] Real-time port output
OUTCio

RTP

!

| Base timer

1 i

H
[
: -
: : Z
' .
4| rrPLf D Q OUTCi1
I GiPOO register ! :} Pt
T H 4
" " [
| GiPOL1 register ¢ [rre2 : E'—» OUTCi2
LT 4  oe—|T
I GiPO2 register : ' —
B - i | RPal D Q——» OUTCis
[ GiPO3 register ' [
L1 4 : I
| GiPO4 register E RTP4} i b g——» OUTCi4
- : A
| GiPO5 register ' : —
I : [rres] bd OUTCis
I GiPO6 register : L
- ; : —
I GiPO7 register : RTpei : D gd——» OUTCis
1 [
i=2to 3 : ; ] ;
: RTP7} : D Q— OUTCi7
s I o R

Figure 1.22.30. Parallel RTP Output Function Block Diagram
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(1) Free-running operation

e T R % R b

Base timer i

000016 :

OUTCio pin 4l—:—'
OUTCi1 pin S S

OUTCiz pin E E |
OUTCis pin : ; E
POIOR bit n
POI1R bit ‘_l :
POI2R bit |_|
m : Setting value of the GiPOO register i=2,3

n : Setting value of the GiPOL1 register
p : Setting value of the GiPO2 register
POIOR, POI1R, POI2R bit : Bits in the II0O3IR to IIO11IR registers

The above applies to the following conditions.
® The IVL in the of GIPOCR register is set to "0" (output "L" as an initial value). The INV
bit is set to "0" (no output inverse).
o AllRSTO to RST2 bits in the GIBCRL1 register are set to "0" (no base timer reset).

Figure 1.22.31. Parallel RTP Output Mode
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Communication Function (Group 0 to 3)

The communication function is available when two 8-bit shift registers use with either timer measurement

function or waveform generation function.

(1) Group 0 and 1 Communication Function

In the intelligent I/O groups 0 and 1, 8-bit clock synchronous serial /O, 8-bit clock asynchronous serial I/

O (UART) or HDLC data processing is available.

Figures 1.22.32 to 1.22.38 show registers associated with the communication function.

Group i receive input register (i=0,1)

b7 bo Symbol Address When reset
| | GORI,G1RI 00EC16, 012C16 Indeterminate
Function Setting range RW
_______________ Should set dgta _that is input to a received data 0016 to FF16 WO
generation circuit
Group i transmit output register (i=0,1)
b7 bo Symbol Address When reset
| | GOTO, G1TO 00EE16, 012E16 Indeterminate
Function RW
EEEEEEEEEEEEEED Can read data that a transmit data generation circuit outputs RO

Figure 1.22.32. GORI to G1RI Registers and GOTO to G1TO Registers
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Group i SI/O communication control register (i=0,1)

Nothing is assigned. When write, should set to "0".
When read, its contents is indeterminate.

TP EEP PR YEE TE Transmit enable bit 0: Transm!t disable RW
1: Transmit enable

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

[TTT DX ] ] eocreicr  ooero12rs 0000 X0002
A N Bi Functi RW
tr oy o+ 1 v 1| symbol it name unction
_ TI Transmit buffer 0 : Data available in the GiTB register RO
- empty flag 1 : No data available in the GiTB register
0 : Data available in the transmit register
A i i during transmittin
R A S TXEPT Transmit register ( g ' g) ' RO
oror empty flag 1: No data available in the transmit
register (transmit completed)
RI Receive complete |0 : No data available in the GiRB register RO
O flag 1: Data available in the GiRB register

B Meeeeeeeaeeaaeeaaas RE Receive enable bit 0: Rece!ve disable RW
1: Receive enable

ISRXD input polarity |0 : No inverse

S IPOL ) . RW
: © switch bit 1: Inversel
R OPOL ISTxD ogtput polarity| 0 : No |nve1rse RW
switch bit 1: Inverse
Notes :

1. This bit should be set to "1" in UART mode.

Figure 1.22.33. GOCR to G1CR Registers
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Group i SI/O receive buffer register (i=0,1)
b15 b8
(o7) (10) b7 bo Symbol Address When reset
WI:I GORB, G1RB 00E916-00E816, 012916-012816 indeterminate
Bit Bit name Function RW
R H symbol
e - Received data RW
_ ________________ L Nothing is assigned. B
When read, its content is indeterminate.
OER | Overrun error fla 0 : No overrun error RO
I g 1: Overrun error found
rer | Framing error fla 0 : No Framing error RO
. g g 1 : Framing error found
Nothing is assigned. .
When read, its contents is indeterminate.
Nothing is assigned.
When read, its contents is indeterminate.
Group i SI/O communication mode register (i=0,1)
b7 b6 bS5 b4 b3 b2 bl b0 Symbol Address When reset
| | [ofo] | | | | ocomMReIMR  ooEDss 01205 0000 00002
A A T Bi Functi RW
tr o+ v v v v | symbol it name unction
S S b150
Poror o o -l GMDO o 0 0: UART mode RW
N Communication mode | 0 1: Clock synchronous serial I/0
select bit mode
e GMD1 1 0: Special communication mode® | RW
1 1: HDLC data processing mode
Internal/external clock | O : Internal clock
CKDIR | select bit 1: External clock RW
Stop bit length 0: 1 stop bit
oo T STPS | select bit 1: 2 stop bits RW
A REEEELEEEEE —— | Reserved bit Should set to "0". RW
R —— | Reserved bit Should set to "0". RW
Transfer direction 0: LSB first
UFORM | ¢ lect bit 1: MSB first RW
Transmit interrupt 0 : Transmit buffer is empty (TI=1)
IRS cause select bit 1: Transmit is completed (TXEPT=1) RW
Notes :
1. Avoid this setting except for a car or motor vehicle.

Figure 1.22.34. GORB to G1RB Registers and GOMR to G1MR Registers
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Group i SI/O expansion mode register (i=0,1)*

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
GOEMR,G1EMR  00FCz1s, 013C16 0000 00002
Pl Bit Functi RW
i | symbol it name unction
i.4 smope Synchrqnous mode 0 : Re-synchronous mode unused RW
select bit 1: Re-synchronous mode
CRC initial value 0:"000016" is set
------ CRCV select bit 1:"FFFF16" is set RW
CRC initialization 0 : Not reset
ACRC select bit 1:reset? RW
_____________ BSINT Blt stuffing error . 0 : Not used RW
interrupt select bit 1: Used
Receive source 0: RxD pin
"""""""" RXSL | switch bit 1: GiRI register RW
____________________ Transmit source 0: TxD pin
TXSL switch bit 1: GiTO register RW
b7 b6
"""""""""""" CRCO 0 0: 8+ 4+ + RW
CRC generation X X X ! .
olvnomial select bit 0 1 :Avoid this setting
___________________________ poly 1 0 XB4x154x2+1
CRCL 11 XBax124x541 RW

Notes :
1. This register is used in special communication mode or HDLC data processing mode. In clock
synchronous serial I/0 mode or UART mode, this register remains in a reset state or is set to "0016".
2. Reset when matching a signal with the GICMP3 register.

Group i SI/O expansion transmit control register (i=0,1)*

b7 b6 b5 b4 b3 b2 bl bo

Symbol Address When reset
Z :Z :Z ; GOETC,G1ETC O0O0FFz16, 013F16 0000 OXXX2

sy?r;tbol Bit name Function RW

Nothing is assigned. When write, should set to "0".

T When read, its content is indeterminate. B

L SOE SOF tran§m|t 0: No SOF tran.smlt request RW

oo request bit 1: SOF transmit request

I Transmit CRC 0 : Not used

TCRCE | hable bit 1: Used RW

o . 0 : Not used

I ERCET LT ABTE | Arbitration enable bit u RW

Do 1: Used

Transmit bit stuffing "1" [0 : "1" is not inserted

TBSFO insert select bit 1:"1"is inserted RW

e TBSF1 j’ransmlt bit styffmg 0" [0 ”O" !s hot inserted RW
insert select bit 1:"0"is inserted

Notes :
1. This register is used in special communication mode or HDLC data processing mode. In clock
synchronous serial /0O mode or UART mode, this register remains in a reset state or is set to "0016".

Figure 1.22.35. GOEMR to G1EMR Registers and GOETC to G1ETC Registers

306 RENESAS

RenesasTechnology Corp.




o «\e‘\\ Preliminary Specifications REV.1.02

N
\;e.\‘e\OQ

Intelligent 1/0

Specifications in this manual are tentative and subject to change.

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Group i SI/O expansion receive control register (i=0,1)*
b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
L] GOERC,G1ERC 00FD1s, 013D16 0000 00002
Sy?r%tbol Bit name Function RW
0 : The GITB register is not compared (transmit
T - - R CMPOE Pata;_conapare data register) with the GICMPO register RW
unction 1 : The GiTB register is compared (transmit data
A select bit register) with the GICMPO register
0 : The GiTB register is not compared (transmit
F- T - R Pata;_conlpare data register) with the GICMPL1 register RW
A CMP1E | Tunction 1 : The GiTB register is compared (transmit data
A select bit register) with the GICMP1 register
0 : The GiTB register is not compared (transmit
A R zﬁzatig?]n;pare data register) with the GICMP2 register RW
A CMP2E loct bit 1 : The GiTB register is compared (transmit data
P select bi register) with the GICMP2 register
0 : The GiTB register is not compared (transmit | RW
T CMP3E Ej{;t]tca;ig?]rgpare data register) with the GICMP?3 register
lect bit 1: The GiTB register is compared (transmit data
oo select bi register) with the GICMP3 register
Receive CRC |0 : Not used
N RCRCE | enable bit 1: Used RW
RSHTE Segrii;’ignsmﬁ 0 : Receive shift operation disabled W
egable bit 1 : Receive shift operation enabled
RBSFO SRtﬁgﬁ]'\éef't delete |0 "1 is not deleted W
select bit 1:"1"is deleted
Receive bit 0:"0"is not deleted
--------------------------- RBSF1 | stuffing"0" delete |, ., . deleted RW
select bit 1:70"is delete
Notes :
1. This register is used in special communication mode or HDLC data processing mode. In clock
synchronous serial I/O mode or UART mode, this register remains in a reset state or is set to "0016".
2. When the ACRC bit in the GIEMR register is set to "1" (CRC reset function used), the CMP3E bit
should be set to "1".

Figure 1.22.36. GOERC to G1ERC Registers

RENESAS

RenesasTechnology Corp.

307



& (Qe“‘ Preliminary Specifications REV.1.02

Mitsubishi Microcomputers

00&\0&3 Specifications in this manual are tentative and subject to change. M32C/83 group
2
|nte”|gent |/O SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Group i SI/O special communication interrupt detect register (i=0,1)*

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset
| | | | | | GOIRF,G1IRF  00FEis, 013E1s 0000 00XX2

P b Bit Bit Functi RW
bbb b b | symbol it name unction
Nothing is assigned. When write, should set to "0".
N When read, its content is indeterminate.
O BSERR Bit stuffing error| 0 : Not detected RW
R R detect flag 1: Detected
Arbitration lost | 0 : Not detected
ABT | detect flag 1 : Detected RW
0 : The GiTB register (receive data register)
O IRFO Idn:errr%?;gﬁgrsle does not match the GICMPO register
oo flag 02 1 : The GiTB register (receive data register) RW
Lo ag matches the GICMPO register
0 : The GiTB register (receive data register)
T IRF1 Idnet?errr%pi);eclsgrs]e does not match the GICMP1 register
P flog 12 1 : The GiTB register (receive data register) RW
o ag matches the GICMP1 register
0 : The GiTB register (receive data register)
L IRE2 Lnet?er:%?;gsgrs]e does not match the GICMP2 register RW
: flag 22 1: The GIiTB register (receive data register)
: ag matches the GICMP?2 register
0 : The GiTB register (receive data register)
e IRE3 Idnetieerrrrli][i)rt]gtaigﬁe does not match the GICMP3 register RW

flag 32 1: The GiTB register (receive data register)

ag matches the GICMP3 register

Notes :
1. This register is used in special communication mode or HDLC data processing mode. In clock
synchronous serial /0 mode or UART mode, this register remains in a reset state or is set to "0016".
2. The SRTIR bit in the [IO4IR register.

Group i transmit buffer (receive data) register (i=0,1)

b7 b0 Symbol Address When reset
| GO0TB,GODR 00EA16 Indeterminate
G1TB,G1DR 012A16 Indeterminate
Function RW

Should set data to be transmitted.

In HDLC data processing mode, when reading the GiTB register, the
--------------- receive data register is read. When writing to the GiTB register, the RW
transmit buffer register is written. In HDLC data processing mode, value
set to the GiRI register is transferred to the GiDR register.

Figure 1.22.37. GOIRF to G1IRF registers and GOTB to G1TB Registers
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Group i data compare register j (i=0,1/j=0 to 3)

b7 bo Symbol Address When reset
GOCMPO to GOCMP3 00F016, 00F116, 00F216, 00F316 Indeterminate

G1CMPO to GICMP3 013016, 013116, 013216, 013316 Indeterminate

Function Setting range RW

............... Data to be compared 0016 to FF16 RW

Notes :
1. When using the GICMPO register, the GiIMSKO register should be set. When using the GICMP1
register, the GIMSK1 register should be set.

Group i data mask register j (i=0,1/j=0,1)

b7 b0 Symbol Address When reset
| | GOMSKO,GOMSK1 ~ 00F416, 00F516 Indeterminate
T G1MSKO0,G1MSK1 013416, 013516 Indeterminate
Function Setting range RW
Masked data for received data
"""""""" Should write "0" to a bit uncompared. 0016 to FF16 RW
Group i transmit CRC code register (i=0,1)
b15 b8
(b7) (b0) b7 bo Symbol Address When reset
| : GOTCRC, GI1TCRC 00FB16-00FA16, 013B16-013A16 000016
Function RW
EELEEEEEEEEEEED Result of transmit CRC calculation® RO
Notes :

1. Calculated result is initialized when the TCRCE bit in the GIETC register is set to "0" (unused).
The CRCV bit in the GIEMR register selects an initial value.

Group i receive CRC code register (i=0,1)

b15 b8g

(b7) (b0) b7 bo Symbol Address When reset
| H GORCRC, G1RCRC 00F916-00F816, 013916-013816 000016
Function RW
R Result of receive CRC calculationl2-3 RO
Notes :

1. Calculated result is initialized when the TCRCE bit in the GIERC register is set to "0" (unused).
It is also initialized when setting the ACRC bit to "1" (reset) and matching with the GICMP;j
(j=0 to 3) register.
2. Itis reset to an initial value set by the CRCV bit in the GIEMR register before a transmission starts.
3. When the RBSF bit in the GIERC register is set to "1" (0 deleted), preliminary calculation is
required since a compared data is also moved to a 6-bit CRC calculation circuit.

Figure 1.22.38. GOCMPO to GOCMP3 and G1CMPO to G1CMP3 Registers, GOMSKO0 to GOMSK1 and

G1MSKO to G1MSK1 Registers, GOTCRC to G1ITCRC Registers and GORCRC to
G1RCRC Registers
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* Clock Synchronous Serial /0 Mode (Group 0 and 1)
In clock synchronous serial I/O mode, data is transmitted and received with the synchronous clock.
When the internal clock is selected as the synchronous clock, channels 0 and 3 generate the internal
clock and share pins with ISTxDi, ISCLKIi, ISRxDi, INPCio to INPCi2 or OUTCio to OUTCi2.
Table 1.22.16 lists specifications of clock synchronous serial I/O mode group 0 and 1. Table 1.22.17
lists registers and to be used settings. Tables 1.22.18 to 1.22.21 list pin settings. Figure 1.22.39
shows an example of transmit and receive operation.

Table 1.22.16. Clock Synchronous Serial I/O Mode Specifications (Group 0 and 1)

Item Specification
Transfer data format * Transfer data : 8 bits long
Transfer clock1-2 + When the CKDIR bit in the GIMR register (i=0, 1) is set to "0" (internal clock) : %

n : setting value of the GiPOO register, 000016 to FFFF16
- The GiPOO register determines the baud rate and the transfer clock is generated
with the channel 3 waveform generation function and in phase-delayed waveform
output mode
* When the CKDIR bit is set to "1" (external clock) : input from the ISCLK1 pin
Transmit start condition Registers associated with the waveform generation function, the GiMR register and
GIERC register should be set and the following values be set after one cycle.
» The TE bit in the GICR register is set to "1" (transmit enable)
» The Tl bit in the GICR register is set to "0" (data in the GiTB register)
Receive start condition Registers associated with the waveform generation function, the GiMR register and
GIERC register should be set and the following values be set after one cycle.
» The RE bit in the GiCR register is set to "1" (receive enable)
» The TE bit is set to "1" (transmit enable)
» The Tl bit is set to "0" (data in the GiTB register)
Interrupt request » While transmitting, the following condition can be selected to set the SIOITR bit to
"1" (see Figure 1.9.14) :
— When the IRS bit in the GIMR register is set to "0" (interrupt with the GiTB register
empty) and data is transferred to the transmit register from the GiTB register
— When the IRS bit is set to "1" (interrupt at reception completed) and data transfer
from the transmit register is completed
* While receiving
When data is transferred to the GiRB register from the receive register (reception
completed), the SIOIRR bit is set to "1" (see Figure 1.9.14)
Error detection Overrun error3

This error occurs when receiving the 8th bit of the next data before reading the GiRB register
Selectable function * LSB first/MSB first

Whether data is transmitted/received in bit O or in bit 7 can be selected
 ISTxDi and ISRxDi I/O polarity inverse

ISTxDi pin output and ISRxDi pin input levels are inversed

Notes :
1. The transfer clock should be f8Ti divided by six or more.
2. In clock synchronous serial I/O mode, the RSHTE bit in the GIERC register (i=0, 1) should be setto "1".
3. When an overrun error occurs, the GiRB register is indeterminate.

When the OPOL bit in the GIiCR register is set to "0" (no TxD output polarity inversed), the ISTxD pin
outputs "H" between a selection of operation mode and a start of a transfer. When the OPOL bit is set to
"1", the ISTxD pin outputs "L".
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Table 1.22.17. Registers to be Used and Settings

Register Bit Function

GIiBCRO BCK1to BCKO | Setto"112"

DIV4 to DIVO Select a divide ratio of a count source

IT Set to "0"
GIiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 01112"
GiPOCR1 7t00 Set to "0000 01112"
GiPOCR3 7t00 Set to "0000 00102" 1
GiPOO 15t0 0 Seta bauder?_te

I
2 x (setting value + 2) = transfer clock frequency?

GiPO3 15t0 0 Set a smaller value than the GiPOO register!
GiFS FSC3,1,0 Setto "0"
GIiFE IFE3,1,0 Set to "1"
GIiERC 7t00 Set to "0010 00002"
GiMR GMD1 to GMDO | Setto "012"

CKDIR Select the internal clock or external clock

STPS Setto "0"

UFORM Select either LSB first or MSB first

IRS Select how the transmit interrupt is generated
GICR TI Transmit buffer empty flag

TXEPT Transmit register empty flag

RI Receive complete flag

TE Set to "1" for transmit and receive enable

RE Set to "1" for receive enable

IPOL Select an ISRxD input polarity (usually set to "0")

OPOL Select an ISTxD output polarity (usually set to "0")
GiTB 7t00 Write data to be transmitted
GiRB 15to 0 Received data and error flag are stored
i=0to 1l
Notes :

1. The CKDIR bit in the GiMR register is set to "0" (internal clock).

Table 1.22.18. Pin Settings

Port Function Bit and setting value registerl
name PS1 register | PSL1 register | PSC register | PD7 register |IPS register
P73 [ISTxD1output [PS1 3=1 |[PSL1 3=0 |[PSC3=1 |- - G1POCRO
P74 ISCLK1 input |PS1_4=0 - - PD7_4=0 IPS1=0 -

ISCLK1 output |PS1_4=1 PSL1 4=0 PSC 4=1 |- - G1POCR1
P75 ISRxD1 input |PS1. 5=0 - - PD7_ 5=0 IPS1=0 -
P76 ISTxDO output |PS1_6=1 PSL1 6=0 PSC_6=0 |- - GOPOCRO
P77 ISCLKO input |PS1_7=0 - - PD7_7 IPSO =0 -

ISCLKO output |PS1_7=1 - - - - GOPOCR1

Notes :
1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1.22.19. Pin Settings (Continued)

Port Function Bit and setting register
name PS2 register | PD8 register | IPS register
P8o ISRxDO input |PS2_0=0 PD8 2=0 IPS0=0 -
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Table 1. 22. 20. Pin Settings (Continued)

Port Function Bit and setting registerl
name PS5 register | PD11 register | IPS register
P11o0 | ISTxD1 output PS5 0=1 - - G1POCRO
P111 |ISCLK1 input [PS5_1=0 PD11 1=0 IPS1=1 -
ISCLK1 output |PS5_1=1 - - G1POCR1
P112 |ISRxDlinput [PS5 2=0 |PD11 2=0 [IPS1=1 -
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1. 22. 21. Pin Settings (Continued)

Port Function Bit and setting registerl
name PS9 register | PD15 register | IPS register
P150 |ISTxD1 output |PS9 0=1 - - GOPOCRO
P151 | ISCLK1 input PS9 1=0 PD15 2=0 IPSO=1 -
ISCLK1 output [PS9_1=1 |- - GOPOCR1
P152 | ISRxD1 input PS9 2=0 PD15 2=0 IPSO=1 -
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-

nication function is used).

Write to GiTB register

n+2
Base timer i

Base timer is reset by channel 0
waveform generation function

m

7

AN

ISCLK:i pin output

(transmit clock in
channel 3 generation

function)

ISTxDi pin output Bit O

Bit 1

(data to be transmitted)

—

SIOITR bit
When IRS=0
(buffer empty)

Wh
SIOITR bit en

When IRS=1

write "0" by program

i

setting to "0",

(transmission completes)

When éetting to "0",
1 write "0" by program

ISRxDi pin input Bit O

T

Bit 6

!

(received data)

SIOIRR bit

B.it7 X

| \_

The above applies to the following condition.

* The CKDIR bit in the GIMR register is set to "0" (internal clock)
* The UFORM bit in the GiIMR register is be set to "0" (LSB first)
« The IPOL and OPOL bits in the GiCR register are set to "0" (no inverse)

/

When setting to "0", write "0" by program

n : Setting value of the GiPOO register
m : Setting value of the GiPO3 register
i :01

SIOITR bit : Bit in the IIOjIR register (j = 1,3)
SIOIRR bit : Bit in the IIOKIR register (k = 0,2)
IRS bit : Bitin the GIMR register

Figure 1.22.39. Transmit and Receive Operation
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* Clock Asynchronous Serial I/O Mode (UART) (Group 0 and 1)
Table 1.22.22 lists specifications of UART mode group 0 and 1. Table 1.22.23 lists registers to be
used and settings. Tables 1.22.24 to 1.22.27 list pin settings. Figure 1.22.40 shows an example of
transmit operation. Figure 1.22.41 shows an example of receive operation.

Table 1.22.22. UART Mode Specifications

Item

Specification

Transfer data format

 Character Bit (transfer data) : 8 bits long

* Start bit : 1 bit long
* Stop bit : selectable from 1 bit or 2 bits long
- . . . . . fBTi
Transfer clock1-2 « When the CKDIR bit in the GiMR register (i=0, 1) is set to "0" (internal clock) : 2(n_+I2)

n : setting value of the GiPOO register, 000016 to FFFF16.

— The he GIiPOO register determines the baud rate and the transfer clock is gener
ated in phase-delayed waveform output mode
Transmit clock is generated with the channel 3 waveform generation function.
Receive clock is generated with the channel 2 time measurement function.

Transmit start condition

Registers associated with the waveform generation function, the GiMR register and
GIERC register should be set and the following values be set after one cycle

» The TE bit in the GICR register is set to "1" (transmit enable)

» The Tl bit in the GICR register is set to "0" (data written to the GiTB register)

Receive start condition

Registers associated with the waveform generation function, the GiMR register and
GIERC register should be set and the following values be set after one cycle

» The RE bit in the GIiCR register is set to "1" (receive enable)

* The start bit is detected

Interrupt request

* While transmitting, the following condition can be selected to set the SIOITR bit to
"1" (See Figure 1.9.14.) :
— When the IRS bit in the GIMR register is set to "0" (interrupt with the GiTB register
empty) and data is transferred to the transmit register from the GiTB register.
— When the IRS bit is set to "1" (interrupt at reception completed) and data transfer
from the transmit register is completed
* While receiving
When data is transferred to the GiRB register from the receive register (receive com-
pleted), the SIOIRR bit is set to "1" (see Figure 1.9.14)

Error detection

« Overrun error3
This error occurs when receiving the last bit of the next data before reading the
GiRB register

* Flaming Error
This error occurs when the number of the stop bits set is not detected

Selectable function

* Stop bit length
The stop bit is selectable from 1 bit or 2 bits long
* LSB first/MSB first
Whether data is transmitted/received in bit O or in bit 7 can be selected

Notes :

1. The transfer clock should be fBTi divided by six or more.
2. The GiIPOCR] register and the GiTMCR;j register should be set.
3. When an overrun error occurs, the GiRB register is indeterminate.
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Table 1.22.23. Registers to be Used and Settings

Register Bit Function

GIiBCRO BCK1to BCKO | Setto"112"

DIV4 to DIVO Select a divide ratio of a count source

IT Set to "0"
GIiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 01112"
GiPOCR2 7t00 Set to "0000 01102"
GiPOCR3 7t00 Set to "0000 00102"
GiITMCR2 7t00 Set to "0000 00102"
GiPOO 15t0 0 Set a baud rate

fBTi
2 X (setting value + 2) = transfer clock frequency

GiPO3 15t0 0 Set a smaller value than the GiPOO register
GiFS FSC3to FSCO Set to "01002"
GIiFE IFE3 to IFEO Set to "11012"
GiMR GMD1 to GMDO | Set to "0016"

CKDIR Set to "0"

STPS Select a stop bit length

UFORM Set to "0"

IRS Select how the receive interrupt is generated
GICR TI Transmit buffer empty flag

TXEPT Transmit register empty flag

RI Receive complete flag

TE Set to "1" for transmit and receive enable

RE Set to "1" for receive enable

IPOL Set to "1"

OPOL Setto "1"
GiTB 7t00 Write data to be transmitted
GiRB 15to 0 Received data and error flag are stored
i=0to 1
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Table 1.22.24. Pin Settings in UART Mode
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Port Function Bit and setting Register!

name PS1 register | PSL1 register | PSC register | PD7 register | IPS register

P73 |[ISTxDloutput |[PS1_3=1 |PSL1 3=0 | PSC3=1 |- - G1POCRO

P75 ISRxD1 input |PS1. 5=0 - - PD7_ 5=0 IPS1=0 -

P76 ISTxDO output |PS1_6=1 PSL1 6=0 PSC_6=0 |- - GOPOCRO
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1.22.25. Pin Settings (Continued)

Port Function Bit and setting Register
name PS2 register | PSL2 register | PD8 register | IPS register
P8o ISRxDO input |PS2_0=0 |- PD8 0=0 |[IPSO=0 -
Table 1.22.26. Pin Settings (Continued)
Port Function Bit and setting Register!
name PS5 register | PD11 register | IPS register
P1lo |ISTxD1 output |PS5_0=1 - - G1POCRO
P112 [ISRxDlinput [PS5 2=0 |[PD11 2=0 |[IPS1=1 -
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1.22.27. Pin Settings (Continued)

Port Function Bit and setting Register!
name PS9 register | PD15 register | IPS register
P150 | ISTxDO output [PS9 0=1 |- - GOPOCRO
P152 | ISRxDO input |- PD15 2=0 IPSO=1 -

Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

RENESAS

RenesasTechnology Corp.

315



e «\eﬂ\‘ Preliminary Specifications REV.1.02 Mitsubishi Microcomputers
00&\0&3 Specifications in this manual are tentative and subject to change. M32C/83 group

N2
Intelllgent 110 SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

stopn LT \aOERREEE- Toceorcooa

Set data in GiTB register Set data in GITB register
Tl bit v f{

"o |
TXEPT bit

e : F
SIOITR hbit . '

Y
n

\ When setting to "0",
write "0" by program

The above applies to the following condition. n : Setting value of the GiPOO register
« The STPS bit in the GiMR register is set to "0" (1 stop bit) m : Setting value of the GiPO3 register
* The UFORM bit in the GIMR register is set to "0" (LSB first) i:0,1

* The INV bits in the GIPOCRO to GiPOCRY registers are set to "0" (no inverse)
TI, TXEPT bit : Bits in the GiCR register
SIOITR bit  : Bitin the IIOjIR register (j = 1,3)
IRS bit : Bitin the GiMR register

Figure 1.22.40. Transmit Operation

Transfer clock U U U U U
o T T\ BOEORERES Teeeceeee

)

P

Ii?ead the GiDRB register

RI bit g

wge |
SIOIRR bit o |_|
\ When setting to "0", /

write "0" by program

The above applies to the following condition. i:0,1
« The STPS bit in the GiIMR register is set to "0" (1 stop bit)
« The UFORM bit in the GiMR register is set to "0" (LSB first) SIOIRR bit : Bit in the 1IOKIR register (k = 0,2)
* The INV bits in the GIPOCRO to GiPOCR?7 registers are set to "0" (no inverse) RI bit : Bit in the GiCR register

Figure 1.22.41. Receive Operation
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* HDLC Data Processing Mode (Group 0 and 1)

In HDLC data processing mode, bit stuffing, flag detection, abort detection and CRC processing are

available to be required for HDLC control. Channel 0 and 1 generate the transfer clock. No pin is used.
Data to be transmitted is written to the GiTB register (i=0,1). After data is converted, data conversion

result is restored. If data is restored into the GiTO register after the data conversion, a conversion is

terminated. If no data is restored, bit stuffing is executed regardless of no data in the transmit output

buffer. CRC value is calculated whenever one bit is converted. If no data is in the GiRI register, received

data conversion is terminated.

Table 1.22.28 list specifications of the HDLC data processing mode. Table 1.22.29 lists registers to be

used and their settings.

Table 1.22.28. HDLC Processing Mode Specifications

Iltem Specification
Input data format 8 bits long fixed, a bit alignment as optional
output data format 8 bits long fixed
fBTi
Transfer clock « When the CKDIR bit in the GiIMR register (i=0, 1)is set to "0" (internal clock) : n+I2

n : setting value of the GiPOO register 000016 to FFFF16
- The GiPOO register determines the baud rate and the transfer clock is generated
with the channel 2 waveform generation function and in phase-delayed waveform
output mode
* When the RSHTE bit in the GIERC register is set to "1" (reception shifting operation

enable) , the transfer clock is generated in the receiver

I/O method * While transmitting
Value set in the GiTB register is converted in HDLC data processing mode to
transfer it to the GiTO register

» While receiving
Value set in the GiRI register is converted in HDLC data processing mode to
transfer it to the GiRB register.
Value set in the GiRl register is also transferred to the GiTB register (received data register).

Bit stuffing While transmitting, "0" following five continuous "1" is inserted.
While receiving, "0" following five continuous "1" is deleted.

Flag detection The flag data "7E16" should be written in the GiCMP] register for the special commu-
nication interrupt (the SRTIR bit in the IIO4IR register)

Abort detection The masked data "0116" should be written in the GiIMSK] register

CRC The CRC1 to CRCO bits are set to "112" (X16+X12+X5+1)

The CRV bitis set to "1" (set to FFFF16)

» While transmitting, CRC calculation result is stored into the GiTCRC register
The TCRCE bit in the GIETC register is set to "1" (CRC for data to be transmitted is
used).
CRC calculation result is reset when the TCRCE bit is set to "0" (CRC for data to be
transmitted is not used).1

* While receiving, CRC calculation result is stored into the GIRCRC register
The RCRCE bit in the GIERC register is set to "1" (CRC for data to be received is
used).
CRC calculation result is reset when the result matches a value of the GiCMP3
register by comparing the flag data "7E16". The ACRC bit in the GIEMR register is
setto "1" (CRC reset)?
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Table 1.22.28. HDLC Processing Mode Specifications (Continued)

Item

Specification

Transmit start condition

The following conditions are required to start transmitting
* The TE bit in the GIiCR register is set to "1" (transmit enable)
« Data written to the GiTB register are required

Receive start condition

The following conditions are required to start transmitting
* The RE bit in the GICR register is set to "1" (transmit enable)
« Data written to the GiTB register

Interrupt request3

» While transmitting,
(1) The following condition can be selected to set the GiTOR register bit to "1"

- When the IRS bit in the GIMR register is set to "0" (interrupt with the GiTB
register empty) and data is transferred to the transmit register from the GiTB
register.

— When the IRS bit is set to "1" (interrupt at reception completed) and data
transfer from the transmit register is completed.

(2) When data, which is already converted as HDLC data, is transmitted to the
GiTO register from the transmit buffer, the GITOR bit is set to "1".

» While receiving,

(1) When data is transferred to the GiRB register from the GiRI register (reception
completes), the GiRIR bit is set to "1". (See Figure 1.9.14)

(2) When received data is transferred to the receive register from the GiRl register,
the GIRIR bit is set to "1".

(3) When the GiTB register is compared to the GiCMP]j register (j=0 to 3), the SRTIR
bit is set to "1".

Notes :

1. The CRCV bit and ACRC bit in the GIEMR register should be set to "1".
2. The CRC calculation circuit is reset after the GIRCRC register stores CRC data.
3. See Figure 1.9.14 about the GiTOR bit, GiRIR bit and SRTIR bit.

318

RENESAS

RenesasTechnology Corp.

Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER




& ‘Qe‘\’\ Preliminary S_pec_ifications REV.1.0_2 _ Mitsubishi Microcomputers
\i‘;\‘@&? Specifications in this manual are tentative and subject to change. M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

Intelligent 1/0

Table 1.22.29. Registers to be Used and Settings

Register Bit Function
GiBCRO BCK1 to BCKO Select a count source
DIV4 to DIVO Select a divide ratio of a count source
IT Select the base timer interrupt
GIiBCR1 7t00 Set to "0001 00102"
GiPOCRO 7t00 Set to "0000 00002"
GiPOCR1 7t00 Set to "0000 00002"
GiPOO 15t00 Set a baud rate
GiPO1 15t0 0 Set a timing of the rising edge of the transfer clock.
Timing of the rising edge ("H" width of the transfer clock) is fixed.
Setting value of GiPO1 < setting value of GiPOO .
GiFS FSCO to FSC1 Set to "002"
GIiFE IFEO to IFE1 Set to "112"
GiMR GMD1 to GMDO | Setto "112"
CKDIR Set to "0"
UFORM Set to "0"
IRS Select how the transmit interrupt is generated
GIEMR 7t00 Setto "1111 01102"
GIiCR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE Transmit enable bit
RE Receive enable bit
GIETC SOF Set to "0"
TCRCE Select whether a transmit CRC is used or not
ABTE Set to "0"
TBSFO, TBSF1 | Transmit bit stuffing
GIERC CMPOE to CMP2E]| Select whether a received data is compared or not
CMP3E Set to "1"
RCRCE Select receive CRC used or not
RSHTE When using for reception, set to "1"
RBSFO, RBSF1 | Receive bit stuffing
GilRF BSERR, ABT Set to "0"
IRFO to IRF3 Select how an interrupt is generated
GIiCMPO, 7t00 Write "FE16" to abort processing
GiCMP1
GIiCMP2 7t00 Data to be compared
GIiCMP3 7t00 Write "7E16"
GiMSKO, 7t00 Write "0116" to abort processing
GiMSK1
GIiTCRC 15t0 0 Transmit CRC calculation results can be read
GiRCRC 15t0 0 Receive CRC calculation results can be read
GIiTO 7t00 Data, which is output from a transmit data generation circuit, can be read
GiRI 7t00 Set data input to a receive data generation circuit
GiRB 7t00 Received data is stored
GiTB 7t00 For transmitting : write data to be transmitted
For receiving : Received data to compare is stored

i=0,1
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(2) Group 2 Communication Function

In the intelligent I/O group 2, variable clock synchronous serial 1/0 or IE Bus! communication function is
available. Figures 1.22.42 to 1.22.44 show registers associated with the communication function.

Noes :
1. IEBus is a trademark of NEC Corporation.

Group 2 SI/O transmit buffer register

b15 b8

(b7) (b0) b7 b0

MM Symbol Address When reset
i T T G2TB 016D16-016C16 Indeterminate
i : : Bit Bit name Function RW
H : : symbol
eeaas —— | Transmit buffer Data to be transmitted RO
P : b10 bo b8
R R L LR RELEEREL LD SZ0 0 0 0 :8hitslong RW
0 0 1 :1bitslong
o 0 1 0 :2bhitslong
R A sz1 |Transfer bitlength| 0 1 1 : 3 bits long RW
i select bit 1 0 0 :4bitslong
1 0 1 :5 bitslong
Iy sz2 1 1 0 :6bitslong RW
1 1 1:7bitslong
Nothing is assigned. When write, should set to "0". N
When read, its content is indeterminate.
A ACK function 0 : Adds no ACK hit RW
select bit 1 : Adds the ACK bit after a final transmit bit
- Parity calculati 0 : Adds the parity bit after a transmit data to
R PC a”t_y ca cub_z:llon be transmitted RW
: continuing b 1 : Carries over a parity to the next transmit data
e e p Parity function 0:No parity _ RW

select bit 1 : Parity (even parity only)

Notes :
1. When setting the PC bit to "1", the P bit should be set to "0".

Group 2 SI/O receive buffer register

b15 b8

(0o7) (b0) b7 bo Symbol Address When reset
G2RB 016F16 - 016E16 Indeterminate
: Bit : i
symbol Bit name Function RW
EERREEE — | Receive buffer Received data RO

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.
0 : No overrun error

----------------------- OER | Overrun error flag? 1 - Overrun error found RO

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes :
1. When the GMD1 to GMDO bits in the G2MR register are set to "002" (communication unit reset) or
the RE bit in the G2CR register be set to "0" (receive disable), the OER bit is set to "0".

Figure 1.22.42. G2TB and G2RB Register
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Group 2 SI/O communication mode register

b7 b6 b5 b4 b3 b2 bl b0

| | I><D<D<| | | | Symbol Address When reset
v —~el L G2MR 016A16 00XX X0002
oo Bit . .
P symbol Bit name Function RW
- b1b0
Voo 00 : Communication unit is reset
oror GMDO Communication mode (The OER hit is set to "0")! RW
- select bit 01 : Clock synchronous serial I/O
oo mode?
Vo GMD1 10 : IE mode? RW
o 11 : Avoid this setting
Lo CKDIR Internal/external clock | O : Internal clock RW
o select bit 1: External clock
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate. -
Transfer direction 0: LSB first
UFORM select bit 1: MSB first RwW
Transmit interrupt 0 : Transmit buffer is empty
IRS cause select bit 1: Transmission is completed RW

Notes :

1. After setting the GMD1 to GMDO bits to "002" (communication part reset), the base timer clock
should be run in one cycle or more.
2. The GMD1 to GMDO bits should be rewritten to "012" (clock synchronous serial I/O mode) or
"102" (IE mode), while the base timer clock stops.

Group 2 SI/O communication control register

b7 b6 b5 b4 b3 b2 bl bO
| | | | N | | | Symbol Address When reset
G2CR 016B16 0000 X0002
: Bit Bi Functi RW
: symbol it name unction
. .| 0: Transmit disable
TE  |Transmit enable bit 1 - Transmit enable RW
0 : Data available in transmit register
TXEPT Transmit register (during trans_mlssm_m) _ . RO
H empty flag 1 : No data available in transmit register
(transmission is completed)
- Transmit buffer 0 : Data available in the G2TB register RO
empty flag 1 : No data available in the G2TB register
Nothing is assigned. When write, should set to "0". .
' When read, its content is indeterminate.
CER— RE |Receive enable bitt |9 Rece?ve disable RW
1: Receive enable
Receive complete |0 : No data available in the G2RB register
"""""""""" RI flag 1: Data available in the G2RB register RO
OPOL TxD output polarity [0 : No inverse RW
"""""""""""" switch bit 1:Inverse
RxD input polarity [0 : No inverse
""""""""""""""" IPOL switch bit? 1: Inverse RW

Notes :

1. When this bit is rewritten, the group2 base timer may be reset. To avoid resetting, the RST2 bit in
the G2BCR1 register should be set to "0" (no base timer reset by a reset request with the

communication function).

Figure 1.22.43. G2MR and G2CR Register
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Group 2 IE Bus control register
b7 b6 b5 b4 b3 b2 bl b
2 ;ID ;ID ;I Symbol Address When reset
IECR 017216 00XX X0002
P b Bit Bi Functi RW
ol bbbt symbol it name unction
) 0 : |IE Bus disabled?
R R IEB 1 RW
S IE Bus enable bit 1: IE Bus enabled
IE Bus transmit start |0 : Transmission completes
IETS | request bit 1 : Transmission starts RW
0: Idle state
Voo e IEB fl -
[ R IEBBS us busy flag 1 : Busy state (start condition detected) RO
Nothing is assigned. When write, should set "0".
When read, its content is indeterminate.
Digital filter 0 : No digital filter
DF select bit 1 : Digital filter RW
IE Bus mode 0: Mode 1
IEM select bit 1: Mode 2 RW
Notes :
1. The IEB bit should be rewrite while the base timer clock stops.
2. When setting the IEB bit to "0", "0" should be hold for at least 1 cycle of the base timer. When
setting the IEB bit to "1", the BCK1 to BCKO bits in the G2BCRO register should be set to "002"
(clock stop) first.
Group 2 |IE Bus address register
on £3)Ib7 b0 Symbol Address When reset
|><I><|><I><] | | IEAR 017116 - 017016 Indeterminate
Function RW
feeeeee. Address data RW
e RTIIE Address data RW

.
e
e sssssssssssssssssssssssas s

fmmeEmssssssssssssssssssssssEsssEEEEEE.

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Figure 1.22.44. |IECR and IEAR Reg
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Group 2 IE Bus transmit interrupt cause determination register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset

DO [ || || rerr 017316 XXX0 00002
N Bi Functi RW
Pl bbb | symbol it name unction
Normal complete 0: Completed in error
S A IETNF 1 flag 1: Normally completed ~ (Note 1) [ RW
0 : No error
IEACK | ACK error flag 1 - Error found (Note 1) | RW
Maximum transfer byte | 0 : No error
IETMB error flag 1: Error found (Note 1) | Rw
_— fl 0 : No error
A I[ETT | Timing error flag 1 - Error found (Note 1) | RW
L 0 : No error
P T IEABL | Arbitration lost flag 1 : Error found (Note 1) | RW
Nothing is assigned. When write, should set to "0".
P When read, its contents is indeterminate. -

Notes :
1. This bit can be written to only "0" by program, but not to "1". When the IEB bit in the IECR register
is set to "0" (IEBus disabled to use), this bit is set to "0".

Group 2 IE Bus receive interrupt cause determination register

b7 b6 bS b4 b3 b2 bl b0 Symbol Address When reset

D<|>.<|>.<| . | . | . | . | . | IERF 017416 XXX0 00002

Syl?ri]tbm Bit name Function RW
L E ] e | pomacomena01comitenn e (e |
----- IEPAR | Parity error flag 2 E?r:rr:‘g[m d (Note 1) | RW
L b | e 0 e
- ............ IERT | Timing error flag (1) g:)r;r;g[md (Note 1) | RW
JR IR I Se— ererc | Oercausereceve | 0:Nocror e )| v
Nothing is assigned. When write, should set to "0".

"""""""""""" "~ | Whenread, its contents is indeterminate. o

Notes :
1. This bit can be written to only "0" by program, but not to "1". When the IEB bit in the IECR register
is set to "0" (IEBus disabled to use), this bit is set to "0".

Figure 1.22.45. IETIF and IERIF Registers
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* Clock Synchronous Serial /0 Mode (Group 2)
Table 1.22.30 lists specifications of clock synchronous serial I/O mode group 2. Table 1.22.31 lists
register to be used and settings. Tables 1.22.32 to 1.22.34 list pin settings. Figure 1.22.46 shows an
example of transmit and receive operation.

Table 1.22.30. Clock Synchronous Serial I/O Mode Specifications (Group 2)

Item Specification
Transfer data format » Transfer data : Variable
Transfer clock! * When the CKDIR bit in the G2MR register is set to "0" (internal clock) : %

n : setting value of the G2POO0 register 000016 to FFFF16

- The G2POO register determines the baud rate and the transfer clock is generated
with the channel 2 waveform generation function and in phase-delayed waveform
output mode

« When the CKDIR bit is set to "1" (external clock) : input from the ISCLK2 pin?

Transmit start condition * To start transmitting, the following conditions are required :

- The TE bit in the G2CR register is set to "1" (transmit enable)

- Data written to the G2TB register

Receive start condition « To start receiving, the following conditions are required :

- The RE bit in the G2CR register should be set to "1" (receive enable)
- The TE bit in the G2CR register should be set to "1" (transmit enable)
- Data written to the G2TB register

Interrupt request * While transmitting, the following condition can be selected to set the SIO2TR bit in
the 11O6IR register to "1" (see Figure 1.9.14) :

- When the IRS bit in the G2MR register is set to "0" (interrupt with the G2TB register
empty) and data is transferred to the transmit register from the G2TB register

- When setting the IRS bit to "1" (interrupt at reception completed) and data transfer
from the transmit register is completed

* While receiving

When data is transferred to the G2RB register from the receive register (reception

completed), the SIO2RR bit in the [IO5IR register is set to "1" (see Figure 1.9.14)

Error detection Overrun error3

This error occurs when receiving the 8th bit of the next data before reading the G2RB register
Selectable function * LSB first/MSB first

Whether data is transmitted/received in bit O or in bit 7 can be selected
* ISTxD2 and ISRxD2 I/O polarity inverse

ISTxD2 pin output and ISRxD2 pin input levels are inversed

« Data transfer bit length
Transfer bit is selectable from 1 bits to 8 bits

Notes :
1. The transfer clock should be fBT2 divided by six or more when both transfer clock and transfer data are
transmitted. Other than the above, the transfer clock should be fBT2 divided by 20 or more.
2. Additional transfer clock should be input fBT2 divided by 20 or more.
3. When an overrun error occurs, the G2RB register is indeterminate.
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Table 1.22.31. Register to be Used and Settings
Register Bit Function

G2BCRO BCK1 to BCKO Set to "112"

DIV4 to DIVO Select a divide ratio of a count source

IT Set to "0"
G2BCR1 7t00 Set to "0001 00102"
G2POCRO 7t00 Set to "0000 01112"
G2POCR1 7t00 Set to "0000 01112"
G2BCR2 7t00 Set to "0000 00102"
G2PO0 15t0 0 Set a baud rate

fBT2
2 x (setting value + 2) = transfer clock frequency

G2PO2 15t0 0 Set a smaller value than G2POO0 register
G2FE IFE2 to IFEO Setto "1112"
G2MR GMD1 to GMDO | Set to "012"

CKDIR Select an internal or external clock

UFORM Select either LSB first or MSB first

IRS Select how the transmit interrupt is generated
G2CR TE When transmission is enabled, set to "1"

TXEPT Transmit register empty flag

TI Transmit buffer empty flag

RE When reception is enabled, set to "1"

RI Receive complete flag

OPOL TxD output polarity inverse (usually set to "0")

IPOL RxD input polarity inverse (usually set to "0")
G2TB 15t0 0 Write a transfer bit length and transmit data
G2RB 15t0 0 Received data and error flag are stored
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Port Function Bit and setting Register?
name PS1 register | PSL1 register| PSC register | PD7 register | IPS register
P70l ISTxD2 output [PS1 0=1 |[PSL1.0=0 |PSC 0=1 |- - G2POCRO
P71 ISRxD2 input |PS1 1=0 |- - PD7_1=0 IPS5t0 4 =002|-
Notes :

1. Output is N-channel open drain output.

2. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-

nication function is used).

Table 1.22.33. Pin Settings (Continued)

Port Function Bit and setting Register?

name PS3 register | PSL3 register | PD9 registerl] IPS register

P91 [ISRxD2input [PS3 1=0 - PD9_1=0 IPS5 to 4=012 -

P92  [ISTxD2 output | PS3_2=1 PSL3_2=1 - - G2POCRO
Notes :

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the
PRCR register is set to "1" (write enable). Avoid an interrupt and DMA transfer between the instruction
to set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

2. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1.22.34. Pin Settings (Continued)

Port Function Bit and setting Register!
name PSO register | PSLO Register| PD6 register | IPS register
P64 [ISCLK2input [PSO 4=0 |- PD6 4=0 [IPS6=0 -
ISCLK2 output [PS0_4=1 |PSLO 4=1 |- - G2POCR1
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).

Table 1.22.35. Pin Settings (Continued)

Port Function Bit and setting Register?
name PS7 register | PD13 register | IPS register
P134 |[ISTxD2 output [PS7_4=1 |- - G2POCRO0
P135 |ISRxD2 input |PS7_5=0 PD13 5=0 IPS5t0 4=102| -
P136 |ISCLK2input |[PS7 6=0 |PD13 6=0 IPS6 1=1 | -
ISCLK2 output |PS7_6=1 - - G2POCR1
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the commu-
nication function is used).
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Base timer is reset by channel 0

waveform generation function
/22 Iainininly’ Ininniiainly” Inniiniinl” Inniiniinialy’ it f iy’ Inniiiiinly” Rl ainiinly” Rty Rl ity Rl
Base timer 2
t d
Set data in the Set data in the
transmit register transmit register

(8 bits) (4 bits)

Transmit/Receive clock
by channel 2 waveform
generation

First wri
stwrite to b|t6 x b|t7 )

transmit buffer [ i X b'tz

Second write to ! 3 ; '1 1 _1 R -1 :
transmit buffer : } : ) 3 ! ( bIFB | bit 9 x bit 10 | b|F 1) :
Received data (bito | b1 | btz || bis | bite | b7 | bits | bito ) bito | bitit

i

Transfer to the receive register Transfer to the receive register

Figure 1.22.46. Transmit and Receive Operation

RENESAS 327

RenesasTechnology Corp.



e ((\eﬂ\‘ Preliminary Specifications REV.1.02 Mitsubishi Microcomputers

\>‘\¢a\0Q Specifications in this manual are tentative and subject to change. M32C/83 group
2
|nte”|gent |/O SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

* |IE Bus Mode (Group 2)
Table 1.22.36 lists specifications of IE Bus mode. Table 1.22.37 lists registers to be used and settings.
Table 1.22.38 lists pin settings.

Table 1.22.36. IE Bus Mode Specification

Iltem Specification
Transfer data format * Transfer data : Variable
Transfer clock * When the CKDIR bit in the G2MR register is set to "0" (internal clock) :

n : setting value of the G2POO register, 000016 to FFFF16. fBT2

— The G2POO0 register determines the baud rate and the transfer clock is %;@rfezr)ated
with the channel 2 waveform generation function and in phase-delayed waveform
output mode.

- The G2PO2 register = (n+2)/2

« When the CKDIR bit is set to "1" (external clock) : input from the ISCLK2 pin?
Transmit start condition To start transmitting, the following conditions are required :

» The TE bit in the G2CR register is set to "1" (transmit enable)

» Write data to G2TB register

Receive start condition To start receiving, the following requirements must be met:

» The RE bit in the G2CR register should be set to "1" (receive enable)
» The TE bit in the G2CR register should be set to "1" (transmit enable)
 Data written to the G2TB register

Interrupt request » While transmitting, the following condition can be selected to set the SIO2TR bit in
the IIO6R register to "1" (see Figure 1.9.14) :

- When the IRS bit in the G2MR register is set to "0" (interrupt with the G2TB register
empty) and data is transferred to the transmit register from the G2TB register (trans-
mission starts)

- When the IRS bit is set to "1" (interrupt at reception completed) and data transfer
from the transmit register is completed

* While receiving
When data is transferred to G2RB register from receive register (reception com-
pletes), the SIO2RR bit in the IIO5R register is set to "1" (see Figure 1.9.14).
Error detection Overrun error3

This error occurs when receiving the 8th bit of the next data before reading the G2RB register
Selectable function * LSB first/MSB first select

Whether data is transmitted/received in bit O or in bit 7 can be selected
* ISTXxD2 and ISRxD2 I/O polarity inverse

ISTxD2 pin output and ISRxD2 pin input levels are inversed

« Data transfer bit length
Transfer bit is selectable from 1 bit to 8 bits

Notes :
1. The transfer clock should be fBT2 divided by six or more when both transfer clock and transfer data are
transmitted. Other than the above, the transfer clock should be f8T2 divided by 20 or more.
2. Additional transfer clock should be input fBT2 divided by 20 or more.
3. When an overrun error occurs, the G2RB register is indeterminate.
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Table 1.22.37. Registers to be Used and Settings

Register Bit Function
G2BCRO BCK1to BCKO |Setto"112"
DIV4 to DIVO Select a divide ratio of a count source
IT Set to "0"
G2BCR1 7t00 Set to "000100102"
G2POCRO MOD2 to MODO | Setto "1112"
to G2POCR7 | PRT Setto "0"
IVL Set to "0"
RLD Set to "0"
RTP Set to "0"
INV Set to "0"
G2POO0 to 15t00 Set compared data for waveform generation
G2PO7
G2FE 7t00 Set a bit of corresponding channel to "1"
G2MR GMD1 to GMDO | Select serial /O mode
CKDIR Select the internal clock or external clock
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is generated
G2CR TI Transmit buffer empty flag
TXEPT Transmit register empty flag
RI Receive complete flag
TE When transmission is enabled, set to "1"
RE When reception is enabled, set to "1"
IPOL Set to "0"
OPOL Setto "0"
IECR IEB Set to "1"
IETS When transmission starts, set to "1"
IEBBS Select IE Bus busy flag
DF Select whether the digital filter is available or not
IEM Select mode
IEAR 11t00 Set address data
IETIF IETNF Normal complete flag when transmitting
IEACK ACK error flag when transmitting
IETMB Maximum transfer byte error flag when transmitting
IETT Timing error flag when transmitting
IEABL Arbitration lost flag when transmitting
IERIF IERNF Normal complete flag when receiving
IEPAR Parity error flag when receiving
IERMB Maximum transfer byte error flag when receiving
IERT Timing error flag when receiving
IERETC Other cause receive completed flag when receiving
G2RB 7t00 Received data and error flag are stored
OER Overrun error flag
G2TB 7t00 Write transfer bit length and data to be transmitted
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Table 1.22.38. Pin Settings

Port Function Bit and setting Register?
name PS1 register | PSL1 register| PSC register | PD7 register | IPS register
P702 [EouT output |PS1 0=1 |PSL1. 0=0 |[PSC 0=1 |- - G2POCRO
P712 IEIN input PS1.1=0 |- - PD7_1=0 [IPS5to4=002|-
Notes :

1. The MOD2 to MODO bits in the G2POCRO register should be set to "1112".

2. Output is N-channel open drain.

Table 1.22.39. Pin Settings (Continued)

Port Function Bit and setting Register!

name PS3 register?| PSL3 register | PD9 register?|IPS register

P91 IEIN input PS3_1=0 - - IPS5t04 =012 | -

P92 IEoUT output PS3 2=1 PSL3 2=1 PD9 2=0 |- G2POCRO
Notes :

1. The MOD2 to MODO bits in the G2POCRO register should be set to "1112".
2. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the
PRCR register is set to "1" (write enable). Avoid an interrupt and DMA transfer between the instruction
to set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

Table 1.22.40. Pin Settings (Continued)

Port Function Bit and setting Register?
name PS7 register | PSL7 register | IPS register
P134 | IEouT output |PS7_4=1 - - G2POCRO
P135 | IEIN input PS7 5=0 PD13 5=0 IPS5t04 =102| -

Notes :

1. The MOD2 to MODO bits in the G2POCRO register should be set to "1112".
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(3) Group 3 Communication Function

In the intelligent 1/0O group 3, 8-bit or 16-bit synchronous communication function is available. Figures
1.22.47 to 1.22.49 show registers associated with the communication function.

Group 3 SI/O transmit buffer register

b15 b8
(b7) (b0 b7 b0 Symbol Address When reset
| i | G3TB 017D16 - 017C16 Indeterminate
Bit name Function RW
: Data to be transmitted (8 low-order bits) | WO
EETTEETPERSTEEY Transmit buffer
Data to be transmitted (8 high-order bits)| WO
Group 3 SI/O receive buffer register
b15 b8
(b7) (b0 b7 b0 Symbol Address When reset
| i | G3RB 017F16 - 017E16 Indeterminate
Bit name Function RW
: Received data (8 low-order bits) RO
e R Receive buffer
Received data (8 high-order bits) RO

Figure 1.22.47. G3TB Register and G3RB Register
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Group 3 SI/O communication mode register

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset

| | I><|><| | | | | G3MR 017A16 00XX 00002
P or b Bt Bi Functi RW
poror o b b n | symbol it name unction
P b0
Voo o r r o wll GMDO 0 0: Communication unit is reset RW
Communication mode (The OER bit is set to "0")
- unicatl 0 1: Clock synchronous serial /0O mode
R select bit T .
R GMD1 1 0:Avoid this setting RW
- 1 1:Avoid this setting
Internal/external clock |0 : Internal clock
T T KDIR : RW
- B c select bit 1: External clock
Transfer data length 0 : 16 bits long
oo T D select bit 1: 8 bits long RW
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.
P Transfer direction 0: LSB first
I RRREEEEEEEEEEEEEEEEE FORM ) ) RW
: UFo select bit 1: MSB first
Transmit interrupt 0 : Transmit buffer is empty
--------------------------- IRS ) N RW

cause select bit 1: Transmission is completed

Group 3 SI/O communication control register

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset

| | | | |><] | | | G3CR 017B16 0000 X0002

: Bit Bi Functi RW
i | symbol it name unction

- TE Transmit enable bit 0: Transm!t disable RW
: Transmit enable

Ay

0 : Data available in transmit register
Transmit register (during transmission)

TP TXEPT . . . . RO
' empty flag 1 : No data available in transmit register
(transmission is completed)

Tl Transmit buffer 0 : Data available in the G3TB register RO
trmmmmen empty flag 1 : No data available in the G3TB register

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

N e eemeeemmmaaaad RE Receive enable bit 0: Rece!ve disable RW
1: Receive enable

Receive complete |0 : No data available in the G3RB register

po TRt Rl flag 1: Data available in the G3RB register RO

P OPOL ISTxD ogtput polarity[ 0 : No inverse RW
switch bit 1:Inverse

___________________________ poL  |ISRxD input polarity |0 : No inverse RW

switch bit 1: Inverse

Figure 1.22.48. G3MR Register and G3CR Register
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Group 3 serial I/O communication flag register

error flag!

1: Error found

Nothing is assigned. When write, should set to "0".

When read, its content is indeterminate.

b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
MMJ G3FLG 01AD16 XXXX XXX02
Bit Bi Funci RW
P11 | symbol it name unction
Receive overrun 0 : No error
ok ROER RO

Notes :

1. When the RE bit in the G3CR register is set to "0", the ROER bit is set to "0".

Figure 1.22.49. G3FLG Register
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« 8-bit or 16-bit Clock Synchronous Serial /O Mode (Group 3)

In 8-bit or 16-bit clock synchronous serial I/O mode, data is transmitted and received with a synchro-
nous clock. When the internal clock is selected as a synchronous clock, channel 0 and 2 generate the
transfer clock. Each ISTxD3, ISCLK3 and ISRxD3 pin shares pins with OUTC30 to OUTC32 and can
be used in the 144-pin package.

Table 1.22.41 lists specifications of synchronous serial I/O mode. Table 1.22.42 lists registers to be
used and settings. Tables 1.22.43 to 1.22.44 list pin settings. Figures 1.22.50 to 1.22.51 show ex-
amples of transmit and receive operation.

Table 1.22.41. Clock Synchronous Serial I/O Mode (Group 3)

Item Specification
Transfer data format * Transfer data : 8 bits or 16 bits long
Transfer clock?! » When the CKDIR bit in the G3MR register is set to "0" (internal clock) : ZIB_T?é)
n+

n : setting value of the G3POO register 000016 to FFFF16
Baud rate is determined by the G3POO register and generated with the channel 2
waveform generation function and in phase-delayed waveform output mode
» When setting the CKDIR bit to "1" (external clock) : input from the ISCLK3 pin
Transmit start condition Registers associated with the waveform generation function and the G3MR register
should be set to set the following values after one cycle.
» The TE bit in the G3CR register is set to "1" (transmit enable)
» The Tl bit in the G3CR register is set to "0" (data written to the G3TB register)
Receive start condition Registers associated with the waveform generation function and the G3MR register
should be set to set the following values after one cycle.
» The TE bit should is set to "1" (transmit enable)
» The RE bit in the G3CR register is set to "1" (receive enable)
« The Tl bit is set to "0" (data written to the G3TB register)
Interrupt request » While transmitting, the following condition can be selected to set the SIO3TR bit in the

IIO10R register to "1". (See Figure 1.9.14))

- In one transfer clock cycle after data transmission starts, when the IRS bit in the
G3MR register is set to "0" (transmit buffer is empty).

- In 15 transfer clock cycles after data transmission starts, when the IRS bit is set to "1"
(reception completes), in 16-bit clock synchronous serial I/O mode (setting the DLS
bit in the G3MR register to "0")

In 7 transfer clock cycles after data transimission starts in 8-bit clock clock synchro-
nous serial I/O mode (setting the DLS bit to "1").

» While receiving
In 15.5 transfer clock cycles after data transmission starts, when the SIO3RR bit in
the 11O9IR register is set to "1", in 16-bit clock synchronous serial /O mode.

In 7.5 tranfer clock cycles, after data data transmission starts, when the SIO3RR bit
in the IIO9IR register is set to "1", in 8-bit clock synchronous serial I/O mode. (See
Figure 1.9.14.)

Error detection « Overrun error3

This error occurs in 16-bit clock synchronous serial /O mode when receiving the

15th bit of the next data before reading the G3RB register. This error occurs in 8-bit

clock synchronous serial I/O mode when receiving the 8th bit of the next data before
reading the G3RB register.

Selectable function * LSB first/MSB first :

Whether data is transmitted/received in bit 0 or in bit 7 can be selected

« ISTxD3 and ISRxD3 I/O polarity inverse :

ISTXD3 pin output and ISRxD3 pin input levels are inversed.

Notes :
1. The transfer clock should be fBT3 divided by six or more.
2. Transmit interrupt request is generated as soon as the TE bit is set to "1". The interrupt-associated
registers should be set after setting the TE bit.
3. When an overrun error occurs, the G3RB register is indeterminate.
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Table 1.22.42. Registers to be Used and Settings

Register Bit Function
G3BCRO BCK1 to BCKO | Setto "112"
DIV4 to DIVO Select a divide ratio of a count source
IT Set to "0"
G3BCR1 7t00 Set to "0001 00102"
G3POCRO 7t00 Set to "0000 01112"
G3POCR1 7t00 Set to "0000 01112"
G3POCR2 7t00 Set to "0000 00102"
G3PO0 15to 0 Set a baud rate
fBT3
2 x (setting value + 2) = transfer clock frequency
G3P0O2 15to 0 Set a smaller value than the G3POO register
G3FE 7t00 Set to "0000 01112"
G3MR GMD1 to GMDO| Set to "012"
CKDIR Select the internal clock or external clock
TLD Select a transfer data length
UFORM Select either LSB first or MSB first
IRS Select how the transmit interrupt is generated
G3CR TE When transmission is enabled, set to "1"
TXEPT Transmit register empty flag
TI Transmit buffer empty flag
RE When reception is enabled, set to "1"
RI Receive complete flag
OPOL TxD output polarity inverse (usually set to "0")
IPOL RxD input polarity inverse (usually set to "0")
G3TB 15to 0 Write data to be transmitted
G3RB 15t0 0 Receive a data is stored
Table 1.22.43. Pin Setting in Clock Synchronous Serial I/O Mode (Group 3)
Port Function Bit and setting Register!
name PS2 register PSL2 register PD8 register | IPS register
P81 ISTxD3 output | PS2_1=1 PSL2 1 =1 - - G3POCRO
P82 ISRXD3 input PS2_2=0 - PD8_2=0 IPS7=0 -
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the communi-
cation function is used).

Table 1.22.44. Pin Setting (Continued)

Port Function Bit and setting Register!
name PS6 register PD12 register | IPS register
P120 ISTXD3 output PS6_0=1 - - G3POCRO
P121 ISCLK3 input PS6_1=0 PD12.1=0 - -
ISCLK3 output PS6_1=1 - - G3POCR1
P122 ISRxD3 input PS6_2=0 PD12_2=0 IPS7=1 -
Notes :

1. The MOD2 to MODO bits in the corresponding register should be set to "1112" (output of the communi-
cation function is used).
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n+2
Base timer 3

Write to G3TB register

Base timer is reset by channel 0
waveform generation function

m

VAvAvavAvavas

ISCLKS pin output

(transmit clock by
channel 2 waveform

]

generation function)

[

ISTxD3 pin output

Bit 0

Bitl J  Bit2

\\ Bit 6

(data to be transmitted)

SIO3TR bit
When IRS=0
(transmit buffer empty)

SIO3TR bit
When IRS=1

When 'setting to "0",
write "0" by program

NI

RS P, e
@
~
S

L

(transmission completes)

When setting to "0",
write "0" by program

ISRxD3 pin input
(received data) —X

Bit 0

X Bit1 Y  Bit2

SIO3RR bit

The above timing applies to the following settings.
* The CKDIR bit in the G3MR register is set to "0" (internal clock)
* The UFORM bit in the G3MR register is set to "0" (LSB first) i . i
« The IPOL bit and OPOL bit in the G3CR register are set to "0" (no inverse) SIO3TR bit : Bit in the I1010IR register
* The TLD bit in the G3CR register is set to "1" (8 bits long)

When setting to "0", write "0" by program

n : Setting value of the G3POO register
m : Setting value of the G3PO2 register

SIO3RR bit : Bit in the 1I09IR register
IRS bit : Bit in the G3MR register

Figure 1. 22. 50. Transmit and Receive Operation (8-bit Length)
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n+2
Base timer 3

Write to G3TB register

Base timer is reset by channel 0
waveform generation function

m

Zzn A7 -
[

ISCLKS3 pin output

(transmit clock by

ch2 WG function)

- — 4-

ISTxD3 pin output

Bit 14 [ BiL 15 X

(received data)

Bit 0 Bit 1 Bit 2
(data to be transmitted) ; ! X ! X ! \( A - !
SIO3TR bit : ; ;
When IRS=0 H 1 A 1 : .
(transmit buffer empty) 1 1 T i ' i
SIO3TR bit When sétting to "0", i
When IRS=1 write "0" Iby program :
(transmission completes) ! ! ' ' ' ! :
H i When setting to "0",
: ! write "0" by program
ISRXDS pin Input X sto X sit1 Y\  Bit2 Bit14a ) Bitis )

SIO3RR bit

The above timing applies to the following settings.
* The CKDIR bit in the G3MR register is set to "0" (internal clock)
* The UFORM bit in the G3MR register is set to "0" (LSB first)
* The IPOL bit and OPOL bit in the G3CR register are set to "0" (no inverse)
« The TLD bit in the G3CR register is set to "1" (16 bits long)

// When setting to "0", write "0" by program
n : Setting value of the G3POO register

m : Setting value of the G3PO2 register

SIO3TR bit : Bit in the 1I010IR register
SIO3RR bit : Bit in the IIO9IR register
IRS bit : Bit in the G3MR register

Figure 1. 22. 51. Transmit and Receive Operation (16-bit Length)
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A-D Converter

The A-D converter consists of two A-D converter circuits based on 10-bit successive approximation method
configured with a capacitive-coupling amplifier.

Result of A-D conversion is stored into the A-D registers corresponding to selected pins.

Table 1.23.1 lists specifications of the A-D converter. Figure 1.23.1 shows a block diagram of the
A-D converter. Table 1.23.2 lists differences between the A-DO and A-D1 converters, which adopt the same
conversion method. A-DO and A-D1 can start a conversion simultaneously. Table 1.23.3 lists settings of the
following pins; ANo to AN7, ANOo to ANO7, AN20 to AN27, AN150 to AN157, ANEXO, ANEX1, ADTRG.
Figures 1.24.2 to 1.24.7 show registers associated with the A-D converter.

Note

This section is described in the 144-pin package only as an example.
In the 100-pin package, AN150 to AN157 pins are not provided.
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Table 1.23.1. A-D Converter Specifications

Item Specification
A-D conversion method Successive approximation (capacitive coupling-amplifier)
Analog input voltage! 0V to AVcc (Vce)
Operating clock @AD? fAD, fAD/2, faD/3 , fAD/4
Resolution Selectable from 8 bits or 10 bits
Operating mode One-shot mode, repeat mode, single sweep mode, repeat sweep mode 0,

and repeat sweep mode 1

Analog input pins 34 pins

AN, ANO, AN2, AN15 : each 8 pins

Extended input : 2 pins (ANEX0 and ANEX1)

A-D conversion start condition « Software trigger

- The ADST bit in the ADICONO register (i = 0,1) is set to "1" (A-D conversion
starts) by program

- The PST bit in the ADOCON2 register is set to "1" (A-DO and A-D1 start a

conversion simultaneously) by program

 External trigger (re-trigger enabled)

When setting the ADST bit to "1" by program, ADTRG pin input changes "H" to "L"
« Hardware trigger (re-trigger enabled)
When setting the ADST bit to "1" by program, one of the following interrupt is
generated
- Timer B2 interrupt request of the three-phase motor control timer functions
(after the ICTB2 register completes counting)
- Intelligent I/O interrupt request
Group2 channel 1 (A-DO0), group3 channel 1 (A-D1)

Conversion rate per pin » Without the sample and hold function

8-bit resolution : 49 JAD cycles
10-bit resolution : 59 @AD cycles
» With the sample and hold function

8-bit resolution : 28 PAD cycles

10-bit resolution : 33 DAD cycles

Notes:
1. Analog input voltage does not vary whether the sample and hold function is used or not.
2. @AD frequency must be under 10 MHz.
Without the sample and hold function, the @AD frequency should be 250kHz or more.
With the sample and hold function, set the JAD frequency should be 1MHz or more.

Table 1.23.2. Difference between A-DO and A-D1

Iltem A-DO A-D1
Analog input pins! AN (ANo to AN7) Selectable from ANO (ANOo to ANQ7),
AN2 (AN20 to AN27), AN15 (AN150 to AN157)
Extended Analog input pins ANEXO0, ANEX1 Not provided
External op-amp? Enable Disable
Intelligent I/O used as a trigger Group2 channel 1 Group3 channel 1

Notes:
1. When the ADS bit in the ADOCONZ2 register is set to "0" (channel replace disable).
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Software trigger

ADTRG O—Oo—x
TB2 interrupt request Lo

10] 5

«Intelligent 1/0O group2

channel 1 interrupt request (A-DO)
«Intelligent 1/0O group3
channel 1 interrupt request (A-D1)

OPAL1 to OPAO bits in
ADOCONL1 register

ANo
AN1
AN2

TRG1 to TRGO bits in
ADICON2 register

AN3
ANa
ANs

ANe

CH2 to CHO bits in
ADOCONO register

AN7

ADOQO register

ADOL1 register
ADO2 register

ADO3 register

ADO4 register

Japodag

ADOS register
ADO6 register

A A e e s

ADO7 register

Successive

ADOCONO register _conversion register
e

LTI ] [T
o w ol

) YYYYYYYYY
rl_l_l_l_l_l.lﬁ Resister ladder
ADOCONL register

o)
L8 ] i S.
o

fap ——e— 1/2 12 ?{0_

CSKaO bit in ADOCONO register
CSK1 bit in ADOCONL register

i=0,1
Notes:
1. These are available in single-chip mode.

i !
1 '
| h
: ooo—o AN20 :
E —(00J ) AN21 E
|0 : —(010 ) AN22 '
1 '
! ———0 AN23 '
KO ! ou (Note 1) !
1o — A-Di trigger | Tor————CO AN24 .
1 '
TRG bits in 1 L O '
AN25 '
ADICONO register : 101 .
i MO AN2s :
: —(111 ) AN27 !
1 '
i I
X ——O ANOo X
1 '
L 0 )
i 001 ANO1 :
.
: —(010 ) ANO2 !
| '
i —O ANO3 !
! ou (Note 1) !
—O .
! 00 ANO4 .
| —O '
: o1 ANOs :
L 0O )
i o ANOs ;
G )
: 1m ANO7 |
| '
1 1
' AN150 .
' u |10 h
APS1 to APSO bits in F) AN151 .
AD1CON? redister ,
: AN152 ;
| %0 AN153 :
! (Note 2) !
| 154 '
1 1
ADS bitin] AN155 :
ADOCONZ register '
) S N | AN156 :
1 CH2 to CHO bits in AN157 '
! 7 AD1CONO register :
Comparator 0 | Comparator 1 '
1 1 !
o —»| AD10 register '
1 1 '
! ! —>»{ AD11 register .
P | AD12 register ;
o] - '
: : @ —»{ AD13 register '
1 1 8 '
P 2 > AD14 register .
I ] - ]
- —»| AD15 register .
1 1 '
o —»| AD16 register :
I I '
! ! —»| AD17 register ,
Do :
| | Successive . :
o conversion register ADLCONO register !
. " JEEREERRE
' ' YYYYVYYVYVVY < '
ol Resister ladder | |_|_|_|_|_|_|J.|.L| .
1 1 ry '
1 1 :
. ] AD1CONL register .
e ;
ADO BAD1
1 O
5
1/3 ‘
L= 1 0! -
L o 0
7°.
fap 1/2 1/2
0

2. These are available in the 144-pin package.

CSKO bit in AD1CONO register —I
CSK1 bitin AD1CONLI register

Figure 1.23.1. A-D Converter Block Diagram
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Table 1.23.3. Pin Settings

Port Function Bit and setting
name PD10, PDO, PD2, PS33, PS9 PSL3, IPS PURO, PURS,
PD15, PD93 registers registers registers PURA4 registers
P100 ANo PD10_ 0=0 - - PU30=0
P101 AN1 PD10 1=0
P102 AN2 PD10 2=0
P103 AN3 PD10 3=0
P104 AN4 PD10_4=0 PU31=0
P10s5 ANs5 PD10 5=0
P10s AN6 PD10_6=0
P107 AN7 PD10 7=0
P00 ANOo? PDO 0=0 - - PUOO =0
P01 ANO11 PDO 1=0
P02 ANO21 PD0O 2=0
P03 ANO3! PD0 3=0
P04 ANO41 PDO_4=0 PUO1 =0
POs ANOs1 PDO 5=0
POs ANO6? PDO_ 6=0
P07 ANO71 PDO 7=0
P20 AN201 PD2 0=0 - - PUO04 =0
P21 AN211 PD2.1=0
P22 AN221 PD2 2=0
P23 AN23l PD2.3=0
P24 AN241 PD2_4=0 PUO5 =0
P25 AN251 PD2.5=0
P26 AN261 PD2 6=0
P27 AN271 PD2.7=0
P150 AN1502 PD15 0=0 PS9 0=0 IPS2=1 PU42=0
P151 AN1512 PD15 1=0 PS9 1=0
P152 AN1522 PD15 2=0 -
P153 AN15 32 PD15 3=0 -
P154 AN1542 PD15_4=0 PS9 4=0 PU43=0
P155 AN1552 PD15 5=0 PS9 5=0
P156 AN1562 PD15 6=0 -
P157 AN1572 PD15 7=0 -
P95 ANEXO0 PD9 5=0 PS3 5=0 PSL3 5=1 PU27 =0
P96 ANEX1 PD9 6=0 PS3 6=0 PSL3 6=1
P97 'ANTRG PD9 7=0 PS3 7=0 - -
Notes:

1. This is available in single chip mode.

2. This is available in the 144-pin package.

3. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the PRCR
register is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer between the
instruction to set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3 registers.

RENESAS 341

RenesasTechnology Corp.



&
\)Q;QQ\OQ

¢ Preliminary Specifications REV.1.02
Specifications in this manual are tentative and subject to change.

A-D Converter

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

A-DO control register 01

b7 b6 b5 b4 b3 b2 bl bo

Notes:

Symbol Address When reset
ADOCONO 039616 0000 00002
Bit Bit name Function
+ 1 | symbol RW
b2 b1 b0
i | CHo 000:ANo RW
H 001:AN1
: . . 010:AN2
. CH1 Analog !nput pin 011:AN3 RW
select bit2:34 100 :AN4
101:ANs
...... CH2 110:ANe RW
111:AN7
b4 b3
""" MDO _ 0 0 : One-shot mode RwW
A-D operation 01 : Repeat mode
mode select bit 02 | 1 0 : Single sweep mode
MD1 11: Repeat sweep mode 0 or 1 RwW
IRG T lect bi 0 : Software trigger RW
rigger select bit 1 : External trigger, hardware trigger®
A-D conversion 0 : A-D conversion stops
ADST | start flag 1 : A-D conversion starts® RW
Frequency select 0 : Selectable from fap/3 or fap/4
CKSO | pits 1 : Selectable from fap/1 or fAp/2 RW

1. When the ADOCONO register is rewritten during the A-D conversion, the conversion result is
indeterminate.

2. When changing an A-D operation mode, analog input pins should be set again.

3. This bit is disabled in single sweep mode, repeat sweep mode 0 and repeat sweep mode 1.

4. When the P10 pin is used for a analog input, the PSC_7 bit in the PSC register should be set to "1".
5. When setting the TRG bit to "1" (external trigger, hardware trigger), the TRG1 to TRGO bits in the
ADOCONZ2 register determine how to generate a trigger. Then the ADST bit should be set to "1"(A-D

conversion starts) after setting the TRG bit to "1".
6. BAD frequency must be under 10 MHz. Combinations of CKS0 and CKS1 bits select @AD.

CKSO | CKSs1 DAD
0 0 fap divided by 4
0 1 fap divided by 3
1 0 fap divided by 2
1 1 fAD

Figure 1.23.2. ADOCONO Register
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A-DO control register 11

b7 b6 bS b4 b3 b2 bl bO Symbol Address When reset
| | | | | | | | | ADOCON1 039716 0000 00002
Bit Bit name Function
Pir i i i i | symbol RW
oo b0 bl
SCANO ] 0 0 : ANo, AN1 (ANo) RW
A-Dsweeppin | g1 : ANo to AN3 (ANo, AN1)
P select bit 10 ANo to AN5 (ANo to AN2)
SCANI 11 : ANo to AN7 (ANo to AN3) RW
L MD2 A-D operation 0 : Any modes other than repeat sweep mode 1 RW
mode select bit1 |1 : Repeat sweep mode 1
: 8/10-bit mode - 8-bi
o BITS It 0:8 blt.mode RW
select bit 1: 10-bit mode
: Frequency select | O : Selectable from fap/2 or fan/4
---------------- CKS1 | . RW
bit3 1: Selectable from fap/1 or fap/3
: VREF connection | O : No VREF connection?
o VEUT 1 it 1 : VREF connection RW
5 5 b6 b7
PooTTmmmmmmmmmmmmmmsmmneed OPAO | External op-amp |00 : ANEXO and ANEX1 are not used® RW
connection mode | 0 1 : ANEXO input is A-D converted
s OPAL bit® 10 : ANEX1 input is A-D converted R
11 : External op-amp connection mode
Notes
1. When the ADOCONL1 register is rewritten during the A-D conversion, the conversion result is

indeterminate.

. This bit is disabled in one-shot mode and repeat mode. Pins in parentheses are commonly used for

A-D conversion when setting the MD2 bit to "1" (repeat sweep mode 1).

. Bap frequency must be under 10 MHz. Combinations of the CKS0 and CKS1 bits select & Ab (see the

ADOCONO register).

. Avoid setting the VCUT bit to "0" during A-D conversion. This is a reference voltage for the AD-0.

Nothing is related to the D-A conversion.

. In single sweep mode and repeat sweep mode 0 or 1, the OPA1 to OPAO bits cannot be set "012"

(ANEXO input is A-D converted) or "102" (ANEX1 input is A-D converted).

. When setting the OPA1 to OPAO bits to "002", the PSL3_5 bit in PSL3 register should be set to "0"

(other than ANEXO0) and the PSL3_6 bit be set to "0" (other than ANEX1).

Figure 1.23.3.

ADOCONLI1 Register
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Notes:

A-DO registeri (i=0to 7)

A-DO control register 21

Symbol Address When reset
ADOCON2 039416 X000 00002
Bit Bit name Function RW
Symbol
SMP A-D conversion 0 : Without sample and hold RW
method select bit 1 : With sample and hold
e RW
—_— Reserved bit Should set to "0" RW
_ RW
A-D channel replace | 0: Channel replace disable
ADS 2 . 5 RW
select bit: 1: Channel replace enable
b6 b5 [
00 : Selects ADTRG
TRGO . 0 1: Selects timer B2 interrupt request RW
External tngger of the three-phase motor control
request cause timer funct_lons (after counting
lect bit ICTB2 register)
select bi 10 : Selects intelligent /0 group 2
TRG1 : RW
channel 1 interrupt
11 : Avoid this setting
Simultaneous When setting this bl't to 1 A-DO and A-
PST 5324 D1 starts a conversion simultaneously. | WO
start bit>: . o .
When read, its content is indeterminate.

b0

)

Symbol

ADOO to AD02
ADO3 to AD05
ADO06 to ADO7

Address

1. When the ADOCONZ2 register is rewritten during the A-D conversion, the conversion result is
indeterminate.

2. Avoid setting this bit to "1" while either A-DO or A-D1 is operating.

3. This bit is enabled when the TRG bit in the ADOCONO register is set to "0" (software trigger).
When the TRG bit is set to "1" (external trigger), avoid setting the PST bit to "1".

4. The A-DO and A-D1 should be set to the same values.

5. When setting the the ADS bit to "1", avoid selecting single sweep mode or repeat sweep mode as an
A-D operation mode.

038116 - 038016, 038316 - 038216, 038516 - 038416
038716 - 038616, 038916 - 038816, 038B16 - 038A16 Indeterminate
038D16 - 038C16, 038F16 - 038E16

When reset
Indeterminate

Indeterminate

Function

RW

8 low-order bits in an A-D conversion result

RO

In 10-bit mode
In 8-bit mode

: 2 high-order bits in an A-D conversion result
: When read, its contents is indeterminate.

RO

Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Figure 1.23.4. ADOCON2 Register and AD0OO to ADO7 Registers
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Notes:

A-D1 control register 01

Symbol Address When reset
AD1CONO 01D616 0000 00002
Bit Bit name Function
symbol ! unct RwW
b2 b1 b0 ]
CHO 000: AN!O RW
001:ANi1
. . 010 :ANi2
CH1 Analog '_nzp:‘tl g'g 011:ANi3 RW
select bits=%s 100 : ANia
101:ANis
CH2 110:ANie ) RW
111:ANi7 (i=0, 2, 15)
b4 b3
MDO ) 0 0 : One-shot mode RwW
A-D operation 01 : Repeat mode
mode select bit 02 | 10 : Single sweep mode
MD1 11 : Repeat sweep mode 0 or 1 RW
. . 0 : Software trigger
TRG Trigger select bit 1 : External trigger, hardware trigger’ RW
A-D conversion 0 : A-D conversion stops
ADST start flag 1 : A-D conversion starts’ RW
Frequency select 0 : Selectable from fap/3 or fap/4
CKSO | pie 1 : Selectable from fap/1 or fap/2 RW

indeterminate.

CKSO | CKS1 2 7%)
0 0 fap divided by 4
0 1 faD divided by 3
1 0 fap divided by 2
1 1 fap

. When the AD1CONO register is rewritten during the A-D conversion, the conversion result is

. When changing an A-D operation mode, analog input pins should be set again.

. This bit is disabled in single sweep mode, repeat sweep mode 0 and repeat sweep mode 1.

. The APS1 to APSO bit in the AD1CON2 register select i=0, 2 or 15.

i=0, 2 is available in single-chip mode only.

. i=15 is available in the 144-pin package.

. When setting the TRG bit to "1" (external trigger, hardware trigger), the TRG1 to TRGO bits in the
ADOCONZ2 register determine how to generate a trigger. Then the ADST bit should be set to "1" (A-D
conversion started) after setting the TRG bit to "1".

. PAD frequency must be under 10 MHz. Combinations of the CKS0 and CKS1 bits select BAD.

Figure 1.23.5. AD1CONO Register
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A-D1 control register 11

b7 b6 b5 b4 b3 b2 bl bo

3

Symbol Address When reset
AD1CON1 01D716 XX00 00002
Bit Bit name Function
symbol RW
b1 b0
SCANO , 0 0 : ANio,ANi1 (ANio) RwW
AD sweep pin 0 1 : ANio to ANiz (ANio,ANiz)
SCANL select bit>* 10 : ANio to ANis (ANio to ANi2) AW
1 1 : ANio to ANi7 (ANio to ANi3) (i=0, 2, 15)
A-D operation 0 : Any modes other than repeat sweep
MD2 d lect bit 1 mode 1 RW
mode select bi 1: Repeat sweep mode 1
8/10-bit mod : 8-bi
BITS i _mo e 0:8 blt'mode RW
select bit 1: 10-bit mode
Frequency select .
CKS1 ! 5q y 0 : Selectable from fap/2 or fan/4 RW
bit 1 : Selectable from fab/1 or fap/3
veut | v on bi 0 : VREF not connection® RW
REF connection bit 1 : VREF connection
Nothing is assigned. When write, should set to "0".
When read, its content is indeterminate.

Notes:

1. When the AD1CONL1 register is rewritten during the A-D conversion, the conversion result is

indeterminate.

2. This bit is disabled in one-shot mode and repeat mode. Pins in parentheses are commonly used for

the A-D conversion when setting the MD2 bit to "1" (repeat sweep mode 1).
3. The APS1 to APSO bits in the AD1CON2 register select i=0, 2 or 15.
4.i=15is available in the 144-pin package.

5. Pap frequency must be under 10 MHz. Combinations of the CKSO0 and CKS1 bits select BAb (see the

AD1CONO register).

6. Avoid setting the VCUT bit to "0" during A-D conversion. This is a reference voltage for the AD-1.

Nothing is related to the D-A conversion.

Figure 1.23.6. AD1CONL1 Register
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b15

A-D1 control register 21

b7 b6 bS b4 b3 b2 bl bo Symbol Address When reset

f f f AD1CON2 01D416 X00X X0002

Bit Bit name Bit name RW

P4+ o o1 1| Symbol

A-D conversion 0 : Without sample and hold

N S Y2 . g RW

HE - R method select bit 1 : With sample and hold

R b2 b1

A APSO _ 00 : AN150 to AN1572 RW

Analog input port 01 : Avoid this setting

A select bit 10 : ANOO to ANO73

A APS1 11 :AN20 to AN273 RW

Nothing is assigned. When write, should set to "0".

P When read, its content is indeterminate.

E E E b6 b5 -

FE 00 : Selects ADTRG

i TRGO External trigger 0 1 : Selects timer B2 interrupt request | RW

I of the three-phase motor control

request cause timer functions (after counting

. select bit ICTB2 register)

[ TRG1 10: _Intelllgen_t 1/O group 3 channel 1 RW

: interrupt is selected

11 : Avoid this setting

femmmmmmmmsmmssmnsmsnnnsd Nothing is assigned. When write, should set to "0". _
When read, its content is indeterminate.

Notes:

1. When the AD1CON2 register is rewritten during the A-D conversion, the conversion result is

indeterminate.

2. AN150 to AN157 are available in the 144-pin package.
3. ANOO to ANO7, AN20 to AN27 are available in single-chip mode only.

A-D1 registerj (j=0to 7)

bs

(b7) (bO)p7 bo Symbol Address When reset
§ § § § § § i AD10 to AD12 01C1l16 - 01CO016, 01C316 - 01C216, 01C516 - 01C416 Indeterminate
H H AD13 to AD15 01C716 - 01C616, 01C916 - 01C816, 01CB16 - 01CA16 Indeterminate
H AD16 to AD17 01CD16 - 01CC16, 01CF16 - 01CE16 Indeterminate
H Function RW
8 low-order bits in an A-D conversion result RO
In 10-bit mode : 2 high-order bits in an A-D conversion result RO
In 8-bit mode : When read, its content is indeterminate
Nothing is assigned. When write, should set to "0". .
When read, its content is indeterminate.

Figure 1.23.7. AD1CON2 Register and AD10 to AD17 Registers
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Mode Description

(1) One-shot Mode
In one-shot mode, analog voltage that is input to a pin selected is converted to a digital form once. Table
1.23.4 lists specifications of one-shot mode.

Table 1.23.4. One-shot Mode Specifications

Item Specification
Function Analog voltage input to a pin that the CH2 to CHO bits in the ADICONO register
(i=0,1) select is converted to a digital form once.
Start condition (a) When the TRG bit in the ADICONO register is set to "0" (software trigger)
* The ADST bit in the ADICONO register is set to "1" (A-D conversion starts) by
program

* The PST bit in the ADOCONZ2 register is set to "1" (A-DO and A-D1 start the
A-D conversion simultaneously) by program
(b) When the TRG bit is set to "1" (external trigger, hardware trigger)

* The ADTRG input pin changes "L" to "H" after the ADST bit is set to "1" by program
« One of the following interrupt is generated after the ADST bit is set to "1" by program
- Timer B2 interrupt request of three-phase motor control timer functions
after the ICTB2 register completes counting
- Intelligent I/O interrupt request
Group2 channel 1(A-DO0), group3 channel 1 (A-D1)
Stop condition « A-D conversion is completed (When internal trigger is selected, the ADST bit is set to "0")

* The ADST bit is set to "0" (A-D conversion stops) by program

Interrupt request generation timing| A-D conversion is completed

Input pin Selectable from ANo to AN7, ANEXO or ANEX1

Selectable from ANjo to ANj7 (j = 0, 2, 15)

Reading of A-D converter result | Read the ADik register (k=0 to 7) corresponding to a selected pin

(2) Repeat Mode
In repeat mode, analog voltage that is input to a pin selected is repeatedly converted to a digital form.
Table 1.23.5 lists specifications of repeat mode.

Table 1.23.5. Repeat Mode Specifications

Item Specification
Function Analog voltage input to pin that the CH2 to CHO bits in the ADICONO register
(i=0,1) select is repeatedly converted to a digital form
Start condition Same as one-shot mode
Stop condition The ADST bit is set to "0" (A-D conversion stops) by program

Interrupt request generation timing | Not generated

Input pin Selectable from ANo to AN7, ANEXO or ANEX1

Selectable from ANjo to ANj7 (j = 0, 2, 15), ANEXO0, ANEX1
Reading of A-D converter result | Read the ADik registers (k = 0 to 7) corresponding to a selected pin
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(3) Single Sweep Mode
In single sweep mode, analog voltage that is input to pins selected is converted one-by-one to a digital
form. Table 1.23.6 lists specifications of single sweep mode.

Table 1.23.6. Single Sweep Mode Specifications

Iltem Specification
Function Analog voltage input to pins that the SCAN1 to SCANO bits in the ADICONL1 regis-
ter (i = 0,1) select is converted one-by-one to a digital form.
Start condition Same as one-shot mode
Stop condition  A-D conversion is completed (When internal trigger is selected, the ADST bit is set to "0")

* The ADST bit is set to "0" (A-D conversion stops) by program

Interrupt request generation timing | Sweeping is completed

Input pin Selectable from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins), or
ANo to AN7 (8 pins)

Selectable from ANjo to ANj1 (2 pins), ANjo to ANj3 (4 pins), ANjo to ANj5 (6 pins),
or ANjo to ANj7 (8 pins) (j = 0, 2, 15)

Reading of A-D converter result | Read the ADik register (k = 0 to 7) corresponding to selected pins

(4) Repeat Sweep Mode 0

In repeat sweep mode 0, analog voltage that is input pins selected is repeatedly converted into a digital
form. Table 1.23.7 lists specifications of repeat sweep mode 0.

Table 1.23.7. Repeat Sweep Mode 0 Specifications

Iltem Specification
Function Analog voltage input to pins that the SCAN1 to SCANO bits in the ADICONO regis-
ter (i=0,1) select is repeatedly converted into a digital form.
Start condition Same as one-shot mode
Stop condition The ADST bit in the ADICONO register is set to "0" by program
Interrupt request generation timing| Not generated
Input pin Selectable from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins), or

ANo to AN7 (8 pins)
Selectable from ANjo to ANj1 (2 pins), ANjo to ANj3 (4 pins), ANjo to ANjs (6 pins),
or ANjo to AN;j7 (8 pins) (j = 0, 2, 15)

Reading of A-D converter result | Read the ADik registers (k = 0 to 7) corresponding to selected pins
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(5) Repeat Sweep Mode 1
In repeat sweep mode 1, analog voltage that is input to all pins is repeatedly converted to a digital form
with putting emphasis on a pin or pins selected. Table 1.23.8 lists specifications of repeat sweep mode 1.

Table 1. 23. 8. Repeat Sweep Mode 1 Specifications

Iltem Specification

Function Analog voltage input to all pins is repeatedly converted to a digital form with put-
ting emphasis on a pin or pins selected the SCAN1 to SCANO bits in the
ADICONL1 register (i=0,1).

e.g. When ANjo is selected (j =none, 0, 2, 15), analog voltage is converted to a
digital form as the following order :

ANjo = ANj1 = ANjo — ANj2 = ANjo — ANj3 ....... etc.

Start condition Same as one-shot mode

Stop condition The ADST bit in the ADICONO register is set to "0" (A-D conversion stops) by program
Interrupt request generation timing | Not generated

Input pin ANjo to ANj7

Pins to be put emphasis Selectable from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to ANs5 (6 pins), or

ANo to AN7 (8 pins)

Selectable from ANjo to ANj1 (2 pins), ANjo to ANj3 (4 pins), ANjo to ANjs5 (6 pins),
or ANjo to ANj7 (8 pins) (j = 0, 2, 15)

Reading of A-D converter result | Read the ADik registers (k = 0 to 7) corresponding to selected pins

Function
(a) Resolution Select Function

The BITS bit in the ADICONL1 register (i = 0,1) determines resolution. When setting the BITS bit to "1" (10-
bit precision), an A-D conversion result is stored into bits 0 to 9 in the ADij register (j = 0 to 7). When
setting the BITS bit to "0" (8-bit precision), an A-D conversion result is stored into bits 0 to 7 in the ADij
register.

(b) Sample and Hold Function
When the SMP bit in the ADICON2 register is set to "1" (sample and hold), conversion rate per pin
increases. 28 PAD cycles are achieved with an 8-bit resolution and 33 @AD are with 10-bit resolution.
The sample and hold function can be selected in all modes. The A-D conversion should be started after
selecting whether the sample and hold function is to be used or not.

(c) Trigger Select Function

Combinations of the TRG bit in the ADICONO register (i=0,1) and the TRG1 to TRGO bits in the ADICON2
register determines a start trigger for the A-D conversion. Table 1.23.9 lists settings of the trigger select
function.
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Table 1.23.9. Trigger Select Function Setting

Bit and setting value Trigger

ADICONO register | ADICON2 register

TRG =0 - Software trigger
When the ADST bit in the ADICONO register is set to "1" by program,

the A-Di starts the A-D conversion.

- Two-circuit simultaneous start

When the PST bit in the ADOCON?2 register is set to "1" by program,
the A-DO and A-D1 start the A-D conversion simultaneously. (Refer to

"(d) Two-circuit simultaneously start" below.)

TRG =11 TRG1 to TRGO = 002| Falling edge of the ADTRG input signal

TRG1 to TRGO =012 | Timer B2 interrupt request of three-phase motor control timer
functions (after the ICTB2 register completes counting)
TRG1 to TRGO = 102 | Intelligent I/O interrupt request

Group2 channel 1 (A-DO), Group3 channel 1 (A-D1)

i=0,1
Notes
1: When the ADST bit is set to "1", A-Di starts A-D conversion at trigger generating.

(d) Two-Circuit Simultaneous Start (Software Trigger)
The A-DO and A-D1 can start the A-D conversion simultaneously when the PST bit in the ADOCON2
register is set to "1" (two-circuit simultaneous start).
Avoid setting the PST bit to "1" while either A-DO or A-D1 circuit is operating. Avoid setting the PST bit to
"1"when TRG bit is set "1" (external trigger). When using the PST bit, avoid setting the ADST bit to "1" (A-
D conversion starts).

(e) Input Pin Replace Function

When the ADS bit in the ADOCON2 register is set to "1" (channel replace enable), channels of the A-DO
can be replaced with channels of the A-D1 and vice versa.

AN;j (j = 0to 7) input is converted to a digital form in the A-D1 and the conversion result is stored into the
AD1j register. ANOj, AN2j and AN15j inputs are converted to digital forms in the A-DO and the conversion
results are stored into the ADOj register. Both ADOCONO register and AD1CONO register and both
ADOCONL register and AD1CON1 register should be set the same value. The OPA1 to OPAQO bits in the
ADOCONLI register are set to "002" (ANEXO0 and ANEX1 are not used).

(f) Extended Analog Input Pins
In one-shot mode and repeat mode, the ANEXO and ANEX1 pins can be used as analog input pins. The
OPA1 to OPAO bits in the ADOCONL1 register select pins to be used as analog input pins. The A-D
conversion result for the ANEXO input is stored into the ADOO register and the result for the ANEX1 is into
the ADOL1 register.
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(g) External Operation Amplifier (Op-Amp) Connection Mode
In external op-amp connection mode, multiple analog voltage inputs can be amplified by one external op-
amp, with ANEXO and ANEX1 as extended analog input pins.
When the OPA1 to OPAO bits in the ADOCONL1 register are set to "112" (external op-amp connection),
voltage input to the ANo to AN7 pins are output from the ANEXO pin. This output should be amplified by
the external op-amp to input to the ANEX1 pin.
Analog voltage input to the ANEX1 is converted to a digital form and the A-D conversion result is stored
into the corresponding ADij register (i=0, 1, j=0 to 7). A-D conversion rate varies, depending on a re-
sponse of the external op-amp. Avoid connecting the ANEXO to ANEX1 pins directly.
Figure 1.23.8 shows an example of the external ope-amp connection.

Table 1. 23. 10. Extended Analog Input Pin Settings

ADCONL register ANEXO function ANEX1 function
OPAl OPAO
0 0 Not used Not used
0 1 Analog input to P95 (AN0) Not used
1 0 Not used Analog input to P96 (AN1)
1 1 Output to external op-amp Input from external op-amp

Microcomputer

Resistance ladder }

TTTTTEILY
I
e LI ]
Successive conversion register
Y ANEXO0
I § ANEXT
External op-amp Comparator

Figure 1.23.8. External Ope-amp Connection
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(h) Function for Power Dissipation Reduction

When the A-D converter is not used, the VCUT bit in the ADICONL1 register (i= 0,1) allows a resistance
ladder of the A-D converter to isolate it from the reference voltage input pin (VREF). Power dissipation is
reduced by shutting off any current flow into the resistance ladder from the VREF pin.

When using the A-D converter, the VCUT bit should be set to "1" (VREF connection) before the ADST bit
in the ADICONO register is set to "1" (A-D conversion starts). Avoid setting the ADST bit and VCUT bit to
"1" simultaneously. Avoid setting the VCUT bit to "0" (no VREF connection) during the A-D conversion.
The VCUT bit does not affects VREF of the D-A converter.

(i) Analog Input Pin and External Sensor Equivalent Circuit
Figure 1.23.9 shows an example of the analog input pin and external sensor equivalent circuit.

Microcopmuter

Sensor equivalent
circuit :
Ro | R (7.8k Q)
W0Vt
VIN i Sampling time
P C (3.0pF)
T Ve Sample and hold function is enabled : ETCE
; ; ; :
Sample and hold function is disabled : faD

Figure 1.23.9. Analog Input Pin and External Sensor Equivalent Circuit

Precaution

(1) Read timing for A-D Conversion Result
If the A-D conversion is completed and the CPU reads the ADij register (i=0,1, j = 0 to 7) when the A-D
conversion result is stored into the ADij register, wrong A-D conversion value is stored into the ADij register.
This event occur when selecting the main clock divided or sub clock as the CPU clock source.

« In One-shot or Single Sweep Mode
Confirm that the A-D conversion is completed before reading the ADij register. (The IR bit in the ADIIC
register indicates whether A-D conversion is completed or not).

 In Repeat Mode or Repeat Sweep Mode O or 1
Use the undivided main clock as the CPU clock.
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(2) A-D conversion Result after forced-termination of A-D conversion
When the ADST bit in the ADICONO register (i = 0,1) is set to "0" (A-D conversion stops) by program for
a forced-termination during the A-D conversion, an A-D conversion result is indeterminate.
The ADij register (j=0 to 7), which does not perform the A-Di conversion, may also be indeterminate.
When A-Di is forcibly terminated, avoid using value of all ADij registers.
When the ADS bit in the ADOCONZ2 register is set to "0" (channel replace disable) and either A-DO or A-
D1 is forced to terminate, another ADi as a survivor normally completes the A-D conversion. Values of the
ADij registers that does not perform the A-D conversion remain unchanged.
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The D-A converter consists of two D-A converter circuit based on 8-bit R-2R method.

D-A conversion is performed when a value is written to corresponding the DAI registers (i=0,1). The DAIE
bit in the DACON register should be set to output a D-A conversion result. The DAIE bit should be set to "1"
(input enabled) to inhibit a pull-up of a corresponding port.

Output analog voltage (V) is calculated from a value n (h=decimal) that is set in the D-A register.

v= MREEXN =g 255)
256

VREF : reference voltage (it is not related to the VCUT bit in the ADICONL1 register)

Table 1.24.1 lists specifications of the D-A converter. Table 1.24.2 lists pin settings of the DAO and DA1
pins. Figure 1.24.1 shows a block diagram of the D-A converter. Figure 1.24.2 shows the D-A control
register. Figure 1.24.3 shows a D-A converter equivalent circuit.

When the D-A converter is not used, the DAI register is set to "0016" and the DAIE bit is set to "0" (output
disabled).

Table 1.24.1. D-A Converter Specifications

Iltem Specification
Conversion method R-2R method
Resolution 8 bits
Analog output pin 2 channels

Table 1.24.2. Pin Settings

Port Function Bit and setting value

PD9 register! PS3 register! PSL3 register
P93 DAo output PD9 3=0 PS3 3=0 PSL3 3=1
P94 DA1 output PD9_4=0 PS3_4=0 PSL3 4=1
Notes:

1. The PD9 and PS3 registers should be set with subsequent to the instruction that the PRC2 bit in the
PRCR register is set to "1" (write enable). Avoid generating an interrupt and operating a DMA transfer
between the instruction to set the PRC2 bit to "1" and the instruction to write to the PD9 and PS3
registers.
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D-A Converter

Data bus low-order bits

DAO register

l DAOE 0

R-2R resistance ladder O/O——O DAo

DAL register

l DA1E 0

R-2R resistance ladder O/O——O DA1
1

DAOE, DALE: Bits in the DACON register

Figure 1.24.1. D-A Converter
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SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

D-A control register
b7 b6 b5 b4 b3 b2 bl b0 Symbol Address When reset
DACON 039C16 XXXX XX002
Bit Bit name Function RW
Prot 3 4 1 | symbol
. 0 : Output disabled
DAOE | D-AO output enable bit 1: Output enabled RW
. 0 : Output disabled
DAL1E | D-Al output enable bit 1 - Output enabled RW
Nothing is assigned. When write, should set to "0".
Do When read, its content is indeterminate.
D-Aregister i (i=0, 1)
b7 b0 Symbol Address When reset
| | DAO, DAL 039816, 039A16 Indeterminate
Function Setting range RW
L Output value of the D-A conversion 0016 to FF16 RW
Figure 1.24.2. DACON Register, DAO and DA1 Registers
DAOE
R ¢ R R R R R R 2R
DA0 O—A\\\—oc—o
ny
2R
MSB, .| ... S I S U R R S— R - LSB
D-A register 0
Avss O
VRer O
Notes:
1. The above applies to a condition that the D-A register is set to "2A16".
2. This circuit is the same as in the D-AL.
3. To save power dissipationwhen the D-A converter is not used, the DAIE bit (i=0, 1) should be
set to "0" (output inhibited) and the DAI register be set to "0016" to prevent current flowing to the
R-2R resistance.
4. Itis not related to the VCUT bit in the ADOCON1 and AD1CONL1 registers.

Figure 1.24.3. D-A converter Equivalent Circuit
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CRC calculation

CRC Calculation

CRC (Cyclic Redundancy Check) calculation detects an error in data blocks. A generator polynomial of
CRC_CCITT (X6 + X12 + X5 + 1) generates CRC code.

The CRC code is a 16-bit code generated for a block of a given 8-bit data. The CRC code is setin the CRCD
register whenever one byte-data is transferred to the CRCIN register after writing a default value into the
CRCD register. CRC code generation for one byte-data is completed in two cycles.

Figure 1.25.1 shows a block diagram of a CRC circuit. Figure 1.25.2 shows registers related to CRC.
Figure 1.25.3 shows an example of CRC calculation.

q Data bus high-order bits
S Data bus low-order bits
\ [8 low-order bits 8 high-order bits

CRCD register

L

CRC code generating circuit
x16 4+ x12+ x5+ 1

CRCIN register

r\

- J

Figure 1.25.1. CRC Calculation Block Diagram

CRC data register

b15 b8

(b7) (bO)I b7 bo Symbol Address When reset
| i | CRCD 037D1s- 037C16 Indeterminate
Function Setting range RW

When writing data to the CRCIN register after

writing a default value to the CRCD register, the
CRC code can be read from the CRCD register.
A bit position of a default value is inversed. The
value inversed a bit position can be read as the

000016 to FFFF16 RwW

CRC code.
CRC input register
b7 b0 Symbol Address When reset
| | CRCIN 037E16 Indeterminate
Function Setting range RW
Data input.
--------------- . - 1 FF1 RW
Inverse a bit position of data. 0015 to 6

Figure 1.25.2. CRCD Register and CRCIN Register
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CRC calculation

CRC calculation and setup procedure to generate CRC code for "80C416"

QO CRC calculation for M16C

CRC code : reminder of a division, value that is inversed a bit position of a value written in CRCIN register

generation polynomial
Generation polynomial : X*® + X2+ x® + 1 (1 0001 0000 0010 00012)

QO Setting steps
(1) Inverse a bit position of "80C416" in byte units by program

"8016" —>"0116", "C416"— "2316"
b15 b0

(2) Set 000016 (default value) —» | CRCD register

b7 b0
(3) Set 0116 — I:I CRCIN register
b0

A bit position of the CRC code for "8016"
(91881s6) is inversed to "118916", which is
stored into the CRCD register after 2 cycles.

b15

118916 | CRCD regjister

A bit position of the CRC code for "80C416"
(825016) is inversed to "0A4116", which is
stored into the CRCD register after 2 cycles.

b7 b0
(4) Set 2316 — |:| CRCIN register
b0

b15

0A4116 | CRCD register

O Details of CRC calculation
As shown in (3) above, a bit position of a value set in the CRCIN register "0116" (000000012) is inversed to
become "100000002".
Add "1000 0000 0000 0000 0000 00002", as "100000002" plus 16 digits, to "000016" as a default value of CRCD
register to perform the modulo-2 division.

1000 1000 Modulo-2 Arithmetic is
10001 0000 0010 0001 [1000 0000 0000 0000 0000 0000 +— data calculated on the law below.
1000 1000 0001 0000 1 0+0=0
1000 0001 0000 1000 O 0+1=1
generation polynomial 1000 1000 0001 0000 1 1+0=1
1001 0001 1000 1000 1+1=0
-1=1

CRC code

"0001 0001 1000 10012", inversed a bit position of 1001 0001 1000 10002 (918816)" as a remainder, can be read
from the CRCD register.

When going on to (4) above, "2316 (001000112)" written in the CRCIN register is inversed to become "110001002".
Add "1100 0100 0000 0000 0000 00002", as "110001002" plus 16 digits, to "1001 0001 1000 10002" as a
remainder of (3) left in the CRCD register to perform the modulo-2 division.

"0000 1010 0100 00012 (0A4116)", inversed a bit position of the remainder, can be read from CRCD register.

Figure 1.25.3. CRC Calculation
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X-Y Conversion

X-Y Conversion

X-Y conversion rotates a 16 x 16 matrix data by 90 degrees and inverse high-order bits and low-order bits
of a 16-bit data. Figure 1.26.1 shows the XYC register.
The XiR register (i=0 to 15) and Y|R register (j=0 to 15) are allocated to the same address. The XiR register
is a write-only register, while the Y|R register is a read-only register. The XiR and YjR registers should be
accessed in 16-bit units from an even address. Operation cannot be guaranteed if the XiR and YiR registers

are accessed in 8-bit units.

Mitsubishi Microcomputers

M32C/83 group

SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

XY control register

b7 b6 b5 b4 b3 b2 bl bo Symbol Address When reset
XYC 02E016 XXXX XX002
Bit Bit name Function
symbol RW
.l xyco |Read-mode set bit : Data conversmn. RW
: No data conversion
. syl | Write-mode set bit : No bit alignment conversion RW

: Bit alignment conversion

Noting is assigned. When write, should set to "0".
When read, its content is indeterminate.

Figure 1.26.1. XYC Register
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Mitsubishi Microcomputers

M32C/83 group
SINGLE-CHIP 16/32-BIT CMOS MICROCOMPUTER

The XYCO bit in the XYC register determines how to read the Y|R register.

When reading the YjR register with setting the XYCO bit to "0" (data exchange), bit j in the XOR to X15R
registers can be read simultaneously.

For example, when reading the YOR register, bit 0 in the XOR register can be read by bit 0 in the YOR
register, bit 0 in the X1R register by bit 1 in the YOR register, «e, bit 0 in the X14R register by bit 14 in the
YOR register and bit 0 in the X15R register by bit 15 in the YOR register.

Figure 1.26.2 shows a conversion table when setting the XYCO bit to "0". Figure 1.26.3 shows an example
of the X-Y conversion.

Address to be read
N
' I
T OO OO D = o oom oo o
s82bin 0880880888
EEEEEC TR PEPETED
rrrrrl rrorroroora
AAd A A AT O0ONOIOTNANAO
>>>>>>>>>>>>>>>>
(" XOR register 3
X1R register A
X2R register
X3R register =
X4R register Q
X5R register 2
X6R register o
Address to < X7R register o
be written X8R register =
X9R register k=
X10R register 0
X11R register o
X12R register
X13R register
X14R register \
\ X15R register 9
b15 < » b0 <
Bits in XiR register
Figure 1.26.2. Conversion Table when Setting the XYCO Bit to "0"
/ N
wn N -
ZEZESH838358933333 Z-fdddassge8ia9zas
XOR register —> YOR register <
X1R register Y1R register '
X2R register Y2R register
X3R register Y3R register
X4R register Y4R register
X5R register Y5R register
X6R register : Y6R register |
X7R register HU Y7R register (
X8R register Y8R register
X9R register Y9R register
X10R register Y10R register
X11R register Y11R register
X12R register| Y12R register
X13R register| Y13R register
X14R register| Y14R register
X15R register| - Y15R register <
*

Figure 1.26.3. X-Y Conversion
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X-Y Conversion

When reading the YjR register with setting the XYCO bit in the XYC register to "1", a value written to the XiR
register can be read directly. Figure 1.26.4 shows a conversion table when setting the XYCO bit to "1."

( XOR register, YOR register
X1R register, Y1R register
X2R register, Y2R register
X3R register, Y3R register
XA4R reqister, Y4R register
X5R register, Y5R register

. X6R register, Y6R register

Address to be written /  X7R register, Y7R register

Address to be read X8R register, Y8R register
X9R register, YOR register
X10R register, Y10R register
X11R register, Y11R register
X12R regqister, Y12R register
X13R register, Y13R register
X14R register, Y14R register

\_ X15R register, Y15R register

b15< » b0

Bits in XiR register i=0 to 15
Bits in YjR register j=0to 15

Figure 1.26.4. Conversion Table when Setting the XYCO Bit to "1"

The XYCL1 bit in the XYC register selects a bit alignment of value in the XiR register.

When writing to the Xi register with setting the XYCL1 bit to "0" (no bit alignment conversion), a bit alignment
is written without the conversion to inverse a bit alignment. When writing