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The RL78/F23, F24 microcontrollers are ideal for realizing future highly reliable smart actuators and sensors, as well as low-end body ECUs.
RL78/F23, F24 products are designed according to ISO 26262 and support functional safety (FuSa) up to ASIL B. They support up to the
EVITA-Light security standard or more. An AES crypto module can handle key lengths of up to 256 bits and supports secure boot and
authentication. To further boost the calculation performance for BLDC (FOC) motor control and DC/DC control systems, RL78/F23, F24 is
equipped with the unique application accelerator IP to offload complex trigonometric and arithmetic processing.

Please refer to the User's Manual: Hardware (R01UH0944EJ) for product details.

1. OVERVIEW

1.1 Features

O Minimum instruction execution time can be changed
from high speed (0.025 us: @ 40 MHz operation with
high-speed on-chip oscillator clock or PLL clock) to ultra
low-speed (66.6 ps: @ 15 kHz operation with low-speed
on-chip oscillator clock)

O General-purpose register: 8 bits x 32 registers (8 bits x
8 registers x 4 banks)

O ROM: 128 KB / 256 KB

O RAM: 12 KB / 24 KB

O Data flash memory: 8 KB / 16 KB

O High-speed on-chip oscillator clock
Selectable from 40 MHz (Typ.), 32 MHz (Typ.), 20 MHz (Typ.),
16 MHz (Typ.), 8 MHz (Typ.), 4 MHz (Typ.), and 2 MHz (Typ.)
(Selectable from 80 MHz (Typ.) and 64 MHz (Typ.) when using
Timer RDe and RS-CANFD lite Not¢ 1)

O Low-speed on-chip oscillator clock: 15 kHz x 2 ch (one
for WWDT and one for CPU and peripherals other than
WWDT)

O On-chip PLL

O On-chip single-power-supply flash memory
(with prohibition of block erase/writing function)

O Self-programming
(with boot swap function/flash shield window function)

O On-chip debug function

O On-chip power-on-reset (POR) circuit and voltage
detector (LVD)

O On-chip watchdog timer (operable with the dedicated
low-speed on-chip oscillator clock)

O Multiply/divide/multiply & accumulate instructions are
supported
16 bits x 16 bits = 32 bits (Unsigned or signed)

32 bits + 32 bits = 32 bits (Unsigned)
16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

O On-chip BCD adjustment

O /O ports: 28 to 92 (including one input-only pin)

O Timer
- 16-bit timer array unit: 12 channels / 16 channels
- 16-bit timer RDe: 2 channels (with PWMOPA and

Dithering / Gate function)
- 16-bit timer RJ: 1 channel
- Watchdog timer: 1 channel
- Real-time clock: 1 channel
O 12-bit resolution A/D converter: 10 to 31 channels

O Application accelerator unit

O Serial interface
- CSl

UART/UART (LIN-bus supported)

LIN module (master/slave supported)

12C/simplified 12C
- CAN interface (RS-CANFD lite) Note 2

O DTC (Max. 44 sources)

O ELC (Max. 26 channels for event link source, Max. 10
channels for event link destination) Note 2

O 8-bit D/A converter Note 2

O On-chip comparator: 1 unit (input pin: 4 channels) Note 2

O On-chip key interrupt function

O On-chip clock output/buzzer output controller

O Functional safety (CRC calculation, Clock monitor, AD
test, etc.)

O ASIL level: ASIL-B

O Security functions (Secure boot, Crypto engine (AES-
128, 192, 256), Random Number Generator (TRNG))

O Power supply voltage: Vop =2.7t0 5.5V

O Operating ambient temperature:
TA = —-40°C to 105°C (Grade-3)
TA = —-40°C to 125°C (Grade-4)
TA = —-40°C to 150°C (Grade-5)

Data Transfer Controller
(OTQ) RL78 Core CAN FD Note 2

40 MHz, 27Vto 5.5V
Ta = -40 to +150 °C (Grade-5)

Note 2 LIN/UART

Event Link Controller

ELC)

Clock Monitor

Serial Array Unit
(CSI, UART, Simplified 12C)

MUL / MAC/ DIV instructions

PLL (80 MHz) Memory Multi-master 12C
Internal Osdillator 15 kHz
Code Flash RAM Data Flash Accelerator
fteinalO=gllator80lM iz F23:128KB/ || F23:12KB/ | F23:8KB/ FOC Assist Function N°t® 3
Internal Oscillator 20 MHz F24:256K8 | F24:24KB J F24:16KB SIN. COS,
Clarke/Park transformation,
Ext. Sub Oscillator 32.7 kHz P
Generic Timers » ':)'_fi/‘""l'f'rl_
-bit Multiplier
B ierpe Enhanced Timer RD Real Time Clock
KeyReturn Timer Array Unit RTC) el
Rower{Onlbese{(BOR) Timer RJ Dithering Function ;
Low Vot o 12-bit ADC
ow Voltage Detector ; .
(VD) Safety + Security (with dedicated S&H)
. 8-bit DAC Note2
On-Chip Debug 0j2e2e2 Evita-Light I
(Hot plug-in, Live debug) ASILB Comparator Note2

RL78/F23, F24 Block Diagram (Outline)

Notes 1. fiy cannot be used as a RS-CANFD lite communication clock.
2. Only available in the RL78/F24.
3. FOC: Field Oriented Control (BLDC motor vector control method)

Applications

General automotive electrical applications (motor control,
door control, headlight control, etc.), motorcycle engine
control.
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RL78/F23, F24

1. OVERVIEW

1.2 Product Lineup

Table 1-1. RL78/F23, F24 Lineup (Grade-3)

Operating Package Pin RL78/F23 RL78/F24
Temperature (Ta) Code Flash / Data Flash / RAM Code Flash / Data Flash / RAM
128KB / 8KB / 12KB 256KB / 16KB / 24KB
—-40°C to 105°C WQFN 32 R7F123FBG3ANP-C R7F124FBJ3ANP-C
48 R7F123FGG3AFB-C R7F124FGJ3AFB-C
64 R7F123FLG3AFB-C R7F124FLJ3AFB-C
LQFP 80 R7F123FMG3AFB-C R7F124FMJ3AFB-C
100 - R7F124FPJ3AFB-C
Table 1-2. RL78/F23, F24 Lineup (Grade-4)
Operating Package Pin RL78/F23 RL78/F24
Temperature (Ta) Code Flash / Data Flash / RAM Code Flash / Data Flash / RAM
128KB / 8KB / 12KB 256KB / 16KB / 24KB
-40°C to 125°C WQFN 32 R7F123FBG4ANP-C R7F124FBJAANP-C
48 R7F123FGG4AFB-C R7F124FGJ4AFB-C
64 R7F123FLG4AFB-C R7F124FLJAAFB-C
LQFP 80 R7F123FMG4AFB-C R7F124FMJ4AAFB-C
100 — R7F124FPJAAFB-C
Table 1-3. RL78/F23, F24 Lineup (Grade-5) Not
Operating Package Pin RL78/F23 RL78/F24
Temperature (Ta) Code Flash / Data Flash / RAM Code Flash / Data Flash / RAM
128KB / 8KB / 12KB 256KB / 16KB / 24KB
-40°C to 150°C WQFN 32 R7F123FBG5ANP-C R7F124FBJ5ANP-C
48 R7F123FGG5AFB-C R7F124FGJ5AFB-C
64 R7F123FLG5AFB-C R7F124FLJ5AFB-C
LQFP 80 R7F123FMG5AFB-C R7F124FMJ5AFB-C
100 - R7F124FPJ5AFB-C

Note To order grade-5 specification, please provide the order code and the application temperature mission profile for

verification to Renesas Support.
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RL78/F23, F24 1. OVERVIEW
1.3 Function Overview
1.3.1 RL78/F24 Functions List
Table 1-4. RL78/F24 Functions List (1/2)
X Series Name R7F124FPJ R7F124FMJ R7F124FLJ R7F124FGJ R7F124FBJ
Function Items - - - - - -
Pin Count 100 pins 80 pins 64 pins 48 pins 32 pins
Code flash 256 KB
Data flash 16 KB
RAM 24 KB
Supply voltage range 27Vto55V
Maximum operation frequency 40 MHz
System clock Main system Crystal / ceramic / 2 to 20 MHz (operating at 2.7 V to 5.5 V)
clock oscillator square wave
High-speed Normal high accuracy 40 MHz (typ.)
on-chip oscillator
Low-speed For low-speed operation 15 kHz (typ.)
on-chip oscillator
Subsystem clock oscillator 32.768 kHz Now ¢ None
PLL Yes
Clock for Low-speed For peripherals other than 15 kHz (typ.)
peripherals on-chip oscillator | WDT
For WDT 15 kHz (typ.)
POR When power supply is rising 1.56 V (typ.)
When power supply is falling 1.55V (typ.)
LVD Voo voltage When power supply is rising 2.81V (typ.) to 4.74 V (typ.) (in 6 steps)
detection When power supply is falling 2.75V (typ.) to 4.64 V (typ.) (in 6 steps)
Functional safety | WWDT (window watchdog timer) Yes
Note 7 Flash memory fast CRC operation function Yes
General purpose CRC operation Yes
Flash memory ECC function Yes
RAM 1-bit error correction function Yes
RAM 2-bit error detection function Yes
RS-CANFD lite RAM 1-bit error correction Yes
function
RS-CANFD lite RAM 2-bit error detection Yes
function
Invalid memory access detection function Yes
Frequency detection function Yes
Clock monitor function Yes
Stack pointer monitor function Yes
A/D test function Yes
1/0 ports Input/Output CMOS 86 ch 68 ch 52 ch 38 ch 25ch
Output CMOS 1ch None
Input Shared with oscillator pins 4 ch Note® 2ch
Input only ich
Power supply For internal circuits Voo, Vss, REGC
pins For 1/0 ports EVooo, EVsso EVooo, EVsso None
EVob1, EVss1
For analog circuits (AD, DA, COMP) Vob, Vss (AVrerp, AVrerm for AD)
Multiply/divide Multiply 16 bits x 16 bits (signed)
and multiply- 16 bits x 16 bits (unsigned)
accumulate Divide 32 bits + 32 bits (unsigned)
functions Multiply-accumulate 16 bits x 16 bits + 32 bits (signed)
16 bits x 16 bits + 32 bits (unsigned)
Arithmetic instructions (extended instruction set) Yes
Vectored External 16 ch Notes 4.5 16 ch Notes 4.5 15 ch Notes 3.5 14 ch Note2 10 ch Noet
interrupt sources | Internal 53 ch Mot 53 ch Mot ! 53 ch Nores 53 ch Nere? 53 ch Nere!
Key return detection 8 ch 6 ch
DTC 44 sources 43 sources
Timer TAU 16 bits (8 ch x 2)
RTC 1ch
Timer RJ 16 bits x 1
Timer RDe 16 bits x 2 (with PWMOPA and dithering / gate function)
(Notes are listed on the next page.)
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RL78/F23, F24 1. OVERVIEW
Table 1-4. RL78/F24 Functions List (2/2)
. Series Name R7F124FPJ R7F124FMJ R7F124FLJ R7F124FGJ R7F124FBJ
Function ltems i - - - - -
Pin Count 100 pins 80 pins 64 pins 48 pins 32 pins
Serial IIF CSI / simplified 1°C / UART 4ch/4ch/2ch 3ch/3ch/2ch
[spi Yes
Multimaster 1°C 1ch
LIN/UART module (RLIN3) 2ch
CAN interface (RS-CANFD lite) 1ch
AID converter High speed 16 ch | 16 ch | 16 ch | 13 ch | 8ch
12 bit Normal speed 15 ch | 9ch I 8ch | 6 ch 2c¢ch
Internal 1 ch (Internal reference voltage)
D/A converter 8-bit lch

Comparator 1 unit (input 4 ch)
ELC Link source: 26 ch
Link destination: 10 ch
PCLBUZ 1ch None

Application accelerator unit

Yes

Self-programming

Yes

On-chip debug

I Trace

Yes

I Hot plug-in

Yes

Option byte

Yes

Security functions

AESEA

ECB/CBC mode and CMAC (AES-128, 192, 256)

Random number generator (TRNG)

Yes

Notes 1.

and INTSPM, INTP5 and INTCMPO.
2. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP5 and INTCMPO, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9
and INTTMO1H.
3. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP5 and INTCMPO, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9
and INTTMO1H, INTP10 and INTTMO3H.
4. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP5 and INTCMPO, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9
and INTTMO1H, INTP10 and INTTMO3H, INTP13 and INTCLM.
5. Both sources in the following pairs are counted as a single source in this number: INTP11 and INTLINOWUP,
INTP12 and INTLINIWUP.
6. Do not use the XT1 and XT2 pin functions in grade-5 products.

7. These functions are provided but they are not Safety Mechanism.
- lllegal instruction execution detection function
+ SFR/RAM guard function
+ 1/0 port output signal level detection function

The following pairs of internal and external sources are each counted as a single source in this number: INTP4
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RL78/F23, F24 1. OVERVIEW
1.3.2 RL78/F23 Functions List
Table 1-5. RL78/F23 Functions List (1/2)
) Series Name R7F123FMG R7F123FLG R7F123FGG R7F123FBG
Function Items . n n " "
Pin Count 80 pins 64 pins 48 pins 32 pins
Code flash 128 KB
Data flash 8 KB
RAM 12 KB
Supply voltage range 27Vto55V
Maximum operation frequency 40 MHz
System clock Main system Crystal / ceramic / 2 to 20 MHz (operating at 2.7 V to 5.5 V)
clock oscillator square wave
High-speed on-chip | Normal high accuracy 40 MHz (typ.)
oscillator
Low-speed on-chip | For low-speed operation 15 kHz (typ.)
oscillator
Subsystem clock oscillator 32.768 kHz °te© None
PLL Yes
Clock for Low-speed on-chip | For peripherals other than 15 kHz (typ.)
peripherals oscillator WDT
For WDT 15 kHz (typ.)
POR When power supply is rising 1.56 V (typ.)
When power supply is falling 1.55V (typ.)
LVD Voo voltage When power supply is rising 2.81V (typ.) to 4.74 V (typ.) (in 6 steps)
detection When power supply is falling 2.75V (typ.) to 4.64 V (typ.) (in 6 steps)
Functional safety WWDT (window watchdog timer) Yes
Note? Flash memory fast CRC operation function Yes
General purpose CRC operation Yes
Flash memory ECC function Yes
RAM 1-bit error correction function Yes
RAM 2-bit error detection function Yes
Invalid memory access detection function Yes
Frequency detection function Yes
Clock monitor function Yes
Stack pointer monitor function Yes
A/D test function Yes
1/0 ports Input/Output CMOS 68 ch 52 ch 38 ch 25ch
Output CMOS 1ch None
Input Shared with oscillator pins 4ch Note® 2ch
Input only 1ch
Power supply pins | For internal circuits Vop, Vss, REGC
For 1/0 ports EVopo, EVsso | None
For analog circuits (AD) Vo, Vss (AVrerp, AVRrerm for AD)
Multiply/divide and | Multiply 16 bits x 16 bits (signed)
multiply- 16 bits x 16 bits (unsigned)
accumulate Divide 32 bits + 32 bits (unsigned)
functions Multiply-accumulate 16 bits x 16 bits + 32 bits (signed)
16 bits x 16 bits + 32 bits (unsigned)
Avrithmetic instructions (extended instruction set) Yes
Vectored interrupt | External 15 chNoe4.5 [ 14 chNows s [ 12 chNote2 8 chNote!
sources Internal 38 chMNote4 | 38 chMote3 | 38 chNote? 38 chNote?
Key return detection 8ch 6 ch
DTC 36 sources 35 sources
Timer TAU 16 bits (8 ch + 4 ch)
RTC 1ch
Timer RJ 16 bits x 1
Timer RDe 16 bits x 2 (with PWMOPA and dithering / gate function)

(Notes are listed on the next page.)

R0O1DS0446EJ0110 Rev.1.10

Jun 30, 2024

RENESAS

Page 5 of 206



RL78/F23, F24 1. OVERVIEW
Table 1-5. RL78/F23 Functions List (2/2)
X Series Name R7F123FMG R7F123FLG R7F123FGG R7F123FBG
Function Items - - - - -
Pin Count 80 pins 64 pins 48 pins 32 pins
Serial IIF CSl/simplified 1°C JUART 4ch/4ch/2ch 3ch/3ch/2ch
[spi Yes
Multimaster 1°C 1ch
LIN/UART module (RLIN3) 1ch
CAN interface (RS-CANFD lite) None
A/D converter High Speed 16 ch 16 ch 13 ch 8ch
12 bit Normal Speed 9 ch 8 ch 6 ch 2ch
Internal 1 ch (Internal reference voltage)
DI/A converter 8-hit None
Comparator None
ELC None
PCLBUZ 1ch None
Application accelerator unit Yes
Self-programming Yes
On-chip debug | Trace Yes
| Hot plug-in Yes
Option byte Yes
Security Functions | AESEA ECB/CBC mode and CMAC (AES-128, 192, 256)
Random Number Generator (TRNG) Yes

Notes 1. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM.

2. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9 and INTTMO1H.

3. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9 and INTTMO1H, INTP10
and INTTMO3H.

4. The following pairs of internal and external sources are each counted as a single source in this number: INTP4
and INTSPM, INTP6 and INTTM11H, INTP7 and INTTM13H, INTP8 and INTRTC, INTP9 and INTTMO1H, INTP10
and INTTMO3H, INTP13 and INTCLM.

5. INTP11 and INTLINOWUP are counted as a single source because using them at the same time is not possible.

6. Do not use the XT1 and XT2 pin functions in grade-5 products.

7. These functions are provided but they are not Safety Mechanism.

- lllegal instruction execution detection function
+ SFR/RAM guard function
+ 1/0 port output signal level detection function

R0O1DS0446EJ0110 Rev.1.10
Jun 30, 2024
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RL78/F23, F24

1. OVERVIEW

1.4 Block Diagram

1.4.1 RL78/F24: Block Diagram of R7F124FPJ 100-pin Products

Figure 1-1. Block Diagram of RL78/F24 100-pin Product

Caution

] TOOLO TOOLO
TI00 — TAUD (8en) TOOLO TXD  RXD PORTO ”
L —
Tor — | oL
TOO01 <— V—N ELC oco PORT1 2>
T2 — | = N—V
Tooe — oz |
T3 — | 03
003 ——P__ches | AN BCD PorTs 5>
Tio4 — | oA NV
To0s ——__chod ]
ros Lo N
TIo6 —|
TO06 +— PORTS ”
TIO7 —— CODE FLASH
TO07 +— DATAFLASH AESEA
PORT6 ”
TAU1 (8ch)
TIo —— "o
RS o KD
T —|
RO S CEET
T2 — T2 PORT8 ”
To12 P _chiz_ ]
T3 — | 3
B3 s ] ey [ K
T4 — |
To1a ~—_chd ] RLTS
£ g oK)
to18 ~—_chis ]
TG —— DTC
TOl6 <+— Multiplier, "
TIL7 —— Divider and PORT12
TOL7 +—j Multiply- «-
Accumulator
TRJOO /\_r\
TRDe (2ch) —
TRDIOAO/TRDCLKO
TRDIOBO o
TRDIOCO c
TRDIODO + AN PorTis K8 >
TRDORES K )
TRDIOAL > WWDT
TRDIOB1 »
TRDIOC1 »> chl
TRDIOD1 »>
RESOUT PCL/BUZ
SAUO (2ch)
RXDO —— UARTO Low-speed OCO
TXDO <+— (for WDT) /—N] KEY RETURN CE
SCK00 N—V] (8ch)
S%'gg cslI00
Sub OSC
SS100
scKoL =N ::l_+_+_l ~N] External INT @
N—V N—V] l4ch
o cslot Clock Generator XT1  XT2/EXCLKS (14ch)
SSI01 i > + X1 X2/EXCLK
Reset Generator
SCLO0 +— 11c00 e
SDA0O Main OSC
ssgl/igi — lIco1
. 31
Cm LN  12-hitADC <:|
SAUL (2ch
RXD1 — (2ch) N—] (31ch)
e S VT
A
SCK10 »
SI10 e PLL 8-bit DAC
= e
SCK11 »> K
Sii1 csi —
SO11 /—\ Comparator 0
SSl11 N—/ (Lunit) le——
SCL10 <— POR/ Low-speed High-speed
SDA10 *+—] LVD oco oco
SCL11 <— REGULATOR
SDALL lic11
CRXDO CAN RE
LRXDO LINO =N =N 3
LRXD1 LIN1
LTXD1 1ch

Do not use the XT1 and XT2 pin functions in Grade-5 products.

[ AVgerm

P00-P0O3

P10-P17

P30-P34

P40-P47

P50-P57

P60-P67

P70-P77

P80-P87

P90-P97

P100-P107

P120, P125-P127

P121-P124

P150-P157

PCLBUZO

KRO-KR7

INTPO-INTP13

RTC1HZ

ANIO-ANI30
AVgerp

ANOO

VCOUTO
IVCMP 00
IVCMPO1
IVCMP 02
IVREFO/IVCMP03

SCLAO
SDAAO

SNZOUTO0-SNZOUT7
STOPST
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RL78/F23, F24

1. OVERVIEW

1.4.2 RL78/F24:

Block Diagram of R7F124FMJ 80-pin Products

Figure 1-2. Block Diagram of RL78/F24 80-pin Product

g

4
Q
o]
=
o
4
Q
Q
=
o

58

TOOLO TXD RXD
ELC ocD
BCD
CODE FLASH
DATAFLASH AESEA
TRNG
INT
RL78
CPU CORE ‘
DTC
Multiplier,
Divider and
Multiply-
Accumulator
N
RAM
N—]

U

PORTO

PORT1

PORT3

PORT4

PORTS

PORT6

PORT7

PORT8

PORT9

PORT12

P00-P02

P10-P17

g4

P30-P34

P40-P47

P50-P57

P60-P67

P70-P77

P80-P87

TBLLLLY

P90-P97

P120, P125, P126

WWDT

:

[¢— RESET
—» RESOUT

Low-speed OCO
(for WDT)

1l

Sub OSC
Clock Generator XT1 XT2/EXCLKS
+ X1 X2/EXCLK

Reset Generator

Main OSC

g U U

POR/
LvVD

Low-speed
oco

High-speed
oco

TAUO (8ch) ]
TIO — |
T000 —]
TioL — |
T001 +—]
TIo2 — |
T002 +—]
TIo3 — |
7003 +—] =N
TI0O4 ——— ho4
Toos P __chos ]
TI05 —
1% e ]
TIO6 — |
7006 +—]
TIo7 — |
7007 +—]
TAU1 (8ch)
o —|
T010 +—]
L Ep—
To11 —]
T2 ——
8 o]
T3 ——
tors o3| N
o1 P _che ]
TO14 +—i c
™ms —|
7015 +—]
™me —|
T016 +—]
™mr —|
T017 +—]
TRIOO
TRIIOO TR
TRDe (2ch)
TRDIOAO/TRDCLKO
TRDIOBO
TRDIOCO cho
TRDIODO NN
TRDORES KX
TRDIOAL
TRDIOBL
TRDIOC1 chl
TRDIOD1
TRD1RES
SAUO (2ch)
RXDO —
TXD0 —1 UARTO
SCKO00
S100
sou csloo
SSI100
SCKO1 KX
Siol cslo1
S001
sSI01
25k sl wow |
Sy — 11C00
sciot =i em
SDAOL +— licol
SAUL (2ch)
RXD1 ——
To1 —— P _uaRTL ]
SCK10
SI10
o csl10
ssl10
'—N
SCK11 K_ X
Sii1 csi11
SO11
sSI11
SCL10 :l
SDA10 ic10
sckit = en
SDAL1l +—] lic11
CRXDO CAN
CTXDO 1ch
LRXDO LINO
LTXDO 1ch
LRXD1 LINT
LTXD1 1ch
Caution

Do not use the XT1 and XT2 pin functions in Grade-5 products.

Voltage
REGULATOR

REGC

CRC

N
K~/

P121-P124
P130
PORT13 P37
K >| PORT14 |<—> P140
PCL/BUZ PCLBUZO0
N KEY(};CEhT)URN @ KRO-KR7
N Ex"(el"’l‘:r'])'NT @ INTPO-INTP13
RTC RTC1HZ
bt aDe (25 ANIO-ANIL7, ANI24-ANI3O
N—/1 (25¢ch) AVrerp
[ AVgerm
8-bit DAC ANOO
VCOouTOo
V' —\| Comparatoro [3 :xgmgg?
N—] 1unit)
(1u [&—— IVCMP02
[¢—— IVREFO/VCMPO3
1ICAO SCLAO
(1ch) SDAAO
AN oranpey _T‘> SNZOUT0-SNZOUT?
M —> sToPST
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RL78/F23, F24

1. OVERVIEW

1.4.3 RL78/F24:

Block Diagram of R7F124FLJ 64-pin Products

Figure 1-3. Block Diagram of RL78/F24 64-pin Product
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Siol cslo1
S001
sSI01
25k sl wow |
Sy — 11C00
sciot =i em
SDAOL +— licol
SAUL (2ch)
RXD1 ——
To1 —— P _uaRTL ]
SCK10
SI10
o csl10
ssl10
'—N
SCK11 K_ X
Sii1 csi11
SO11
sSI11
SCL10 :l
SDA10 ic10
sckit = en
SDAL1l +—] lic11
CRXDO CAN
CTXDO 1ch
LRXDO LINO
LTXDO 1ch
LRXD1 LINT
LTXD1 1ch
Caution

Do not use the XT1 and XT2 pin functions in Grade-5 products.

Voltage
REGULATOR

REGC

CRC

N
K~/

PORTO Poo
PORT1 ” P10-P17
PORT4 ” P40-P43
PORT5 ” P50-P53
PorT7 K8 » PT0-PT7
PORTS ” P80-P87
“ P120, P125
PORT12
“ P121-P124
P130
PORT13 P137
PCL/BUZ PCLBUZO
NN KEY(I;CEhT)URN @KRO-KW
N Extr(elrgcarl])'NT K 137] INTPO-INTP12
RTC RTC1HZ
Ao <:|24 ANIO-ANI16, ANI24-AN130
\‘_‘//\ (@4ch) AVgerp
—— AVgerm
8-bit DAC ANOO
VCOouTo
/1_\ Comparator 0 Nempoo
a le—— IVCMPO1
N—/] (1unit) le—— IVCMP02
[«—— IVREFO/IVCMP03
IICA0 SCLAO
(1ch) SDAAO
K™  stanpsy ESNZOUTO-SNZOUW
NanZ — sToPST

R01DS0446EJ0110 Rev.1.10
Jun 30, 2024
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RL78/F23, F24

1. OVERVIEW

1.4.4 RL78/F24:

Block Diagram of R7F124FGJ 48-pin Products

Figure 1-4. Block Diagram of RL78/F24 48-pin Product

g

4
Q
o]
Q
o
4
Q
Q
Q
o

i

TOOLO TXD RXD
ELC ocD
BCD
CODE FLASH
DATAFLASH AESEA
TRNG
INT
RL78
CPU CORE ‘
DTC
Multiplier,
Divider and
Multiply-
Accumulator
N
RAM
N—]

U

WWDT

:

l— RESET
—» RESOUT

Low-speed OCO
(for WDT)

1l

Sub OSC
Clock Generator XT1 XT2/EXCLKS
+ X1 X2/EXCLK

Reset Generator

Main OSC

g U U

POR/
LvVD

Low-speed
oco

High-speed
oco

TAUO (8ch) ]
TIO — |
T000 —]
TioL — |
T001 +—]
TIo2 — |
T002 +—]
TIo3 — |
7003 +—] =N
TI0O4 ——— ho4
Toos P __chos ]
TI05 —
1008 ——_chos ]
TIO6 — |
7006 +—]
TIo7 — |
7007 +—]
TAU1 (8ch)
o —|
T010 +—]
L Ep—
e —
T2 ——
8 o]
T3 ——
tors o3| N
o1 P _che ]
TO14 +—i c
™ms —|
7015 +—]
™me —|
T016 +—]
™mr —|
T017 +—]
TRIOO
TRIIOO TR
TRDe (2ch)
TRDIOAO/TRDCLKO
TRDIOBO
TRDIOCO cho
TRDIODO NN
TRDORES KX
TRDIOAL
TRDIOBL
TRDIOC1 chl
TRDIOD1
TRD1RES
SAUO (2ch)
RXDO —
TXD0 —1 UARTO
SCKO00
S100
sou csloo
SSI100
SCKO1 KX
Siol cslo1
S001
sSI01
25k sl wow |
Sy — 11C00
sciot =i em
SDAOL +— licol
SAUL (2ch)
RXD1 ——
To1 —— P _uaRTL ]
SCK10
SI10
oo csl10
SCK11 K_ X
Sii1 csi11
SO11
sSI11
SCL10 :l
SDA10 ic10
sckit = en
SDAL1l +—] lic11
CRXDO CAN
CTXDO 1ch
LRXDO LINO
LTXDO 1ch
LRXD1 LINT
LTXD1 1ch
Caution

Do not use the XT1 and XT2 pin functions in Grade-5 products.

Voltage
REGULATOR

REGC

CRC

N
K~/

PORTO Poo
PORT1 ” P10-P17
PORT4 K2 P40, Pl
PorT7 K4y PT0-PT3
PORT8 ” P80-P87
“ P120, P125
PORT12
“ P121-P124
P130
PORT13 P137
PCL/BUZ PCLBUZO
NN KEY(I;CEhT)URN @KRO-KW
N Extr(elrgcarl])'NT K 10°] INTPO-INTP9
RTC RTC1HZ
Ao <:|19 ANI0-ANI12, ANI24-AN129
\‘_‘//\ (19ch) AVrerp
—— AVgerm
8-bit DAC ANOO
VCOouTo
/1_\ Comparator 0 Nempoo
a le—— IVCMPO1
N—/] (1unit) le—— IVCMP02
[«—— IVREFO/IVCMP03
IICA0 SCLAO
(1ch) SDAAO
R STANDEY 8 » SNZOUTO-SNZOUT?
NanZ — sToPST
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RL78/F23, F24 1. OVERVIEW
1.4.5 RL78/F24: Block Diagram of R7F124FBJ 32-pin Products
Figure 1-5. Block Diagram of RL78/F24 32-pin Product
] TOOLO TOOLO |
TI00 TAUO (8ch) TOOLO TXD RXD
7000 +—]
TIOL | o1
Toor ——_chor ] N ELC oco @ P10-P17
TIO2 | o2 NV
Too2 «—_chz_ ]
TIO3 — | 03
To03 P chs ] | BCD PORT3 K 3 » P30, P33, P34
TIO4 | o7 NV
To0s —_chod ]
— B
TO05 +— AAU
TIO6 — |
7008 ——]
TI07 CODE FLASH
TOO07 «+— DATAFLASH AESEA
TAU1 (8ch)
T — |
To10 P cho ]
1 — |
o et ]
T2 — | ) PORT8 ” P80-P85
o1z —P__cmz_ |
T3 — |
N—/]
CPU CORE ‘
DTC
ch16 .
Multiplier, “ P120, P125
Divider and PORT12
.
Multiply- P121, P122
Accumulator
TRJOO N
TRIIOO TR K—/] RAM PORT13 P137
TRDe (2ch)
TRDIOAO/TRDCLKO
TRDIOBO
TRDIOCO cho
TRDIODO + AN
TRDORES » K_ )
. WWDT
TRDIOAL
TRDIOB1 »
TRDIOC1 chl
TRDIOD1 RESET
SAUO (2ch)
RXD0 —— UARTO Low-speed OCO
TXDO +—
(for WDT) N KEY RETURN @ KRO-KRS
SCK00 » N—/1 (6¢ch)
S100
oo Csl00
SS100
ScKoL N N =N EX"*((;T:)'NT @ INTPO-INTPS
S%Igi Cslo1 Clock Generator
sslo1 >, a IG+ . X1 X2/EXCLK
esel enerator
SCLO0 *+— 11c00 - RTC RTC1HZ
SDA00 +— Main OSC
st Tl em |
SDAOL lco1
oion R 1obitane [0 ANIO-ANI7, ANI24, ANI25
K— AV,
RXD1 —] CARTL (10ch) —Va
TXD1 +—
S 8-bit DAC
SI110 CSI10 -bit
S010 (1ch) ANGD
V—N
N—] — vcouTo
LN comparatoro [¢ IVCMP 00
? [e—— IVCMPO1
) N—] (1uni l—— IVCMPO2
SCL10 <+— lIc10 POR/ Low-speed High-speed < \VREFO/IVCMPO3
SDA10 *+—] LVD oco oco Voltage
REGULATOR
1ICAO SCLAO
— (1ch) SDAAQ
CRXDO
LRXDO LINO N
L1XD0 CRC KXY K stanpsY 4_» SNZOUTO-SNZOUT3
LRXD1 LINT
LTXD1 1ch
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RL78/F23, F24 1. OVERVIEW
1.4.6 RL78/F23: Block Diagram of R7F123FMG 80-pin Products
Figure 1-6. Block Diagram of RL78/F23 80-pin Product
TOOLO TOOLO
TAUO (8ch
TIO — | (8ch) TOOLO TXD RXD PORTO “ P00-P02
TO00 +—] l
TIolT — |
TOO1 +— ocD PORT1 K8 > P10-P17
TI02 — |
7002 +—]
TIO3 —|
TO03 +— K ) BCD PorT3 K5 » P30-P34
1004 ——o _choa |
TI0S —— PORT4 “ P40-P47
TOO05 <+—j c AAU
TIo6 —|
TO06 +— PORT5 “ P50-P57
TI07 — | CODE FLASH
TO07 +— DATAFLASH AESEA
PORT6 @ P60-P67
TAU1 (4ch)
Tio — |
TO10 +— TRNG PorT7 K8 » P70-P77
Bt =P ] |
T2 — | NV PORTS “ P80-P87
013 ] PORT9 K8 » Poo-pe7
INT
RL78
CPU CORE
DTC
Multiplier, 3 ) P120, P125, P126
Divider and PORT12
Multiply- 4 | P121-P124
Accumulator
TRJOO Ve P130
TRIO0 TRI RAM PORT13 P37
TRDe (ch) PORT14 P140
TRDIOAO/TRDCLKO
TRDIOBO
TRDIOCO cho
TRDIODO
TRDORES =N\
TRDIOAL — WwoT
TRDIOB1
TRDIOC1 chl
TRDIOD1
TRD1RES +— RESET
—> RESOUT PCL/BUZ PCLBUZO
SAUO (2ch)
RXDO —— UARTO Low-speed OCO
TXDO +— (for WDT) L] KEY RETURN @ KRO-KR7
SCKO00 N—/] (8ch)
S100 Csl00
oo Sub 0SC
SCKO1 K ) K ) EX‘fl'g;'q)'NT K 14 ] INTPO-INTP13
S%Ig% cslol Clock Generator XT1  XT2/EXCLKS
Ssiol Reset Gtanerator v e
oo 100 - RTC RTC1HZ
SDA00 Main OSC
SCLO1 +— TcoL
SDA01 +—]
o cLM PR 12bitanc K 2Z5] ANIO-ANILZ, ANI24-ANI30
RXD1 —— f2ch) N—/] (25ch) — ﬁxaew
DI < UARTL REFM
SCK10 .
SI10 e PLL
o csl10
SSI10
SCK11 K
N—/]
SiiL csitL
SO11
SSI11
SCL10 <+— lIc10 POR/ Low-speed High-speed
SDAL0 +— LVD oco oco Voltage
SCL11 +— oLt REGULATOR
SDALl *+— I 1ICA0 SCLAO
(1ch) SDAAD
REGC
ﬁ;gg LINO . <:> VN sranoBy 8 » SNZOUTO-SNZOUT?
Leh > STOPST
Caution Do not use the XT1 and XT2 pin functions in Grade-5 products.

R01DS0446EJ0110 Rev.1.10
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RL78/F23, F24 1. OVERVIEW
1.4.7 RL78/F23: Block Diagram of R7F123FLG 64-pin Products
Figure 1-7. Block Diagram of RL78/F23 64-pin Product
TOOLO TOOLO ]
TAUO (8ch
100 (8ch) TOOLO TXD RXD PORTO P00
TO00 +—] l
ti—
TOO1 «— ocb PORT1 “ P10-P17
TI02 — |
7002 ——]
TIO3 ——] o3
TOO03 <— N BCD PORT3 ” P30-P34
T4 — | oA NV
To0s et ]
TI0S —— PORT4 ” P40-P43
7005 ——]
AAU
TIO6 —— v
TO06 <— PORTS “ P50-P53
TIO7 —] CODE FLASH
TO07 +— DATAFLASH AESEA
PORT6 ” P60-P63
TAU1 (4ch)
i —
TO10 +— TRNG PORT7 “ P70-P77
T, — |
REES I | PN
T2 — | NV PORTS ” P80-P87
o1 +—_chz_] ll TT
E—
TO13 +—] INT PORT9 K7 > Poo-pes
RL78
CPU CORE
DTC
Multiplier, 2 P120, P125
Divider and PORT12
Multiply- 4 | P121-P124
Accumulator
TRJOO Ve P130
TRIO0 TRI RAM PORT13 P37
TRDe (2ch)
TRDIOAO/TRDCLKO il <:>| PORT14 [« P140
TRDIOBO
TRDIOCO cho
TRDIODO
TRDORES N
TRDIOAL — wwoT
TRDIOB1L
TRDIOC1 chl
TRDIOD1
TRDIRES +— RESET
—» RESOUT PCL/BUZ PCLBUZO
SAUO (2ch)
RXDO —— UARTO Low-speed OCO
TXDO +— (for WDT) L] KEY RETURN
8 | KRO-KR7
SCKO00 N—1 (8ch)
SI00
o csl00
S99 Sub OSC
SCKO1 KN KN EX‘?;;:L)'NT K 13 ] INTPO-INTP12
S%Ig:{ cslo1 Clock Generator XT1  XT2/EXCLKS
Ssio1 . tG+ t XL X2/EXCLK
SCLOO 11c00 esel enerator
SDA00 *+— Main OSC RTC RTC1HZ
sciot —p{ em |
SDAOL +— neor
SRR cLM N T & 2\N/IO—ANI16, ANI24-ANI30
RXD1 —| OARTL NV (24ch) —vi
TXD1 +—
SCK10
SI10 e PLL
o csl10
SSI10
SCK11 K
Si11 csli1
So11
SSl11
SCL10 «+— lIc10 POR/ Low-speed High-speed
SDAL0 +— LVD oco oco Voltage
SCL11 +— o1t REGULATOR
—
SDA11 I 1ICAO SCLAO
(1ch) SDAAO
REGC
ﬁ;gg |_1|21h0 cRC N VN sranosy 8 » SNZOUT0-SNZOUT?
v > STOPST
Caution Do not use the XT1 and XT2 pin functions in Grade-5 products.

R01DS0446EJ0110 Rev.1.10
Jun 30, 2024

’{EN ESNS Page 13 of 206
| |



RL78/F23, F24 1. OVERVIEW

1.4.8 RL78/F23: Block Diagram of R7F123FGG 48-pin Products

Figure 1-8. Block Diagram of RL78/F23 48-pin Product

TOOLO TOOLO ]
TIOO — | TAUO (8ch) TOOLO TXD RXD PORTO POO
TO00 +— i T l
ngi — PORT1 “ P10-P17
ocb
TI02 — |
7002 ——]
TI03 —|
TO03 <+— KN BCD PORT3 ” P30-P34
TIo4 — | NV
7004 —]
TIO5 — | PORT4 ” P40, P41
—
TOO5 AAU
e —
TIO7 —] CODE FLASH
TO07 +— DATAFLASH AESEA
PORT6 ” P60-P63
TAU1 (4ch)
Tio — |
TO10 «— TRNG PORT7 “ P70-P73
T, — |
REES I | PN
T2 — | NV PORTS ” P80-P87
T012 ]
E— :
TO13 «—] INT PORTY P90-P92
RL78
CPU CORE
— DTC
Multiplier, 2 P120, P125
Divider and PORT12
Multiply- 4 | P121-P124
Accumulator
TRJOO Ve P130
TRIO0 TRI RAM PORT13 P37
TRDe (2ch)
TRDIOAO/TRDCLKO PORT14 P140
TRDIOBO
TRDIOCO cho
TRDIODO
TRDORES N
TRDIOAL — wwoT
TRDIOB1L
TRDIOC1 chl
TRDIOD1
le— RESET
TRD1RES
—» RESOUT PCL/BUZ PCLBUZO
SAUO (2ch)
RXDO —— UARTO Low-speed OCO
TXDO <+—j (for WDT) L] KEY RETURN
8 | KRO-KR7
SCKO00 N—/] (8ch)
S100 csl00
sssc:gg Sub 0SC
SCKO1 KN KN EX‘(el’g:L;NT K 10 ] INTPO-INTPY
S%Ig:{ cslo1 Clock Generator XT1  XT2/EXCLKS
Ssio1 . tG+ t XL X2/EXCLK
esel enerator
SoAgy ] 1Icoo ! RTC RTC1HZ
SDA00 Main OSC
SCLO1 +— IcoL
SDA01 +—]
ANIO-ANI12, ANI24-ANI2
SAUL (2oh CLm N\ 12-bitADC @ ° ' 0
(2ch) N—/] (19ch) AVrerp
X0l — 1 uarmt [ AVeern
TXD1 +—
SCK10 »
SI10 > 4 PLL
o csl10
SCK11 K
Si11 csli1
So11
SSl11
SCL10 «+— lIc10 POR/ Low-speed High-speed
SDAL0 +— LVD oco oco Voltage
SCL11 +— o1t REGULATOR
—
SDA11 I 1ICAO SCLAO
(1ch) SDAAO
REGC
LRXDO LINO cRC N VN sranosy 8 » SNZOUT0-SNZOUT?
LTXDO ich N—1 N/
> STOPST

Caution Do not use the XT1 and XT2 pin functions in Grade-5 products.
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RL78/F23, F24 1. OVERVIEW
1.4.9 RL78/F23: Block Diagram of R7F123FBG 32-pin Products
Figure 1-9. Block Diagram of RL78/F23 32-pin Product
TOOLO TOOLO
T100 TAUO (8ch) TOOLO TXD  RXD
TO00 +—] l
[ p— oL
TOO1 <— ocb PORT1 “ P10-P17
TIO2 —|
002 +—]
TIO3 ——] o3
TOO03 <— N BCD PORT3 “ P30, P33, P34
T4 — | oA NV
To0s ——__cho ]
TIo5 —| PORT4 “ P40, P41
b —
AAU
TIO6 ——
i —
TIO7 — CODE FLASH
TO07 <+—] DATA FLASH AESEA
PORT6 ” P60-P63
TAU1 (4ch)
010 «—P_chmo_]
ch10
TO10 «— TRNG
i — |
RS TR N
T2 — | NV PORT8 ” P80-P85
013 —P_ems]
ch13
TO13 «— INT
RL78
CPU CORE
DTC
Multiplier, 2 ) P120,P125
Divider and PORT12
Multiply- 2 | P121,P122
Accumulator
TRJOO Vamm\
TRII00 TRJ RAM PORT13 P137
TRDe (2ch)
TRDIOAO/TRDCLKO >
TRDIOBO >
TRDIOCO > cho
TRDIODO >
TRDORES > =N
TRDIOAL < — wwort
TRDIOB1 >
TRDIOC1 > chi
TRDIOD1 RESET
SAUO (2ch)
RXDO —— UARTO Low-speed OCO
TXDO +— (for WDT) | KEY RETURN @ KRO-KRS
SCKO00 > N—1 (6¢h)
SI00 >
o > Csl00
SSI00
SCKOL +—» KN KN Ex‘e(g;ﬁr“')'m K 6 ] INTPO-INTPS
S%Ig:{ Cslo1 Clock Generator
SSI101 » " ! G+ . X1 X2/EXCLK
SCLOO o0 esel enerator
SDAQ0 Main OSC RTC RTC1HZ
sctot Tl wem
SDAOL licot
10 | ANIO-ANI7, ANI24, ANI25
Cm I~  12-hitADC ' '
RXDL SAU1 (2ch) c K ) (10ch) ﬁxﬂEFP
D1 —] UARTL REFM
SCK10 > 3
SI10 csio = PLL
S010 *
N
~ 8 U U
SCL10 <+— IIc10 POR/ Low-speed High-speed
SDAL0 ] LVD oco oco Voltage
REGULATOR
| 1ICAO SCLAQ
(1ch) SDAAO
REGC
LRXDO LINO
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RL78/F23, F24 1. OVERVIEW

1.5 Pin Configurations

1.5.1 RL78/F24 Pin Configuration for 100-pin Products
e RL78/F24: 100-pin Plastic QFP (Fine Pitch) (14 x 14)

Figure 1-10. RL78/F24 Pin Configuration for 100-pin Products

o
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e
N
b
2
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-~ 89§ g 2
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xezd & Q
Y2 =~ R
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8eE92 o 8&
ezl g8 %2
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Sz8323 < g8
SoFE3S% s &
ouv~gl < 22
2L3% g a
{s=20s 9 Jgo
08¢ L2 g¢
s SFug0 5 S8
5 K2 °PE @aa
3 2s55s s =2
] °e~28923 =< Q@
= 52929060 §o 00
a 495535 £33 2o
SS_SEEEEES Zg gg
o e = o~<<>-% I~~~
82z  _o5poooryrEsk Te o2
T TamBBIIIIRRRRRS SRR ee
SZsadQ8= I S << <<
SfEZZFEERP £g82 39
£33I322EEEEeE ezl EE
IIIZ5553IIIIER SS2 ER
Symd3885 cusos e N
FRE IR b SRRl I o~
P R A &
TTTTTTTTTTTTT TTTT TT
757473727170 69 68 67 66 65 64 63 59 58 57 56 52 51
P81/ANIT O=—s 76 50 f+—=0O P30/TI0O1/TO01/TRDIOD1 /SSI00 / INTP2 / SNZOUTO
P82 / ANI2 / IVCMPO0O O=—+ 77 49 [«—0O P32 /TI16 /TO16 /(SO11) /INTP7
P83 /ANI3 /IVCMPO1 O=—= 78 48 [«—0 P03 /(RTC1HZ)
P84 / ANI4 / IVCMP02 O=——+ 79 47 f«=—=0 P70 /ANI26 /TI15/TO15/SI11/SDA11/INTP8 / SNZOUT4 / KRO
P85 / ANI5 / IVREFO / IVCMP03 O<——+ 80 46 [«—=0O P71/ANI27 /TI17 /TO17 /SCK11 /SCL11 /INTP6 / SNZOUTS / KR1
P86 /ANI8 O<—+ 81 45 f«—=0O P72 /ANI28 /SO11/(CTXDO0) / SNZOUT6 / KR2
P87 /ANI9 O<— 82 44 f«—=0 P73 /ANI29 /SSI11/(CRXDO) / SNZOUT7 / KR3
P90 /ANIT0 O+— 83 43 —O EVsst
P91/ANIT1 O<—+ 84 42 [«—=0O P74 /ANI30/(SO10) / (TXD1) / KR4
P92 /ANI2 O+ 85 41 [+—+0 P75/(SI10) / (RXD1) / KRS
P93 /ANI13 O+— 86 40 =—0O P76 /(SCK10) / KR6

P94 /ANI14 O~ 87 H 39 [«—=0O P77/(SSI10) / INTP12 / KR7
P95 /ANI15 O<— 88 100pI n 38 —=0O P130/RESOUT
P96 /ANI16 O<+—> 89 37 =—=0O P140/TRD1RES / PCLBUZO
P97 /ANIT7 O<—+ 90 36 «—O P157 /(SNZOUT4)

P100/ANI18 O<+—* 91 35 f«—0O P156/ (SNZOUTS)
P101/ANI19 O+—+ 92 34 f«—=0 P00/ (TIOS5) / (TOOS) / INTP9

P102 /ANI20 O<+—+ 93 33 f«—0O P155/(SNZOUT6)

P103 /ANI21 O<——+ 94 32 «—=0O P154 /(SNZOUT7)
P02/ (TI06) / (TO06) O=—>] 95 31 =0 P67 /(TI02) / (TO02)
P127 /(TI03) / (TO03) O=—+ 96 30 =—=0 P66 /(TIOO) / (TO00)
P126 /(TI01) / (TOO1) O=—+n 97 29 [«—=0 P65/ (TI16) / (TO16) / (SNZOUT2)
P01/ (TI04) / (TO04) O=—-+ 98 28 [«—0O P64 /(TI14) / (TO14) / (SNZOUT3)
P125 / ANI24 /TI03 / TO03 / TRDIOBO / SSI01 / (LRXD1) / INTP1 / SNZOUT1 O=—-+ 99 O 27 [«—0 P63 /(TO07) / (SS100) / SDAAO
P120 / ANI25 /TIO7 / TOO7 / TRDIODO / SO01 / (SCK10) / (LTXD1) / INTP4 O<—-+{100 26 «—0O P62 /(TO03) / (SO00) / (TXDO) / SCLAO
12345678 910111213141516171819202122232425
0000000000 O(L(LO(LCLJ?J?J}J}J}J?OO
= ngS&ecss SLYreoeXc-Uuz238ss
g £T°2588c2hoEEgRgEsEsy
] ZEEEEEgeER 8% ¥ ©@RE
S8-ssSasgoyfs gangs S5
3 >3
PRiffEEERizE koag g2
& <<= s 9 g3
$53 i % g8
I3 T X3
23
o 2
owv
el
£
S35
€8
<
o
g

P41/VCOUTO /TI10 / TO10 / TRIIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O+

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output
control register (STPSTC).
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RL78/F23, F24

1. OVERVIEW

1.5.2 RL78/F24 Pin Configuration for 80-pin Products
e RL78/F24: 80-pin Plastic QFP (Fine Pitch) (12 x 12)

Figure 1-11. RL78/F24 Pin Configuration for 80-pin Products

P85 /AN

P125 / ANI24 /TI03 / TOO03 / TRDIOBO / SSI01 / (LRXD1) / INTP1 / SNZOUT1 O<+—>

05 / TOO5 / TRDIOAT / (TRDIOAO) / (TRDCLKO) / SO00 / TXDO / RTCTHZ / TOOLTXD
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S-n28 ~23
89E32 gen
Qxz2S gzz
5S> Y
V3Xs= ~S 3
szQw3 g3g
SarEgw IRz
gu~g? ovnZ
n3o52 = ﬁ;g
-~ s=23¢g g8gge
== celER SEGZIA
22 388\\ [ ~~
88 2985238 >%C=ma
= [exe] ~
zZz 7822090 -~ §06G60
28 4928055 L __Eccas
SRS EEEEESC-DEEEEE
%gggp:\\\\\gggg\ .
25065 ma-seEBEZToas
3 e z£3
I<EEEES05082x33I588068
PN NN Y NN
g ar MmNt OS 22 mwao
Z3EEEEEFEEREEBB8EEEEE
I3 SIIIITTEER
Sone SN S-serNo
L 2Lz aad
TTTT TTTTTTTTT
60 59 58 57 49 48 47 46 45 44 43 42 41
P80/ ANIO / ANOO O=—=| 61 40 «—>0O
P81/ANIT O=—*| 62 39 ~—0
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P120 / ANI25 /TI07 / TOO7 / TRDIODO / SO01 / (SCK10) / (LTXD1) / INTP4  O=— =

P41 /VCOUTO /TI10 /TO10 / TRJIOO / TRDORES / (S110) / (RXD1) / SNZOUT2

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

P32/T116 /TO16 /(SO11) / INTP7

P70/ ANI26 /TI15/TO15 /SI11/SDA11 / INTP8 / SNZOUT4 / KRO
P71/ANI27 /TI7 /TO17 /SCK11 /SCL11/INTP6 / SNZOUTS / KR1
P72/ ANI28 / SO11 / (CTXDO) / SNZOUT6 / KR2

P73/ ANI29 /SSI11 / (CRXDO) / SNZOUT7 / KR3

P74/ ANI30 / (SO10) / (TXD1) / KR4

P75/(SI110) / (RXD1) / KRS

P76/ (SCK10) / KR6

P77/(SS110) / INTP12 / KR7

P130 /RESOUT

P140 / TRDTRES / PCLBUZO

P00 / (TI05) / (TOO5) / INTP9

P67 /(TI02) / (TO02)

P66 / (TI00) / (TO00)

P65 / (T116) / (TO16) / (SNZOUT2)

P64 / (TI14) / (TO14) / (SNZOUT3)

P63 / (TO07) / (SS100) / SDAAD

P62 / (TO03) / (SO00) / (TXDO) / SCLAO

P61 /(TO02) / (S100) / (SDAOO) / (RXDO)

P60 / (TOO1) / (SCKOO) / (SCLOO)

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output
control register (STPSTC).
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RL78/F23, F24 1. OVERVIEW

1.5.3 RL78/F23 Pin Configuration for 80-pin Products
e RL78/F23: 80-pin Plastic QFP (Fine Pitch) (12 x 12)

Figure 1-12. RL78/F23 Pin Configuration for 80-pin Products

& [=—=O P15/TI05/T005 / TRDIOA1 / (TRDIOAQ) / (TRDCLKO) / SO00 / TXDO / RTCTHZ / TOOLTXD

& O P16/TI02/T0O02 / TRDIOC1 / SI00 / SDAOO / RXDO / TOOLRXD

& [0 P17/TI00/TO00 / TRDIOB1 / SCKOO / SCLOO / INTP3

& |~—>O P30/TI01/T0O01/TRDIOD1 /SSI00 / INTP2 / SNZOUTO
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P82 /ANI2 O<——+ 63 38 [«—=0O P71 /ANI27 /SCK11/SCL11 /INTP6 / SNZOUTS / KR1
P83 /ANI3 O<—= 64 37 |«—O P72 /ANI28 /SO11 /SNZOUT6 / KR2
P84 / ANI4 O=——=] 65 36 [«—=0O P73 /ANI29 /SSI11/SNZOUT7 / KR3
P85 / ANI5 O<——+| 66 35 [«—=O P74 /ANI30/(SO10) / (TXD1) / KR4
P86 / ANI8 O<—+ 67 34 |«—0O P75/(SI10) / (RXD1) / KRS
P87 /ANI9 O<——+ 68 33 [«—=0O P76/ (SCK10) / KR6
P90 /ANIT0 O<—+ 69 32 f«—=0O P77 /(SSI10) /INTP12 / KR7
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P94 /ANI14 O=—= 73 28 [«=—=0O P67 /(TI02) / (TO02)

P95 /ANI15 O<—> 74 27 [«—=0O P66 /(TI00) / (TO00)
P96 /ANIT6 O<—> 75 L F P 26 [«—=0O P65/ (SNZOUT2)
P97 /ANI17 O+—>| 76 25 «—>0 P64 /(SNZOUT3)
P02 /(TIO6) / (TO06) O+ 77 24 [«—=0O P63 /(TO07) / (SSI00) / SDAAOD
P126 /(TI01) / (TO01) O<—> 78 23 [«—=0 P62 /(T003) / (SO00) / (TXDO) / SCLAO
[=—=0 P61/(T0O02)/(SI00) / (SDAQO) / (RXDO)
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P120/ ANI25 / TIO7 / TOO7 / TRDIODO / SO01 / (SCK10) / INTP4 O=—> =
P41/TI10 /TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O<—*| @

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output
control register (STPSTC).

R01DS0446EJ0110 Rev.1.10

Page 18 of 206
Jun 30, 2024 RENESAS



RL78/F23, F24

1. OVERVIEW

1.5.4 RL78/F24 Pin Configuration for 64-pin Products
o RL78/F24: 64-pin Plastic QFP (Fine Pitch) (10 x 10)

Figure 1-13. RL78/F24 Pin Configuration for 64-pin Products
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P120 / ANI25 / TI07 / TOO7 / TRDIODO / SO01 / (SCK10) / (LTXD1) / INTP4 O<— =
P41/VCOUTO /TI10 /TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O+—>| &

P32 /TI16 /TO16 /(SO11) / INTP7

P70/ ANI26 /TI15 /TO15/SI11 /SDA11/INTP8 / SNZOUT4 / KRO
P71/ANI27 /TI17 /TO17 / SCK11 /SCL11 / INTP6 / SNZOUTS5 / KR1
P72 / ANI28 / SO11 / (CTXDO) / SNZOUT6 / KR2

P73 /ANI29 / SSI11 / (CRXDO) / SNZOUT7 / KR3

P74 / ANI30 / (SO10) / (TXD1) / KR4

P75 /(S110) / (RXD1) / KR5S

P76 / (SCK10) / KR6

P77 /(SSI110) / INTP12 / KR7

P130 / RESOUT

P140 / TRD1RES / PCLBUZO

P00 / (TI05) / (TO05) / INTP9

P63 /(TOO07) / (SS100) / SDAAO

P62 /(TO03) / (SO00) / (TXDO) / SCLAO

P61 /(TO02) / (S100) / (SDAOO) / (RXDO)

P60 / (TO01) / (SCKOO) / (SCLOO)

Caution Do no use the XT1 and XT2 pin functions in grade-5 products.

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output

control register (STPSTC).

R01DS0446EJ0110 Rev.1.10
Jun 30, 2024

RENESAS

Page 19 of 206



RL78/F23, F24

1. OVERVIEW

1.5.5 RL78/F23 Pin Configuration for 64-pin Products
e RL78/F23: 64-pin Plastic QFP (Fine Pitch) (10 x 10)

Figure 1-14. RL78/F23 Pin Configuration for 64-pin Products
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11/TO11/(TRDIODO) / SO10 / TXD1 / INTP5 / SNZOUT3
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P120 / ANI25 /TI07 / TO07 / TRDIODO / SO01 / (SCK10) / INTP4 O+—* =
P41 /TI10 /TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O+—= »

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

P32 /(SO11) /INTP7

P70/ ANI26 /SI11 /SDA11/INTP8 / SNZOUT4 / KRO
P71/ANI27 /SCK11/SCL11 /INTP6 / SNZOUTS / KR1
P72 / ANI28 /SO11 / SNZOUT6 / KR2

P73 /ANI29 /SSI11 / SNZOUT7 / KR3

P74 / ANI30 / (SO10) / (TXD1) / KR4

P75/(S110) / (RXD1) / KR5

P76 / (SCK10) / KR6

P77 /(SS110) / INTP12 / KR7

P130 /RESOUT

P140 / TRD1RES / PCLBUZO

P00 / (TI05) / (TOO5) / INTP9

P63 /(TO07) / (SS100) / SDAAQ

P62 /(TO03) / (SO00) / (TXDO) / SCLAO

P61 /(T002) / (S100) / (SDAOO) / (RXDO)

P60 /(TOO01) / (SCKOO) / (SCLOO)

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output

control register (STPSTC).
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RL78/F23, F24 1. OVERVIEW

1.5.6 RL78/F24 Pin Configuration for 48-pin Products
o RL78/F24: 48-pin Plastic QFP

Figure 1-15. RL78/F24 Pin Configuration for 48-pin Products

05 / TOO5 / TRDIOAT / (TRDIOAO) / (TRDCLKO) / SO00 / TXDO / RTC1HZ / TOOLTXD

02 / TO02 / TRDIOC1 / SI00 / SDA0O / RXDO / TOOLRXD

12 /TO12 / (TRDIOBO) / SI10 / SDA10 / RXD1 / CRXDO / LRXD1
00 / TO0O0 / TRDIOB1 / SCK0O / SCLOO / INTP3

11/TO11/(TRDIODO) / SO10 / TXD1 / INTP5 / SNZOUT3
04 / TO04 / TRDIOAO / TRDCLKO / SI01 / SDAO1 / LTXDO

06 / TO06 / TRDIOCO / SCKO1 / SCLO1 / LRXDO

13/TO13 /TRJOO / SCK10 / SCL10 / CTXDO / LTXD1
14 /TO14 / (INTP2) / STOPST

01 /TO01 /TRDIOD1 / SSI00 / INTP2 / SNZOUTO
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P80 / ANIO / ANOD O<—s] 37 24 [+—+0 P32 /T116 /TO16 / (SOT1) /INTP7
P81/ANIT O—s 38 23 [+—=O P70/ANI26 /TI15/TO15 /SI11/SDA11/INTP8 / SNZOUT4 / KRO
P82 / ANI2 / IVCMPOO O<—| 39 RL78/F24 22 |~—=0 P71/ANI27 /TI17 /TO17 /SCK11/SCL11 /INTP6 / SNZOUTS / KR1
P83 / ANI3 / IVCMPO1 / (KRO) O<~—] 40 21 [0 P72 /ANI28 /5011 / (CTXDO) / SNZOUT6 / KR2
P84 / ANI4 / IVCMPO2 / (KRT) O<—s] 41 . 20 l+—=0 P73 /ANI29 /55111 / (CRXDO) / SNZOUT7 / KR3
P85 / ANIS / IVREFO / IVCMPO3 / (KR2) O=—] 42 48p|n 19 [—=0 P130/RESOUT
P86 / ANIB / (KR3) O~ 43 18 [~—=0O P140 / TRD1RES / PCLBUZO
P87 / ANI9 / (KR4) O+—| 44 17 f—>0 P00 /(TI05) / (TOO5) / INTPY
P90 / ANIT0 / (KRS) O=—] 45 (LQFP) 16 [«—=0O P63 /(TO07) / (SSI00) / SDAAD
P91 /ANIT1/ (KR6) O] 46 15 [~—=0 P62 /(TO03) / (SO00) / (TXDO) / SCLAO

P92/ ANI12 / (KR7) O~—>] 47

)
[«=—>0 P61/(T002)/ (SI00) / (SDAQO) / (RXDO)
P125 /ANI24 /TI03 / TO03 / TRDIOBO / SSI01 / (LRXD1) / INTP1 / SNZOUT1 O<—m>{ 48 )

[—=O P60 /(TO01) / (SCKOO) / (SCLOO)
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P120 / ANI25 / TIO7 / TOO7 / TRDIODO / SO01 / (SCK10) / (LTXD1) / INTP4 O=— =
P41 /VCOUTO / TI10 / TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O=—> ™

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
registers (PIORX).
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RL78/F23, F24

1. OVERVIEW

1.5.7 RL78/F23 Pin Configuration for 48-pin Products

e RL78/F23: 48-pin Plastic QFP

Figure 1-16. RL78/F23 Pin Configuration for 48-pin Products

P80 / ANIO
P81/ANI1
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P84 / ANI4 / (KRT)
P85 / ANI5 / (KR2)
P86 / ANI8 / (KR3)
P87 / ANI9 / (KR4)
P90 / ANI10 / (KR5)
P91 /ANI11 / (KR6)
P92 / ANI12 / (KR7)
P125 / ANI24 / TI03 / TO03 / TRDIOBO / SSI01 / INTP1 / SNZOUT1

12 /TO12 / (TRDIOBO) / SI10 / SDA10 / RXD1
11/TO11/(TRDIODO) / SO10 / TXD1 / INTP5 / SNZOUT3
04 / TO04 / TRDIOAO / TRDCLKO / SI101 / SDAO1 / LTXDO
06 / TO06 / TRDIOCO / SCKO1 / SCLO1 / LRXDO

13 /TO13 /TRJOO / SCK10 / SCL10

/ AVRerp / ANIG

l—s0 p

& [0 P15/TI05/TO05 / TRDIOAT / (TRDIOAO) / (TRDCLKO) / SO00 / TXDO / RTC1HZ / TOOLTXD

N =0 P16/TI02 /TO02 / TRDIOC1 / SI00 / SDAOO / RXDO / TOOLRXD

& [«—=O P17/TI00/TOO00 / TRDIOB1 / SCK0OO / SCLOO / INTP3
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P120 / ANI25 / TI0O7 / TOO7 / TRDIODO / SO01 / (SCK10) / INTP4 O<+—> —
P41 /TI10 /TO10 / TRJIOO / TRDORES / (S110) / (RXD1) / SNZOUT2 O+—+ ™

P32 /(S011) / INTP7
P70/ ANI26 /SI111 /SDA11 / INTP8 / SNZOUT4 / KRO
P71/ ANI27 /SCK11/SCL11 / INTP6 / SNZOUTS / KR1
P72/ ANI28 /SO11 / SNZOUT6 / KR2

P73 / ANI29 /SSI11 / SNZOUT7 / KR3

P130 / RESOUT

P140 / TRD1RES / PCLBUZO

POO / (TI05) / (TOO5) / INTP9

P63 /(TOO7) / (SS100) / SDAAQ

P62 / (TOO03) / (SO00) / (TXDO) / SCLAO

P61 /(TO02) / (S100) / (SDAOO) / (RXDO)

P60 / (TOO1) / (SCKOO) / (SCLOO)

Caution Do not use the XT1 and XT2 pin functions in grade-5 products.

registers (PIORX).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
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RL78/F23, F24

1. OVERVIEW

1.5.8 RL78/F24 Pin Configuration for 32-pin Products
e RL78/F24: 32-pin Plastic QFN

Figure 1-17. RL78/F24 Pin Configuration for 32-pin Products

05 / TOOS5 / TRDIOA1 / (TRDIOAO) / (TRDCLKO) / SO00 / TXDO / RTCTHZ / TOOLTXD

12 /TO12 / (TRDIOBO) / SI10 / SDA10 / RXD1 / CRXDO / LRXD1
02 / TO02 / TRDIOC1 / S100 / SDAOO / RXDO / TOOLRXD

11/TO11/(TRDIODO) / SO10 / TXD1 / INTP5 / SNZOUT3
04 / TO04 / TRDIOAO / TRDCLKO / SI01 / SDAO1 / LTXDO

13 /TO13 /TRJOO / SCK10 / SCL10 / CTXDO / LTXD1
06 / TO06 / TRDIOCO / SCKO1 / SCLO1 / LRXDO

l—>0 P14/T

P34 / AVRerm / ANI7 O<—]

P80 / ANIO / ANOO / (KRO) O+—=
P81 /ANIT/(KRT) O+

P82 / ANI2 / IVCMPOO / (KR2) O<+—+
P83 / ANI3 /IVCMPO1 / (KR3) O<+—>
P84 / ANI4 / IVCMPO02 / (KR4) O=—+

P85 / ANI5 / IVREFO / IVCMPO03 / (KR5) O=<+—+
P125 / ANI24 /TI03 / TO03 / TRDIOBO / SSI01 / (LRXD1) / INTP1 / SNZOUT1 O<—

R [+—=0 P33 /AVgerp / ANI6

B [0 P10/T
R [0 pP11/T
N [0 P12/T
8 |+——0 P13/T
® [«—=0 P15/T
I [0 P16/T

©

RL78/F24
32pin
(WQFN)

16
15
14

12
n
10

345678
okEoxcuU
SUEQZS
Ox ZX
T %A
S ~ oA
g By
a a >~

N

~

a

P120 / ANI25 / TI07 / TOO7 / TRDIODO / SO01 / (SCK10) / (LTXD1) / INTP4 O+—+f —

P41 /VCOUTO /TI10 /TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O=<—rf ™

P17 /TIOO / TO00 / TRDIOB1 / SCKOO / SCLOO / INTP3
P30/TI01/TO01/TRDIOD1 /SSI00 / INTP2 / SNZOUTO
P63 /(TO07) / (SSI00) / SDAAD

P62 /(TO03) / (SO00) / (TXDO) / SCLAO

P61 /(TO02) / (SI100) / (SDAOO) / (RXDO)

P60 / (TOO01) / (SCKOO) / (SCLOO)

Vop

Vss

Remark Functions in parentheses in the above figure can

registers (PIORX).

be assigned via settings in the peripheral 1/O redirection
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RL78/F23, F24

1. OVERVIEW

1.5.9 RL78/F23 Pin Configuration for 32-pin Products

e RL78/F23: 32-pin Plastic QFN

Figure 1-18. RL78/F23 Pin Configuration for 32-pin Products

05 / TOO5 / TRDIOAT / (TRDIOAO) / (TRDCLKO) / SO00 / TXDO / RTC1HZ / TOOLTXD

12/TO12 / (TRDIOBO) / SI10 / SDA10 / RXD1

11/T0O11 /(TRDIODO) / SO10 / TXD1 / INTP5 / SNZOUT3
04 / TO04 / TRDIOAO / TRDCLKO / SI01 / SDAO1 / LTXDO
06 / TO06 / TRDIOCO / SCKO1 / SCLO1T / LRXDO

02 / TO02 / TRDIOCT / SI00 / SDAOO / RXDO / TOOLRXD

13/TO13 /TRJOO / SCK10 / SCL10

/ AVRrerp / ANI6

[—O Pp
\—O p

P34 / AVrerM / ANI7 O<+—+
P80 / ANIO / (KRO) O+—=
P81/ANI1/ (KRT) O+—>
P82 / ANI2 / (KR2) O+—>
P83 / ANI3 / (KR3) O=—=
P84 / ANI4 / (KR4) O<—>
P85 / ANI5 / (KR5) O<—>

P125 / ANI24 /TIO3 / TO03 / TRDIOBO / SSI01 / INTP1 / SNZOUT1 O<—+

25
26
27
28
29
30
31
32

R [0 P33
SF—0p
Njl—Op
Nf—Op
SF—0p

©
©
=

RL78/F23
32pin
(WQFN)

©)

16
15
14
13
12
1
10

P17 /TI00 / TOOO0 / TRDIOBT / SCKOO / SCLOO / INTP3
P30/TI0T/TO01/TRDIOD1 / SSI00 / INTP2 / SNZOUTO
P63 /(TO07) / (SS100) / SDAAO

P62 /(TO03) / (SO00) / (TXDO) / SCLAO

P61 /(TO02) / (S100) / (SDA0O) / (RXDO)

P60 /(TO01) / (SCKOO) / (SCLOO)

RESET O—— &

P137 /INTPO O——> »
P122 /X2 /EXCLK O——> @

P121/X1 O——= ~
REGC O—

P40 /TOOLO O+ w

P120 / ANI25 / TIO7 / TOO7 / TRDIODO / SO01 / (SCK10) / INTP4 O<—> =
P41/TI10 /TO10 / TRJIOO / TRDORES / (SI10) / (RXD1) / SNZOUT2 O<+——> ~

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

registers (PIORX).
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RL78/F23, F24 2. PIN FUNCTIONS

2. PIN FUNCTIONS

2.1 Pin Function List
Pin 1/0O buffer power supplies depend on the product. Table 2-1 shows the relationship between these power supplies
and the pins. EVop indicates EVooo and EVobi.

Table 2-1. Pin I/O Buffer Power Supplies

(1) 32-pin, and 48-pin products

Power Supply Corresponding Pins

Vbb All pins

(2) 64-pin products

Power Supply Corresponding Pins
EVobo o Port pins other than P33, P34, P80 to P87, P90 to P96, P121 to P124, and P137
Vbb e P33, P34, P80 to P87, P90 to P96, P121 to P124, and P137
e Pins other than port pins

(3) 80-pin products

Power Supply Corresponding Pins
EVopo o Port pins other than P33, P34, P80 to P87, P90 to P97, P121 to P124, and P137
Vobp e P33, P34, P80 to P87, P90 to P97, P121 to P124, and P137
¢ Pins other than port pins

(4) 100-pin products

Power Supply Corresponding Pins
EVopo, EVop1  Port pins other than P33, P34, P80 to P87, P90 to P97, P100 to P105, P121 to P124,
and P137
Vobp e P33, P34, P80 to P87, P90 to P97, P100 to P105, P121 to P124, and P137
o Pins other than port pins

This subchapter describes the 100-pin products of RL78/F24 and the 80-pin products of RL78/F23 as examples.
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RL78/F23, F24

2. PIN FUNCTIONS

2.1.1 RL78/F24 100-pin Products

(1/2)
Function /o Function After Reset Alternate Function
Name
P00 /10 Port 0 Input port (TI05)/(TOO05)/INTP9
PO Use of an on-chip pull-up resistor can be specified by a software setting. (T104)/(TO04)
P02 (T106)/(TO06)
P03 (RTC1HZ)
P10 /0 Port 1 Input port TI13/TO13/TRJO0/SCK10/SCL10/
Input of P10, P11, P13, P14, P16, and P17 can be set to TTL input LTXD1/CTXDO
P11 buffer. TI12/TO12/(TRDIOBO)/SI10/
Use of an on-chip pull-up resistor can be specified by a software setting. SDA10/RXD1/LRXD1/CRXDO
P12 Output from P10 to P17 can be set to N-ch open-drain output. TIL1/TOLL/(TRDIODO)/INTPS/
For input to P10, P11, P13, P14, P16, and P17, the threshold level can SO10/TXDL/SNZOUT3
P13 be specified. TI04/TO04/TRDIOAO/TRDCLKO/
SI01/SDAO1/LTXDO
P14 TI06/TO06/TRDIOCO/SCKO1/
SCLO1/LRXDO
P15 TI05/TO05/TRDIOA1/(TRDIOAO)/
(TRDCLKO0)/SO00/TXDO0/
TOOLTXD/RTC1HZ
P16 TI02/TO02/TRDIOC1/SI00/
SDAOO/RXDO/TOOLRXD
P17 TI00/TO00/TRDIOB1/SCKO00/
SCLOO/INTP3
P30 /10 Port 3 Input port TI01/TO01/TRDIOD1/SSI00/
Input of P30 can be set to TTL input buffer. INTP2/SNZOUTO
P31 P33 and P34 can be set to analog input. TI14/TO14/STOPST/(INTP2)
P32 Output from P32 can be set to N-ch open-drain output. TIL6/TOL6/(SOLL)/INTP7
P33 For ir_1put to P30 to P32, uss_a of an on-chip pull-up resistor can be Analog input | AVReFr/ANIG
specified by a software setting.
P34 For input to P30, the threshold level can be specified. port AVREFMIANI7
P40 /10 Port 4 Input port TOOLO
P41 Use of an on-chip pull-up resistor can be specified by a software setting. TI10/TO10/TRJIO0/TRDORES/
For input to P41 and P43, the threshold level can be specified. (SI10)/(RXD1)/VCOUTO/SNZOUT2
P42 (LTXDO)
P43 (LRXDO)
paa (TI07)/(TOO7)
pas (TI110)/(TO10)
P46 (T112)/(TO12)
P47 INTP13
P50 /10 Port 5 Input port (SSIO1)/(INTP3)
P51 Input of P54 can be set to TTL input buffer. (SO01)/INTP11
P52 Use_of an on-chip pull-up resistor can be specified by a software _sgtting. (SCKOL)/(STOPST)
pE3 For input to P50 and P52 to P54, the threshold level can be specified. (SI01)INTP10
P54 (TI11)/(TO11)/SSI10
P55 (T113)/(TO13)
P56 (TI15)/(TO15)/(SNZOUT1)
P57 (TI17)/(TO17)/(SNZOUTO0)
P60 /10 Port 6 Input port (TOO01)/(SCK00)/(SCL00)
P61 Input of P62 and P63 can be set to TTL input buffer. (TO02)/(S100)/(SDA00)/(RXDO)
e e L e et s e
P63 Forri)nput to P60 to P63, the threshold level cgn be specifiepd. (TOOT)/(SSI00)/SDAAD
P64 (TI14)/(TO14)/(SNZOUT3)
P65 (TI16)/(TO16)/(SNZOUT2)
PG (T100)/(TO00)
Pe7 (T102)/(TO02)

Remark Functions in parentheses in the above table can be assigned via settings in the peripheral I/O redirection

registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output
control register (STPSTC).
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RL78/F23, F24

2. PIN FUNCTIONS

(212)
Function 110 Function After Reset Alternate Function
Name

P70 110 Port 7 Analog input | ANI26/KRO/TI15/TO15/INTP8/
Input of P70, P71, and P73 can be set to TTL input buffer. port SI11/SDA11/SNZOUT4

P71 P70 to P74 can be set to analog input. ANI27/KRLU/TIL7/TOL17/INTP6/
Use of an on-chip pull-up resistor can be specified by a software setting. SCK11/SCL11/SNZOUT5

P72 Output from P70 to P72 can be set to N-ch open-drain output. ANI28/KR2/(CTXD0)/SO11/
For input to P70, P71, P73, and P75 to P77, the threshold level can be SNZOUTE

P73 specified. ANI29/KR3/(CRXD0)/SSI11/

SNZOUT7

P74 ANI30/KR4/(SO10)/(TXD1)

P75 Input port KR5/(S110)/(RXD1)

P76 KR6/(SCK10)

P77 KR7/(SSI10)/INTP12

P80 /10 Port 8 Analog input | ANIO/ANOO

P81 P80 to P87 can be set to analog input. port ANIL

P82 ANI2/IVCMP0OO

P83 ANI3/IVCMPO1

P84 ANI4/IVCMP02

P85 ANI5/IVCMPO3/IVREFO

P86 ANI8

P87 ANI9

P90 /10 Port 9 Analog input | ANI10

P91 P90 to P97 can be set to analog input. port ANI11

P92 ANI12

P93 ANI13

P94 ANI14

P95 ANI15

P96 ANI16

P97 ANI17

P100 110 Port 10 Analog input | ANI18

P101 P100 to P105 can be set to analog input. port ANI19

P102 zgfz;;?SZTSHPlO?, use of an on-chip pull-up resistor can be specified by a ANI20

P103 For input to Pl%?, the threshold level can be specified. ANI21

P104 ANI22

P105 ANI23

P106 Input port (LTXD1)

P107 (LRXD1)

P120 lfe} Port 12 Analog input | ANI25/T107/TO07/TRDIODO/
Input of P125 can be set to TTL input buffer. port SO01/(SCK10)/(LTXD1)/INTP4

P121 Input P120 and P125 can be set to analog input. Input port X1

P122 For P120 and P125 to P127, use of an on-chip pull-up resistor can be X2/EXCLK
specified by a software setting.

p123 Oputput frorz P120 can be setgto N-ch open-drain output. XT1

P124 For input to P120 and P125, the threshold level can be specified. XT2/EXCLKS

P125 110 Analog input | ANI24/T103/TO03/TRDIOBO/

port SSI01/(LRXD1)/INTP1/SNZOUT1

P126 Input port (TI01)/(TO01)

P127 (T103)/(TO03)

P130 Qutput Port 13 Output port RESOUT

P137 Input Input port INTPO

P140 110 Port 14 Input port TRD1RES/PCLBUZO
Use of an on-chip pull-up resistor can be specified by a software setting.

P150 /10 Port 15 Input port (SSl11)

P151 Use of an on-chip pull-up resistor can be specified by a software setting. (SO11)

P152 For input to P150, P152, and P153, the threshold level can be specified. (si11)

P153 (SCK11)

P154 (SNZOUT7)

P155 (SNZOUT6)

P156 (SNZOUTS5)

P157 (SNZOUT4)

Remark Functions in parentheses in the above table can be assigned via settings i
registers (PIORX).

n the peripheral 1/O redirection

R0O1DS0446EJ0110 Rev.1.10

Jun 30, 2024

RENESAS

Page 27 of 206



RL78/F23, F24 2. PIN FUNCTIONS

2.1.2 RL78/F23 80-pin Products

(1/2)
Fw;f:g” 1o Function After Reset Alternate Function
P00 110 Port 0 Input port (TI05)/(TOO05)/INTP9
PO1 Use of an on-chip pull-up resistor can be specified by a software setting. (TI04)/(TO04)
P02 (T106)/(TO06)
P10 lfe] Port 1 Input port TI13/TO13/TRJO0/SCK10/SCL10
P11 Input of P10, P11, P13, P14, P16, and P17 can be set to TTL input buffer. TI12/TO12/(TRDIOBO)/SI10/
Use of an on-chip pull-up resistor can be specified by a software setting. SDA10/RXD1
P12 Output from P10 to P17 can be set to N-ch open-drain output. TI11/TO11/(TRDIODO)/INTP5/
For input to P10, P11, P13, P14, P16, and P17, the threshold level can be SO10/TXD1/SNZOUT3
P13 specified. TI04/TO04/TRDIOAO/TRDCLKO/
SI01/SDA0L/LTXDO
P14 TI06/TO06/TRDIOC0/SCKO01/
SCLO1/LRXDO
P15 TI05/TO05/TRDIOA1/(TRDIOAO)/
(TRDCLKO0)/SO00/TXDO0/
TOOLTXD/RTC1HZ
P16 TI02/TO02/TRDIOC1/SI00/
SDAOO/RXDO/TOOLRXD
P17 TIO0/TO00/TRDIOB1/SCKO00/
SCLOO/INTP3
P30 110 Port 3 Input port TI01/TO01/TRDIOD1/SSI00/
Input of P30 can be set to TTL input buffer. INTP2/SNZOUTO
P31 P33 and P34 can be set to analog input. STOPST/(INTP2)
P32 Output from P32 can be set to N-ch open-drain output. (SOL1)/INTP7
P33 For input to P30 t(? P32, use of an on-chip pull-up resistor can be specified Analog input | AVREFP/ANIG
by a software setting.
P34 For input to P30, the threshold level can be specified. port AVREFM/ANI7
P40 110 Port 4 Input port TOOLO
P41 Use of an on-chip pull-up resistor can be specified by a software setting. TI10/TO10/TRJIO0/TRDORES/
For input to P41 and P43, the threshold level can be specified. (S110)/(RXD1)/SNZOUT2
P42 (LTXDO)
P43 (LRXDO)
P44 (T107)/(TO07)
P45 (T110)/(TO10)
P46 (T112)/(TO12)
P47 INTP13
P50 /10 Port 5 Input port (SSI01)/(INTP3)
P51 Use of an on-chip pull-up resistor can be specified by a software setting. (SOO01)/INTP11
P52 For input to P50 and P52 to P54, the threshold level can be specified. (SCKO1)/(STOPST)
pE3 Input of P54 can be set to TTL input buffer. (SI01)/INTP10
P54 (TI11)/(TO11)/SSI10
e (TI13)/(TO13)
P56 (SNZOUT1)
P57 (SNZOUTO0)
P60 lfe} Port 6 Input port (TOO01)/(SCK00)/(SCL00)
P61 Input of P62 and P63 can be set to TTL input buffer. (TO02)/(S100)/(SDA0O)/(RXDO)
Pe2 Outpt om P30 10 P63 oo b a6 19 N aperecrai gt (T003)(SO0ITXO0VSCLAY
P63 ForFi)nput to P60 to P63, the threshold level c';n be specifie'li. (TOOD)(SSIO0)/SDAAD
P64 (SNZOUT3)
P65 (SNZOUT2)
P66 (TI00)/(TO00)
P67 (TI02)/(TO02)

Remark Functions in parentheses in the above table can be assigned via settings in the peripheral I/O redirection
registers (PIORXx). Only the STOPST function of P52 can be assigned via settings in the STOP status output
control register (STPSTC).
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2. PIN FUNCTIONS

(212)
Function 110 Function After Reset Alternate Function
Name
P70 110 Port 7 Analog input | ANI26/KRO/INTP8/SI11/SDA11/
Input of P70, P71, and P73 can be set to TTL input buffer. port SNZOUT4
P71 P70 to P74 can be set to analog input. ANI27/KR1/INTP6/SCK11/SCL11/
Use of an on-chip pull-up resistor can be specified by a software setting. SNZOUT5
P72 OutPut from P70 to P72 can be set to N-ch open-drain output. ANI28/KR2/SO11/SNZOUTS
P73 Es;;:oeudt.to P70, P71, P73, and P75 to P77, the threshold level can be ANI29/KR3/SSI1/SNZOUT?
P74 ANI30/KR4/(SO10)/(TXD1)
P75 Input port KR5/(S110)/(RXD1)
P76 KR6/(SCK10)
P77 KR7/(SSI10)/INTP12
P80 110 Port 8 Analog input | ANIO
P81 P80 to P87 can be set to analog input. port ANI1
P82 ANI2
P83 ANI3
P84 ANI4
P85 ANI5
P86 ANI8
P87 ANI9
P90 110 Port 9 Analog input | ANI10
P91 P90 to P97 can be set to analog input. port ANI11
P92 ANI12
P93 ANI13
P94 ANI14
P95 ANI15
P96 ANI16
P97 ANIL7
P120 /10 Port 12 Analog input | ANI25/T107/TO07/TRDIODO/
Input of P125 can be set to TTL input buffer. port SO01/(SCK10)/INTP4
P121 Input P120 and P125 can be set to analog input. Input port X1
P122 For P120, P125, and P126, use of an on-chip pull-up resistor can be X2/EXCLK
specified by a software setting.
p123 Oputput frorz P120 can be setgto N-ch open-drain output. XT1
pP124 For input to P120 and P125, the threshold level can be specified. XT2/EXCLKS
P125 lfe} Analog input | ANI24/T103/TO03/TRDIOBO/
port SSI01/INTP1/SNZOUT1
P126 Input port (T101)/(TOO1)
P130 Qutput Port 13 Output port RESOUT
P137 Input Input port INTPO
P140 /10 Port 14 Input port TRD1RES/PCLBUZO
Use of an on-chip pull-up resistor can be specified by a software setting.

Remark Functions in parentheses in the above table can be assigned via

registers (PIORX).

settings in the peripheral 1/0O redirection
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RL78/F23, F24 2. PIN FUNCTIONS

2.1.3 Pins for Each Product (pins other than port pins)

This subchapter shows the pins other than the ports shown in Table 2-2 and Table 2-3 for each product.
“\” indicates the pin that is provided in the product and “—” indicates the pin that is not provided.

Table 2-2. List of RL78/F24 Pins Other than Port Pins (1/5)

Pin Pin Count
Function Vo Function 100-pin | 80-pin | 64-pin | 48-pin | 32-pin
ANIO Input | A/D converter analog input (high-speed) N N N \ \
ANI1 Input V V \/ \ \/
ANI2 Input N N N \ \
ANI3 Input v v v v v
ANI4 Input N N N \ \
ANI5 Input v v v v v
ANI6 Input N N N \ \
ANI7 Input v v v v v
ANI8 Input N N N \ —
ANI9 Input v v v v —
ANI10 Input N N N \ —
ANI11 Input v v v v —
ANI12 Input N N N \ —
ANI13 Input v V V — —
ANI14 Input N N N — —
ANI15 Input v V V — —
ANI16 Input | A/D converter analog input (normal-speed) N \ S — —
ANI17 Input y v — — —
ANI18 Input N — — — —
ANI19 Input y — — — —
ANI20 Input N — — — —
ANI21 Input y — — — —
ANI22 Input N — — — —
ANI23 Input y — — — —
ANI24 Input N \ N S S
ANI25 Input N R v v v
ANI26 Input 3 v y y —
ANI27 Input N R V y —
ANI28 Input 3 v y y —
ANI29 Input N R v v —
ANI30 Input 3 v y — —
IVCMPOO | Input | Comparator analog voltage input N R N R R
IVCMPO1 | Input 3 3 y J J
IVCMPO2 | Input N N v v v
IVCMPO3 | Input 3 3 y J J
IVREFO Input | Comparator reference voltage input N N N R R
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RL78/F23, F24 2. PIN FUNCTIONS

Table 2-2. List of RL78/F24 Pins Other than Port Pins (2/5)

Pin ) Pin Count
Function o Function 100-pin | 80-pin | 64-pin | 48-pin | 32-pin
KRO Input | Key interrupt input \ v \/ v v
KR1 Input v N \ N N
KR2 Input \ V \/ \/ \/
KR3 Input v N \ N N
KR4 Input \ V \/ \/ \/
KR5 Input v N \ N N
KR6 Input v N \ N —
KR7 Input \ V \/ \/ —
ANOO | Output | D/A converter output \ N \ N N
VCOUTO | Output | Comparator output R N v N N
TI00 Input | 16-bit timer 00 input \ N \ N N
TIO1 Input | 16-bit timer 01 input (8-bit mode available) R N v N N
TIO2 Input | 16-bit timer 02 input v v v v v
TIO3 Input | 16-bit timer 03 input (8-bit mode available) \ N \ N N
TIO4 Input | 16-bit timer 04 input v v v v v
TIO5 Input | 16-bit timer 05 input \ N \ N N
TI06 Input | 16-bit timer 06 input R N v N N
TI07 Input | 16-bit timer 07 input \ N \ N N
TI10 Input | 16-bit timer 10 input \ N \ N N
TI11 Input | 16-bit timer 11 input (8-bit mode available) v v v v v
TI12 Input | 16-bit timer 12 input \ N S N N
TI13 Input | 16-bit timer 13 input (8-bit mode available) v N R N N
T4 Input | 16-bit timer 14 input \ N S N —
TI15 Input | 16-bit timer 15 input v v v v —
TI16 Input | 16-bit timer 16 input v v v v —
TIL7 Input | 16-bit timer 17 input \ N S N —
TO00 Output | 16-bit timer 00 output v N v N N
TOO1 Output | 16-bit timer 01 output (8-bit mode available) \ N S N N
TO02 Output | 16-bit timer 02 output v N v N N
TOO03 Output | 16-bit timer 03 output (8-bit mode available) \ N S N N
TOO04 | Output | 16-bit timer 04 output \ N S N N
TOO05 Output | 16-bit timer 05 output R N R N N
TO06 | Output | 16-bit timer 06 output \ 3 J y y
TOO07 Output | 16-bit timer 07 output R N R N N
TO10 | Output | 16-bit timer 10 output \/ 3 J y y
TO11 Output | 16-bit timer 11 output (8-bit mode available) R N R N N
TO12 Output | 16-bit timer 12 output R N v v v
TO13 Output | 16-bit timer 13 output (8-bit mode available) \/ v J y y
TO14 Output | 16-bit timer 14 output R N R N —
TO15 | Output | 16-bit timer 15 output \ 3 J y —
TO16 Output | 16-bit timer 16 output R N R N —
TO17 | Output | 16-bit timer 17 output \ 3 J y —
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Table 2-2. List of RL78/F24 Pins Other than Port Pins (3/5)

Pin ) Pin Count
Function o Function 100-pin | 80-pin | 64-pin | 48-pin | 32-pin
TRJIOO0 I/O | Timer RJ input/output N N N \ \
TRJOO | Output | Timer RJ output V V \/ \ \/
TRDCLKO | Input | Timer RDe external clock input N N N \ \
TRDIOAO | /O | Timer RDeO input/output V V \/ \ x/
TRDIOBO | 1/0 S S V V V
TRDIOCO | 1/O V V V x/ x/
TRDIODO | 1/O V V V x/ x/
TRDIOAL I/O | Timer RDel input/output N N N \ \
TRDIOB1 | I/O V V \/ \/ v
TRDIOC1 | 1O v V \/ J J
TRDIOD1 | /O V V \/ \/ v
TRDORES | Input | Timer RDe0 external timer counter clear trigger input N N N \ \
TRD1RES | Input | Timer RDel external timer counter clear trigger input N N N \ —
RXDO Input | Serial data input to UARTO v v v v v
RXD1 Input | Serial data input to UART1 N N N \ \
TXDO Output | Serial data output from UARTO v v v v v
TXD1 Output | Serial data output from UART1 N N N N N
SCLAO I/O | Clock input/output for ICAOQ v v v v v
SCLOO | Output | Clock output from simplified 12C v v v v v
SCLO1 | Output N N N \ \
SCL10 | Output v v v v v
SCL11 | Output N N N \ —
SDAAO I/O | Serial data input/output for IICAQ v v v v v
SDA00 I/O | Serial data input/output for simplified 12C N N N S \
SDAO1 110 V V v J J
SDA10 110 V V \/ v v
SDA11 1/0 V S \/ V —
SCKO00 I/O | Clock input/output for CS100 v v v v v
SCKO1 I/0 | Clock input/output for CSI01 N N N S \
SCK10 I/O | Clock input/output for CSI10 v v v v v
SCK11 I/O | Clock input/output for CSI11 N N v v —
SI00 Input | Serial data input to CSI00 N N v N N
sio1 Input | Serial data input to CSI01 N N v v v
SI10 Input | Serial data input to CSI10 N N v N N
SI11 Input | Serial data input to CSI11 N N v v —
S0O00 Output | Serial data output from CSI00 N N v N N
S001 Output | Serial data output from CSI01 v v y J J
S010 Output | Serial data output from CSI10 N N v v v
S011 Output | Serial data output from CSI11 N N v \/ —
SSI00 Input | Slave select input to CSI00 (SPI00) N N v v v
SSI01 Input | Slave select input to CSI01 (SP101) N N v N N
SSI10 Input | Slave select input to CSI10 (SPI110) N N v — —
SSI11 Input | Slave select input to CSI11 (SPI11) N N v \ —
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RL78/F23, F24 2. PIN FUNCTIONS

Table 2-2. List of RL78/F24 Pins Other than Port Pins (4/5)

Pin ) Pin Count
Function o Function 100-pin | 80-pin | 64-pin | 48-pin | 32-pin
CRXDO Input | Serial data input to CAN N N N \ \
CTXDO | Output | Serial data output from CAN V V \/ \ \/
LRXDO Input | Serial data input to LIN N N N \ \
LRXD1 Input V V \/ \ x/
LTXDO | Output | Serial data output from LIN N N N \ \
LTXD1 | Output V V \/ \ x/
INTPO Input | External interrupt input v v v \ \/
INTP1 Input N N N \ \
INTP2 Input v v v v v
INTP3 Input y y y J \
INTP4 Input v v v v v
INTP5 Input y y y J \
INTP6 Input y y y J —
INTP7 Input v v v v —
INTPS Input y y y J —
INTP9 Input v v v v —
INTP10 Input y y y — —
INTP11 Input v v v — —
INTP12 Input v v v — —
INTP13 Input y y — — —
PCLBUZO0 | Output | Clock output/buzzer output 0 v v v v —
RESOUT | Output | Reset output N N N S —
STOPST | Output | STOP status output v v v v —
SNZOUTO | Output | SNOOZE status output N N N S S
SNZOUT1 | Output N N N \ \
SNZOUT2 | Output v v v v v
SNZOUT3 | Output N N N \ \
SNZOUT4 | Output v v v v —
SNZOUT5 | Output N N N \ —
SNZOUT6 | Output v v v v —
SNZOUT?7 | Output N N v v —
RTC1HZ | Output | Real-time clock correction clock (1 Hz) output N N v N N
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RL78/F23, F24 2. PIN FUNCTIONS

Table 2-2. List of RL78/F24 Pins Other than Port Pins (5/5)

Pin ) Pin Count
Function o Function 100-pin | 80-pin | 64-pin | 48-pin | 32-pin
EXCLK Input | External clock input for main system clock N N N J J
EXCLKS | Input | External clock input for subsystem clock v v v y —
X1 — Resonator connection for main system clock N N N J J
X2 — v v v J J
XT1 Note — | Resonator connection for subsystem clock N N y J —
XT2 Note — v v v J —
RESET | Input |External resetinput V V V \/ \/
REGC — Regulator output stabilization capacitance connection for N N N J J
internal operation. Connect to Vss via the capacitor (0.47 to 1
uF).
AV — | Positive power supply for the P33, P34, P80 to P87, P90 to P97, N N N \ \
P100 to P105, P121 to P124, P137, and RESET pins
EVobo — Positive power supply for the pins that are not connected to Voo N v V — —
EVop1 — N — — — —
AVREFP Input | A/D converter reference voltage (+ side) input N N N \ \
AVREFM Input | A/D converter reference voltage (- side) input N N N \ \
Vss — | Ground potential for the P33, P34, P80 to P87, P90 to P97, P100 N N N v v
to P105, P121 to P124, P137, and RESET pins
EVsso — | Ground potential for the pins that are not connected to Vss N N N — —
EVss1 — v — — — —
TOOLRXD | Input | UART reception pin for the external device connection used N N N S S
during flash memory programming
TOOLTXD | Output | UART transmission pin for the external device connection used N N N S S
during flash memory programming
TOOLO I/O | Data input/output for flash memory programmer/debugger N N N v v
Note Do not use the XT1 and XT2 pin functions in grade-5 products.
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RL78/F23, F24

2. PIN FUNCTIONS

Table 2-3. List of RL78/F23 Pins Other than Port Pins (1/5)

Pin I/0 Function Pin Count
Function 80-pin 64-pin 48-pin 32-pin
ANIO Input | A/D converter analog input (high-speed) v v v v
ANI1 Input N N N N
ANI2 Input v v \/ \/
ANI3 Input N N N N
ANI4 Input v v \/ \/
ANI5 Input v v \/ \/
ANI6 Input N N N N
ANI7 Input v v V V
ANI8 Input N N N —
ANI9 Input v V V —
ANI10 Input N N N —
ANI11 Input N N N —
ANI12 Input v V V —
ANI13 Input N N — —
ANI14 Input V V — —
ANI15 Input N N — —
ANI16 Input | A/D converter analog input (normal-speed) N v — —
ANI17 Input V — — —
ANI24 Input N N N N
ANI25 Input v v \/ \/
ANI26 Input N N N —
ANI27 Input v \/ V —
ANI28 Input N N N —
ANI29 Input N N N —
ANI30 Input v \/ — —
KRO Input | Key interrupt input N N N N
KR1 Input v v \/ \/
KR2 Input N N N N
KR3 Input v v \/ \/
KR4 Input N v V V
KR5 Input 3 y \/ \/
KR6 Input N V V —
KR7 Input 3 y \/ —
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RL78/F23, F24

2. PIN FUNCTIONS

Table 2-3. List of RL78/F23 Pins Other than Port Pins (2/5)

Pin I/0 Function Pin Count
Function 80-pin 64-pin 48-pin 32-pin
TI00 Input | 16-bit timer 00 input V \/ \/ \/
TIO1 Input | 16-bit timer 01 input (8-bit mode available) N \ N N
TI02 Input | 16-bit timer 02 input V \/ \/ \/
TIO3 Input | 16-bit timer 03 input (8-bit mode available) N \ N N
TI04 Input | 16-bit timer 04 input V \/ \/ \/
TIO5 Input | 16-bit timer 05 input V \/ \/ \/
TIO6 Input | 16-bit timer 06 input N \ N N
TIO7 Input | 16-bit timer 07 input N R N N
TI10 Input | 16-bit timer 10 input N \ N N
TI11 Input | 16-bit timer 11 input (8-bit mode available) N v N N
T2 Input | 16-bit timer 12 input N \ N N
T3 Input | 16-bit timer 13 input (8-bit mode available) N \ N N
TO00 Output | 16-bit timer 00 output N v N N
TOO1 | Output | 16-bit timer 01 output (8-bit mode available) N \ N N
TO02 Output | 16-bit timer 02 output N v N N
TOO03 | Output | 16-bit timer 03 output (8-bit mode available) N \ N N
TOO04 | Output | 16-bit timer 04 output v v v v
TOO05 Output | 16-bit timer 05 output N v N N
TOO06 | Output | 16-bit timer 06 output N S N N
TOO07 Output | 16-bit timer 07 output N v N N
TO10 | Output | 16-bit timer 10 output \ S y y
TO11 Output | 16-bit timer 11 output (8-bit mode available) v v N v
TO12 | Output | 16-bit timer 12 output \ S y y
TO13 | Output | 16-bit timer 13 output (8-bit mode available) \ S y y
TRJIOO I/O | Timer RJ input/output N v N N
TRJOO | Output | Timer RJ output N S N N
TRDCLKO | Input | Timer RDe external clock input v v v v
TRDIOAO | /O | Timer RDeO input/output N S N N
TRDIOBO | 1/0 V \/ v v
TRDIOCO | /O d \/ v v
TRDIODO | /O v ol v v
TRDIOAL | 1/0 | Timer RDel input/output N R N v
TRDIOB1 | 1/O v ol v v
TRDIOC1 | /O d \/ v v
TRDIOD1 | 1/O v ol v v
TRDORES | Input | Timer RDeO external timer counter clear trigger input v J y y
TRD1RES | Input | Timer RDel external timer counter clear trigger input N R N —
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RL78/F23, F24

2. PIN FUNCTIONS

Table 2-3. List of RL78/F23 Pins Other than Port Pins (3/5)

Pin I/0 Function Pin Count
Function 80-pin 64-pin 48-pin 32-pin
RXDO Input | Serial data input to UARTO V \/ \/ \/
RXD1 Input | Serial data input to UART1 v \ y y
TXDO | Output | Serial data output from UARTO v \/ v v
TXD1 | Output | Serial data output from UART1 v \ y y
SCLAO I/O | Clock input/output for ICAOQ v x/ v \/
SCLOO | Output | Clock output from simplified 12C v \/ v v
SCLO1 | Output N \ N N
SCL10 | Output Y v N v
SCL11 | Output \ \ y —
SDAAO I/O | Serial data input/output for [ICAO Y R N v
SDA0O I/O | Serial data input/output for simplified 12C N \ N N
SDAO01 110 v J v v
SDA10 /o v v v v
SDA11 110 J J v —
SCKO00 I/0 | Clock input/output for CSI00 N v N N
SCKO1 I/O | Clock input/output for CSI01 N \ N N
SCK10 I/0 | Clock input/output for CSI10 N v N N
SCK11 I/0 | Clock input/output for CSI11 N v N —
S100 Input | Serial data input to CSI00 N S N N
Ssl01 Input | Serial data input to CSIO1 N v N N
SI10 Input | Serial data input to CSI10 N S N N
SI11 Input | Serial data input to CSI11 N v N —
SO00 | Output | Serial data output from CSI00 N S N N
SO01 | Output | Serial data output from CSI01 N S N N
S010 | Output | Serial data output from CSI10 N v N N
SO11 | Output | Serial data output from CSI11 N S N —
SSI00 Input | Slave select input to CSI00 (SPI00) N v N N
SSI01 Input | Slave select input to CSI01 (SP101) N S N N
SSI10 Input | Slave select input to CSI10 (SPI10) N v — —
SSi11 Input | Slave select input to CSI11 (SPI11) N R N —
LRXDO Input | Serial data input to LIN 3 J y
LTXDO | Output | Serial data output from LIN N R N N
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RL78/F23, F24

2. PIN FUNCTIONS

Table 2-3. List of RL78/F23 Pins Other than Port Pins (4/5)

Pin 1/0 Function Pin Count
Function 80-pin 64-pin 48-pin 32-pin
INTPO Input | External interrupt input v N \ N
INTP1 Input \ \/ \/ \/
INTP2 Input v N \ N
INTP3 Input \ \/ \/ \/
INTP4 Input v N \ N
INTP5 Input \ \/ \/ \/
INTP6 Input v N \ —
INTP7 Input \ v \/ —
INTPS Input \ N \ —
INTP9 Input v v v —
INTP10 | Input \ N — —
INTP11 | Input v v — —
INTP12 | Input \ N — —
INTP13 Input v — — —
PCLBUZO0 | Output | Clock output/buzzer output 0 \ N \ —
RESOUT | Output | Reset output R N v —
STOPST | Output | STOP status output \ N \ —
SNZOUTO | Output | SNOOZE status output R N v N
SNZOUT1 | Output \ N \ N
SNZOUT2 | Output v N v N
SNZOUT3 | Output \ N S N
SNZOUT4 | Output v N v —
SNZOUTS5 | Output \ N S —
SNZOUT6 | Output v N v —
SNZOUT7 | Output \ N S —
RTC1HZ | Output | Real-time clock correction clock (1 Hz) output v N v N
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RL78/F23, F24

2. PIN FUNCTIONS

Table 2-3. List of RL78/F23 Pins Other than

Port Pins (5/5)

Pin I/0 Function Pin Count
Function 80-pin 64-pin 48-pin 32-pin
EXCLK Input | External clock input for main system clock y y y y
EXCLKS Input | External clock input for subsystem clock v v v —
X1 — | Resonator connection for main system clock N N N N
X2 — v v \/ \/
XT1 Nete — | Resonator connection for subsystem clock v v v —
XT2 Nete — «/ V V —
RESET | Input | External reset input v v v v
REGC — | Regulator output stabilization capacitance connection for N N N
internal operation. Connect to Vss via the capacitor (0.47 to
1 pF).
VoD — | Positive power supply for the P33, P34, P80 to P87, P90 to N N N N
P97, P121 to P124, P137, and RESET pins
EVbpo — Positive power supply for the pins that are not connected to N N — —
Vbp
AVREFP Input | A/D converter reference voltage (+ side) input
AVREFM Input | A/D converter reference voltage (- side) input
Vss — Ground potential for the P33, P34, P80 to P87, P90 to P97,
P121 to P124, P137, and RESET pins
EVsso — Ground potential for the pins that are not connected to Vss v v — —
TOOLRXD | Input | UART reception pin for the external device connection used N N
during flash memory programming
TOOLTXD | Output | UART transmission pin for the external device connection N N N N
used during flash memory programming
TOOLO I/O | Data input/output for flash memory programmer/debugger v v v v
Note Do not use the XT1 and XT2 pin functions in grade-5 products.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

Cautions 1. RL78/F23 and RL78/F24 have 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.

2. With products not provided with an EVppo, EVbp1, EVsso, or EVss1 pin, replace EVppo and EVbp1 with
Vop, or replace EVsso and EVss1 with Vss.

3. The pins mounted depending on the product. For details, refer to 1.5 Pin Configurations and 2.1 Pin
Function List.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.1 Absolute Maximum Ratings

-0.3 to AVRer@) + 0.3 Notes 2,3

(1/3)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.5t0 +6.5 \%
EVbpo, EVop: | EVbpo = EVop1 = Vob -0.5t0 +6.5 \Y
Vss -0.5t0 +0.3 \%
EVsso, EVss1 | EVsso = EVss1 -0.5t0 +0.3 \Y
REGC pin input voltage Virecc REGC -0.3to +2.8 and \%
-0.3to Voo + 0.3 Note!
Input voltage Viz P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3 to Voo + 0.3 Note 2
P120, P125 to P127, P140, P150 to P157
Vi2 P33, P34, P80 to P87, P90 to P97, P100 to P105, -0.3 to Voo + 0.3 Note 2 \Y
P121 to P124, P137, RESET
Output voltage Vo1 P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3 to Voo + 0.3 Note 2
P120, P125 to P127, P130, P140, P150 to P157
Vo2 P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.3to Voo + 0.3 Vv
Analog input voltage Vai ANI24 to ANI30 -0.3 to EVooo+ 0.3 and \%
-0.3 to AVRer@) + 0.3Notes 2.3
Vaiz ANIO to ANI23 -0.3to Voo + 0.3 and Y,

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value regulates the absolute maximum rating

of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5 V or lower.
3. For pins to be used in A/D conversion, the voltage should not exceed the value AVRrer (+)+ 0.3.

Caution

Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remark

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(2/13)
Parameter Symbol Conditions Ratings Unit
Output current, high lomH Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 -40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to -70 mA
-170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to -100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
loH2 Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.5 mA
Total of all pins -2 mA
Output current, low loL1 Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to 70 mA
170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to 100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
loL2 Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 1 mA
Total of all pins 5 mA

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(3/13)
Parameter Symbol Conditions Ratings Unit
Positive injected lingp Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 5 mA
current to P57, P60 to P67, P75 to P77, P106, P107, P126,
(V1 > Vpp) Nete P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 2 mA
P120, P125
Negative injected linan Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 -5 mA
current to P57, P60 to P67, P75 to P77, P106, P107, P126,
(Vi < Vss) Note P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -0.5 mA
P120, P125
Sum of all positive 2Inge | Total of all pins P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
injected currents Note to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Sum of all negative Zlnon | Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, -40 mA
injected currents "¢ P50 to P57, P60 to P67, P75 to P77, P106, P107,
P126, P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -2 mA
P120, P125
Total of all injected 2|lmop| | Total of all pins P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
currents Note + lnon] to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Operating ambient Ta In normal operation mode -40 to +105 °C
temperature In flash memory programming mode
Storage temperature Tstg -65 to +150 °C

Note Conditions: 2.7 V < EVbpo = EVbop1 =Vbop£5.5V, Vss = EVsso = EVss1=0V

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

2. Vi :This is the input voltage level to the port pins.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.2 Oscillator Characteristics

3.2.1 Main System Clock Oscillator Characteristics

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic resonator/ X1 clock oscillation frequency (fx) | 2.7 V < Voo < 5.5V 2.0 20.0 | MHz
Crystal resonator |VSS X1 X2‘|

RdA2 |

Ot

ClE C2T !
ua

Cautions 1.

2.

When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the above
figures to avoid an adverse effect from wiring capacitance.

* Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

Customers are requested to consult the resonator manufacturer to select an appropriate resonator
and to determine the proper oscillation constant. Customers are also requested to adequately
evaluate the oscillation on their system. Determine the X1 clock oscillation stabilization time using
the oscillation stabilization time of the oscillation stabilization time counter status register (OSTC)
and the oscillation stabilization time select register (OSTS) after sufficiently evaluating the
oscillation stabilization time with the resonator to be used.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.2.2 On-chip Oscillator Characteristics

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)
Oscillators Symbol Conditions MIN. TYP. MAX. Unit

High-speed on-chip oscillator fin 2 80 MHz
clock frequency Nt

High-speed on-chip oscillator - -2.0 +2.0 %
clock frequency accuracy

Low-speed on-chip oscillator fiL, fwor 15 kHz
clock frequency

Low-speed on-chip oscillator - -15 +15 %
clock frequency accuracy

Note High-speed on-chip oscillator frequency is selected with bits 0 to 4 of the option byte (000C2H/040C2H) and
bits 0 to 2 of the HOCODIV register.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.2.3 Subsystem Clock Oscillator Characteristics

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Resonator Recommended Circuit Item Conditions MIN. TYP. MAX. | Unit

Crystal resonator XT1 clock oscillation frequency (fxr) | 2.7V <Voo <55V | 29.0 | 32.768 | 35.0 | kHz

|VSS XTL  XT2 |

Cautions 1. When using the XT1 oscillator, wire as follows in the area enclosed by the broken lines in the above
figures to avoid an adverse effect from wiring capacitance.

* Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. The XT1 oscillator is designed as a low-amplitude circuit for reducing power consumption and thus
required to be adequately evaluated on the system. Customers are requested to consult the
resonator manufacturer to select an appropriate resonator and to determine the proper oscillation
constant.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.2.4 PLL Circuit Characteristics

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Resonator Symbol Conditions MIN. TYP. MAX. Unit
PLL input enable feLu fmain: 4.0 MHz FMAINDIV[1:0] = 00B 3.92 4.0 4.08 MHz
clock frequency Mo fuain: 8.0 MHz FMAINDIV[1:0] = 00B 7.84 8.0 8.16 MHz
fmain: 16.0 MHz FMAINDIV[1:0] = 10B 7.84 8.0 8.16 MHz
fmain: 20.0 MHz FMAINDIV[1:0] = 11B 4.90 5.0 5.10 MHz
PLL output feLL fmain: 20 MHz, PLLDIVO = 0, FPLLDIV =0, feLu x 16/2 MHz
frequency (center PLLMULA =0, PLLMUL =1 | PLLDIV1=0
value) PLLDIVO = 0, FPLLDIV = 1, fLu x 16 MHz
PLLDIV1=1
fman: 4 MHz, PLLDIVO = 0, FPLLDIV =0, feLu x 20/2 MHz
PLLMULA =1, PLLMUL =1 | PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, friu x 20 MHz
PLLDIV1=1
fmain: 8 MHz or 16 MHz, PLLDIVO =1, FPLLDIV =0, feLu x 12/4 MHz
PLLMULA =0, PLLMUL =0 | PLLDIV1=0
PLLDIVO =0, FPLLDIV =0, feLu x 12/2 MHz
PLLDIV1 =1
fmain: 8 MHz or 16 MHz, PLLDIVO = 1, FPLLDIV =0, frLu x 16/4 MHz
PLLMULA =0, PLLMUL =1 | PLLDIV1=0
PLLDIVO =0, FPLLDIV =0, feLu X 16/2 MHz
PLLDIV1 =1
fmain: 8 MHz or 16 MHz, PLLDIVO =0, FPLLDIV =0, freu x 10/2 MHz
PLLMULA =1, PLLMUL =0 | PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, friu x 10 MHz
PLLDIV1 =1
Long-term jitter Note 2 tL term =1 ys -1 +1 ns
term = 10 ys -1 +1 ns
term = 20 ps -2 +2 ns

Notes 1. If the high-speed on-chip oscillator clock is to be selected as the PLL input clock, the minimum and maximum
values will reflect the range of accuracy of the oscillation frequency by the high-speed on-chip oscillator clock.
2. Guaranteed by design, but not tested before shipment.

Remark fvain: Main system clock frequency.
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.3 DC Characteristics
3.3.1 Pin Characteristics

For the relationship between the port pins shown in the following tables and the products, refer to 2. PIN FUNCTIONS.

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (1/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output current, high Nete lom1 Per pin for P00 to P03, P10 | 4.0 V<EVppo <5.5V -5.0 mA
to P17, P30 10 P32, P40t0 | 2.7V <EVooo < 4.0V -3.0 mA

P47, P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127, P130,
P140, P150 to P157

Per pin for P10, P12, P14, 40V <EVooo<5.5V 0.6 mA
P30, P120, P140 2.7V <EVooo < 4.0 V 0.2 mA
(special slew rate)

Total of PO1, P02, P40 to 4.0V <EVbpo < 5.5V -20.0 mA
P47, P120, P125 to P127, 2.7V <EVopo < 4.0V -10.0 mA

P150 to P153
(for duty factors < 709 Nt 2)

Total of P00, P03, P10 to 40V <EVopo <55V -30.0 mA
P17, P30 to P32, P50 to P57, | 2.7 vV < EVopo < 4.0 V -19.0 mA
P60 to P67, P70 to P77,
P106, P107, P130, P140,
P154 to P157

(for duty factors < 709 Nt 2)

Total of all pins 40V <EVopo<55V -50.0 mA

(for duty factors < 70%""?%) | 5 7\ < EVopo < 4.0 V 290 | mA
lomz2 Per pin for P33, P34, P80to |2.7V<Vop<55V -0.1 mA

P87, P90 to P97, P100 to

P105

Total of all pins 27V<Vop<55V -2.0 mA

(for duty factors < 709% Nt 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from pins EVbpo, EVbb1
and Vop to an output pin.
2. These output current values are obtained under the condition that the duty factor is no greater than 70%.
The output current values when the duty factor is changed to a value greater than 70% can be calculated from
the following expression (when the duty factor is changed to n%).

¢ Total output current of pins (lon x 0.7)/(n x 0.01)

<Example> Where n = 80% and lox =-10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) =-8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.
A current higher than the absolute maximum rating must not flow into one pin.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, low Nte? loL1 Per pin for P00 to P03, P10to 4.0V <EVbpo<5.5V 8.5 mA
P17, P30 to P32, P40 to P47, 2.7V <EVboo< 4.0V 4.0 mA
P50 to P57, P60 to P67, P70
to P77, P106, P107, P120,
P125 to P127, P130, P140,
P150 to P157
Per pin for P10, P12, P14, 40V <EVopo<55V 0.59 mA
P30, P120, P140 2.7V <EVooo < 4.0V 0.07 mA
(special slew rate)
Total of P01, P02, P40 to P47, | 4.0V <EVooo < 5.5V 20.0 mA
P120, P125to P127, P150t0 | 2 7 v < EVono < 4.0 V 15.0 mA
P153
(for duty factors < 70% N°t¢ 2)
Total of P00, P03, P10to P17, | 4.0V <EVopo <55V 45.0 mA
P30 to P32, P50 to P57, P60 2.7V <EVooo<4.0V 35.0 mA
to P67, P70 to P77, P106,
P107, P130, P140, P154 to
P157
(for duty factors < 70% N°ote 2)
Total of all pins 40V <EVooo <55V 65.0 mA
(for duty factors < 70%™"*%) | 5 7 v < EVooo < 4.0V 500 | mA
loL2 Per pin for P33, P34, P80 to 27V<Vob<55V 0.4 mA
P87, P90 to P97, P100 to
P105
Total of all pins 27V<Vop <55V 5.0 mA
(for duty factors < 70% N°te 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows to the EVsso, EVss1 and

Vss pins from an output pin.

2. These output current values are obtained under the condition that the duty factor is no greater than 70%.

The output current values when the duty factor is changed to a value greater than 70% can be calculated from

the following expression (when the duty factor is changed to n%).

e Total output current of pins (loL x 0.7)/(n x 0.01)

<Example> Where n = 80% and lo. = 10.0 mA

Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.

A current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta = -40 to +105°C, 2.7 V < EVppo = EVop1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V) (3/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vi P00 to P03, P10 to P17, P30 | 4.0 V<EVbpo < 5.5V 0.65 EVboo EVopo Note \%

to P32, P4010 P47, PS0t0 | 27V <EVopo<4.0V | 0.7 EVooo EVoooNote | v
P57, P60 to P67, P70 to
P77, P106, P107, P120,
P125 to P127, P140, P150
to P157
(Schmitt 1 mode)

ViH2 P10, P11, P13, P14, P16, 4.0V <EVbopoo<55V 0.8 EVbpo EVopo Nt \Y%
P17, P30, P41, P43, P50, 2.7V<EVooo<4.0V | 0.85 EVooo EVoooNete | v
P52 to P54, P60 to P63,
P70, P71, P73, P75 to P77,
P107, P120, P125, P150,
P152, P153
(Schmitt 3 mode)

ViH3 P10, P11, P13, P14, P16, 40V <EVopo<55V 2.2 EVopo Note \Y
P17, P30, P54, P62, P63, 2.7V < EVooo < 4.0 V 2.0 EVoooNote | v
P70, P71, P73, P125
(TTL mode)

ViH4 P33, P34, P80 to P87, P90 40V<Vopb<55V 0.8 Vop Vobp \Y%
to P97, P100 to P105, P137 | 27 v <Vep <4.0V 0.85 Voo Voo v
(fixed to Schmitt 3 mode)

Vins RESET 40V<Vopb<55V 0.65 Voo Vob \%
(fixed to Schmitt 1 mode) 2.7V<Vop<4.0V 0.7 Voo Voo v

ViHe P121 to P124, EXCLK, 40V<Vop<55V 0.8 Vop Vobp \Y
EXCLKS 2.7V<Vop<4.0V 0.8 Voo Voo v
(fixed to Schmitt 2 mode)

Note The maximum value of Vi1 of the pins P10 to P17, P32, P60 to P63, P70 to P72, and P120 is EVopo, even in

N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta = -40 to +105°C, 2.7 V < EVppo = EVop1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V) (4/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, low Vi P00 to P03, P10 to P17, P30 4.0V <EVopo<55V 0 0.35 EVboo \%

to P32, P40 to P47, P50 to 2.7V <EVooo<4.0V 0 0.3EVooo | V
P57, P60 to P67, P70 to P77,
P106, P107, P120, P125 to
P127, P140, P150 to P157
(Schmitt 1 mode)

ViL2 P10, P11, P13, P14, P16, P17, | 4.0V <EVopo <5.5V 0 0.5 EVbbo \Y%
P30, P41, P43, P50, P52 to 2.7V <EVoro< 4.0V 0 0.4EVooo | V
P54, P60 to P63, P70, P71,
P73, P75to P77, P107, P120,
P125, P150, P152, P153
(Schmitt 3 mode)

Vi P10, P11, P13, P14, P16, P17, | 4.0V <EVopo <5.5V 0 0.8 \Y%
P30, P54, P62, P63, P70, P71, | 2 7 < EVopo < 4.0 V 0 0.5 v
P73, P125
(TTL mode)

ViLa P33, P34, P80 to P87, P90 to 40V<Vop<55V 0 0.5 Vop \Y%
P97, P100 to P105, P137 27V <Vop<4.0V 0 0.4 Voo v
(fixed to Schmitt 3 mode)

Vis RESET 40V<Vop<55V 0 0.35 Voo \%
(fixed to Schmitt 1 mode) 27V<Vob<4.0V 0 0.3 Voo \V]

Vie P121 to P124, EXCLK, 40V<Vop<5h5V 0 0.2 Vop \Y
EXCLKS 2.7V<Voo<4.0V 0 0.2 Voo v

(fixed to Schmitt 2 mode)

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta = -40 to +105°C, 2.7 V < EVppo = EVop1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V) (5/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high Vo1 P00 to P03, P10 to P17, P30 | 4.0V <EVbopoo<5.5V, EVooo - 0.9 \%
to P32, P40 to P47, P50 to loH1 = -5.0 mA
P57, P60 to P67, P7T0t0 P77, | 2 7V <EVono <55V, | EVooo-0.7 v
P106, P107, P120, P125t0 | |00 = -3.0 mA
Ei;; P130, P140, P150 to 2.7V <EVooo <55V, EVooo - 0.5 \
lon1 =-1.0 mA
(normal slew rate)
Vorz P33, P34, P80 to P87, P90to | 2.7V <Vopb <55V Voo - 0.5 \Y%
P97, P100 to P105 lorz = -100 pA
VoHs P10, P12, P14, P30, P120, 4.0V <EVbopo<5.5V, EVooo - 0.8 \Y%
P140 lonsz = -0.6 mA
(special slew rate) 2.7V<EVooo <55V, | EVooo-0.5 v
lons =-0.2 mA
Output voltage, low Vou1 P00 to P03, P10 to P17, P30 | 4.0V <EVooo <55V, 0.7 \Y%
to P32, P40 to P47, P50 to lol1 = 8.5 mA
P57, P60 to P67, P70 to P77, 4.0V <EVoo<5.5V, 0.4 \V]
P106, P107, P120, P12510 | |0, = 4.0 mA
Eiz;’ P130, P140, P150to 2.7V <EVomo <55V, 0.7 \Y
lots1 = 4.0 mA
(normal slew rate)
2.7V <EVopo <55V, 0.4 \Y%
lot1 = 1.5 mA
VoL2 P33, P34, P80 to P87, P90to | 2.7 V<Vop <55V 0.4 \Y%
P97, P100 to P105 loL2 = 400 pA
VoLs P10, P12, P14, P30, P120, 40V <EVopo<5.5V, 0.8 \Y
P140 los = 0.6 mA
(special slew rate) 2.7V<EVoro <55V, 0.5 %
los = 0.07 mA

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (6/6)
Items Symbol Conditions MIN. | TYP. | MAX. Unit
Input leakage luwa | POO to P03, P10 to P17, P30 to P32, | Vi=EVboo 1 HA
current, high P40 to P47, P50 to P57, P60 to P67,
P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157
luvz | P33, P34, P80 to P87, P90 to P97, Vi =Vop 1 MA
P100 to P105, P137,
RESET
luws | P121 to P124 Vi=Voo | Ininput port or 1 HA
(X1, X2, XT1, XT2, EXCLK, EXCLKS) external clock input
In resonator 10 HA
connection
Input leakage luis | POO to P03, P10 to P17, P30 to P32, | Vi=EVsso -1 HA
current, low P40 to P47, P50 to P57, P60 to P67,
P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157
Iz P33, P34, P80 to P87, P90 to P97, Vi =Vss -1 HA
P100 to P105, P137,
RESET
luis | P121 to P124 Vi=Vss | Ininput port or -1 pA
(X1, X2, XT1, XT2, EXCLK, EXCLKS) external clock input
In resonator -10 HA
connection
Positive injected | linaprvs | POO to P03, P10 to P17, P30 to P32, | Per pin, Vi> EVobo 0.4 mA
currentNotes . 4 P41 to P47, P50 to P57, P60 to P67, | Total of all pins, Vi > EVooo 4 mA
P75 to P77, P106, P107, P126, P127,
P140, P150 to P157
P70 to P74, P80, P83 to P87 Note2, Per pin, Vi> Voo 0.15 mA
P90 to P97, P100 to P105, P120, Total of all pins, Vi > Vop 1 mA
P125
P81 to P84 Note3 Total of all pins, Vi > Voo 0.15 mA
On-chip pull-up Ru P00 to P03, P10 to P17, P30 to P32, |Vi=EVsso, in input port 10 20 100 kQ
resistance P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

Notes 1. These specifications are not tested on sorting and are specified based on the device characterization.

2. For RL78/F24 product: P80, P86, P87

3. For RL78/F23 product: P81, P82

4. For RL78/F24 product, P85/ANIO7/IVREFO does not guarantee the electrical characteristics when a positive
injection current is generated even if it is within the above specifications.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.
2. Vi :This is the input voltage level to the port pins.
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3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.3.2 Supply Current Characteristics

(1) RL78/F24

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (1/2)
Iltems Symbol Conditions MIN. | TYP. | MAX. Unit
Supply Iop1 Operating | Normal High-speed on- fin = 80 MHz fek = 40 MHz 10.8 20.0 mA
current mode operation | chip oscillator Notes 3, 4
hote hote2 clock operation | i, = 40 MHz | fowk = fiNotes 3.4 101 | 183 | mA
fin =2 MHz foik = fipy Notes 3.4 1.7 3.1 mA
Resonator fux =20 MHz | foik = fux Notes 3.5 5.6 10.3 mA
operation fux=2MHz | foik = fuxNotes 3.5 15 | 28 | mA
Resonator fre = 80 MHz, | fok = 40 MHz 10.6 20.0 mA
operation fux =20 MHz | Notes3.6
(PLL operation) | fo, = 40 MHz, | fewx = 40 MHz 10.2 | 183 | mA
(PLL input clock fux = 20 MHz Notes 3, 6
= fw feL = 40 MHz, | fe = 40 MHz 99 | 178 | mA
fux = 4 MHz Notes 3, 6
Subsystem fsus = 32.768 | foik = fsuNote 7 7.6 250 HA
clock operation | kHz
Low-speed on- fi = 15 kHz fork = fi Note ® 4.2 250 HA
chip oscillator
clock operation

Notes 1. Total current flowing into Voo and EVbbo, including the input leakage current flowing when the level of the input

pin is fixed to Vop, EVbpo, Vss, or EVsso. However, not including the current flowing into the I/O buffer and on-

chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation

(BGO)). However, the LVD circuit, A/D converter, D/A converter, and comparator are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are

stopped.

5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.
6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator are stopped, and with setting of ADSLP = 1.
8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1. fux: High-speed system clock frequency

2. fsue: Subsystem clock frequency

S I

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fiL: Low-speed on-chip oscillator clock frequency
fck: CPU/peripheral hardware clock frequency
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3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2 HALT mode Note2 High-speed on-chip fin = 80 MHz feik = 40 MHz 3.4 12.0 | mA
current oscillator clock Note 5
Notes 1.3 operation fin=40 MHz | fow = fiuNotes 28 | 105 | mA
fin =2 MHz fork = finNote S 0.5 1.8 mA
Resonator operation fux = 20 MHz fowk = fux Note s 15 6.5 | mA
fux = 2 MHz fok = fux Note & 0.3 1.8 mA
Resonator operation feLe = 80 MHz, | feik = 40 MHz 3.2 12.0 | mA
(PLL operation) fux = 20 MHz Note 7
(PLL input clock =fwx) | fo, = 40 MHz, | fewk = 40 MHz 29 | 105 | mA
fux = 20 MHz Note 7
fruL = 40 MHz, fck = 40 MHz 2.6 10.0 | mA
fux = 4 MHz Note 7
Subsystem clock fsus = 32.768 fowk = fsug Note @ 0.8 | 140 | pA
operation kHz
Low-speed on-chip fi = 15 kHz fouk = fi Note 9 0.8 | 140 | pA
oscillator clock
operation
Iops STOP mode N4 | Ta = +25°C 0.6 HA
Ta =+50°C 10
Ta=+70°C 25
Ta=+105°C 115
Isnvoz | SNOOZE mode DTC operation 7.0 mA
Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input

pin is fixed to Voo, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/O buffer and on-
chip pull-up/pull-down resistors.

. When HALT mode is entered during fetch from the flash memory.
. The values below the MAX. column include the peripheral operation current and STOP leakage current.

However, the watchdog timer, LVD circuit, A/D converter, D/A converter, and comparator are stopped.

. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-

speed on-chip oscillator clock are stopped.

. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are

stopped.

. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock

are stopped.

7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

8.

9.

Remarks 1.

When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator clock are stopped, and with setting of ADSLP = 1.

When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

2. fsue: Subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

S I

fck: CPU/peripheral hardware clock frequency
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RL78/F23, F24 3. ELECTRICAL SPECIFICATIONS (GRADE 3)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer Iwor Notes 1.2 | fiypr = 15 kHz 0.3 HA
operating current
A/D converter operating current lapc Note 3 When conversion at AVrerp = Vob = 5.0 V 1.3 1.7 mA
maximum speed
When internal reference voltage is selected o> 75.0 HA
AVrere current laprer N7 | AVRerp = 5.0 V 65.0 HA
Sample-and-hold circuit |aDsH Note 8 0.8 1.2 mA
operating current
LVD operating current ILvp Note 4 0.08 HA
D/A converter operating current Ibac 0.8 15 mA
Comparator operating current lemp 50.0 HA
BGO operating current Isgo Nt 6 2.5 12.2 mA

Notes 1. When the high-speed on-chip oscillator clock and high-speed system clock are stopped.

2. Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Iop1, Ibp2, or lIbbs and lwpbt when the watchdog timer operates in STOP mode.

3. Current flowing only to the A/D converter. The current value is the sum of Ibp1 or Ipp2 and laoc when the A/D
converter operates in operation mode or HALT mode.

4. Current flowing only to the LVD circuit. The current value is the sum of lop1, Iop2, or Iops and Ivo when the LVD
circuit operates in operation mode, HALT mode, or STOP mode.

5. Operating current that increases when the internal reference voltage is selected. This current flows even when
conversion is stopped.

6. Current increased by the BGO operation. The current value is the sum of Ibb1 or Iop2 and Isso when the BGO
operates in operation mode or HALT mode.

7. Operating current that increases when the AVrerr is selected. This current flows even when conversion is
stopped.

8. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog
input channel.
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(2) RL78/F23

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
ltems Symbol Conditions MIN. | TYP. | MAX. | Unit

Supply Iob1 Operating | Normal High-speed on- fin = 80 MHz foik = 40 MHz 9.7 17.0 mA

current mode operation | chip oscillator Notes 3, 4

rote Hote2 clock operation | fi, = 40 MHz | fouk = fisNotes 3.4 90 | 155 | mA

fin =2 MHz foik = fiyNotes 3.4 1.6 2.8 mA
Resonator fux =20 MHz | fowk = fux Notes 3.5 5.0 9.0 mA
operation fux =2 MHz | fou = fuxNotes 3.5 14 | 26 | mA
Resonator fe,e = 80 MHz, | fek = 40 MHz 9.2 17.0 mA
operation fux = 20 MHz Notes 3, 6
(PLL operation) | fo, = 40 MHz, | fck = 40 MHz 9.0 | 155 | mA
(PLL input clock fmx = 20 MHz Notes 3, 6
= fw feL = 40 MHz, | fowk = 40 MHz 86 | 150 | mA
fux = 4 MHz Notes 3, 6

Subsystem fsus = 32.768 fowk = fsug Note 7 6.5 100 pA
clock operation | kHz
Low-speed on- fi = 15 kHz foik = fi Note 3.3 100 HA
chip oscillator
clock operation

Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input

Remarks 1.

pin is fixed to Vob, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/0 buffer and on-

chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation
(BGO)). However, the LVD circuit and A/D converter are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are

stopped.

5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.

6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator are stopped, and with setting of ADSLP = 1.
8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

2. fsus: Subsystem clock frequency

AU

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency
fck: CPU/peripheral hardware clock frequency
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(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2 HALT mode Note2 High-speed on-chip fin = 80 MHz feik = 40 MHz 34 | 11.0 | mA
current oscillator clock Note 5
Notes .3 operation fn=40 MHz | fowk = fiuhotes 28 | 95 | mA
fin =2 MHz fork = finNote S 0.5 1.5 mA
Resonator operation fux =20 MHz | foik = fux Note® 15 55 mA
fux = 2 MHz fok = fux Note & 0.3 1.5 mA
Resonator operation feLe = 80 MHz, | feik = 40 MHz 31 | 11.0 | mA
(PLL operation) fux =20 MHz | Mete?
(PLL input clock = fwx) | frL = 40 MHz, | fcik = 40 MHz 2.8 9.5 mA
fux = 20 MHz Note 7
fruL = 40 MHz, | fok = 40 MHz 2.5 9.0 mA
fux = 4 MHz Note 7
Subsystem clock fsus =32.768 | fowk = fsug Note® 0.7 66 HA
operation kHz
Low-speed on-chip fiL = 15 kHz fouk = fi Note® 0.7 66 HA
oscillator clock
operation
Ipps STOP mode N4 | Ta = +25°C 0.5 MA
Ta=+50°C 4.5
Ta=+70°C 9.0
Ta =+105°C 51
Isnvoz | SNOOZE mode DTC operation 6.0 mA
Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Voo, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/O buffer and on-
chip pull-up/pull-down resistors.
2. When HALT mode is entered during fetch from the flash memory.
3. The values below the MAX. column include the peripheral operation current and STOP leakage current.
However, the watchdog timer, LVD circuit, and A/D converter are stopped.
4. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-
speed on-chip oscillator clock are stopped.
5. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.
6. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock

are stopped.

7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

8.

9.

Remarks 1.

When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator clock are stopped, and with setting of ADSLP = 1.

When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

2. fsue: Subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

U

fck: CPU/peripheral hardware clock frequency
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(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer lwprNotes 1.2 fypr = 15 kHz 0.3 MA
operating current
A/D converter operating lapc Note 3 When conversion at AVrerp = Vob = 5.0V 1.3 1.7 mA
current maximum speed
When internal reference voltage is selected o> 75.0 MA
AVrere current larer NO®7 | AVRrerp = 5.0 V 65.0 A
Sample-and-hold circuit |aDsH Note 8 0.8 1.2 mA
operating current
LVD operating current JLvp Note 4 0.08 MA
BGO operating current Isgo Note 6 25 12.2 mA

Notes 1.
2.

When the high-speed on-chip oscillator clock and high-speed system clock are stopped.
Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Iop1, Ibb2, or lIbbs and lwpt when the watchdog timer operates in STOP mode.

. Current flowing only to the A/D converter. The current value is the sum of Ibb1 or Ibp2 and labc when the A/D

converter operates in operation mode or HALT mode.

. Current flowing only to the LVD circuit. The current value is the sum of lob1, lop2, or lops and I.vo when the LVD

circuit operates in operation mode, HALT mode, or STOP mode.

. Operating current that increases when the internal reference voltage is selected. This current flows even when

conversion is stopped.

. Current increased by the BGO operation. The current value is the sum of Iob1 or Iop2 and Isso when the BGO

operates in operation mode or HALT mode.

. Operating current that increases when the AVRrerr is selected. This current flows even when conversion is

stopped.

. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog

input channel.
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3.4 AC Characteristics

3.4.1 Basic Operation

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Instruction cycle (minimum Tey High-speed on-chip oscillator clock operation 0.025 0.5 ps

instruction execution time) High-speed system clock operation 0.05 0.5 us
PLL clock operation 0.025 0.5 ps
Subsystem clock operation 28.5 30.5 34.5 us
Low-speed on-chip oscillator clock operation 66.6 ps
In self programming mode 0.025 0.5 ps

CPU/peripheral hardware ferk 0.025 66.6 us

clock frequency

External system clock fex 2.0 20.0 MHz

frequency fexs 29 35 kHz

External system clock input texH, texc 24 ns

high-level width, low-level texns, tExLs 13.7 Hs

width

TIOO to TIO7, TI10 to TI17 triH, trie 1/fmck+10 ns

input high-level width, low-

level width

TOO00 to TOO7, fro Normal slew rate, 4.0V <EVooo<55V 16 MHz

TO10to TO17, C=30pF 2.7V <EVopo < 4.0V 8 MHz

Iig:ggg Iig:ggi TOO01, TO06, TOO7, MHz

TRDIOCO’ TRDIOCly roi, Tol3

! ' TRDIOCO, TRDIODO,

TRDIODO, TRDIOD1, TRDIOD1, TRJOO only,

TRJIOO, TRIOO Special slew rate,

output frequency C=30pF

PCLBUZO0 output frequency fecL Normal slew rate 40V <EVopo <55V 16 MHz
C=30pF 2.7V <EVooo < 4.0V 8 MHz
Special slew rate MHz
C=30pF

Timer RJ input cycle tc TRJIOO 100 ns

Timer RJ input high-level tram, trae | TRJIIOO0 40 ns

width, low-level width

Timer RDe input high-level, trom, troe | TRDIOAO, TRDIOAL, TRDIOBO, TRDIOB1, 3/frro ns

low-level width TRDIOCO, TRDIOC1, TRDIODO, TRDIOD1,
TRDCLKO, TRDORES, TRD1RES

Timer RDe pulse output forced trosiL P137/INTPO 2 MHz < feik < 40 MHz 1 us

cutoff signal low-level width fok < 2 MHz Ufek + 1 Us

Caution Excluding the error in oscillation frequency accuracy.

Remarks 1. fuck: Timer array unit operation clock frequency

2. frro: Timer RDe operation clock frequency
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(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt input high-level tinTh, tinTL | INTPO to INTP13 Netel 1 us

width, low-level width

KRO to KR7 key interrupt tkr 250 ns

input low-level width

RESET low-level width tRsL Note 1 10 us

Port output rise time, port tro, tro | POO to PO3, P10 to P17, 40V <EVooo<55V 25 ns

output fall time P30 to P32, P40 to P47, 2.7V < EVboo < 4.0V 55 ns

P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127,
P130, P140, P150 to P157
(normal slew rate)

C=30pF
P10, P12, P14, P30, P120, | 4.0 V<EVooo <55V 25 Note 2 60 ns
P140 2.7V <EVooo < 4.0 V 100 ns
(special slew rate)

C=30pF

Notes 1. Pins RESET, INTPO to INTP3, INTP12, and INTP13 have noise filters for transient levels lasting less than
100 ns.
2. Ta=+25°C, EVbpo = 5.0 V

AC Timing Test Points

Vi > Test points <: Vi
Vi Vi
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External System Clock Timing

1/fex >

I:
texL texH
EXCLK 0.8 Voo (MIN.)
0.2 Voo (MAX.)
|« 1/fexs »|
texts tExHs
EXCLKS 0.8 Vpp (MIN.)
0.2 Vpp (MAX))

TI/TO Timing

TIOO to TIO7, TI10 to TI17,
TRDIOAQ, TRDIOA1, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRDCLKO,
TRDORES, TRD1RES

ti, tro j)/’ﬁm tToH

1/ffro »|

TOO00 to TOO7, TO10 to TO17,
TRDIOAQO, TRDIOAL, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRJIOO,
TRJOO

AN

) J

— troL ——» trom
TRJIOO \
N /|
e—— {TDSIL ——»
P137/INTPO \ /
N /|
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Interrupt Request Input Timing

tINTL tINTH

INTPO to INTP13

Key Interrupt Input Timing

tkr

KRO to KR7

RESET Input Timing

trsL

RESET

S

Output Rising and Falling Timing

tro tro

Output pin

L
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3.5 Peripheral Functions Characteristics

3.5.1 Serial Array Unit

(1) During communication at same potential (UART mode) (dedicated baud rate generator output)

(Ta=-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate - fmek/6 bps
fcuk =40 MHz, | Normal slew rate 6.6 Mbps
fiuck = feu Special slew rate 2 Mbps

UART mode connection diagram (during communication at same potential)

TXDO, TXD1 RX

RL78

. User's device
microcontroller

RXDO0, RXD1 X

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/low-bit width

Baud rate error tolerance
P I
/

TXDO, TXD1
RXDO, RXD1

\4

Caution Select the normal input buffer for the RXD0 pin and RXD1 pin and normal output mode for the TXDO
pin and TXD1 pin.

Remark fuck: Serial array unit operation clock frequency
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(2) During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, normal
slew rate)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevi 100 Note s ns
SCKp high-level width, low-level width tkHi, tker | 4.0V <EVopo <55V tkeva/2 — 12 ns

2.7V <EVooo<4.0V tkev1/2 — 18 ns
Slp setup time (to SCKpT) Note1 tsik1 4.0V <EVoo <55V 33 ns

2.7V <EVooo<4.0V 44 ns
SlIp hold time (from SCKpT) Nete2 tksi 30 ns
Delay time from SCKp{ to SOp output Note 3 tkso1 C =30 pFNote4 30 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.
5. tkcy1 > 4/fcLk must also be satisfied.

Caution Select the normal input buffer for the Slp pin and normal output mode for the SOp pin and SCKp pin.

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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®)

During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, special

slew rate)

(Ta =-40 to +105°C, 4.0 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkeve 500 Nete s ns
SCKp high-level width, low-level width tkH1, tkia tkev1/2 — 60 ns
Slp setup time (to SCKpT) Note1 tsiki 120 ns
Slp hold time (from SCKp?T) Nete 2 tksiz 80 ns
Delay time from SCKpJ to SOp output Nte 3 tkso1 C =30 pFNote4 90 ns

Notes 1.

4,
5.

Caution

Remark

When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

. When DAPmn =0 and CKPmn = 0 or DAPmn =1 and CKPmn = 1.

The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

. When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKp?” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.

C is the load capacitance of the SCKp and SOp output lines.

tkeyt > 4/fck must also be satisfied.

Select the normal input buffer for the Slp pin and normal output mode and special slew rate for the
SOp pin and SCKp pin.

p: CSIp (p =00, 01, 10, 11), m: Unitm (m = 0, 1), n: Channeln (n =0, 1)
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(4) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, normal slew
rate)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevz 32 MHz < fmex 10/fmek ns
fuek < 32 MHz 8/fmck ns

SCKp high-level width, tkHz, tkiz tkeva/2 ns

low-level width

Slp setup time tsikz 1/fmeck + 20 ns
(to SCKpT) Note

Slp hold time tsiz 1/fmek + 31 ns

(from SCKpT) Note2

Delay time from SCKp\{ to tksoz C =30 pF|4.0V<Vop=EVooo=EVop1<5.5V 2/fvck + 44 ns

SOp output "¢ roe 2.7 V< Voo = EVooo = EVop1 < 4.0 V 2ffuck +57 | ns

SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fwex + 120 ns

SSip hold time tkssi DAP =0 1/fmex + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSIp pins and normal output mode for the SOp
pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fmek: Serial array unit operation clock frequency
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(5) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, special slew

rate)

(Ta =-40 to +105°C, 4.0 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevz 20 MHz < fmex 10/fmex ns
10 MHz < fmck < 20 MHz 8/fmck ns

fuek <10 MHz 6/fmek ns

SCKp high-level width, low-level width tkHz2, tkiz tkeva/2 ns
Slp setup time (to SCKpT) Mot tsika 1/fmck + 50 ns
Slp hold time (from SCKpT) \ete2 tksiz 1/fmck + 50 ns
Delay time from SCKp{ to SOp output "ot 3 tkso2 C = 30 pFNote4 2/fwmck + 80 ns
SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek + 120 ns

SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.

The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and

CKPmn =0.

4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSlp pins and normal output mode and special

slew rate for the SOp pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fumck: Serial array unit operation clock frequency
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CSI mode connection diagram (during communication at same potential)

<Master>
SCKp
RL78 Slp
microcontroller
SOp
SSip

SCK

SO
User's device
Sl

<Slave>
SCKp
RL78 Slp
microcontroller
SOp
SSip

SCK

SO

User's device
Sl

SSO

CSI mode serial transfer timing (during communication at same potential)

SCKp \

tkeyz

kL2

tkH2

tsik2

tksi2

Slip

Input data

(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn = 1)

tkso2

SOp

Output data

SSip

tssik

tkssl

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmn= 0 and CKPmn =1, or DAPmn =1 and CKPmn =0)

tkH1, 2 tkLy, 2

) 4\ —
SCKp /
\

tsik, 2 tksi, 2

Slp Input data
tksog, 2
SOp Output data ><:
tssi tkssi
.
SSip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(6) During communication at same potential (simplified 1°C mode)
(SDAr: N-ch open-drain output (EVop tolerance) mode, SCLr: normal output mode)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCLr clock frequency fscL 1000 Nete | kHz
Hold time when SCLr = “L” trow 475 ns
Hold time when SCLr = “"H” tHiGH 475 ns
Data setup time (reception) tsu:paT 1/fvck + 85 ns
Data hold time (transmission) tHD:DAT Cb =50 pF, Rb = 2.7 kQ 0 305 ns

Note fcik < fmek/4 must also be satisfied.

Simplified I2C mode connection diagram (during communication at same potential)

Vop

dn

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Simplified 12C mode serial transfer timing (during communication at same potential)

1/fscL

tHiGH

\ /-
soAr_/—\ / - |

tow

(-~ [+
tsu:paT

tHD: DAT

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and normal output
mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr) pull-up resistance, Cb [F]: Communication line (SCLr, SDAr) load
capacitance
2. r:liCr (r=00, 01, 10, 11)
3. fmck: Serial array unit operation clock frequency
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(7) During communication at same potential (simplified 1°C mode) (SDAr and SCLr: N-ch open-drain output
(EVop tolerance) mode)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 40Q Nete kHz
Hold time when SCLr = “L” tLow 40V <Vop<55V, 1300 ns

Cb =100 pF, R = 1.7 kQ
27V <Vop<4.0V,

Cb =100 pF, Ro = 2.7 kQ
Hold time when SCLr = “H” tHicH 40V <Vop<55V, 600 ns
Cb =100 pF, Ro = 1.7 kQ

27V<Vopb<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Data setup time (reception) tsubar |40V <Vop<55V, 1/fmek + 120 ns
Cb = 100 pF, Ro = 1.7 kQ
27V<Vopb<4.0V, 1/fmek + 270 ns
Cb =100 pF, Ro = 2.7 kQ

Data hold time (transmission) tiooar | 4.0V <Vop<55YV, 0 300 ns

Cb =100 pF, Ro = 1.7 kQ

2.7V <Vopb<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Note fcik < fmck/4 must also be satisfied.

Simplified I°C mode connection diagram (during communication at same potential)

Vb Vb
gRb %Rb

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb [V]: Communication line voltage
2. r:1ICr (r=00, 01, 10, 11)
3. fuck: Serial array unit operation clock frequency
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Simplified 1°C mode serial transfer timing (during communication at same potential)

1/fscL

trow | tHiGH

scCLr \ /

o N\_—___ |

- | ————————————————————

tHD:DAT tsu:at

Remark r:1ICr (r=00, 01, 10, 11)
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(8) Communication at different potential (UART mode) (TXD output buffer: N-ch open-drain, RXD input buffer:
TTL)

(Ta =-40 to +105°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter | Symbol Conditions MIN. | TYP. MAX. Unit
Transfer rate - Reception 2.7V £ Vb < EVooo, fmek/6 bps
Vin=22V, Theoretical value of the 53 Mbps
ViL=08V maximum transfer rate N°®©
(Cb =30 pF)
Transmission | 2.7 V < Vb < EVooo, Smaller number| bps
Von=2.2V, of the values
VoL=0.8V given by fvck/6

and expression
1is applicable.

Theoretical value of the 5.3 Mbps
maximum transfer rate N°®
(Co =30 pF)

Normal slew rate

Note Expression 1: Maximum transfer rate = 1/[{ -Cox Rox In (1 - 2.2/Vb) } x 3]

UART mode connection diagram (during communication at different potential)

Vb
TXDO, TXD1 RX
. RL78 User's device
microcontroller
RXDO0, RXD1 TX
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UART mode bit width (during communication at different potential) (reference)

1/Transfer rate

Low-bit width
High-bit width

Baud rate error tolerance

T
L \

TXDO, TXD1

1/Transfer rate
High-/low-bit width

| Baud rate error tolerance |

RXDO, RXD1 X X

Caution Select the TTL input buffer for the RXD0 pin and RXD1 pin and N-ch open-drain output mode for the
TXDO pin and TXD1 pin.

Remarks 1. Ro [Q]: Communication line (TXD) pull-up resistance, Cb [F]: Communication line (TXD) load capacitance,
Vb [V]: Communication line voltage

2. fuck: Serial array unit operation clock frequency
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(9) During communication at different potential (3-V supply system) (CSI mode) (master mode, SCKp ... internal
clock output, normal slew rate)

(Ta =-40 to +105°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevi 2.7V < Vb < EVopo, 400 Note3 ns
Cb =30 pF, Ro = 1.4 kQ

SCKp high-level width tkH1 2.7V £ Vb < EVooo, tkeva/2 - 75 ns
Cb =30 pF, Ro = 1.4 kQ

SCKp low-level width tkLa 2.7V < Vb < EVooo, tkev1/2 - 20 ns
Cb =30 pF, Ro = 1.4 kQ

Slp setup time (to SCKpT) Nete ! tsiki 2.7V < Vb < EVopo, 150 ns
Cb = 30 pF, Ro = 1.4 kQ

Slp setup time (to SCKpy) Nete2 tsik 2.7V < Vb < EVooo, 70 ns
Cb = 30 pF, Ro = 1.4 kQ

Slp hold time (from SCKpT) ete1 tisit 2.7V < Vb < EVopo, 30 ns
Cb = 30 pF, Ro = 1.4 kQ

Slp hold time (from SCKp\) \ete2 tksia 2.7V < Vb < EVooo, 30 ns
Cb = 30 pF, Ro = 1.4 kQ

Delay time from SCKp{ to SOp output N°te! tkso1 2.7V < Vb < EVooo, 120 ns
Cb = 30 pF, Ro = 1.4 kQ

Delay time from SCKpT to SOp output Note2 trso1 2.7V < Vb < EVooo, 40 ns
Cb = 30 pF, Ro = 1.4 kQ

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. tkey1 > 4/fcik must also be satisfied.

CSI mode connection diagram (during communication at different potential)

Vb Vb
<Master>
Rb Rb

SCKp

SCK

RL78 Slp SO

. User's device
microcontroller

SOp s

Ssip

Caution Select the TTL input buffer for the Slp pin and N-ch open-drain output mode for the SOp pin and
SCKbp pin.

Remarks 1. Ro [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SOp, SCKp) load
capacitance, Vb [V]: Communication line voltage
2. p: CSlp (p =00, 01, 10, 11), m: Unit m (m = 0, 1), n: Channeln (n =0, 1)
3. AC characteristics of the serial array unit during communication at different potential in CSI mode are
measured with the Vit and Vi below:
When 4.0V <EVopo<55V,27V<Vb<40V:VH=22V,VL=08V
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3. ELECTRICAL SPECIFICATIONS (GRADE 3)

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

tkevl

tket

SCKp \

Sip

tsika

tkH1

tksi

Input data

tkso1
SOp ; L 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)

tkeyl

tkH1

N

ke

SCKp _/

tsika

tksi

Slp

Input data

tkso1

SOp

Output data

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(10) During communication at different potential (3-V supply system) (CSI mode) (slave mode, SCKp ... external
clock input, normal slew rate)

(Ta =-40 to +105°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkev2 2.7V <Vo<Vop |32 MHz < fmck 18/fmck ns
24 MHz < fmck < 32 MHz 14/fmex ns

20 MHz < fmck < 24 MHz 12/fmek ns

8 MHz < fmek < 20 MHz 10/fmek ns

4 MHz < fuck < 8 MHz 8/fmck ns

fvek <4 MHz 6/fmck ns

SCKp high-level width, tkHz, tkiz | 2.7 V < Vb < Vop tkev2/2 - 20 ns

low-level width

Slp setup time tsik2 90 ns
(to SCKpT)Netet

Slp hold time tksi2 1/fvck + 50 ns

(from SCKpT) Nete2

Delay time from SCKp{ to tksoz 2.7V <Vb < Vop, Cb =30 pF, Ro = 1.4 kQ 2/fwck + 120 ns

SOp output Nete 3

SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmex + 120 ns

SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
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CSlI mode connection diagram (during communication at different potential)

Vb
<Slave> g
Rb
SCKp SCK
RL78 Slp SO
microcontroller User's device
SOp Sl
SSip SSO

Caution Select the TTL input buffer for the Slp, SCKp and SSlp pins and N-ch open-drain output mode for the
SOp pin.

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage
2. p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
3. AC characteristics of the serial array unit during communication at different potential in CSI mode are
measured with the Vit and Vi below:
When 4.0V <EVopo<55V,2.7V<Vb<40V:VH=22V,ViL=0.8V
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CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1)

tkevz

tkL2 ‘ tkH2
/
SCKp
\ N
tsik2 tisiz
Sip Input data
tkso2
B I
SOp M/Output data
tkssi
tssik
—

SSip

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

tkevz

tkH2 [ ‘
/ /
SCKp
/ N\
tsik2 tksi2
;>
Slp Input data

tkso2

SOp Output data

tkssi
tssik

SSip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(11) During communication at different potential (3-V supply system) (simplified I°C mode)
(SDAr: TTL input buffer mode or N-ch open-drain output (EVop tolerance) mode, SCLr: N-ch open-drain
output (EVop tolerance) mode)

(Ta =-40 to +105°C, 4.0 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 27V<Vb<40V, 400 Nete kHz
Cb =100 pF, Ro = 1.4 kQ
Hold time when SCLr = “L” tlow 27V<Vb<40V, 1200 ns
Cb =100 pF, Rv = 1.4 kQ
Hold time when SCLr = “H” tHiGH 27V<Vb<40V, 600 ns
Cb =100 pF, Ro = 1.4 kQ
Data setup time (reception) tsu:pAT 27V<Vb<4.0V, 135 + 1/fmck ns
Cb =100 pF, Ro = 1.4 kQ
Data hold time (transmission) tHD:DAT 27V<Vh<4.0V, 0 140 ns
Cb =100 pF, Ro = 1.4 kQ

Note fscL < fmck/4 must also be satisfied.

Simplified I°C mode connection diagram (during communication at different potential)

Vb Vb
gRb %Rb

SDAr SDA
RL78 ' .
microcontroller User's device
SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

trow | thicH

scCLr \ /

\ \ d
| — |
SDAr /_'\ /
[
D —
tHD:DAT tsu:pat

Caution Select the TTL input buffer and the N-ch open-drain output mode for the SDAr pin and N-ch open-drain
output mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb [V]: Communication line voltage
2. fmek: Serial array unit operation clock frequency
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3.5.2 Serial Interface IICA

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions Normal Mode Fast Mode Fast Mode Plus | Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 0 1000 kHz
10 MHz < fek
Fast mode: 0 400 kHz
3.5 MHz < fowk
Normal mode: 0 100 kHz
1 MHz < faik
Setup time of restart condition Nt tsu:sTa 4.7 0.6 0.26 us
Hold time tHD:STA 4.0 0.6 0.26 ps
Hold time when SCLAO = “L” tLow 4.7 1.3 0.5 us
Hold time when SCLAO = “H” tHiGH 4.0 0.6 0.26 us
Data setup time (reception) tsu:pAT 250 100 50 ns
Data hold time (transmission) Not¢ 2 tHD:DAT 0 3.45 0 0.9 0 us
Setup time of stop condition tsu:sTo 4.0 0.6 0.26 ps
Bus-free time teur 4.7 1.3 0.5 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:paT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Ro (communication line pull-up
resistor) at that time in each mode are as follows.
Standard mode: Cb =400 pF, Ro = 2.7 kQ
Fast mode: Cb =320 pF, Ro = 1.1 kQ
Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

tow tr

SCLAO

A

tsu:sTA —# #— {HD:STA tsu:sTO —

> THD:STA

SDAAO j

Stop Start Restart Stop
condition condition condition condition
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3.5.3 On-chip Debug (UART)

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - 115.2 k 1M bps

3.5.4 LIN/UART Module (RLIN3) UART Mode

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Operation mode, | LIN communication clock source (fcuk or fvx): 4000 kbps
HALT mode 4 to 40 MHz
SNOOZE mode LIN communication clock source (fcik): 9.6
2 to 40 MHz

3.5.5 CAN-FD Communication Interface (RS-CANFD lite) Timing

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Classical CAN mode 1 Mbps
CAN-FD mode Data bit rate 5 Mbps
CAN-FD mode Nominal bit rate 1 Mbps

Internal delay time Nt tnoDE 50 ns

Note tnope = Internal input delay time (tineuT) + Internal output delay time (toutput)

Image of Internal delay

RL78/F24 CTXDO
Internal output delay time
(touTPuT)

CAN controller

Internal input delay time
(tinpuT)

S

CRXDO

R01DS0446EJ0110 Rev.1.10 Page 83 of 206

Jun 30, 2024 RENESAS



RL78/F23, F24

3. ELECTRICAL SPECIFICATIONS (GRADE 3)

3.6 Analog Characteristics

3.6.1 A/D Converter Characteristics

Classification of A/D converter characteristics

Input channel

Reference

Reference voltage (+) = AVrerp
Reference voltage (-) = AVrerm

Reference voltage (+) = Voo
Reference voltage (-) = Vss

ANIO to ANI5,ANI8 to ANI30 3.6.1(1) 3.6.1(2)
ANI6,ANI7 - 3.6.1(2)
Internal reference voltage (+) 3.6.1 (1) 3.6.1(2)

(1) When Reference voltage (+) = AVrerp, Reference voltage (-) = AVrerm =0V,

target ANI pin: ANIO to ANI5, ANI8 to ANI30, Internal reference voltage (+).

(Ta = -40 to +105°C, 2.7 V < EVbpo = EVop1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = AVRrerp,

Reference voltage (-) = AVrerm = 0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note ABS ANIO to ANI5, ANI8 to ANI23 Nete2) 5.0 LSB
[4.5V < AVrerr = VDD £ 5.5 V]
ANIO to ANI5, ANI8 to ANI23 Nete 2, 5.0 LSB
[2.7 V < AVrerr = Vop < 4.5 V]
ANI1, ANI2 Note3) +6.0 LSB
[4.5V < AVrerr = VDD £ 5.5 V]
[0.25V < Van < Vop - 0.25V]
ANI1, AN|2 Note3, +8.0 LSB
[2.7 V < AVrerp = Vob < 4.5 V]
[0.25V < Van £ Vop - 0.25V]
ANI24 to ANI30, +11.0 LSB
[4.5V < AVRerr = VDD £ 5.5 V]
ANI24 to ANI30, +13.0 LSB
[2.7 V < AVRrerp = Vop < 4.5 V]
Integral linearity error Note INL ANIO to ANI5, ANI8 to ANI23, [AVRrerp = Voo] +3.0 LSB
ANI24 to ANI30, [AVrerp = Vop] +7.0 LSB
Differential linearity error Note DNL ANIO to ANI5, ANI8 to ANI23, [AVrerp = Voo] +1.5 LSB
ANI24 to ANI30, [AVrerp = Vop] +3.5 LSB
Zero-scale error Note ZSE ANIO to ANI5, ANI8 to ANI23 Nete2, +4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] +8.5 LSB
Full-scale errorNote ! FSE ANIO to ANI5, ANI8 to ANI23 Note 2, +4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] +8.5 LSB

(Notes are at the end of this table.)
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(2/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Reference voltage (+) AVrerp 2.7 Vob Vv
Analog input voltage Vain ANIO to ANI5, ANI8 to ANI30 0 AVRerp Y
Internal reference voltage (+) VBGr 27V<Vop<55V 1.38 1.45 15 \%
Analog input slew rate SR 0.4 V/us
Operation clock faD 2 40 MHz
Conversion time Note 4 tconv ADCLK =40 MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANI5, ANIS to ANI15 Nete2 1.125 us
ANI16 to ANI30 1.8 us
ANI1, AN|2 Note3 2.1 us

Notes 1. Excludes quantization error (£1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive
approximation.
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(2) When Reference voltage (+) = Voo, Reference voltage (-) = Vss,
target ANI pin: ANIO to ANI30, Internal reference voltage (+).

(Ta = -40 to +105°C, 2.7 V < EVbbo = EVbb1 = Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = Vob,
Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note ABS ANIO to ANI23Nt2 [45V < Vop <5.5V] +13.0 LSB

ANIO to ANI23 N2 2.7 V < Vpp < 4.5 V] +15.0 LSB
ANI1, ANI2Nete3 [4 5V < Vpp < 5.5 V], +14.0 LSB
[0.25 VV < Van < Voo - 0.25 V]
ANI1, ANI2 N3 27V < Vop < 4.5 V], +16.0 LSB
[0.25V < Van<Vop - 0.25 V]
ANI24 to ANI30, [4.5V <Vop<5.5V] +19.0 LSB
ANI24 to ANI30, [2.7V £ Vb < 4.5V] +21.0 LSB
Integral linearity error Vot INL ANIO to ANI23 7.0 LSB
ANI24 to ANI30 +9.0 LSB
Differential linearity error Note 1 DNL ANIO to ANI23 +3.5 LSB
ANI24 to ANI30 5.5 LSB
Zero-scale error Nete! ZSE ANIO to ANI23 Note2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Full-scale error Note ! FSE ANIO to ANI23 Note2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Analog input voltage Vain ANIO to ANI30 0 Vop Y,
Internal reference voltage (+) VBGR 27V<Vos55V 1.38 1.45 15 \%
Analog input slew rate SR 0.4 V/us
Operation clock fap 2 40 MHz
Conversion time Note4 tconv ADCLK =40 MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANI15 Note 2 1.125 Hs
ANI16 to ANI30 1.8 us
ANI1, AN|2 Note3 2.1 us

Notes 1. Excludes quantization error (£1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive
approximation.
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3.6.2 D/A Converter Characteristics

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Overall error AINL Rload = 4 MQ 27V<Vop<b5V +2.5 LSB

Rload = 8 MQ 27V<Vop<55V +2.5 LSB
Settling time tset Cload = 20 pF 27V<Vop<55V 3 us

3.6.3 Comparator Characteristics

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input offset voltage Viocmp +5 +40 mV
Input voltage range Vicvp 0 Voo \Y
Response time ter, ter Input amplitude £100 mV 70 200 ns
Stabilization wait time during input twarr Input amplitude £100 mV 300 ns

channel switching Mot !

Operation stabilization wait time N°t¢ 2 temp 3.3V<Vop<55V 1 us

27V<Vop<33V 3 us

Notes 1. Period of time from when the comparator input channel is switched until the comparator is switched to output.
2. Period of time from when the comparator operation is enabled (HCMPON bit in CMPCTL is set to 1) until the
comparator satisfies the DC/AC characteristics.

3.6.4 POR Circuit Characteristics

(TAa = -40 to +105°C, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage "o * VPor Power supply rise time 1.48 1.56 1.62 \Y
VPDR Power supply fall time 1.47 1.55 1.61 Y,
Minimum pulse width Note 2 Tew 300 us
Detection delay time Teo 350 ps

Notes 1. This indicates the POR circuit characteristics, and normal operation is not guaranteed under the condition of
less than lower limit operation voltage (2.7 V).
2. Minimum time required for a POR reset when Vbbb exceeds below Vrpr.

Tew

Supply voltage (Vob)
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3.6.5 LVD Circuit Characteristics

(1) LVD detection voltage of interrupt mode or reset mode

(Ta =-40 to +105°C, VrpRr < EVbDo = EVbD1 = VDD < 5.5V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage | Supply voltage level Vivbo Power supply rise time 4.62 4.74 4.84 \%
Power supply fall time 4.52 4.64 4.74 Y
Vivb1 Power supply rise time 4.50 4.62 4.72 \%
Power supply fall time 4.40 4.52 4.62 Y
Vivb2 Power supply rise time 4.30 4.42 451 Vv
Power supply fall time 4.21 4.32 4.41 \%
Vivps Power supply rise time 3.13 3.22 3.29 Y,
Power supply fall time 3.07 3.15 3.22 \%
Vivpa Power supply rise time 2.95 3.02 3.09 Y,
Power supply fall time 2.89 2.96 3.02 \%
Vivps Power supply rise time 2.74 2.81 2.87 Y,
Power supply fall time 2.68 Note 2.75 2.81 \Y
Minimum pulse width tw 300 us
Detection delay time to 300 ps

Note The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vop = 2.7 V) is possible until a reset is effected at the power supply falling time.

(2) LVD detection voltage of interrupt and reset mode

(Ta =-40 to +105°C, VrpRr < EVbbo = EVbD1 = VDD < 5.5V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset Vuwos | VPOC2, VPOC1, VPOCO =0, 0, 1 Nte ) 2.68 Note 2 2.75 2.81 \
mode falling reset voltage: 2.75 V

Vivoz LVIS1, LVISO=0,0 Rising release reset voltage 4.30 4.42 451 Vv

Falling interrupt voltage 4.21 4.32 4.41 Y,

Vivps VPOC2, VPOC1, VPOCO =0, 1, QNote 2, 2.68 Note2 2.75 2.81 \%
falling reset voltage: 2.75 V

Vivb1 LVIS1, LVIS0O=0,0 Rising release reset voltage 4.50 4.62 4.72 \%

Falling interrupt voltage 4.40 4.52 4.62 Vv

Vivos VPOC2, VPOC1, VPOCO =0, 1, 1 Note 2, 2.68 Note 2 2.75 2.81 \%
falling reset voltage: 2.75 V

Vivbs LVIS1, LVISO =0, 1 Rising release reset voltage 3.13 3.22 3.29 Vv

Falling interrupt voltage 3.07 3.15 3.22 \%

Vivbo LVIS1, LVISO =0, 0 Rising release reset voltage 4.62 4.74 4.84 Vv

Falling interrupt voltage 4.52 4.64 4.74 \%

Notes 1. These values indicate setting values of option bytes.
2. The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vob = 2.7 V) is possible until a reset is effected at the power supply falling time.
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3.7 Power Supply Voltage Rising Time

(Ta = -40 to +105°C, Vss = EVsso = EVss1= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum power supply voltage | Svrmax |0V — Voo (VPOC2 =0 or 1N°®¢2) 50Netes | vims
rising slope
Minimum power supply voltage Svimin [0V > 2.7V 6.5 V/ms
rising slope Nete !

Notes 1. The minimum power supply voltage rising slope is applied only under the following condition.
When the voltage detection (LVD) circuit is not used (VPOC2 = 1) and an external reset circuit is not used or
when a reset is not effected until Voo = 2.7 V.
2. These values indicate setting values of option bytes.
3. If the power supply drops below Vror and a POR reset is effected, this specification is also applied when the
power supply is recovered without dropping to O V.

3.8 Regulator Output Voltage Characteristics

(TAa = -40 to +105°C, Vss = EVsso = EVss1 =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
REGC output voltage N Vorecc | C=0.47to 1 pF 2.0 2.1 2.2 \%

Note Other than the following conditions are applicable.

* In STOP mode.

* When the high-speed system clock (fux), the high-speed on-chip oscillator clock (fiH), and PLL clock (frLL) are
stopped during CPU operation with the subsystem/low-speed on-chip oscillator clock select clock (fsL).

*  When the hifh-speed system clock (fux), the high-speed on-chip oscillator clock (fit), and PLL clock (frLL) are
stopped during the HALT mode when the CPU operation with the subsystem/low-speed on-chip oscillator
clock select (fsL) has been set.

3.9 RAM Data Retention Characteristics

(Ta = -40 to +105°C, Vss = EVsso = EVss1 =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbDDR 1.47 Note 5.5 \%

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

|——————— STOP mode

\i

- Operation mode

¢«——— RAM data retention ———»|

Voo \ VDDDR

!

STOP instruction execution

Standby release signal
(interrupt request) /
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3.10 Flash Memory Programming Characteristics

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency ferk 2 40 MHz
Number of code flash rewrites Notes 1. 2.3 Cerwr | Retained for 20 years 1,000 Times

Ta = +85°C Note 4

Number of data flash rewrites Notes 1. 2.3 Retained for 20 years 10,000
Ta = +85°C Note 4

Retained for 5 years 100,000

TA = +850C Note 4
Erase time Terasa | Block erase 5 ms
Write time Twrwa | 1 word write 10 us

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The starting point of the retaining years are after the
erase.
2. When using flash memory programmer and Renesas Electronics self programming code.
3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas
Electronics Corporation.
4. The average temperature for data retention.

(1) Code flash memory processing time
(TAa =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz foik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 74.0 690.0 61.0 580.0 56.0 530.0 54.0 510.0 us
Erasure time 1KB 6.9 245.0 6.1 230.0 5.8 225.0 5.6 220.0 ms
Blank checking time | 4 bytes - 29.0 - 22.0 - 19.0 - 17.0 us
1 KB - 800.0 - 405.0 — 245.0 — 145.0 us
Internal verify time 4 bytes - 350.0 - 175.0 - 90.0 - 45.0 us
1 KB - 19.0 - 9.5 — 5.0 — 25 ms
Item feik = 20 MHz feik = 32 MHz fck = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 54.0 510.0 53.0 500.0 53.0 500.0 us
Erasure time 1KB 5.6 220.0 5.5 220.0 55 220.0 ms
Blank checking time | 4 bytes - 17.0 - 16.0 - 16.0 us
1KB - 145.0 - 135.0 — 135.0 us
Internal verify time 4 bytes - 35.0 - 22.0 - 18.0 us
1KB - 2.0 - 1.2 - 1.0 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.
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(2) Data flash memory processing time
(Ta = -40 to +105°C, 2.7 V < EVpoo = EVbp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz feik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 60.0 550.0 49.0 450.0 44.0 410.0 42.0 390.0 us
Erasure time 1KB 115 340.0 8.4 275.0 7.1 250.0 6.3 235.0 ms
Blank checking time | 1 byte - 29.0 - 22.0 - 19.0 - 17.0 us
1KB - 3.1 - 1.6 - 0.95 — 0.55 ms
Internal verify time 1 byte - 350.0 - 175.0 - 90.0 - 45.0 us
1KB - 76.0 - 38.0 - 19.0 - 9.5 ms
Item feik = 20 MHz fek = 32 MHz fek = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 42.0 390.0 41.0 380.0 41.0 380.0 us
Erasure time 1KB 6.3 235.0 6.2 235.0 6.2 235.0 ms
Blank checking time | 1 byte - 17.0 - 16.0 - 16.0 us
1 KB - 0.55 - 0.5 — 0.5 ms
Internal verify time 1 byte - 35.0 - 22.0 - 18.0 us
1KB - 7.5 - 4.7 — 3.8 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.

3.11 Dedicated Flash Memory Programmer Communication (UART)

(Ta =-40 to +105°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate - During serial programming 115.2 k 1M bps
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3.12 Timing of Entry to Flash Memory Programming Modes

(Ta =-40 to +105°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication tsunm | POR and LVD reset must be released 100 ms
for the initial setting after the external before the external reset is released.

reset is released

Time to release the external reset after tsu POR and LVD reset must be released 10 us
the TOOLDO pin is set to the low level before the external reset is released.
Time to hold the TOOLO pin at the low tHo POR and LVD reset must be released 1 ms
level after the external reset is released before the external reset is released.

(excluding the processing time of the
firmware to control the flash memory)

AN
[y
\
AN
\]
\
AN
w
\
A
\

RESET

L

1 ms + tHp
processing time O0H reception

(TOOLRXD, TOOLTXD mode)

A
\

B TR PR

TOOLO

|

tsuinim

—
2]
[

A
A
A
Y

<1> The low level is input to the TOOLO pin.

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

<3> The TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud
rate setting.

Remarks 1. tsuinit: Communication for the initial setting must be completed within 100 ms after the external reset is
released during this period.
2. tsu: Time to release the external reset after the TOOLO pin is set to the low level
3. tnp: Time to hold the TOOLO pin at the low level after the external reset is released (excluding the
processing time of the firmware to control the flash memory)
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4. ELECTRICAL SPECIFICATIONS (GRADE 4)

Cautions 1. RL78/F23 and RL78/F24 have 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.

2. With products not provided with an EVppo, EVbp1, EVsso, or EVss1 pin, replace EVppo and EVbp1 with
Vop, or replace EVsso and EVss1 with Vss.

3. The pins mounted depending on the product. For details, refer to 1.5 Pin Configurations and 2.1 Pin
Function List.
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4.1 Absolute Maximum Ratings

(1/3)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.5t0 +6.5 \%
EVopo, EVbb1 | EVopo = EVop1 = Vob -0.5t0 +6.5 \Y
Vss -0.5t0 +0.3 \%
EVsso, EVss1 | EVsso = EVss1 -0.5t0 +0.3 \Y
REGC pin input voltage Virecc REGC -0.3to +2.8 and \%
-0.3 to Vop+0.3Note
Input voltage Via P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3to Voo + 0.3 Noe2
P120, P125 to P127, P140, P150 to P157
Vi P33, P34, P80 to P87, P90 to P97, P100 to P105, -0.3 to Voo + 0.3 Note 2 \Y
P121 to P124, P137, RESET
Output voltage Vo1 P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3 to Vop+ 0.3 Note2
P120, P125 to P127, P130, P140, P150 to P157
Vo2 P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.3to Voo + 0.3 \Y
Analog input voltage Vai ANI24 to ANI30 -0.3 to EVooo + 0.3 and \%
-0.3 to AVRer(+) + 0.3Notes 2.3
Va2 ANIO to ANI23 -0.3to Voo + 0.3 and \%
-0.3 to AVRer@) + 0.3 Notes 2,3

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 yF). This value regulates the absolute maximum rating
of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5V or lower.
3. For pins to be used in A/D conversion, the voltage should not exceed the value AVRrer+) + 0.3.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure
that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(213)
Parameter Symbol Conditions Ratings Unit
Output current, high lon1 Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 -40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to -70 mA
-170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to -100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
lomz Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.5 mA
Total of all pins -2 mA
Output current, low loLt Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to 70 mA
170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to 100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
loL2 Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 1 mA
Total of all pins 5 mA

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(313)
Parameter Symbol Conditions Ratings Unit
Positive injected lingp Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 5 mA
current (Vi > Vpp) Note to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 2 mA
P120, P125
Negative injected linan Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 -5 mA
current to P57, P60 to P67, P75 to P77, P106, P107, P126,
(V1 < Vss) Note P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -0.5 mA
P120, P125
Sum of all positive Zlinop Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
injected currents Not to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Sum of all negative 2linan Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 -40 mA
injected currents Not to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -2 mA
P120, P125
Total of all injected Z|linae| Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
currents Not + Z[Inon| to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Operating ambient Ta In normal operation mode -40 to +125 °C
temperature In flash memory programming mode
Storage temperature Tstg -65 to +150 °C

Note Conditions: 2.7 V < EVbbo = EVbp1 =Vbop <£5.5V, Vss = EVsso = EVss1 =0V

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

2. Vi :This is the input voltage level to the port pins.
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4.2 Oscillator Characteristics

4.2.1 Main System Clock Oscillator Characteristics

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Resonator

Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit

Ceramic resonator/
Crystal resonator

X1 clock oscillation frequency (fx) | 2.7V <Voo <55V | 2.0 20.0 | MHz

7T

|Vss X1 X2 |

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the above
figures to avoid an adverse effect from wiring capacitance.
* Keep the wiring length as short as possible.
* Do not cross the wiring with the other signal lines.
* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.
* Do not ground the capacitor to a ground pattern through which a high current flows.
* Do not fetch signals from the oscillator.

2. Customers are requested to consult the resonator manufacturer to select an appropriate resonator
and to determine the proper oscillation constant. Customers are also requested to adequately
evaluate the oscillation on their system. Determine the X1 clock oscillation stabilization time using
the oscillation stabilization time of the oscillation stabilization time counter status register (OSTC)
and the oscillation stabilization time select register (OSTS) after sufficiently evaluating the
oscillation stabilization time with the resonator to be used.
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4.2.2 On-chip Oscillator Characteristics

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)
Oscillators Symbol Conditions MIN. TYP. MAX. Unit

High-speed on-chip oscillator fir 2 80 MHz
clock frequency Nt

High-speed on-chip oscillator - -2.0 +2.0 %
clock frequency accuracy

Low-speed on-chip oscillator fi, fwor 15 kHz
clock frequency

Low-speed on-chip oscillator - -15 +15 %
clock frequency accuracy

Note High-speed on-chip oscillator frequency is selected with bits O to 4 of the option byte (000C2H/040C2H) and
bits 0 to 2 of the HOCODIV register.
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4.2.3 Subsystem Clock Oscillator Characteristics

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Resonator Recommended Circuit Item Conditions MIN. TYP. MAX. | Unit

Crystal resonator XT1 clock oscillation frequency (fxr) [ 2.7V <Voo<55V | 29.0 | 32.768 | 35.0 |kHz

|v55 XTL  XT2 |

Rd
Ui
caz CAT |

7T

Cautions 1. When using the XT1 oscillator, wire as follows in the area enclosed by the broken lines in the above
figures to avoid an adverse effect from wiring capacitance.

* Keep the wiring length as short as possible.

* Do not cross the wiring with the other signal lines.

* Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

* Do not ground the capacitor to a ground pattern through which a high current flows.

* Do not fetch signals from the oscillator.

2. The XT1 oscillator is designed as a low-amplitude circuit for reducing power consumption and thus
required to be adequately evaluated on the system. Customers are requested to consult the
resonator manufacturer to select an appropriate resonator and to determine the proper oscillation
constant.
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4.2.4 PLL Circuit Characteristics

(Ta = -40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Resonator Symbol Conditions MIN. TYP. MAX. Unit
PLL input enable feLu fmain: 4.0 MHz FMAINDIV[1:0] = 00B 3.92 4.0 4.08 MHz
clock frequency Mo fuain: 8.0 MHz FMAINDIV[1:0] = 00B 7.84 8.0 8.16 MHz
fwain: 16.0 MHz FMAINDIV[1:0] = 10B 7.84 8.0 8.16 MHz
fmain: 20.0 MHz FMAINDIV[1:0] = 11B 4.90 5.0 5.10 MHz
PLL output feLL fwain: 20 MHz, PLLDIVO =0, FPLLDIV =0, feLu x 16/2 MHz
frequency (center PLLMULA=0, PLLMUL=1 PLLDIV1=0
value) PLLDIVO = 0, FPLLDIV = 1, feuu x 16 MHz
PLLDIV1 =1
fmain: 4 MHz, PLLDIVO =0, FPLLDIV =0, frLu x 20/2 MHz
PLLMULA=1, PLLMUL=1 PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, feLu x 20 MHz
PLLDIV1=1
fwan: 8 MHz or 16 MHz, PLLDIVO =1, FPLLDIV =0, frLu x 12/4 MHz
PLLMULA =0, PLLMUL=0 |PLLDIV1=0
PLLDIVO = 0, FPLLDIV =0, feLu x 12/2 MHz
PLLDIV1=1
fwan: 8 MHz or 16 MHz, PLLDIVO =1, FPLLDIV =0, frLu x 16/4 MHz
PLLMULA =0, PLLMUL=1 | PLLDIV1=0
PLLDIVO = 0, FPLLDIV =0, feLu x 16/2 MHz
PLLDIV1=1
fwan: 8 MHz or 16 MHz, PLLDIVO = 0, FPLLDIV =0, friu x 10/2 MHz
PLLMULA =1, PLLMUL=0 |PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, friu x 10 MHz
PLLDIV1=1
Long-term jitter No 2 tw term =1 us -1 +1 ns
term =10 ys -1 +1 ns
term =20 ps -2 +2 ns

Notes 1. If the high-speed on-chip oscillator clock is to be selected as the PLL input clock, the minimum and maximum

values will reflect the range of accuracy of the oscillation frequency by the high-speed on-chip oscillator clock.

2. Guaranteed by design, but not tested before shipment.

Remark fuvain : Main system clock frequency.
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RL78/F23, F24

4. ELECTRICAL SPECIFICATIONS (GRADE 4)

4.3 DC Characteristics

4.3.1 Pin Characteristics

For the relationship between the port pins shown in the following tables and the products, refer to 2. PIN FUNCTIONS.

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (1/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output current, high Nete loH1 Per pin for P00 to P03, P10 | 4.0 V<EVppo <5.5V -5.0 mA
to P17,P30t0 P32,P40t0 | 2.7V <EVopo < 4.0V -3.0 mA
P47, P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127, P130,
P140, P150 to P157
Per pin for P10, P12, P14, 40V <EVooo <55V -0.6 mA
P30, P120, P140 2.7V <EVooo < 4.0V -0.2 mA
(special slew rate)
Total of P01, P02, P40 to 40V <EVooo <55V -20.0 mA
P47, P120, P125 to P127, 2.7V <EVooo<4.0V -100 | mA
P150 to P153
(for duty factors < 709% Nt 2)
Total of P00, P03, P10 to 40V <EVooo <55V -30.0 mA
P17, P30 to P32, P50 t0 P57, | 2 7 v < EVpoo < 4.0 V -19.0 | mA
P60 to P67, P70 to P77,
P106, P107, P130, P140,
P154 to P157
(for duty factors < 709% Nt 2)
Total of all pins 40V <EVooo<55V -42.0 mA
(for duty factors < 70%"'?%) | 5 7/ < EVopo < 4.0 V 290 | mA
loHz Per pin for P33, P34, P80to |2.7V<Vop<55V -0.1 mA
P87, P90 to P97, P100 to
P105
Total of all pins 27V<Vop<55V -2.0 mA

(for duty factors < 709% Nt 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from pins EVooo, EVbb1

and Vob to an output pin.

2. These output current values are obtained under the condition that the duty factor is no greater than 70%.

The output current values when the duty factor is changed to a value greater than 70% can be calculated from

the following expression (when the duty factor is changed to n%).

¢ Total output current of pins (lon x 0.7) / (n x 0.01)

<Example> Where n = 80% and lox = -10.0 mA

Total output current of pins = (-10.0 x 0.7) / (80 x 0.01) = -8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.

A current higher than the absolute maximum rating must not flow into one pin.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, low Nte? loL1 Per pin for P00 to P03, P10to | 4.0V <EVppo <5.5V 8.5 mA
P17, P30to P32, P40to P47, | 2.7\ <EVooo < 4.0V 4.0 mA

P50 to P57, P60 to P67, P70
to P77, P106, P107, P120,
P125 to P127, P130, P140,
P150 to P157

Per pin for P10, P12, P14, 4.0V <EVopo £5.5V 0.59 mA
P30, P120, P140 2.7V <EVoro< 4.0V 0.07 | mA
(special slew rate)

Total of P01, P02, P40 to P47, | 4.0V <EVooo < 5.5V 20.0 mA
P120, P125to P127, P1501t0 | 2.7V <EVooo < 4.0V 15.0 mA
P153

(for duty factors < 70% N°t¢ 2)

Total of P00, P03, P10to P17, | 4.0V <EVopo <55V 45.0 mA
P301t0 P32, P50 10 P57, P60 | 5 7y <EVooo<4.0V 350 | mA

to P67, P70 to P77, P106,
P107, P130, P140, P154 to

P157

(for duty factors < 70% N°te 2)

Total of all pins 4.0V <EVboo<55V 65.0 mA

(for duty factors < 70%"°?) | 2 7/ < EVopo < 4.0V 50.0 | mA
loL2 Per pin for P33, P34, P80 to 27V<Vop<55V 0.4 mA

P87, P90 to P97, P100 to

P105

Total of all pins 27V<Vop<55V 5.0 mA

(for duty factors < 70% Nt 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows to the EVsso, EVss1 and
Vss pins from an output pin.
2. These output current values are obtained under the condition that the duty factor is no greater than 70%.
The output current values when the duty factor is changed to a value greater than 70% can be calculated from
the following expression (when the duty factor is changed to n%).

o Total output current of pins (lo. x 0.7)/(n x 0.01)

<Example> Where n = 80% and lo. = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.
A current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (3/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Viii | POO to P03, P10 to P17, P30 | 4.0 V < EVooo < 5.5 V 0.65 EVopo EVoooMote |V

to P32, P40to P47, P50t0 | 27V <EVopo<4.0V 0.7 EVooo EVooo™®© |V
P57, P60 to P67, P70 to P77,
P106, P107, P120, P125 to
P127, P140, P150 to P157
(Schmitt 1 mode)

Ve | P10, P11, P13, P14, P16, 40V <EVopo<5.5V 0.8 EVooo EVoooMote |V
P17, P30, P41, P43, P50, 2.7V < EVopo < 4.0 V 0.85 EVboo EVoooNote |V
P52 to P54, P60 to P63,
P70, P71, P73, P75 to P77,
P107, P120, P125, P150,
P152, P153
(Schmitt 3 mode)

Vims | P10, P11, P13, P14, P16, 40V <EVopo<5.5V 2.2 EVoooNote |V
P17, P30, P54, P62, P63, 2.7V <EVooo < 4.0V 2.0 EVooo™ote |V
P70, P71, P73, P125
(TTL mode)

ViH4 P33, P34, P80 to P87, P90to | 4.0V <Vbopb <55V 0.8 Vobp Vop \Y
P97, P100 to P105, P137 2.7V<Vop<4.0V 0.85 Voo Voo v
(fixed to Schmitt 3 mode)

Vs | RESET 40V<Vop<55V 0.65 Voo Voo Y
(fixed to Schmitt 1 mode) 2.7V <Vop<4.0V 0.7 Voo Voo Y,

Vs | P121 to P124, EXCLK, 40V<Vop<55V 0.8 Voo Voo Y
EXCLKS 27V<Vop<4.0V 0.8 Voo Voo Y
(fixed to Schmitt 2 mode)

Note The maximum value of ViH of the pins P10 to P17, P32, P60 to P63, P70 to P72, and P120 is EVopo, even in

N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (4/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, low Vit P00 to P03, P10 to P17, P30 4.0V <EVopo £5.5V 0 0.35 EVooo Vv

to P32, P40 to P47, P50 to 2.7V <EVopo < 4.0V 0 0.3EVoro | V
P57, P60 to P67, P70 to P77,
P106, P107, P120, P125 to
P127, P140, P150 to P157
(Schmitt 1 mode)

Vi2 P10, P11, P13, P14, P16, P17, | 4.0V <EVopo £ 5.5V 0.5 EVooo Vv
P30, P41, P43, P50, P5210 | 2.7V <EVoo < 4.0V 0 0.4EVoro | V
P54, P60 to P63, P70, P71,
P73, P75to P77, P107, P120,
P125, P150, P152, P153
(Schmitt 3 mode)

Vis P10, P11, P13, P14, P16, P17, | 40 V<EVopo < 5.5V 0 0.8 \%
P30, P54, P62, P63, P70, P71, | 2.7 \V < EViboo < 4.0 V 0.5 Vv
P73, P125
(TTL mode)

ViLa P33, P34, P80 to P87, P90to |4.0V<Vop<55V 0 0.5 Vop \Y
P97, P100 to P105, P137 2.7V<Vop<40V 0 0.4 Voo Y%
(fixed to Schmitt 3 mode)

Vis RESET 40V <Vop<55V 0 0.35 Vop \%
(fixed to Schmitt 1 mode) 27V <Vbp<4.0V 0 0.3 Voo Vv

Vie P121 to P124, EXCLK, 40V<Vop<55V 0 0.2 Voo \%
EXCLKS 27V<Vop<4.0V 0 0.2 Voo v

(fixed to Schmitt 2 mode)

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (5/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high VoH1 P00 to P03, P10to P17,P30 | 4.0V <EVboo<5.5V, EVooo - 0.9 \%
to P32, P40 to P47, P50 to lon: =-5.0 mA
P57, P60 to P67, P70t0 P77, | 27V <EVooo<5.5V, | EVooo- 0.7 %
P106, P107, P120, P125t0 | o = -3.0 MA
P127,P130, P140, P150t0 15 7V <EVooo <55V, | EVono-05 v
P157 loH1 =-1.0 mA
(normal slew rate)
Vo2 P33, P34, P80 to P87, P90to |2.7V<Vopb<55V Voo - 0.5 \%
P97, P100 to P105 lonz = -100 pA
VoHs P10, P12, P14, P30, P120, 40V <EVopo <55V, EVooo - 0.8 \%
P140 lons = -0.6 mA
(special slew rate) 2.7V<EVooo <55V, | EVooo-0.5 v
lons =-0.2 mA
Output voltage, low Vo1 P00 to P03, P10 to P17, P30 | 4.0V <EVboo<5.5V, 0.7 \%
to P32, P40 to P47, P50 to lo1 = 8.5 mA
P57, P60 to P67, P70 to P77, 4.0V <EVopo<5.5V, 0.4 Vv
P106, P107, P120, P125t0 | |01 = 4.0 mA
P127, P130, P140, P150 to 2.7V <EVooo <55V, 0.7 vV
P157 lot1 =4.0 mA
(normal slew rate)
2.7V <EVoo <55V, 0.4 \%
loi1 = 1.5 mA
Vo2 | P33, P34, P80to P87, P90to |2.7V<Vop<55V 0.4 Vv
P97, P100 to P105 loLz = 400 pA
Vois | P10, P12, P14, P30, P120, | 4.0V <EVooo<5.5V, 0.8 Vv
P140 lots = 0.6 MA
(special slew rate) 2.7V<EVoro <55V, 0.5 Vv
lo,s = 0.07 mA

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (6/6)

Items Symbol Conditions MIN. | TYP. | MAX. Unit
Input leakage luimg P00 to P03, P10 to P17, P30 to P32, | Vi=EVboo 1 pA
current, high P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

ILH2 P33, P34, P80 to P87, P90 to P97, Vi = Voo 1 HA
P100 to P105, P137, RESET
ILins P121 to P124 Vi=Vop | Ininput port or 1 HA
(X1, X2, XT1, XT2, EXCLK, EXCLKS) external clock input
In resonator 10 HA
connection
Input leakage luia P00 to P03, P10 to P17, P30 to P32, |Vi=EVsso -1 HA
current, low P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

Iz P33, P34, P80 to P87, P90 to P97, Vi =Vss -1 HA
P100 to P105, P137, RESET
luis P121 to P124 Vi=Vss | Ininput port or -1 HA
(X1, X2, XT1, XT2, EXCLK, EXCLKS) external clock input
In resonator -10 HA
connection
Positive injected | Iioerws | POO to P03, P10 to P17, P30 to P32, Per pin, Vi > EVboo 0.4 mA
current Netes 1.4 P41 to P47, P50 to P57, P60 to P67, | Total of all pins, Vi > EVooo 4 mA

P75 to P77, P106, P107, P126, P127,
P140, P150 to P157

P70 to P74, P80, P83 to P87 Nt 2, Per pin, Vi> Vop 0.15 mA

P90 to P97, P100 to P105, P120, Total of all pins, Vi > Voo 1 mA

P125

P81 to P84 Note3 Total of all pins, Vi > Vop 0.15 mA
On-chip pull-up Ru P00 to P03, P10 to P17, P30 to P32, | Vi =EVsso, in input port 10 20 100 kQ
resistance P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

Notes 1. These specifications are not tested on sorting and are specified based on the device characterization.
2. For RL78/F24 product: P80, P86, P87
3. For RL78/F23 product: P81, P82
4. For RL78/F24 product, P85/ANIO7/IVREFO does not guarantee the electrical characteristics when a positive
injection current is generated even if it is within the above specifications.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. Vi :This is the input voltage level to the port pins.

R01DS0446EJ0110 Rev.1.10

Page 106 of 206
Jun 30, 2024 RENESAS




RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

4.3.2 Supply Current Characteristics

(1) RL78/F24

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (1/2)
Items Symbol Conditions MIN. | TYP. | MAX. Unit
Supply lop1 Operating | Normal High-speed on- | fin = 80 MHz feik = 40 MHz 10.8 20.0 mA
current mode operation | chip oscillator Notes 3, 4
Note d note 2 clock operation | fi; = 40 MHz | fewk = fiNowes3.4 101 | 183 | mA
fin =2 MHz fok = fiyNotes 3.4 1.7 3.4 mA
Resonator fux =20 MHz | foik = fux Notes 3.5 5.6 10.3 mA
operation fux=2MHz | fowk = fuxNotes 3.5 15 3.1 mA
Resonator fe,e = 80 MHz, | feik = 40 MHz 10.6 20.0 mA
operation fux = 20 MHz | Notes3.6
(PLL operation) | fp = 40 MHz, | foik = 40 MHz 102 | 183 | mA
(PLL input clock fmx = 20 MHz Notes 3, 6
= fw feLL = 40 MHz, | foik = 40 MHz 99 | 178 | mA
fux = 4 MHz Notes 3, 6
Subsystem fsus = 32.768 | foik = fsus N7 7.6 500 HA
clock operation | kHz
Low-speed on- | fi = 15 kHz fouk = fi Note 8 4.2 500 HA
chip oscillator
clock operation

Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Vop, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/0 buffer and on-
chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation
(BGO)). However, the LVD circuit, A/D converter, D/A converter, and comparator are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.

5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.

6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator are stopped, and with setting of ADSLP = 1.

8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1. fux: High-speed system clock frequency
2. fsue: Subsystem clock frequency
fre: PLL clock frequency
fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

AU

fcik: CPU/peripheral hardware clock frequency
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RL78/F23, F24

4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ipp2 HALT mode N2 | High-speed on-chip fin = 80 MHz feik = 40 MHz 3.4 120 | mA
current oscillator clock Note 5
Notes .3 operation f=40 MHz | few = fiuNotes 28 | 105 | mA
fin =2 MHz fok = finNote S 0.5 2.0 mA
Resonator operation fux = 20 MHz fowk = fux Note s 15 6.5 mA
fux = 2 MHz fok = fux Noe® 0.3 2.0 mA
Resonator operation feLe = 80 MHz, | fcuk = 40 MHz 3.2 120 | mA
(PLL operation) fux = 20 MHz Note 7
(PLL input clock =fwx) | fo, = 40 MHz, | fowk = 40 MHz 29 | 105 | mA
fux = 20 MHz Note 7
fruL = 40 MHz, | fok = 40 MHz 2.6 10.0 mA
fux = 4 MHz Note 7
Subsystem clock fsus = 32.768 fowk = fsug Note @ 0.8 300 HA
operation kHz
Low-speed on-chip fiL = 15 kHz fouk = fi Note® 0.8 300 HA
oscillator clock
operation
Iops STOP mode N4 | Ta = +25°C 0.6 HA
Ta =+50°C 10
Ta=+70°C 25
Ta =+105°C 115
Ta=+125°C 270
Isnoz | SNOOZE mode DTC operation 7.0 mA
Notes 1. Total current flowing into Vob and EVbpo, including the input leakage current flowing when the level of the input
pin is fixed to Voo, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/0 buffer and on-
chip pull-up/pull-down resistors.
2. When HALT mode is entered during fetch from the flash memory.
3. The values below the MAX. column include the peripheral operation current and STOP leakage current.
However, the watchdog timer, LVD circuit, A/D converter, D/A converter, and comparator are stopped.
4. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-
speed on-chip oscillator clock are stopped.
5. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.
6. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock

are stopped.

7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

8.

9.

Remarks 1.

When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator clock are stopped, and with setting of ADSLP = 1.

When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

2. fsus: Subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

A

fck: CPU/peripheral hardware clock frequency
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer lwor Notes 1.2 | fypr = 15 kHz 0.3 HA
operating current
A/D converter operating current laocN°t3 | When conversion at AVrerp = Vob = 5.0 V 1.3 1.7 mA
maximum speed
When internal reference voltage is selected o ® 75.0 HA
AVrere current laorer N7 | AVRerp = 5.0 V 65.0 HA
Sample-and-hold circuit IaDs Note 8 0.8 1.2 mA
operating current
LVD operating current ILyp Note 4 0.08 HA
D/A converter operating current Ibac 0.8 15 mA
Comparator operating current lemp 50.0 HA
BGO operating current lsco Note 2.5 12.2 mA

Notes 1. When the high-speed on-chip oscillator clock and high-speed system clock are stopped.

2. Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Ipp1, Ibb2, or Ibps and Iwpt when the watchdog timer operates in STOP mode.

3. Current flowing only to the A/D converter. The current value is the sum of Ibp1 or Ipp2 and laoc when the A/D
converter operates in operation mode or HALT mode.

4. Current flowing only to the LVD circuit. The current value is the sum of lop1, Ipp2, or Iops and Ivo when the LVD
circuit operates in operation mode, HALT mode, or STOP mode.

5. Operating current that increases when the internal reference voltage is selected. This current flows even when
conversion is stopped.

6. Current increased by the BGO operation. The current value is the sum of Ipp1 or Iop2 and Isso when the BGO
operates in operation mode or HALT mode.

7. Operating current that increases when the AVRrerp is selected. This current flows even when conversion is
stopped.

8. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog
input channel.
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(2) RL78/F23
(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
Iltems | Symbol Conditions MIN. | TYP. | MAX. Unit
Supply lop1 Operating | Normal High-speed on- fin = 80 MHz foik = 40 MHz 9.7 17.0 mA
current mode operation | chip oscillator Notes 3, 4
hote ote 2 clock operation | = 40 MHz | fowk = fisNotes3.4 90 | 155 | mA
fin =2 MHz fok = fiyNotes 3.4 1.6 3.0 mA
Resonator fux =20 MHz | foik = fux Notes 3.5 5.0 9.0 mA
operation fux =2 MHz | fouk = fuxNotes 3.5 14 | 28 | mA
Resonator fee = 80 MHz, | feik = 40 MHz 9.2 17.0 mA
operation fux = 20 MHz | Notes3.6
(PLL operation) | fp, = 40 MHz, | fowk = 40 MHz 9.0 | 155 | mA
(PLL input clock fmx = 20 MHz Notes 3, 6
= hw feL = 40 MHz, | fouk = 40 MHz 86 | 150 | mA
fux = 4 MHz Notes 3, 6
Subsystem clock | fsus = 32.768 | fcik = fsugNote? 6.5 200 HA
operation kHz
Low-speed on- fiL = 15 kHz foik = fi Note 8 3.3 200 HA
chip oscillator
clock operation
Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input

Remarks 1.

pin is fixed to Vop, EVbpo, Vss, or EVsso. However, not including the current flowing into the I/O buffer and on-
chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation
(BGO)). However, the LVD circuit and A/D converter are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.
5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock

are stopped.

6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip

oscillator are stopped, and with setting of ADSLP = 1.

8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

2. fsue: Subsystem clock frequency

A

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fiL: Low-speed on-chip oscillator clock frequency
fck: CPU/peripheral hardware clock frequency
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(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2 HALT mode N2 | High-speed on-chip fin = 80 MHz feik = 40 MHz 34 | 11.0 | mA
current oscillator clock Note 5
Notes 1.3 operation fin=40 MHz | fowk = fiuNotes 28 | 95 | mA
fin =2 MHz fork = finNote S 0.5 1.6 mA
Resonator operation fux =20 MHz | feik = fiux Note® 15 55 mA
fmux = 2 MHz fok = fux Note® 0.3 1.6 mA
Resonator operation feLe = 80 MHz, | fcuk = 40 MHz 3.1 11.0 mA
(PLL operation) fux = 20 MHz | Note?
(PLL input clock =fwx) | fo, = 40 MHz, | foik = 40 MHz 28 | 95 | mA
fux =20 MHz | Nete?
fruL = 40 MHz, | fock = 40 MHz 2.5 9.0 mA
fux = 4 MHz Note 7
Subsystem clock fsus = 32.768 | foik = fsus Nt 8 0.7 125 MA
operation kHz
Low-speed on-chip fi = 15 kHz fouk = fi Note® 0.7 125 HA
oscillator clock
operation
Iops STOP mode N4 | Ta = +25°C 0.5 MA
Ta =+50°C 4.5
Ta=+70°C 9.0
Ta =+105°C 51
Ta=+125°C 110
Isnoz SNOOZE mode | DTC operation 6.0 mA
Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input

pin is fixed to Vob, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/O buffer and on-

chip pull-up/pull-down resistors.

2. When HALT mode is entered during fetch from the flash memory.

3. The values below the MAX. column include the peripheral operation current and STOP leakage current.

However, the watchdog timer, LVD circuit, and A/D converter are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-

speed on-chip oscillator clock are stopped.

5. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are

stopped.

6. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.
7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

8. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip

oscillator clock are stopped, and with setting of ADSLP = 1.

9. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1.
2.

fux: High-speed system clock frequency

fsus: Subsystem clock frequency

fre: PLL clock frequency
fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

S O

fck: CPU/peripheral hardware clock frequency
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4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer Iwpr Ntes 1.2 | fiypr = 15 kHz 0.3 MA
operating current
A/D converter operating lapc Note 3 When conversion at AVrerp = Vob = 5.0 V 1.3 1.7 mA
current maximum speed

When internal reference voltage is selected o ® 75.0 MA
AVrere current laorer N0 7 | AVRerp = 5.0 V 65.0 A
Sample-and-hold circuit Iaps Note 8 0.8 1.2 mA
operating current
LVD operating current JLyp Note 4 0.08 MA
BGO operating current Isgo Note 6 2.5 12.2 mA

Notes 1.
2.

When the high-speed on-chip oscillator clock and high-speed system clock are stopped.
Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Iop1, Ibp2, or lIbbs and lwpt when the watchdog timer operates in STOP mode.

. Current flowing only to the A/D converter. The current value is the sum of Ibb1 or Ibp2 and labc when the A/D

converter operates in operation mode or HALT mode.

. Current flowing only to the LVD circuit. The current value is the sum of Ibb1, lop2, or lops and I.vo when the LVD

circuit operates in operation mode, HALT mode, or STOP mode.

. Operating current that increases when the internal reference voltage is selected. This current flows even when

conversion is stopped.

. Current increased by the BGO operation. The current value is the sum of Iop1 or Iop2 and Isso when the BGO

operates in operation mode or HALT mode.

. Operating current that increases when the AVrerr is selected. This current flows even when conversion is

stopped.

. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog

input channel.
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4.4 AC Characteristics
4.4.1 Basic Operation

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Instruction cycle (minimum Tey High-speed on-chip oscillator clock operation 0.025 0.5 Us

instruction execution time) High-speed system clock operation 0.05 0.5 us
PLL clock operation 0.025 0.5 Us
Subsystem clock operation 28.5 30.5 345 us
Low-speed on-chip oscillator clock operation 66.6 Us
In self programming mode 0.025 0.5 Us

CPU/peripheral hardware fek 0.025 66.6 ps

clock frequency

External system clock fex 2.0 20.0 MHz

frequency fexs 29 35 kHz

External system clock input texH, tExt 24 ns

high-level width, low-level texns, tExLs 13.7 Hs

width

TIOO to T107, TI10 to TI17 triH, trie 1/fmck+10 ns

input high-level width, low-

level width

TOO0O0 to TOO7, fro Normal slew rate, 40V <EVooo<55V 16 MHz

TO10 10 TO17, C=30pF 2.7V <EVooo <4.0V 8 MHz

TRDIOAO, TRDIOAL,

TRDIOBO, TRDIOBL, TOO01, TO06, TOO7, 2 MHz
TO11, TO13,

TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1,
TRJIOO, TRJOO

TRDIOCO, TRDIODO,
TRDIOD1, TRJOO only,
Special slew rate,

output frequency C =30 pF
PCLBUZO0 output frequency fecL Normal slew rate 40V <EVopo <55V 16 MHz
C=30pF 2.7V<EVoo< 4.0V 8 MHz
Special slew rate 2 MHz
C=30pF
Timer RJ input cycle tc TRJIOO 100 ns
Timer RJ input high-level tram, trae | TRIIOO 40 ns
width, low-level width
Timer RDe input high-level, trom, troe. | TRDIOAO, TRDIOAL, TRDIOBO, TRDIOB1, 3/frro ns
low-level width TRDIOCO, TRDIOC1, TRDIODO, TRDIOD1,
TRDCLKO, TRDORES, TRD1RES
Timer RDe pulse output trosic P137/INTPO 2MHz < feik < 40MHz 1 us
forced cutoff signal low-level folk < 2 MHz Ufok + 1 1S
width

Caution Excluding the error in oscillation frequency accuracy.

Remarks 1. fuck: Timer array unit operation clock frequency
2. frro: Timer RDe operation clock frequency
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(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt input high-level tinTH, tinL | INTPO to INTP13 Note ! 1 us

width, low-level width

KRO to KR7 key interrupt tkr 250 ns

input low-level width

RESET low-level width tRsL Note 1 10 us

Port output rise time, port tro, tro | POO to P03, P10 to P17, 4.0V <EVooo <55V 25 ns

output fall time P30 to P32, P40 to P47, 2.7V <EVbbo < 4.0V 55 ns

P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127,
P130, P140, P150 to P157
(normal slew rate)

C=30pF

P10, P12, P14, P30, P120, | 4.0V <EVbooo < 5.5V 25 Note 2 60 ns
P140 2.7V <EVooo < 4.0V 100 ns
(special slew rate)

C=30pF

Notes 1. Pins RESET, INTPO to INTP3, INTP12, and INTP13 have noise filters for transient levels lasting less than
100 ns.
2. Ta=+25°C, EVbpo =5.0 V

AC Timing Test Points

Vi . ViH
:> Test points <:
Vi Vi
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External System Clock Timing

EXCLK

EXCLKS

TI/TO Timing

TIOO to TIO7, TI10 to TI17,
TRDIOAQ, TRDIOA1, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRDCLKO,
TRDORES, TRD1RES

TOO00 to TOO7, TO10 to TO17,
TRDIOAQ, TRDIOA1, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRJIOO,
TRJOO

TRJIOO

P137/INTPO

|« 1/fexs

tri, trow

A

tro

trosi

tTiH, tToH

0.8 Voo (MIN.)
0.2 Voo (MAX.)

0.8 Vpp (MIN.)
0.2 Vpp (MAX.)

1/fro

tromH
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Interrupt Request Input Timing

tINTL tINTH

INTPO to INTP13

Key Interrupt Input Timing

tkr »|

bod )

KRO to KR7
RESET Input Timing
trsL
RESET
Output Rising and Falling Timing
tro tro

Output pin

L
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4.5 Peripheral Functions Characteristics
4.5.1 Serial Array Unit

(1) During communication at same potential (UART mode) (dedicated baud rate generator output)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - fmek/6 bps
fek = 40 MHz, Normal slew rate 6.6 Mbps
fuck = feuk Special slew rate 2 Mbps

UART mode connection diagram (during communication at same potential)

TXDO, TXD1 RX

RL78

. User's device
microcontroller

RXDO0, RXD1 X

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/low-bit width
_Baud rate error tolerance |
- 1 >
/
TXDO, TXD1
RXDO0, RXD1
\ /

Caution Select the normal input buffer for the RXD0 pin and RXD1 pin and normal output mode for the TXD0
pin and TXD1 pin.

Remark fuck: Serial array unit operation clock frequency
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(2) During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, normal
slew rate)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkeve 150 Note S ns
SCKp high-level width, low-level width tkH1, tkia 40V <EVopo<55V tkeva/2 — 12 ns

2.7V <EVooo<4.0V tkev1/2 — 18 ns
Slp setup time (to SCKpT) Note1 tsik1 4.0V <EVooo <55V 44 ns

2.7V <EVooo<4.0V 55 ns
Slp hold time (from SCKpT) \ete2 tksi1 30 ns
Delay time from SCKp{ to SOp output "ot 3 tkso1 C =30 pFNote4 30 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.
5. tkcy1 > 4/fcLk must also be satisfied.

Caution Select the normal input buffer for the Slp pin and normal output mode for the SOp pin and SCKp pin.

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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®)

During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, special

slew rate)

(Ta =-40 to +125°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkeve 500 Nete s ns
SCKp high-level width, low-level width tkH1, tkia tkev1/2 — 60 ns
Slp setup time (to SCKpT) Notet tsiki 120 ns
Slp hold time (from SCKpT) Nete2 tksiz 80 ns
Delay time from SCKp{ to SOp output N°te 3 tkso1 C =30 pFNote4 90 ns

Notes 1.

4,
5.

Caution

Remark

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

. When DAPmn =0 and CKPmn = 0 or DAPmn =1 and CKPmn = 1.

The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

. When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKp?” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.

C is the load capacitance of the SCKp and SOp output lines.

tkeyt > 4/fck must also be satisfied.

Select the normal input buffer for the Slp pin and normal output mode and special slew rate for the
SOp pin and SCKp pin.

p: CSIp (p =00, 01, 10, 11), m: Unitm (m = 0, 1), n: Channeln (n =0, 1)
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(4) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, normal slew
rate)

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkey2 32 MHz < fumek 10/fmex ns
fmek < 32 MHz 8/fmck ns

SCKp high-level width, tkH2, tki2 tkey2/2 ns

low-level width

Slp setup time tsikz 1/fmek + 20 ns

(to SCKpT) Note

Slp hold time tksi2 1/fmek + 31 ns

(from SCKpT) Nete2

Delay time from SCKp{ to tksoz C =30 pF | 4.0V <Vop=EVopo=EVop1<5.5V 2/fmck + 44 | ns

SOp output e Note 4 2.7V £ Voo = EVoo = EVop1 < 4.0 V 2/fwck +57 | ns

SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek + 120 ns

SSlp hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSIp pins and normal output mode for the SOp
pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fuck: Serial array unit operation clock frequency
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(5) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, special slew

rate)

(Ta =-40 to +125°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevz 20 MHz < fmek 10/fmex ns
10 MHz < fuek <20 MHz 8/fmck ns

fmek < 10 MHz 6/fmek ns

SCKp high-level width, low-level width tkHz2, tkiz tkeva/2 ns
Slp setup time (to SCKpT) Mot tsika 1/fmck + 50 ns
Slp hold time (from SCKpT) \ete2 tksiz 1/fmck + 50 ns
Delay time from SCKp{ to SOp output "ot 3 tkso2 C =30 pFNote4 2/fmck + 80 ns
SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek + 120 ns

SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.

The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and

CKPmn =0.

4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSlp pins and normal output mode and special

slew rate for the SOp pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fumck: Serial array unit operation clock frequency
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CSI mode connection diagram (during communication at same potential)

<Master>
SCKp
RL78 Slip
microcontroller
SOp
SSip

SCK

SO

Sl

User's device

<Slave>

SCKp
RL78 Slip
microcontroller

SOp

SSip

SCK

SO

User's device

Sl

SSO

CSlI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn = 1)

SCKp \

Slp

tkey2

kL2

tsik2

tkH2

tksi2

Input data

tkso2

SOp

Output data

tssik

SSip

tkssl

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmn= 0 and CKPmn =1, or DAPmn =1 and CKPmn =0)

tkevi, 2

tkH1, 2 tkLy, 2

SCKp
/ \

tsik, 2 tksiy, 2
[————————————————

Slp Input data
tksot, 2
SOp Output data ><:
tesi tkssi
)
SSip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(6) During communication at same potential (simplified 1°C mode)
(SDAr: N-ch open-drain output (EVop tolerance) mode, SCLr: normal output mode)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCLr clock frequency fscL 1000 Nt | kHz
Hold time when SCLr = “L” tLow 475 ns
Hold time when SCLr = “"H” tHiGH 475 ns
Data setup time (reception) tsu:paT 1/fmek + 85 ns
Data hold time (transmission) tHD:DAT Cb =50 pF, Ro = 2.7 kQ 0 305 ns

Note fcik < fmck/4 must also be satisfied.

Simplified 1°C mode connection diagram (during communication at same potential)

VDD

da

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Simplified 1°C mode serial transfer timing (during communication at same potential)

1ffsce

tow tricH

\ /[
SDAr/_-\ / - |

o — |
tsu:paT

tHD: DAT

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and normal output
mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr) pull-up resistance, Cb [F]: Communication line (SCLr, SDAr) load
capacitance
2. r:1ICr (r=00, 01, 10, 1)
3. fuck: Serial array unit operation clock frequency
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(7) During communication at same potential (simplified 1°C mode) (SDAr and SCLr: N-ch open-drain output
(EVop tolerance) mode)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 40Q Nete kHz
Hold time when SCLr = “L” tLow 40V <Vop<55V, 1300 ns

Cb =100 pF, R = 1.7 kQ
27V <Vop<4.0V,

Cb =100 pF, Ro = 2.7 kQ
Hold time when SCLr = “H” tHicH 40V <Vop<55V, 600 ns
Cb =100 pF, Ro = 1.7 kQ

27V<Vopb<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Data setup time (reception) tsubar |40V <Vop<55V, 1/fmek + 120 ns
Cb = 100 pF, Ro = 1.7 kQ
27V<Vopb<4.0V, 1/fmek + 270 ns
Cb =100 pF, Ro = 2.7 kQ

Data hold time (transmission) tiooar | 4.0V <Vop<55YV, 0 300 ns

Cb =100 pF, Ro = 1.7 kQ
2.7V <Vob<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Note fcik < fmck/4 must also be satisfied.

Simplified 1°C mode connection diagram (during communication at same potential)

Vb Vb
gRb %Rb

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb[V]: Communication line voltage
2. r: lICr (r=00, 01, 10, 11)
3. fmck: Serial array unit operation clock frequency
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

Simplified 1°C mode serial transfer timing (during communication at same potential)

1/fscL

trow thicH

SCLr \ /

o N\~ N

| [
| —
tHD: DAT tsu:DAT

Remark r: IICr (r =00, 01, 10, 11)
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(8) Communication at different potential (UART mode) (TXD output buffer: N-ch open-drain, RXD input buffer:
TTL)

(Ta =-40 to +125°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter | Symbol Conditions MIN. | TYP. MAX. Unit
Transfer rate - Reception 2.7V £ Vb < EVooo, fmek/6 bps
Vin=22V, Theoretical value of the 4.0 Mbps
Vie=0.8V maximum transfer rate Not
(Co = 30 pF)
Transmission | 2.7 V < Vb < EVooo, Smaller number | bps
Von=2.2V, of the values
VoL=0.8V given by fmck/6
and expression
1is applicable.
Theoretical value of the 4.0 Mbps
maximum transfer rate Not
(Cb =30 pF)

Normal slew rate

Note Expression 1: Maximum transfer rate = 1/[ {-Cbx Rox In (1 - 2.2/Vb)} x 3 ]

UART mode connection diagram (during communication at different potential)

Vb
TXDO, TXD1 RX
. RL78 User's device
microcontroller
RXDO0, RXD1 TX
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

UART mode bit width (during communication at different potential) (reference)

5 1/Transfer rate

L Low-bit width

High-bit width

Baud rate error tolerance

T
L \

TXDO, TXD1

1/Transfer rate

High-/low-bit width

| Baud rate error tolerance |

1 >
/ \
RXDO, RXD1

Caution Select the TTL input buffer for the RXD0 pin and RXD1 pin and N-ch open-drain output mode for the
TXDO pin and TXD1 pin.

Remarks 1. Ro [Q]: Communication line (TXD) pull-up resistance, Cb [F]: Communication line (TXD) load capacitance,
Vb [V]: Communication line voltage

2. fuck: Serial array unit operation clock frequency
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(9) During communication at different potential (3-V supply system) (CSI mode) (master mode, SCKp ... internal
clock output, normal slew rate)

(Ta =-40 to +125°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevi 2.7 V < Vb < EVboo, 400 Note 3 ns
Cb =30 pF, Ro = 1.4 kQ

SCKp high-level width tkH1 2.7V £ Vb < EVooo, tkeva/2 — 75 ns
Cb =30 pF, Ro = 1.4 kQ

SCKp low-level width tkLe 2.7V £ Vb < EVooo, tkev/2 — 20 ns
Cb =30 pF, Ro = 1.4 kQ

Slp setup time (to SCKpT) Nete ! tsika 2.7 V < Vb < EVboo, 150 ns
Cb = 30 pF, Ro = 1.4 kQ

Slp setup time (to SCKpy) Nete2 tsik 2.7 V < Vb < EVioo, 70 ns
Cb =30 pF, Ro = 1.4 kQ

Slp hold time (from SCKpT) ete1 tksiz 2.7 V < Vb < EVono, 30 ns
Cb =30 pF, Ro = 1.4 kQ

Slp hold time (from SCKp\) \ete2 tksi 2.7 V < Vb < EVooo, 30 ns
Cb = 30 pF, Ro = 1.4 kQ

Delay time from SCKp{ to SOp output N°te * tkso1 2.7 V < Vb < EVbpo, 120 ns
Cb =30 pF, Ro = 1.4 kQ

Delay time from SCKpT to SOp output Nt 2 tkso1 2.7 V £ Vb < EVooo, 40 ns
Cb = 30 pF, Ro = 1.4 kQ

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. tkey1 > 4/fcik must also be satisfied.

CSI mode connection diagram (during communication at different potential)

Vb Vb
<Master>
Rb Rb

SCKp

SCK

RL78 Slp SO

. User's device
microcontroller

Sop S

SSip

Caution Select the TTL input buffer for the Slp pin and N-ch open-drain output mode for the SOp pin and
SCKbp pin.

Remarks 1. Ro [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SOp, SCKp) load
capacitance, Vb [V]: Communication line voltage
2. p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
3. AC characteristics of the serial array unit during communication at different potential in CSI mode are
measured with the Vit and Vi below:
When 4.0V <EVopo<55V,27V<Vb<40V:VH=22V,ViL=0.8V

R01DS0446EJ0110 Rev.1.10

Page 129 of 206
Jun 30, 2024 RENESAS



RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

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

tkevi

tkH1

J - J

tket

SCKp \

tsika tksi

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)

tkevl

tkH1 kL1

tsika tksi
+————————————————————— -

Slp Input data

tkso1

SOp Output data

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(10) During communication at different potential (3-V supply system) (CSI mode) (slave mode, SCKp ... external
clock input, normal slew rate)

(Ta =-40 to +125°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkev2 2.7V <Vo<Vop |32 MHz < fumck 20/fmck ns
24 MHz < fmck < 32 MHz 16/fmck ns
20 MHz < fuck < 24 MHz 12/fmek ns
8 MHz < fwek < 20 MHz 10/fmek ns
4 MHz < fmek < 8 MHz 8/fmck ns
fmek < 4 MHz 6/fmck ns
SCKp high-level width, tkHz, tkiz | 2.7 V < Vb < Vop tkeva/2 — 20 ns
low-level width
Slp setup time tsikz 90 ns
(to SCKp™T)Nete 1
Slp hold time tksi2 1/fwex + 50 ns
(from SCKpT) Nete2
Delay time from SCKp{ to tksoz 2.7V £ Vb < Vop, Co=30 pF, Ro = 1.4 kQ 2/fwek + 120 | ns
SOp output Nete 3
SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmex + 120 ns
SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
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4. ELECTRICAL SPECIFICATIONS (GRADE 4)

CSlI mode connection diagram (during communication at different potential)

Vb

1,

<Slave >
SCKp
RL78 Slp
microcontroller
SOp
SSip

SCK

SO

Sl

SSO

User's device

Caution Select the TTL input buffer for the Slp, SCKp and SSlp pins and N-ch open-drain output mode for the

SOp pin.

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,

Vb [V]: Communication line voltage
2. p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
3. AC characteristics of the serial array unit during communication at different potential in CSI mode are

measured with the ViH and ViL below:
When 4.0V <EVbopo<55V,27V<Vb<40V:VH=22V,VL=0.8V
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

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

tkeyz

tkL2 ‘ tkH2
/
SCKp
\ N
tsik2 tksi2
Slp Input data
tkso2
e—————
SOp >M/0utput data
tkssi
tssik
—

SSip

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

tkevz

tkH2 [ ‘
/ /
SCKp
/ \
tsik2 tksi2
;>
Slp Input data

tkso2

SOp Output data

tkssi
tssik

Ssip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

(11) During communication at different potential (3-V supply system) (simplified I°C mode)
(SDAr: TTL input buffer mode or N-ch open-drain output (EVop tolerance) mode, SCLr: N-ch open-drain
output (EVop tolerance) mode)

(Ta =-40 to +125°C, 4.0 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 27V<Ve<40V, 400 Nete kHz
Cb =100 pF, Ro = 1.4 kQ
Hold time when SCLr = “L” tlow 27V<Ve<4.0V, 1200 ns
Cb = 100 pF, Rb = 1.4 kQ
Hold time when SCLr = “H” tHIGH 27V<Ve<4.0V, 600 ns
Cb =100 pF, Ro = 1.4 kQ
Data setup time (reception) tsu:pAT 27V<Ve<4.0V, 135 + 1/fwek ns
Cb = 100 pF, Rb = 1.4 kQ
Data hold time (transmission) tHD:DAT 27V<Ve<4.0V, 0 140 ns

Cb = 100 pF, Ry = 1.4 kQ

Note fscL < fmck/4 must also be satisfied.

Simplified 1°C mode connection diagram (during communication at different potential)

Vb Vb
gRb %Rb

SDAr SDA
RL78 ' .
microcontroller User's device
SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

tow tHIGH

sCLr \ /

e — |

tHD:DAT tsu:pAT

Caution Select the TTL input buffer and the N-ch open-drain output mode for the SDAr pin and N-ch open-drain
output mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb [V]: Communication line voltage
2. fuck: Serial array unit operation clock frequency
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

4.,5.2 Serial Interface IICA

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions Normal Mode Fast Mode Fast Mode Plus Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 0 1000 kHz
10 MHz < feik
Fast mode: 0 400 kHz
3.5 MHz < feik
Normal mode: 0 100 kHz
1 MHz < feik
Setup time of restart condition N°®? | tsu:sta 4.7 0.6 0.26 us
Hold time tHD:STA 4.0 0.6 0.26 ps
Hold time when SCLAQ =“L” tLow 4.7 1.3 0.5 us
Hold time when SCLAQO =“H” tHiGH 4.0 0.6 0.26 ys
Data setup time (reception) tsu:pAT 250 100 50 ns
Data hold time (transmission) N2 | thp.pat 0 3.45 0 0.9 0 us
Setup time of stop condition tsu:sTo 4.0 0.6 0.26 ps
Bus-free time tur 4.7 1.3 0.5 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:paT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Ro (communication line pull-up
resistor) at that time in each mode are as follows.
Standard mode: Cb =400 pF, Ro = 2.7 kQ
Fast mode: Cb =320 pF, Ro = 1.1 kQ
Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

tow tr
SCLAO \
tHIGH tsu:sTA — #— tHD:STA tsussto -—
> {HD:STA tsupat -—
somo_ff / § /X
- |
teur
Stop Start Restart Stop
condition condition condition condition
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RL78/F23, F24 4. ELECTRICAL SPECIFICATIONS (GRADE 4)

4.5.3 On-chip Debug (UART)

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - 115.2 k 1M bps

4.5.4 LIN/JUART Module (RLIN3) UART Mode

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Operation mode, | LIN communication clock source (fcik or fux): 4000 kbps
HALT mode 4 to 40 MHz
SNOOZE mode | LIN communication clock source (fci): 9.6
2 t0 40 MHz

4.5.5 CAN-FD Communication Interface (RS-CANFD lite) Timing

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Classical CAN mode 1 Mbps
CAN-FD mode Data bit rate 5 Mbps
CAN-FD mode Nominal bit rate 1 Mbps

Internal delay time Nt tnoDE 50 ns

Note tnope = Internal input delay time (tinpuT) + Internal output delay time (toutput)

Image of Internal delay

RL78/F24 CTXDO
Internal output delay time
(touTPuT)

CAN controller

Internal input delay time
(tinpuT)

EERSS

CRXDO
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4.6 Analog Characteristics

4.6.1 A/D Converter Characteristics

Classification of A/D converter characteristics

Reference Reference voltage (+) = AVrerp Reference voltage (+) = Vob
Input channel Reference voltage (-) = AVrerm Reference voltage (-) = Vss
ANIO to ANI5, ANI8 to ANI30 4.6.1 (1) 4.6.1(2)
ANIB,ANI7 - 4.6.1(2)
Internal reference voltage (+) 46.1(1) 4.6.1(2)

(1) When Reference voltage (+) = AVrerp, Reference voltage (-) = AVrerm =0V,
target ANI pin: ANIO to ANI5, ANI8 to ANI30, Internal reference voltage (+).

(Ta = -40 to +125°C, 2.7 V < EVbpo = EVop1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = AVRrerp,

Reference voltage (-) = AVrerm = 0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note ABS ANIO to ANI5, ANI8 to ANI23 Note 2, +5.0 LSB
[4.5V < AVrerr = VoD £5.5V]
ANIO to ANI5, ANI8 to ANI23 Nete 2, 5.0 LSB
[2.7 V < AVrerr = Vo < 4.5 V]
ANI1, ANI2 Note 3, +6.0 LSB

[4.5V < AVrerr = VoD £ 5.5 V],
[0.25V < Van < Vop - 0.25V]
ANIL, AN|2Note3, 8.0 LSB

[2.7 V < AVrerp = Vop < 4.5 V],
[0.25V < Van £ Vop - 0.25V]

ANI24 to ANI30, +11 LSB
[4.5V < AVrere = Voo < 5.5 V]
ANI24 to ANI30, +13 LSB
[2.7 V < AVrerp = Vop < 4.5 V]
Integral linearity error Note ! INL ANIO to ANI5, ANI8 to ANI23, [AVRerr = Vo] +3.0 LSB
ANI24 to ANI30, [AVrerp = Vop] +7.0 LSB
Differential linearity error Note* DNL | ANIO to ANI5, ANI8 to ANI23, [AVRrerp = Vbp] +1.5 LSB
ANI24 to ANI30, [AVrerp = Vop] +3.5 LSB
Zero-scale error Mot ZSE | ANIO to ANI5, ANI8 to ANI23 Nete2) 4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] +8.5 LSB
Full-scale error Not FSE ANIO to ANI5, ANI8 to ANI23 Note 2, +4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] +8.5 LSB

(Notes are at the end of this table.)
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(2/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Reference voltage (+) AVRerp 2.7 Voo \%
Analog input voltage VaiN ANIO to ANI5, ANI8 to ANI30 0 AVrerp \%
Internal reference voltage (+) Veer 27V<Vop<55V 1.38 1.45 15 \%
Analog input slew rate SR 0.4 V/us
Operation clock fap 2 40 MHz
Conversion time Note4 tconv | ADCLK =40 MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANI5, ANI8 to ANIL5 Nete 2 1.125 Us
ANI16 to ANI30 1.8 ps
ANI1, AN|2 Note3 2.1 us

Notes 1. Excludes quantization error (+1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive

approximation.
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(2) When Reference voltage (+) = Voo, Reference voltage (-) = Vss,
target ANI pin: ANIO to ANI30, Internal reference voltage (+).

(Ta = -40 to +125°C, 2.7 V < EVbbo = EVbb1 = Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = Vob,
Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note ABS ANIO to ANI23 M2 [45V < Vop <5.5V] +13.0 LSB
ANIO to ANI23 N2 2.7 V < Vpp < 4.5 V] +15.0 LSB
ANI1, ANI2Note3 145V < Vop < 5.5 V], +14.0 LSB
[0.25V £ Van < Vop - 0.25 V]
ANIL, ANI2N3, [2.7 V < Voo < 4.5 V], +16.0 | LSB
[0.25 V < Vaw < Voo - 0.25 V]
ANI24 to ANI30, [4.5V <Vop<5.5V] +19.0 LSB
ANI24 to ANI30, [2.7V £ Vb < 4.5V] +21.0 LSB
Integral linearity error Vot INL ANIO to ANI23 7.0 LSB
ANI24 to ANI30 +9.0 LSB
Differential linearity error Note DNL ANIO to ANI23 +3.5 LSB
ANI24 to ANI30 5.5 LSB
Zero-scale error Note ZSE | ANIO to ANI23Note2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Full-scale error Note FSE ANIO to ANI23 Note 2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Analog input voltage Vain ANIO to ANI30 0 Vop \%
Internal reference voltage (+) VBGR 27V<Vop<55V 1.38 1.45 15 \Y
Analog input slew rate SR 0.4 V/us
Operation clock fap 2 40 MHz
Conversion time Note4 tconv | ADCLK =40 MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANI15 Note 2 1.125 Us
ANI16 to ANI30 1.8 us
ANI1, AN|2 Note3 2.1 us

Notes 1. Excludes quantization error (+1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive
approximation.
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4.6.2 D/A Converter Characteristics

(Ta =-40 to +125°C, 2.7 V < EVppo = EVbp1 = Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Overall error AINL Rload = 4 MQ 27V<Vop<55V +2.5 LSB

Rload = 8 MQ 27V<Vopb<55V +2.5 LSB
Settling time tser Cload = 20 pF 27V<Vop<55V 3 us

4.6.3 Comparator Characteristics

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input offset voltage Viocvp +5 +40 mV
Input voltage range Viemp 0 Voo \Y
Response time ter, ter Input amplitude £100 mV 70 200 ns
Stabilization wait time during input twarr Input amplitude £100 mV 300 ns
channel switching Mot !
Operation stabilization wait time ot 2 tome 3.3V<Vop<55V 1 us
27V<Vop<33V 3 us

Notes 1. Period of time from when the comparator input channel is switched until the comparator is switched to output.
2. Period of time from when the comparator operation is enabled (HCMPON bit in CMPCTL is set to 1) until the
comparator satisfies the DC/AC characteristics.

4.6.4 POR Circuit Characteristics

(Ta = -40 to +125°C, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage N * VPor Power supply rise time 1.48 1.56 1.67 \Y
VPDR Power supply fall time 1.47 1.55 1.66 \%
Minimum pulse width Note 2 Tew 300 us
Detection delay time Tep 350 ps

Notes 1. This indicates the POR circuit characteristics, and normal operation is not guaranteed under the condition of
less than lower limit operation voltage (2.7 V).
2. Minimum time required for a POR reset when Vob exceeds below Vror.

Tew

Supply voltage (Vob)
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4.6.5 LVD Circuit Characteristics

(1) LVD detection voltage of interrupt mode or reset mode

(Ta = -40 to +125°C, VrpRr < EVbDo = EVbD1 = VDD < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage | Supply voltage level Vivbo Power supply rise time 4.62 4.74 4.94 \%
Power supply fall time 4.52 4.64 4.84 Y
Vivb1 Power supply rise time 4.50 4.62 4.82 Vv
Power supply fall time 4.40 4.52 4.71 Y
Vivb2 Power supply rise time 4.30 4.42 4.61 Vv
Power supply fall time 4.21 4.32 451 Vv
Vivps Power supply rise time 3.13 3.22 3.39 Y,
Power supply fall time 3.07 3.15 3.31 \%
Vivpa Power supply rise time 2.95 3.02 3.17 Y,
Power supply fall time 2.89 2.96 3.09 \%
Vivps Power supply rise time 2.74 2.81 2.95 Y,
Power supply fall time 2.68 Note 2.75 2.88 \Y
Minimum pulse width tw 300 us
Detection delay time to 300 ps

Note The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vop = 2.7 V) is possible until a reset is effected at the power supply falling time.

(2) LVD detection voltage of interrupt and reset mode

(Ta = -40 to +125°C, Vrpr < EVbbo = EVbb1 = Vbb < 5.5V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivos | VPOC2, VPOCL, VPOCO =0, 0, 1Note ) 2.68Note 2 2.75 2.88 \Y,
mode falling reset voltage: 2.75 V

Vivp2 LVIS1, LVISO=0,0 Rising release reset voltage 4.30 4.42 4.61 \%

Falling interrupt voltage 4.21 4.32 4.51 \%

Vwos | VPOC2, VPOC1, VPOCO =0, 1, ONetel 2.68 Note2 2.75 2.88 \Y,
falling reset voltage: 2.75 V

Vivb1 LVIS1, LVISO=0,0 Rising release reset voltage 4.50 4.62 4.82 \%

Falling interrupt voltage 4.40 4.52 4.71 \%

Vs | VPOC2, VPOC1, VPOCO =0, 1, 1 Notel) 2.68 Note 2 2.75 2.88 \%
falling reset voltage: 2.75 V

Vivos LVIS1, LVIS0=0, 1 Rising release reset voltage 3.13 3.22 3.39 \%

Falling interrupt voltage 3.07 3.15 3.31 \%

Vivoo LVIS], LVIS0=0,0 Rising release reset voltage 4.62 4.74 4.94 \%

Falling interrupt voltage 4.52 4.64 4.84 \%

Notes 1. These values indicate setting values of option bytes.
2. The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vob = 2.7 V) is possible until a reset is effected at the power supply falling time.
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4.7 Power Supply Voltage Rising Time

(Ta = -40 to +125°C, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum power supply voltage | Svrmax |0V — Voo (VPOC2 =0 or 1N 2) 50Note3 | V/ms
rising slope
Minimum power supply voltage Svimn [0V > 2.7V 6.5 Vims
rising slope Nete !

Notes 1. The minimum power supply voltage rising slope is applied only under the following condition.
When the voltage detection (LVD) circuit is not used (VPOC2 = 1) and an external reset circuit is not used or
when a reset is not effected until Vb= 2.7 V.
2. These values indicate setting values of option bytes.
3. If the power supply drops below Vrpr and a POR reset is effected, this specification is also applied when the
power supply is recovered without dropping to 0 V.

4.8 Regulator Output Voltage Characteristics

(Ta = -40 to +125°C, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

REGC output voltage N° Vorecc | C=0.47to 1 pF 2.0 2.1 2.2 \%

Note Other than the following conditions are applicable.
* In STOP mode.
* When the high-speed system clock (fux), the high-speed on-chip oscillator clock (fiH), and PLL clock (frLL) are
stopped during CPU operation with the subsystem/low-speed on-chip oscillator clock select clock (fsL).
*  When the hifh-speed system clock (fux), the high-speed on-chip oscillator clock (fit), and PLL clock (frLL) are
stopped during the HALT mode when the CPU operation with the subsystem/low-speed on-chip oscillator
clock select (fsL) has been set.

4.9 RAM Data Retention Characteristics

(Ta = -40 to +125°C, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbDDR 1.47 Note 5.5 \%

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

|——————— STOP mode

\i

- Operation mode

¢«——— RAM data retention ———»|

Voo \ VDDDR

!

STOP instruction execution

Standby release signal
(interrupt request) /
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4,10 Flash Memory Programming Characteristics

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fek 2 40 MHz
Number of code flash rewrites Netes1.2:3 Cerwr | Retained for 20 years 1,000 Times
Ta = +85°C Note 4
Number of data flash rewrites Notes 1.2.3 Retained for 20 years 10,000
TA = +850C Note 4
Retained for 5 years 100,000
Ta = +85°C Note 4
Erase time Terasa | Block erase 5 ms
Write time Twrwa | 1 word write 10 ps

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The starting point of the retaining years are after the
erase.
2. When using flash memory programmer and Renesas Electronics self programming code.
3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas
Electronics Corporation.
4. The average temperature for data retention.

(1) Code flash memory processing time
(TA =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz foik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 74.0 690.0 61.0 580.0 56.0 530.0 54.0 510.0 us
Erasure time 1KB 6.9 245.0 6.1 230.0 5.8 225.0 5.6 220.0 ms
Blank checking time | 4 bytes - 29.0 - 22.0 - 19.0 - 17.0 us
1 KB - 800.0 - 405.0 — 245.0 — 145.0 us
Internal verify time 4 bytes - 350.0 - 175.0 - 90.0 - 45.0 us
1KB - 19.0 - 9.5 - 5.0 - 2.5 ms
Item feik = 20 MHz foik = 32 MHz fcik = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 54.0 510.0 53.0 500.0 53.0 500.0 us
Erasure time 1KB 5.6 220.0 5.5 220.0 55 220.0 ms
Blank checking time | 4 bytes - 17.0 - 16.0 - 16.0 us
1KB - 145.0 - 135.0 - 135.0 ps
Internal verify time 4 bytes - 35.0 - 22.0 - 18.0 us
1KB - 2.0 - 1.2 - 1.0 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.
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(2) Data flash memory processing time
(Ta = -40 to +125°C, 2.7 V < EVboo = EVbp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz feik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 60.0 550.0 49.0 450.0 44.0 410.0 42.0 390.0 us
Erasure time 1KB 115 340.0 8.4 275.0 7.1 250.0 6.3 235.0 ms
Blank checking time | 1 byte - 29.0 - 22.0 - 19.0 - 17.0 us
1KB - 3.1 - 1.6 - 0.95 — 0.55 ms
Internal verify time 1 byte - 350.0 - 175.0 - 90.0 - 45.0 us
1KB - 76.0 - 38.0 - 19.0 - 9.5 ms
Item feik = 20 MHz fek = 32 MHz fek = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 42.0 390.0 41.0 380.0 41.0 380.0 us
Erasure time 1KB 6.3 235.0 6.2 235.0 6.2 235.0 ms
Blank checking time | 1 byte - 17.0 - 16.0 - 16.0 us
1 KB - 0.55 - 0.5 — 0.5 ms
Internal verify time 1 byte - 35.0 - 22.0 - 18.0 us
1KB - 7.5 - 4.7 — 3.8 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.

4.11 Dedicated Flash Memory Programmer Communication (UART)

(Ta =-40 to +125°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate - During serial programming 115.2 k 1M bps
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4.12 Timing of Entry to Flash Memory Programming Modes

(Ta =-40 to +125°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication tsunm | POR and LVD reset must be released 100 ms
for the initial setting after the external before the external reset is released.

reset is released

Time to release the external reset after tsu POR and LVD reset must be released 10 us
the TOOLDO pin is set to the low level before the external reset is released.
Time to hold the TOOLO pin at the low tHo POR and LVD reset must be released 1 ms
level after the external reset is released before the external reset is released.

(excluding the processing time of the
firmware to control the flash memory)

AN
=
\
A
N
\%
AN
w
\
A
\

RESET

L

1 ms + tHp
processing time O00H reception

(TOOLRXD, TOOLTXD mode)

A
\

B TP EEEN

TOOLO

|

tsuinim

—
7))
C

A
\
A
\

<1> The low level is input to the TOOLO pin.

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

<3> The TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud

rate setting.

Remarks 1. tsuinm: Communication for the initial setting must be completed within 100 ms after the external reset is
released during this period.
2. tsu: Time to release the external reset after the TOOLO pin is set to the low level
3. tupo: Time to hold the TOOLO pin at the low level after the external reset is released (excluding the
processing time of the firmware to control the flash memory)
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5. ELECTRICAL SPECIFICATIONS (GRADE 5)

Cautions 1. RL78/F23 and RL78/F24 have 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.

2. With products not provided with an EVppo, EVbp1, EVsso, or EVss1 pin, replace EVppo and EVbp1 with
Vop, or replace EVsso and EVss1 with Vss.

3. The pins mounted depending on the product. For details, refer to 1.5 Pin Configurations and 2.1 Pin
Function List.
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5.1 Absolute Maximum Ratings

(113)
Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.5t0 +6.5 \%
EVopo, EVop1 | EVbpo = EVob1 = Vop -0.5t0 +6.5 \Y
Vss -0.5t0 +0.3 \%
EVsso, EVss1 EVsso = EVss1 -0.5t0 +0.3 \Y
REGC pin input voltage Virecc REGC -0.3to +2.8 and \%
-0.3to Voo + 0.3 Note!
Input voltage Via P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3 to Voo + 0.3 Note2
P120, P125 to P127, P140, P150 to P157
Vi P33, P34, P80 to P87, P90 to P97, P100 to P105, -0.3 to Voo + 0.3 Note 2 \Y
P121 to P124, P137, RESET
Output voltage Vo1 P00 to P03, P10 to P17, P30 to P32, P40 to P47, -0.3 to EVooo + 0.3 and \%
P50 to P57, P60 to P67, P70 to P77, P106, P107, -0.3 to Voo + 0.3 Note 2
P120, P125 to P127, P130, P140, P150 to P157
Vo2 P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.3to Voo + 0.3 \Y
Analog input voltage Vai ANI24 to ANI30 -0.3 to EVooo + 0.3 and \%
-0.3 to AVRere) + 0.3Notes 2.3
Va2 ANIO to ANI23 -0.3 to Voo+ 0.3 and \%
-0.3 to AVRere) + 0.3 Notes 2.3

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 yF). This value regulates the absolute maximum rating

of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5V or lower.
3. For pins to be used in A/D conversion, the voltage should not exceed the value AVRrer+) + 0.3.

Caution

Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure
that the absolute maximum ratings are not exceeded.

Remark

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(2/3)
Parameter Symbol Conditions Ratings Unit
Output current, high lomH Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 -40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to -70 mA
-170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to -100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
lorz Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 -0.5 mA
Total of all pins -2 mA
Output current, low loLt Per pin P00 to P03, P10 to P17, P30 to P32, P40 to P47, P50 40 mA
to P57, P60 to P67, P70 to P77, P106, P107, P120,
P125 to P127, P130, P140, P150 to P157
Total of all pins | P01, P02, P40 to P47, P120, P125 to P127, P150 to 70 mA
170 mA P153
P00, P03, P10 to P17, P30 to P32, P50 to P57, P60 to 100 mA
P67, P70 to P77, P106, P107, P130, P140, P154 to
P157
loL2 Per pin P33, P34, P80 to P87, P90 to P97, P100 to P105 1 mA
Total of all pins 5 mA

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(313)
Parameter Symbol Conditions Ratings Unit
Positive injected linap Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 5 mA
current to P57, P60 to P67, P75 to P77, P106, P107, P126,
(V1 > Vpp) Nete P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 2 mA
P120, P125
Negative injected linan Per pin P00 to P03, P10 to P17, P30 to P32, P41 to P47, P50 -5 mA
current to P57, P60 to P67, P75 to P77, P106, P107, P126,
(V1 < Vss) Note P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -0.5 mA
P120, P125
Sum of all positive 2lngp Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
injected currents Not to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Sum of all negative PAIINY Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 -40 mA
injected currents Not to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, -2 mA
P120, P125
Total of all injected Y|lnse| | Total of all pins | POO to P03, P10 to P17, P30 to P32, P41 to P47, P50 40 mA
currents Nt + Z|linan| to P57, P60 to P67, P75 to P77, P106, P107, P126,
P127, P140, P150 to P157
P70 to P74, P80 to P87, P90 to P97, P100 to P105, 10 mA
P120, P125
Operating ambient Ta In normal operation mode -40 to +150 °C
temperature In flash memory programming mode
Storage temperature Tsig -65 to +150 °C

Note Conditions: 2.7 V < EVbbo = EVbp1 =Vbop <£5.5V, Vss = EVsso = EVss1 =0V

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. Thatis, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure

that the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

2. Vi: This is the input voltage level to the port pins.
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5.2 Oscillator Characteristics

5.2.1 Main System Clock Oscillator Characteristics

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic resonator/ X1 clock oscillation frequency (fx) | 2.7V <Vob <55V 2.0 20.0 | MHz
Crystal resonator |Vss X1 X2‘|

Rd2 |
01
C1E C2T |
e
Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the above

2.

figures to avoid an adverse effect from wiring capacitance.

o Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines.

¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
¢ Always make the ground point of the oscillator capacitor the same potential as Vss.

¢ Do not ground the capacitor to a ground pattern through which a high current flows.

¢ Do not fetch signals from the oscillator.

Customers are requested to consult the resonator manufacturer to select an appropriate resonator
and to determine the proper oscillation constant. Customers are also requested to adequately
evaluate the oscillation on their system. Determine the X1 clock oscillation stabilization time using
the oscillation stabilization time of the oscillation stabilization time counter status register (OSTC)
and the oscillation stabilization time select register (OSTS) after sufficiently evaluating the
oscillation stabilization time with the resonator to be used.
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5.2.2 On-chip Oscillator Characteristics

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)
Oscillators Symbol Conditions MIN. TYP. MAX. Unit

High-speed on-chip oscillator fin 2 80 MHz
clock frequency Nt

High-speed on-chip oscillator - -2.2 +2.2 %
clock frequency accuracy

Low-speed on-chip oscillator fiL, fwor 15 kHz
clock frequency

Low-speed on-chip oscillator - -15 +15 %
clock frequency accuracy

Note High-speed on-chip oscillator frequency is selected with bits O to 4 of the option byte (000C2H/040C2H) and
bits 0 to 2 of the HOCODIV register.

5.2.3 Subsystem Clock Oscillator Characteristics

Do not use the XT1 oscillator.
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5.2.4 PLL Circuit Characteristics

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Resonator Symbol Conditions MIN. TYP. MAX. Unit
PLL input enable feLul fmain: 4.0 MHz FMAINDIV[1:0] = 00B 3.92 4.0 4.08 MHz
clock frequency Moe* fuai: 8.0 MHz FMAINDIV[1:0] = 00B 7.84 8.0 8.16 | MHz
fmain: 16.0 MHz FMAINDIV[1:0] = 10B 7.84 8.0 8.16 MHz
fmain: 20.0 MHz FMAINDIV[1:0] = 11B 4.90 5.0 5.10 MHz
PLL output frequency feuL fmain: 20MHz, PLLDIVO = 0, FPLLDIV =0, feLu x 16/2 MHz
(center value) PLLMULA =0, PLLMUL =1 |PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, feu x 16 MHz
PLLDIV1=1
fmain: 4 MHz, PLLDIVO = 0, FPLLDIV =0, feLu x 20/2 MHz
PLLMULA =1, PLLMUL =1 |PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, e x 20 MHz
PLLDIV1 =1
fmain: 8 MHz or 16 MHz, PLLDIVO = 1, FPLLDIV =0, feui x 12/4 MHz
PLLMULA =0, PLLMUL =0 |PLLDIV1=0
PLLDIVO = 0, FPLLDIV =0, feLu x 12/2 MHz
PLLDIV1 =1
fmain: 8 MHz or 16 MHz, PLLDIVO = 1, FPLLDIV =0, feLu x 16/4 MHz
PLLMULA =0, PLLMUL =1 | PLLDIV1=0
PLLDIVO = 0, FPLLDIV =0, feLu x 16/2 MHz
PLLDIV1 =1
fmain: 8 MHz or 16 MHz, PLLDIVO = 0, FPLLDIV =0, feLu x 10/2 MHz
PLLMULA =1, PLLMUL =0 |PLLDIV1=0
PLLDIVO =0, FPLLDIV =1, feLu x 10 MHz
PLLDIV1=1
Long-term jitter Note 2 tLo term =1 ys -1 +1 ns
term =10 ps -1 +1 ns
term = 20 ys -2 +2 ns

Notes 1. If the high-speed on-chip oscillator clock is to be selected as the PLL input clock, the minimum and maximum

values will reflect the range of accuracy of the oscillation frequency by the high-speed on-chip oscillator clock.

2. Guaranteed by design, but not tested before shipment.

Remark fvain : Main system clock frequency.
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5.3 DC Characteristics
5.3.1 Pin Characteristics

For the relationship between the port pins shown in the following tables and the products, refer to 2. PIN FUNCTIONS.

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (1/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output current, high Nete lom1 Per pin for P00 to P03, P10 | 4.0V <EVpooo <5.5V -5.0 mA
to P17, P30 to P32, P40 to 2.7V <EVboo < 4.0V 3.0 mA

P47, P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127, P130,
P140, P150 to P157

Per pin for P10, P12, P14, 40V <EVooo<5.5V -0.6 mA
P30, P120, P140 2.7V <EVopo < 4.0 V -0.2 mA
(special slew rate)

Total of P01, P02, P40 to 4.0V <EVbpo < 5.5V -20.0 | mA
P47, P120, P125to P127, 2.7V <EVopo < 4.0 V -10.0 mA

P150 to P153
(for duty factors < 70% N°ote 2)

Total of POO, P03, P10 to 4.0V <EVoro<5.5V 300 | mA
P17, P30 to P32, P50 t0 P57, | 2.7 v < EVono < 4.0 V 190 | mA
P60 to P67, P70 to P77,
P106, P107, P130, P140,
P154 to P157

(for duty factors < 70% N°te 2)

Total of all pins 40V <EVooo<55V -32.0 mA

(for duty factors < 70% %) | 5 7 v/ < EViopo < 4.0 V 2290 | mA
lomz2 Per pin for P33, P34, P80to |2.7V<Vop<55V -0.1 mA

P87, P90 to P97, P100 to

P105

Total of all pins 27V<Vop<55V -2.0 mA

(for duty factors < 70% N°te 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from pins EVbpo, EVbp1
and Vob to an output pin.
2. These output current values are obtained under the condition that the duty factor is no greater than 70%.
The output current values when the duty factor is changed to a value greater than 70% can be calculated from
the following expression (when the duty factor is changed to n%).

¢ Total output current of pins (lon x 0.7)/(n x 0.01)

<Example> Where n = 80% and lon =-10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.
A current higher than the absolute maximum rating must not flow into one pin.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, low Nte? loL1 Per pin for P00 to P03, P10to 4.0V <EVbpo<5.5V 8.5 mA
P17, P30to P32, P40to P47, | 2.7V <EVobo < 4.0V 4.0 mA
P50 to P57, P60 to P67, P70
to P77, P106, P107, P120,
P125 to P127, P130, P140,
P150 to P157
Per pin for P10, P12, P14, 4.0V <EVopo <55V 0.59 mA
P30, P120, P140 2.7V <EVooo < 4.0V 0.07 mA
(special slew rate)
Total of P01, P02, P40 to P47, | 4.0V <EVooo < 5.5V 20.0 mA
P120, P125 to P127, P150t0 | 27V < EVboo < 4.0V 15.0 mA
P153
(for duty factors < 70% Nt 2)
Total of P00, P03, P10to P17, | 4.0V <EVbpo <55V 35.0 mA
P30 to P32, P50 to P57, P60 2.7V <EVooo < 4.0V 30.0 mA
to P67, P70 to P77, P106,
P107, P130, P140, P154 to
P157
(for duty factors < 70% N°te 2)
Total of all pins 40V <EVooo <55V 55.0 mA
(for duty factors < 70%™'*?) | 5 7 v < EVopo < 4.0V 45.0 mA
loL2 Per pin for P33, P34, P80 to 27V<Vob<55V 0.4 mA
P87, P90 to P97, P100 to
P105
Total of all pins 27V<Vop<55V 5.0 mA
(for duty factors < 70% Nt 2)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows to the EVsso, EVss1 and

Vss pins from an output pin.

2. These output current values are obtained under the condition that the duty factor is no greater than 70%.

The output current values when the duty factor is changed to a value greater than 70% can be calculated from

the following expression (when the duty factor is changed to n%).

e Total output current of pins (loL x 0.7)/(n x 0.01)

<Example> Where n = 80% and lo. = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor.

A current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta = -40 to +150°C, 2.7 V < EVppo = EVop1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V) (3/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vi | P00 to P03, P10 to P17, P30 | 4.0 V< EVoro < 5.5V 0.65 EVono EVoooMoe |V

to P32, P40 to P47,P501t0 | 2.7V <EVooo<4.0V 0.7 EVooo EVoooNote |V
P57, P60 to P67, P70 to
P77, P106, P107, P120,
P125 to P127, P140, P150
to P157
(Schmitt 1 mode)

Viz | P10, P11, P13, P14, P16, |[4.0V<EVon<55V 0.8 EVooo EVoooMote |V
P17, P30, P41, P43, P50, | 2.7V <EVooo<4.0V 0.85 EVono EVoooMote |V
P52 to P54, P60 to P63,
P70, P71, P73, P75 to P77,
P107, P120, P125, P150,
P152, P153
(Schmitt 3 mode)

Vs | P10, P11, P13, P14, P16, |4.0V <EVooo <55V 2.2 EVoooNote |V
P17, P30, P54, P62, P63, 2.7V <EVooo < 4.0V 2.0 EVooo™ote |V
P70, P71, P73, P125
(TTL mode)

ViH4 P33, P34, P80 to P87, P90 40V<Vop<55V 0.8 Vop Vop \Y
to P97, P100 to P105, P137 | 27V <Vop< 4.0V 0.85 Voo Voo v
(fixed to Schmitt 3 mode)

Vs | RESET 40V<Vop<55V 0.65 Voo Voo v
(fixed to Schmitt 1 mode) 2.7V<Vop<4.0V 0.7 Voo Voo Y,

Vs | P121 to P124, EXCLK, 40V <Vop<55V 0.8 Voo Voo v
EXCLKS 27V<Vop<4.0V 0.8 Voo Voo Y

(fixed to Schmitt 2 mode)

Note The maximum value of ViH of the pins P10 to P17, P32, P60 to P63, P70 to P72, and P120 is EVboo, even in

N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (4/6)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, low Vi | P00 to P03, P10 to P17, P30 | 4.0 V<EVooo<5.5V 0 0.35EVooo | V

to P32, P40 to P47, P50 to 2.7V <EVooo<4.0V 0 0.3 EVooo v
P57, P60 to P67, P70 to P77,
P106, P107, P120, P125 to
P127, P140, P150 to P157
(Schmitt 1 mode)

Viz | P10, P11, P13, P14, P16, 4.0V <EVopo<5.5V 0.5 EVono Y,
P17, P30, P41, P43, P50, P52 | 2 7 v < EVopo < 4.0 V 0 0.4 EVooo v
to P54, P60 to P63, P70, P71,
P73, P75 to P77, P107, P120,
P125, P150, P152, P153
(Schmitt 3 mode)

Vis | P10, P11, P13, P14, P16, 4.0V <EVopo<5.5V 0 0.8 Y
P17, P30, P54, P62, P63, 2.7V <EVopo < 4.0V 0.5 v
P70, P71, P73, P125
(TTL mode)

ViLa P33, P34, P80 to P87, P90to |40V <Vob<55V 0 0.5 Vop \Y
P97, P100 to P105, P137 27V<Vop<4.0V 0 0.4 Voo v
(fixed to Schmitt 3 mode)

Vis | RESET 40V<Vop<55V 0 0.35 Voo Y
(fixed to Schmitt 1 mode) 27V <Vbp<4.0V 0 0.3 Voo Vv

Vis | P121 to P124, EXCLK, 40V<Vop<55V 0 0.2 Voo Y
EXCLKS 27V<Vop<4.0V 0 0.2 Voo Y

(fixed to Schmitt 2 mode)

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta = -40 to +150°C, 2.7 V < EVppo = EVop1 = Vobp £ 5.5V, Vss = EVsso = EVss1 =0 V) (5/6)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, high Vo1 P00 to P03, P10 to P17, P30 | 4.0V <EVbpoo<5.5YV, EVooo - 0.9 Vv
to P32, P40 to P47, P50 to lon: =-5.0 mA
P57, P60 to P67, P70t0 P77, | 2.7V <EVooo < 5.5V, EVooo - 0.7 %
P106, P107, P120, P125t0 | o0 = -3.0 mA
P127,P130, P140, P1S010 |5 7V <EVore <55V, | EVooo-05 v
P157 loH1 =-1.0 mA
(normal slew rate)
Vo2 P33, P34, P80 to P87, P90to | 2.7V <Vop < 5.5V Voo - 0.5 Vv
P97, P100 to P105 lonz = -100 pA
Vons P10, P12, P14, P30, P120, 40V <EVopo <55V, EVooo - 0.8 \%
P140 lons = -0.6 mA
(special slew rate) 2.7V<EVoro <55V, EVopo - 0.5 Vv
lons =-0.2 mA
Output voltage, low Vo1 P00 to P03, P10 to P17, P30 [ 4.0V <EVopo<55V, 0.7 \%
to P32, P40 to P47, P50 to lo1 = 8.5 mA
P57, P60 to P67, P70 10 P77, | 4.0 V <EVono < 5.5V, 0.4 %
P106, P107, P120, P125t0 | |01y = 4.0 mA
P127, P130, P140, P150 to 2.7V <EVooo <55V, 0.7 v
P157 lot1 =4.0 mA
(normal slew rate)
2.7V <EVoo <55V, 0.4 \%
loi1 = 1.5 mA
Vo | P33, P34, P80 to P87, P90 to | 2.7V <Vop <55V 0.4 v
P97, P100 to P105 loLz = 400 pA
Vois | P10, P12, P14, P30, P120, |4.0V<EVono<55V, 0.8 Vv
P140 lots = 0.6 MA
(special slew rate) 2.7V<EVoro <55V, 0.5 v
lo,s = 0.07 mA

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (6/6)
Iltems Symbol Conditions MIN. TYP. | MAX. | Unit
Input leakage ILiHa P00 to P03, P10 to P17, P30 to P32, | Vi= EVono 1 A
current, high P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

lunz | P33, P34, P80 to P87, P90 to P97, Vi = Voo 1 HA
P100 to P105, P137, RESET
Ik P121 to P124 Vi=Vop | Ininput port or 1 HA
(X1, X2, EXCLK, EXCLKS) external clock input
In resonator 10 HA
connection
Input leakage lui P00 to P03, P10 to P17, P30 to P32, | Vi=EVsso -1 HA
current, low P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

ILit2 P33, P34, P80 to P87, P90 to P97, Vi =Vss -1 HA
P100 to P105, P137, RESET
lLis P121 to P124 Vi=Vss | Ininput port or -1 HA
(X1, X2, EXCLK, EXCLKS) external clock input
In resonator -10 HA
connection
Positive injected | Iinaprmws | POO to P03, P10 to P17, P30 to P32, | Per pin, Vi > EVooo 0.4 mA
currentNotes 1.4 P41 to P47, P50 to P57, P60 to P67,

P75 to P77, P106, P107, P126,
P127, P140, P150 to P157

Total of all pins, Vi > EVooo 4 mA
P70 to P74, P80, P83 to P87 Not¢2, Per pin, Vi> Vop 0.15 mA
P90 to P97, P100 to P105, P120, Total of all pins, Vi > Voo 1 mA
P125
P81 to P84 Note3 Total of all pins, Vi > Voo 0.15 mA
On-chip pull-up Ru P00 to P03, P10 to P17, P30 to P32, | Vi =EVsso, in input port 10 20 100 kQ
resistance P40 to P47, P50 to P57, P60 to P67,

P70 to P77, P106, P107, P120, P125
to P127, P140, P150 to P157

Notes 1. These specifications are not tested on sorting and are specified based on the device characterization.
2. For RL78/F24 product: P80, P86, P87
3. For RL78/F23 product: P81, P82
4. For RL78/F24 product, P85/ANIO7/IVREFO does not guarantee the electrical characteristics when a positive
injection current is generated even if it is within the above specifications.

Caution P10 to P17, P32, P60 to P63, P70 to P72, and P120 do not output high level in N-ch open-drain mode.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. Vi :This is the input voltage level to the port pins.
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

5.3.2 Supply Current Characteristics
(1) RL78/F24

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
ltems Symbol Conditions MIN. TYP. | MAX. Unit
Supply Iob1 Operating | Normal High-speed on- fin = 80 MHz feik = 40 MHz 10.8 21.0 mA
current mode operation | chip oscillator Notes 3, 4
rote Hote2 clock operation | fi, = 40 MHz | fouk = fiuNotes 34 101 | 193 | mA
fin =2 MHz fowk = fipNotes 3.4 1.7 4.2 mA
Resonator fux = 20 MHz | fouk = fux Netes 3.5 5.6 11.3 mA
operation fux=2MHz | fowk = fuxNetes3.5 15 | 39 | mA
Resonator fe,e = 80 MHz, | feik = 40 MHz 10.6 21.0 mA
operation fux = 20 MHz | Notes3.6
(PLL operation) | fo, = 40 MHz, | fcuk = 40 MHz 102 | 193 | mA
(PLL input clock | fux = 20 MHz | Notes 3.6
= hw feL = 40 MHz, | fowk = 40 MHz 99 | 188 | mA
fux = 4 MHz Notes 3,6
Subsystem fsus = 32.768 | fouk = fsusNote” 7.6 1200 HA
clock operation | kHz
(fsus = fexs)
Low-speed on- fi = 15 kHz fok = fi Note 8 4.2 1200 HA
chip oscillator
clock operation

Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Voo, EVbpo, Vss, or EVsso. However, not including the current flowing into the 1/O buffer and on-
chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation
(BGO)). However, the LVD circuit, A/D converter, D/A converter, and comparator are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.

5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.

6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator are stopped, and with setting of ADSLP = 1.

8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1. fux: High-speed system clock frequency

fsus: Subsystem clock frequency

fexs: External subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency

fiL: Low-speed on-chip oscillator clock frequency

NooaprobN

fck: CPU/peripheral hardware clock frequency
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RL78/F23, F24

5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2 HALT mode N2 | High-speed on-chip fin = 80 MHz feik = 40 MHz 34 13.0 | mA
current oscillator clock operation Note 5
Notes 1.3 fin=40 MHz | fowk = fiuNotes 28 | 115 | mA
fin =2 MHz fork = finNote S 0.5 2.5 mA
Resonator operation fux = 20 MHz | fewk = fux Note 6 15 7.0 | mA
fux = 2 MHz fok = fux Note & 0.3 2.5 mA
Resonator operation feLe = 80 MHz, | fck = 40 MHz 3.2 13.0 | mA
(PLL operation) fux = 20 MHz | Note?
(PLL input clock =fwx) | fo;, = 40 MHz, | fouk = 40 MHz 29 | 115 | mA
fux = 20 MHz Note 7
frie = 40 MHz, | fck = 40 MHz 2.6 11.0 mA
fux = 4 MHz Note 7
Subsystem clock fsus = 32.768 | feik = fsug Note® 0.8 730 | pA
operation (fsus = fexs) kHz
Low-speed on-chip fiL = 15 kHz fowk = fi Note® 0.8 730 | pA
oscillator clock
operation
Ipps STOP mode N4 | Ta = +25°C 0.6 MA
Ta=+50°C 10
Ta=+70°C 25
Ta =+105°C 115
Ta=+125°C 270
Ta =+150°C 700
Isnoz SNOOZE mode DTC operation 7.0 mA

Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Vop, EVbpo, Vss, or EVsso. However, not including the current flowing into the I/O buffer and on-
chip pull-up/pull-down resistors.

2. When HALT mode is entered during fetch from the flash memory.
3. The values below the MAX. column include the peripheral operation current and STOP leakage current.
However, the watchdog timer, LVD circuit, A/D converter, D/A converter, and comparator are stopped.
4. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-
speed on-chip oscillator clock are stopped.
5. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.
6. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.
7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.
8. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator clock are stopped, and with setting of ADSLP = 1.
9. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1.

No apoN

fux: High-speed system clock frequency

fsus: Subsystem clock frequency

fexs: External subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency

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

fck: CPU/peripheral hardware clock frequency
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer Iwor Notes 1.2 | fypr = 15 kHz 0.3 HA
operating current
A/D converter operating lapc Note 3 When conversion at AVrerp = Vob = 5.0 V 1.3 1.7 mA
current maximum speed
When internal reference voltage is selected N ® 75.0 HA
AVrere current labrer NO®7 | AVRerp = 5.0 V 65.0 HA
Sample-and-hold circuit lapsH Note 8 0.8 1.2 mA
operating current
LVD operating current JLvp Note 4 0.08 HA
D/A converter operating Ibac 0.8 1.5 mA
current
Comparator operating current lemp 50.0 HA
BGO operating current Isgo Nt 6 2.5 12.2 mA
Notes 1. When the high-speed on-chip oscillator clock and high-speed system clock are stopped.
2. Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Iop1, Ibp2, or lIbbs and lwpbt when the watchdog timer operates in STOP mode.
3. Current flowing only to the A/D converter. The current value is the sum of Ibp1 or Ipp2 and laoc when the A/D
converter operates in operation mode or HALT mode.
4. Current flowing only to the LVD circuit. The current value is the sum of lop1, Ipp2, or Iops and Ivo when the LVD
circuit operates in operation mode, HALT mode, or STOP mode.
5. Operating current that increases when the internal reference voltage is selected. This current flows even when
conversion is stopped.
6. Current increased by the BGO operation. The current value is the sum of Ipp1 or Iop2 and Isso when the BGO
operates in operation mode or HALT mode.
7. Operating current that increases when the AVrerr is selected. This current flows even when conversion is
stopped.
8. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog

input channel.
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(2) RL78/F23

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
Iltems | Symbol Conditions MIN. TYP. | MAX. Unit
Supply Iob1 Operating | Normal High-speed on- fin = 80 MHz feik = 40 MHz 9.7 18.0 mA
current mode operation | chip oscillator Notes 3, 4
rote e clock operation | iy = 40 MHz | fowk = fiuNetes 2.4 90 | 165 | mA
fin =2 MHz fork = fiyNotes 3.4 1.6 3.2 mA
Resonator fux = 20 MHz | fouk = fux Netes 3.5 5.0 9.5 mA
operation fux=2MHz | fowk = fuxNetes3.5 14 | 30 | mA
Resonator fee = 80 MHz, | feik = 40 MHz 9.2 18.0 mA
operation fux=20 MHz | "*%°
(PLL operation) |\ - 40 MHz, | fow = 40 MHz 90 | 165 | ma
(:Pfl;l;)mput clock fux = 20 MHz Notes 3, 6
frL = 40 MHz, | fcik = 40 MHz 8.6 16.0 mA
fux=4 MHz | "=>°
Subsystem clock | fsus = 32.768 | feik = fsug N7 6.5 600 HA
operation kHz
(fsus = fexs)
Low-speed on- fiL = 15 kHz fork = fi Note 8 3.3 600 HA
chip oscillator
clock operation

Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Voo, EVbpo, Vss, or EVsso. However, not including the current flowing into the I/O buffer and on-
chip pull-up/pull-down resistors.

2. Current drawn when all the CPU instructions are executed.

3. The values below the MAX. column include the peripheral operation current (except for background operation
(BGO)). However, the LVD circuit and A/D converter are stopped.

4. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.

5. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock
are stopped.

6. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

7. When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator are stopped, and with setting of ADSLP = 1.

8. When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

Remarks 1. fux: High-speed system clock frequency

fsus: Subsystem clock frequency

fexs: External subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fiL: Low-speed on-chip oscillator clock frequency

Nooaprobd

fck: CPU/peripheral hardware clock frequency
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5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)
Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2 HALT mode N2 | High-speed on-chip fin = 80 MHz feik = 40 MHz 3.4 12.0 | mA
current oscillator clock Note 5
Notes 1.3 operation fin=40 MHz | fowk = fiuNotes 28 | 105 | mA
fin =2 MHz fork = finNote S 0.5 1.9 mA
Resonator operation fux = 20 MHz | fewk = fux Note 6 15 6.0 | mA
fux = 2 MHz fok = fux Note & 0.3 1.9 mA
Resonator operation feLe = 80 MHz, | fck = 40 MHz 3.1 12.0 | mA
(PLL operation) fux = 20 MHz | Note?
(PLL input clock =fwx) | fo;; = 40 MHz, | fouk = 40 MHz 28 | 105 | mA
fux = 20 MHz Note 7
frie = 40 MHz, | fck = 40 MHz 2.5 10.0 mA
fux = 4 MHz Note 7
Subsystem clock fsus = 32.768 | feik = fsug Note® 0.7 320 | pA
operation (fsus = fexs) kHz
Low-speed on-chip fiL = 15 kHz fouk = fi Note® 0.7 320 | pA
oscillator clock
operation
Ipps STOP mode N4 | Ta = +25°C 0.5 MA
Ta=+50°C 4.5
Ta=+70°C 9.0
Ta =+105°C 51
Ta=+125°C 110
Ta=+150°C 300
Isnvoz | SNOOZE mode DTC operation 6.0 mA
Notes 1. Total current flowing into Voo and EVboo, including the input leakage current flowing when the level of the input
pin is fixed to Vop, EVbpo, Vss, or EVsso. However, not including the current flowing into the I/O buffer and on-
chip pull-up/pull-down resistors.
2. When HALT mode is entered during fetch from the flash memory.
3. The values below the MAX. column include the peripheral operation current and STOP leakage current.
However, the watchdog timer, LVD circuit, and A/D converter are stopped.
4. When high-speed system clock, subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-
speed on-chip oscillator clock are stopped.
5. When high-speed system clock, subsystem clock, PLL clock, and low-speed on-chip oscillator clock are
stopped.
6. When subsystem clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock

are stopped.

7. When subsystem clock, high-speed on-chip oscillator clock, and low-speed on-chip oscillator clock are stopped.

8.

9.

Remarks 1.

When high-speed system clock, PLL clock, high-speed on-chip oscillator clock, and low-speed on-chip
oscillator clock are stopped, and with setting of ADSLP = 1.

When high-speed system clock, subsystem clock, PLL clock, and high-speed on-chip oscillator clock are
stopped, and with setting of ADSLP = 1.

fux: High-speed system clock frequency

fsus: Subsystem clock frequency

fexs: External subsystem clock frequency

fre: PLL clock frequency

fin: High-speed on-chip oscillator clock frequency
fi.: Low-speed on-chip oscillator clock frequency

No apoN

fck: CPU/peripheral hardware clock frequency
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5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Window watchdog timer Iwor Notes 1.2 | fypr = 15 kHz 0.3 HA
operating current
A/D converter operating current lapc Note 3 When conversion at AVrerr = Voo = 5.0V 1.3 1.7 mA
maximum speed
When internal reference voltage is selected N ® 75.0 HA
AVrere current laprer NO®7 | AVRerp = 5.0 V 65.0 HA
Sample-and-hold circuit |aDsH Note 8 0.8 1.2 mA
operating current
LVD operating current JLvp Note 4 0.08 HA
BGO operating current Isgo Noe 6 25 12.2 mA

Notes 1.
2.

When the high-speed on-chip oscillator clock and high-speed system clock are stopped.
Current flowing only to the watchdog timer (including the operation current of the 15 kHz on-chip oscillator).
The current value is the sum of Iop1, Ibb2, or lIbbs and lwpt when the watchdog timer operates in STOP mode.

. Current flowing only to the A/D converter. The current value is the sum of Ipb1 or Ipp2 and laoc when the A/D

converter operates in operation mode or HALT mode.

. Current flowing only to the LVD circuit. The current value is the sum of Ibb1, lop2, or lops and I.vo when the LVD

circuit operates in operation mode, HALT mode, or STOP mode.

. Operating current that increases when the internal reference voltage is selected. This current flows even when

conversion is stopped.

. Current increased by the BGO operation. The current value is the sum of Iob1 or Iop2 and Isso when the BGO

operates in operation mode or HALT mode.

. Operating current that increases when the AVrerr is selected. This current flows even when conversion is

stopped.

. Operating current that increases when the sample-and-hold circuit is used. This current flows for each analog

input channel.

R01DS0446EJ0110 Rev.1.10
Jun 30, 2024

RENESAS Page 164 of 206
| |



RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

5.4 AC Characteristics
5.4.1 Basic Operation

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Instruction cycle (minimum Tey High-speed on-chip oscillator clock operation 0.025 0.5 ps

instruction execution time) High-speed system clock operation 0.05 0.5 us
PLL clock operation 0.025 0.5 ps
Subsystem clock operation 28.5 30.5 345 us
Low-speed on-chip oscillator clock operation 66.6 ps
In self programming mode 0.025 0.5 ps

CPU/peripheral hardware fek 0.025 66.6 ps

clock frequency

External system clock fex 2.0 20.0 MHz

frequency fexs 29 35 kHz

External system clock input texH, tExt 24 ns

high-level width, low-level texms, tExLs 13.7 Hs

width

TIOO to T107, TI10 to TI17 triH, trie 1/fmck+10 ns

input high-level width, low-

level width

TOO0O0 to TOO7, fro Normal slew rate, 40V <EVopo<55V 16 MHz

TO10 10 TO17, C=30pF 2.7V <EVono <4.0V 8 MHz

TRDIOAO, TRDIOAL,

TRDIOBO, TRDIOBL, TOO01, TO06, TOO7, 2 MHz
TO11, TO13,

TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1,
TRJIOO, TRJOO

TRDIOCO, TRDIODO,
TRDIOD1, TRJOO only,
Special slew rate,

output frequency C =30 pF
PCLBUZO0 output frequency fecL Normal slew rate 40V <EVopo <55V 16 MHz
C=30pF 2.7V <EVopo < 4.0V 8 MHz
Special slew rate 2 MHz
C=30pF
Timer RJ input cycle tc TRJIOO 100 ns
Timer RJ input high-level tram, trae | TRIIOO 40 ns
width, low-level width
Timer RDe input high-level, | trom, tro. | TRDIOAO, TRDIOA1, TRDIOBO, TRDIOB1, 3/frro ns
low-level width TRDIOCO, TRDIOC1, TRDIODO, TRDIOD1,
TRDCLKO, TRDORES, TRD1RES
Timer RDe pulse output trosic P137/INTPO 2 MHz < feik < 40 MHz 1 us
forced cutoff signal low- fok < 2 MHz Ufok + 1 1S
level width

Caution Excluding the error in oscillation frequency accuracy.

Remarks 1. fuck: Timer array unit operation clock frequency
2. frro: Timer RDe operation clock frequency

R01DS0446EJ0110 Rev.1.10

Page 165 of 206
Jun 30, 2024 RENESAS



RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt input high-level tinTH, tintL | INTPO to INTP13 Netet 1 us

width, low-level width

KRO to KR7 key interrupt tkr 250 ns

input low-level width

RESET low-level width trsL Note 1 10 us

Port output rise time, port tro, tro | POO to P03, P10 to P17, 40V <EVopo<55V 25 ns

output fall time P30 to P32, P40 to P47, 2.7V <EVboo < 4.0V 55 ns

P50 to P57, P60 to P67,
P70 to P77, P106, P107,
P120, P125 to P127,
P130, P140, P150 to P157
(normal slew rate)

C=30pF

P10, P12, P14, P30, P120, | 4.0V <EVopo <5.5V 25 Note 2 60 ns
P140 2.7V <EVoro < 4.0V 100 ns
(special slew rate)

C=230pF

Notes 1. Pins RESET, INTPO to INTP3, INTP12, and INTP13 have noise filters for transient levels lasting less than
100 ns.
2. Ta=+25°C, EVbpoo =5.0 V

AC Timing Test Points

Vi . Vi
> Test points <:
>< Vi Vi
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5. ELECTRICAL SPECIFICATIONS (GRADE 5)

External System Clock Timing

EXCLK

EXCLKS

TI/TO Timing

TIOO to TIO7, TI10 to TI17,
TRDIOAQ, TRDIOA1, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRDCLKQO,
TRDORES, TRD1RES

TOO00 to TOO7, TO10 to TO17,
TRDIOAQO, TRDIOAL, TRDIOBO,
TRDIOB1, TRDIOCO, TRDIOC1,
TRDIODO, TRDIOD1, TRJIOO,
TRJOO

TRJIOO

P137/INTPO

e— tTiL, tToIL —>

1/fex

texc T texH

1/fexs

texLs T tExHs

|

0.8 Voo (MIN.)
0.2 Voo (MAX.)

e—— tTiH, TTDIH—

/ N

1/fro

0.8 Vpp(MIN.)
0.2 Vpp (MAX.)

tron > | tromH »|

trosiL

)
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

Interrupt Request Input Timing

tINTL tINTH

INTPO to INTP13

Key Interrupt Input Timing

tkr »|

bod )

KRO to KR7
RESET Input Timing
trsL
RESET
Output Rising and Falling Timing
tro tro

Output pin

L
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

5.5 Peripheral Functions Characteristics

5.5.1 Serial Array Unit

(1) During communication at same potential (UART mode) (dedicated baud rate generator output)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - fmek/6 bps
fek = 40 MHz, Normal slew rate 6.6 Mbps
fuck = few Special slew rate 2 Mbps

UART mode connection diagram (during communication at same potential)

TXDO, TXD1 RX

RL78

. User's device
microcontroller

RXDO0, RXD1 TX

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/low-bit width

Baud rate error tolerance
P I
/

TXDO, TXD1
RXDO, RXD1

\4

Caution Select the normal input buffer for the RXD0 pin and RXD1 pin and normal output mode for the TXDO
pin and TXD1 pin.

Remark fuck: Serial array unit operation clock frequency
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(2) During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, normal
slew rate)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevi 150 Note 5 ns
SCKp high-level width, low-level width tkHi, tker | 4.0 V< EVopo<5.5V tkev/2 - 12 ns

2.7V <EVooo<4.0V tkey1/2-18 ns
Slp setup time (to SCKpT) Nete1 tsik1 4,0V <EVbo <55V 44 ns

2.7V <EVooo<4.0V 55 ns
Slp hold time (from SCKp?T) Nete2 tksi1 30 ns
Delay time from SCKpJ to SOp output \°te3 trso1 C = 30 pFNote4 30 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.
5. tkcy1 > 4/fcLk must also be satisfied.

Caution Select the normal input buffer for the Slp pin and normal output mode for the SOp pin and SCKp pin.

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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RL78/F23, F24 5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(3) During communication at same potential (CSI mode) (master mode, SCKp ... internal clock output, special
slew rate)

(Ta =-40 to +150°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkevi 500 Nete s ns
SCKp high-level width, low-level width tkH1, tkia tkeya/2 - 60 ns
Slp setup time (to SCKpT) Notet tsik 120 ns
SlIp hold time (from SCKpT) Nete2 tksi 80 ns
Delay time from SCKp{ to SOp output N°te 3 trso1 C = 30 pFNote4 90 ns
Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.
5. tkcy1 > 4/fcLk must also be satisfied.
Caution Select the normal input buffer for the Slp pin and normal output mode and special slew rate for the
SOp pin and SCKp pin.
Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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5. ELECTRICAL SPECIFICATIONS (GRADE 5)

(4) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, normal slew

rate)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevz 32 MHz < fumex 10/fmex ns
fmek < 32 MHz 8/fmck ns

SCKp high-level width, tkH2, tkL2 tkey2/2 ns

low-level width

Slp setup time tsikz 1/fmwex + 20 ns

(to SCKpT)Note

Slp hold time tsiz 1/fmek + 31 ns

(from SCKpT) Note2

Delay time from SCKp! to tksoz C =30 pF | 4.0V <Vop=EVooo=EVom<55V 2/fuck +44 | ns

SOp output"*** Note 4 2.7 V < Voo = EVooo = EVoo1 < 4.0 V 2ffuck +60 | ns

SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek + 120 ns

SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.

The Slp hold time becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and

CKPmn =0.

4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSIp pins and normal output mode for the SOp

pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fuck: Serial array unit operation clock frequency
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(5) During communication at same potential (CSI mode) (slave mode, SCKp ... external clock input, special slew
rate)

(Ta =-40 to +150°C, 4.0 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkev2 20 MHz < fmex 10/fmex ns
10 MHz < fmck < 20 MHz 8/fmck ns

fvek <10 MHz 6/fmck ns

SCKp high-level width, low-level width tkH2, tki2 tkey2/2 ns
Slp setup time (to SCKpT) Mot tsikz 1/fmek + 50 ns
Slp hold time (from SCKpT) \ete2 tksi2 1/fmek + 50 ns
Delay time from SCKp{ to SOp output "ot 3 trsoz C = 30 pFNote4 2/fmck + 80 ns
SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek + 120 ns

SSip hold time tkssi DAP =0 1/fmek + 120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0 or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and
CKPmn = 0.
4. C is the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp, SCKp and SSlp pins and normal output mode and special
slew rate for the SOp pin.

Remarks 1. p: CSlp (p = 00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
2. fmek: Serial array unit operation clock frequency
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CSI mode connection diagram (during communication at same potential)

SCK

SO

<Master>
SCKp
RL78 Slp
microcontroller
SOp
SSip

Sl

User's device

<Slave>

RL78

SCKp

Slp

microcontroller

SOp

SSip

SCK

SO
User's device

Sl

SSO

CSlI mode serial transfer timing (during communication at same potential)

tkeyz

(When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1)

k2 ‘ tkH2
/
SCKp
N\ |\
tsik2 tksi2
+————
Slp Input data
tkso2
SOp Output data
tkssi
.

SSip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)

R01DS0446EJ0110 Rev.1.10
Jun 30, 2024

RENESAS

Page 174 of 206
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmn= 0 and CKPmn =1, or DAPmn =1 and CKPmn =0)

tkevi, 2

tkH1, 2 tkLy, 2

SCKp
/ \

tsik, 2 tksiy, 2
[————————————————

Slp Input data
tksot, 2
SOp Output data ><:
tesi tkssi
)
SSip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(6) During communication at same potential (simplified I°C mode)
(SDAr: N-ch open-drain output (EVop tolerance) mode, SCLr: normal output mode)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP.] MAX. Unit
SCLr clock frequency fscL 1000 Nt | kHz
Hold time when SCLr = “L” tow 475 ns
Hold time when SCLr = “"H” tHiGH 475 ns
Data setup time (reception) tsu:pAT 1/fmek + 85 ns
Data hold time (transmission) tHD:DAT Cb =50 pF, Rb = 2.7 kQ 0 305 ns

Note fcik < fmck/4 must also be satisfied.

Simplified 1°C mode connection diagram (during communication at same potential)

VDD

da

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Simplified 1°C mode serial transfer timing (during communication at same potential)

1ffsce

tow tricH

\ /[
SDAr/_-\ / - |

o — |
tsu:paT

tHD: DAT

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and normal output
mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr) pull-up resistance, Cb [F]: Communication line (SCLr, SDAr) load
capacitance
2. r:1ICr (r=00, 01, 10, 1)
3. fuck: Serial array unit operation clock frequency
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(7) During communication at same potential (simplified 1°C mode) (SDAr and SCLr: N-ch open-drain output
(EVop tolerance) mode)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 40Q Nete kHz
Hold time when SCLr = “L” tLow 40V <Vop<55V, 1300 ns

Cb =100 pF, R = 1.7 kQ
27V <Vop<4.0V,

Cb =100 pF, Ro = 2.7 kQ
Hold time when SCLr = “H” tHicH 40V <Vop<55V, 600 ns
Cb =100 pF, Ro = 1.7 kQ

27V<Vopb<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Data setup time (reception) tsubar |40V <Vop<55V, 1/fmek + 120 ns
Cb = 100 pF, Ro = 1.7 kQ
27V<Vopb<4.0V, 1/fmek + 270 ns
Cb =100 pF, Ro = 2.7 kQ

Data hold time (transmission) tiooar | 4.0V <Vop<55YV, 0 300 ns

Cb =100 pF, Ro = 1.7 kQ
2.7V <Vopb<4.0V,
Cb =100 pF, Ro = 2.7 kQ

Note fcik < fmck/4 must also be satisfied.

Simplified I°C mode connection diagram (during communication at same potential)

Vb Vb
gRb %Rb

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Caution Select the normal input buffer and N-ch open-drain output mode for the SDAr pin and SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb [V]: Communication line voltage
2. r:1ICr (r=00, 01, 10, 1)
3. fuck: Serial array unit operation clock frequency
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Simplified 1°C mode serial transfer timing (during communication at same potential)

1/fscL

trow thicH

SCLr \ /

o N\~ N

| [
| —
tHD: DAT tsu:DAT

Remark r: lICr (r =00, 01, 10, 11)
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(8) Communication at different potential (UART mode) (TXD output buffer: N-ch open-drain, RXD input buffer:
TTL)

(Ta =-40 to +150°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. | TYP. MAX. Unit
Transfer rate - Reception 2.7V £ Vb < EVooo, fmek/6 bps
Vin=22V, Theoretical value of the 4.0 Mbps
Vie=0.8V maximum transfer rate Not
(Co = 30 pF)
Transmission |2.7 V < Vb < EVoboo, Smaller number | bps
Von=2.2V, of the values
VoL=0.8V given by fvck/6
and expression
1is applicable.
Theoretical value of the 4.0 Mbps
maximum transfer rate Not
(Co =30 pF)

Normal slew rate

Note Expression 1: Maximum transfer rate = 1/ [{-Cox Rbx In (1 - 2.2/Vb)} x 3]

UART mode connection diagram (during communication at different potential)

Vb
TXDO, TXD1 RX
. RL78 User's device
microcontroller
RXDO0, RXD1 TX
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UART mode bit width (during communication at different potential) (reference)

5 1/Transfer rate

L Low-bit width

High-bit width

Baud rate error tolerance

T
L \

TXDO, TXD1

1/Transfer rate

High-/low-bit width

| Baud rate error tolerance |

1 >
/ \
RXDO, RXD1

Caution Select the TTL input buffer for the RXD0 pin and RXD1 pin and N-ch open-drain output mode for the
TXDO pin and TXD1 pin.

Remarks 1. Ro [Q]: Communication line (TXD) pull-up resistance, Cb [F]: Communication line (TXD) load capacitance,
Vb [V]: Communication line voltage

2. fuck: Serial array unit operation clock frequency
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9)

clock output, normal slew rate)

(Ta =-40 to +150°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

During communication at different potential (3-V supply system) (CSI mode) (master mode, SCKp ... internal

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkevi 2.7V < Vb < EVooo, 400 Note 3 ns
Cb =30 pF, Ro = 1.4 kQ
SCKp high-level width tkH1 2.7V £ Vb < EVooo, tkeva/2 - 75 ns
Cb =30 pF, Ro = 1.4 kQ
SCKp low-level width tkLa 2.7V £ Vb < EVooo, tkev1/2 - 20 ns
Cb =30 pF, Ro = 1.4 kQ
Slp setup time (to SCKpT) Nete ! tsiki 2.7V < Vb < EVopo, 150 ns
Cb =30 pF, Ro = 1.4 kQ
Slp setup time (to SCKpy) Note2 tsik 2.7V < Vb < EVooo, 70 ns
Cb =30 pF, Ro = 1.4 kQ
Slp hold time (from SCKpT) Nete1 tisit 2.7V < Vb < EVopo, 30 ns
Cb = 30 pF, Ro = 1.4 kQ
Slp hold time (from SCKpJ) \ete2 tisit 2.7V < Vb < EVbpo, 30 ns
Cb = 30 pF, Ro = 1.4 kQ
Delay time from SCKp{ to SOp output Netel tkso1 2.7V < Vb < EVooo, 120 ns
Cb =30 pF, Ro = 1.4 kQ
Delay time from SCKpT to SOp output N°te2 tkso1 2.7V < Vb < EVooo, 40 ns
Cb = 30 pF, Ro = 1.4 kQ

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. tkey1 > 4/fcik must also be satisfied.

CSI mode connection diagram (during communication at different potential)

Vb Vb
<Master>
Rb Rb
SCKp SCK
RL78 Slp SO
i troll
microcontroller SOp Si
SSIp

Caution Select the TTL input buffer for the Slp pin and N-ch open-drain output mode for the SOp pin and

SCKbp pin.

User's device

Remarks 1. Ro [Q]: Communication line (SCKp, SOp) pull-up resistance, Cb [F]: Communication line (SOp, SCKp) load

capacitance, Vb [V]: Communication line voltage
2. p:CSlp (p=00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
3. AC characteristics of the serial array unit during communication at different potential in CSI mode are

measured with the Vin and ViL below:
When4.0V<EVbpo<55V,27V<Vb<40V:VH=22V,ViL=08V
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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)

tkevi

tket

tkH1

SCKp \

Slp

tsika tksi

Input data

tkso1

SOp —B\u/ 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)

tkeyi

A

tkH1

ket

J -

SCKp _/

tsiky

tksi

Slp

Input data

tkso1

SOp

Output data

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(10) During communication at different potential (3-V supply system) (CSI mode) (slave mode, SCKp ... external

clock input, normal slew rate)

(Ta =-40 to +150°C, 4.0 V < EVbpo = EVpp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkevz 27V <Vo<Vop |32 MHz < fuck 20/fmck ns
24 MHz < fmck < 32 MHz 16/fmck ns
20 MHz < fmck < 24 MHz 12/fmek ns
8 MHz < fvek < 20 MHz 10/fmek ns
4 MHz < fmek < 8 MHz 8/fmck ns
fvek < 4 MHz 6/fmek ns
SCKp high-level width, tKkH2, 2.7V < Vb < Vop tkev2/2 — 20 ns
low-level width tkiz
Slp setup time tsikz 90 ns
(to SCKpT) Note
Slp hold time tksi2 1/fvek + 50 ns
(from SCKpT) Nete2
Delay time from SCKp{ to tksoz | 2.7 V < Vb < Vop, Cb =30 pF, Ro = 1.4 kQ 2ffmck +120 | ns
SOp output Note 3
SSlp setup time tssik DAP =0 120 ns
DAP =1 1/fmek +120 ns
SSip hold time tkssi DAP =0 1ffmck +120 ns
DAP =1 120 ns

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The Slp setup time becomes “to SCKpl” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

2. When DAPmn =0 and CKPmn = 0 or DAPmn =1 and CKPmn = 1.

The Slp hold time becomes “from SCKp{” when DAPmn = 0 and CKPmn = 1 or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

The delay time to SOp output becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and

CKPmn =0.
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CSlI mode connection diagram (during communication at different potential)

Vb

T,

<Slave>
SCKp
RL78 Slp
microcontroller
SOp
SSlp

SCK

SO

SI

SSO

User's device

Caution Select the TTL input buffer for the Slp, SCKp and SSlp pins and N-ch open-drain output mode for the

SOp pin.

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage

2. p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)

3. AC characteristics of the serial array unit during communication at different potential in CSI mode are

measured with the Vin and ViL below:
When 4.0V <EVbopo<55V,27V<Vb<40V:VH=22V,VL=0.8V
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CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1)

tkevz

tkLz ‘ trH2
/
SCKp
\ N
tsik2 tksi2
;>
Slp Input data
tkso2
[
SOp M/Output data
tkssi
tssik
—

SSip

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

tkevz

tkH2 tkiz ‘
/ /
SCKp
/ \
tsik2 tksi2
;>
Slp Input data

tkso2

SOp Output data

tkssi
tssik

Ssip

Remark p: CSlp (p =00, 01, 10, 11), m: Unitm (m =0, 1), n: Channeln (n =0, 1)
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(11) During communication at different potential (3-V supply system) (simplified I°C mode)
(SDAr: TTL input buffer mode or N-ch open-drain output (EVop tolerance) mode, SCLr: N-ch open-drain
output (EVop tolerance) mode)

(Ta =-40 to +150°C, 4.0 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. MAX. Unit
SCLr clock frequency fscL 27V<Ve<40V, 400 Nete kHz
Cb = 100 pF, Ro = 1.4 kQ
Hold time when SCLr = “L” trow 27V<Ve<4.0V, 1200 ns
Cb =100 pF, Rb = 1.4 kQ
Hold time when SCLr = “"H” tHiGH 27V<Ve<4.0V, 600 ns

Cb = 100 pF, Ry = 1.4 kQ

Data setup time (reception) tsu:pAT 27V<Ve<4.0V, 135 + 1/fmex ns
Cb =100 pF, Ro = 1.4 kQ

Data hold time (transmission) tHD:DAT 27V<Ve<4.0V, 0 140 ns
Cb =100 pF, Ro = 1.4 kQ

Note fscL < fmck/4 must also be satisfied.

Simplified 1°C mode connection diagram (during communication at different potential)

Vb Vb
gRb %Rb

SDAr SDA
RL78 . .
microcontroller User's device
SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

F tlow ‘ tHIGH

SCLr /

e — |

tHD:DAT tsu:paT

Caution Select the TTL input buffer and the N-ch open-drain output mode for the SDAr pin and N-ch open-drain
output mode for the SCLr pin.

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load
capacitance, Vb [V]: Communication line voltage
2. fuck: Serial array unit operation clock frequenc
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5.5.2 Serial Interface IICA

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions Normal Mode Fast Mode Fast Mode Plus | Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 0 1000 kHz
10 MHz < fek
Fast mode: 0 400 kHz
3.5 MHz < fek
Normal mode: 0 100 kHz
1 MHz < faik
Setup time of restart condition Nt tsu:sTa 4.7 0.6 0.26 us
Hold time tHD:STA 4.0 0.6 0.26 ps
Hold time when SCLAO ="L" tLow 4.7 1.3 0.5 us
Hold time when SCLAO ="H” tHiGH 4.0 0.6 0.26 us
Data setup time (reception) tsu:pAT 250 100 50 ns
Data hold time (transmission) Not¢ 2 tHD:DAT 0 3.45 0 0.9 0 us
Setup time of stop condition tsu:sTo 4.0 0.6 0.26 ps
Bus-free time tur 4.7 1.3 0.5 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:paT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Ro (communication line pull-up
resistor) at that time in each mode are as follows.
Standard mode: Cb =400 pF, Ro = 2.7 kQ
Fast mode: Cb =320 pF, Ro = 1.1 kQ
Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

tow tr
SCLAO \
tHD:DAT tHIGH tsu:sTA — #— tHD:STA tsussto -—
tHD:STA tsu.pat -—
somo_ff ! /AD G
- |
teur
Stop Start Restart Stop
condition condition condition condition
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5.5.3 On-chip Debug (UART)

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - 115.2 k 1M bps

5.5.4 LIN/UART Module (RLIN3) UART Mode

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Operation mode, LIN communication clock source (fcuk or fvx): 4000 kbps
HALT mode 4 to 40 MHz
SNOOZE mode LIN communication clock source (fcik): 9.6
2 to 40 MHz

5.5.5 CAN-FD Communication Interface (RS-CANFD lite) Timing

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVpp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate - Classical CAN mode 1 Mbps
CAN-FD mode Data bit rate 5 Mbps
CAN-FD mode Nominal bit rate 1 Mbps

Internal delay time Nt tnoDE 50 ns

Note tnope = Internal input delay time (tinpuT) + Internal output delay time (toutput)

Image of Internal delay

RL78/F24 CTXDO
Internal output delay time
(touTPuT)

CAN controller

Internal input delay time
(tinpuT)

EERSS

CRXDO
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5.6 Analog Characteristics

5.6.1 A/D Converter Characteristics

Classification of A/D converter characteristics

Reference Reference voltage (+) = AVrerp Reference voltage (+) = Voo
Input channel Reference voltage (-) = AVrerm Reference voltage (-) = Vss
ANIO to ANI5, ANI8 to ANI30 56.1(1) 5.6.1(2)
ANI6,ANI7 - 5.6.1(2)
Internal reference voltage (+) 5.6.1 (1) 5.6.1 (2)

(1) When Reference voltage (+) = AVrerp, Reference voltage (-) = AVrerm =0V,
target ANI pin: ANIO to ANI5, ANI8 to ANI30, Internal reference voltage (+)

(Ta = -40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = AVRrerp,

Reference voltage (-) = AVrRerm = 0 V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note t ABS ANIO to ANI5, ANI8 to ANI23 Nete 2. 5.0 LSB
[4.5V < AVrerp = Vop £ 5.5 V]
ANIO to ANI5, ANI8 to ANI23 Nete 2, 5.0 LSB
[2.7 V < AVrerp = Vop < 4.5 V]
ANI1, ANI2 Note3) +6.0 LSB

[4.5V < AVrerp = Vop £ 5.5 V],
[0.25V < Van < Vop - 0.25 V]

ANI1, ANI2 Note3, +8.0 LSB
[2.7 V £ AVrerp = Vop < 4.5 V],
[0.25V < Van £ Vop - 0.25V]

ANI24 to ANI30, +11.0 LSB
[4.5V < AVrerr = VoD £ 5.5 V]
ANI24 to ANI30, +13.0 LSB
[2.7 V < AVrere = Voo < 4.5 V]
Integral linearity error Vot * INL ANIO to ANI5, ANI8 to ANI23, [AVRerr = Vo] +3.0 LSB
ANI24 to ANI30, [AVrerp = Vop] +7.0 LSB
Differential linearity error Note DNL ANIO to ANI5, ANI8 to ANI23, [AVRerr = Vo] +1.5 LSB
ANI24 to ANI30, [AVRrere = Vop] +3.5 LSB
Zero-scale error Note ZSE ANIO to ANI5, ANI8 to ANI23 Nete2, +4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] +8.5 LSB
Full-scale errorNote ! FSE ANIO to ANI5, ANI8 to ANI23 Note 2, +4.5 LSB
[AVRrerp = VD]
ANI24 to ANI30, [AVrerp = Vop] 8.5 LSB

(Notes are at the end of this table.)
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(2/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Reference voltage (+) AVrerp 2.7 Vob \%
Analog input voltage Vain ANIO to ANI5, ANI8 to ANI30 0 AVRerp Y
Internal reference voltage (+) VBGr 27V<Vopb<55V 1.38 1.45 15 \%
Analog input slew rate SR 0.4 Vius
Operation clock fap 2 40 MHz
Conversion time Note 4 tconv ADCLK = 40MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANI5, ANI8 to ANI15 Nete 2 1.125 Hs
ANI16 to ANI30 1.8 us
ANI1, AN|2 Note3 21 us

Notes 1. Excludes quantization error (£1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive
approximation.
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(2) When Reference voltage (+) = Voo, Reference voltage (-) = Vss,
target ANI pin: ANIO to ANI30, Internal reference voltage (+).

(Ta = -40 to +150°C, 2.7 V < EVbbo = EVbb1 = Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = Vob,
Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 12 bit
Overall error Note ABS ANIO to ANI23 N2 4.5V < Vpp < 5.5 V] +13.0 LSB

ANIO to ANI23 N2 [2,7 V < Vop < 4.5 V] +15.0 LSB
ANI1, ANI2Noe3 145V < Vop < 5.5 V], +14.0 LSB
[0.25V £ Van<Vop - 0.25 V]
ANIL, ANI2N®3, [2.7 V < Voo < 4.5 V], +16.0 | LSB
[0.25 V < Vaw < Voo - 0.25 V]
ANI24 to ANI3O0, [4.5V =V £5.5V] +19.0 LSB
ANI24 to ANI3O0, [2.7V £V <4.5V] +21.0 LSB
Integral linearity error Note INL ANIO to ANI23 +7.0 LSB
ANI24 to ANI30 9.0 LSB
Differential linearity error Note DNL ANIO to ANI23 +3.5 LSB
ANI24 to ANI30 5.5 LSB
Zero-scale error Note ZSE ANIO to ANI23 Note2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Full-scale error Note ! FSE ANIO to AN|23 Note 2 +14.5 LSB
ANI24 to ANI30 +18.5 LSB
Analog input voltage Vain ANIO to ANI30 0 Voo \%
Internal reference voltage (+) V8GR 27V<Vo<55V 1.38 1.45 15 \%
Analog input slew rate SR 0.4 V/us
Operation clock fap 2 40 MHz
Conversion time Nete 4 tconv | ADCLK = 40 MHz, input impedance < 0.5 kQ
(per 1 channel) ANIO to ANIL5 Nete 2 1.125 Us
ANI16 to ANI30 1.8 us
ANI1, AN|2 Note3 2.1 us

Notes 1. Excludes quantization error (+1/2 LSB).
2. In case that dedicated sample & hold circuit is not used.
3. In case that dedicated sample & hold circuit is used.
4. The A/D conversion processing time (tconv) consists of sampling time and time for conversion by successive
approximation.
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5.6.2 D/A Converter Characteristics

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Overall error AINL Rload = 4 MQ 27V<Vop<55V -2.5/+3.0 LSB

Rload = 8 MQ 27V<Vop<55V -2.5/+3.0 | LSB
Settling time tser Cload = 20 pF 27V<Vop<55V 3 us

5.6.3 Comparator Characteristics

(Ta =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input offset voltage Viocmp +5 +90 mV
Input voltage range Vicmp 0 Vop Vv
Response time ter, ter Input amplitude £100 mV 70 700 ns
Stabilization wait time during input twarr Input amplitude £100 mV 800 ns
channel switching Mot *
Operation stabilization wait time ot 2 teve 3.3V<Vop<55V 1 us
27V<Vop<33V 3 us

Notes 1. Period of time from when the comparator input channel is switched until the comparator is switched to output.

2. Period of time from when the comparator operation is enabled (HCMPON bit in CMPCTL is set to 1) until the
comparator satisfies the DC/AC characteristics.

5.6.4 POR Circuit Characteristics

(Ta =-40 to +150°C, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage N * VPoRr Power supply rise time 1.48 1.56 1.73 \Y
VPoR Power supply fall time 1.47 1.55 171 \%
Minimum pulse width Note 2 Tew 300 us
Detection delay time Teo 350 us

Notes 1. This indicates the POR circuit characteristics, and normal operation is not guaranteed under the condition of
less than lower limit operation voltage (2.7 V).
2. Minimum time required for a POR reset when Vob exceeds below Vror.

Tew

Supply voltage (Vob)
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5.6.5 LVD Circuit Characteristics

(1) LVD detection voltage of interrupt mode or reset mode

(Ta =-40 to +150°C, VrpRr < EVbDo = EVbD1 = VDD < 5.5V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage | Supply voltage level Vivbo Power supply rise time 4.62 4.74 5.25 \%
Power supply fall time 4.52 4.64 5.11 \%

Vivb1 Power supply rise time 4.50 4.62 5.12 \%

Power supply fall time 4.40 4.52 4.98 \%

Vivb2 Power supply rise time 4.30 4.42 4.92 \%

Power supply fall time 4.21 4.32 4.76 \%

Vivps Power supply rise time 3.13 3.22 3.66 \%

Power supply fall time 3.07 3.15 3.52 \%

Vivpa Power supply rise time 2.95 3.02 3.44 \%

Power supply fall time 2.89 2.96 3.31 \%

Vivps Power supply rise time 2.74 2.81 3.22 \%

Power supply fall time 2.68 Note 2.75 3.06 Y,

Minimum pulse width tw 300 us
Detection delay time to 300 us

Note The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vop = 2.7 V) is possible until a reset is effected at the power supply falling time.

(2) LVD detection voltage of interrupt & reset mode

(Ta =-40 to +150°C, Vrpr < EVbbo = EVbb1 = VDb < 5.5V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vs | VPOC2, VPOC1, VPOCO =0, 0, 1Nt 1, 2.68Note 2 2.75 3.06 \Y
mode falling reset voltage: 2.75 V

Vivp2 LVIS1, LVISO=0,0 Rising release reset voltage 4.30 4.42 4.92 \%

Falling interrupt voltage 4.21 4.32 4.76 Y,

Viwos | VPOC2, VPOC1, VPOCO =0, 1, QNetel 2.68 Note2 2.75 3.06 \Y
falling reset voltage: 2.75 V

Vivb1 LVIS1, LVISO=0,0 Rising release reset voltage 4.50 4.62 5.12 \%

Falling interrupt voltage 4.40 4.52 4.98 \%

Vs | VPOC2, VPOC1, VPOCO =0, 1, 1 Notel) 2.68 Note 2 2.75 3.06 \%
falling reset voltage: 2.75 V

Vivos LVIS]1, LVISO =0, 1 Rising release reset voltage 3.13 3.22 3.66 \%

Falling interrupt voltage 3.07 3.15 3.52 Vv

Vivoo LVIS], LVISO =0, 0 Rising release reset voltage 4.62 4.74 5.25 \%

Falling interrupt voltage 4.52 4.64 5.11 \%

Notes 1. These values indicate setting values of option bytes.
2. The minimum value exceeds below the lower limit operation voltage (2.7 V), however, in reset mode, normal
operation (same behavior when Vob = 2.7 V) is possible until a reset is effected at the power supply falling time.
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5.7 Power Supply Voltage Rising Time

(Ta = -40 to +150°C, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum power supply voltage | Swvrmax | 0V — Voo (VPOC2 = 0 or 1 Nte2) 50N | V/ms
rising slope
Minimum power supply voltage Svimn |0V > 2.7V 6.5 V/ms
rising slope Nete !

Notes 1. The minimum power supply voltage rising slope is applied only under the following condition.
When the voltage detection (LVD) circuit is not used (VPOC2 = 1) and an external reset circuit is not used or
when a reset is not effected until Voo=2.7 V.

2. These values indicate setting values of option bytes.

3. If the power supply drops below Vror and a POR reset is effected, this specification is also applied when the
power supply is recovered without dropping to 0 V.

5.8 Regulator Output Voltage Characteristics

(Ta = -40 to +150°C, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

REGC output voltage Nt Voreac | C=0.4710 1 uF 2.0 2.1 2.2 Y,

Note Other than the following conditions are applicable.
* In STOP mode.
* When the high-speed system clock (fmx), the high-speed on-chip oscillator clock (fiH), and PLL clock (frLL) are
stopped during CPU operation with the subsystem/low-speed on-chip oscillator clock select clock (fsL).
* When the hifh-speed system clock (fux), the high-speed on-chip oscillator clock (fiH), and PLL clock (frLL) are
stopped during the HALT mode when the CPU operation with the subsystem/low-speed on-chip oscillator
clock select (fsL) has been set.

5.9 RAM Data Retention Characteristics

(Ta =-40 to +150°C, Vss = EVsso = EVss1 =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbDDR 1.47 Note 5.5 \%

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

|¢——G—————— STOP mode

\d
Y

- Operation mode

l¢——— RAM data retention ———»{

_— ]
Vbb \
VDDDR

!

STOP instruction execution

Standby release signal
(interrupt request) /
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5.10 Flash Memory Programming Characteristics

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency feuk 2 40 MHz
Number of code flash rewrites Netes1.2:3 Cerwr Retained for 20 years 1,000 Times
Ta = +85°C Note 4
Number of data flash rewrites Notes 1.2.3 Retained for 20 years 10,000
TA = +850C Note 4
Retained for 5 years 100,000
Ta = +85°C Note 4
Erase time Terasa Block erase 5 ms
Write time Twrwa 1 word write 10 us

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The starting point of the retaining years are after the
erase.
2. When using flash memory programmer and Renesas Electronics self programming code.
3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas
Electronics Corporation.
4. The average temperature for data retention.

(1) Code flash memory processing time
(TAa =-40 to +150°C, 2.7 V < EVppo = EVpp1 = Vpp £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz foik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 74.0 690.0 61.0 580.0 56.0 530.0 54.0 510.0 us
Erasure time 1KB 6.9 245.0 6.1 230.0 5.8 225.0 5.6 220.0 ms
Blank checking time | 4 bytes - 29.0 - 22.0 - 19.0 - 17.0 us
1 KB - 800.0 - 405.0 — 245.0 — 145.0 us
Internal verify time 4 bytes - 350.0 - 175.0 - 90.0 - 45.0 us
1KB - 19.0 - 9.5 - 5.0 - 2.5 ms
Item feik = 20 MHz foik = 32 MHz fcik = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 4 bytes 54.0 510.0 53.0 500.0 53.0 500.0 us
Erasure time 1KB 5.6 220.0 5.5 220.0 55 220.0 ms
Blank checking time | 4 bytes - 17.0 - 16.0 - 16.0 us
1KB - 145.0 - 135.0 - 135.0 ps
Internal verify time 4 bytes - 35.0 - 22.0 - 18.0 us
1KB - 2.0 - 1.2 - 1.0 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.
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(2) Data flash memory processing time
(Ta = -40 to +150°C, 2.7 V < EVpoo = EVbp1 = Vop £ 5.5V, Vss = EVsso = EVss1 =0 V)

Item feik = 2 MHz feik = 4 MHz feik = 8 MHz feik = 16 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 60.0 550.0 49.0 450.0 44.0 410.0 42.0 390.0 us
Erasure time 1KB 115 340.0 8.4 275.0 7.1 250.0 6.3 235.0 ms
Blank checking time | 1 byte - 29.0 - 22.0 - 19.0 - 17.0 us
1KB - 3.1 - 1.6 - 0.95 — 0.55 ms
Internal verify time 1 byte - 350.0 - 175.0 - 90.0 - 45.0 us
1KB - 76.0 - 38.0 - 19.0 - 9.5 ms
Item feik = 20 MHz fek = 32 MHz fek = 40 MHz Unit
Conditions TYP. MAX. TYP. MAX. TYP. MAX.
Programming time 1 byte 42.0 390.0 41.0 380.0 41.0 380.0 us
Erasure time 1KB 6.3 235.0 6.2 235.0 6.2 235.0 ms
Blank checking time | 1 byte - 17.0 - 16.0 - 16.0 us
1 KB - 0.55 - 0.5 — 0.5 ms
Internal verify time 1 byte - 35.0 - 22.0 - 18.0 us
1KB - 7.5 - 4.7 — 3.8 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.

5.11 Dedicated Flash Memory Programmer Communication (UART)

(Ta =-40 to +150°C, 2.7 V < EVppo = EVbp1 = Vop £ 5.5 V, Vss = EVsso = EVss1 = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate - During serial programming 115.2 k 1M bps
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5.12 Timing of Entry to Flash Memory Programming Modes

(Ta =-40 to +150°C, 2.7 V < EVbpo = EVbp1 = Vob £ 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication tsunm | POR and LVD reset must be released 100 ms
for the initial setting after the external before the external reset is released.

reset is released

Time to release the external reset after tsu POR and LVD reset must be released 10 us
the TOOLDO pin is set to the low level before the external reset is released.
Time to hold the TOOLO pin at the low tHo POR and LVD reset must be released 1 ms
level after the external reset is released before the external reset is released.

(excluding the processing time of the
firmware to control the flash memory)

AN
[y
\
A
N
\Y
AN
w
\
A
\

RESET

L

1 ms + tHp
processing time OOH reception

(TOOLRXD, TOOLTXD mode)

A
A

[ —N

TOOLO

|

tsuiniT

—
12}
C

A
\
A
\

<1> The low level is input to the TOOLO pin.

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

<3> The TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud

rate setting.

Remarks 1. tsunit: Communication for the initial setting must be completed within 100 ms after the external reset is
released during this period.
2. tsu: Time to release the external reset after the TOOLO pin is set to the low level
3. tHp: Time to hold the TOOLO pin at the low level after the external reset is released (excluding the
processing time of the firmware to control the flash memory)
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6. PACKAGE DRAWINGS

6.1 32-pin Products

JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFNO032-5x5-0.50 PWQNO032KF-B 0.06
2X
E@
1 DETAIL A
| L m‘
L
| ‘ o
Q
| - g
INDEX AREA — ! (
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2X N ‘ B
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[ ]aaa]cH54
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E
g
// |cce|C |
c
| : |
P P
Al A3} adl AW SEATING PLANE
NX |_le] NXb | 4 bbb@[c[A]B]
ddd C
E@ ®l ‘ Reference Dimension in Millimeters
Symbol i N v
€2 —~{BTROICIAlE] | n | Nom [ wax
1] 2 ‘ :
Al 0.00 - 0.05
Juuuduu
$ | M| C|A|B N | - A3 0.20 REF.
i 1 . b 0.18 0.25 0.30
D - ) - 5.00 -
) - - 5.00 -
S S = B — 0.50 —
= e . 2
D i s DETAIL A L 035 | 040 | 045
) [ - K 0.20 - —
alalalatlaliale D2 3.15 3.20 3.25
\ E2 315 | 320 | 3.25
NX L NX K aaa - - 0.15
bbb - - 0.10
cce - - 0.10
ddd - - 0.05
eee - - 0.08
fif — — 0.10
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6.2 48-pin Products

There are two types of package drawings. You can check which package drawing used by product marking.
Please refer to the product packaging information on Renesas website for more information.

JEITA Package Code RENESAS Code Previous Code MASS (TYP.) [g]
P-LFQFP48-7x7-0.50 PLQPO048KF-A P48GA-50-8EU-1 0.16
HD
D
HHHHHHHHHHHH detail of lead end
37 24— .
—] —
[ — 1 = v
[ E— 1
—] 1 L
[ — 1
+ E HE Lp
[ I— 1
— — F—L1=
| I— 1
—] . ]
— —
= ) m— (UNIT:mm)
o 12 ITEM  DIMENSIONS
: : D 7.00+0.20
L7 E 7.00£0.20
HD 9.00£0.20
HE 9.00£0.20
- A 1.60 MAX.
AL 0.10£0.05
Ao A2 1.40£0.05
B 0.25
A2 b 0.22+0.05
0.145 +0.055

¢ -0.045
J l L 050
H B j’\L Lp 0.600.15
1 1.0040.20

F\
[ 1
I
[
I
[T
I
|||
||
44|7+
[T
I
[
[
[T
I
[T
I
[
I

9 30+%°°
oY |S Al- [ 050
X 0.08
y 0.08
ZD
NOTE 075
ZE 0.75

Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.

R01DS0446EJ0110 Rev.1.10

Page 199 of 206
Jun 30, 2024 RENESAS



RL78/F23, F24 6. PACKAGE DRAWINGS

JEITA Package Code | RENESASCode |  PreviousCode [ MASS[Typ] |
P-LFQFP48-7x7-0.50 | PLQPO048KB-A | 48P6Q-A \ 0.29 |
Hp
‘g
3% 2
1ARAARRRRARE
1. DIMENSIONS "*1* AND "*2"
DO NOT INCLUDE MOLD FLASH.
37 I = 2. DIMENSION "*3" DOES NOT
[ ) INCLUDE TRIM OFFSET.
= s} b
[ 1 o B
[ 1 o
[ 1 o W
[ 1 o o * 5| o
o s o 1 ¥ Dimension in Millimeters
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[ 1 o
[ 1 o Terminal cross section E 69 | 70 | 7.1
48 I =i=] 69 | 70 | 71
© Ar [ — 14—
CLECLLELLLLE aETRET
N e He | 88 | 9.0 | 9.2
2 Index mark A — — 1.7
> ALl 0 [o01]02
F < @ _ bp [0.17]0.22]0.27
\ °ly b | — o020 —
4l N c
[] [T\ ) ‘—,7 < 0.09 gi;lg 0.20
J4 : . 4 | 0125] —
e | —]05] —
*3bp Detail F X — | — | 0.08
o[ @ y [—[]—1010
Zo | — 075 —
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6.3 64-pin Products

There are two types of package drawings. You can check which package drawing used by product marking.

Please refer to the product packaging information on Renesas website for more information.

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LFQFP64-10x10-0.50 PLQPO064KF-A P64GB-50-UEU-2 0.35
HD
D
AL
48 33
—/49 32
— — Cc—
— — |
— — L —
— —
6 — L
— —
— — L
— + —— E HE p
—1 — e— L1 —
— —
—] —
— —
— — (UNIT:mm)
— —
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bl x @]s| )
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A2 c 0.14518:822
[ L 0.50
Lp 0.60+0.15
f 2] 3°tg:
ol ]s] Eoso
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y 0.08
zZD 1.25
NOTE ZE 1.25
Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.
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JEITA Package Code [ RENESASCode | Previous Code [ MASS[Typ] |
P-LFQFP64-10x10-0.50 | PLQPO064KB-A | 64P6Q-A/ FP-64K / FP-64KV | 039 |
Hp
*1
D
48 33
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49 oo O o 32 2. DIMENSION "*3" DOES NOT
(== == INCLUDE TRIM OFFSET.
(=== s
== s bp
== o
== o bl
== o
[= = ==} w w
= = ~ = T Dimension in Millimeters
== = : Symbol [ Min [ Nom [ Max
= = D | 99100101
== O = E [ 99]10.0]101
K Terminal cross section A2 I 14 —
EACLEEEEEELE! Hp [11.8] 120|122
t 1 He | 11.8| 12.0] 12.2
Index mark
% Al—]—117
A1 |005] 0.1 [015
. bp [0.15]0.20] 0.25
bi | —]018] —
Jii 7T\ < & = o c | 0.090.145| 0.20
SN COTOOAAAONAARAMITIT Ty 1 \ J\ [ 0.125
- 1° ¢ oo —1 @8
= 3, < L 1 e | —][05] —
(e P L X — | — [ 0.08
y — | — 1 0.08
Detail F ZD . 125 —
Ze | — 125 —
L [035]| 05 )0.65
Li | — ] 10| —

R01DS0446EJ0110 Rev.1.10

Page 202 of 206
Jun 30, 2024 RENESAS



RL78/F23, F24 6. PACKAGE DRAWINGS

6.4 80-pin Products

There are two types of package drawings. You can check which package drawing used by product marking.
Please refer to the product packaging information on Renesas website for more information.

JEITA Package Code RENESAS Code Previous Code MASS (TYP.) [g]
P-LFQFP80-12x12-0.50 PLQPOO8OKE-A P80GK-50-8EU-2 0.53
HD
D
detail of lead end
60 41
N
61 40—
— cC—
—3
—3
— =1
—3
—
— 0 L
—3
— L
+ —] E HE p
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NOTE
Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.
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JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [d]
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6.5 100-pin Products

There are two types of package drawings. You can check which package drawing used by product marking.
Please refer to the product packaging information on Renesas website for more information.

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP.) [q]
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JEITA Package Code [ RENESASCode | Previous Code [ MASS[Typ] |
P-LFQFP100-14x14-050 | PLQPOI0OKB-A | 100P6Q-A / FP-100U / FP-100UV | 069 |
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the products
covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins in
a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the level
at which resetting is specified.

Input of signal during power-off state

Do not input signals or an 1/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements.
Follow the guideline for input signal during power-off state as described in your product documentation.

Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi (Max.)
and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).

Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSI is not guaranteed.

Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms of
internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.
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Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO THE
IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Corporate Headquarters Contact information
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