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RL78/G12

CHAPTER 3 CPU ARCHITECTURE

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see

03FFFH

03CO0H
03BFFH

007FFH

00400H
003FFH

00000H

Block OFH

Block 01H

Table 3-1 Correspondence Between Address Values and Block Numbers in Flash Memory.

Block 00H

1 KB

(For the R5F1026A and R5F1027A)

Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Number product
00000H to 003FFH 00H R5F10x66
00400H to 007FFH 01H
00800H to 00BFFH 02H R5F10x67
00COOH to 0OFFFH 03H R5F10x77
01000H to 013FFH 04H R5F10x68
01400H to 017FFH 05H R5F10x78
01800H to 01BFFH 06H
01CO0H to 01FFFH 07H
02000H to 023FFH 08H R5F10x69
02400H to 027FFH 09H R5F10x79
02800H to 02BFFH 0AH
02CO0H to 02FFFH 0BH
03000H to 033FFH OCH R5F10x6A
03400H to 037FFH ODH R5F10x7A
03800H to 03BFFH | OEH RSF10xAA
03COO0H to 03FFFH OFH
(x=2,3)
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RL78/G12 CHAPTER 3 CPU ARCHITECTURE

3.4 Addressing for Processing Data Addresses
3.4.1 Implied addressing
[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with the

instruction word, without using any register specification field in the instruction word.

[Operand format]
Implied addressing can be applied only to MULU X.

Figure 3-20. Outline of Implied Addressing

Instruction code

OP code Aregister

Memory (register area)
3.4.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is used

to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

Figure 3-21. Outline of Register Addressing

OP code Register

Memory (register bank area)
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RL78/G12 CHAPTER 4 PORT FUNCTIONS

4.3.6 Port mode control registers (PMCxx)
These registers set the digital 1/0 or analog input in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 4-6. Format of Port Mode Control Register
20-, 24-pin products

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMC1 | 1 | 1 ‘ 1 ‘ PMC14 | PMC13 ‘ PMC12 ‘ PMC11 ‘ PMC10| FO061H FFH R/W
PMC4 | 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PMC42 ‘ PMC41 ‘ 1 | FO064H FFH R/W
30-pin products
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMCO | 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PMCO1 ‘ PMCOO| FOO60H FFH R/W
PMC12 | 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘PMC120| FO06CH FFH R/W
PMC14 |PMC147| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 | FOO6EH FFH R/W
PMCmn Pmn pin digital I/O/analog input selection (m=1, 4,12, 14;n=0t0 4, 7)
0 Digital I/O (alternate function other than analog input)
1 Analog input

Cautions 1. Use the port mode register m (PMm) to select the input mode for the ports that are set to analog

input by using the PMCxx register.

2. Do not use the analog input channel specification register (ADS) to set the pins that will be set to

digital I/0O by using the PMCxx register.
3. Be sure to set bits that are not mounted to their initial values.

RO1UH0200EJ0210 Rev.2.10 RENESAS
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

Figure 6-3. Internal Block Diagram of Channel of Timer Array Unit

(a) Channel 0,2,4,6

Interrupt signal from master channel™*'®
) oo g 3 \
£8 frok Output
=9 fmck 85 P!
S - 3 % Timer controller controller © TOON
— ckot |8 ¢ 3
: o% 2t
| S o Mode Output latch
i selection - (Pxx)
; - Interrupt
ﬁ;‘ A - controller » INTTMON
TIOn © detection| ¢ (Timer interrupt)
[detection] 5§ 1
20
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| Timer counter register On (TCROn) |
Timer status
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| Timer counter register On (TDRON) |—> OVF
Slave/master > on
controller | Overflow
I I ] I ] I 1 1 |
MasterOn
CKSon |ccson |71 " |STS0N2|STSO0N1|STS0N0|CISONT [CISONO | MDON3 | MDON2 | MDON{ IMDONO
ote
k Channel n Timer mode register On (TMROn)

Notes 1. Channels 2, 4, and 6 only
2. n=2,4,6o0nly

Remarks 1. n=0,2,4,0r6

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR).

(b) Channel 1 for 20-pin and 24-pin product

Interrupt signal from master channel

/ CKoo -
) ckor | 2% fick $c frowk Output
( B2 -] 28 Timer controller controller
() CKo02 3 2 =8
— x ° -
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01
Overflow
o ]
8-bit timer
controller Interrupt INTTMO1H
— Mode controller (Timer interrupt)
selection
[
] I ] I
CKS11 | CKS01 | CCS01 | SPLITOT | STS012 | STS011 | STS010 | CIS011 [ CIS010 | MDO13 | MD0O12| MDO11| MD010
Ch: 11
\ annel Timer mode register 01 (TMRO1)
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

(3) Operation of TOON pin in slave channel output mode (TOMOn = 1)

(a) When timer output level register 0 (TOLO) setting has been changed during timer operation
When the TOLO register setting has been changed during timer operation, the setting becomes valid at the

generation timing of the TOOnN pin change condition. Rewriting the TOLO register does not change the output
level of the TOON pin.

The operation when TOMOn is set to 1 and the value of the TOLO register is changed while the timer is
operating (TEOn = 1) is shown below.

Figure 6-31. Operation when TOLO Register Has Been Changed during Timer Operation

TOLO |

Active Active Active Active

TOON(Output)

A Reset A Reset Reset A Reset
Set Set Set Set

Remarks 1. Set: The output signal of the TOOp pin changes from inactive level to active level.

Reset: The output signal of the TOOp pin changes from active level to inactive level.
2. n: Channel number (n =010 7)

(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOOn pin/TOO0N bit set timing at master channel timer interrupt
(INTTMOn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 6-32 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEOn =1, TOMOn =0, TOLOn =0
Slave channel: TOEOp =1, TOMOp =1, TOLOp =0

ROTUH0200EJ0210 Rev.2.10 R NS 193
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

6.6.5 Timer Interrupt and TOOn Pin Output at Operation Start
In the interval timer mode or capture mode, the MDONO bit in timer mode register On (TMRON) sets whether or not to
generate a timer interrupt at count start.
When MDONO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMOn) generation.
In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.
Figure 6-37 shows operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 6-35. Operation examples of timer interrupt at count operation start and TOOn output
(a) When MDONO is set to 1

TCRON M

TEON I
INTTMON ,,"lﬂ M M

TOON L | —

Count operation start

(b) When MDONO is setto 0

TCRON M

TEON |

INTTMOnN : L M

TOON N [

Count operation start

When MDONO is set to 1, a timer interrupt (INTTMON) is output at count operation start, and TOOn performs a toggle
operation.

When MDONO is set to 0, a timer interrupt (INTTMON) is not output at count operation start, and TOOn does not change
either. After counting one cycle, INTTMOn is output and TOON performs a toggle operation.

Remark n: Channel number (n=01t07)
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

6.8.4 Operation as input pulse interval measurement

The count value can be captured at the TIOn valid edge and the interval of the pulse input to TIOn can be measured. In
addition, the count value can be captured by using software operation (TSOn = 1) as a capture trigger while the TEOn bit is
setto 1.

The pulse interval can be calculated by the following expression.

TIOn input pulse interval = Period of count clock x ((10000H x TSROn: OVF) + (Capture value of TDROn + 1))

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of timer mode
register On (TMRON), so an error of up to one operating clock cycle occurs.

Timer count register On (TCRON) operates as an up counter in the capture mode.

When the channel start trigger bit (TSOn) of timer channel start register 0 (TSO0) is set to 1, the TCROnN register counts
up from 0000H in synchronization with the count clock.

When the TIOn pin input valid edge is detected, the count value of the TCRON register is transferred (captured) to timer
data register On (TDROnN) and, at the same time, the TCROn register is cleared to 0000H, and the INTTMOn is output. If
the counter overflows at this time, the OVF bit of timer status register On (TSRON) is set to 1. If the counter does not
overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROnN register, the OVF bit of the TSROn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF bit of
the TSRON register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Set the STSONn2 to STSONO bits of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a

capture trigger.

Figure 6-50. Block Diagram of Operation as Input Pulse Interval Measurement

c
S
. CKo1 3
Operation clocket® & Timer counter Interrupt Interrupt signal
CKO00 é —=| register On (TCRON) controller (INTTMOn)
TNFENON S
o N l Ed S ~
. oise ge 2
Ti0n pin filter detection % Timer data
g register On (TDRON)
TSON ——————| 3
=

Note When channels 1 and 3, the clock can be selected from CK00, CK01, CK02, and CK03.

Remark n: Channel number (n =0 to 7)
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RL78/G12 CHAPTER 6 TIMER ARRAY UNIT

6.9.2 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRONn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDROp (slave)}/{Set value of TDROn (master) + 1} x 100
0% output:  Set value of TDROp (slave) = 0000H

100% output: Set value of TDROp (slave) > {Set value of TDROn (master) + 1}

Remark Although the duty factor exceeds 100% if the set value of TDROp (slave) > (set value of TDRONn (master)
+ 1), it summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSOn) of timer channel start
register 0 (TSO) is set to 1, an interrupt (INTTMOn) is output, the value set to timer data register On (TDRON) is loaded to
timer count register On (TCROnN), and the counter counts down in synchronization with the count clock. When the counter
reaches 0000H, INTTMOn is output, the value of the TDRON register is loaded again to the TCROnN register, and the
counter counts down. This operation is repeated until the channel stop trigger bit (TTOn) of timer channel stop register 0
(TTO) is setto 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H is the
PWM output (TOOp) cycle.

The slave channel operates in one-count mode. By using INTTMOnN from the master channel as a start trigger, the
TCROp register loads the value of the TDROp register and the counter counts down to 0000H. When the counter reaches
0000H, it outputs INTTMOp and waits until the next start trigger (INTTMOnN from the master channel) is generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is the
PWM output (TOOp) duty.

PWM output (TOOp) goes to the active level one clock after the master channel generates INTTMOn and goes to the
inactive level when the TCROp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register On (TDROnN) of the master channel and the TDROp register of the slave
channel, a write access is necessary two times. The timing at which the values of the TDROn and TDROp
registers are loaded to the TCROn and TCROp registers is upon occurrence of INTTMOn of the master
channel. Thus, when rewriting is performed split before and after occurrence of INTTMOn of the master
channel, the TOOp pin cannot output the expected waveform. To rewrite both the TDROn register of the
master and the TDROp register of the slave, therefore, be sure to rewrite both the registers immediately after
INTTMOn is generated from the master channel.

Remark n:Channel number (n =0, 2, 4, 6)
p: Slave channel number (n < p <7)
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RL78/G12 CHAPTER 11 SERIAL ARRAY UNIT

11.3.15 Noise filter enable register 0 (NFENO)

The NFENO register is used to set whether the noise filter can be used for the input signal from the serial data input pin
to each channel.

Disable the noise filter of the pin used for CSI or simplified I°C communication, by clearing the corresponding bit of this
register to 0.

Enable the noise filter of the pin used for UART communication, by setting the corresponding bit of this register to 1.

When the noise filter is enabled, after synchronization is performed with the operation clock (fuck) of the target channel,
2-clock match detection is performed. When the noise filter is disabled, only synchronization is performed with the
operation clock (fuck) of the target channel.

The NFENO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears the NFENO register to 00H.

Figure 11-22. Format of Noise Filter Enable Register 0 (NFENO)

Address: FOO70H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFENO 0 0 0 SNFEN20™* 0 SNFEN10™* 0 SNFENOO
SNFEN20 Use of noise filter of RxD2 pin
0 Noise filter OFF
1 Noise filter ON

Set the SNFEN20 bit to 1 to use the RxD2 pin.
Clear the SNFEN20 bit to 0 to use other than the RxD2 pin.

SNFEN10 Use of noise filter of RxD1 pin
0 Noise filter OFF
1 Noise filter ON

Set the SNFEN10 bit to 1 to use the RxD1 pin.
Clear the SNFEN10 bit to 0 to use the other than RxD1 pin.

SNFENO0O Use of noise filter of RxDO pin
0 Noise filter OFF
1 Noise filter ON

Set the SNFENOO bit to 1 to use the RxDO pin.
Clear the SNFENOO bit to 0 to use the other than RxDO pin.

Note 30-pin product only.

Caution Be sure to clear bits 7 to 1 for 20- or 24-pin products, and bits 7 to 5, 3, and 1 for 30-pin
products to "0".
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RL78/G12

CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-43. Procedure for Stopping Master Transmission/Reception

Starting setting to stop

(Selective)

(Essential)

(Essential)

(Selective)

(Selective)

‘ Writing the STm register ‘

‘ Changing setting of the SOEm register

‘ Changing setting of the SOm register

‘ Setting the PERO register

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STmn bit of the target channel.
(SEmn=0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of
the target channel.

The levels of the serial clock (CKOmn) and
serial data (SOmn) on the target channel can
be changed if necessitated by an emergency.
Reset the serial array unit by stopping the
clock supply to it.

The master transmission is stopped.
Go to the next processing.
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RL78/G12 CHAPTER 11 SERIAL ARRAY UNIT

(2) Processing flow

Figure 11-106. Timing Chart of Data Reception

(a) When starting data reception

SSmn |_|

STmn |_|

SEmn | I
SOEmn  «p

TXEmn
RXEmn

SDRmn X Dummy data (FFH) X Receive data

’ TXEmn=1/RXErm=0X TXEmn =0/ RXEmn = 1

SCLr output

SDAr output

SDAr input D7 X D6 X\ D5 X\ D4 Y D3 X D2 X b1 X Do X

Shift
register mn

INTIICr

X X XShm operationX X X X

1 O

TSFmn

(b) When receiving last data

STmn ﬂ
SEmn l
SOEmn Output is enabled by serial I Output is stopped by serial communication operation
TXEmn communication operation
RXEmn TXEmn =0/RXEmn = 1 :
SDRmn Dummy data (FFH) Recsie date) Dummy data (FFH) Y Receive data

SCLr output ; L /
___________________ U PUUY S S !
SDAr output ACK/ ; 1 NACK: N\ ; /

SDArinput D2 X D1 X Do X X_ b7 X D6 D5 X b4 X D3 X\ D2 D1 XDo X B S

X 1D7; X Ds \ ps X b4 X ps X D2 X b1 X Do X P

registersg]‘: X ot )( ; Y X X Yo XXX -
INTIICr | n:
L

TSFmn ‘

N 1 A
Reception of last byt¢ —M 'SOmN bit

 SOmn bit
:manipulation : manipulation

A A
IIC operation stop  CKOmn bit
manipulation

Step condition

Remark m: Unit number, n: Channel number (mn = 00, 01, 03, 10), r: IIC number (r = 00, 01, 11, 20)
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RL78/G12 CHAPTER 14 DMA CONTROLLER

14.5.2 Consecutive capturing of A/D conversion results
A flowchart of an example of setting for consecutively capturing A/D conversion results is shown below.
¢ Consecutive capturing of A/D conversion results.
e DMA channel 1 is used for DMA transfer.
e DMA start source: INTAD
¢ Interrupt of A/D is specified by IFC13 to IFC10 = 0001B.
e Transfers FFF1EH and FFF1FH (2 bytes) of the 10-bit A/D conversion result register (ADCR) to 512 bytes of
FFCEOH to FFEDFH of RAM.

Remark |IFC13to IFC10: Bits 3 to 0 of DMA mode control registers 1 (DMC1)

Figure 14-8. Example of Setting of Consecutively Capturing A/D Conversion Results

DEN1 =1
|
DSA1 =1EH
DRA1 = FCEOH
DBC1 = 0100H
DMC1 =21H

DST1 =1

Starting A/D conversion

INTAD occurs.

User program f—-——-——-——-———-————

processing

INTDMA1 occurs.

— — — — Hardware operation

Note The DST1 flag is automatically cleared to 0 when a DMA transfer is completed.
Writing the DENT1 flag is enabled only when DST1 = 0. To terminate a DMA transfer without waiting for
occurrence of the interrupt of DMA1 (INTDMAT1), set the DST1 bit to 0 and then the DEN1 bit to O (for details,
refer to 14.5.5 Forced termination by software).
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RL78/G12 CHAPTER 15 INTERRUPT FUNCTIONS

15.4 Interrupt Servicing Operations

15.4.1 Maskable interrupt request acknowledgment

A maskable interrupt request becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK)
flag corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if interrupts are
in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is not acknowledged
during servicing of a higher priority interrupt request.

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in
Table 15-5 below.

For the interrupt request acknowledgment timing, see Figures 15-11 and 15-12.

Table 15-5. Time from Generation of Maskable Interrupt Until Servicing

Note

Minimum Time Maximum Time

Servicing time 9 clocks 16 clocks

Note Maximum time does not apply when an instruction from the internal RAM area is executed.
Remark 1 clock: 1/fcik (fcik: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 15-10 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then PC,
the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged interrupt are
transferred to the ISP1 and ISPO flags. The vector table data determined for each interrupt request is the loaded into the
PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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RL78/G12 CHAPTER 17 STANDBY FUNCTION

Figure 17-3. STOP Mode Release by Interrupt Request Generation (2/2)

(2) When high-speed system clock (X1 oscillation) is used as CPU clock

Interrupt
request
j )L
| (S T
1

. STOP
instruction

Standby release signal V¢! —0——6¥@ 1 eeeeeeeemmee -
STOP mode release timeNete2

Normal operation Normal operation
(high-speed Supply of the (high-speed
Status of CPU system clock) STOP mode clock is stopped | Wait system clock)
High-speed  ggijjates Oscillation stopped Oscillates
system clock

(X1 oscillation)

Notes 1. For details of the standby release signal, see Figure 15-1 Basic Configuration of Interrupt

Function.
2. STOP mode release time
Supply of the clock is stopped: 18 us to "whichever is longer 65 ps and the oscillation
stabilization time (set by OSTS)"
Wait
* When vectored interrupt servicing is carried out: 10 to 11 clocks

¢ When vectored interrupt servicing is not carried out: 4 to 5 clocks

(3) When high-speed system clock (external clock input) is used as CPU clock

Interrupt
request

STOP
instruction

Standby release signal'®’ | !

. STOP mode release tuime "2 .
Normal operation Normal operation
(high-speed Supply of the ) (high-speed
Status of CPU system clock) STOP mode clock is stopped| ~ Wait system clock)
Sg&h;giii Oscillates Oscillation stopped Oscillates
(external clock input)

Notes 1. For details of the standby release signal, see Figure 15-1.
2. STOP mode release time

Supply of the clock is stopped: 18 us to 65 us
Wait
e When vectored interrupt servicing is carried out: 7 clocks

* When vectored interrupt servicing is not carried out: 1 clock
Caution To reduce the oscillation stabilization time after release from the STOP mode while CPU operates
based on the high-speed system clock (X1 oscillation), switch the clock to the high-speed on-chip
oscillator clock temporarily before executing the STOP instruction.
Remarks 1. The clock supply stop time varies depending on the temperature conditions and STOP mode
period.

2. The broken lines indicate the case when the interrupt request that has released the standby mode
is acknowledged.
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n=0, 1, 3: “1, 3" is
only for the R5F102 products.)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number (m = 0, 1), n: Channel number (n = 0, 1, 3: “1, 3" is only for the
R5F102 products.))

(5) During communication at same potential (simplified I°'C mode)
(Ta=-40to +85°C,1.8 V<Vop<5.5V,Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
LS (low-speed main) Mode
MIN. MAX.

SCLr clock frequency fscL 1.8V <Vop<55YV, 400 "' kHz
Cb =100 pF, Ro = 3 kQ

1.8V <Vop<27V, 300 "' kHz
Cb =100 pF, Ro = 5 kQ

Hold time when SCLr = “L” tow 1.8V <Vo<55V, 1150 ns
Cb =100 pF, Ro = 3 kQ

1.8V < V<27V, 1550 ns
Cb =100 pF, Ro = 5 kQ

Hold time when SCLr = “H” tHiGH 1.8V <Vop<55V, 1150 ns
Cb =100 pF, Ro = 3 kQ

1.8V<Vomp<27V, 1550 ns
Cb =100 pF, Ro = 5 kQ

Data setup time (reception) tsu:pat 1.8V < V<55V, 1/fuck + 145 "°? ns
Cb =100 pF, Ro = 3 kQ

1.8V < V<27V, 1/fmek + 230 "°* ns
Cb =100 pF, Ro = 5 kQ

Data hold time (transmission) tHD:DAT 1.8V <Vop<5.5V, 0 355 ns
Cb =100 pF, Ro = 3 kQ

1.8V <Vop<27V, 0 405 ns
Cb =100 pF, Ro = 5 kQ

Notes 1. The value must also be equal to or less than fmck/4.
2. Set tsu:paT so that it will not exceed the hold time when SCLr = "L" or SCLr = "H".

Caution Select the N-ch open drain output (Vop tolerance) mode for SDAr by using port output mode register h
(POMh).

(Remarks are listed on the next page.)
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(3) Peripheral functions (Common to all products)
(TA=-40to +105°C,2.4V<Vbp<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed onchip [l 0.20 LA
oscillator operating
current
12-bit interval timer Imka 0.02 LA

operating current

Notes 1,2,3

Watchdog timer IwoT fi,=15 kHz 0.22 LA
operating current Notes 1,24

A/D converter lanc When conversion Normal mode, AVrerp = Voo = 5.0 V 1.30 1.70 mA
operating current Notes 1,8 at maximum speed [ | j. voltage mode 0,50 0.70 mA

AVgerr = Voo = 3.0 V

A/D converter laDREF 75.0 LA
reference voltage
operating current

Note 1

Temperature sensor ITmps 75.0 LA
operating current

Note 1

LVD operating current | ILvo 0.08 HA
Notes 1,6
Self-programming IFsp 2.00 12.20 mA
operating current Notes 1.8
BGO operating lsco 2.00 | 12.20 mA
current Notes 1.7
SNOOZE operating Isnoz ADC operation The mode is performed "*°* 0.50 1.10 mA
Note 1
current The A/D conversion operations are 1.20 2.04 mA
performed, Low voltage mode, AVrerp
=Vob=3.0V
CSI/UART operation 0.70 1.54 mA
Notes 1. Current flowing to the Vob.

2.
3.

When high speed on-chip oscillator and high-speed system clock are stopped.

Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator). The current value of the RL78 microcontrollers is the sum of Ibp1, Ibp2 or lops, and IFiL and Itmka when
the 12-bit interval timer operates.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Iop1, Ipp2 or Ibps and lwot when the watchdog timer
operates.

Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of Ipp1 or
Iop2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Ipp1, Ibb2 or
Iops and ILvo when the LVD circuit operates.

Current flowing only during data flash rewrite.

Current flowing only during self programming.

For shift time to the SNOOZE mode, see 17.3.3 SNOOZE mode.

Remarks 1. fi.: Low-speed on-chip oscillator clock frequency

2. Temperature condition of the TYP. value is Ta = 25°C
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Minimum Instruction Execution Time during Main System Clock Operation

Tey vs Vob (HS (high-speed main) mode)

10
— 1.0 e
2 !
. ; 1 —— When the high-speed on-chip oscillator clock is selected
2 | I === During self programming
o ] il —-—- When high-speed system clock is selected
= i i
@ i )
S | If
© h
[l
N
0.1 !
! !
0.0625 f=ezoocfooo--- Lol ]
—L J
0.04167 p===oecpooo--- e
0.01 L f
0 10 20: 30 40 50 ! 6.0
24 27 5.5

Supply voltage Voo [V]

AC Timing Test Point

ViH/Vor ViH/Von
Test point
>< Vi/Vor > est points < Vi/Vor

External Main System Clock Timing

1/fex
texc | texH
EXCLK \
N\ N—e
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CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1)

tkeyt

tkt tkH1
SCKp \
X \
tsik1 tksit
Slp Input data
tkso1
SOp Output data

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.)

tket

TkH1 tkur

SCKp _/ X 7/

tsik1 tksit

Slp Input data

tkso1

SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =

AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta = —40 to +105°C, 2.4 V < Vop < 5.5 V, Vss = 0 V, Reference voltage (+) = Vsar""*’°, Reference voltage (-) = AVRerm
Ne?= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale error"®®"? EZS 8-bit resolution +0.60 | %FSR
Integral linearity error"*’ ILE 8-bit resolution 2.0 LSB
Differential linearity error™" DLE 8-bit resolution +1.0 LSB
Analog input voltage Vain 0 Vaer"*°* \Y
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 29.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage (-) = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage () = AVRerm.
Differential linearity error: Add +0.2 LSB to the MAX. value when reference voltage (-) = AVRerFm.
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APPENDIX A REVISION HISTORY

(15/17)
Edition Description Chapter
0.03 Addition of description to 13.4.4 Multiply-accumulation (signed) operation CHAPTER 13
Change of Figure 13-9. Timing Diagram of Multiply-Accumulation (signed) Operation MULTIPLIER AND
DIVIDER/MULTIPLY
ACCUMULATOR
Change of description in 14.2 (2) DMA RAM address register n (DRAn) CHAPTER 14 DMA
Addition of description to Figure 14-4. Format of DMA Mode Control Register n (DMCn) CONTROLLER
Addition of 14.5 Example of Setting of DMA Controller
Addition of 14.6 Cautions on Using DMA Controller
Addition of 30-pin products to Figure 15-8. Format of External Interrupt Rising Edge Enable CHAPTER 15
Register (EGPO0) and External Interrupt Falling Edge Enable Register (EGNO) INTERRUPT
FUNCTION
Addition of value to Figure 17-2. Format of Oscillation Stabilization Time Select Register (OSTS) | CHAPTER 17
Addition of description to Table 17-1. Operating Statuses in HALT Mode to Table 17-3. Operating STANDBY
Statuses in SNOOZE Mode FUNCTION

Addition of note in Figure 17-3. HALT Mode Release by Interrupt Request Generation to Figure
17-6. STOP Mode Release by Reset

Change of value and hardware name in Table 18-2. Hardware Statuses After Reset Acknowledgment

CHAPTER 18 RESET

Addition of name and value of note 2 to Table 18-2. Hardware Statuses After Reset FUNCTION
Acknowledgment (3/3)
Addition of note to Figure 19-2. Timing of Generation of Internal Reset Signal by Power-on-reset | CHAPTER 19

Circuit and Voltage Detector

Change of value in Figure 19-3. Example of Software Processing After Reset Release

POWERON-RESET
CIRCUIT

Deletion of description of (c) Interrupt mode (option byte LVIMDS1, LVIMDSO = 0, 1) CHAPTER 20

Addition of note to Figure 20-2. Format of Voltage Detection Register (LVIM) VOLTAGE

Change of note 1 to Figure 20-3. Format of Voltage Detection Level Select Register (LVIS) DETECTOR

Change of Table 20-1. LVD Operation Mode and Detection Voltage Settings for User Option

Byte (000C1H)

Change of description in 20.4.1 When used as reset mode to 20.4.3 When used as interrupt and

reset mode

Change of Figure 20-4. Timing of Voltage Detector Internal Reset Signal Generation (Option

Byte LVIMDS1, LVIMDSO = 1, 1) to Figure 20-6. Timing of Voltage Detector Reset Signal and

Interrupt Signal Generation (Option Byte LVIMDS1, LVIMDSO = 1, 0)

Change of Figure 20-8. Delay from the time LVD reset source is generated until the time LVD

reset has been generated or released

Change of all CHAPTER 21
SAFETY FUNCTIONS

Change of Table 22-1. Regulator Output Voltage Conditions CHAPTER 22
REGULATOR

Deletion of description of 23.1.1 (2) 000C1H CHAPTER 23
OPTION BYTE

Change of description in Figure 23-2. Format of User Option Byte (000C1H) and Figure 23-3.
Format of Option Byte (000C2H)

Change of setting value in 23.4 Setting of Option Byte

Addition of description to 24.1.2 Communication mode

Change of description in Table 24-2. Pin Connection

Change of description in 24.2.2 Communication mode

Addition of description to 24.4.1 Data flash overview

Change of description in 24.5.2 Flash memory programming mode

Addition of 24.5.5 Description of signature data

Change of description in (2) Self programming of Table 24-12. Security Setting in Each
Programming Mode

Addition of description to 24.7.1 Flash shield window function
Change of description in Figure 24-14. Setting and changing of the flash shield window function
and relations with commands

CHAPTER 24 FLASH
MEMORY

Change of Figure 25-1. Connection Example of E1 On-chip Debugging Emulator and RL78/G12

CHAPTER 25 ON-
CHIP DEBUG
FUNCTION
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