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CHAPTER 2 PIN FUNCTIONS

2.1.2 100-pin products

(1/3)
Function Name | Pin Type 1/0 After Reset Alternate Function Function
Release
P00 8-1-3 1/0 Input port RxD2/IrRxD/VCOUTO Port 0.
PO1 7-1-4 TXD2/IFTXD/VCOUT1 8-bit I/0 port.
Input/output can be specified in 1-bit units.
P02 SCL10/TIO7/TO07/INTPS Use of an on-chip pull-up resistor can be specified
P03 8-1-4 RxD1/TI06/TO06/ by a software setting at input port.
SDA10/(VCOUTO) Input of POO, P03, P05, and P06 can be setto TTL
P04 7-1-4 TXD1/TIO5/TO05/INTP4/ | input buffer.
(VCOUT1) Output of PO1 to P07 can be set to N-ch open-
drain output (Voo tolerance).
P05 8-1-4 SCKO00/SCLO0/TI04/
TOO4/INTP3
P06 SI00/RxDO/TI03/TO03/
SDAOO/TOOLRXD
pPo7 7-1-4 SO00/TxDO/TI02/TO02/
INTP2/TOOLTXD
P10 7-5-4 1/0 Digital input | SEG4 Port 1.
P11 invalid™**  ['gegs 8-bit 1/0 port.
Input/output can be specified in 1-bit units.
P12 SEG6 Use of an on-chip pull-up resistor can be specified
P13 SEG7 by a software setting at input port.
P14 SEGS Input of P15 and P16 can be set to TTL input
buffer.
P15 8-5-10 SEGO/(SCK00)/(SCLOO) Output of P15 to P17 can be set to N-ch open-
P16 SEG10/(SI00)/(RxD0)/ drain output (Voo tolerance).
(SDA00) Can be set to LCD output"**®?,
P17 7-5-10 SEG11/(SO00)/(TxDO0)
P20 4-3-3 110 Analog input | AVrerr/ANIO Port 2.
P21 port AVrerw/ANIL 6-bit I/0 port.
Input/output can be specified in 1-bit units.
P22 4-9-2 ANI2/IVCMPO/IVREF1 Can be set to analog inputNute 3
P23 ANI3/IVCMP1/IVREFO
P24 4-3-3 ANI4
P25 ANI5
P30 7-5-4 /10 Digital input | SEG24/(TI07)/(TOQ7) Port 3.
H : yNote 1 .
P31 invalid SEG25/(TI06)/(TO06) 8-bit I/O port.
Input/output can be specified in 1-bit units.
P32 SEG26/(PCLBUZ1) Use of an on-chip pull-up resistor can be specified
P33 SEG27/(PCLBUZ0) by a software setting at input port.
P34 SEG28 Can be set to LCD output"**®?,
P35 SEG29
P36 SEG30
P37 SEG31
Notes 1. *“Digital input invalid” refers to the state in which all the digital outputs, digital inputs, and LCD outputs are

disabled.
2. Digital or LCD for each pin can be selected with the port mode register x (PMx) and the LCD port function
register x (PFSEGX) (can be set in 1-bit unit).
3. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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CHAPTER 3 CPU ARCHITECTURE

RET

<1>

Instruction code

Figure 3-36. Example of RET

OP-code

<1>
— L,

» Stack addressing is specified <1>.

» The contents of addresses SP, SP + 1, and SP + 2 are stored
in PC bits 7 to 0, 15 to 8, and 19 to 16, respectively <2>.
e The value of SP <3> is increased by four.

Instruction code

OP-code

or

Interrupt

Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the

<1>

SP+4
SP SP+3 (SP+3)
SP+2 (SP+2) Stack
SP+1 (SP+1) area
sp 1= sp (SP)
///\_\/ '
<2> FOOOOH
PC
Memory
Figure 3-37. Example of Interrupt, BRK
PSW <2>
\/\ ‘
°P sP-1 | PSW Stack
SP-2 |, PC19-PC16 area
sp-3 A, PC15-PC8
sp <3>SP-4 PC7 - PCO
4
<2> FOOOOH
PC
Memory

program counter (PC) changes to indicate the address of
the next instruction.
The values of the PSW, PC bits 19 to 16, 15to0 8, and 7 to
0 are stored in addresses SP - 1, SP - 2, SP - 3, and

SP - 4, respectively <2>.
e The value of the SP <3> is decreased hy 4.
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CHAPTER 4 PORT FUNCTIONS

4.3.8 Peripheral I/O redirection register (PIOR)
This register is used to specify whether to enable or disable the peripheral I/O redirect function.
This function is used to switch ports to which alternate functions are assigned.
Use the PIOR register to assign a port to the function to redirect and enable the function.

In addition, can be changed the settings for redirection until its function enable operation.
The PIOR register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Address: FOO77H

Figure 4-8. Format of Peripheral I/0 Redirection Register (PIOR)

After reset: 00H R/W

Symbol 7 6 4 3 2 1 0
PIOR 0 0 PIOR4 PIOR3 PIOR2 | PIORL | PIORO
Bit Function 80-pin 100-pin

Setting value Setting value

1 0 1

PIOR4 INTPO"* P137 P70 P137 P70
INTP1 P125 P71 P125 P71

INTP2 P07 P72 P07 P72

INTP3 P05 P73 P05 P73

INTP4 P04 P74 P04 P74

INTP5 P02 P75 P02 P75

INTP6 P44 P76 P44 P76

INTP7 P42 P77 P42 P77

PIOR3 PCLBUZO P43 P33 P43 P33
PCLBUZ1 P41 P32 P41 P32

VCOUTO P00 P03 P00 P03

VCOUT1 PO1 P04 PO1 P04

RTC1HZ P130 P62 P130 P62

PIOR2 TxD1 P04 P82 P04 P82
RxD1 P03 P81 P03 P81

SCL10 P02 P80 P02 P80

SDA10 PO3 P81 P03 P81

PIOR1 TxDO P07 P17 P07 P17
RxDO P06 P16 P06 P16

SCLOO P05 P15 P05 P15

SDAOO P06 P16 P06 P16

SI00 P06 P16 P06 P16

SO00 PO7 P17 PO7 P17

SCKO00 P05 P15 P05 P15

PIORO TI00/TO00 P43 P60 P43 P60
TI01/TO01 P41 P61 P41 P61

TI02/TO02 P07 P62 P07 P62

TI03/TO03 P06 P127 P06 P127

TI04/TO04 P05 P126 P05 P126

TI0O5/TO05 P04 P125 P04 P125

TI06/TO06 P03 P31 P03 P31

TI07/TO07 P02 P30 P02 P30

Note Uses a battery backup function and the P137 pin is enabled when supplying power from VBAT.

When the INTPO function is assigned to P70, note that the interrupt function is disabled when supplying power
from VBAT.
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CHAPTER 5 CLOCK GENERATOR

RL78/I11B
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RL78/I11B CHAPTER 5 CLOCK GENERATOR

(1) X1 oscillation:
As of March, 2014 (1/2)

Manufacturer Resonator Part Number SMD/ |Frequency| Flash Recommended Circuit | Oscillation Voltage
Lead (MHz) | operation |Constants™°*®? (reference) Range (V)
mode™** o1 (oF) [c2 (R |Rd (k)| MIN. | mAx.

Murata Ceramic CSTCC2M00G56-R0 SMD 2.0 LS 47) 47) 0 1.9 55

Manufactuing | resonator | csTcRAMO0GSS-R0 | SMD 40 39 | (39 0

Co. CSTLS4M00G53-B0 | Lead 15 | @s) 0
CSTCR4M19G55-R0 | SMD 4.194 (39) | (39) 0
CSTLS4M19G53-B0 Lead @1s) | (5) 0
CSTCR4M91G53-R0 SMD 4.915 (15) (15) 0
CSTLS4M91G53-B0 Lead (15) | (@5) 0
CSTCR5M00G53-R0 | SMD 5.0 @1s) | (@5) 0
CSTLS5M00G53-B0 Lead @15 | (5) 0
CSTCR6M00G53-R0 | SMD 6.0 (15) | (@5) 0
CSTLS6M00G53-B0 Lead @1s) | (5) 0
CSTCE8M00G52-R0 | SMD 8.0 (10) | (10) 0
CSTLS8M00G53-B0 Lead (15) | (@5) 0
CSTCE8M38G52-R0 SMD 8.388 HS (10) (20) 0 2.4 5.5
CSTLS8M38G53-B0 Lead @15 | (5) 0
CSTCE10M0G52-R0 | SMD 10.0 (10) | (o) 0
CSTLS10MOG53-B0 Lead @1s) | (15) 0
CSTCE12M0G52-R0 | SMD 12.0 (10) | (10) 0
CSTCE16MOV53-RO | SMD 16.0 (15) | (@5) 0
CSTLS16M0X51-B0 Lead (5) (5) 0
CSTCE20M0V51-R0O SMD 20.0 (5) (5) 0 2.7 5.5
CSTLS20M0X51-B0 Lead (5) (5) 0

Notes 1. Set the flash operation mode by using CMODE1 and CMODEDQO bits of the option byte (000C2H).
2. Values in parentheses in the C1 and C2 columns indicate an internal capacitance.
3. When using this resonator, for details about the matching, contact Murata Manufacturing Co., Ltd.
(http://www.murata.com).

Remark Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V<Vop <5.5 V@1 MHz to 24 MHz
24V <Vop<55V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.9V <Vop <5.5V@1 MHz to 8 MHz

ROLUHO0407EJ0210 Rev.2.10 RENESAS 166
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CHAPTER 7 TIMER ARRAY UNIT

7.3.12 Timer output mode register m (TOMm)

The TOMm register is used to control the timer output mode of each channel.

When a channel is used for the independent channel operation function, set the corresponding bit of the channel to be

used to 0.

When a channel is used for the simultaneous channel operation function (PWM output, one-shot pulse output, or
multiple PWM output), set the corresponding bit of the master channel to 0 and the corresponding bit of the slave channel

to 1.

The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset while

the timer output is enabled (TOEmn = 1).
The TOMm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TOMm register can be set with an 8-bit memory manipulation instruction with TOMmL.

Reset signal generation clears this register to 0000H.

Address: FO1BEH, FO1BFH  After reset: 0000H R/W

Figure 7-21. Format of Timer Output Mode register m (TOMm)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TOMmM 0 0 0 0 0 0 0 0 [TOM |TOM | TOM | TOM | TOM | TOM | TOM
m7 m6 m5 m4 m3 m2 ml
TOM Control of timer output mode of channel n
mn
0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))
1 Slave channel output mode (output is set by the timer interrupt request signal (INTTMmn) of the master
channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)
Caution Be sure to clear bits 15to 8, and 0 to “0”.

Remark m: Unit number (m = 0)

n: Channel number
n=0to7 (n=0, 2, 4, 6 for master channel)
p: Slave channel number

n<p<7

(For details of the relation between the master channel and slave channel, see 7.4.1 Basic rules of
simultaneous channel operation function.)
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CHAPTER 7 TIMER ARRAY UNIT

7.5.2 Start timing of counter
Timer count register mn (TCRmn) becomes enabled to operation by setting of TSmn bit of timer channel start register

m (TSm).

Operations from count operation enabled state to timer count Register mn (TCRmn) count start is shown in Table 7-5.

Table 7-5. Operations from Count Operation Enabled State to Timer Count Register mn (TCRmn) Count Start

Timer Operation Mode

Operation When TSmn = 1 Is Set

Interval timer mode

No operation is carried out from start trigger detection (TSmn=1) until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
7.5.3 (1) Operation of interval timer mode).

Event counter mode

Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn
register.

If detect edge of TImn input. The subsequent count clock performs count down
operation (see 7.5.3 (2) Operation of event counter mode).

Capture mode

No operation is carried out from start trigger detection (TSmn = 1) until count
clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 7.5.3 (3) Operation of capture
mode (input pulse interval measurement)).

One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
7.5.3 (4) Operation of one-count mode).

Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 7.5.3 (5) Operation of capture &
one-count mode (high-level width measurement)).
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RL78/I11B CHAPTER 7 TIMER ARRAY UNIT

Figure 7-44. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(&) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMN  |cksmn1/CKSmno| ccsmn | Mis™°* [sTSmn2|STSmn1|STSmno|CiSmn1 |ciSmno MDmn3 | MDmn2 | MDmn1 | MDmnO

1/0 | 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L1 [ [ [ [ \_'_|

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

| Selection of TImn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode

|___Count clock selection
0: Selects operation clock (fuck).

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)

Bit n
TOm TOmn 0: Outputs 0 from TOmn.
1/0 1: Qutputs 1 from TOmn.

(c) Timer output enable register m (TOEm)

Bit n
TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
1/0 1: Enables the TOmn output operation by counting operation.

Note TMRm2, TMRm4, TMRm6: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO, TMRmM5, TMRmM7: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n =0 to 7)

RO1UHO0407EJ0210 Rev.2.10 RENESAS 235
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RL78/I11B CHAPTER 8 REAL-TIME CLOCK 2

<R> Figure 8-1. Real-time Clock 2 Diagram

Real-time clock control register 1 Real-time clock control register 0

WUTMM | Subsystem clock suppl,
| WALE ‘ WALIE ‘ RITE |WAFG RIFG ‘ RWST ‘RWAIT | RTCE [RCLOSEL |RCLOE1 | AMPM [ CT2 ‘ CT1 ‘ CTo | | CKO ml:)deycontrol regislltjer:rzéSMC)
RTC1HZ
S
5]
£
[
»n
High accuracy 1 Hz T
Al; k i o
arm weel Alarm hour Alarm minute output circuit Nt RCLOSEL
register register register
(ALARMWW) (ALARMWH) (ALARMWM) Normal 1 Hz output mode/
(7-bit) (6-bit) (7-bit) fin (= 24 MHz) high accuracy 1 Hz output mode switching
INTRTC
CTO0-CT2
RIFG
s
]
o)
[
n
J
AMPM RITE
RWST RWAIT INTRTIT Note2
1 year 1 month 1 day 1 hour 1 minute 1 seconds sgbsnds
Year count Month count Week count Day count Hour count Minute count Sceownf:d Internal
register register register register register register regli-;ter - counter
(YEAR) |~—] (MONTH) week) LI (@AY) |l ] (HOUR) (MIN) (SEC) Wait (16-bit) farc
(8-bit) (5-bit) (3-bit) (6-bit) (6-bit) (7-bit) (7-bit) control I 5
o
! { 3
Count Watch error
enable/ correction
disable (;SSBEISE))
ircui WUTMMCKO
circuit (16-bit)
Buffer Buffer Buffer Buffer Buffer Buffer Buffer RTEE
{} {} ﬂ ﬁ ﬁ ﬁ ﬁ Correction Circuit

S Internal bus

Notes 1. A high-speed on-chip oscillator (HOCO: 24 MHz) can be used for high precision 1 Hz output. HOCO must be
set to ON in order to run in high precision 1 Hz output mode. To run in normal 1 Hz mode, there is no need to

set HOCO to ON.
2. An interrupt that indicates the timing to get the correction value from the clock error correction register

(SsuBcCuUD).
The fetch timing is 1 second (fsue base) interval.
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CHAPTER 18 SERIAL ARRAY UNIT

Figure 18-2 shows the block diagram of the serial array unit 1.

<R>

Peripheral enable
register 0 (PERO)

Figure 18-2. Block Diagram of Serial Array Unit 1

Serial output register 1 (SO1)

Noise filter enable
register 0 (NFENO)

| ° ‘ ° ‘ ° ‘ 0 | ! ‘ ! ‘

T oo o[- -] =

Serial clock select register 1 (SPS1)

Serial channel
enable status

SAULEN PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS register 1 (SE1)
113 112 111 110 103 102 101 100 Serial channel
T T T I T T T start register 1
(SS1)
4 Serial channel
stop register 1
Serial output
enable register 1
feuk —>| Prescaler (SOE1)
few/2° to fewd2's fow/2° to Serial output
fo215 level register 1
(SOL1)
>| Selector | | Selector |<7
/ Serial data register 10 (SDR10) \
Channel 0 T
CK11 CK10 | (Clock division setting block) | (Buffer register block) | Output fatch
Serial data output pin

Selector

Selector
Clock controller

Shift register

Output
controller

— Interrupt |—» Serial transfer end interrupt
Communication controller controller (when UART2: INTST2)
Mode selection Serial flag clear trigger
(f UART2 register 10 (SIR10)
for
| ol PECT O\I/gT
Serial data input pin | 10
(when UART2: RxD2) detection A cg
(when IrDA: IrRxD) =8
ga
1 é
SNFEN20 Error controller
|u<sm‘ccsm‘ STSlO‘ ssw‘mmoz‘ MD101‘MD100| £
o
Serial mode register 10 (SMR10) ’—» Error
I information
r_l—\ 1 ‘ [ [ 1 T 1 I I
TXE | RXE | paP | ckp | EOC | PTC | PTC | DIR | Sic | sic | bLs | bLs | TSF ‘ BFF ‘ PEF ‘ ovF |
10 10 10 10 10 | 101 | 100 | 10 | 101 | 100 | 101 | 100 10 10 10 10
When UART2 \ Serial communication operation setting register 10 (SCR10) Serial status register 10 (SSR10) /
CK11 * ‘ CK10
Channel 1

Communication controller

Serial transfer end interrupt

\

(when UART2: INTSR2)
Mode selection
UART2
(for reception)

Error controller

Serial transfer error interrupt

detection

(INTSRE2)

(when UART2: TxD2)
(when IDA: IrTxD)
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Figure 18-52. Procedure for Resuming Slave Transmission

<Starting setting for resumpti@

Completing master
preparations?

. Wait until stop the communication target
(Essential)
(master)

Disable data output of the target channel

Port manipulation by setting a port register and a port
mode register.

(Selective)

Re-set the register to change the operation
. Changing setting of the SPSm register .
(Selective) clock setting.

Re-set the register to change the transfer

(Selective) Changing setting of the SDRmn register baud rate setting (setting the transfer clock
by dividing the operation clock (fuck)).

Re-set the register to change serial

Changing setting of the SMRmn register

(Selective) mode register mn (SMRmn) setting.

Re-set the register to change serial

communication operation setting register
mn (SCRmn) setting.

Changing setting of the SCRmn register

(Selective)

If the OVF flag remain set, clear this

(Selective) Clearing error flag using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to “0” to stop output
from the target channel.

(Selective) Changing setting of the SOEm register

Chani ing of the SO < Set the initial output level of the serial
. anging setting or the m register
(Essential) gng 9 g data (SOmn).

Set the SOEmn bit to “1” and enable

Changing setting of the SOEm regist
anging seting o the SL=m register output from the target channel.

(Essential)

Enable data output of the target channel

Port manipulation by setting a port register and a port mode

(Essential)

register.

Set the SSmn bit of the target channel to “1”
(SEmn = 1: to enable operation).

(Essential) Writing to the SSm register

Sets transmit data to the SIOp register (bits
(Essential) Starting communication 7 to 0 of the SDRmn register) and wait for a

clock from the master.
@mpleting resumption setti@

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait
until the transmission target (master) stops or transmission finishes, and then perform

initialization instead of restarting the transmission.
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19.5 I1°C Bus Definitions and Control Methods

The following section describes the I°C bus's serial data communication format and the signals used by the I°C bus.

Figure 19-14 shows the transfer timing for the “start condition”, “address”, “data”, and “stop condition” output via the I’c
bus’s serial data bus.

Figure 19-14. I°C Bus Serial Data Transfer Timing

Start Address RW ACK Data ACK Data ACK  Stop
condition condition

The master device generates the start condition, slave address, and stop condition.
The acknowledge (ACK) can be generated by either the master or slave device (normally, it is output by the device that
receives 8-bit data).

The serial clock (SCLAN) is continuously output by the master device. However, in the slave device, the SCLAnN pin low
level period can be extended and a wait can be inserted.

19.5.1 Start conditions

A start condition is met when the SCLAN pin is at high level and the SDAAnN pin changes from high level to low level.
The start conditions for the SCLAn pin and SDAAnN pin are signals that the master device generates to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 19-15. Start Conditions

SCLAN

SDAAN

A start condition is output when bit 1 (STTn) of IICA control register nO (IICCTLnO) is set (1) after a stop condition has
been detected (SPDn: Bit 0 of the IICA status register n (IICSn) = 1). When a start condition is detected, bit 1 (STDn) of
the 1ICSn register is set (1).

Remark n=0
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CHAPTER 19 SERIAL INTERFACE IICA

Figure 19-23. Flow When Setting WUPNn = 0 upon Address Match (Including Extension Code Reception)

e

Yes

WUPNn =0

Wait

Reading 1ICSn

STOP mode state

Waits for 5 clocks of fuck.

Executes processing corresponding to the operation to be executed
after checking the operation state of serial interface IICA.

Use the following flows to perform the processing to release the STOP mode other than by an interrupt request

(INTIICAN) generated from serial interface [ICA.

* When operating next IIC communication as master: Flow shown in Figure 19-24

« When operating next IIC communication as slave:

When restored by INTIICAn interrupt: Same as the flow in Figure 19-23

When restored by other than INTIICAnN interrupt: Until the INTIICAR interrupt occurs, continue operating with WUPnN
left setto 1

Remark n=0
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RL78/I11B CHAPTER 19 SERIAL INTERFACE IICA

(1) Master operation in single-master system

<R> Figure 19-28. Master Operation in Single-Master System
Setting the PERO register Release the serial interface IICAn from the reset status and start clock supply.
Initializing 1°C busM'¢
Setti + Setting of the port used alternatively as the pin to be used.
etting port First, set the port to input mode and the output latch to 0 (see 19.3.8 Port mode register 6 (PM6)).
IICWLN, IICWHN « XXH Sets a transfer clock.
SVAN « XXH Sets a local address.
IICFn « OXH
Setting STCENN, IICRSVn = o  Sets @ start condition.
Setting ICCTLN1
2
b= IICCTLNO « 0XX111XXB
2 ACKEN = WTIMn = SPIEn = 1
s
= IICCTLNO « 1XX111XXB
- IICEn=1
Setti It Set the port from input mode to output mode and enable the output of the I°C bus
etting pol (see 19.3.8 Port mode register 6 (PM6)).
Yes
Prepares for starting communication
(generates a stop condition).
Waits for detection of the stop condition.
Prepares for starting communication
(generates a start condition).
Starts communication
(specifies an address and transfer
direction).
oceurs? Waits for detection of acknowledge.
Yes
ACKEn=1
WTIMn =0
Starts reception.
=
£
@
S
o interrupt occurs?
s Wa\lslfov data
8 Yes reception.
T
£ Reading IICAn
5
£
£
S
o
End of transfer?
Yes
Waits for detection
of acknowledge.

Note Release (SCLANn and SDAAn pins = high level) the I°C bus in conformance with the specifications of the product
that is communicating. If EEPROM is outputting a low level to the SDAAnN pin, for example, set the SCLAN pin in
the output port mode, and output a clock pulse from the output port until the SDAAnN pin is constantly at high level.

Remarks 1. Conform to the specifications of the product that is communicating, with respect to the transmission and

reception formats.
2. n=0
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)
(i) When WTIMn =0
STTn=1 SPTn=1
2 2
ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5 A6 A7
A1l:]ICSn = 1000%110B
A2: ICSn = 1000x000B (Sets the WTIMn bit to 1)N°'*
A3: [ICSn = 1000%xx00B (Clears the WTIMn bit to o2 sets the STTn bit to 1)
A4: 1ICSn = 1000x110B
A5: ICSn = 1000x000B (Sets the WTIMn bit to 1) 3
AG6: IICSn = 1000xx00B (Sets the SPTn bit to 1)
AT7:1ICSn = 00000001B
Notes 1. To generate a start condition, set the WTIMn bit to 1 and change the timing for generating the
INTIICAN interrupt request signal.
2. Clear the WTIMn bit to O to restore the original setting.
3. To generate a stop condition, set the WTIMn bit to 1 and change the timing for generating the
INTIICAN interrupt request signal.
Remark A: Always generated
A: Generated only when SPIEn =1
x: Don't care
(i) When WTIMn =1
STTn=1 SPTn=1
2
ST | AD6to ADO | RIW |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toD0 |ACK| SP
Al A2 A3 A4 A5
A1l: ]ICSn = 1000x110B
A2: ]ICSn = 1000%xx00B (Sets the STTn bit to 1)
A3: ICSn = 1000x110B
A4: ]ICSn = 1000xx00B (Sets the SPTn bit to 1)
A5: 1ICSn = 00000001B
Remark A: Always generated
A: Generated only when SPIEn = 1
x: Don't care
Remark n=0
663
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(i) When WTIMn =1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK| SP

Al A2 A3 A4 A5

Al:1ICSn = 0110x010B
A2:1ICSn = 0010%x110B
A3: 1ICSn = 0010x100B
A4: ]ICSn = 0010xx00B
A5: [ICSn = 00000001B

Remark A: Always generated
A: Generated only when SPIEn = 1
x: Don't care

(6) Operation when arbitration loss occurs (no communication after arbitration loss)

When the device is used as a master in a multi-master system, read the MSTSn bit each time interrupt request
signal INTIICAnN has occurred to check the arbitration result.

(@) When arbitration loss occurs during transmission of slave address data (when WTIMn = 1)

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2

A1: ]ICSn =01000110B
A2:11ICSn = 00000001B

Remark A: Always generated
A: Generated only when SPIEn =1

Remark n=0
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The meanings of <7> to <15> in (3) Data ~ data ~ stop condition in Figure 19-32 are explained below.

<7> After data transfer is completed, because of ACKEnN = 1, the slave device sends an ACK by hardware to the
master device. The ACK is detected by the master device (ACKDn = 1) at the rising edge of the 9th clock.

<8> The master device and slave device set a wait status (SCLAN = 0) at the falling edge of the 9th clock, and
both the master device and slave device issue an interrupt (INTHCAnN: end of transfer).

<9> The master device writes the data to transmit to the IICA shift register n (IICAn) and releases the wait
status that it set by the master device.

<10> The slave device reads the received data and releases the wait status (WRELn = 1). The master device
then starts transferring data to the slave device.

<11> When data transfer is complete, the slave device (ACKEn =1) sends an ACK by hardware to the master
device. The ACK is detected by the master device (ACKDn = 1) at the rising edge of the 9th clock.

<12> The master device and slave device set a wait status (SCLAN = 0) at the falling edge of the 9th clock, and
both the master device and slave device issue an interrupt (INTIICAn: end of transfer).

<13> The slave device reads the received data and releases the wait status (WRELn = 1).

<14> By the master device setting a stop condition trigger (SPTn = 1), the bus data line is cleared (SDAAN = 0)
and the bus clock line is set (SCLANn = 1). After the stop condition setup time has elapsed, by setting the
bus data line (SDAANn = 1), the stop condition is then generated (i.e. SCLAn =1 changes SDAAn from 0 to
1).

<15> When a stop condition is generated, the slave device detects the stop condition and issues an interrupt
(INTIICAR: stop condition).

Remarks 1. <1> to <15> in Figure 19-32 represent the entire procedure for communicating data using the I°Cc
bus.
Figure 19-32 (1) Start condition ~ address ~ data shows the processing from <1> to <6>, Figure 19-
32 (2) Address ~ data ~ data shows the processing from <3> to <10>, and Figure 19-32 (3) Data ~
data ~ stop condition shows the processing from <7> to <15>.
2. n=0
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CHAPTER 23 INTERRUPT FUNCTIONS

The interrupt function switches the program execution to other processing. When the branch processing is finished, the
program returns to the interrupted processing.

Number of interrupt sources

Maskable interrupts External 10

Internal 33

23.1 Interrupt Function Types
The following two types of interrupt functions are used.

(1) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into four priority groups by setting the
priority specification flag registers (PROOL, PROOH, PRO1L, PRO1H, PRO2L, PRO2H, PRO3L, PR10L, PR10H, PR11L,
PR11H, PR12L, PR12H, PR13L).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If two
or more interrupt requests, each having the same priority, are simultaneously generated, then they are processed
according to the default priority of vectored interrupt servicing. Default priority, see Table 23-1.
A standby release signal is generated and STOP, HALT, and SNOOZE modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

(2) Software interrupts
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts are
disabled. The software interrupt does not undergo interrupt priority control.

23.2 Interrupt Sources and Configuration
Interrupt sources include maskable interrupts and software interrupts. In addition, they also have up to seven reset

sources (see Table 23-1). The vector codes that store the program start address when branching due to the generation of
a reset or various interrupt requests are two bytes each, so interrupts jump to a 64 K address of 00000H to OFFFFH.
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CHAPTER 34 ON-CHIP DEBUG FUNCTION

34.1 Connecting E1 On-chip Debugging Emulator

The RL78 microcontroller uses the Voo, RESET, TOOLO, and Vss pins to communicate with the host machine via an E1
on-chip debugging emulator. Serial communication is performed by using a single-line UART that uses the TOOLO pin.

Caution The RL78 microcontroller has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

Also, note that the debug function is disabled when power is supplied from the VBAT pin with the
battery backup function.

Figure 34-1. Connection Example of E1 On-chip Debugging Emulator

E1 target connector RL78 microcontroller

Vob Vob
Voo Vob, EVbpo, EVbp1
Voo/EVob
EMVop
GND
GND Vss, EVsso, EVss1
GND Voo/EVop
777
1kQ
TOOLO TOOLO
Reset_out L RESET
Voo
Reset_out Note 2
- 10 kQ %1 kQ ™ Reset circuit
Reset_in [*---~--------- ¢ ¢ I Reset signal |
eset_In Note 1 [¢]

Notes 1. Connecting the dotted line is not necessary during serial programming.
2. If the reset circuit on the target system does not have a buffer and generates a reset signal only with
resistors and capacitors, this pull-up resistor is not necessary.

Caution This circuit diagram is assumed that the reset signal outputs from an N-ch O.D. buffer (output
resistor: 100 Q or less)

Remark With products not provided with an EVooo, EVob1, EVsso, or EVss1 pin, replace EVooo and EVob1 with Vob, or
replace EVsso and EVss1 with Vss.
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36.2 Operation List
Table 36-5. Operation List (1/18)
Instruction [ Mnemonic Operands Bytes Clocks Clocks Flag
Group Note 1 | Note 2 z AC CY
8-bit data | MOV r, #byte 2 1 - r < byte
transfer PSW, #byte 3 3 ~ | Psw < byte X x X
CS, #byte 3 1 - CS « byte
ES, #byte 2 1 - ES « byte
laddrl6, #byte 4 1 - (addr16) < byte
ES:laddr16, #byte 5 2 - (ES, addr16) « byte
saddr, #byte 3 1 - (saddr) < byte
sfr, #byte 3 1 - sfr « byte
[DE+byte], #byte 3 1 - (DE+byte) « byte
ES:[DE+byte] #byte 4 2 - ((ES, DE)+byte) « byte
[HL+byte], #byte 3 1 - (HL+byte) « byte
ES:[HL+byte] #byte 4 2 - ((ES, HL)+byte) « byte
[SP+byte], #byte 3 1 - (SP+byte) « byte
word[B], #byte 4 1 - (B+word) « byte
ES:word[B], #byte 5 2 - ((ES, B)+word) « byte
word[C], #byte 4 1 - (C+word) « byte
ES:word[C], #byte 5 2 - ((ES, C)+word) « byte
word[BC], #byte 4 1 - (BC+word) « byte
ES:word[BC], #byte 5 2 - ((ES, BC)+word) « byte
Ar Note3 1 1 - | A«
rnA Note 3 1 1 - |rea
A, PSW 2 1 - A <« PSW
PSW, A 2 3 - PSW « A xoox X
A CS 2 1 - A« CS
CS, A 2 1 - CS«A
A, ES 2 1 - A« ES
ES, A 2 1 - ES <« A
A, laddrl6 3 1 4 A « (addrl6)
A, ES:laddr16 4 2 5 A « (ES, addr16)
laddrl6, A 3 1 - (addrl6) « A
ES:laddrl6, A 4 2 - (ES, addr16) « A
A, saddr 2 1 - A « (saddr)
saddr, A 2 1 - (saddr) « A
Notes 1. Number of CPU clocks (fcik) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

Number of CPU clocks (fck) when the code flash area is accessed.

3. Exceptr=A

Remark Number of clock is when program exists in the internal ROM (flash memory) area. If fetching the instruction

from the internal RAM area, the number becomes double number plus 3 clocks at a maximum.
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