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M16C/29 Group

1. Overview

Table 1.12 Pin Characteristics for 80-Pin Package

Eg" C?Dr;:]m' Port '”tgri:l“pt Timer Pin | Timer S Pin UART/CAN Pin “l’i‘(‘:'ttﬂ"'sa;tiir Analog Pin
1 P9s CLK4 AN25
2 P93 CTX AN24
3 P92 TB2IN CRX AN32
4 P91 TB1IN AN31
5 |CLKout |[P90 TBoIN AN30
6 |CNVss
7 |XcCIN P87
8 |Xcout P86
9 |RESET
10 [Xout
11 |Vss
12 |XIN
13 |Vcc
14 P85 |NMI SD
15 P84 |[INT2 zZP
16 P83 |INT1
17 P82 |INTo
18 P81 TA4N /U
19 P8o TA40uT / U
20 P77 TA3IN
21 P76 TA30UT
22 P75 TA2IN /| W
23 P74 TA2ouT / W
24 P73 TAIN/V CTS2/RTS2/ TXD1
25 P72 TA1oUT/ V CLK2 / RxD1
26 P71 TAOIN RxD2 / SCL2 / CLK1

TxD2/SDA2/ RTS1/

27 P70 TAoouT CTS1/CTSo/ CLKS1
28 P67 TxD1
29 P66 RxD1
30 P65 CLK1

RTS1/CTS1/CTSo/

31 P64 CLKS1
32 P37
33 P36
34 P3s
35 P34
36 P33
37 P32 SouTs
38 P31 SIN3
39 P30 CLK3
40 P63 TxDo
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M16C/29 Group 7. Clock Generation Circuit

The following describes the clocks generated by the clock generation circuit.

7.1 Main Clock
The main clock is generated by the main clock oscillation circuit. This clock is used as the clock source for
the CPU and peripheral function clocks. The main clock oscillator circuit is configured by connecting a
resonator between the XIN and XouT pins. The main clock oscillator circuit contains a feedback resistor,
which is disconnected from the oscillator circuit during stop mode in order to reduce the amount of power
consumed in the chip. The main clock oscillator circuit may also be configured by feeding an exter nally
generated clock to the XIN pin. Figure 7.8 shows the examples of main clock connection circuit.
The power consumption in the chip can be reduced by setting the CMO05 bit in the CMO register to 1 (main
clock oscillator circuit turned off) after switching the clock source for the CPU clock to a sub clock or on-chip
oscillator clock. In this case, XouT goes “H”. Furthermore, because the internal feedback resistor remains
on, XIN is pulled “H” to XouT via the feedback resistor.
During stop mode, all clocks including the main clock are turned off. Refer to “power control”.
If the main clock is not used, it is recommended to connect the XIN pin to VCC to reduce power consump-
tion during reset.

MCU MCU
(Built-in Feedback Resistor) (Built-in Feedback Resistor)
CIN

XIN | XIN External Clock
T
Oscillator |:| Vee
Vss

XouTt 4/\/\/\,—L{

Rd™M Cout

Vss l
NOTE:

1. Insert a damping resistor if required. Resistance value varies depending on the oscillator setting.
Use resistance value recommended by the oscillator manufacturer. If the oscillator manufacturer
recommends that a feedback resistor be added to the chip externally, insert a feedback resistor
between XIN and Xour.

2. The external clock should not be stopped when it is connected to the XIN pin and the main clock is
selected as the CPU clock.

Xout | Open

Figure 7.8 Examples of Main Clock Connection Circuit
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M16C/29 Group 10. Watchdog Timer

Watchdog Timer Control Register

b7 b6 b5 b4 b3 b2 b1 bo

| | 0| 0| | | | | | Symbol Address After Reset
. . WDC 000F16 00XXXXXX2
oo Bt Symbol Bit Name Function RW
E ' I boedodod (b4-b0) High-order bits of watchdog timer RO
R @5) |Reserved bit Setto 0 RW
P {6) Reserved bit Setto 0 RW
: . 0 : Divided by 16
........................ WDC7 Prescaler select bit 1" Divided by 128 RW
Watchdog Timer Start Register
b7 b0 Symbol Address After Reset
WDTS 000E16 Undefined
Function RW

The watchdog timer is initialized and starts counting after a write instruction
------------- to this register. The watchdog timer value is always initialized to 7FFF16 WO
regardless of whatever value is written.

Figure 10.2 WDC Register and WDTS Register

10.1 Count Source Protective Mode

In this mode, a on-chip oscillator clock is used for the watchdog timer count source. The watchdog timer

can be kept being clocked even when CPU clock stops as a result of run-away.

Before this mode can be used, the following register settings are required:

(1) Set the PRC1 bit in the PRCR register to 1 (enable writes to PM1 and PM2 registers).

(2) Set the PM12 bit in the PM1 register to 1 (reset when the watchdog timer underflows).

(3) Set the PM22 bit in the PM2 register to 1 (on-chip oscillator clock used for the watchdog timer count source).

(4) Set the PRC1 bit in the PRCR register to 0 (disable writes to PM1 and PM2 registers).

(5) Write to the WDTS register (watchdog timer starts counting).

Setting the PM22 bit to 1 results in the following conditions

» The on-chip oscillator continues oscillating even if the CM21 bit in the CM2 register is set to "0" (main clock
or PLL clock) (system clock of count source selected by the CM21 bit is valid)

» The on-chip oscillator starts oscillating, and the on-chip oscillator clock becomes the watchdog timer

count source.
Watchdog timer count (32768)

on-chip oscillator clock

Watchdog timer period =

» The CM10 bit in the CM1 register is disabled against write. (Writing a 1 has no effect, nor is stop mode entered.)
» The watchdog timer does not stop when in wait mode.
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M16C/29 Group 12. Timer (Three-phase Motor Control Timer Function)

Timer B2 Special Mode Register

b7 b6 b5 b4 b3 b2 b1 bo

|><| 0 | | | | | | | Symbol Address After Reset

. S E . - TB2SC 039E16 X00000002
Poiob b b | Bit Symbol Bit Name Function RW
pioi i 01| PWCON [ Timer B2 reload timing [ o: Timer B2 underflow
A switch bit (2) 1: Timer A output at odd-numbered RW
i P teeed IVPCR1 |Three-phase output port | 0: Three-phase output forcible cutoff by SD pin input
A SD control bit 1 (high impedance) disabled
Voo (3,4,7) 1: Three-phase output forcible cutoff by SD pin input | RW
H , (high impedance) enabled
E L ________ TBOEN |Timer BO operation mode | 0: Other than A/D trigger mode RW
R select bit 1: A/ID trigger mode  (5)
:L ____________ TB1EN |Timer B1 operation mode | 0: Other than A/D trigger mode RW
select bit 1: A/D trigger mode (5)
TB2SEL | Trigger select bit (6) 0: TB2 interrupt RW
SRR LD 1: Underflow of TB2 interrupt
generation frequency setting counter [ICTB2]
Pl (b6-b5) | Reserved bits Setto 0 RW
L — Nothing is assigned. If necessary, set to 0. _
""""""""""""" (b7) When read, the content is 0.
NOTES:

1. Write to this register after setting the PRC1 bit in the PRCR register to 1 (write enabled).

2. If the INV11 bit is O (three-phase mode 0) or the INVO6 bit is 1 (triangular wave modulation mode), set this bit to O (timer
B2 underflow). _

3. When setting the IVPCR1 bit to 1 (three-phase output forcible cutoff by SD pin input enabled), Set the PD85 bit to 0 (= input
mode).

4. Related pins are U(P8o), U(P81), V(P72), V(P73), W(P74), W(P7s). When a high-level ("H") signal is applied to the SD pin
and set the IVPCR1 bit to 0 after forcible cutoff, pins U, U, V, V, W, and W are exit from the high-impedance state. If a low-
level (“L”) signal is applied to the S_P pin, three-phase motor control timer output will be disabled (INV03=0). At this time,
when the IVPCR1 bitis 0, pins U, U, V, V, W, and W become programmable 1/O ports. When the IVPCR1 bit is set to 1,
pins U, U, V, V, W, and W are placed in a high-impedance state regardless of which function of those pins is used.

5. When this bit is used in delayed trigger mode 0, set bits TBOEN and TB1EN to 1 (A/D trigger mode).

6. When setting the TB2SEL bit to 1 (underflow of TB2 interrupt generation frequency setting counter[ICTB2]), set the INV02
bit to 1 (three-phase motor control timer function).

7. Refer to "19.6 Digital Debounce Function" for the SD input.

The effect of SD pin input is below.
1.Case of INV03 = 1(Three-phase motor control timer output enabled)

IVPCR1 bit SD pin inputs®) Status of U/V/W pins Remarks
1 H Three-phase PWM output
(Three-phase output o Three-phase output
forcrible cutoff enable) LM High impedance®) forcriblg cutoff P
0 H Three-phase PWM output
(Three-phase output
forcrible cutoff disable) LM Input/output port(2)

NOTES:
1. When "L" is applied to the SD pin, INVO03 bit is changed to 0 at the same time.
2. The value of the port register and the port direction register becomes effective.
3. When SD function is not used, set to 0 (Input) in PD8s and pullup to "H" in SD pin from outside.
4. To leave the high-impedance state and restart the three-phase PWM signal output after the three-phase PWM signal
output forced cutoff, set the IVPCR1 bit to 0 after the SD pin input level becomes high (“H”).

2.Case of INV03 = 0(Three-phase motor control timer output disabled)

IVPCR1 bit 3D pin inputs Status of U/V/W pins Remarks
Peripheral input/output
1 H ;
(Three-phase output or inputioutput port

Three-phase output

forcrible cutoff enable) forcrible cutoff(1)

L High impedance
H Peripheral input/output
L

or input/output port

Peripheral input/output
or input/output port

0
(Three-phase output
forcrible cutoff disable)

NOTE:
1. The three-phase output forcrible cutoff function becomes effective if the INPCR1 bit is set to 1 (three-phase output
forcrible cutoff function enable) even when the INVO3 bit is O (three-phase motor control timer output disalbe)

Figure 12.30 TB2SC Register
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M16C/29 Group

12. Timer (Three-phase Motor Control Timer Function)

Timer B2 Register (V)
b15 b8
(b7 ) (bO) b7 bo
Symbol Address After Reset
: TB2 039516-039416 Undefined
E Function Setting Range RW
" Divide the count source by n + 1 where n = set value. 000016 to FFFF16
Timer A1, A2 and A4 are started at every occurrence of RwW
underflow.
NOTE:
1. Access the register by 16 bit units.
Trigger Select Register
b7 b6 b5 b4 b3 b2 bl b0
Symbol Address After Reset
| | | | | | | | | TRGSR 038316 0016
A Bit Symbol Bit Name Function RW
R TA1TGL Timer A1 event/trigger To use the V-phase output control RW
R select bit circuit, set these bits to “012"(TB2
A underflow).
. TATGH RW
T T Ta2TGL | Timer A2 event/trigger | To use the W-phase output control RW
R select bit circuit, set these bits to “012"(TB2
[ R A A underflow).
R TA2TGH RW
' ' E E Ti A3 t/tri b5 b4
1 1 1 Pemmmmmmmmmmmm e e e TASTGL imer . eventitrigger 00: |nput on TA3IN is selected (1) RW
o select bit
P 0 1: TB2is selected (2)
T N TA3TGH 10: TA2 s selected (2) RW
P 11: TA4is selected (2)
H LLEECCEEETEEREREEPRE, TA4TGL Timer A4 event/trigger To use the U-phase output control RW
select bit circuit, set these bits to “012”(TB2
] TAATGH underflow). W
NOTES:
1. Set the corresponding port direction bit to O (input mode).
2. Overflow or underflow.
Count Start Flag
b7 b6 b5 b4 b3 b2 b1 b0 Symbol Address After reset
TABSR 038016 0016
Bit Symbol Bit Name Function RW
- TAOS Timer AO count start flag 0 : Stops counting RW
teeee] TA1S Timer A1 count start flag 1 Starts counting RW
s TA2S | Timer A2 count start flag RW
R GOhREEEEt TA3S Timer A3 count start flag RW
T TA4S Timer A4 count start flag RW
R RICEEEEEREEE TBOS Timer BO count start flag RW
b TB1S Timer B1 count start flag RW
S e e PP EEEEEEEEEEEEEEE TB2S Timer B2 count start flag RW

Figure 12.31 TB2 Register, TRGSR Register, and TABSR Register

Rev. 1.12 Mar.30, 2007  page 132 of 458 RENESAS

REJ0O9B0101-0112



M16C/29 Group

13. Timer S

Waveform Generation Register j (j=0 to 7)

b15 b8 Symbol Address After Reset
(07) (b0)b7 bo G1TMO to G1TM2  030116-030016, 030316-030216, 030516-030416  Indeterminte
| G1TM3 to G1TM5  030716-030616, 030916-030816, 030B16-030A16 Indeterminte

)

: G1TM6 to G1TM7  030D16-030C16, 030F 16-030E16 Indeterminte

Function Setting Range RW

L] The base timer value is stored every RO
measurement timing

Waveform Generation Control Register j (j=0 to 7)

b7 b6 b5 b4 b3 b2 b1 b0

Nothing is assigned. If necessary, set to 0.

| | | | | Symbol Address After Reset
— G1POCRO to G1POCR3 031016, 031116, 031216, 031316 0X00 XX002
E E E E E E G1POCR4 to G1POCR7 031416, 031516, 031616, 031716 0X00 XX002
TS B Bit . :
Pf L 1t 1| Symbol Bit Name Function RW
R S - b1b0
P00 b1 ' MODO 00: Single waveform output mode RW
- Operating mode 01: SR waveform output mode (1)
[ select bit 10: Phase-delayed waveform
- output mode
I MOD1 11: Do not set to this value RW

v mmmTmmmmmenes (b3-b2) | \when read, their contents are undefined B
VL Output initial value 0: "L" output as a default value RW
pooTTTmmmmmTT select bit(*) 1: "H" output as a default value
0: Reloads the G1PQj register when
e RLD | G1POiregister value value is written RW
reload timing select bit | 1: Reloads the G1POj register when
the base timer is reset
— Nothing is assigned. If necessary, set to 0. B
Trmmmmmmnnmommmmmennees (b6) When read, its content is undefined
___________________________ INV Inverse output function | 0: Output is not inversed RW

select bit () 1: Output is inversed

NOTES :

1. This setting is enabled only for even channels. In SR waveform output mode, values written to the
corresponding odd channel (next channel after an even channel) are ignored. Even channels
provide waveform output. Odd channels provide no waveform output.

2. The inverse output function is the final step in waveform generating process. When the INV bit is set
to 1, and "H" signal is provided a default output by setting the IVL bit to 0, and an "L" signal is
provided by setting it to 1.

3. In the SR waveform output mode, set not only the even channel but also the correspoinding even
channel (next channel after the even channel).

4. To provide either "H" or "L" signal output set in the IVL bit, set the FSCj bit in the G1FS register to 0
(select waveform generating function) and IFEj bit in the G1FE register to 1 (functions for channel j
enabled). Then set the IVL bitto 0 or 1.

Figure 13.6 G1TMO to G1TMY7 Registers, and G1POCRO to G1POCR7 Registers
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M16C/29 Group 13. Timer S

fat1
BCK1 to BCKO

frorfa —H—0O —
—O (n+1) divider Base timer b4 b15|
Two-phase pulse input i—O A
L Overflow signal
. . 0 Base timer
-
BTS bitin G1BCR1 register -goko overflow request
1

IT
Matched with G1IBTRR
Base timer reset
Matched with G1POO register
RST2
won . NOTE:
Input *L" to INT1 pln—@— 1. Divider is reset when the BTS bit is set to 0.

IT, RST4, BCK1 to BCKO: Bits in the G1BCRO register
RST2 to RST1: Bits in the G1BCR1 register

Figure 13.11 Base Timer Block Diagram

Table 13.3 Base Timer Associated Register Settings (Time Measurement Function, Waveform
Generation Function, Communication Function)

Register Bit Function
G1BCRO BCK1 to BCKO Select a count source
RST4 Select base timer reset timing
IT Select the base timer overflow
G1BCR1 RST2 to RST1 Select base timer reset timing
BTS Used to start the base timer
UD1 to UDO Select how to count
G1BT - Read or write base timer value
G1DV - Divide ratio of a count source

Set the following registers to set the RST1 bit to 1 (base timer reset by matching the base timer with the G1POO register)
G1POCRO MOD1 to MODO | Set to 002 (single-phase waveform output mode)

G1POO0 - Set reset cycle
G1FS FSCO Set to 0 (waveform generating function)
G1FE IFEO Set to 1 (channel operation start)
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M16C/29 Group 13. Timer S

(a) When selecting the rising edge as a timer measurement trigger
(Bits CTS1 and CTSO0 in the G1TMCR; register (j=0 to 7)=012)

fBT1

Base fimer E@ﬂ@@@@@@@@@@@@@ 0419

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IRj bit M
V Delayed by 1 clock v V wrlte 0 by program if setting to 0
G1TM,; register X o X 5 X s
NOTES :

1. Bits in the G1IR register.
2. Input pulse applied to the INPC1j pin requires 1.5 fBT1 clock cycles or more.

(b) When selecting both edges as a timer measurement trigger
(Bits CTS1 and CTS0 = 112)

fBT1

Base timer (2 Xt Ko X s 2K sl meaX nsf ok e e o190 125K 13K+ 19

INPC1j pin input or

trigger signal after
passing the digital
filter

G1IRj bit M

‘\wnte 0 by program
if setting to 0

\/ \/ \/ V V
G1TM,j register @ X n X n+2 X n+5 X n+8 X n+12

NOTES :
1. Bits in the G1IR register.
2. No interrupt is generated if the MCU receives a trigger signal when the G1IRj bit is set to 1.
However, the value of the G1TM); register is updated.

(c) Trigger signal when using digital filter
(Bits DF1 to DFO in the G1TMCR; register =102 or 112)

f1 or f2 or fBT1 (M

INPC1j pin m ‘ ‘ m

! ' Maximum 3.5 f1 or f2 or fBT1
' \ / - > - | 7
Trigger signal after Signals, which do not match 3 clock cycles
passing the digital times, are stripped off
filter The trigger signal is delayed
by the digital filter
NOTE:

1. fBT1 when bits DF1 to DFO are set to 102, and f1 or f2 when set to 112.

Figure 13.20 Time Measurement Function (2)
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M16C/29 Group

13. Timer S

(1) Free-running operation
(Bits RST2 and RST1 in the G1BCRO register and the RST4 bit in the G1BCR1
register are set to 0)

[ T I i . Rt
O Nl PR
Base timer i i
] — e |
000016 E : E :
©n-m : 65536-n+m ! |
G } fBr1 ! i

Return to default

. ' level
OUTCHj pin L e U e | Outoutleve

\ 65536
: fBT1

Writé 0 by program

G1IRj bit [ ]« i setting to 0 |
¢ inverse
G1IRk bit 1

j=0,2,4,6 k=j+1
m : Setting value of the G1POj register n: Setting value of the G1POk register
G1IRj, G1IRk bits: Bits in the G1IR register
The above applies under the following conditions.
® The IVL bit in the G1POCR;j register is set to 0 (L output as a default value). The INV bit is set to 0
(not inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

(2) Base timer is reset when the base timer matches either following register
(a) G1POO0 (enabled by setting bit RST1 to 1, and bits RST4 and RST2 to 0), or
(b) G1BTRR (enabled by setting bit RST4 to 1, and bits RST2 and RST1 to 0)

FFFF16
p+2 ----------------------------------------------------------------------
T 22 o A

Base timer m oo

p+2-n+m
fBT1

000016 E

Return to default output level

OUTCHj pin MI)_

' : pt+2 . ; ; '
i ' fami E ; : E
: Write 0 by program ! ! ! :
G1IR; bit [ . if settingto 0 [ : ] :
E When setting to 0, : 1
G1IRK bit | ~~ write 0 by program ‘—\_
j=2,4,6 k=j+1
m : Setting value of the G1POj register n: Setting value of the G1POk register

p: Setting value of either register G1PO0 or G1BTRR
G1IRj, G1IRk bits: Bits in the G1IR register

The above applies under the following conditions.
® The IVL bit in the G1POCR;j register is set to 0 (L output as a default value). The INV bit is set to 0 (not
inversed).
® Bits UD1 and UDO are set to 002 (counter increment mode).

Figure 13.24 Set/Reset Waveform Output Mode
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M16C/29 Group 15. A/D Converter

15.1.2 Repeat mode

In repeat mode, analog voltage applied to a selected pin is repeatedly converted to a digital code. Table
15.4 shows the repeat mode specifications. Figure 15.8 shows the operation example in repeat mode.
Figure 15.9 shows the ADCONO to ADCONB2 registers in repeat mode.

Table 15.4 Repeat Mode Specifications

ltem Specification
Function Bits CH2 to CHO in the ADCONO register and the ADGSEL1 to ADGSELDO bits
in the ADCONZ2 register select pins. Analog voltage applied to a selected pin
is repeatedly converted to a digital code
A/D Conversion Start * When the TRG bit in the ADCONO register is 0 (software trigger)
Condition Set the ADST bit in the ADCONO register to 1 (A/D conversion started)
* When the TRG bit in the ADCONO register is 1 (hardware trigger)
The ADTRG pin input changes state from “H” to “L” after setting the ADST bit
to 1 (A/D conversion started)
A/D Conversion Stop Condition |Set the ADST bit to 0 (A/D conversion halted)
Interrupt Request Generation Timing| None generated
Analog Input Pin Select one pin from ANo to AN7, ANOo to ANO7, AN20 to AN27, and AN30 to AN32
Readout of A/ID Conversion Result  |Readout one of the ADO to AD7 registers that corresponds to the selected pin

*Example when selecting AN2 to an analog input pin  (Ch2 to CHO = 0102)

I:l A/D pin input voltage
sampling

:] A/D pin conversion

A/D conversion started

ANo
ANt Y o
ANz || | | | | | | _
AN3
AN4
ANs5
ANs
AN7

Figure 15.8 Operation Example in Repeat Mode
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M16C/29 Group 15. A/D Converter

15.1.8 Delayed Trigger Mode 1

In delayed trigger mode 1, analog voltages applied to the selected pins are converted one-by-one to a
digital code. When the input of the ADTRG pin (falling edge) changes state from “H” to “L”, a single sweep
conversion is started. After completing the ANo pin conversion, the AN1 pin is not sampled and converted
until the second ADTRG pin falling edge is generated. When the second ADTRG falling edge is generated,
the single sweep conversion of the pins after the AN1 pin is restarted. Table 15.12 shows the delayed
trigger mode 1 specifications. Figure 15.24 shows the operation example of delayed trigger mode 1.
Figure 15.25 and 15.26 show each flag operation in the ADSTATO register that corresponds to the
operation example. Figure 15.27 shows registers ADCONO to ADCON2 in delayed trigger mode 1.
Figure 15.28 shows the ADTRGCON register in delayed trigger mode 1. Table 15.13 shows the trigger
select bit setting in delayed trigger mode 1.

Table 15.12 Delayed Trigger Mode 1 Specifications

ltem Specification
Function Bits SCAN1 and SCANO in the ADCON1 register and bits ADGSEL1 and ADGSELO
in the ADCONB2 register select pins. Analog voltages applied to the selected

pins are converted one-by-one to a digital code. At this time, the ADTRG pin

falling edge starts ANo pin conversion and the second ADTRG pin falling edge
starts conversion of the pins after AN1 pin
A/D Conversion Start ANO pin conversion start condition
Condition The ADTRG pin input changes state from “H” to “L” (falling edge) (V)
AN1 pin conversion start condition (2)
The ADTRG pin input changes state from “H” to “L” (falling edge)

*When the second ADTRG pin falling edge is generated during A/D conversion of
the ANo pin, input voltage of AN1 pin is sampled or after at the time of ADTRG
falling edge. The conversion of AN1 and the rest of the sweep starts when ANo
conversion is completed.

*When the ADTRG pin falling edge is generated again during single sweep

conversion of pins after the AN1 pin, the conversion is not affected

A/D Conversion Stop *A/D conversion completed
Condition «Set the ADST bit to 0 (A/D conversion halted) (3)
Interrupt Request Single sweep conversion completed

Generation Timing
Analog Input Pin Select from ANo to AN1 (2 pins), ANo to AN3 (4 pins), ANo to AN5 (6 pins)
and ANo to AN7 (8 pins) )

Readout of A/D Conversion Result |Readout one of registers ANO to AN7 that corresponds to the selected pins

NOTES:

1. Do not generate the next ADTRG pin falling edge after the AN1 pin conversion is started until all selected pins
complete A/D conversion. When an ADTRG pin falling edge is generated again during A/D conversion, its trigger
is ignored. The falling edge of ADTRG pin, which was input after all selected pins complete A/D conversion, is
considered to be the next ANO pin conversion start condition.

2. The ADTRG pin falling edge is detected synchronized with the operation clock fAD. Therefore, when the ADTRG pin
falling edge is generated in shorter periods than fAD, the second ADTRG pin falling edge may not be detected. Do
not generate the ADTRG pin falling edge in shorter periods than fAD.

3. Do not write 1 (A/D conversion started) to the ADST bit in delayed trigger mode 1. When write 1,unexpected
interrupts may be generated.

4. ANOo to ANO7, AN 2 to AN27, and AN30 to AN32 can be used in the same way as ANo to AN7. However, all input
pins need to belong to the same group.
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M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

12CO Address Register

b7 b6 b5 b4 b3 b2 b1 b0

Symbol Address After Reset

| _ | — | _ | i | i 9| S0D0 02E216 0016
E Bit Symbol Bit Name Function RwW
o° ©0) Reserved bit Setto 0 RW
t----|  SADO RW
EREEEEEE SAD1 RW
mememeene- SAD2 RW

' Compare with received
e SAD3 Slave address address data RW
frmsminioioiiieees SAD4 RW
e SAD5 RW
E  EREEEEEEE SADG RW

Figure 16.2 SODO Register
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M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

12C0 Status Register

b7 b6 b5 b4 b3 b2 b1 b0

| | | | | | | | Symbol Address After Reset
— S10 02E816 0001000X2
i1 b 4 1 | Bit Symbol Bit Name Function RW
i i i 0101 4 LRB | Lastreceive bit 0: Last bit = 0 RO
A 1: Last bit = 1
. ADRO General call detecting flag 0: No general call detected RO
o o 1: General call detected
Pl ' AAS Slave address comparison flag | 0: No address matched ™)
H H 1 v Tttt RO
HE o 1: Address matched
___________ AL Arbitration lost detection flag 0: Not detected @
P H 1: Detected RO
Pl o PIN 12C bus interface interrupt 0: Interrupt request issued @)
v request bit 1: No interrupt request issued RO
S N BB Bus busy flag 0: Bus free
1: Bus busy RO
: TRX Communication mode select 0: Receive mode @)
G bits 0 1: Transmit mode RW
MST Communication mode select |0: Slave mode RW®
------------------ bit 1 1: Master mode

NOTES:
1. This bit is read only if it is used for the status check.
To write to this bit, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition Generation
Method.
2. Read only. If necessary, set to 0.
3. To write to these bits, refer to 16.9 START Condition Generation Method and 16.11 STOP Condition
Generation Method.

Figure 16.5 S10 Register

Rev. 1.12 Mar.30, 2007  page 260 of 458 RENESAS
REJ09B0101-0112



M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

16.5 12C0 Status Register (S10 register)

The S10 register monitors the 12C bus interface status. When using the S10 register to check the status,
use the 6 low-order bits for read only.

16.5.1 Bit O: Last Receive Bit (LRB)
The LRB bit stores the last bit value of received data. It can also be used to confirm whether ACK is
received. If the ACK-CLK bit in the S20 register is set to 1 (with ACK clock) and ACK is returned when the
ACK clock is generated, the LRB bit is set to 0. If ACK is not returned, the LRB bit is set to 1. When the
ACK-CLK bit is set to 0 (no ACK clock), the last bit value of received data is input. When writing data to
the SO0 register, the LRB bit is set to 0.

16.5.2 Bit 1: General Call Detection Flag (ADRO)
When the ALS bit in the S1DO0 register is set to 0 (addressing format), this ADRO flag is set to 1 by
receiving the general calls(!) whose address data are all 0, in slave mode.
The ADRO flag is set to 0 when STOP or START conditions is detected or when the IHR bit in the S1D0
register is set to 1 (reset).

NOTE:
1. General call: A master device transmits the general call address 0016 to all slaves. When the
master device transmits the general call, all slave devices receive the controlled data after general
call.

16.5.3 Bit 2: Slave Address Comparison Flag (AAS)
The AAS flag indicates a comparison result of the slave address data after enabled by setting the ALS bit
in the S1DO register to 0 (addressing format).
The AAS flag is set to 1 when the 7 bits of the address data are matched with the slave address stored
into the SODO register, or when a general call is received, in slave receive mode. The AAS flag is set to
0 by writing data to the SO0 register. When the ESO bit in the S1DO0 register is set to 0 (I2C bus interface
disabled) or when the IHR bit in the S1DO register is set to 1 (reset), the AAS flag is also set to 0.

16.5.4 Bit 3: Arbitration Lost Detection Flag (AL)®

In master transmit mode, if an "L" signal is applied to the SDA pin by other than the MCU, the AL flag is set
to 1 by determining that the arbitration is los and the TRX bit in the S10 register is set to 0 (receive mode)
at the same time. The MST bit in the S10 register is set to 0 (slave mode) after transferring the bytes
which lost the arbitration.

The arbitration lost can be detected only in master transmit mode. When writing data to the S00 register,
the AL flag is set to 0. When the ESO bit in the S1DO0 register is set to 0 (I2C bus interface disabled) or
when the IHR bit in the S1DO0 register is set to 1 (reset), the AL flag is set to 0.

NOTE:
1. Arbitration lost: communication disabled as a master
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M16C/29 Group 16. MULTI-MASTER I2C bus INTERFACE

16.13 Address Data Communication

This section describes data transmit control when a master transferes data or a slave receives data in 7-bit
address format. Figure 16.20 (1) shows a master transmit format.

(1) A master transmit device transmits data to a receive device

S Slave address

RWI|[ A Data A Data | A/A || P

7 bits 0 1 - 8 bits 1 - 8 bits

(2) A master receive device receives data from a transmit device

S Slave address RW I A Data A Data A || P

7 bits 1 1 -8 bits 1 -8 bits

S: START condition  P: STOP condition
A: ACK bit R/W: Read/Write bit

Figure 16.20 Address data communication format

16.13.1 Example of Master Transmit
For example, a master transmits data as shown below when following conditions are met: standard clock
mode, SCL clock frequency of 100kHz and ACK clock added.
1) Set s slave address to the 7 high-order bits in the SODO register
2) Set 8516 to the S20 register, 0002 to bits ICK4 to ICK2 in the S4DO register and 0016 to the S3D0
registe to generate an ACK clock and set SCL clock frequency t 100 kHz (f1=8MHz, fiic=f1)
3) Set 0016 to the S10 register to reset transmit/receive
4) Set 0816 to the S1DO register to enable data communication
5) Confirm whether the bus is free by BB flag setting in the S10 register
6) Set EO016 to the S10 register to enter START condition standby mode
7) Set the destination address in 7 high-order bits and 0 to a least significant bit in the S00 register to
generate START condition. At this time, the first byte consisting of SCL and ACK clock are auto-
matically generated
8) Set a transmit data to the SO0 register. At this time, SCL and an ACK clock are automatically
generated
9) When transmitting more than 1-byte control data, repeat the above step 8).
10) Set C0O16 in the S10 register to enter STOP condition standby mode if ACK is not returned from the
slave receiver or if the transmit is completed
11) Write dummy data to the SO0 regiser to generate STOP condition
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M16C/29 Group

17. CAN Module

17.1.1 CANO Message Box

Table 17.1 shows the memory mapping of the CANO message box.
It is possible to access to the message box in byte or word.

Mapping of the message contents differs from byte access to word access. Byte access or word access
can be selected by the MsgOrder bit of the COCTLR register.

Table 17.1 Memory Mapping of CANO Message Box

Message content (Memory mapping)

Address Byte access (8 bits) Word access (16 bits)
006016 +n-+16+0 SID1o to SIDs SIDs to SIDo
006016 +n =16 + 1 SIDs to SIDo SID10 to SIDs
006016+ nNn=+16 + 2 EID17 to EID14 EID13 to EIDs
006016 +nNn=16+3 EID13 to EIDse EID17 to EID1a
006016 +n-+16 + 4 EIDs to EIDo Data Length Code (DLC)
006016 +n-16+5 Data Length Code (DLC) EIDs to ElDo
006016 +n<-16+6 Data byte 0 Data byte 1
006016 +ne-16+7 Data byte 1 Data byte 0
006016 +n-16+ 13 Data byte 7 Data byte 6
006016 +n-16 + 14 Time stamp high-order byte| Time stamp low-order byte
006016 +n <16+ 15 Time stamp low-order byte | Time stamp high-order byte

n =0 to 15: the number of the slot
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M16C/29 Group 19. Programmable 1/O Ports

Port Pi Direction Register (i=0 to 3, 6 to 8, and 10) ()

Symbol Address After Reset
b7 b5 b5 be b3 b2 b1 no  PDOtoPD3 03E216, 03E316, 03E616, 03E716 0016
PD6 to PD8 03EE16, 03EF 16, 03F216 0016

||||||||| PD10 03F616 0016
p 1 4 ¢ 1 i 1 | Bit Symbol Bit Name Function RW
s o) Port Pio direction bit RW
s oI Port Pi1 direction bit 0:Inputmode RW
R — (Functions as an input port)
e PDi_2 Port Pi2 direction bit 1: Output mode RW
e PDi_3 Port Pi3 direction bit (Functions as an output port)  |RW
B PDi_4 Port Pi4 direction bit (i=0t03,61t08, and 10) RW
P PRROREEE PDi_5 Port Pis direction bit RW
RICICRCEEFEREEEE PDi_6 Port Pis direction bit RW
LR IUTTRIRRERRR, PDi_7 Port Pi7 direction bit RW
NOTE:

1. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 011-.
In 64-pin package, set bits PACR2, PACR1, PACRO to 0102.

Port P9 Direction Register (1.2)
b oo b9 be B8 b2 MM Symbol Address After Reset

| . | . | . |><| . | . | . | . | PD9 03F316 000X00002
©1 1 1 11 1| Bit Symbol Bit Name Function RW
-1PD9 0 Port P9o direction bit RW
S =T Port P91 direction bit O:lnputmode RW
R S (Functions as an input port)
s PD9_2 Port P92 direction bit 1: Output mode RW
T T R PD9 3 Port P93 direction bit (Functions as an output port) Ry
 SERBREEEEEEE o Nothing is assigned. If necessary, set to 0. _
oo (b4) When read, the content is undefined
____________________ PD9_5 Port P95 direction bit 0: Input mode RW
T (Functions as an input port)
PD9_6 Port P96 direction bit 1: Output mode RwW
: (Functions as an output port)
Ry PD9_7 Port P97 direction bit RW

NOTES:
1. Make sure the PD9 register is written to by the next instruction after setting the PRC2 bit in the
PRCR register to 1(write enabled).
2. Set the PACR register.
In 80-pin package, set bits PACR2, PACR1, PACRO to 0112.
In 64-pin package, set bits PACR2, PACR1, PACRO to 0102.

Figure 19.6 PDO to PD3 and PD6 to PD10 Registers
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M16C/29 Group 21. Electrical Characteristics (Normal-version)

Vce =5V

XIN input
—> |l<— tf —>| |l<—
tr tw(H) tw(L)
1l
tc
te(TA)
tw(TAH
TAIIN input \
tw(TAL)
tcup)
tw(uPH
TAIOUT input \
tw(upL)
TAIOUT input ><
(Up/down input)

During Event Counter Mode

TAIIN input
(When count on falling

edge is selected)
TAIIN input

(When count on rising N R
edge is selected)

th(TIN-UP)| tsu(UP-TIN)

Two-Phase Pulse Input in Event Counter Mode

te(tA)

/
TAIIN input / 7 7/

tsu(TAIN-TAOUT) tsu(TAIN-TAOUT)
I

tsu(TAOUT-TAIN)
TAIOUT input /

\
tsu(TAOUT-TAIN)

tc(tB)
tw(TBH)
TBIIN input
tw(TBL)
|
te(AD) |
tw(AaDL)
ADTRG input
Figure 21.1 Timing Diagram (1)
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M16C/29 Group 21. Electrical Characteristics (V-version)

Vcc =5V

Timing Requirements

(Vce=5V, Vss=0V, at Topr=-40 to 125°C unless otherwise specified)

Table 21.99 Multi-master 12C Bus Line

Standard clock mode | High-speed clock mode )

Symbol Parameter Min. Max. Min. Max. Unit
tBUF Bus free time 4.7 1.3 us
tHD;STA The hold time in start condition 4.0 0.6 Hs
tLOW The hold time in SCL clock "0" status 4.7 1.3 Hs
tR SCL, SDA signals' rising time 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 us
tHIGH The hold time in SCL clock "1" status 4.0 0.6 ys
tF SCL, SDA signals' falling time 300 20+0.1Cb 300 ns
tsu;DAT Data setup time 250 100 ns
tsu;STA The setup time in restart condition 4.7 0.6 us
tsy;STO Stop condition setup time 4.0 0.6 us
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M16C/29 Group 22. Usage Notes

22.6 Timers
22.6.1 Timer A

22.6.1.1 Timer A (Timer Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register and the TAi register before setting the TAIS bit in the TABSR register to 1 (count
starts).
Always make sure the TAIMR register is modified while the TAIS bit remains 0 (count stops) regard-
less whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFF16. If the TAi register is read after setting a value in it, but before the counter starts
counting, the read value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20UT and TA40uUT
pins go to a high-impedance state.

22.6.1.2 Timer A (Event Counter Mode)
1. The timer remains idle after reset. Set the mode, count source, counter value, etc. using the TAIMR
(i = 0 to 4) register, the TAi register, the UDF register, bits TAZIE, TAOTGL, and TAOTGH in the
ONSEF register and the TRGSR register before setting the TAIS bit in the TABSR register to 1 (count
starts).
Always make sure bits TAZIE, TAOTGL, and TAOTGH in the TAIMR register, the UDF register, the
ONSEF register, and the TRGSR register are modified while the TAIS bit remains 0 (count stops)
regardless whether after reset or not.

2. While counting is in progress, the counter value can be read out at any time by reading the TAi
register. However, if the TAi register is read at the same time the counter is reloaded, the read value
is always FFFF16 when the timer counter underflows and 000016 when the timer counter overflows.
If the TAI register is read after setting a value in it, but before the counter starts counting, the read
value is the one that has been set in the register.

3. If a low-level signal is applied to the SD pin when the IVPCR1 bit in the TB2SC register is set to 1
(three-phase output forcible cutoff by input on SD pin enabled), the TA1ouT, TA20UT and TA40UT
pins go to a high-impedance state.
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