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True low-power platform (63 pA/MHz) for the general-purpose applications, with 1.8-V to 5.5-V operation,
2- to 16-Kbyte code flash memory, and 31 DMIPS at 24 MHz

1. OUTLINE

1.1 Features

Ultra-low power consumption technology

e Vbp = single power supply voltage of 1.8 to 5.5 V which
can operate at a low voltage

e HALT mode

e STOP mode

e SNOOZE mode

RL78 CPU core

e CISC architecture with 3-stage pipeline

e Minimum instruction execution time: Can be changed
from high speed (0.04167 us: @ 24 MHz operation with
high-speed on-chip oscillator) to ultra-low speed (1 us:
@ 1 MHz operation)

e Address space: 1 MB

e General-purpose registers: (8-bit register x 8) x 4 banks
On-chip RAM: 256 B to 2 KB

Code flash memory

e Code flash memory: 2 to 16 KB

e Block size: 1 KB

e Prohibition of block erase and rewriting (security
function)

e On-chip debug function

® Self-programming (with flash shield window function)

Data flash memory Nete2

e Data flash memory: 2 KB

e Back ground operation (BGO): Instructions are
executed from the program memory while rewriting the
data flash memory.
Number of rewrites: 1,000,000 times (TYP.)

¢ Voltage of rewrites: Vobp = 1.8t0 5.5V

High-speed on-chip oscillator

e Select from 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 MHz,
4 MHz, 3 MHz, 2 MHz, and 1 MHz

e High accuracy: +/- 1.0 % (Voo = 1.8 t0 5.5V, Ta=-20
to +85 °C)

Operating ambient temperature

e Ta=-40to +85 °C (A: Consumer applications, D:
Industrial applications)

e Ta=-40to +105 °C (G: Industrial applications) Note2

Power management and reset function

e On-chip power-on-reset (POR) circuit

e On-chip voltage detector (LVD) (Select interrupt and
reset from 12 levels)

DMA (Direct Memory Access) controller Note2

e 2 channels

o Number of clocks during transfer between 8/16-bit SFR
and internal RAM: 2 clocks

Multiplier and divider/multiply-accumulator

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

o 32 bits x 32 bits = 32 bits (Unsigned)

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

Serial interface

Simplified SPI (CSI Note1): : 1 to 3 channels

o UART : 1 to 3 channels
¢ Simplified 12C communication : 0 to 3 channels
e |2C communication : 1 channel
Timer

o 16-bit timer : 4 to 8 channels

: 1 channel

: 1 channel (operable with the
dedicated low-speed on-chip
oscillator)

e 12-bit interval timer
e Watchdog timer

A/D converter

o 8/10-bit resolution A/D converter (Vop = 1.8 to 5.5 V)

e 8to 11 channels, internal reference voltage (1.45 V),
and temperature sensor Note2

1/0 port

e |/O port: 18 to 26
(N-ch open drain I/O [withstand voltage of 6 V]: 2,
N-ch open drain I/O [Vop withstand voltage]: 4 to 9)

e Can be set to N-ch open drain, TTL input buffer, and
on-chip pull-up resistor

» Different potential interface: Can connect to a 1.8/2.5/3
V device
On-chip key interrupt function

e On-chip clock output/buzzer output controller

Others
e On-chip BCD (binary-coded decimal) correction circuit

Note 1. Although the CSI function is generally called SPI,
it is also called CSl in this product, so it is referred
to as such in this manual.

Note 2. Can be selected only in HS (high-speed main)
mode.

Remark The functions mounted depend on the product.
See 1.7 Outline of Functions.
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RL78/G12

1. OUTLINE

O ROM, RAM capacities

Code flash Data flash RAM 20 pins 24 pins 30 pins
16 KB 2 KB 2 KB - - R5F102AA
- - - R5F103AA
2 KB 1.5 KB R5F1026A Note R5F1027ANote 1 -
- R5F1036A Nete1 R5F1037A Notet -
12 KB 2KB 1 KB R5F 10269 Note ! R5F 10279 Note R5F102A9
- R5F 10369 Note ! R5F 10379 Note R5F103A9
8 KB 2 KB 768 B R5F 10268 Nete! R5F10278 Nete1 R5F102A8
- R5F10368 Note ! R5F 10378 Note R5F103A8
4 KB 2KB 512 B R5F10267 R5F10277 R5F102A7
- R5F10367 R5F10377 R5F103A7
2KB 2 KB 256 B R5F10266 Note2 - -
- R5F 10366 Note 2 - -
Notes 1. This is 640 bytes when the self-programming function or data flash function is used. (For details, see

2.

CHAPTER 3 CPU ARCHITECTURE in the RL78/G12 User’'s Manual.)
The self-programming function cannot be used for R5F10266 and R5F10366.

Caution When the flash memory is rewritten via a user program, the code flash area and RAM area are used
because each library is used. When using the library, refer to RL78 Family Flash Self Programming
Library Type01 User's Manual and RL78 Family Data Flash Library Type04 User's Manual.
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RL78/G12

1. OUTLINE

1.2 List of Part Numbers

<R> Figure 1-1. Part Number, Memory Size, and Package of RL78/G12

Product name

Ordering part number R5F102AAAXxxxSP#V0

L Packaging specifications:

#US, #05, #25, #65: Tray (HWQFN)

#VO0, #10, #30, #70: Tray (LSSOP30)

#V5: Tube (LSSOP20)

#15, #75: Tray (TSSOP20)

#35: Tray (TSSOP20), Tube (LSSOP20)
#WS5, #45: Embossed Tape (HWQFN)

#X0, #50: Embossed Tape (LSSOP30)

#X5: Embossed Tape (LSSOP20)

#55: Embossed Tape (LSSOP20, TSSOP20)

Package type:
SM : TSSOP, 0.65-mm pitch
SP : LSSOP, 0.65-mm pitch
NA : HWQFN, 0.50-mm pitch

ROM number (Omitted with blank products)

Fields of application:
A : Consumer applications, Ta = -40°C to +85°C
D : Industrial applications, Ta = -40°C to +85°C
G : Industrial applications, Ta = -40°C to +105°C

ROM capacity:
2 KB

: 4KB

8 KB

12 KB
16 KB

count:

6 : 20-pin
7 . 24-pin
A : 30-pin

T © 00~ ®

Pi

=}

RL78/G12 group
102Note1
1 03No(es 1,2

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Notes 1. For details about the differences between the R5F102 products and the R5F103 products of RL78/G12,
see 1.3 Differences between the R5F102 Products and the R5F103 Products.
2. Products only for “A: Consumer applications (Ta = -40 to +85°C)” and “D: Industrial applications (Ta = -40 to

+85°C)”
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RL78/G12

1. OUTLINE

Table 1-1. List of Ordering Part Numbers

Pin Package Data Fields of Ordering Part Number RENESAS Code
count flash Appug?tlon Product Name Packaging
Specifications
20 | 20-pin Mounted | A R5F1026AASP, R5F10269ASP, R5F10268ASP, #V5, #35, #X5, | PLSP0020JB-A
pins | plastic R5F10267ASP, R5F10266ASP #55
LSSoP D R5F1026ADSP, R5F10269DSP, R5F10268DSP,
f:;: B%g R5F10267DSP, R5F10266DSP
mm pitch) G R5F1026AGSP, R5F10269GSP, R5F10268GSP,
R5F10267GSP, R5F10266GSP
Not A R5F1036AASP, R5F10369ASP, R5F10368ASP, #V5, #35, #X5, | PLSP0020JB-A
mounted R5F10367ASP, R5F10366ASP #55
D R5F1036ADSP, R5F10369DSP, R5F10368DSP,
R5F10367DSP, R5F10366DSP
20-pin Mounted | A R5F1026AASM, R5F10269ASM, R5F10268ASM, #15, #35, #55, | PTSP0020JI-A
plastic R5F10267ASM, R5F10266ASM #75
Tffo'; s G R5F1026AGSM, R5F10269GSM, R5F10268GSM,
ﬁnh xos R5F10267GSM, R5F10266GSM
mm'pitch) | Not A R5F1036AASM, R5F10369ASM, R5F10368ASM,
mounted R5F10367ASM, R5F10366ASM
24 | 24-pin Mounted | A R5F1027AANA, R5F10279ANA, R5F10278ANA, #U5, #W5 PWQNO024KE-A
pins plastic R5F10277ANA
avy(%':r':m R5F1027AANA, R5F10279ANA, R5F10278ANA, #05, #25, #45, | PWQNO024KF-A
x4 mm, R5F10277ANA #65 PWQNOO24KH-A
pitch) D R5F1027ADNA, R5F10279DNA, R5F10278DNA, #U5, #W5 PWQNO024KE-A
R5F10277DNA
G R5F1027AGNA, R5F10279GNA, R5F10278GNA,
R5F10277GNA
R5F1027AGNA, R5F10279GNA, R5F10278GNA, #05, #25, #45, | PWQN0024KF-A
R5F10277GNA #65 PWQNOO24KH-A
Not A R5F1037AANA, R5F10379ANA, R5F10378ANA, #U5, #W5 PWQNO0024KE-A
mounted R5F10377ANA
R5F1037AANA, R5F10379ANA, R5F10378ANA, #05, #25, #45, | PWQN0024KF-A
R5F10377ANA #65 PWQNOO24KH-A
D R5F1037ADNA, R5F10379DNA, R5F10378DNA, #U5, #W5 PWQNO0024KE-A
R5F10377DNA
30 | 30-pin Mounted | A R5F102AAASP, R5F102A9ASP, R5F102A8ASP, #V0, #10, #30, | PLSP0030JB-B
pins | plastic R5F102A7ASP #X0, #50, #70
'(fggnﬁm D R5F102AADSP, R5F102A9DSP, R5F102A8DSP,
- R5F102A7DSP
(300), 0.65- SF102A7DS
mm pitch) G R5F102AAGSP, R5F102A9GSP, R5F102A8GSP,
R5F102A7GSP
Not A R5F103AAASP, R5F103A9ASP, R5F103A8ASP, #V0, #10, #30, | PLSP0030JB-B
mounted R5F103A7ASP #X0, #50, #70
D R5F103AADSP, R5F103A9DSP, R5F103A8DSP,
R5F103A7DSP

Note For fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/G12.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering
part numbers, refer to the target product page of the Renesas Electronics website.
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RL78/G12

1. OUTLINE

1.3 Differences between the R5F102 Products and the R5F103 Products
The following are differences between the R5F102 products and the R5F103 products.
O Whether the data flash memory is mounted or not

O High-speed on-chip oscillator oscillation frequency accuracy

O Number of channels in serial interface
O Whether the DMA function is mounted or not

O Whether a part of the safety functions are mounted or not

1.3.1 Data Flash

The data flash memory of 2 KB is mounted on the R5F102 products, but not on the R5F103 products.

Product

Data Flash

R5F102 products

R5F1026A, R5F1027A, R5F102AA,
R5F10269, R5F 10279, R5F102A9,
R5F10268, R5F 10278, R5F102A8,
R5F10267, R5F10277, R5F102A7,
R5F 10266 Nete

2KB

R5F103 products

R5F1036A, R5F1037A, R5F103AA,
R5F10369, R5F10379, R5F103A9,
R5F 10368, R5F10378 R5F103A8,

R5F10367, R5F10377, R5F103A7,
R5F10366

Not mounted

Note The RAM in the R5F10266 has capacity as small as 256 bytes. Depending on the customer's program
specification, the stack area to execute the data flash library may not be kept and data may not be written to or

erased from the data flash memory.

Caution When the flash memory is rewritten via a user program, the code flash area and RAM area are used
because each library is used. When using the library, refer to RL78 Family Flash Self Programming
Library Type01 User's Manual and RL78 Family Data Flash Library Type04 User's Manual.

RO1DS0193EJ0240 Rev.2.40
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RL78/G12

1. OUTLINE

1.3.2 On-chip oscillator characteristics

(1) High-speed on-chip oscillator oscillation frequency of the R5F102 products

Oscillator Condition MIN | MAX [ Unit
High-speed on-chip Ta=-20to +85°C -1.0 [ +1.0 %
oscillator oscillation Ta =-40to -20°C -1.5 +1.5
frequency accuracy Ta = +85 to +105°C -2.0 | +2.0
(2) High-speed on-chip oscillator oscillation frequency of the R5F103 products
Oscillator Condition MIN | MAX | Unit
High-speed on-chip Ta=-40to + 85°C -5.0 | +5.0 %

oscillator oscillation
frequency accuracy

1.3.3 Peripheral Functions

The following are differences in peripheral functions between the R5F102 products and the R5F103 products.

R5F 102 product R5F103 product
RL78/G12 20, 24 pin 30 pin product 20, 24 pin 30 pin
product product product
Serial interface UART 1 channel 3 channels 1 channel
Simplified SPI (CSl) | 2 channels 3 channels 1 channel
Simplified 1°C 2 channels 3 channels None
DMA function 2 channels None
Safety function CRC operation Yes None
RAM guard Yes None
SFR guard Yes None
RO1DS0193EJ0240 Rev.2.40 RENESAS Page 6 of 109
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RL78/G12

1. OUTLINE

1.4 Pin Configuration (Top View)

1.4.1 20-pin products

e 20-pin plastic LSSOP (4.4 x 6.5 mm, 0.65-mm pitch)
e 20-pin plastic TSSOP (4.4 x 6.5 mm, 0.65-mm pitch)

P20/ANIO/AV rerp Q=
P42/ANI21/SCK01™**/SCLO1""*/TI03/TO03 O=—»
P41/ANI22/SO01"¢/SDA01N/TI02/TO02/INTP1 O=—»
P40/KRO/TOOLO O

P125/KR1/SI0T*/RESET O——~

P137/INTPO O——
P122/KR2/X2/EXCLK/(T102)/(INTP2) O
P121/KR3/X1/(TI03)/(INTP3) O——»

Vss O—

Voo O——

2 OO NGO WN -

o

O

(maIA doy)
ZLo/8.7d

20
19
18
17
16
15
14
13
12
1

[«——=0O P21/ANI1/AV rerm

[*—0O P22/ANI2

=—=0O P23/ANI3

+—=O P10/ANI16/PCLBUZ0/SCK00/SCLO0""®
=—=O P11/ANI17/SI00/RxD0/SDA00 " /TOOLRXD
O P12/ANI18/SO00/TxD0O/TOOLTxD

+—0O P13/ANI19/T100/TO00/INTP2

*=—0O P14/ANI20/T101/TO01/INTP3

+—=0 P61/KR5/SDAA0/(RxD0)

l«——~0 P60/KR4/SCLAO/(TXDO)

Note Provided only in the R5F102 products.

Remarks 1.
2.

For pin identification, see 1.5 Pin Identification.
Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

register (PIOR). See Figure 4-8 Format of Peripheral /0O Redirection Register (PIOR) in the

RL78/G12 User's Manual.

RO1DS0193EJ0240 Rev.2.40
Mar 29, 2024

RRENESAS

Page 7 of 109



RL78/G12 1. OUTLINE

1.4.2 24-pin products

e 24-pin plastic HWQFN (4 x 4 mm, 0.5-mm pitch)

[m)
X
14
2
28
9=
og 8
255
OOO
2% 0
Q9nEaq o
=N
SRk E
DREZZ
mnm==o00 «—
190 00 O
02000
R N
ORKR B3 S
- - d
zZ2ZZZZZ
Txzzxx
[SC-98F
ooooo o
@) @)
] ] exposed die pad
1817 16 1514 13
P22/ANI2 O 19 _______ 12 |=—=0O P61/KR5/SDAA0/(RxDO)

P21/ANI1/AVrerm O=—=120
P20/ANIO/AVRerp O=—»1 21

I 11 [=—0O PB60/KR4/SCLAO/(TxDO)
RL78/G12 1 10 }J=—O PO03/KR9

P42/ANI21/SCK01"***/SCLO1""*/TI03/TO030 22 1 (TopView) | gle o5 P02/KRS/(SCKO1)*/(SCLOT)""
P41/ANI22/SO01"ISDA0 1N/ TI02/TO02/INTP1 O=—= 23.\ ______ . 80 PO1/KR7/(SO01)""*/(SDAO1)" "
P40/KRO/TOOLO O 2% ) N POO/KR6/(SI01)"®
INDEX MARK i i i i
= o o Q
LEyRLs
wz
AN
[3p]
a

P125/KR1/S101M/
P121/KR3/X1/(TI03)/(INTP3) O— &

P122/KR2/X2/EXCLK/(TI02)/(INTP2) O—»] 0>

Note Provided only in the R5F102 products.

Remarks 1. For pin identification, see 1.5 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR) in the
RL78/G12 User’'s Manual.
3. Itis recommended to connect an exposed die pad to Vss.

RO1DS0193EJ0240 Rev.2.40 R NS Page 8 of 109
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RL78/G12 1. OUTLINE

1.4.3 30-pin products

e 30-pin plastic LSSOP (7.62 mm (300), 0.65-mm pitch)

P20/ANIO/AVrerp O~=—11 O 30 =0 P21/ANI1/AVrerm
P01/ANI16/TO00/RXxD 1N O=—=2 29 [~—0O P22/ANI2
POO/ANI17/TI00/TXD1V® O=—=3 28 [=—=0O P23/ANI3
P120/ANI19 O=—»{4 27 [«——=0O P147/ANI18
P40/TOOL0 O 5 . 26 [~—=0O P10/SCK00/SCLO0"%(TI07/TO07)
RESET O—=|6 5! P 25 [«——=0O P11/SI00/RxD0/TOOLRXD/SDA00"Y(TI06/TO06)
P137/INTPO O——={7 ° 24 f[«—=O P12/SO00/TxD0O/TOOLTXD/(TI05/TO05)
P122/X2/[EXCLK O——={8 < o 23 [«——=0 P13/TxD2""7S020""%(SDAA0)"%(TI04/TO04)
P121/X1 O——=9 g N 22 O P14/RxD2"'YS120"'YSDA20"Y(SCLA0) Y(TI03/TO03)
REGC O—10 ~ 21 f«——=0O P15/PCLBUZ1/SCK20"'SCL20M"%(T102/TO02)
Vss O—— 11 20 f«——=0O P16/TI01/TO01/INTP5/(RxDO0)
Voo O——|12 19 |=——0O P17/TI02/TO02/(TxDO)
P60/SCLAO O 13 18 =——0O P51/INTP2/SO11"*®
P61/SDAA0 O~—+ 14 17 =——0O P50/INTP1/SI111""%SDA1 1"
P31/TI03/TO03/INTP4/PCLBUZ0 O~—*|15 16 |+—=O P30/INTP3/SCK11™YSCL1 1N

Note Provided only in the R5F102 products.
Caution Connect the REGC pin to Vss via capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.5 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral /O Redirection Register (PIOR) in the
RL78/G12 User's Manual.

RO1DS0193EJ0240 Rev.2.40 R NS Page 9 of 109
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RL78/G12 1. OUTLINE

1.5 Pin Identification

ANIO to ANI3,
ANI16 to ANI22:

Analog input

REGC:
RESET:

Regulator Capacitance

Reset

AVREFM: Analog Reference Voltage Minus RxDO to RxD2: Receive Data
AVREFP: Analog reference voltage plus SCKO00, SCK01, SCK11,
EXCLK: External Clock Input SCK20: Serial Clock Input/Output

INTPO to INTP5

(Main System Clock)

Interrupt Request From Peripheral

SCL0O, SCLO1,
SCL11, SCL20, SCLAQ:

Serial Clock Input/Output

KRO to KR9: Key Return SDAO00, SDA01, SDA11,
P00 to P03: Port 0 SDA20, SDAAO: Serial Data Input/Output
P10 to P17: Port 1 SI00, SI01, SI11, SI20: Serial Data Input
P20 to P23: Port 2 S000, SO01, SO11,
P30 to P31: Port 3 S020: Serial Data Output
P40 to P42: Port 4 TIOO to TIO7: Timer Input
P50, P51: Port 5 TOO0O0 to TOOQ7: Timer Output
P60, P61: Port 6 TOOLO: Data Input/Output for Tool
P120 to P122, P125: Port 12 TOOLRXD, TOOLTxD: Data Input/Output for External
P137: Port 13 Device
P147: Port 14 TxDO to TxD2: Transmit Data
PCLBUZO0, PCLBUZ1: Programmable Clock Output/ \VDD: Power supply

Buzzer Output Vss: Ground

X1, X2: Crystal Oscillator (Main System
Clock)

R01DS0193EJ0240 Rev.2.40 - z NS Page 10 of 109
Mar 29, 2024 LENES



RL78/G12

1. OUTLINE

1.6 Block Diagram

1.6.1 20-pin products

TIOO/TO00 ~—

TIO1/TO01 «—

TI02/TO02 ~—

TIO3/TO03 ~—

TAUO (4ch)
ch00

ch01

ch02

ch03

i

SAUO (2ch)

<:> P10 to P14
<:>P20 to P23
<:>P40 to P42
<:> P60, P61
<:><I|P121, P122, P125

RxDO —
TxDO UARTO
Code flash: 16 KB @
SCK00 Data flash: 2 KB"*® PORT 13
S%lgg Csl00
Buzzer/clock
| L1 I
SI01 cslo1hee ® Interrupt control <i> ro—
Sgkgg D licoo™ Fé'lfg DMANE
2ch Interrupt control
SCLOT =] o core = - 4ch K' "4 ]INTPO to INTP3
SDAOT ~— licot
RAM
] e
@ @ Window watchdog
<:> timer Low Speed
On-chip
@ ’—‘ oscillator
K > 12-bit interval timer j«———| 15 kHz
TOOLO On-chip debug K> - RESET
Clock Generator
+ .
BCD adjustment [ > Reset Generator 1"?:'200,\7,32
; 10-bit A/D converter <_9_JANI2, ANI3, ANI16 to ANI22
Multiplier & divider @ @ X1 X2EXCLK @ 11ch ANIO/AVRerP
multiply- ANI1/AVrerm
accumulator <':> .
Power-on High-Speed
reset/voltage on-chip oscillator
SCLAO detector 1 to 24 MHz
SDAAD ICAO K= i
‘ ‘ TOOL TOOL
Voo Vs b RxD
Note Provided only in the R5F102 products.
R0O1DS0193EJ0240 Rev.2.40
RENESAS Page 1107109
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RL78/G12

1. OUTLINE

1.6.2 24-pin products

TI00/TO00

TI0O1/TO01

TAUO (4ch)

ch01

TI02/TO02 ==

TIO3/TO03

RxDO
TxDO

SCKO00
SI00
S000

SCKO1
SI01
SO01

SCL00
SDAO00

SCLO1
SDAO1

ch03

I *
=3
=}
N

SAUO (2ch)
UARTO

Csl00

cslot™ee

lncoo™*®

lco1™e

i

Code flash: 16 KB
Data flash: 2 KB"*®

L1

RL78
CPU
core

Interrupt control

it

DMANU!E
2ch

it

RAM
1.5KB

it

g

e e
e
e fe
e
S
e Jom
ST
o
[ e

-

Interrupt control
4ch

K21

o= ]

P00 to P03

P10 to P14

P20 to P23

P40 to P42

P60, P61

P121, P122, 125

P137

PCLBUZO

KRO to KR9

INTPO to INTP3

<:> Window watchdog Low Speed
timer On-chip
oscillator
TooLo On-chip deb: — <:> 12-bit Interval timer 15 KHz
-chip debug K > [~— RESET
Clock Generator
+ .
BCD adjustment 0 l.—] Main OSC
Roset Generator Tto 20 MHz 10-bit <9 ANI2, ANI3, ANI16 to ANI22
Multiplier & Pt | AD converter ANIO/AVrere
diider/ X1 X2/EXCLK ch ANI1/AVRerm
multiply- P High-Speed
accumulator oer-on On-chi
1ICAO reset/voltage osc'lla\lgr
SCLAO detector !
SDAAO IICAO K> 1to T M?Z
Voo  Vss TOOLTOOL
TxD RxD
Note Provided only in the R5F102 products.
R01DS0193EJ0240 Rev.2.4
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RL78/G12

1. OUTLINE

1.6.3 30-pin products

TAU (8ch)
TI00 —~| cho
TO00 ~—
TIO1/TO01 =—1=~ ch1
TI02/TO02 ~—}» ch2
TIO3/TO03 =™ ch3 /\:>
(TI04/TO04) =~ ch4
(TI05/TO05) =—~| ch5
(TI06/TO06) ~—} | ch6é
(TI07/TO07) =~ ch7
SAUO (4ch)
RxD0 —
Do UARTO
%]
YD1 UART1
SCKO00
SI00 CsI00
S000 K
SCK11 ot
SI1 csihe
SO
o
SDAGD =] 11coo
cTihm
DA = Inc11
SAUO (2ch)
RxD2 —
TxD2 UART2
SCK20
SI20 CSI20 @
S020
SCL20 =—
SDA20 «| lic20
TOOLO On-chip debug K >
ey
Multiplier &
divider/
multiply- <':>
accumulator
SCLAO
SDAAO ICAD >

Code flash: 16 KB
Data flash: 2 KB

!

RL78
CPU
core

N Interruy|
pt control
N—/]

iz

DMANole
2ch

1L

RAM
2 KB

i

1t

{

[~— RESET
Clock Generator
y l._.] Main OSC

Reset Generator 110 20 MHz
@ @ X1 X2/EXCLK
Poer-on High-Speed

reset/voltage ozr(li-l(l:a:]tfr
detect
eeeer 1to 24 MHz
Voo  Vss  TOOL TOOL
TxD RxD

Note Provided only in the R5F102 products.

K_2"> poo, Pot

Port 0

Port 1 P10 to P17

Port 2 K 2> P20to P23

Port 3 K 2> P30, P31

Port 4 = P40

Port 5 K2 P50, P51

Port 6 K 2> P60, P61
. P120

Port12 K2 p121, P12

Port 13 ~—— P137

Port 14 - P147

Buzzer/clock

output control

2 PCLBUZ0, PCLBUZ1

Interrupt control

<II INTPO to INTP5

g0 g0 008000 TCTLLU

g

6ch
CRCND!E
Window watchdog Low Speed
timer On-chip
oscillator
12-bit Interval timer 15 KHz
. ANI2, ANI3
10-bit ’ ;
ANI16 to ANI19
A/D converter ANIO/AVrere
ANI1/AVRerm
VOLTAGE
REGULATOR REGC

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral /O Redirection Register (PIOR) in the RL78/G12
User’'s Manual.
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RL78/G12

1. OUTLINE

1.7 Outline of Functions

This outline describes the function at the time when Peripheral 1/O redirection register (PIOR) is set to 00H.

(1/2)

Item

20-pin 24-pin 30-pin

R5F1026x | R5F1036x R5F1027x ‘ R5F1037x R5F102Ax | R5F103Ax

Code flash memory

2t0 16 KB Nete! 4to 16 KB

Data flash memory

2 KB | - 2 KB ‘ - 2 KB | -

RAM

256 Bto 1.5 KB 512Bto 1.5 KB 512 B to 2KB

Address space

1MB

Main High-speed system
system clock
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode : 1 to 20 MHz (Voo = 2.7 to 5.5 V),

HS (High-speed main) mode : 1 to 16 MHz (Voo = 2.4 to 5.5 V),

LS (Low-speed main) mode : 1 to 8 MHz (Voo = 1.8 to 5.5 V)

High-speed on-chip
oscillator clock

HS (High-speed main) mode : 1 to 24 MHz (Voo = 2.7 to 5.5 V),
HS (High-speed main) mode : 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (Low-speed main) mode : 1 to 8 MHz (Voo = 1.8 to 5.5 V)

Low-speed on-chip oscillator clock

15 kHz (TYP)

General-purpose register

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.04167 ps (High-speed on-chip oscillator clock: fiH = 24 MHz operation)

0.05 ps (High-speed system clock: fux = 20 MHz operation)

Instruction set

e Data transfer (8/16 bits)
e Adder and subtractor/logical operation (8/16 bits)
e Multiplication (8 bits x 8 bits)

e Rotate, barrel shift, and bit manipulation (set, reset, test, and Boolean operation), etc.

I/O port | Total 18 22 26
CMOS I/0 12 16 21
(N-ch O.D. I/O (N-ch O.D. /O (N-ch O.D. /0
[Vop withstand voltage]: 4) [Voo withstand voltage]: 5) [Voo withstand voltage]: 9)
CMOS input 4 4 3
N-ch open-drain /O 2
(6 V tolerance)
Timer 16-bit timer 4 channels 8 channels
Watchdog timer 1 channel
12-bit Interval timer 1 channel
Timer output 4 channels 8 channels
(PWM outputs: 3 Nete3) (PWM outputs: 7 Netes 2.3
Notes 1. The self-programming function cannot be used in the R5F10266 and R5F10366.
2. The maximum number of channels when PIORO is set to 1.
3. The number of PWM outputs varies depending on the setting of channels in use (the number of masters and

slaves). (See 6.9.3 Operation as multiple PWM output function in the RL78/G12 User's Manual.)

Caution When the flash memory is rewritten via a user program, the code flash area and RAM area are used

because each library is used. When using the library, refer to RL78 Family Flash Self Programming
Library Type01 User's Manual and RL78 Family Data Flash Library Type04 User's Manual.
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RL78/G12 1. OUTLINE
(2/2
Item 20-pin 24-pin 30-pin
R5F1026x R5F1036x R5F1027x R5F1037x R5F102Ax R5F103Ax

Clock output/buzzer output 1

2.44 kHz to 10 MHz: (Peripheral hardware clock: fuan = 20 MHz operation)
8/10-bit resolution A/D converter 11 channels 8 channels
Serial interface [R5F1026x (20-pin), R5F1027x (24-pin)]

o Simplified SPI (CSI): 2 channels/Simplified I1°C: 2 channels/UART: 1 channel

[R5F102Ax (30-pin)]

e Simplified SPI (CSI): 1 channel/Simplified 12C: 1 channel/UART: 1 channel

e Simplified SPI (CSI): 1 channel/Simplified I12C: 1 channel/UART: 1 channel

e Simplified SPI (CSI): 1 channel/Simplified 12C: 1 channel/UART: 1 channel

[R5F1036x (20-pin), R5F1037x (24-pin)]

e Simplified SPI (CSI): 1 channel/Simplified 12C: 0 channel/UART: 1 channel

[R5F103Ax (30-pin)]

e Simplified SPI (CSI): 1 channel/Simplified 12C: 0 channel/UART: 1 channel

I2C bus 1 channel

Multiplier and divider/multiply- ® 16 bits x 16 bits = 32 bits (unsigned or signed)
accumulator e 32 bits x 32 bits = 32 bits (unsigned)

® 16 bits x 16 bits + 32 bits = 32 bits (unsigned or signed)
DMA controller 2 channels - 2 channels - 2 channels -
Vectored interrupt Internal 18 16 18 16 26 19
sources External 5
Key interrupt 6 10

Reset

e Reset by@ pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

e Internal reset by voltage detector

e Internal reset by illegal instruction execution Nt
o Internal reset by RAM parity error

o Internal reset by illegal-memory access

Power-on-reset circuit

e Power-on-reset: 1.51V (TYP)

e Power-down-reset: 1.50 V (TYP)

Voltage detector

e Rising edge : 1.88 t0 4.06 V (12 stages)
e Falling edge : 1.84 to 3.98 V (12 stages)

On-chip debug function

Provided

Power supply voltage

Voo =1.81t055V

Operating ambient temperature

Ta=—-40 to +85°C (A: Consumer applications, D: Industrial applications), Ta=—40 to +105°C

(G: Industrial applications)

Note

The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip debug

emulator.

RO1DS0193EJ0240 Rev.2.40
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2. ELECTRICAL SPECIFICATIONS (Ta =—40 to +85°C)

This chapter describes the following electrical specifications.
Target products A: Consumer applications Ta = -40 to +85°C
R5F102xxAxx, R5F103xxAXx
D: Industrial applications Ta = -40 to +85°C
R5F 102xxDxx, R5F103xxDxx
G: Industrial applications when Ta = -40 to +105°C products is used in the range of Ta = -40 to +85°C
R5F102xxGxx

Cautions 1. The RL78 microcontrollers 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. The pins mounted depend on the product. Refer to 2.1 Port Functions to 2.2.1 Functions for each
product in the RL78/G12 User’s Manual.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbols Conditions Ratings Unit
Supply Voltage Voo -0.5t0 +6.5 \Y
REGC terminal input | Vireac REGC -0.3to0 +2 v
voltage™**! and 0.3 to Voo + 0.3

Note 2
Input Voltage Vit Other than P60, P61 —0.3 to Vop + 0.3Note3 \%
Vi2 P60, P61 (N-ch open drain) -0.3t06.5 \%
Output Voltage Vo —0.3 to Vop + 0.3Note 3 \%
Analog input voltage | Vai 20-, 24-pin products: ANIO to ANI3, ANI16 to ANI22 -0.3to Voo + 0.3 \%
30-pin products: ANIO to ANI3, ANI16 to ANI19 and —0.3 to
AVREF(+)+0-3 Notes 3, 4
Output current, high loH1 Per pin Other than P20 to P23 -40 mA
Total of all pins All the terminals other than P20 to P23 -170 mA
20-, 24-pin products: P40 to P42 -70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to PO3Note 3, -100 mA
P10 to P14
30-pin products: P10 to P17, P30, P31,
P50, P51, P147
loH2 Per pin P20 to P23 -0.5 mA
Total of all pins -2 mA
Output current, low loL1 Per pin Other than P20 to P23 40 mA
Total of all pins All the terminals other than P20 to P23 170 mA
20-, 24-pin products: P40 to P42 70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to PO3Note 3, 100 mA
P10 to P14, P60, P61
30-pin products: P10 to P17, P30, P31,
P50, P51, P60, P61, P147
loL2 Per pin P20 to P23 1 mA
Total of all pins 5 mA
Operating ambient Ta —40 to +85 °C
temperature
Storage temperature | Tsyg —65 to +150 °C

Notes 1. 30-pin product only.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 pyF). This value determines the absolute maximum
rating of the REGC pin. Do not use it with voltage applied.
3. Must be 6.5V or lower.
4. Do not exceed AVRer(+) + 0.3 V in case of A/D conversion target pin.
5. 24-pin products only.
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.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. AVRer(+) : + side reference voltage of the A/D converter.
3. Vss : Reference voltage

RO1DS0193EJ0240 Rev.2.40 R NS Page 17 of 109
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1 oscillator characteristics

(TA=-40to +85°C,1.8V=<Vbop<VboD<5.5V, Vss =0 V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator / 27V=<Vopb<55V 1.0 20.0 MHz
Note H
frequency (fx) crystal oscillator 18V <Vop<27V 10 8.0

Note Indicates only permissible oscillator frequency ranges.

Refer to AC Characteristics for instruction execution

time. Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the

oscillator characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the
X1 clock oscillation stabilization time using the oscillation stabilization time counter status register

(OSTC) by the user. Determine the oscillation stabilization time of the OSTC register and the

oscillation stabilization time select register (OSTS) after sufficiently evaluating the oscillation

stabilization time with the resonator to be used.

Remark When using the X1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/G12 User's Manual.

2.2.2 On-chip oscillator characteristics

(TA=-40to +85°C,1.8V=<Vbp 5.5V, Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fix 1 24 MHz
clock frequency Netes 1.2
High-speed on-chip oscillator R5F102 products Ta=-20 to +85°C -1.0 +1.0 %
clock frequency accuracy Ta = —40 to —20°C 15 +15 %

R5F103 products -5.0 +5.0 %
Low-speed on-chip oscillator | fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H) and bits 0 to 2 of
HOCODIV register.
2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to +85°C,1.8V<Vbp <5.5V,Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, highNo* 1 | Jon 20-, 24-pin products: -10.0 mA
Per pin for P00 to PO3Nete 4, Note 2

P10 to P14, P40 to P42

30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

20-, 24-pin products: 40V<Vop<55V -30.0 mA
Total of P40 to P42

27V<Vop<40V —6.0 mA
1.8V=Vop<27V -4.5 mA

30-pin products:
Total of P00, P01, P40, P120
(When duty < 70% Note 2)

20-, 24-pin products: 40V<Vop<s55V -80.0 mA
Total of POO to PO3N°te4 P10 to P14

27V<Vopb<40V -18.0 mA

30-pin products: 18V<Vop <27V 2100 | mA

Total of P10 to P17, P30, P31,

P50, P51, P147

(When duty < 70% Nte3)

Total of all pins (When duty < 70%N°¢ %) -100 mA
loHz2 Per pin for P20 to P23 -0.1 mA

Total of all pins -0.4 mA

Notes 1. value of current at which the device operation is guaranteed even if the current flows from the Vop pin to an

output pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e 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.

4. 24-pin products only.

Caution P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41 for 24-pin products, and P00, P10
to P15, P17, and P50 for 30-pin products 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/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(TA=-40to +85°C,1.8V<Vbp 5.5V, Vss=0V) (2/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, lowNete! | |or1 20-, 24-pin products: 20.0 mA
Per pin for POO to PO3Note4, Note 2

P10 to P14, P40 to P42

30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

Per pin for P60, P61 15.0 mA
Note 2

20-, 24-pin products: 40V<Vop<s55V 60.0 mA

Total of P40 to P42 27V <Vop<4.0V 9.0 mA

30-pin products: 18V <Vop <27V 18 | mA

Total of P00, P01, P40, P120

(When duty < 70% Note 3)

20-, 24-pin products: 40V<Vop<55V 80.0 mA

Total of P00 to PO3"***, 27V<Von<4.0V 270 | mA

P10 to P14, P60, P61

1.8V<Vop<27V 5.4 mA

30-pin products:

Total of P10 to P17, P30, P31, P50,

P51, P60, P61, P147

(When duty < 70% Note 3)

Total of all pins (When duty < 70%N°te 3) 140 mA
loL2 Per pin for P20 to P23 0.4 mA

Total of all pins 1.6 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to

the Vss pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e 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.

4. 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(Ta=—40 to +85°C, 1.8 V< Vop 5.5V, Vss =0 V) (3/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 Normal input buffer 0.8Vop Voo \%
20-, 24-pin products: P00 to PO3N°*2 P10 to P14,
P40 to P42
30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147
Vin2 TTL input buffer 40V<Vop<s55V 2.2 Vob
20-, 24-pin products: P10, P11 3.3V <Vop<4.0V 2.0 Vop
30-pin products: P01, P10, 1.8V<Vop<33V 1.5 Voo v
P11, P13 to P17
ViH3 P20 to P23 0.7Voo Vop \%
Vin4 P60, P61 0.7Vop 6.0 \Y
ViHs P121, P122, P125Nt1 P137, EXCLK, RESET 0.8Vop Vop Y
Input voltage, low Vit Normal input buffer 0 0.2Voo \%
20-, 24-pin products: P00 to PO3N°*2 P10 to P14,
P40 to P42
30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147
Vi TTL input buffer 40V<Vops55V 0 0.8
20-, 24-pin products: P10, P11 3.3V <Vop <4.0 V 0 0.5
30-pin products: P01, P10, 1.8V<Vop<33V 0 0.32 Y
P11, P13to P17
Vi P20 to P23 0 0.3Vop \%
ViLa P60, P61 0 0.3Vop \
Vis P121, P122, P125Net1 P137, EXCLK, RESET 0 0.2Voo Y
Output voltage, high VoH1 20-, 24-pin products: 40V<Voo<55V, | Voo—1.5 \%
P00 to PO3N°te2, P10 to P14, | low1 =—10.0 mA
P40 to P42 40V<Voo<55V, | Voo0.7 v
30-pin products: loHt =-3.0 mA
P00, POT, P10t P17, P30, | 5 7\ <o <55V, | Voo0.6 v
P31, P40, P50, P51, P120, lon1 = —2.0 MA
P147
1.8V<Vop<55V, | Voo-0.5 \Y
lon1 =—-1.5 mA
Vor2 P20 to P23 loHz = -100 pA Voo—0.5 \Y

Notes 1. 20, 24-pin products only.
2. 24-pin products only.

Caution The maximum value of Vin of pins P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41
for 24-pin products, and P00, P10 to P15, P17, and P50 for 30-pin products is Vob even in N-ch open-
drain mode.

High level is not output in the 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/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)
(TA=—-40to +85°C, 1.8 V<Vop £ 5.5V, Vss = 0 V) (4/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vo1 20-, 24-pin products: 40V<Vop<55V, 1.3 \%
P00 to PO3N°te, P10 to P14, | lo1 = 20.0 mA
P40 to P42 40V<Voo <55V, 07 v
30-pin products: P00, P01, loL1 = 8.5 mA
P10 to P17, P30, P31, P40, 27V<Voo <55V, 06 Vv
P50, P51, P120, P147 lor = 3.0 MA
27V<Vop<55YV, 0.4 \Y
lot1 = 1.5 mA
1.8V<Vop<55V, 0.4 Y
loL1 = 0.6 mA
VoL2 P20 to P23 loz = 400 pA 0.4
Vois P60, P61 40V<Vop<55YV, 2.0
lot1 = 15.0 mA
40V<Vop<55YV, 0.4 \Y
lot1 = 5.0 mA
27V<Vop<55YV, 0.4 \Y
lot1 = 3.0 mA
1.8V<Vop<55V, 0.4 \Y
loL1 = 2.0 mA
Input leakage current, ILimt Other than P121, | Vi=Vop 1 MA
high P122
ILiH2 P121, P122 Vi = Voo | Input port or external 1 MA
(X1, X2/EXCLK) clock input
When resonator 10 MA
connected
Input leakage current, IiLt Other than P121, [ Vi=Vss -1 MA
low P122
Iuie2 P121, P122 Vi = Vss | Input port or external -1 MA
(X1, X2/EXCLK) clock input
When resonator -10 pA
connected
On-chip pull-up Ru 20-, 24-pin products: Vi = Vss, input port 10 20 100 kQ
resistance P00 to PO3N°te, P10 to P14,
P40 to P42, P125, RESET
30-pin products: P00, P01,
P10 to P17, P30, P31, P40,
P50, P51, P120, P147

Note 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.3.2 Supply current characteristics

(1) 20-, 24-pin products

Ta =—40 to +85°C, 1.8 VSVbop £ 5.5V, Vss =0 V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply Iop1 Operating | HS(High-speed | fi1 =24 MHZV**® | Basic Voo =5.0V 1.5 mA
currentNete ! mode main) mode™e4 operation |\, =3 gy 15
Normal Vob =5.0V 3.3 5.0 mA
operation | v/ = 3.0'v 33 | 50
fin = 16 MHZNote3 Vob=5.0V 2.5 3.7 mA
Voo =3.0V 2.5 3.7
LS(Low-speed | fin =8 MHZN®3 Voo =3.0V 1.2 1.8 mA
main) mode'*** Voo =2.0V 12 | 18
HS(High-speed | fiix = 20 MHzV***2, Square wave input 2.8 4.4 mA
main) mode"*** | Voo =5.0V Resonator connection 3.0 4.6
fux = 20 MHZNete2, Square wave input 2.8 4.4 mA
Voo =3.0V Resonator connection 3.0 46
fux = 10 MHZNete2, Square wave input 1.8 2.6 mA
Voo =5.0V Resonator connection 1.8 2.6
fx = 10 MHzNe*2, Square wave input 1.8 2.6 mA
Voo =3.0V Resonator connection 1.8 2.6
LS(Low-speed | fux = 8 MHz"***2, Square wave input 1.1 1.7 mA
main) mode"*** | Voo =3.0V Resonator connection 1.1 1.7
fux = 8 MHZNote2, Square wave input 1.1 1.7 mA
Voo =20V Resonator connection 1.1 1.7
Notes 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. When high-speed on-chip oscillator clock is stopped.
3.  When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Vob =2.7 V10 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz
LS (Low speed main) mode: Vop=1.8V 1055V @1 MHz to 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)

2. fiv: high-speed on-chip oscillator clock frequency

3. Temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(1) 20-, 24-pin products

(Ta=-40to +85°C,1.8V<Vop<5.5V,Vss=0V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply lop2Note 2 |HALT HS (High-speed | fin = 24 MHZzNote4 Voo =5.0V 440 1210 MA
current Nete ! mode main) modeN°te ¢ Vob = 3.0 V 440 1210
fin = 16 MHZzNote 4 Voo =5.0V 400 950 pA
Voo =3.0V 400 950
LS (Low-speed | fih = 8 MHzNote4 Vop =3.0V 270 542 pA
main) mode***® Voo =2.0V 270 | 542
HS (High-speed | fux = 20 MHzNote 3, Square wave input 280 1000 uA
main) mode"** | Voo = 5.0 V Resonator connection 450 1170
fux = 20 MHZzNote 3, Square wave input 280 1000 WA
Voo =3.0V Resonator connection 450 1170
fux = 10 MHZzNete 3, Square wave input 190 590 WA
Voo =5.0V Resonator connection 260 660
fux = 10 MHzNete 3, Square wave input 190 590 WA
Voo =3.0V Resonator connection 260 660
LS (Low-speed | fux = 8 MHzNo 3, Square wave input 110 360 uA
main) mode"**® | Voo = 3.0V Resonator connection 150 416
fux = 8 MHzN 3, Square wave input 110 360 WA
Voo =2.0V Resonator connection 150 416
IppsNete 5 | STOP Ta=-40°C 0.19 0.50 MA
mode | 1, = +25°C 024 | 050
Ta=+50°C 0.32 0.80
Ta=+70°C 0.48 1.20
Ta=+85°C 0.74 2.20
Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. During HALT instruction execution by flash memory.
3.  When high-speed on-chip oscillator clock is stopped.
4. When high-speed system clock is stopped.
5. Not including the current flowing into the 12-bit interval timer and watchdog timer.
6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo = 2.7 V t0 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz
LS (Low speed main) mode: Voo =1.8Vt0o55V @1 MHz to 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Except temperature condition of the TYP. value is Ta = 25°C, other than STOP mode
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)
(2) 30-pin products
(Ta=—40 to +85°C, 1.8 V<Vop 5.5V, Vss =0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. [ MAX. Unit
Supply Iop1 Operating | HS (High-speed | fin = 24 MHZN*® | Basic Vop =5.0 V 1.5 mA
currentNote ! mode main) mode™*e4 operation | v/, = 3 oy 15
Normal | Voo =5.0V 3.7 5.5 mA
operation | v/ = 3.0 v 37 | 55
fin = 16 MHZNete3 Voo =5.0V 2.7 4.0 mA
Voo =3.0V 2.7 4.0
LS (Low-speed | fin =8 MHZ\*3 Vop=3.0V 1.2 1.8 mA
main) mode = Voo =2.0V 12 | 18
HS (High-speed | fux = 20 MHzN*?, Square wave input 3.0 4.6 mA
main) mode"*** | Voo =5.0 V Resonator connection 3.2 4.8
fx = 20 MHZNee2, Square wave input 3.0 4.6 mA
V=30V Resonator connection 3.2 4.8
fx = 10 MHZNe%2, Square wave input 1.9 2.7 mA
Vo =50V Resonator connection 1.9 2.7
fx = 10 MHZNe%e2, Square wave input 1.9 2.7 mA
Voo =30V Resonator connection 1.9 2.7
LS (Low-speed | fux = 8 MHZV*2, Square wave input 1.1 1.7 mA
main) mode"*** | Voo =3.0V Resonator connection 1.1 1.7
fux = 8 MHzNete2, Square wave input 1.1 1.7 mA
Voo =20V Resonator connection 1.1 1.7
Notes 1. Total current flowing into Vbb, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, 1/0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2.  When high-speed on-chip oscillator clock is stopped.
3.  When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo =2.7 V t0 5.5V @1 MHz to 24 MHz
Vob=24Vto55V @1 MHzto 16 MHz
LS (Low speed main) mode: Vob =1.8Vt05.5V @1 MHz to 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(2) 30-pin products

(Ta=—-40 to +85°C,1.8V<Vop £5.5V,Vss=0V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply lop2Not 2 |HALT HS (High-speed | fin = 24 MHZzNote4 Voo =5.0V 440 1280 MA
currentNote ! mode main) mode "% Vob = 3.0 V 440 1280
fin = 16 MHZNote 4 Voo =5.0V 400 1000 PA
Voo =3.0V 400 1000
LS (Low-speed | fiH = 8 MHzNote4 Vop =3.0V 260 530 pA
main) mode*e® Voo =2.0V 260 | 530
HS (High-speed | fux = 20 MHzNote 3, Square wave input 280 1000 uA
main) mode*¢ | Voo = 5.0 V Resonator connection 450 1170
fux = 20 MHzNot 3, Square wave input 280 1000 WA
Voo =3.0V Resonator connection 450 1170
fux = 10 MHZzNete 3, Square wave input 190 600 WA
Voo =5.0V Resonator connection 260 670
fux = 10 MHZzNete 3, Square wave input 190 600 uA
Voo =3.0V Resonator connection 260 670
LS (Low-speed | fux = 8 MHzNote3, Square wave input 95 330 uA
main) mode"**® | Voo = 3.0 V Resonator connection 145 380
fux = 8 MHz Note 3, Square wave input 95 330 WA
Voo =20V Resonator connection 145 380
IppsNete 5 | STOP Ta=-40°C 0.18 0.50 MA
mode | 1, = +25°C 023 | 050
Ta=+50°C 0.30 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

During HALT instruction execution by flash memory.

When high-speed on-chip oscillator clock is stopped.

When high-speed system clock is stopped.

Not including the current flowing into the 12-bit interval timer and watchdog timer.

AN

Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo =2.7 V t0 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz
LS (Low speed main) mode: Voo =1.8Vt0o55V @1 MHz to 8 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(3) Peripheral functions (Common to all products)
(TA=-40to +85°C,1.8V<Vpp<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed [y Nete 1 0.20 PA
onchip oscillator
operating current
12-bit interval ITvkA 0.02 UA
timer operating | Notes1.2.3
current
Watchdog timer | lwot fi =15 kHz 0.22 MA
operating current | Notes1.2.4
A/D converter lapcNetes 1.5 | When conversion at | Normal mode, AVrerp = Vop = 5.0 V 1.30 1.70 mA
operating current maximum speed Low voltage mode, AVrerp = Voo = 3.0 V 050 | 070 | mA
A/D converter |aprer Note 1 75.0 uA
reference voltage
operating current
Temperature ITmps Note 1 75.0 uA
sensor operating
current
LVD operating ILyp Netes 1.6 0.08 MA
current
Self- [psp Notes 1,8 2.00 12.20 mA
programming
operating current
BGO operating lgo Notes 1.7 2.00 12.20 mA
current
SNOOZE Isnoz Nete 1 ADC operation The mode is performed Note? 0.50 0.60 mA
operating current The A/D conversion operations are 1.20 1.44 mA

performed, Low voltage mode,
AVrerp = Voo = 3.0V
Simplified SPI (CSI)/UART operation 0.70 0.84 mA

Notes 1.
2.
3.

Remarks 1. fi:

Current flowing to the Voo.

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

Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator). The current value of the RL78 microcontrollers is the sum of Iop1, Ibp2 or lops, and IFiL and Itmka when
the 12-bit interval timer operates.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of lob1, Iop2 or Ipps and IwoT when the watchdog timer
operates.

Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of Ibb1 or
Iob2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Ibp1, lbb2 or
Iops and ILvp when the LVD circuit operates.

Current flowing only during data flash rewrite.

Current flowing only during self programming.

For shift time to the SNOOZE mode, see 17.3.3 SNOOZE mode in the RL78/G12 User’s Manual.

Low-speed on-chip oscillator clock frequency
2. Temperature condition of the TYP. value is Ta = 25°C
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.4 AC Characteristics
(TA=-40to +85°C,1.8V<Vbp<5.5V,Vss=0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system HS (High- 2.7V <Vopbs55V 0.04167 1 us
instruction execution time) clock (fvAIN) speed main) 24V <Vop<2.7V 0.0625 1 us
operation mode
LS (Low- 1.8V=<Vop=s55V 0.125 1 us
speed main)
mode
During self HS (High- 27V <Vop<55V 0.04167 1 us
programming | speed main) | 5 4y <vpp <27V | 0.0625 1 us
mode
LS (Low- 1.8V=<Vop<55V 0.125 1 us
speed main)
mode
External main system clock | fex 27V <sVopsb5V 1.0 20.0 MHz
frequency 24V<Vop<27V 1.0 16.0 | MHz
1.8V<sVmm<24V 1.0 8.0 MHz
External main system clock | texw, texe | 2.7V <Vop<5.5V 24 ns
input high-level width, low- 24V £Von< 27V 30 ns
level width
1.8V<Vp<24V 60 ns
TIOO to TIO7 input high-level | tmm, tr 1/fmck + ns
width, low-level width 10
TOO00 to TOO7 output fro 40V<sVopb=s55V 12 MHz
frequency 27V<Von<4.0V 8 MHz
1.8V<sVp<27V 4 MHz
PCLBUZ0, or PCLBUZ1 frcL 40V=sVopb=s55V 16 MHz
output frequency 27V<Von<4.0V 8 MHz
1.8V=sVop<27V 4 MHz
INTPO to INTP5 input high- | tinth, tinte 1 us
level width, low-level width
KRO to KR9 input available tr 250 ns
width
RESET low-level width tRsL 10 us

Remark fumck: Timer array unit operation clock frequency
(Operation clock to be set by the timer clock select register 0 (TPS0) and the CKSOn bit of timer mode
register On (TMRON). n: Channel number (n = 0 to 7))

RO1DS0193EJ0240 Rev.2.40 R nS Page 28 of 109
Mar 29, 2024 ENES



RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10
10 —————————
(2]
= — When the high-speed on-chip oscillator clock is selected
8 i ——~ During self programming
® ] —-—- When high-speed system clock is selected
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

AC Timing Test Point

Viv/VoH Viv/VoH
Test point:
>< Vi/Vor > estpoints < Vi/VoL

External Main System Clock Timing

1/fex

texc | texH
EXCLK \ J}
N\ N
|

TI/TO Timing

- 7L trin

TIOO to TIO7

Interrupt Request Input Timing

tiNTL
INTPO to INTPS \

Key Interrupt Input Timing

tiNTH

— N
—__
N

tkr

KRO to KR9

RESET Input Timing

RESET

T
/T

RO1DS0193EJ0240 Rev.2.40 R NS Page 30 of 109
Mar 29, 2024 ENES



RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Point

2.5.1 Serial array unit

ViH/Von
Vi/Vou

> Test points <

ViH/VoH
Vi/Vou

X

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

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
Transfer rate fmck/6 fvmck/6 bps
Note Theoretical value of the maximum transfer rate 4.0 1.3 Mbps
fork = fuckNote 2

Notes 1.
2.

Caution

Transfer rate in the SNOOZE mode is 4800 bps only.
The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:

HS (high-speed main) mode: 24 MHz (2.7 V < Vob< 5.5 V)
16 MHz (2.4 V <Vop<5.5V)

LS (low-speed main) mode: 8 MHz (1.8 V<Vbp<5.5V)

Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by

using port input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

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

RL78

microcontroller

TxDq Rx

RxDq Tx

User's device

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

N

Remarks 1

2,

. q: UART number (q = 0 to 2), g: PIM, POM number (g = 0, 1)

fuck: Serial array unit operation clock frequency

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial

mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(2) During communication at same potential (simplified SPI (CSI) mode) (master mode, SCKO00... internal clock
output, corresponding CSI00 only)
(Ta=-40to +85°C, 2.7V <Vop £5.5V,Vss=0V)

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

SCKOO cycle time tkeyt tkevt = 2/fork 83.3 250 ns
SCKO00 high-/low- tkH1, 40V<Vop<55V tkey1/2—-7 tkey1/2-50 ns
level width s 27V<Vop<55V tkov1/2-10 tkoy1/2-50 ns
SI00 setup time tsik1 40V<Vops55V 23 110 ns
(to SCKOOT)" et 27V<Von<55V 33 110 ns
SI00 hold time tksi1 10 10 ns
(from SCK001) Nete2
Delay time from tkso1 C =20 pF Note4 10 10 ns
SCKO00| to SO00
Output Note 3

Notes 1. When DAP00 = 0 and CKP0OO = 0, or DAP00 = 1 and CKP00 = 1. The SI00 setup time becomes “to
SCKO00|” when DAP0OO = 0 and CKPO0O = 1, or DAP0O0 = 1 and CKPO0O0 = 0.
2. When DAPOO = 0 and CKP0OO = 0, or DAP0OO = 1 and CKPOO = 1. The SIO0 hold time becomes “from
SCK00}” when DAP00 = 0 and CKPO0O0 = 1, or DAPQO0 = 1 and CKPO0O0 = 0.
3. When DAPQOO = 0 and CKPOO = 0, or DAP00 = 1 and CKPO0O0 = 1. The delay time to SO00 output becomes
“from SCK001” when DAPOO = 0 and CKP0O = 1, or DAP00 = 1 and CKP0O0 = 0.
4. C s the load capacitance of the SCK00 and SO00 output lines.

Caution Select the normal input buffer for the SI00 pin and the normal output mode for the SO00 and SCKO00
pins by using port input mode register 1 (PIM1) and port output mode register 1 (POM1).

Remarks 1. This specification is valid only when CSI00’s peripheral 1/0O redirect function is not used.
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register 0 (SPS0) and the CKSO00 bit of serial mode
register 00 (SMR00).)
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(3) During communication at same potential (simplified SPI (CSI) mode) (master mode, SCKp... internal clock

output)
(Ta=-40to +85°C, 1.8 V<Vop 5.5V, Vss =0 V)
Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.

SCKp cycle time tkeyt tkevt 2 4ffek | 27V <Vop<55V 167 500 ns
24V <Vops55V 250 500 ns
1.8V<Vops55V - 500 ns

SCKp high-/low-level width tre, 40V<sVop<55V tkev1/2—12 tkev1/2-50 ns

KL 27V<Vop<55V tkey1/2—-18 tkey1/2-50 ns
24V <Vops55V tkey1/2—-38 tkey1/2-50 ns
1.8V<Vop<s55V - tkey1/2-50 ns

Slp setup time (to SCKp1) tsik1 40V<Vop<55V 44 110 ns

ree! 27V <Voos55V 44 110 ns

24V <Vop<55V 75 110 ns
1.8V<Vp<55V - 110 ns

Slp hold time tksi1 19 19 ns

(from SCKpt) Note 2

Delay time from SCKp| to tkso1 C =30 pF Note4 25 25 ns

SOp output Nete 3

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKp|” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmMn = 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 SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Sip pin and the normal output mode for the SOp and SCKp pins
by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POMO0, POM1,
POM4).

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3: “1, 3" is
only for the R5F102 products)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3: “1, 3" is only for the
R5F102 products.))
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(4) During communication at same potential (simplified SPI (CSI) mode) (slave mode, SCKp... external clock

input)

(Ta=-40to +85°C,1.8V=sVop 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed main) Unit
main) Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time N°te5 | tkcy2 4.0V<Vop<55V | 20 MHz < fuck 8/fmck - ns
fuek < 20 MHz 6/fmck 6/fmek ns
27V<Vop<55V | 16 MHz < fuck 8/fmek — ns
fuek < 16 MHz 6/fmck 6/fmek ns
24V <Vopb<55V 6/fmek 6/fmck ns
and 500 and 500
1.8V<Vopbs55V - 6/fmek ns
and 750
SCKp high-/low-level | tkhz, 40V<Vop<55V tkeva/2—7 tkeva/2—7 ns
width tkL2 27V <Vops55V tkev2/2—-8 tkcy2/2—-8 ns
24V <Vopbs55V tkey2/2—18 tkey2/2—-18 ns
1.8V<Vop<55V - tkev2/2-18 ns
Slp setup time tsik2 27V<Vopb<55V 1/fmek + 20 1/fmck + 30 ns
(to SCKpt) et 24V<Voo <55V 1ffck + 30 1/fuck + 30 ns
1.8V<Vops55V - 1/fmeck + 30 ns
Slp hold time tksiz 1/fmek + 31 1/fmek + 31 ns
(from SCKpt) Note2
Delay time from tksoz C = 30 pF Note4 27V<Vop<55V 2ffiick + 2ffiick + ns
SCKp| to 44 110
SOp output "' 24V <Von <55V 2k + M+ | ns
75 110
1.8V<Vopbs55V - 2ffumek + ns
110

Notes 1.

SCKp|” 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.

becomes “from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SOp output lines.
5. Transfer rate in the SNOOZE mode: MAX. 1 Mbps.

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

The delay time to SOp output

Caution

Select the normal input buffer for the Slp and SCKp pins and the normal output mode for the SOp pin
by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POM0, POM1,
POM4).
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Simplified SPI (CSI) mode connection diagram (during communication at same potential)

SCK SCK
_RL78 Slp SO User's device
microcontroller

SOp Sl

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

tkev1.2

tkL1,2 tKkH1, 2

SCKp \

-

tsik1, 2 tksi,2 |

Slp Input data

]

tkso1, 2

SOp ; Output data ><

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

tkev1, 2

tkH1, 2

o 4/—{

tsik1, 2 tksit, 2

|
Slp Input data

tkso1,2

SOp Output data ><

(Remarks are listed on the next page.)

tkut,2
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

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

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

SCLr clock frequency fscL 1.8V <Vbp<55YV, 400 Note ! kHz
Cb =100 pF, Ro = 3 kQ

1.8V <Vop<27V, 300 Note! kHz
Cb =100 pF, Ro = 5 kQ

Hold time when SCLr = “L” trow 1.8V<Vop=s55V, 1150 ns
Cb =100 pF, Ro = 3 kQ

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

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

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

Data setup time (reception) tsu:paT 1.8V <Vop<55Y, 1/fuck + 145 Note2 ns
Cb =100 pF, Ro = 3 kQ

1.8V <Vmp<27V, 1/fmck + 230 Note2 ns
Cb =100 pF, Ro = 5 kQ

Data hold time (transmission) tHD:DAT 1.8V<Vops55YV, 0 355 ns
Cb =100 pF, Ro = 3 kQ

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

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

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

(Remarks are listed on the next page.)
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

Vob

% Rb
SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

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

1/fscL

tLow tHiGH

SCLr \ /
\ i
L |
SDAr

tHD:DAT tsu:DAT

Remarks 1. Ro [Q]:Communication line (SDAr) pull-up resistance
Cb [F]: Communication line (SCLr, SDAr) load capacitance
2. r: lIC number (r = 00, 01, 11, 20), h: = POM number (h =0, 1, 4, 5)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial
mode register mn (SMRmn). m: Unit number (m = 0, 1), n: Channel number (0, 1, 3))
4. Simplified I2C mode is supported only by the R5F102 products.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode)
(Ta=-40to +85°C, 1.8V <Vop 5.5V, Vss=0V)

Parameter | Symbol Conditions HS (high-speed | LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
Transfer Reception 40V<Vop<55YV, fmck/6 fmck/6 bps
rate Note 27V<Vb<4.0V Note1 Note1
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuck = foukNoted
27V<Vop<4.0V, fmek/6 fmek/6 bps
23V<Vb<27V Note1 Note1
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuck = foukNoted
1.8V<Vop<33V, fmek/6 fmek/6 bps
16V<Vo<20V Notes1, 2 Notes1, 2
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuck = foukNoted
Transmission | 4.0V <Vopb<55V, Note4 Note4 bps
27V<Vb<4.0V
Theoretical value of the maximum 2.8 2.8 Mbps
transfer rate Note5 Note5
Co=50pF,Ro=14kQ,Vb=27V
27V<Vop<4.0V, Note6 Note6 bps
23V<Ve<27V,
Theoretical value of the maximum 1.2 1.2 Mbps
transfer rate Note7 Note7
Cb=50pF,Ro=2.7kQ, Vb =23V
1.8V<Vop<33YV, Notes Notes bps
16VsVe<20V 2,8 2,8
Theoretical value of the maximum 0.43 0.43 Mbps
transfer rate Note9 Note9

Co=50pF, Ro=55kQ,Vb=16V

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.

2. Use it with Vop = Vb.

3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vbp<5.5V)

16 MHz (2.4 V < Vop<5.5V)

LS (low-speed main) mode: 8 MHz (1.8 V<Vop<5.5V)

4. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid
maximum transfer rate.
Expression for calculating the transfer rate when 4.0V <Vob<55Vand2.7V<Vb<40V

1
Maximum transfer rate = [bps]

{~Cobx RoxIn (1- %/bZ N x3

1 2.2
Transfer rate x 2 — {=Cbx RoxIn (1~ V )}

SN
( Transfer rate

Baud rate error (theoretical value) = x 100 [%]

) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

5. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 4 above to calculate the maximum transfer rate under conditions of the customer.

6. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.7 V<Vbob<4.0Vand 23V <Vp <27V

1
Maximum transfer rate = [bps]

{~Cbx Rox In (1 —%)} x3

1 2.0
Transfer rate x 2 — {=Cox RoxIn (1 - V )}

Baud rate error (theoretical value) =

1 x 100 [%]
(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.

7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.

8. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 1.8 V<Vop <3.3V,16V<Vb<20V

1
Maximum transfer rate = [bps]

{~Cobx Rox In (1- 1\/5 % x3

1 1.5
Transfer rate x 2 — {=CoxRox1In (1~ Vb )}

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.

9. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 8 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vob tolerance) mode for
the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg).
For ViH and Vi, see the DC characteristics with TTL input buffer selected.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

UART mode connection diagram (during communication at different potential)

Vb

% Ro
TxDq Rx
RL78

. User's device
microcontroller

RxDq Tx

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

1/Transfer rate

Low-bit width
High-bit width

Baud rate error tolerance

\
TxDq )g /

\ /!

S

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq

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

2. g: UART number (q = 0 to 2), g: PIM and POM number (g =0, 1)
3. fuck: Serial array unit operation clock frequency

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

4. UARTO of the 20- and 24-pin products supports communication at different potential only when the
peripheral I/O redirection function is not used.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(7) Communication at different potential (2.5 V, 3 V) (simplified SPI (CSI) mode) (master mode, SCKO00... internal
clock output, corresponding CSI00 only)
(Ta=-40 to +85°C,2.7V<Vbp<5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
SCKOO cycle time tkev1 tkev1 2 2/fcLk 40V<Vop<55YV, 200 1150 ns
27V<=Ve<40V,
Cb =20 pF, Ro = 1.4 kQ
27V<Vopb<40V, 300 1150 ns
23V<SVp<27V,
Cb = 20 pF, Ro = 2.7 kQ
SCKOO high-level width tKkH1 40V<Vop<55V,27V=Ve<40V, tkev1/2 — tkev1/2 — ns
Cb = 20 pF, Ro = 1.4 kQ S0 50
27V<Vop<40V,23V=Vpe<27V, tkev1/2 — tkev1/2 — ns
Cb = 20 pF, Ro = 2.7 kQ 120 120
SCKOO low-level width tKLt 40V<sVops55V,27V=sVpb<40V, tkevt/2 — tkey1/2 — ns
Cb =20 pF, Ro = 1.4 kQ 7 50
27V<=Vop<40V,23V=sVpe<27V, tkev1/2 — tkey1/2 — ns
Cb = 20 pF, Rs = 2.7 kQ 10 50
SI00 setup time tsik1 40V<Vop<55V,27V=sVb<40V, 58 479 ns
(to SCKOO?)Mete? Cb =20 pF, Ro = 1.4 kQ
27V<Vop<40V,23VVp<27YV, 121 479 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 hold time tksi1 40V<sVops55V,27V=Ve<40V, 10 10 ns
(from SCKOO?) Mete? Cb =20 pF, Ro = 1.4 kQ
27V<=Vop<40V,23V=sVpb<27V, 10 10 ns
Cb = 20 pF, Ro = 2.7 kQ
Delay time from SCK00| tkso1 40V<Vop<55V,27V=<Vp<4.0V, 60 60 ns
to SO00 output Note ! Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<40V,23V=sVpe<s27V, 130 130 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 setup time tsik1 40V<Vop<55V,27V=Ve<40V, 23 110 ns
(to SCKO0|)"ete Cb =20 pF, Ro = 1.4 kQ
27V<Vop<40V,23V=Vpe<27V, 33 110 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 hold time tksi1 40V<sVops55V,27V=sVpb<s40V, 10 10 ns
(from SCKO0 ) Nete 2 Cb = 20 pF, Ro = 1.4 kQ
27V<=sVop<40V,23VsVpb<s27V, 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
Delay time from SCK00% tkso1 40V<Vop55V,27V=<Vb<4.0V, 10 10 ns
to SO00 output Note 2 Cb = 20 pF, Ro = 1.4 kQ
27V<=Vop<40V,23V=sVpe<s27V, 10 10 ns
Cb = 20 pF, Ro = 2.7 kQ

(Notes, Caution, and Remarks are listed on the next page.)
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Notes 1.
2.

Caution

Remarks

When DAPOO = 0 and CKPO0O = 0, or DAP00 = 1 and CKP0O0 =1
When DAP00 = 0 and CKP0O0 = 1, or DAP00 = 1 and CKP0O = 0.

Select the TTL input buffer for the SI00 pin and the N-ch open drain output (Voo tolerance) mode for
the SO00 pin and SCKO00 pin by using port input mode register 1 (PIM1) and port output mode
register 1 (POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.

1. Ro [Q]:Communication line (SCK00, SO00) pull-up resistance, Cb [F]: Communication line (SCK00, SO00)
load capacitance, Vb [V]: Communication line voltage

2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register 0 (SPS0) and the CKSO00 bit of serial mode
register 00 (SMRO00).)
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified SPI (CSl) mode) (master mode, SCKp...
internal clock output) (1/3)

(Ta=-40 to +85°C,1.8V=Vpop<Vbop=5.5V,Vss =0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
Mode Mode
MIN. MAX. MIN. MAX.
SCKop cycle time tkev1 tkeyt 2 4ffck | 4.0V <Vop<55V, 300 1150 ns
27V<Vb<4.0V,
Co=30 pF, Ro=1.4kQ
27V<Von<4.0V, 500 1150 ns
23VsVb<27V,
Cb =30 pF, Ro=2.7kQ
1.8V <Vopo<33V, 1150 1150 ns
1.6V <Vb<2.0V Note,
Cbo =30 pF, Ro=5.5kQ
SCKp high-level width | tkus 40V<Vp<55V,27V<Ve<4.0V, tkev1/2 —75 tkev1/2-75 ns
Cbo =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23VSVe<27V, tkey1/2 =170 tkev1/2-170 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<3.3V,1.6V<Vo<20VNte | tueyi/2 458 tkev1/2-458 ns
Cbo =30 pF, Ro =5.5kQ
SCKp low-level width | tku1 40V<Vp<55V,27V<Ve<4.0V, tkev1/2 =12 tkev1/2-50 ns
Cbo =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23VSVe<27V, tkov1/2 —18 tkev1/2-50 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vp<33V,1.6V<Vp<2.0VNete | tecyi/2-50 tkev1/2-50 ns
Co =30 pF, Ro=5.5kQ

Note Use it with Vbp = Vb.

Cautions 1.

Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode for

the SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode

register 1 (POM1). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

2. CSI01 and CSI11 cannot communicate at different potential.

Remarks 1.

load capacitance, Vb [V]: Communication line voltage
2. p: CSI number (p = 00, 20)

Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SCKp, SOp)

RO1DS0193EJ0240 Rev.2.40
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified SPI (CSl) mode) (master mode, SCKp...
internal clock output) (2/3)
(TA=-40to +85°C, 1.8 V<Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed Unit
main) Mode main) Mode
MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 40V<Vop<55V,27V=sVe<40V, 81 479 ns
(to SCKp?)Nete " Co =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<2.7V, 177 479 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<3.3V,1.6V<Vo<2.0VNote2 479 479 ns
Cb = 30 pF, Ro = 5.5 kQ
Slp hold time tisi1 40V<Vop<55V,27V<Vb<4.0V, 19 19 ns
(from SCKpt) Nete! Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23VVp<27V, 19 19 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<3.3V,1.6V<Vp<20VNote 19 19 ns
Cb = 30 pF, Ro = 5.5 kQ
Delay time from tksot 40V<Vop<55V,27V<Ve<40V, 100 100 ns
SCKp| to Cb =30 pF, Ro = 1.4 kQ
SOp output Mete* 27V<Von<40V,23VSVo<27V, 195 195 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<3.3V,1.6V<Vp<20VNote2 483 483 ns
Cb =30 pF, Ro = 5.5 kQ

Notes 1. When DAPmn =0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
2. Use it with Vbp = Vb.

(Cautions and Remarks are listed on the next page.)
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified SPI (CSIl) mode) (master mode, SCKp...
internal clock output) (3/3)
(Ta=-40to +85°C, 1.8 V<Vop £5.5V,Vss=0V)
Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.

Slp setup time tsik1 40V<sVopsb5V,27VsVb<4.0V, 44 110 ns
(to SCKp|)Nete 1 Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<sVp<27V, 44 110 ns
Cb = 30 pF, Ro = 2.7 kQ
1.8V<Vp<33V,1.6V<Vp<20\VNote2 110 110 ns
Cb = 30 pF, Ro =5.5kQ
Slp hold time tksi 40V=<Vop<55V,27V=sVb=<40V, 19 19 ns
(from SCKp/ ) Nete! Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23VsVp<27V, 19 19 ns
Cb = 30 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vo<2.0VNote2 19 19 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from tkso1 40V<sVops55V,27V=sVb<4.0V, 25 25 ns
SCKp1 to Cb = 30 pF, Ro = 1.4 kQ
SOp output e 27V<Voo<4.0V,23VEVe<27V, 25 25 ns

Cb =30 pF, Rb = 2.7 kQ

1.8V<Vop<33V,1.6V<Vo<2.0VNte? 25 25 ns
Cb =30 pF, Ro =5.5kQ

Notes 1. When DAPmn =0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
2. Use it with Vbp = Vb.

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode
for the SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode
register 1 (POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.

2. CSI01 and CSI11 cannot communicate at different potential.

Remarks 1. Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage

2. p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)

Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Master> Vb Vb
g Rb %;{b
SCKp * SCK
. RL78 Slp SO User's device
microcontroller
SOp Sl
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

tkevt
tut tKH1
SCKp \
X \
tsik1 tksit
Slp Input data
tkso1
1
SOp Output data

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

tkey1
trH ti
-
SCKp
_/ \
tsik1 tksi1
Slp Input data
tkso1
SOp Output data
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(9) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified SPI (CSI) mode) (slave mode, SCKp... external

clock input)
(TA=-40to +85°C, 1.8 V<Vop £5.5V,Vss=0V)
Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle timeNete? | tkcy2 40V<Vop<55V, |20 MHz < fuck < 24 MHz 12/fmcx - ns
27V<sVb<40V 8 MHz < fuck < 20 MHz 10/fmek - ns
4 MHz < fuck < 8 MHz 8/fmck 16/fmck ns
fmek < 4 MHz 6/fvck 10/fmck ns
27V<Vop<4.0V, |20 MHz < fmck < 24 MHz 16/fmck - ns
23VsWb=27V 16 MHz < fuck < 20 MHz 14/fmck — ns
8 MHz < fuck < 16 MHz 12/fmek - ns
4 MHz < fuck < 8 MHz 8/fmck 16/fmck ns
fmek < 4 MHz 6/fvck 10/fmck ns
1.8V=<Vop<33YV, |20 MHz < fuck <24 MHz 36/fvck - ns
16V=Ve=s20V 16 MHz < fuck < 20 MHz 32/fmck — ns
nee 8MHz <fuck < 16 MHz | 26/fuck - ns
4 MHz < fuck < 8 MHz 16/fmek 16/fmek ns
fmek < 4 MHz 10/fmck 10/fmck ns
SCKp high-/low-level | tkH2, 40V<Vops55V,27VsVb<4.0V tkey2/2 — 12 tkey2/2 — 50 ns
width baz 27V<SVop<4.0V,23VsVb<27V tkev2/2 — 18 tkov2/2 — 50 ns
1.8V<Vop<33V,1.6V<Vp<2,0VNote2 tkev2/2 — 50 tkey2/2 — 50 ns
Slp setup time tsikz 40V<Vop<55V,27V<Vop<4.0V 1/mex + 20 1/fmck + 30 ns
(to SCKp) Mete? 27V<Von<4.0V,23VEVe<27V ivex + 20 1/fuck + 30 ns
1.8V<Vop<3.3V,1.6V<Vop<20V Nete2 1wk + 30 1/fmck + 30 ns
Slp hold time tksiz2 1fvex + 31 1/fmck + 31 ns
(from SCKpt) Note 4
Delay time from tkso2 40V<Vop<55V,27V<Vp<40V, 2/fmck + 2/fvek + ns
SCKp| to SOp Co =30 pF, Ro = 1.4 kQ 120 573
output *? 27V<Vop<40V,23V=sVe<27V, 2/fmek + 2/fmek + ns
Cb = 30 pF, Ro = 2.7 kQ 214 573
1.8V<sVp<33V,1.6V<Vb<2.0VNote2 2/fuck + 2/fuck+ | ns
Cb = 30 pF, Ro = 5.5 kQ 573 573

Notes 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps

2. Use it with Vbp = Vb.

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

4. 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.

5. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Cautions 1. Select the TTL input buffer for the Slp and SCKp pins and the N-ch open drain output (Vop
tolerance) mode for the SOp pin by using port input mode register 1 (PIM1) and port output mode
register 1 (POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.

2. CSI01 and CSI11 cannot communicate at different potential.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Slave> Vb

g

SCKp SCK

RL78
microcontroller Slp

SO User's device

SOp sl

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Co [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 10))

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

tkey2
kL2 tkH2
(
SCKp \
\ N
tsik2 tksi2
Slp Input data
tkso2
SOp Output data
R01DS0193EJ0240 Rev.2.40 REN ESNS Page 48 of 109

Mar 29, 2024



RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

tkey2

tkH2 kL2
/ /
SCKp / <
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m =0, 1), n: Channel number (n = 0)
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(10) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified I’C mode)
(Ta=-40to +85°C, 1.8 V<Vop 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 40V<Vps55V,27VsVe<4.0V, 40QNotet 300Netet | kHz
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<sVe<27V, 400QNote! 300Nt | kHz
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vps20V,Nete2 30QNete 300Nete! | kHz
Cb =100 pF, Ro = 5.5 kQ
Hold time when SCLr = “L” | trow 40V<sVop<55V,27V<sVe<4.0V, 1150 1550 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V=Ve<27V, 1150 1550 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vp<2,0YV,Note? 1550 1550 ns
Cb =100 pF, Ro = 5.5 kQ
Hold time when SCLr = “H” | trieH 40V<sVop<55V,27VsVe<4.0V, 675 610 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<sVe<27V, 600 610 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vp<2,0V,Note? 610 610 ns
Cb =100 pF, Ro = 5.5 kQ
Data setup time (reception) | tsuat 40V<Vps55V,27VsVb<4.0V, 1/fmex 1/fmek ns
Cb =100 pF, Ro = 2.8 kQ +190 +190
Note3 Note3
27V<Vop<4.0V,23V=sVp=s27V, 1/fmek 1/fmek ns
Cb =100 pF, Ro = 2.7 kQ +190 +190
Note3 Note3
1.8V<Vop<3.3V,1.6V<Vb<20V,Note2 | 1ffuck 1/fmck ns
Cb = 100 pF, Ry = 5.5 kQ +190 +190
Note3 Note3
Data hold time thooar | 4.0V <Vop<55V,27V<sVb<4.0V, 0 355 0 355 ns
(transmission) Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<sVe<27V, 0 355 0 355 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vp<2.,0V,Note? 0 405 0 405 ns
Cb =100 pF, Ro = 5.5 kQ

Notes 1. The value must be equal to or less than fmck/4.
2. Use it with Vbp = Vb.
3. Set tsu:pat so that it will not exceed the hold time when SCLr = “L” or SCLr = “H”.

Cautions 1. Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin
and the N-ch open drain output (Vob tolerance) mode for the SCLr pin by using port input mode
register 1 (PIM1) and port output mode register 1 (POM1). For Viu and Vi, see the DC
characteristics with TTL input buffer selected.

2. 1IC01 and lIC11 cannot communicate at different potential.

(Remarks are listed on the next page.)
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RL78/G12

2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Simplified I2°C mode connection diagram (during communication at different potential)

SDAr

SDA

RL78

. User's device
microcontroller

SCLr SCL

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

1/fscL

tLow thHicH

SCLr

SDAr /\

Remarks 1.

\ L

tHD : DAT tsu: par

Rb [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cv [F]: Communication line (SDAr, SCLr)
load capacitance, Vb [V]: Communication line voltage

r: [IC Number (r = 00, 20)

fmck: Serial array unit operation clock frequency

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).

m: Unit number (m = 0,1), n: Channel number (n = 0))

Simplified I°C mode is supported only by the R5F102 products.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.5.2 Serial interface IICA

(Ta=-40to +85°C,1.8V=Vop 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) mode Unit
LS (low-speed main) mode
Standard Mode Fast Mode

MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fcik 2 3.5 MHz 0 400 kHz
Normal mode: fcik = 1 MHz 0 100 kHz
Setup time of restart condition tsu:sta 4.7 0.6 us
Hold timeNote ! tHD:sTA 4.0 0.6 us
Hold time when SCLAOQ = “L” tLow 4.7 1.3 us
Hold time when SCLAO = “H” tHiGH 4.0 0.6 us
Data setup time (reception) tsu:DAT 250 100 ns
Data hold time (transmission)N°¢2 | tup:pat 0 345 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time taur 4.7 1.3 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:DAT is during normal transfer and a clock stretch state is inserted in the
ACK (acknowledge) timing.

Caution Only in the 30-pin products, the values in the above table are applied even when bit 2 (PIOR2) in the
peripheral 1/0 redirection register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, VoH1,
VoL1) must satisfy the values in the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.

Normal mode: Cb =400 pF, Rb =2.7 kQ
Fast mode: Cb =320 pF, Rb =1.1 kQ

IICA serial transfer timing

tLow Ez

SCLAO

tr tsu:sta tHD:sTA

tHD:sTA

A
sovo_{fi N/ ) [\
TtBUF: E
Stop Start Restart Stop
condition condition condition condition
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.6 Analog Characteristics
2.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Input channel Reference Voltage

Reference voltage (+) = AVREFP Reference voltage (+) = VbD Reference voltage (+) = VBGR
Reference voltage (—) = AVREFM Reference voltage () = Vss Reference voltage (—) = AVREFM

ANIO to ANI3 Refer to 2.6.1 (1). Refer to 2.6.1 (3). Refer to 2.6.1 (4).

ANI16 to ANI22 Refer to 2.6.1 (2).

Internal reference voltage Refer to 2.6.1 (1). -

Temperature sensor

output voltage

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI2, ANI3, internal reference voltage, and temperature sensor output voltage

(Ta = —40 to +85°C, 1.8 V < AVrerr < VDD < 5.5 V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =
AVRrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhete ! AINL 10-bit resolution 1.2 +3.5 LSB

AVRrerp = VoD Note 3 1.2 +7.0 Note 4 LSB
Conversion time tconv 10-bit resolution 36V=<VpD<55V 2.125 39 Ms
Target pin: ANI2, ANI3 1 5 7y <vpp<55V 3.1875 39 us
1.8V<Vpp<55V 17 39 us
57 95 us
10-bit resolution 36V=<VpD<55V 2.375 39 Ms
Target pin: Internal 27V<Vop<55V 3.5625 39 us
reference voltage, and
24V<Vops55V 17 39 us
temperature sensor
output voltage
(HS (high-speed main)
mode)
Zero-scale errorNotes 1.2 EZS 10-bit resolution +0.25 %FSR
AVRrerp = VoD Note 3 +0.50 Note 4| %FSR
Full-scale errorhetes 1.2 EFS 10-bit resolution +0.25 %FSR
AVRrerp = VoD Note 3 +0.50 Note 4| %FSR
Integral linearity errorNte ! ILE 10-bit resolution 25 LSB
AVRerp = Vpp Note 3 +5.0Nte4| | SB
Differential linearity error DLE 10-bit resolution +1.5 LSB
Note 1 AVRerp = Vpp Note 3 2 0Notes| | SB
Analog input voltage Van ANI2, ANI3 0 AVRerp \%
Internal reference voltage Vagr Note S \Y

(2.4 V =VpD £5.5V, HS (high-speed main) mode)

Temperature sensor output voltage V1mpszs Note 5 \Y
(2.4V <VpD £5.5V, HS (high-speed main) mode)

(Notes are listed on the next page.)
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Notes 1.
2.
3.

Excludes quantization error (£1/2 LSB).

This value is indicated as a ratio (%FSR) to the full-scale value.

When AVkere < Vop, the MAX. values are as follows.

Overall error: Add +1.0 LSB to the MAX. value when AVrere = Voo.

Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVrere = Voo.

Integral linearity error/ Differential linearity error: Add £0.5 LSB to the MAX. value when AVrere = Voo.

. Values when the conversion time is set to 57 ys (min.) and 95 ps (max.).
. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.

(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI16 to ANI22

(Ta = —40 to +85°C, 1.8 V < AVRrerp < Vbp < 5.5 V, Vss = 0 V, Reference voltage (+) = AVRrerpr, Reference voltage (-) =

AVRerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall error Nete! AINL 10-bit resolution 1.2 +5.0 LSB

AVRerp = Vpp Note 3 12 |+85Notes | | SB
Conversion time tconv 10-bit resolution 36V<VbD<55V 2.125 39 us
Target ANI pin: ANI16 to ANI22 27V <VbD<55V 3.1875 39 us
1.8V<Vbb<55V 17 39 us
57 95 us
Zero-scale error Netes.2 | F73 10-bit resolution +0.35 | %FSR
AVRerp = Vpp Note 3 +0.60 Note4| % FSR
Full-scale error Notes 1.2 EFS 10-bit resolution +0.35 | %FSR
AVRerp = Vpp Note 3 +0.60Nte4| %FSR
Integral linearity error Nete! | |LE 10-bit resolution 3.5 LSB
AVRerp = Vpp Note 3 +6.0Nt4 | | SB
Differential linearity DLE 10-bit resolution +2.0 LSB
error Note 1 AVrerp = Vpp Note 3 4+ 5Noted | | SB
Analog input voltage Van ANI16 to ANI22 0 AVRrerP \%
and Vob
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrere < Voo, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrere = Vop.
Zero-scale error/Full-scale error: Add +0.20%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add +2.0 LSB to the MAX. value when AVrere = Vob.

4. When the conversion time is set to 57 ps (min.) and 95 ys (max.).
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin: ANIO to ANI3, ANI16 to ANI22, internal reference voltage, and temperature sensor output voltage

(Ta=-40 to +85°C, 1.8 V<Vpp < 5.5V, Vss = 0 V, Reference voltage (+) = Vob, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall errorNete ! AINL 10-bit resolution 1.2 7.0 LSB

1.2 [£10.5Nt3 | SB
Conversion time tconv 10-bit resolution 36V=sVbb=s55V 2.125 39 us
Target pin: ANIOto ANI3, | 5 7y <vpp<55V | 3.1875 39 us
ANI16 to ANI22
1.8V<Vbp<55V 17 39 us
57 95 us
Conversion time tconv 10-bit resolution 36V=<Vpbs<55V 2.375 39 us
Target pin: internal reference 27V<VoD<55V 3.5625 39 us
voltage, and temperature
24V <Vpp<55V 17 39 us
sensor output voltage (HS
(high-speed main) mode)
Zero-scale errorNetes 1.2 EZS 10-bit resolution +0.60 %FSR

+0.85 %FSR

Note 3

Full-scale errorNetes 1.2 EFS 10-bit resolution +0.60 %FSR
+0.85 %FSR

Note 3

Integral linearity errorNete ! ILE 10-bit resolution +4.0 LSB
6.5 Note3| | SB

Differential linearity errorN°te! | DLE 10-bit resolution 2.0 LSB
+2.5Nete3| | SB

Analog input voltage Vain ANIO to ANI3, ANI16 to ANI22 0 Vob Vv

Internal reference voltage Veer Nete 4 \Y

(2.4 V=<VbDp £5.5V, HS (high-speed main) mode)

Temperature sensor output voltage Vrmpszs Note 4 \Y

(24 V<VoD £5.5V, HS (high-speed main) mode)

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When the conversion time is set to 57 ps (min.) and 95 us (max.).
4. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO0 = 0), reference voltage (-) =
AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta = —40 to +85°C, 2.4V < Vop £ 5.5V, Vss = 0 V, Reference voltage (+) = Vscr N°te 3, Reference voltage (-) = AVRerm
Note 4= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale errorNotes 1.2 EZS 8-bit resolution +0.60 %FSR
Integral linearity errorNte ! ILE 8-bit resolution 2.0 LSB
Differential linearity error Note 1 DLE 8-bit resolution +1.0 LSB
Analog input voltage VAN 0 Vacr Note 3 \Y

Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage () = AVReFm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (=) = AVRerm.
Differential linearity error: Add +0.2 LSB to the MAX. value when reference voltage (—) = AVReFm.
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2.6.2 Temperature sensor/internal reference voltage characteristics

(TA=-40 to +85°C, 2.4V s Von £5.5V, Vss =0 V, HS (high-speed main) mode

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage V1mps25 Setting ADS register = 80H, 1.05 \%
Ta = +25°C
Internal reference voltage VBer Setting ADS register = 81H 1.38 1.45 1.50 \%
Temperature coefficient Fvrvps Temperature sensor output -3.6 mV/°C

voltage that depends on the

temperature
Operation stabilization wait time tavp 5 us
2.6.3 POR circuit characteristics
(Ta = —40 to +85°C, Vss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpor The power supply voltage is 1.47 1.51 1.55 \%
rising.
VeDR The power supply voltage is 1.46 1.50 1.54 \%
falling.
Minimum pulse width Nete Trw 300 us

Note Minimum time required for a POR reset when Voo exceeds below Veor. This is also the minimum time required
for a POR reset from when Voo exceeds below 0.7 V to when Voo exceeds Vror while STOP mode is entered or
the main system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation
status control register (CSC).

Tew
Supply voltage (Vob)
Veoror 0.7 V
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2.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TAa =—40 to +85°C, VbR < VDD £ 5.5V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection supply voltage Vwvoo The power supply voltage is rising. 3.98 4.06 4.14 \%
The power supply voltage is falling. 3.90 3.98 4.06 \

Vivo1 The power supply voltage is rising. 3.68 3.75 3.82 \%

The power supply voltage is falling. 3.60 3.67 3.74 \%

Vivb2 The power supply voltage is rising. 3.07 3.13 3.19 \%

The power supply voltage is falling. 3.00 3.06 3.12 \%

Vivos The power supply voltage is rising. 2.96 3.02 3.08 \%

The power supply voltage is falling. 2.90 2.96 3.02 \%

Vivba The power supply voltage is rising. 2.86 2.92 2.97 \%

The power supply voltage is falling. 2.80 2.86 2.91 \%

Vivos The power supply voltage is rising. 2.76 2.81 2.87 \%

The power supply voltage is falling. 2.70 2.75 2.81 \

Vivos The power supply voltage is rising. 2.66 2.71 2.76 \Y

The power supply voltage is falling. 2.60 2.65 2.70 \

Vivor The power supply voltage is rising. 2.56 2.61 2.66 \%

The power supply voltage is falling. 2.50 2.55 2.60 \%

VLivos The power supply voltage is rising. 2.45 2.50 2.55 \%

The power supply voltage is falling. 2.40 2.45 2.50 \Y

Vivoe The power supply voltage is rising. 2.05 2.09 213 \%

The power supply voltage is falling. 2.00 2.04 2.08 \%

Vivb1o The power supply voltage is rising. 1.94 1.98 2.02 \%

The power supply voltage is falling. 1.90 1.94 1.98 \%

Vivp11 The power supply voltage is rising. 1.84 1.88 1.91 \%

The power supply voltage is falling. 1.80 1.84 1.87 \

Minimum pulse width tw 300 us
Detection delay time 300 us
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LVD detection voltage of interrupt & reset mode
(Ta=-40 to +85°C, Vror S Von < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivoeo Vrocz, Vroct, Veoco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87

mode VLo LVIS1, LVISO = 1,0 Rising reset release voltage 1.94 1.98 2.02 v
Falling interrupt voltage 1.90 1.94 1.98 \%

Vivoe2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.05 2.09 213 \%

Falling interrupt voltage 2.00 2.04 2.08 V

Vivoes LVIS1,LVIS0=0,0 Rising reset release voltage 3.07 3.13 3.19 \%

Falling interrupt voltage 3.00 3.06 3.12 \%

VLvbco Vrocz, Vroct, Vroco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \Y

Vwvoet LVIS1, LVISO=1,0 Rising reset release voltage 2.56 2.61 2.66 \%

Falling interrupt voltage 2.50 2.55 2.60 \%

Vivocz LVIS1, LVISO =0, 1 Rising reset release voltage 2.66 2.71 2.76 \Y

Falling interrupt voltage 2.60 2.65 2.70 \%

Vivoes LVIS1, LVISO=0, 0 Rising reset release voltage 3.68 3.75 3.82 \

Falling interrupt voltage 3.60 3.67 3.74 \%

VLvbbo Veocz, Veoct, Veoct = 0, 1, 1, falling reset voltage 2.70 2.75 2.81 \Y

VLvbD1 LVIS1, LVISO=1,0 Rising reset release voltage 2.86 2.92 2.97 \%

Falling interrupt voltage 2.80 2.86 2.91 \%

Vivbb2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.96 3.02 3.08 V

Falling interrupt voltage 2.90 2.96 3.02 V

VLvobs LVIS1, LVISO=0,0 Rising reset release voltage 3.98 4.06 414 \%

Falling interrupt voltage 3.90 3.98 4.06 V

2.6.5 Power supply voltage rising slope characteristics

(Ta = —40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 2.4 AC Characteristics.
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2.7 RAM Data Retention Characteristics

(Ta = —40 to +85°C, Vss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbbDR 1.46 Note 5.5 V

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 Operation mode

RAM data retention ——

Voo ? Vopbr
STOP instruction execution
. /
Standby release signal
(interrupt request) N
"
2.8 Flash Memory Programming Characteristics
(Ta=-40to +85°C,1.8V<Vop 5.5V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. | Unit
System clock frequency fek 1 24 MHz
Code flash memory rewritable times | Cerwr Retained for 20 years 1,000 Times
Notes 1,2, 3 Ta=85°C
Data flash memory rewritable times Retained for 1 year 1,000,000
Notes 1,2,3 Ta = 25°C
Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000
Ta=85°C

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. These are the characteristics of the flash memory and the results obtained from reliability testing by
Renesas Electronics Corporation.
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2.9 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40to +85°C, 1.8 V<Vop 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate During serial programming 115,200 1,000,000 bps

2.10 Timing of Entry to Flash Memory Programming Modes

(Ta=—40 to +85°C, 1.8 V< Voo £ 5.5 V, Vss = 0 V)

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

reset release

Time to release the external reset after the TOOLO | tsu POR and LVD reset are 10 us
pin is set to the low level released before external

reset release
Time to hold the TOOLO pin at the low level after | tvp POR and LVD reset are 1 ms
the external reset is released released before external

(excluding the processing time of the firmware to reset release

control the flash memory)

<1> <2> <
|
|
|
|

1

RESET /

| tvp + software

processing 1-byte data for
’_ULH setting mode

TOOLO

tsu

<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 TOOLDO pin is set to the high level.

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

Remark tsuinim: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  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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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta =—40 to

+105°C)

This chapter describes the following electrical specifications.

Target products  G: Industrial applications Ta = -40 to +105°C
R5F102xxGxx

Cautions 1. The RL78 microcontrollers 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. The pins mounted depend on the product. Refer to 2.1 Port Functions to 2.2.1 Functions for each
product in the RL78/G12 User’s Manual.
3. Please contact Renesas Electronics sales office for derating of operation under Ta = +85°C to

+105°C. Derating is the systematic reduction of load for the sake of improved reliability.

Remark When the RL78 microcontroller is used in the range of Ta = -40 to +85°C, see 2. ELECTRICAL
SPECIFICATIONS (Ta = -40 to +85°C).

There are following differences between the products “G: Industrial applications (Ta = -40 to +105°C)” and the products “A:

Consumer applications, and D: Industrial applications”.

Parameter

Application

A: Consumer applications,
D: Industrial applications

G: Industrial applications

Operating ambient temperature

Ta=-40 to +85°C

Ta=-40to +105°C

Operating mode

Operating voltage range

HS (high-speed main) mode:

2.7V <Vop<55V@1 MHz to 24 MHz
24V <Vop<5.5V@1 MHz to 16 MHz
LS (low-speed main) mode:

1.8V =<Vop<55V@1 MHz to 8 MHz

HS (high-speed main) mode only:
2.7V <Vop £5.5V@1 MHz to 24 MHz
24V <Vop<55V@1 MHz to 16 MHz

High-speed on-chip oscillator

clock accuracy

R5F102 products, 1.8 V<Vop<5.5V:
+1.0%@ Ta = -20 to +85°C
+1.5%@ Ta = -40 to -20°C
R5F103 products, 1.8 V<Vop<5.5V:
1+5.0%@ Ta = -40 to +85°C

R5F102 products, 2.4V <Vop <5.5V:
1+2.0%@ Ta = +85 to +105°C

+1.0%@ Ta = -20 to +85°C

+1.5%@ Ta = -40 to -20°C

Serial array unit

UART
Simplified SPI (CSI): fcik/2 (supporting 12 Mbps),
fok/4

Simplified 1°C communication

UART
Simplified SPI (CSI): fck/4

Simplified 12C communication

Voltage detector

Rise detection voltage: 1.88 V t0 4.06 V (12 levels)
Fall detection voltage: 1.84 V to0 3.98 V (12 levels)

Rise detection voltage: 2.61 V to 4.06 V
(8 levels)
Fall detection voltage: 2.55 V to 3.98 V (8 levels)

Remark The electrical characteristics of the products G: Industrial applications (Ta = -40 to +105°C) are different from

those of the products “A: Consumer applications, and D: Industrial applications”. For details, refer to 3.1 to

3.10.
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C)

Parameter Symbols Conditions Ratings Unit
Supply Voltage Voo -0.5t0 +6.5 \Y
REGC terminal input | Virecc REGC -0.3to0 +2.8 \
voltage™e'*! and —0.3 to Voo + 0.3

Note 2
Input Voltage Vit Other than P60, P61 —0.3 to Vop + 0.3Note 3 \%
Vi P60, P61 (N-ch open drain) -0.3t06.5 \%
Output Voltage Vo —0.3 to Vop + 0.3Note 3 \%
Analog input voltage | Vai 20, 24-pin products: ANIO to ANI3, ANI16 to ANI22 -0.3to Voo + 0.3 \%
30-pin products: ANIO to ANI3, ANI16 to ANI19 and —0.3 to
AVggr(+)+0.3 Notes 3.4
Output current, high loH1 Per pin Other than P20 to P23 -40 mA
Total of all pins All the terminals other than P20 to P23 —-170 mA
20-, 24-pin products: P40 to P42 -70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to PO3Note 3, -100 mA
P10 to P14

30-pin products: P10 to P17, P30, P31,
P50, P51, P147

loH2 Per pin P20 to P23 -0.5 mA
Total of all pins -2 mA
Output current, low loL1 Per pin Other than P20 to P23 40 mA
Total of all pins All the terminals other than P20 to P23 170 mA
20-, 24-pin products: P40 to P42 70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to PQ3 Nete s, 100 mA

P10 to P14, P60, P61
30-pin products: P10 to P17, P30, P31,
P50, P51, P60, P61, P147

loL2 Per pin P20 to P23 1 mA

Total of all pins 5 mA

Operating ambient Ta —40 to +105 °C
temperature

Storage temperature | Tsyg —65 to +150 °C

Notes 1. 30-pin product only.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 yF). This value determines the absolute maximum
rating of the REGC pin. Do not use it with voltage applied.
3. Must be 6.5V or lower.
4. Do not exceed AVRrer(+) + 0.3 V in case of A/D conversion target pin.
5. 24-pin products only.
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.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. AVRer(+) : + side reference voltage of the A/D converter.
3. Vss : Reference voltage
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3.2 Oscillator Characteristics
3.2.1 X1 oscillator characteristics

(Ta=-40 to +105°C,2.4V=<Vop<Vbp 5.5V, Vss =0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator / 27V<Vop<55V 1.0 20.0 MHz
Note H
frequency (fx) crystal oscillator 24V <Vop <27V 10 80

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register (OSTC)
by the user. Determine the oscillation stabilization time of the OSTC register and the oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.

Remark When using the X1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/G12 User’s Manual.

3.2.2 On-chip oscillator characteristics

(TA=-40to +105°C,2.4V=<Vbp=5.5V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fin 1 24 MHz
clock frequency Netes 1.2
High-speed on-chip oscillator R5F102 products Ta=-20to +85°C -1.0 +1.0 %
clock frequency accuracy Ta = —40 to —20°C 15 +15 %

Ta=+85to +105°C -2.0 +2.0 %
Low-speed on-chip oscillator | fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %

clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H) and bits 0 to 2 of
HOCODIV register.

2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.

RO1DS0193EJ0240 Rev.2.40 R nS Page 64 of 109
Mar 29, 2024 ENES



RL78/G12

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C, 2.4V <Vbp 5.5V, Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, highNte ! | lom 20-, 24-pin products: -3.0 mA
Per pin for P00 to PO3Note 4, Note 2

P10 to P14, P40 to P42

30-pin products:

Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

20-, 24-pin products: 40V<Vop<55V -9.0 mA
Total of P40 to P42 27V <Voo<4.0V 6.0 mA
30-pin products:

Total of P00, P01, P40, P120
(When duty < 70% Note 3)

20-, 24-pin products: 40V<Vop<55V -27.0 mA
Total of POO to PO3N°te4, P10 to P14

24V <V <27V -4.5 mA

27V<Vopb<40V -18.0 mA

30-pin products: 24V <Voo<2.7V 2100 | mA

Total of P10 to P17, P30, P31,

P50, P51, P147

(When duty < 70% Note3)

Total of all pins (When duty < 70%N°* %) -36.0 mA
loHz Per pin for P20 to P23 -0.1 mA

Total of all pins -0.4 mA

Notes 1.

4,

Caution

value of current at which the device operation is guaranteed even if the current flows from the Voo pin to an
output pin.
However, do not exceed the total current value.
The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e 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.
24-pin products only.

P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41 for 24-pin products, and P00, P10
to P15, P17, and P50 for 30-pin products 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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(TA=-40to +105°C,2.4V<Vbp 5.5V, Vss =0 V) (2/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, lowNete ! | |oL1 20-, 24-pin products: 8.5 mA
Per pin for P00 to PO3Note4, Note 2

P10 to P14, P40 to P42

30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

Per pin for P60, P61 15.0 mA
Note 2

20-, 24-pin products: 40V<Vop<55V 25.5 mA

Total of P40 to P42 27V<Vop<4.0V 9.0 mA

30-pin products: 24V <Vop<27V 1.8 mA

Total of P00, P01, P40, P120
(When duty < 70% Nete3)

20-, 24-pin products: 40V<Vops55V 40.0 mA

Total of P00 to PO3™***, 2.7V < Voo <4.0V 270 | mA

P10 to P14, P60, P61

24V <Vop<27V 5.4 mA

30-pin products:

Total of P10 to P17, P30, P31, P50,

P51, P60, P61, P147

(When duty < 70% Nete 3)

Total of all pins (When duty < 70%N°te 3) 65.5 mA
loL2 Per pin for P20 to P23 0.4 mA

Total of all pins 1.6 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to

the Vss pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
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.

4. 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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(TA=—-40 to +105°C, 2.4 V< Vop £ 5.5V, Vss = 0 V) (3/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 Normal input buffer 0.8Vop Vop \Y
20-, 24-pin products: P00 to PO3N°t¢2 P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

ViH2 TTL input buffer 40V=<Vop<55V 2.2 Vob
20-, 24-pin products: P10, P11| 3.3V <Vop <4.0V 2.0 Vop \
30-pin products: P01, P10, 24V <Vop<33V 1.5 Vob \%
P11, P13 to P17
ViHs Normal input buffer 0.7Vop Vob \%
P20 to P23
ViHa P60, P61 0.7Voo 6.0 \
Vins P121, P122, P125N°te1, P137, EXCLK, RESET 0.8Vop Vop \Y
Input voltage, low Vit Normal input buffer 0 0.2Voo
20-, 24-pin products: P00 to PO3N°¢2, P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

Vi TTL input buffer 40V<Vop<55V 0 0.8 \Y
20-, 24-pin products: P10, P11| 3.3V <Vop<4.0V 0 0.5 \
30-pin products: P01, P10, 24V <Vop<33V 0 0.32 \%
P11, P13 to P17

Vis P20 to P23 0 0.3Voo \Y

ViLa P60, P61 0 0.3Vop \Y

Vis P121, P122, P125Nte1 P137, EXCLK, RESET 0 0.2Vop \Y

Output voltage, high VoH1 20-, 24-pin products: 40V<=<Vop<55V, Voo—0.7 \%
P00 to PO3N°te2, P10 to P14, | lon1 =-3.0 mA
P40 to P42 27V<Voo<55V, | Voo-0.6 v
30-pin products: loH1 = -2.0 mA
P00, P01, P10t0 P17, P30, | 5 4\ < Voo 5.5V, | Voo-0.5 v
P31, P40, P50, P51, P120, lont = —1.5 mA
P147
Vor2 P20 to P23 lon2 = =100 pA Voo—0.5 \Y

Notes 1. 20, 24-pin products only.
2. 24-pin products only.

Caution The maximum value of Vin of pins P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41
for 24-pin products, and P00, P10 to P15, P17, and P50 for 30-pin products is Voo even in N-ch open-
drain mode.

High level is not output in the 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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(Ta =—40 to +105°C, 2.4V <Vop £ 5.5V, Vss = 0 V) (4/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vo1 20-, 24-pin products: 40V<Vop<55Y, 0.7 \Y
P00 to PO3N°te, P10 to P14, | lou1 = 8.5 mA
P40 to P42 27V<Von<55V, 0.6 v
30-pin products: P00, P01, lott = 3.0 mA
P10 to P17, P30, P31, P40, 27V<Vop<55V, 0.4 v
P50, P51, P120, P147 _
lor1=1.5mA
24V <Vop<55V, 0.4 \Y,
loL1 = 0.6 mA
VoL2 P20 to P23 loz = 400 pA 0.4
Vous P60, P61 40V<Vop<55V, 2.0 \Y,
lot1 = 15.0 mA
40V<Vop<55YV, 0.4 \%
lot1 =5.0 mA
27V<Vop<55YV, 0.4 \Y
lot1 = 3.0 mA
24V <Vop<55V, 0.4 \Y,
lot1 =2.0 mA
Input leakage current, ILimt Other than P121, | Vi=Vop 1 MA
high P122
ILiH2 P121, P122 Vi = Voo | Input port or external 1 MA
(X1, X2/EXCLK) clock input
When resonator 10 MA
connected
Input leakage current, luiL Other than P121, | Vi=Vss -1 WA
low P122
luiz P121, P122 Vi = Vss | Input port or external -1 MA
(X1, X2/EXCLK) clock input
When resonator -10 A
connected
On-chip pull-up Ru 20-, 24-pin products: Vi = Vss, input port 10 20 100 kQ
resistance P00 to PO3N°te, P10 to P14,
P40 to P42, P125, RESET
30-pin products: P00, P01,
P10 to P17, P30, P31, P40,
P50, P51, P120, P147

Note 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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3.3.2 Supply current characteristics

(1) 20-, 24-pin products

(Ta=—40 to +105°C, 2.4V <Vop <5.5V, Vss =0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. [ MAX. Unit
Supply Iop1 Operating | HS (High-speed | fin = 24 MHzN"*® | Basic Voo = 5.0V 1.5 mA
currentNote ! mode main) mode "4 operation |y, =30y 15
Normal | Voo =5.0V 3.3 5.3 mA
operation | /o = 3.0 v 33 | 53
fin = 16 MHZNee3 Voo =5.0V 2.5 3.9 mA
Voo =3.0V 2.5 3.9
fx = 20 MHZNete2, Square wave input 2.8 4.7 mA
Voo =50V Resonator connection 3.0 4.8
fux = 20 MHZNee2, Square wave input 2.8 4.7 mA
Voo =30V Resonator connection 3.0 4.8
fwx = 10 MHZNe®2, Square wave input 1.8 2.8 mA
Voo =50V Resonator connection 1.8 2.8
fx = 10 MHZNete2, Square wave input 1.8 2.8 mA
Vo =30V Resonator connection 1.8 2.8
Notes 1. Total current flowing into Vo, including the input leakage current flowing when the level of the input pin is
fixed to Voo or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. When high-speed on-chip oscillator clock is stopped.
3. When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Vob = 2.7 V t0 5.5V @1 MHz to 24 MHz
Vob=24Vt055V @1 MHzto 16 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)

2. fiv: high-speed on-chip oscillator clock frequency

3. Temperature condition of the TYP. value is Ta = 25°C.
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(1) 20-, 24-pin products

Ta =—40 to +105°C,2.4V<Vpp 5.5V, Vss =0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply loozNe*2 |HALT | HS (High-speed | fin = 24 MHzVe'®4 Voo =5.0 V 440 | 2230 | pA
currentNote ! mode | main) modeN°te ¢ Voo = 3.0V 440 2930
fin = 16 MHZNote 4 Vob=5.0V 400 1650 MA
Voo =3.0V 400 1650
fux = 20 MHzNot 3, Square wave input 280 1900 PA
Voo =5.0V Resonator connection 450 2000
fux = 20 MHZzNete 3, Square wave input 280 1900 PA
Voo =3.0V Resonator connection 450 2000
fux = 10 MHZzNete 3, Square wave input 190 1010 MA
Voo =5.0V Resonator connection 260 1090
fux = 10 MHZzNete 3, Square wave input 190 1010 PA
Voo =3.0V Resonator connection 260 1090
IppsNete® ISTOP | Ta=-40°C 0.19 0.50 MA
mode | 1, = +25°C 024 | 050
Ta=+50°C 0.32 0.80
Ta=+70°C 0.48 1.20
Ta=+85°C 0.74 2.20
Ta=+105°C 1.50 10.20
Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is

A

fixed to Voo or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
During HALT instruction execution by flash memory.
When high-speed on-chip oscillator clock is stopped.
When high-speed system clock is stopped.
Not including the current flowing into the 12-bit interval timer and watchdog timer.
Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo =2.7 V10 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
2. fiv: high-speed on-chip oscillator clock frequency
3. Except temperature condition of the TYP. value is Ta = 25°C, other than STOP mode
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(2) 30-pin products

Ta =—40 to +105°C,2.4V<Vpp £ 5.5V, Vss =0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. Unit
Supply IpD1 Operating |HS (High-speed | fin = 24 MHZN®*® | Basic Voo =5.0V 1.5 mA
currentNote ! mode main) mode "4 operation | \/o0 = 3.9V 15
Normal | Voo =5.0V 3.7 5.8 mA
operation | v/p5 = 3.0 v 37 | 58
fin = 16 MHZNete3 Voo =5.0V 2.7 4.2 mA
Voo =3.0V 2.7 4.2
fiux = 20 MHZN*e2, Square wave input 3.0 4.9 mA
Voo =50V Resonator connection 3.2 5.0
fiux = 20 MHZV"e2, Square wave input 3.0 4.9 mA
Voo =30V Resonator connection 3.2 5.0
fx = 10 MHZV*e2, Square wave input 1.9 2.9 mA
Voo =50V Resonator connection 1.9 2.9
fx = 10 MHZNe%*2, Square wave input 1.9 2.9 mA
Voo =30V Resonator connection 1.9 2.9

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, 1/0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

2. When high-speed on-chip oscillator clock is stopped.

w

When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo =2.7 V10 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fiv: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(2) 30-pin products
Ta =—40 to +105°C,2.4V<Vpp £5.5V, Vss =0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply loozNe*2 [HALT | HS (High-speed | fix = 24 MHz"*4 | Voo =5.0V 440 | 2300 | pA
current Note ! mode main) mode " Voo = 3.0V 440 2300
fin = 16 MHZNte 4 Voo =5.0V 400 1700 MA
Voo =3.0V 400 1700
fux = 20 MHzN®*3 | Square wave input 280 1900 WA
Voo =50V Resonator connection 450 2000
fux = 20 MHZzNete 3, Square wave input 280 1900 PA
Voo =3.0V Resonator connection 450 2000
fux = 10 MHzNete 3, Square wave input 190 1020 MA
Voo =5.0V Resonator connection 260 1100
fux = 10 MHzNete 3, Square wave input 190 1020 pA
Voo =3.0V Resonator connection 260 1100
Ipps Nete® | STOP Ta=-40°C 0.18 0.50 MA
mode | 1, = +25°C 023 | 050
Ta=+50°C 0.30 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30
Ta=+105°C 2.94 15.30

Notes 1.

o0 s wN

Remarks

Total current flowing into Vbb, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, 1/0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
During HALT instruction execution by flash memory.
When high-speed on-chip oscillator clock is stopped.
When high-speed system clock is stopped.
Not including the current flowing into the 12-bit interval timer and watchdog timer.
Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS (High speed main) mode: Voo =2.7 V10 5.5V @1 MHz to 24 MHz

Vop=24Vto55V @1 MHzto 16 MHz

1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)

2. fiv: high-speed on-chip oscillator clock frequency

3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(3) Peripheral functions (Common to all products)
(TA=-40to +105°C,2.4V <Vbp<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed onchip [y Note 1 0.20 pA
oscillator operating
current
12-bit interval timer Imka 0.02 pA
operating current Notes1,2,3
Watchdog timer Iwot fi =15 kHz 0.22 pA
operating current Notes 1,2, 4
A/D converter lanc When conversion Normal mode, AVrere = Vopo = 5.0 V 1.30 1.70 mA
operating current Notes 1,5 at maximum speed || ;. voltage mode, 0.50 0.70 mA

AVrerp = Vop = 3.0V
A/D converter |ADREF 75.0 pA
reference voltage Note 1
operating current
Temperature sensor ITmPs 75.0 pA
operating current Note 1
LVD operating current | l.vp 0.08 MA
Notes 1, 6
Self-programming IFsp 2.00 12.20 mA
operating current Notes 1, 8
BGO operating lsco 2.00 12.20 mA
current Notes 1,7
SNOOZE operating Isnoz ADC operation The mode is performed Note® 0.50 1.10 mA
Note 1
current ’ The A/D conversion operations are 1.20 2.04 mA
performed, Low voltage mode, AVrerp
=Vop=3.0V
Simplified SPI (CSI)/UART operation 0.70 1.54 mA
Notes 1. Current flowing to the Vop.

2.
3.

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

Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator). The current value of the RL78 microcontrollers is the sum of lop1, Ibb2 or Ibps, and IFiL and Itmka when
the 12-bit interval timer operates.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Iop1, lop2 or Iops and lwot when the watchdog timer
operates.

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

Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of lbp1, lbb2 or
Ibp3 and ILvo when the LVD circuit operates.

Current flowing only during data flash rewrite.

Current flowing only during self programming.

For shift time to the SNOOZE mode, see 17.3.3 SNOOZE mode in the RL78/G12 User's Manual.

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

2. Temperature condition of the TYP. value is Ta = 25°C
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RL78/G12

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.4 AC Characteristics

(Ta=-40 to +105°C,2.4V=<Vbp<5.5V,Vss =0V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tey Main system HS (High- 27V<Vop<55V 0.04167 1 us
instruction execution time) clock (fmain) speed main) |54 v <vpp <27V 0.0625 1 us
operation mode
During self HS (High- 27V<Vop<55V 0.04167 1 us
programming | speed main) | 5 4\ <vpp <27V | 0.0625 1 us
mode
External main system clock | fex 2.7V <Vopbs55V 1.0 20.0 MHz
frequency 24V<Vop<27V 1.0 16.0 | MHz
External main system clock | texn, texc | 2.7V <Vop <55V 24 ns
input high-level width, low- 24V <Vop< 2.7V 30 ns
level width
TIOO to TIO7 input high-level | tmm, trc 1/fmek + ns
width, low-level width 10
TOO00 to TOO7 output fro 40V<Vopb<55V 12 MHz
frequency 27V <Von<4.0V 8 MHz
24V <Vop<27V 4 MHz
PCLBUZ0, or PCLBUZ1 fecL 40V<Vops55V 16 MHz
output frequency 27V<Voo<4.0V 8 MHz
24V <Vop<27V 4 MHz
INTPO to INTP5 input high- | tmH, tnm 1 us
level width, low-level width
KRO to KR9 input available R 250 ns
width
RESET low-level width trRsL 10 us

Remark

fmck: Timer array unit operation clock frequency

(Operation clock to be set by the timer clock select register 0 (TPS0) and the CKSOn bit of timer mode
register On (TMRON). n: Channel number (n = 0 to 7))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vobp (HS (high-speed main) mode)

10
_ 1.0 S
%) 1
= i — When the high-speed on-chip oscillator clock is selected
,‘E I ——— During self programming
° i: —-—- When high-speed system clock is selected
£ i
2 i
g i
O i
A
i
0.1 j
! I
0.0625 fp=====apouo=--- L L N
: J
0.04167 pocccoctonoo-. .I_ —————————— -——ll
0.01

0 1.0 20 3.0 4.0 5.0

: 6.0
24 2.7 5.5

Supply voltage Voo [V]

AC Timing Test Point

ViH/Vor ViH/VoH
Test points
>< Vi/Voo > pot < Vi/Vor

External Main System Clock Timing

1/fex
texc | texH
EXCLK \
N\ N
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

TI/TO Timing

tri trim

TIOO to TI0O7

N
\ /

TOO00 to TOO7

Interrupt Request Input Timing

-~ tinTL ~— tiNTH
INTPO to INTP5

Key Interrupt Input Timing

KRO to KR9

RESET Input Timing

—
-

RESET
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.5 Peripheral Functions Characteristics

AC Timing Test Point

ViH/VoH ViH/VoH
Test points
>< Vi/Vou > P < Vi/Vou

3.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(Ta=—-40 to +105°C,2.4V<Vop 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate fmek/12 bps
Note 1 Theoretical value of the maximum transfer rate 2.0 Mbps
fork = fuckNote 2

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V < Vob<5.5V)
16 MHz (2.4 V <Vop<5.5V)

Caution  Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by
using port input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78

. User's device
microcontroller

RxDq Tx

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

— = = = = = — =

TxDq
RxDq

Remarks 1. q: UART number (q = 0 to 2), g: PIM, POM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial
mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(2) During communication at same potential (simplified SPI (CSI) mode) (master mode, SCKp... internal clock
output)
(Ta=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)

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

SCKp cycle time tkevi tkevt 2 4ffck 27V<Vop<55V 334 ns

24V <Vops55V 500 ns

SCKp high-/low-level width tkH1, 40V<sVop<55V tkey1/2—-24 ns

tkL1 27V<Vops55V tkey1/2—-36 ns

24V <Vop<55V tkev1/2—-76 ns

Slp setup time (to SCKpt) Nete ! tsik1 40V<Vbps55V 66 ns

2.7V <Vos55V 66 ns

24V <Vops55V 113 ns

Slp hold time (from SCKpt) Nete2 tksit 38 ns

Delay time from SCKp| to tkso1 C =30 pF Note4 50 ns
SOp output Nete3

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKp|” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmMn = 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 SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.
4. C s the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Sip pin and the normal output mode for the SOp and SCKp pins
by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POMO0, POM1,
POM4).

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)
2. fuek: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(3) During communication at same potential (simplified SPI (CSI) mode) (slave mode, SCKp... external clock

input)
(Ta=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)
Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time Nete s treyz 40V<Vops55V 20 MHz < fucx 16/fmck ns
fmek < 20 MHz 12/fmek ns
27V<Vopsb55V 16 MHz < fuck 16/fmck ns
fmek < 16 MHz 12/fmek ns
24V<Vopsb5V 12/fmck ns
and 1000
SCKp high-/low-level width | tkhz, 40V<Vop<s55V tkev2/2—14 ns
tki2 27V<Vopsb5V tkev2/2—16 ns
24V<Vops55V tkey2/2—-36 ns
Slp setup time (to SCKp?1) | tske 27V<Vop<55V 1/fmek + 40 ns
Hoe! 24V<Vop <55V 1ffuck + 60 ns
Slp hold time tksi2 1/fmck + 62 ns
(from SCKpt) Nete2

Delay time from SCKp| to | tksoz C =30 pF Note4 27V<Vop<55V 2ffuck + 66 ns
SOp output "ot 24V <Von <55V o+ 113 | ns

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

SCKp]” 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 SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. Cis the load capacitance of the SOp output lines.

5. Transfer rate in the SNOOZE mode: MAX. 1 Mbps.

Caution Select the normal input buffer for the Slp and SCKp pins and the normal output mode for the SOp pin
by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POM0, POM1,
POM4).

Simplified SPI (CSl) mode connection diagram (during communication at same potential)

SCK| SCK
_RL78 Slp SO User's device
microcontroller
SOp Sl
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

tkev1,2

tkL1,2 tkH1, 2

SCKp \

-

tsik1,2 tksi,2 |

Slp Input data

]

tkso1, 2

SOp ; Output data ><

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

tkev1, 2

tkH1, 2

o 4/—{

tsik1,2 tksit, 2

Slp Input data

tkso1,2

Sop Output data ><

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)
2. fuck: Serial array unit operation clock frequency

tkut,2

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial
mode register mn (SMRmn). m: Unit number (m = 0,1), n: Channel number (n =0, 1, 3))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(4) During communication at same potential (simplified 1°C mode)
(Ta=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit

MIN. MAX.
SCLr clock frequency fscL Cb =100 pF, Ro =3 kQ 100 Note 1 kHz
Hold time when SCLr =“L” tow Cbr =100 pF, Ro = 3 kQ 4600 ns
Hold time when SCLr = “H” tHIGH Cb =100 pF, Ro = 3 kQ 4600 ns
Data setup time (reception) tsu:paT Cb =100 pF, Ro = 3 kQ 1/fmck + 580 Note 2 ns
Data hold time (transmission) tHD:DAT Cb =100 pF, Ro = 3 kQ 0 1420 ns

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

Caution Select the N-ch open drain output (Voo tolerance) mode for SDAr by using port output mode register

h (POMh).

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

Vob

% Rb
SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

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

1/fscL

tLow tHiGH

SCLr \
|
SDAr

tHD:DAT tsu:DAT

Remarks 1. Ro [Q]:Communication line (SDAr) pull-up resistance
Cbo [F]: Communication line (SCLr, SDAr) load capacitance
2. r:lIC number (r = 00, 01, 11, 20), h: = POM number (h =0, 1, 4, 5)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).
m: Unit number (m = 0, 1), n: Channel number (0, 1, 3))

RO1DS0193EJ0240 Rev.2.40 R NS Page 81 of 109
Mar 29, 2024 ENES



RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode)
(Ta=—-40 to +105°C, 2.4V <V 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
Transfer Reception 40V<Vop<55Y, fmek/12 bps
rate Not 27VSVes40V Note 1
Theoretical value of the maximum 2.0 Mbps
transfer rate
fuck = fokNote 2
27V<sVop<4.0V, fmek/12 bps
23VSVes27V Note 1
Theoretical value of the maximum 2.0 Mbps
transfer rate
fuck = foukNote 2
24V <Vop<33V, fmek/12 bps
16VSVb<20V Note 1
Theoretical value of the maximum 2.0 Mbps
transfer rate
fuck = foukNote 2
Transmission 40V<Vops55V, Note 3 bps

27V<sVb<s40V

Theoretical value of the maximum 2.0 Mbps
transfer rate Note 4
Cb=50pF, Ro=14kQ,Vb=27V

27V<Vop<4.0V, Note 5 bps
23V<sVbs27V,

Theoretical value of the maximum 1.2 Mbps
transfer rate Note 6
Cb=50pF, Ro=2.7kQ, Vb =23V

24V <Vop<33V, Notes bps

16V<Vb<20V 2,7
Theoretical value of the maximum 0.43 Mbps
transfer rate Note 8

Co=50pF, Ro=55kQ,Vb=16V

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V < Vob< 5.5 V)
16 MHz (24 V <Vop<55V)
3. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.
Expression for calculating the transfer rate when 4.0V <Vob<55Vand2.7V<Vb<40V

1
Maximum transfer rate = [bps]

{~Cobx Rox In (1- %/bZ N x3
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

1 2.2
Transfer rate x 2 ~ {00 * RoxIn (1 ==

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.
This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.

The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.7V <Vop <4.0Vand 23V <V 2.7V

1

Maximum transfer rate = 20 [bps]
{-Cox RoxIn (1-—\;—)} x 3
1 2.0
Transfer rate x 2 — {=CoxRoxIn(1- Vb )}

Baud rate error (theoretical value) =

1 x 100 [%]
(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides

This value as an example is calculated when the conditions described in the “Conditions” column are met
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.4V <Vop <33V, 16V <Vb<20V

1

Maximum transfer rate = 15 [bps]
{~-Cbx RbxIn(1- V.b )} x 3
1 1.5
Transfer rate x 2 {=Cox RoxIn (1~ Vb )}

Baud rate error (theoretical value) =

1 x 100 [%]
(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.

8. This value as an example is calculated when the conditions described in the “Conditions” column are met.

Refer to Note 7 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance) mode for

the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg).
For ViH and Vi, see the DC characteristics with TTL input buffer selected.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

UART mode connection diagram (during communication at different potential)

Vb

% Ro
TxDq Rx

RL78 ) :
. User's device
microcontroller

RxDq Tx

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

1/Transfer rate

Low-bit width

High-bit width

Baud rate error tolerance

\
TxDq )S /

\ /!

s

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

R ——

RxDq /

Remarks 1. Ro[Q]: Communication line (TxDq) pull-up resistance, Co[F]: Communication line (TxDq) load capacitance,
Vou[V]: Communication line voltage
2. g: UART number (q = 0 to 2), g: PIM and POM number (g =0, 1)
3. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

4. UARTO of the 20- and 24-pin products supports communication at different potential only when the
peripheral I/O redirection function is not used.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified SPI (CSI) mode) (master mode, SCKp...
internal clock output) (1/3)
(Ta=-40 to +105°C,2.4V<Vop < Vpp <5.5V, Vss =0V)

Parameter Symbol Conditions HS (high-speed main) Mode |  Unit
MIN. MAX.
SCKp cycle time tkey1 tkey1 2 4/fox 40V<Vops55V, 600 ns

27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V, 1000 ns
23V<s\Vbs27V,
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33YV, 2300 ns
16V<sVe<20V,
Cbr =30 pF, Ro =5.5kQ

SCKp high-level width tkH1 40V<Vop<s55V,27V<Vb<4.0V, tkev1/2 =150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V=sVp<27YV, tkev1/2 =340 ns

Cb = 30 pF, Ro = 2.7 kQ

24V<sVop<33V,16V=sVb<20V, tkey1/2 —916 ns
Cb =30 pF, Ro = 5.5 kQ
SCKp low-level width kL1 40V<Vops55V,27V<Vb<40V, tkev1/2 =24 ns

Cb =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V,23V=<Vp<27V, trev1/2 —36 ns
Cb =30 pF, Ro = 2.7 kQ
24V<sVop<33V,16V=sVb<20V, tkey1/2 =100 ns

Cb =30 pF, Ro = 5.5 kQ

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode
for the SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode
register 1 (POM1). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

2. CSI01 and CSI11 cannot communicate at different potential.

Remarks 1. Ro [Q]: Communication line (SCKp, SOp) pull-up resistance, Cb [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20)
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified SPI (CSI) mode) (master mode, SCKp...

internal clock output) (2/3)
(Ta=-40 to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Slp setup time (to SCKp1) | tsik1 40V<Vop55V,27V<Vb<4.0V, 162 ns
Note Cb =30 pF, Ro = 1.4 kQ
27V=Vop<4.0V,23V=Ve<27V, 354 ns
Cb =30 pF, Ro = 2.7 kQ
24V<=sVop<33V,16V=Vp=<20V, 958 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time tksit 40V<sVop<55V,27V=sVb<40V, 38 ns
(from SCKpt1) Nete Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V=Vp<s27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=Ve<20V, 38 ns
Cb = 30 pF, Ro = 5.5 kQ
Delay time from SCKp| to | tkso1 40V<Vop<55V,27V=Ve<40V, 200 ns
SOp output Nete Cb =30 pF, Ro = 1.4 kQ
27V=sVop<40V,23V=Vp=s27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=Ve<20V, 966 ns
Cb =30 pF, Ro = 5.5 kQ

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

(Cautions and Remarks are listed on the next page.)
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RL78/G12

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified SPI (CSI) mode) (master mode, SCKp...

internal clock output) (3/3)
(Ta=-40 to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed main) Mode

MIN. MAX.

Unit

Slp setup time (to SCKp|)

Note

tsik1

40V<sVopsb5V,27V=sVb<4.0V,
Cb =30 pF, Ro = 1.4 kQ

88

ns

27V<Vop<4.0V,23V=sVe<27V,
Cb =30 pF, Ro = 2.7 kQ

88

ns

24V<Vop<33V,16V=<Vb<20V,
Cb =30 pF, Ro = 5.5 kQ

220

ns

Slp hold time
(from SCKp|) Nete

tksit

40V<Vop<55V,27VsVe<4.0V,
Cb =30 pF, Ro = 1.4 kQ

38

ns

27V<Vop<4.0V,23V=sVe<27V,
Cb =30 pF, Ro = 2.7 kQ

38

ns

24V <Vop<33V,16V<Vp<20V,
Cb =30 pF, Ro = 5.5 kQ

38

ns

Delay time from SCKp1 to
SOp output Nete

tkso

1

40V<sVopbs55V,27V=<Ve<4.0V,
Cb =30 pF, Ro = 1.4 kQ

50

ns

27V<sVop<4.0V,23V<sVb<27V,
Cb =30 pF, Ro = 2.7 kQ

50

ns

24V<Vop<33V,16V=Vb<20V,
Cb =30 pF, R =5.5kQ

50

ns

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

Cautions 1.

for the SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode

Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode

register 1 (POM1). For Vi and Vi, see the DC characteristics with TTL input buffer selected.

2. CSI01 and CSI11 cannot communicate at different potential.

Remarks 1.

load capacitance, Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)

Simplified SPI (CSl) mode connection diagram (during communication at different potential)

Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Cov [F]: Communication line (SCKp, SOp)

<Master> Vb Vb
é Rb %;b
SCKp . SCK
. RL78 Slp SO User's device
microcontroller
SOp Sl
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

tkevt

tkut tKH1
SCKp \
\ N\
tsik1 tksi1
Slp Input data
tkso1
SOp Output data

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

tkev
tkH tiLt
"
SCKp _/ I /
e
tsiki1 tksit
Slp Input data
tkso1
SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(7) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified SPI (CSI) mode) (slave mode, SCKp... external

clock input)
(Ta=-40 to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCKp cycle time Nete ! treyz 40V<sVop<55V, 20 MHz < fuck < 24 MHz 24 /fuck ns
27V<sVbs40V 8 MHz < fuck <20 MHz 20/fmck ns
4 MHz < fuck < 8 MHz 16/fmek ns
fuck < 4 MHz 12/fmck ns
27V<Vop<4.0V, 20 MHz < fmck < 24 MHz 32/fmek ns
23Vs\Wh=27V 16 MHz < fuck < 20 MHz 28/fmck ns
8 MHz < fuck < 16 MHz 24/fmck ns
4 MHz < fuck £ 8 MHz 16/fmek ns
fuck < 4 MHz 12/fmek ns
24V<Vop<33YV, 20 MHz < fmck < 24 MHz 72/fmck ns
16VsVW<20V 16 MHz < fuck < 20 MHz 64/fuck ns
8 MHz < fuck < 16 MHz 52/fuck ns
4 MHz < fuck £ 8 MHz 32/fmck ns
fuck <4 MHz 20/fmek ns
SCKp high-/low-level tKH2, 40V<sVop<55V,27V=sVp<40V tkev2/2 — 24 ns
width tiaz 27VSVoo<40V,23VsVe<27V tkev2/2 — 36 ns
24V <Vop<33V,16VsV=<20V tkey2/2 — 100 ns
Slp setup time tsikz 40V<Vop<55V,27V=<Vop<4.0V 1/mex + 40 ns
(to SCKpf) Mere 27V<Voo<40V,23VEVo<27V vox+ 40 ns
24V <Vop<33V,16V=sVops20V 1ffvex + 60 ns
Slp hold time tksi2 /e + 62 ns
(from SCKpt1) Nete3
Delay time from SCKp| to | tkso2 40V<sVop<55V,27VsVe<4.0V, 2/fmek + ns
SOp output "= Co =30 pF, Ro = 1.4 kQ 240
27V<=Vop<40V,23V=sWw<27V, 2/fmek + ns
Cb =30 pF, Ro = 2.7 kQ 428
24V<Vop<33V,1.6V=Ve<20V, 2/fmek + ns
Cb = 30 pF, Ro = 5.5 kQ 1146

Notes 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
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 Slp hold time becomes “from
SCKp]” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Cautions 1. Select the TTL input buffer for the Slp and SCKp pins and the N-ch open drain output (Vop
tolerance) mode for the SOp pin by using port input mode register 1 (PIM1) and port output
mode register 1 (POM1). For Vi and Vi., see the DC characteristics with TTL input buffer
selected.

2. CSI01 and CSI11 cannot communicate at different potential.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Slave> Vb

g

SCKp SCK

RL78

microcontroller ~ SIP SO User's device

SOp sl

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

tkey2
kL2 tkH2
/
SCKp X
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Co [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Simplified SPI (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 kL2
/ /
SCKp / \
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified I2C mode)
(Ta=-40 to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCLr clock frequency fscL 40V<Vop<55V,27V<Vb<40V, 10QnNetet kHz
Cb =100 pF, R = 2.8 kQ
27V<Vop<4.0V,23V<Vo<27YV, 10QNotet kHz
Co =100 pF, Rs = 2.7 kQ
24V<Vop<33V,16V=Ve<20V, 10QnNetet kHz
Cv =100 pF, Rs = 5.5 kQ
Hold time when SCLr = “L” tLow 40V<sVop<55V,27V<sVe<s40V, 4600 ns
Cb =100 pF, R = 2.8 kQ
27V<Vop<4.0V,23V<sVo<27V, 4600 ns
Cb =100 pF, Rs = 2.7 kQ
24V<Vop<33V,16V=Vb<20V, 4650 ns
Cb =100 pF, Rs = 5.5 kQ
Hold time when SCLr = “H” triGH 40V<Vops55V,27V<sVe<40V, 2700 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vp<27V, 2400 ns
Cb =100 pF, Ro = 2.7 kQ
24V<Vop<33V,1.6V<Vo<20V, 1830 ns
Cb =100 pF, Ro = 5.5 kQ
Data setup time (reception) tsu:pAT 40V<Vop<55V,27V=<Vpr<4.0V, 1/fmex ns
Co =100 pF, R = 2.8 kQ + 760 Note2
27V<sVop<4.0V,23V=sVb<27V, 1/fmck ns
Cv =100 pF, Ro = 2.7 kQ + 760 Note2
24V<Vop<33V,1.6V<sVo<20V, 1/fmck ns
Cb = 100 pF, Ro = 5.5 kQ + 570 Note?
Data hold time (transmission) tHD:DAT 40V<Vop<55V,27V<Vp<4.0V, 0 1420 ns
Cb =100 pF, Rs = 2.8 kQ
27V<Vop<4.0V,23V<Vo<27YV, 0 1420 ns
Co =100 pF, Rs = 2.7 kQ
24V<Vop<33V,16V=sVe<20V, 0 1215 ns
Co =100 pF, Rs = 5.5 kQ

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

Cautions 1. Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin
and the N-ch open drain output (Voo tolerance) mode for the SCLr pin by using port input mode
register 1 (PIM1) and port output mode register 1 (POM1). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.

2. 1IC01 and IIC11 cannot communicate at different potential.

(Remarks are listed on the next page.)
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

RL78

microcontroller

SDAr

SCLr

SDA

User's device

SCL

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

1/fscL

trow

SCLr

SDAr /\

\

tHIGH

tHD : DAT

tsu: pat

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Co [F]: Communication line (SDAr, SCLr)

load capacitance, Vb [V]: Communication line voltage
2. r:1IC Number (r = 00, 20)

3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode

register mn (SMRmn).
m: Unit number (m = 0,1), n: Channel number (n = 0))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.5.2 Serial interface lICA

(Ta=-40 to +105°C,2.4V=<Vop <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) mode Unit
Standard Mode Fast Mode

MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fck 2 3.5 MHz 0 400 kHz
Normal mode: fcik 2 1 MHz 0 100 kHz
Setup time of restart condition tsu:sTA 4.7 0.6 us
Hold timeNote ! tHD:sTA 4.0 0.6 us
Hold time when SCLAOQ = “L” tow 4.7 1.3 us
Hold time when SCLAQ = “H” triGH 4.0 0.6 us
Data setup time (reception) tsu:DAT 250 100 ns
Data hold time (transmission)N°t¢2 | tnp.pat 0 345 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time taur 4.7 1.3 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:DAT is during normal transfer and a clock stretch state is inserted in the
ACK (acknowledge) timing.

Caution  Only in the 30-pin products, the values in the above table are applied even when bit 2 (PIOR2) in the
peripheral /O redirection register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, VoH1,
VoL1) must satisfy the values in the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.

Normal mode: Cb =400 pF, Rb =2.7 kQ
Fast mode: Cb =320 pF, Rb = 1.1 kQ

IICA serial transfer timing

tLow

Iz

SCLAO

tHD:DAT thigH  tF tsu:sTA

tsu:pAT f=—

™~

SO

spAmo ¢ /1 / \S
TtBUF: E
Stop Start Restart Stop
condition condition condition condition
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RL78/G12

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Input channel

Reference Voltage

Reference voltage (+) = AVREFP
Reference voltage (—) = AVREFM

Reference voltage (+) = VbD
Reference voltage () = Vss

Reference voltage (+) = VBGR
Reference voltage (—) = AVREFM

ANIO to ANI3

Refer to 3.6.1 (1).

ANI16 to ANI22

Refer to 3.6.1 (2).

Internal reference voltage

Temperature sensor
output voltage

Refer to 3.6.1 (1).

Refer to 3.6.1 (3).

Refer to 3.6.1 (4).

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI2, ANI3, internal reference voltage, and temperature sensor output voltage

(Ta = —40 to +105°C, 2.4 V < AVrerr S VDD < 5.5 V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =

AVRrerm= 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhete ! AINL 10-bit resolution 1.2 +3.5 LSB
AVRerp = Vpp Note 3

Conversion time tconv 10-bit resolution 36V<VbD<55V 2.125 39 us
Target pin: ANI2, ANI3 | 5 7y < vpp<55V 3.1875 39 us

24V <Vpb<55V 17 39 us

10-bit resolution 36V=<VpD<55V 2.375 39 us
Target pin: Internal 27V<Vop<55V 3.5625 39 us
reference voltage, and
t 24V<VbD=<55V 17 39 us
emperature sensor
output voltage
(HS (high-speed main)
mode)

Zero-scale errorNotes 1.2 EZS 10-bit resolution +0.25 %FSR
AVRerp = Vpp Note 3

Full-scale errorNetes 1.2 EFS 10-bit resolution +0.25 %FSR
AVRerp = Vpp Note 3

Integral linearity errorNete ! ILE 10-bit resolution 2.5 LSB
AVRrerp = Vpp Note 3

Differential linearity error DLE 10-bit resolution +1.5 LSB

Note 1 AVRerp = Vpp Note 3

Analog input voltage Van ANI2, ANI3 0 AVRerp \%
Internal reference voltage Vagr Note 4 \Y
(HS (high-speed main) mode)
Temperature sensor output voltage V1mpszs Note 4 \Y
(HS (high-speed main) mode)

(Notes are listed on the next page.)
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVrere = Voo.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add £0.5 LSB to the MAX. value when AVrerr = Vbo.
4. Refer to 3.6.2 Temperature sensor/internal reference voltage characteristics.

(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrRerm/ANI1
(ADREFM = 1), target pin: ANI16 to ANI22

(Ta =-40 to +105°C, 2.4 V < AVRerpr £ VoD £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =
AVRrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall error Note ! AINL 10-bit resolution 1.2 +5.0 LSB

AVRrerp = Vpp Note 3

Conversion time tconv 10-bit resolution 36V<sVbD<55V 2.125 39 us
Target ANI pin: ANI16 to ANI22 27V<Vop<55V 31875 39 us
24V <Vbp<55V 17 39 us

Zero-scale error Notes 1.2 EZS 10-bit resolution +0.35 %FSR

AVRerp = Vpp Note 3

Full-scale error Netes 1.2 EFS 10-bit resolution +0.35 %FSR

AVRerp = Vpp Note 3

LE 10-bit resolution +3.5 LSB

AVRerp = Vpp Note 3

Integral linearity error Nete !

Differential linearity DLE 10-bit resolution +2.0 LSB

error Note 1 AVRerp = Vpp Note 3

Analog input voltage Van ANI16 to ANI22 0 AVRerP \
and Vop

Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Vop, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrerr = Voo.
Zero-scale error/Full-scale error: Add +0.20%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add £2.0 LSB to the MAX. value when AVrere = Voo.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin: ANIO to ANI3, ANI16 to ANI22, internal reference voltage, and temperature sensor output voltage

(TAa=-40 to +105°C, 2.4V = Vbp = 5.5V, Vss = 0 V, Reference voltage (+) = Vob, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 10 bit
Overall errorhete ! AINL 10-bit resolution 1.2 +7.0 LSB
Conversion time tconv 10-bit resolution 36V=<Vbps55V 2.125 39 us

Target pin: ANIOto ANI3, | 5 7y <vpp <55V | 3.1875 39 us

ANI16 to ANI22

24V<Vpb<s55V 17 39 us

Conversion time tconv 10-bit resolution 36V=sVbb<55V 2.375 39 us

Target pin: internal reference 27V <VoD<55V 35625 39 us

voltage, and temperature oavey v 1

< <

sensor output voltage (HS 4V<sVoD <55 7 39 HS

(high-speed main) mode)
Zero-scale errorNotes 1.2 EZS 10-bit resolution +0.60 %FSR
Full-scale errorhetes .2 EFS 10-bit resolution +0.60 %FSR
Integral linearity errorNete ! ILE 10-bit resolution +4.0 LSB
Differential linearity errorNet' | DLE 10-bit resolution +2.0 LSB
Analog input voltage Van ANIO to ANI3, ANI16 to ANI22 0 Vob \%

Internal reference voltage Vagr Note 3 \%

(HS (high-speed main) mode)

Temperature sensor output voltage Vrmpszs Note 3 \Y

(HS (high-speed main) mode)

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 3.6.2 Temperature sensor/internal reference voltage characteristics.
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

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

(Ta = —40 to +105°C, 2.4 V < Voo £ 5.5 V, Vss = 0 V, Reference voltage (+) = Vecr No*¢ 3, Reference voltage (-) =
AVRreem Note 4 = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale errorNetes 1.2 EZS 8-bit resolution +0.60 %FSR
Integral linearity errorN°te ! ILE 8-bit resolution +2.0 LSB
Differential linearity errorNote 1 DLE 8-bit resolution +1.0 LSB
Analog input voltage VAN 0 Vacr Note 3 \%

Notes 1. Excludes quantization error (+1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. Refer to 3.6.2 Temperature sensor/internal reference voltage characteristics.

4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage (—) = AVReFm.
Integral linearity error: Add +0.5 LSB to the MAX. value when reference voltage (=) = AVReFM.

Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (=) = AVRerm.
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.6.2 Temperature sensor/internal reference voltage characteristics

(TA=-40 to +105°C, 2.4V <Vo0 £5.5V, Vss =0 V, HS (high-speed main) mode

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage V1MPs25 Setting ADS register = 80H, 1.05 \%
TAa = +25°C
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 1.50 \%
Temperature coefficient Fvtvps Temperature sensor output -3.6 mV/°C
voltage that depends on the
temperature
Operation stabilization wait time tamp 5 us
3.6.3 POR circuit characteristics
(Ta=-40 to +105°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPor The power supply voltage is 1.45 1.51 1.57 \%
rising.
VPDR The power supply voltage is 1.44 1.50 1.56 \%
falling.
Minimum pulse width Note Tew 300 V]

Note Minimum time required for a POR reset when Voo exceeds below Veor. This is also the minimum time required
for a POR reset from when Voo exceeds below 0.7 V to when Voo exceeds Vror while STOP mode is entered or
the main system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation
status control register (CSC).

Tew
Supply voltage (Vob)
Veoror 0.7V
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta=—40 to +105°C, Veor < Vbp = 5.5V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection supply voltage Vivoo The power supply voltage is rising. 3.90 4.06 4.22
The power supply voltage is falling. 3.83 3.98 4.13
Vivp1 The power supply voltage is rising. 3.60 3.75 3.90 \%
The power supply voltage is falling. 3.53 3.67 3.81 Vv
Vivp2 The power supply voltage is rising. 3.01 3.13 3.25 \Y
The power supply voltage is falling. 2.94 3.06 3.18 Vv
Vivos The power supply voltage is rising. 2.90 3.02 3.14 \%
The power supply voltage is falling. 2.85 2.96 3.07 \%
Vivos The power supply voltage is rising. 2.81 2.92 3.03 Vv
The power supply voltage is falling. 2.75 2.86 2.97 Vv
Vivos The power supply voltage is rising. 2.70 2.81 2.92 \%
The power supply voltage is falling. 2.64 2.75 2.86 Vv
VLivoe The power supply voltage is rising. 2.61 2.71 2.81 Vv
The power supply voltage is falling. 2.55 2.65 2.75 Vv
Vwvor The power supply voltage is rising. 2.51 2.61 2.71 Vv
The power supply voltage is falling. 2.45 2.55 2.65 Vv
Minimum pulse width tw 300 us
Detection delay time 300 us
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

LVD detection voltage of interrupt & reset mode
(Ta=-40 to +105°C, Veor S Voo £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt and reset | Vivobo Vpocz, Veoct, Vroct =0, 1, 1, falling reset voltage 2.64 2.75 2.86

mode VLvoD1 LVIS1, LVISO=1,0 Rising reset release voltage 2.81 2.92 3.03 \Y

Falling interrupt voltage 2.75 2.86 297 \%

VLvop2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.90 3.02 3.14 \

Falling interrupt voltage 2.85 2.96 3.07 \%

Vivobs LVIS1, LVISO=0,0 Rising reset release voltage 3.90 4.06 4.22 \%

Falling interrupt voltage 3.83 3.98 413 \%

3.6.5 Power supply voltage rising slope characteristics

(Ta = —40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 3.4 AC Characteristics.

RO1DS0193EJ0240 Rev.2.40 R NS Page 101 of 109
Mar 29, 2024 ENES



RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.7 RAM Data Retention Characteristics

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

Data retention supply voltage VbbpR 1.44 Note 55 \Y

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.

1 STOP mode Operation mode

RAM data retention ——

? \/oopR

STOP instruction execution

/
Standby release signal
(interrupt request) N
0
3.8 Flash Memory Programming Characteristics
(Ta=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. | Unit
System clock frequency ferk 1 24 MHz
Code flash memory rewritable times | Cerwr Retained for 20 years 1,000 Times
Notes 1,2, 3 Ta=85°C Note 4
Data flash memory rewritable times Retained for 1 year 1,000,000
Notes 1,2, 3 Ta =25°C
Retained for 5 years 100,000
Ta = 85°C Note4
Retained for 20 years 10,000
Ta = 85°CNote 4

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. These are the characteristics of the flash memory and the results obtained from reliability testing by
Renesas Electronics Corporation.
4. This temperature is the average value at which data are retained.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.9 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +105°C, 2.4V <Vop 5.5V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate During serial programming 115,200 1,000,000 bps

3.10 Timing of Entry to Flash Memory Programming Modes

(Ta=-40 to +105°C, 2.4V <=<Vop 5.5V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication for the initial tsuinim POR and LVD reset are released 100 ms
setting after the external reset is released before external release
Time to release the external reset after the TOOLO | tsu POR and LVD reset are released 10 us
pin is set to the low level before external release
Time to hold the TOOLO pin at the low level after the | tp POR and LVD reset are released 1 ms
external reset is released before external release
(excluding the processing time of the firmware to
control the flash memory)

<1> <2> <3> <
|
|
|
|

1

RESET /

| tHp + software

3

processing 1-byte data for
N“L,, setting mode

TOOLO

%

tsu tsuiniT

<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 TOOLDO pin is set to the high level.

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

Remark tsuinit: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  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. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1 20-pin package

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LSSOP20-4.4x6.5-0.65

PLSP0020JB-A

P20MA-65-NAA-1

0.1

%2

D

1ARAARAARS

%1

EEEELLEL

-A
- A2
[ \
g \
A1~ 2ly] e
NOTE

1.Dimensions “1” and “>2" do not include mold flash.

2.Dimension “%3” does not include trim offset.

detail of lead end

(A

o |

HE

\

AN

(UNIT:mm)

ITEM DIMENSIONS

D 6.50+0.10

E 4.40+0.10
HE 6.40+0.20

A 1.45 MAX.
Al 0.10£0.10
A2 1.15

e 0.65+0.12
b 0221330
c 015158

L 0.50+0.20

y 0.10

0 0°to 10°
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RL78/G12 4. PACKAGE DRAWINGS

JEITA Package code RENESAS code MASS(TYP )[q]

P-TSS0OP20-4 40x6.50-0.65 PTSPOD20JI1-A 0.08

2

== 0|

-—————-‘-—————- 1 [E] —H—
# |
i | ’l‘
| |
RN IR ARTRIR
1 0
[=] —H=—20xb c
EXETTIEEIRN
i I
SEATING OO0 0000r_ 4 ———
PLANE J Reference Dimension in Millimeters
Al— A2 A Symbaol ]
Min. MNom. Max.
A - - 1.20
Al 0.05 - 0.15
. A2 0.20 1.00 1.05
Detail of Lead End
b 0.19 - 0.30
—|== C 0.09 0.127 0.20
D B.40 6.50 6.80
E 4.30 4.40 450
+' E 640 BSC
] GAUGE PLANE e 0.85 B3C
- — L1 1.00 REF
. 8~ L 0.50 0.80 0.75
5 0.20 - -
-— a o 2
aa3a 010
NOTES: bbb 0.10
1 DIMENSION 'TY AND 'E1’ DOES NOT INGLUDE MOLD FLASH. coe 0.05
2 DIMENSION 'B' DOES NOT INCLUDE TRIM OFFSET. 0 020
3.DIMEMSION 'DY AMD "E1" TO BE DETERMINED AT DATUM PLAME [H. :
R01DS0193EJ0240 Rev.2.40
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4.2 24-pin package

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-HWQFN24-4x4-0.50

PWQNOO24KE-A

P24K8-50-CAB-1

0.04

DETAIL OF (A) PART

-+ E A
mill=
/®
|
l‘\_n_ru‘_n_ngﬂ
[=] ! o
I
(ONIT-mm)
ITEM DIMENSIONS
D 4.00£0.05
D2 E 4.00£0.05
> Al A 0.75+0.05
EXPOSED DIE PAD 1005
i " / b 0257385
guudguuy 6 o0s0
24 ) - Lp 0.40%0.10
X 0.05
- - y 0.05
D) (-
E2
D) + (-
= - ITEM D2 E2
19 &= MIN [NOM[MAX| MIN [NOM[MAX
N N ﬂ m N DIE PAD 2.45(2.50[2.552.45[2.502.55
18 13 VARIATIONS
—Lp e
b[b|x @|s|AB]|
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JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFNO024-4x4-0.50 PWQNO0024KF-A 0.04
2X
[ ]aaalc]
18 ! 13
19 ! 12
J -——L—D
INDEX AREA —| ‘
(D/2 X E/2) |
2% 24 ‘ 7
[ ]aaalC : | 6 E
B E
// |ccc|C |
L
A A3 At SEATING PLANE
b(24X) bbb C|A|B
24X € — @ ddd%C ‘ ‘ Reference Dimension in Millimeters
c
E@. Symbol Min. Nom. Max.
A - - 0.80
-—— E2 —{ & [[c|A]B] A1 0.00 | 002 | 005
1 \ 6 A3 0.203 REF.
|
EILOINE JU U‘U JU ~— ExPOSEDDIEPAD| b 018 | 025 | 0.30
2= | a’ D 4.00 BSC
) ‘ d E 4.00 BSC
D27737777+7777C77 e 0.50 BSC
) ‘ - L 0.35 0.40 0.45
= | - K 0.20 - -
19 ‘ 12 D2 2.55 2.60 2.65
wm A ﬂ!ﬂ ﬂwf E2 2.55 2.60 2.65
‘ 0.15
L(24X) K(24X) aaa :
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10
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JEITA Package Code RENESAS Code MASS(Typ.)[g]
P-HWQFN24-4%x4-0.50 PWQNO0024KH-A 0.04
X
[AJaaa]C]
|
I
|
|
N-1 / /./'~/. _ ) =
INDEX AREA WIS
D2XER) Y, 7
ISR
o // //
(D Jaao]C] e
E [A]
gl
Reference Dimension in Millimeters
/ c
SSS g ! Symbol | nin. | Nom. | Max.
L' . SEATING PLANE A — — 0.80
o 2 ﬂﬁ@ A, | 000 | — |o005
ﬁ A, 0.20 REF.
é b 0.20 | 0.25 | 0.30
E2 (D] — |400| —
12 - — | 400 | -
JUUUU o] | — Jos0] -
N = |- N 24
N~ g , g L 0.30 | 0.40 | 0.50
8 = -—- = K |o20] — | -
- | - g D, | 250|260 | 270
- | - E, 250 | 2.60 | 2.70
ANANAIIANANA! aaa — — | 015
EXPOSED
DIE PAD bbb — — 0.10
NX o | bl ®|C[A[B]
cdd M [C cce - - 0.10
ddd — — | 005
eee — — 0.08
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4.3 30-pin package

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]

P-LSSOP30-0300-0.65 PLSP0030JB-B S30MC-65-5A4-3 0.18

HARARARRAARAARA

detail of lead end

O LA
sEELEELEELELELE] 1]

nn i S G s w— n

L c | Ho[ ~ [s] B

ITEM MILLIMETERS
o[&] M ® K ot uax
0.65 (T.P.)

+0.08
0.2425'07

0.1+0.05
1.3+0.1
1.2
8.1+0.2
6.1+0.2
1.0+0.2
0.17+0.03
0.5

0.13

0.10

0+5°
373

0.25
0.6+0.15

NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.

C|lH] T |[ZIE|rM|R|e|—|IT|O|Mmm T O
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3 Modification of 1.2 List of Part Numbers

4 Modification of Table 1-1. List of Ordering Part Numbers, Note, and Caution

7t09 Modification of package name in 1.4.1 to 1.4.3

14 Modification of tables in 1.7 Outline of Functions

17 Modification of description of table in 2.1 Absolute Maximum Ratings (Ta =
25°C)

18 Modification of table, Note, and Caution in 2.2.1 X1 oscillator characteristics
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19 Modification of Note 3 in 2.3.1 Pin characteristics (1/4)
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24 Modification of Notes 1 and 3 in (1) 20-, 24-pin products (2/2)
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31 Modification of description and Note 2 in (1) During communication at same
potential (UART mode)
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mode)
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54 Modification of Notes 3 to 5in 2.6.1 (1)
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59 Modification of table of LVD detection voltage of interrupt & reset mode
59 Modification of number and title to 2.6.5 Power supply voltage rising slope
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Memory Programming Modes
62 to 103 | Addition of products of industrial applications (G: Ta = -40 to +105°C)
104 to Addition of products of industrial applications (G: Ta = -40 to +105°C)
106
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52 Modification of note 2 in 2.5.2 Serial interface lICA
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Retention Characteristics
60 Modification of conditions in 2.8 Flash Memory Programming Characteristics
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94 Modification of note 2 in 3.5.2 Serial interface lICA
102 Modification of title and note in 3.7 RAM Data Retention Characteristics
102 Modification of conditions in 3.8 Flash Memory Programming Characteristics
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106
2.20 Oct 31, 2018 4 Modification of Table 1-1 List of Ordering Part Numbers
7 Modification of pin configuration diagram in 1.4.1 20-pin products
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4 Addition of packaging specifications in Table 1-1 List of Ordering Part
Numbers
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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.

2. 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.

3. Input of signal during power-off state
Do not input signals or an I/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.

4. 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.

5. 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.

6. 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 V, (Max.)
and V| (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 V,_(Max.) and V4 (Min.).

7. 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.

8. 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.



Notice

1. 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.

2. 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.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. ltis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. 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.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWWw.renesas.com www.renesas.com/contact/
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