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R8C/32D Group 8.Bus

However, only the following SFRs are connected with the 16-bit bus:

Interrupts: Each interrupt control register
Timer RC: Registers TRC, TRCGRA, TRCGRB, TRCGRC, and TRCGRD
UART2: Registers U2MR, U2BRG, U2TB, U2C0, U2C1, U2RB, U2SMRS, U2SMR4, U2SMR3, U2SMR?2,

and U2SMR
A/D converter: Registers ADO, AD1, AD2, AD3, AD4, AD5, AD6, AD7, ADMOD, ADINSEL, ADCONO,

and ADCON1

Therefore, they are accessed once in 16-bit units. The bus operation is the same as “Area: SFR, Even address Byte
Access” in Table 8.2 Access Units and Bus Operations, and 16-bit data is accessed at a time.
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R8C/32D Group 9. Clock Generation Circuit

Figure 9.7 shows the Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is Executed.
To use a peripheral function interrupt to exit wait mode, set up the following before executing the WAIT
instruction.

(1) Set the interrupt priority level in bits ILVL2 to ILVLO of the peripheral function interrupts to be used for
exiting stop mode. Set bits ILVL2 to ILVLO of the peripheral function interrupts that are not to be used for
exiting stop mode to 000b (interrupt disabled).

(2) Setthelflagto 1.

(3) Operate the peripheral function to be used for exiting stop mode.

When the MCU exits by a peripheral function interrupt, the time (number of cycles) between interrupt request
generation and interrupt routine execution is determined by the settings of the FMSTP bit in the FMRO register
and the VCA20 bit in the VCA2 register, as shown in Figure 9.7.

The clock set by bits CM35, CM36, and CM37 in the CM3 register is used as the CPU clock when the MCU
exits wait mode by a peripheral function interrupt. At this time, the CMO06 bit in the CMO register and bits
CM16 and CM17 in the CM1 register automatically change.

FMRO Register VCAZ2 Register ) ) ) . )
Internal Power Time until Time until Time for
Stabilization Time Flash Memory CPU Clock Interrupt Remarks
TO Activation (T1 Supply (T2 S T3
FMSTP Bit VCA20 Bit (T0) ctivation (1) upply (T2) equence (T3)
0
(internal power O us
0 low consumption disabled) Period of system clock . .
Period of CPU clock | Period of CPU clock
(flash memory x 1 cycle + 60 ps ! x 2 cycles I>< 20 cycles
operates) 1 (max.)
(internal power 100 s (max.) The total of TO
low consumption enabled) to T3 is the time
from wait mode to
0 interrupt routine
(internal power 0 us execution.
1 low consumption disabled ’
(flash memory Period Sff)é;tcelén clock Same as above Same as above
stops) 1
(internal power 100 ps (max.)
low consumption enabled)
« T0 Je Tt e T2 e T3 N
. Internal power Flash memory CPU clock
Wait mode e A Interrupt sequence
stabilization time activation sequence restart sequence
A 100 ps (max.)
Interrupt request generation
Figure 9.7 Time from Wait Mode to Interrupt Routine Execution after WAIT instruction is
Executed
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R8C/32D

Group

11. Interrupts

11.2

.2 Interrupt Control Register (FMRDYIC, TRCIC)
Address 0041h (FMRDYIC), 0047h (TRCIC)

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol| — | — | — | — | IR | ILVL2 | ILVL1 ILVLO

After Reset X X X X X 0 0 0

Bit Symbol Bit Name Function R/W

b0 ILVLO [Interrupt priority level select bit b2 b1 b0 . ) R/W

b VL 0 0 0: Level O (interrupt disabled) RIW
001:Level1

b2 ILVL2 010: Level 2 R/W
011:Level3
100: Level 4
101:Level 5
11 0: Level 6
111:Level 7

b3 IR Interrupt request bit 0: No interrupt requested R
1: Interrupt requested

b4 — Nothing is assigned. If necessary, set to 0. —

b5 — When read, the content is undefined.

b6 —

b7 —

Rewrite the interrupt control register when an interrupt request corresponding to the register is not generated.
Refer to 11.8.5 Rewriting Interrupt Control Register.
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R8C/32D Group 13. Option Function Select Area

13.3 Notes on Option Function Select Area

13.3.1 Setting Example of Option Function Select Area

The option function select area is allocated in the flash memory, not in the SFRs. Set appropriate values as
ROM data by a program. The following shows a setting example.

¢ To set FFh in the OFS register
.org 0OFFFCH
Jdword reset | (OFFO00000h) ; RESET
(Programming formats vary depending on the compiler. Check the compiler manual.)

* To set FFh in the OFS2 register
.org 0OFFDBH
.byte OFFh
(Programming formats vary depending on the compiler. Check the compiler manual.)
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R8C/32D Group 14. Watchdog Timer

14. Watchdog Timer

The watchdog timer is a function that detects when a program is out of control. Use of the watchdog timer is
recommended to improve the reliability of the system.

14.1 Overview

The watchdog timer contains a 14-bit counter and allows selection of count source protection mode enable or
disable.

Table 14.1 lists the Watchdog Timer Specifications.

Refer to 5.5 Watchdog Timer Reset for details of the watchdog timer reset.

Figure 14.1 shows a Watchdog Timer Block Diagram.

Table 14.1  Watchdog Timer Specifications

ltem Count Source Protection Mode Count Source Protection Mode
Disabled Enabled
Count source CPU clock Low-speed on-chip oscillator clock
for the watchdog timer
Count operation Decrement
Count start condition Either of the following can be selected:
« After a reset, count starts automatically.
+ Count starts by writing to the WDTS register.
Count stop condition Stop mode, wait mode ‘ None
Watchdog timer * Reset
initialization conditions » Write 00h and then FFh to the WDTR register (with acknowledgement period
setting). (1)
» Underflow
Operations at underflow | Watchdog timer interrupt Watchdog timer reset
or watchdog timer reset
Selectable functions * Division ratio of the prescaler

Selected by the WDTC7 bit in the WDTC register or the CMO07 bit in
the CMO register.

« Count source protection mode
Whether count source protection mode is enabled or disabled after a reset
can be selected by the CSPROINI bit in the OFS register (flash memory).
If count source protection mode is disabled after a reset, it can be enabled or
disabled by the CSPRO bit in the CSPR register (program).

« Start or stop of the watchdog timer after a reset
Selected by the WDTON bit in the OFS register (flash memory).

« Initial value of the watchdog timer
Selectable by bits WDTUFS0 and WDTUFSH1 in the OFS2 register.

* Refresh acknowledgement period for the watchdog timer
Selectable by bits WDTRCS0 and WDTRCS1 in the OFS2 register.

Note:
1. Write the WDTR register during the count operation of the watchdog timer.
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R8C/32D Group

15. General Overview of Timers

Table 15.1

Functional Comparison of Timers

Item

Timer RA

Timer RB

Timer RC

Timer RE

Configuration

8-bit timer with 8-bit
prescaler (with reload
register)

8-bit timer with 8-bit
prescaler (with reload
register)

16-bit timer (with input
capture and output
compare)

4-bit counter
8-bit counter

TRCIOD

Count Decrement Decrement Increment Increment
Count sources . f1 - f1 « f1 - f4
. f2 . f2 . 2 - 8
- f8 - 8 - f4 32
« fOCO * Timer RA underflow |+ f8 - fC4
« fC32 - 132
. fC » fOCO40M
+ f{OCO-F
* TRCCLK
Function | Count of the internal | Timer mode Timer mode Timer mode (output —
count source compare function)
Count of the external | Event counter mode | — Timer mode (output —
count source compare function)
External pulse width/ | Pulse width — Timer mode (input —
period measurement | measurement mode, capture function;
pulse period 4 pins)
measurement mode
PWM output Pulse output mode (1), | Programmable Timer mode (output | —
Event counter waveform generation | compare function;
mode (1) mode 4 pins) (),
PWM mode (3 pins),
PWM2 mode (1 pin)
One-shot waveform — Programmable one- | PWM mode (3 pins) —
output shot generation
mode,
Programmable wait
one-shot generation
mode
Three-phase — — — —
waveforms output
Timer Timer mode — — Real-time clock mode
(only fC32 count)
Input pin TRAIO INTO INTO, TRCCLK, -
TRCTRG, TRCIOA,
TRCIOB, TRCIOC,
TRCIOD
Output pin TRAO TRBO TRCIOA, —
TRAIO TRCIOB, TRCIOC,

Related interrupt

Timer RA interrupt

Timer RB interrupt,
INTO interrupt

Compare match/input
capture Ato D
interrupt,

Qverflow interrupt,
INTO interrupt

Timer RE interrupt

Timer stop

Provided

Provided

Provided

Provided

Note:
1.

Rectangular waves are output in these modes. Since the waves are inverted at each overflow, the “H” and “L” level widths of

the pulses are the same.
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R8C/32D Group 16. Timer RA

16.2.3 Timer RA Mode Register (TRAMR)
Address 0102h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | TCKCUT| TCK2 | TCKA1 | TCKO | — | TMOD2 | TMOD1 | TMODO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 TMODO |Timer RA operating mode select bit b2b1b0 R/W
b TMODH 8 8 (1): -lP—ILrJTI]seer ;nu?gjt mode R/W
b2 TMOD2 0 1 0: Event counter mode RW
0 1 1: Pulse width measurement mode
1 0 O0: Pulse period measurement mode
1 0 1: Do not set.
11 0: Do not set.
11 1: Do not set.
b3 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b4 TCKO |[Timer RA count source select bit b6 b5 b4 R/W
b5 | TCKI 8 8 ?; g RIW
b6 TCK2 010:fOCO R/W
011:12
100:fC32
1 0 1: Do not set.
110:fC
11 1: Do not set.
b7 |TCKCUT |Timer RA count source cutoff bit 0: Provides count source R/W
1: Cuts off count source

When both the TSTART and TCSTF bits in the TRACR register are set to O (count stops), rewrite this register.

16.2.4 Timer RA Prescaler Register (TRAPRE)
Address 0103h

Bit b7 b6 b5 b4 b3 b2 b1 b0
smool [ — [ — ] — ] — [ — [ — ] — ] — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)

Bit Mode Function Setting Range R/W
b7 to b0| Timer mode Counts an internal count source 00h to FFh R/W
Pulse output mode 00h to FFh R/W

Event counter mode Counts an external count source 00h to FFh R/W

Pulse width measurement mode |Measure pulse width of input pulses from  |00h to FFh R/W

external (counts internal count source)
Pulse period measurement mode |Measure pulse period of input pulses from |00h to FFh R/W

external (counts internal count source)

Note:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.
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R8C/32D Group 16. Timer RA

16.2.5 Timer RA Register (TRA)
Address 0104h

Bit b7 b6 b5 b4 b3 b2 b1 bo
Smool[ = [ — [ — [ = [ = [ — [ — [ — ]
After Reset 1 1 1 1 1 1 1 1 (Note 1)
Bit Mode Function Setting Range R/W
b7 to b0O|All modes Counts on underflow of TRAPRE register 00h to FFh R/W

Note:
1. When the TSTOP bit in the TRACR register is set to 1, the TRAPRE register is set to FFh.

16.2.6 Timer RA Pin Select Register (TRASR)
Address 0180h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol| — | — | — | — | — | — TRAIOSEL1|TRAIOSELO
After Reset 0 0 0 0 0 0 0 0
Bit Symbol Bit Name Function R/W
b0 |[TRAIOSELO|TRAIO pin select bit b1 b0 R/W

0 0: TRAIO pin not used

b1 |TRAIOSEL1 01:P1_7 assigned R/W
1 0: P1_5 assigned
1 1: Do not set.
b2 — Reserved bits Set to 0. R/W
b3 —
b4 —
b5 — Nothing is assigned. If necessary, set to 0. When read, the content is 0. —
b6 —
b7 —

The TRASR register selects which pin is assigned to the timer RA I/O. To use the I/O pin for timer RA, set this
register.

Set the TRASR register before setting the timer RA associated registers. Also, do not change the setting value
in this register during timer RA operation.
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R8C/32D Group 18. Timer RC

18.5.2 Timer RC I/O Control Register 0 (TRCIORO) for Output Compare Function
Address 0124h

Bit b7 b6 b5 b4 b3 b2 b1 b0
Symbol | — | I0B2 | IOB1 | I0B0 | I0A3 | IOA2 | IOA1 | IOA0 |
After Reset 1 0 0 0 1 0 0 0
Bit Symbol Bit Name Function R/W
i b1 b0
E? :82? TRCGRA control bi 0 0: Disable pin output by compare match (TRCIOA pin gjw
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRA
register
1 0: “H” output by compare match in the TRCGRA
register
1 1: Toggle output by compare match in the TRCGRA
register
b2 IOA2 |TRCGRA mode select bit (1) Set to 0 (output compare) in the output compare R/W
function.
b3 IOA3 |TRCGRA input capture input Setto 1. R/W
switch bit
| b5 b4
Eg :8:? TRCGRB control bi 0 0: Disable pin output by compare match (TRCIOB pin E;w
functions as the programmable 1/O port)
0 1: “L” output by compare match in the TRCGRB
register
1 0: “H” output by compare match in the TRCGRB
register
1 1: Toggle output by compare match in the TRCGRB
register
b6 IOB2 |TRCGRB mode select bit (2) Set to 0 (output compare) in the output compare R/W
function.
b7 — Nothing is assigned. If necessary, set to 0. When read, the content is 1. —
Notes:

1. When the BFC bit in the TRCMR register is set to 1 (buffer register of TRCGRA register), set the IOC2 bit in
theTRCIORT1 register to the same value as the IOA2 bit in the TRCIORO register.

2. When the BFD bit in the TRCMR register is set to 1 (buffer register of TRCGRB register), set the I0D2 bit in the
TRCIORT1 register to the same value as the IOB2 bit in the TRCIORO register.
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R8C/32D Group

19. Timer RE

19.2.8 Operating Example

TRECRT1 register

Bits WK2 to WKO in

) (Not changed)
TREWK register

¥

IR bit in TREIC register
(when SEIE bit in TRECR2 register is set

Set to 0 by acknowledgement

of interrupt request
or a program

i 1s i
1 Approx. : 1 Approx. :
| 625ms | | 62.5ms |
r—, ,4—»\
BSY bit
i i
] ]
1 1
Bits SC12 to SCO00 in ] W
TRESEC register %8 X; % X; ”
H H
] ]
1 1
Bits MN12 to MNOO in I \
TREMIN register 08 0

i i
] 1
y y
Bits HR11 to HROO in H H
TREHR register (Not changed) i i
] ]
] ]
] ]
H H
L 1 1
PM bit in (Not changed) : :
i i
] ]
H H
] ]
] ]
H :
] ]
] 1

]

to 1 (enable periodic interrupt triggered
every second))

IR bit in TREIC register
(when MNIE bit in TRECR2 register is set

to 1 (enable periodic interrupt triggered
every minute))

BSY: Bit in registers TRESEC, TREMIN, TREHR, and TREWK

Figure 19.3  Operating Example in Real-Time Clock Mode
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R8C/32D Group 20. Serial Interface (UARTO)

Table 20.6  Registers Used and Settings in UART Mode

Register Bit Function
uoTB b0 to b8 Set transmit data. (1)
UORB b0 to b8 Receive data can be read. (2)
OER,FER,PER,SUM | Error flag
UOBRG b0 to b7 Set a bit rate.
UOMR SMD2 to SMDO Set to 100b when transfer data is 7 bits long.
Set to 101b when transfer data is 8 bits long.
Set to 110b when transfer data is 9 bits long.
CKDIR Select the internal clock or external clock.
STPS Select the stop bit.
PRY, PRYE Select whether parity is included and whether odd or even.
uocCo CLKO, CLK1 Select the count source for the UOBRG register.
TXEPT Transmit register empty flag
NCH Select TXDO pin output mode.
CKPOL Setto 0.
UFORM Select LSB first or MSB first when transfer data is 8 bits long.
Set to 0 when transfer data is 7 bits or 9 bits long.
uoC1 TE Set to 1 to enable transmission.
TI Transmit buffer empty flag
RE Set to 1 to enable reception.
RI Receive complete flag
UOIRS Select the UARTO transmit interrupt source.
UORRM Set to 0.

Notes:

1. The bits used for transmission/receive data are as follows:
- Bits b0 to b6 when transfer data is 7 bits long
- Bits b0 to b7 when transfer data is 8 bits long
- Bits b0 to b8 when transfer data is 9 bits long

2. The contents of the following are undefined:
- Bits 7 and 8 when the transfer data is 7 bits long
- Bit 8 when the transfer data is 8 bits long
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R8C/32D Group 20. Serial Interface (UARTO)

 Transmit Timing Example When Transfer Data 8 Bits is Long (Parity Enabled, One Stop Bit)

TC

SN

Transfer clock T
TEbitin [}
UOC1 register 1

/Data is set in UOTB register.
Tl bitin

UOCT register Mm

T
Pulsing stops because TE bit is set to 0.
1}

I I

Data transfer from UOTB register to
gtArlt:(TO transmit register
al

TXDO e ST DO | D1
TXEPT bit in
UOCO register
IR bitin f
SOTIC register
\ /
Set to 0 when an interrupt request is acknowledged or by a program.
The above applies when: ) TC=16(n+1)/fior 16 (n+ 1) /fEXT
« PRYE b.'t in UOMR reg_lster =1 (parity enat_;led) fj: Frequency of UOBRG count source (f1, {8, 32, fC)
+ STPS bit in UOMR register = 0 (one stop bit) fEXT: Frequency of UOBRG count source (external clock)
« UOIRS bit in UOCT register = 1 n: Setting value in UOBRG register

(interrupt request generation when transmission is completed)

« Transmit Timing Example When Transfer Data is 9 Bits Long (Parity Disabled, Two Stop Bits)
TC

SN

wesss 7| [ U LULU UL UL U LU UL
-

i

TE bitin
UOCT register J | |
! / Data is set in UOTB register.

Tl bit in
UOCT register \

Data transfer from UOTB register to

gtgfﬂ—o transmit register Stop Stop
bit bit  bit
o~ \sn oo e e e o o oo o e o (o)

TXEPT bit in
UOCO register

IR bit in
SOTIC register
\ _—

Set to 0 when an interrupt request is acknowledged or by a program.

The above applies when:
« PRYE bit in UOMR register = 0 (parity disabled)
« STPS bit in UOMR register = 1 (two stop bits)
« UOIRS bit in UOCT register = 0
(interrupt request generation when the transmit buffer is empty)

TC=16(n+1)/fior16 (n+ 1) /fEXT
fj: Frequency of UOBRG count source (f1, 8, {32, fC)
fEXT: Frequency of UOBRG count source (external clock)
n: Setting value in UOBRG register

Figure 20.6  Transmit Timing in UART Mode
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R8C/32D Group 21. Serial Interface (UART2)

21. Serial Interface (UART2)
The serial interface consists of three channels, UARTO to UART?2. This chapter describes the UART2.

21.1 Overview

UART? has a dedicated timer to generate a transfer clock.
Figure 21.1 shows a UART?2 Block Diagram. Figure 21.2 shows a Block Diagram of UART?2 Transmit/Receive
Unit. Table 21.1 lists the Pin Configuration of UART?2.

UART? has the following modes:

* Clock synchronous serial [/O mode

* Clock asynchronous serial /O mode (UART mode)
* Special mode 1 (I2C mode)

* Multiprocessor communication function

DF2EN = 1
Digital filter o
RXD2 ()—e
DF2EN =0
TXD TXD2
RXD polarity polarity
switching circuit [ | switching 4@
SMD2 to SMDO circuit
UART reception Receive
1/16 :
. = 010b, 100b, 101b, 110b ch Reception clock .
Clock source selection o= control circuit Transmit/
o | A
CLK1 to CLKO =001b ! receive
CKDIR i
“ ig?::‘x CSDIR Piemal t‘lezgl?slit(eGr Clock synchronous type : unit
— = T
fsfg =105 0 R 1/(ned e UART transmission | | Transmit
ic—™ o (n+1) =7000, 1015, 1106 | I, | | Transmission | | clock
CKDIR[T® —001b. 010b control circuit
=1 | cKkDR - 2
external Clock synchronous type
Clock synchronous type
(internal clock selected)
12 CKDIR =0 \O
CKDIR=1]
Clock synchronous type
Clock synchronous type (external clock selected)
CKPOL (internal clock selected)
CLK
polarity
CLK2 G switching AN
circuit
o TS/RTS disabled
CTS/RTS selected % BTS2
[ — o
CTS2/RTS2 CRS=1 RN
CRS=0 GRD -0 CTS/RTS disabled
=2 CTs2
CRD=1
VSS

SMD2 to SMDO, CKDIR: Bits in U2MR register n: Sefting value in U2BRG register

CLK1, CLKO, CKPOL, CRD, CRS: Bits in U2CO0 register
DF2EN: Bit in URXDF register

Figure 21.1 UART2 Block Diagram
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R8C/32D Group 21. Serial Interface (UART2)

21.3.3 LSB First/MSB First Select Function
Use the UFORM bit in the U2CO register to select the transfer format. Figure 21.5 shows the Transfer Format.

(1) UFORM Bit in U2CO0 Register = 0 (LSB first)

ce ] L) UL UL
TXD2 X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7
RXD2 X Do X b1 X D2 X D3 X D4 X D5 X D6 X D7

(2) UFORM Bit in U2C0 Register = 1 (MSB first)

TXD2 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
RXD2 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

The above applies when:
« CKPOL bit in U2CO0 register = 0
(transmit data output at the falling edge and receive data input
at the rising edge of the transfer clock)
« U2LCH bit in U2C1 register = 0 (not inverted)

Figure 21.5  Transfer Format

21.3.4 Continuous Receive Mode

In continuous receive mode, receive operation is enabled when the receive buffer register is read. It is not
necessary to write dummy data to the transmit buffer register to enable receive operation in this mode.
However, a dummy read of the receive buffer register is required when starting the operating mode.

When the U2RRM bit in the U2C1 register is set to 1 (continuous receive mode), the TI bit in the U2C1 register
is set to O (data present in the U2TB register) by reading the U2RB register. If the U2ZRRM bit is set to 1, do not
write dummy data to the U2TB register by a program.
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R8C/32D Group 21. Serial Interface (UART2)

21.4.4 Serial Data Logic Switching Function

The data written to the U2TB register has its logic inverted before being transmitted. Similarly, the received

data has its logic inverted when read from the U2RB register. Figure 21.10 shows the Serial Data Logic
Switching.

(1) U2LCH bit in U2C1 Register = 0 (not inverted)

Transferclock||||||||||||||||||||_||_||_||—

%?ﬁwenem \_sT {00 X D1 D2 D3 {04 \ D5 X D6 X D7 P ) sP

(2) U2LCH Bit in U2C1 Register = 1 (inverted)

Transferclock||||—||_||—||—||—||—||—||—||—||—||—||—
TXD2

(inverted) \sT (Do D1 \D2 \D3 \Da D5 D6 \D7 X\ P J SP
ST: Start bit
P: Parity bit
The above applies when: SP: Stop bit

o CKPOL bit in U2CO0 register = 0 (transmit data output at the falling edge of the transfer clock)
o UFORM bit in U2CO0 register = 0 (LSB first)

o STPS bit in U2MR register = 0 (one stop bit)
* PRYE bit in U2MR register = 1 (parity enabled)

Figure 21.10 Serial Data Logic Switching

21.45 TXD and RXD 1/O Polarity Inverse Function

This function inverts the polarities of the TXD2 pin output and RXD2 pin input. The logic levels of all I/O data
(including bits for start, stop, and parity) are inverted. Figure 21.11 shows the TXD and RXD I/O Inversion.

(1) IOPOL Bit in U2MR Register = 0 (not inverted)

Transferclock||||||||||||||||||||||||||
TXD2

(not inverted) \ ST ADo X D1 \ D2 kD3 X D4 X D5 X D6 X D7 X P ) SP
(F;)c()tDiivened) \ s7 (Do D1 D2 D3 \ D4 \D5 \D6 \D7 X P Y sP

(2) IOPOL Bit in U2MR Register = 1 (inverted)

TXD2

(inverted) / ST \ DO X DY \ D2 D3 \ D4 f D5 \ D6 \ D7 k_P ) _SP
RXD2 — —— —
(inverted) / sT \ DO X DY \ D2 D3 \ D4 f D5 \ D6 \ D7 k_P ) _SP
ST: Start bit
. P: Parity bit
The above applies when: SP: Stop bit

e UFORM bit in U2CO register = 0 (LSB first)
e STPS bit in U2MR register = 0 (one stop bit)
e PRYE bit in U2MR register = 1 (parity enabled)

Figure 21.11 TXD and RXD I/O Inversion
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R8C/32D Group 21. Serial Interface (UART2)

(1) HCM2 = 0 (ACK and NACK interrupts), CKPH = 0 (no clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

sce LI LI LTI
spaz _ X D7 XD X 05 X D4 X 03 X D2 X D1 X Do XD8 (ACK, NACK)
T
ACK interrupt, NACK interrupt

f

Transfer to U2RB register

bi5 b9 b8 b7 b0
I:ll |[)gID7|D6ID5IDAID3ID2ID1IDO|

U2RB register contents

(2) NICM2 = 0, CKPH = 1 (with clock delay)

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

see | LT
spaz X 07 X 06 X 05 X b4 X b3 X b2 X b1 X Do X D8 (ACK, NACK)
T

ACK interrupt, NACK interrupt

?

Transfer to U2RB register

bi5 b9 b8 b7 b0
|:|| [ o8] o7 o6 [ s pa] ps[ p2] 1] oo]

U2RB register contents

(3) HCM2 = 1 (UART transmit/receive interrupt), CKPH =0

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCL2

spaz X D7 X 06 X 05 X b4 X 03 X p2 X D1 X Do X D8 (ACK, NACK)
tt

Receive interrupt  Transmit interrupt

f

Transfer to U2RB register

bi5 b9 bs b7 b0
|:|| [oo] =Jo7[ps]os]pa] ps]p2] b1]

U2RB register contents

(4) ICM2 = 1, CKPH = 1

1st bit 2nd bit 3rd bit 4th bit 5th bit 6th bit 7th bit 8th bit 9th bit

SCL2

spaz X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 X D8 (ACK, NACK)
£t

Receive interrupt Transmit interrupt

Transfer to U2RB register  Transfer to U2RB register

b15 b3 b8 b7 b0 bi5 by b8 b7 b0
[J- CToel=Tor]oe]os o [oa[o2]or] []--- [_Loe o [osos[os]os o2t [o0]
U2RB register contents U2RB register contents

The above applies when:
« CKDIR bit in U2MR register = 0 (master selected)

Figure 21.14 Transfer to U2RB Register and Interrupt Timing
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R8C/32D Group

21. Serial Interface (UART2)

21.5.1 Detection of Start and Stop Conditions

Whether a start or a stop condition has been detected is determined.

A start condition detect interrupt request is generated when the SDA2 pin changes state from high to low while
the SCL2 pin is in the high state. A stop condition detect interrupt request is generated when the SDA2 pin

changes state from low to high while the SCL2 pin is in the high state.

Because the start and stop condition detect interrupts share an interrupt control register and vector, check the
BBS bit in the U2SMR register to determine which interrupt source is requesting the interrupt.

Figure 21.15 shows the Detection of Start and Stop Conditions.

5 cycles of f1 < Setting up duration
5 cycles of f1 < Holding duration

Holding
duration

Setting up

. 1

1 duration I

I

SCL2 : i
SDA2 +
(Start condition) '
i
SDA2 1

(Stop condition)

Figure 21.15 Detection of Start and Stop Conditions
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R8C/32D Group 24. Flash Memory

| | Command sequence error | |

v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

v

Check if the command is properly input

( Re-execute the command )

Full status check

Erase error/
| blank check error

v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

| Command sequence error

No

Is the lock bit disabled? Set FMR13 bit to 1 |—

The erasure target block
cannot be used

Yes Erase error/
-1?
FST5 =17 blank check error

No

Erase command
Re-execution times < 3 times?

<
<

4
( Re-execute the block erase command )

Yes
FST4=1? Program error | |

No

| | Program error | |

v

Execute the clear status register command
(Set bits FST4 and FST5
in the FST register to 0)

A 4

Full status check completed )

Is the lock bit disabled? Set FMR13 bit to 1

Specify an address other than the write
address where the error occurs ()
as the program address

Note: <
1. To rewrite to the address where the program error occurs, ensure that A 4
the full status check completes normally and write to the address ( Re-execute the program command ) FST4, FSTS: Bits in FST register
after the block erase command is executed. FMR13: Bits in FMR1 register

Figure 24.15 Full Status Check and Handling Procedure for Individual Errors
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R8C/32D Group

26. Electrical Characteristics

Table 26.3  A/D Converter Characteristics
- Standard )
Symbol Parameter Conditions i Typ. Max. Unit
- Resolution Vret = AVCC - - 10 Bit
- Absolute accuracy 10-bit mode | Vref=AVcc=5.0V | AN8 to AN11 input - - 3 LSB
Vref = AVcc=3.3V | AN8 to AN11 input - - 15 LSB
Vref=AVcc=3.0V | AN8 to AN11 input - - 15 LSB
Vref=AVcc=2.2V | AN8 to AN11 input - - 15 LSB
8-bit mode Vref = AVcc=5.0 V ANB8 to AN11 input - - 2 LSB
Vref = AVcc=3.3V | AN8 to AN11 input - - 12 LSB
Vref = AVcc=3.0V | AN8 to AN11 input - - 12 LSB
Vref = AVcc=2.2V | AN8 to AN11 input - - 12 LSB
¢AD A/D conversion clock 4.0V < Vref=AVcc <55V (@ 2 - 20 MHz
3.2V < Vief = AVcc<5.5V () 2 - 16 MHz
2.7V < Vrief =AVcc <5.5V (2) 2 - 10 MHz
2.2V < Vet =AVcc <55V () 2 - 5 MHz
- Tolerance level impedance - 3 - kQ
tconv Conversion time 10-bit mode | Vref = AVcc = 5.0V, ¢AD = 20 MHz 2.15 - - us
8-bit mode Vref = AVcc = 5.0 V, $AD = 20 MHz 2.15 - - us
tsamp Sampling time $AD =20 MHz 0.75 - - us
IVret Vref current Vcec =5V, XIN =f1 = AD = 20 MHz - 45 - pA
Vref Reference voltage 2.2 - AVce \
Via Analog input voltage () 0 - Vref \
OCVREF | On-chip reference voltage 2 MHz < ¢AD <4 MHz 1.19 1.34 1.49 \"
Notes:

1. Vcc/AVee = Vref =2.210 5.5V, Vss = 0 V at Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise
specified.

2. The A/D conversion result will be undefined in wait mode, stop mode, when the flash memory stops, and in low-current-
consumption mode. Do not perform A/D conversion in these states or transition to these states during A/D conversion.

3. When the analog input voltage is over the reference voltage, the A/D conversion result will be 3FFh in 10-bit mode and FFh in

8-bit mode.
Table 26.4 Comparator B Electrical Characteristics
Standard
Symbol Parameter Condition - Unit
Min. Typ. Max.

Vref IVREF1, IVREFS input reference voltage 0 - Vcc-1.4 \
Vi IVCMP1, IVCMP3 input voltage -0.3 - Vce + 0.3 \
- Offset - 5 100 mV
td Comparator output delay time (2) Vi = Vref £ 100 mV - 0.1 - us
lcmp Comparator operating current Vcc=5.0V - 17.5 - pA
Notes:

1. Vec=2.7105.5V, Topr = —20 to 85°C (N version) / —40 to 85°C (D version), unless otherwise specified.
2. When the digital filter is disabled.
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R8C/32D Group 27.Usage Notes

27.8.3 Time Reading Procedure of Real-Time Clock Mode

In real-time clock mode, read registers TRESEC, TREMIN, TREHR, and TREWK when time data is updated
and read the PM bit in the TRECR1 register when the BSY bit is set to 0 (not while data is updated).

Also, when reading several registers, an incorrect time will be read if data is updated before another register is
read after reading any register.

In order to prevent this, use the reading procedure shown below.

¢ Using an interrupt
Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register in the timer RE interrupt routine.

* Monitoring with a program 1
Monitor the IR bit in the TREIC register with a program and read necessary contents of registers TRESEC,
TREMIN, TREHR, and TREWK and the PM bit in the TRECR1 register after the IR bit in the TREIC register
is set to 1 (timer RE interrupt request generated).

* Monitoring with a program 2

(1) Monitor the BSY bit.

(2) Monitor until the BSY bit is set to O after the BSY bit is set to 1 (approximately 62.5 ms while the BSY bit
is set to 1).

(3) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register after the BSY bit is set to 0.

* Using read results if they are the same value twice
(1) Read necessary contents of registers TRESEC, TREMIN, TREHR, and TREWK and the PM bit in the
TRECRI register.
(2) Read the same register as (1) and compare the contents.
(3) Recognize as the correct value if the contents match. If the contents do not match, repeat until the read
contents match with the previous contents.
Also, when reading several registers, read them as continuously as possible.
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