Datasheet

Specifications in this document are tentative and subject to change.

LENESAS

RL78/G1A R01DS0151EJ0230
Rev.2.30
RENESAS MCU Apr 26, 2024

Combines Multi-channel 12-Bit A/D Converter, True Low Power Platform (as low as 66 yA/MHz, and

0.57 pA for RTC + LVD), 1.6 V to 3.6 V operation, 16 to 64 Kbyte Flash, 41 DMIPS at 32 MHz

1. OUTLINE

1.1 Features

Ultra-Low Power Technology

¢ 1.6 V to 3.6 V operation from a single supply

e Stop (RAM retained): 0.23 pA, (LVD enabled): 0.31
LA

¢ Halt (RTC + LVD): 0.57 uA

e Snooze: 0.7 mA (UART), 0.6 mA (ADC)

¢ Operating: 66 yA/MHz

16-bit RL78 CPU Core

e Delivers 41 DMIPS at maximum operating frequency
of 32 MHz

e Instruction Execution: 86% of instructions can be
executed in 1 to 2 clock cycles

e CISC Architecture (Harvard) with 3-stage pipeline

o Multiply Signed & Unsigned: 16 x 16 to 32-bit result in
1 clock cycle

e MAC: 16 x 16 to 32-bit result in 2 clock cycles

¢ 16-bit barrel shifter for shift & rotate in 1 clock cycle

¢ 1-wire on-chip debug function

Code Flash Memory

¢ Density: 16 KB to 64 KB

 Block size: 1 KB

¢ On-chip single voltage flash memory with protection
from block erase/writing

¢ Self-programming with secure boot swap function
and flash shield window function

Data Flash Memory

¢ Data Flash with background operation

¢ Data flash size: 4 KB

e Erase Cycles: 1 Million (typ.)

¢ Erase/programming voltage: 1.8 Vto 3.6 V

RAM

e 2 KB to 4 KB size options

e Supports operands or instructions
e Back-up retention in all modes

High-speed On-chip Oscillator

e 32 MHz with +/- 1% accuracy over voltage (1.8 V to
3.6 V) and temperature (-20 °C to +85 °C)

¢ Pre-configured settings: 32 MHz, 24 MHz, 16 MHz,
12 MHz, 8 MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1
MHz

Reset and Supply Management

¢ Power-on reset (POR) monitor/generator

¢ Low voltage detection (LVD) with 12 setting options
(Interrupt and/or reset function)

Data Memory Access (DMA) Controller
e Up to 2 fully programmable channels
o Transfer unit: 8- or 16-bit

Multiple Communication Interfaces

e Up to 6 x I2C master

e Up to 1 x I2C multi-master

o Up to 6 x Simplified SPI (CSINee)/SPI (7-, 8-bit)
o Up to 3 x UART (7-, 8-, 9-bit)

e Upto1xLIN

Extended-Function Timers

o Multi-function 16-bit timers: Up to 8 channels

o Real-time clock (RTC): 1 channel (full calendar and
alarm function with watch correction function)

e Interval Timer: 12-bit, 1 channel

* 15 kHz watchdog timer: 1 channel (window function)

Rich Analog

e ADC: Up to 28 channels, 12-bit resolution, 3.375 us
conversion time

e Supports 1.6 V

e Internal voltage reference (1.45 V)

¢ On-chip temperature sensor

Safety Features (IEC or UL 60730 compliance)
o Flash memory CRC calculation

 RAM parity error check

* RAM write protection

o SFR write protection

o lllegal memory access detection

¢ Clock stop/ frequency detection

o ADC self-test

General Purpose I/O
* 3.6 V tolerant, high-current (up to 20 mA per pin)
e Open-Drain, Internal Pull-up support

Operating Ambient Temperature
e Standard: —40 °C to +85 °C
e Extended: —40 °C to +105 °C

Package Type and Pin Count

From 3 mm x 3 mm to 10 mm x 10 mm
QFP: 48, 64

QFN: 32, 48

LGA: 25

BGA: 64

Note 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.
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RL78/G1A

1.

OUTLINE

O ROM, RAM capacities

Flash ROM Data flash RAM RL78/G1A
25 pins 32 pins 48 pins 64 pins
64 KB 4 KB 4 KB Note R5F10E8E R5F10EBE R5F10EGE R5F10ELE
48 KB 4 KB 3 KB R5F10E8D R5F10EBD R5F10EGD R5F10ELD
32 KB 4 KB 2 KB R5F10E8C R5F10EBC R5F10EGC R5F10ELC
16 KB 4 KB 2 KB R5F10E8A R5F10EBA R5F10EGA -

Note This is about 3 KB when the self-programming function and data flash function are used.

(For details, see
3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C))
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RL78/G1A 1. OUTLINE

1.2 List of Part Numbers
<R> Figure 1-1. Part Number, Memory Size, and Package of RL78/G1A

Part Number
Ordering Part Number R5F10ELCAxxxFB#00

—[ Packing

#UO : Tray (HWQFN, VFBGA, WFLGA)
#00, #20, #60 : Tray (HWQFN)
#10, #70 : Tray (LFQFP)
#VO0 : Tray (LFQFP)
#WO0 : Embossed Tape (HWQFN, VFBGA, WFLGA)
#40 : Embossed Tape (HWQFN)
#50 : Embossed Tape (LFQFP)
#X0 : Embossed Tape (LFQFP)
Package type:
BG : VFBGA, 0.40 mm pitch

FB : LFQFP, 0.50 mm pitch
LA : WFLGA, 0.50 mm pitch
NA : HWQFN, 0.50 mm pitch

ROM number (Omitted with blank products)

Classification:
A : Consumer applications : Ta = -40°C to 85°C
G : Industrial applications : Ta=-40°C to 105°C

ROM capacity:
A: 16 KB
C: 32KB
D: 48KB
E : 64 KB

Pin count:
8 : 25-pin
B : 32-pin
G : 48-pin
L : 64-pin

RL78/G1A group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Caution The part number above is valid as of when this manual was issued. For the latest part number,
see the web page of the target product on the Renesas Electronics website.
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RL78/G1A 1. OUTLINE
Table 1-1. List of Ordering Part Numbers
Fields of Ordering Part Number
Pin count Package Application - RENESAS Code
Note Part Number Packaging
specification
25 pins 25-pin plastic WFLGA A R5F10E8AALA, R5F10E8CALA, #UO, #W0 PWLGO0025KA-A
(3 x 3 mm, 0.5 mm pitch) R5F10E8DALA, R5F10ES8EALA
G R5F10E8AGLA, R5F10E8CGLA,
R5F10E8DGLA, R5F10ES8EGLA
32 pins 32-pin plastic HWQFN A R5F10EBAANA, R5F10EBCANA, #UO0, #W0 PWQNO0032KB-A
(5 x5 mm, 0.5 mm pitch) R5F10EBDANA, R5F10EBEANA
#00, #20, #40, | PWQNOO032KE-A
#60 PWQNO0032KG-A
G R5F10EBAGNA, R5F10EBCGNA, #UO, #W0 PWQNO0032KB-A
R5F10EBDGNA, R5F10EBEGNA
#00, #20, #40, | PWQNOO032KE-A
#60 PWQNO0032KG-A
48 pins | 48-pin plastic LFQFP A R5F10EGAAFB, R5F10EGCAFB, #V0, #X0, PLQP0048KF-A
(7 x 7 mm, 0.5 mm pitch) R5F10EGDAFB, R5F10EGEAFB #10, #50, #70
G R5F10EGAGFB, R5F10EGCGFB, #V0, #X0, PLQP0048KF-A
R5F10EGDGFB, R5F10EGEGFB #10, #50, #70
48-pin plastic HWQFN A R5F10EGAANA, R5F10EGCANA, #UO, #W0 PWQNO0048KB-A
(7 x 7 mm, 0.5 mm pitch) R5F10EGDANA, R5F10EGEANA
#00, #20, #40, | PWQNOO048KE-A
#60 PWQNO0048KG-A
G R5F10EGAGNA, R5F10EGCGNA, | #UO, #W0 PWQNO0048KB-A
R5F10EGDGNA, R5F10EGEGNA
#00, #20, #40, | PWQNOO048KE-A
#60 PWQNO0048KG-A
64 pins 64-pin plastic LFQFP A R5F10ELCAFB, R5F10ELDAFB, #V0, #X0, PLQPO064KF-A
(10 x 10 mm, 0.5 mm R5F10ELEAFB #10, #50, #70
pitch) G R5F10ELCGFB, R5F10ELDGFB, #V0, #X0, PLQPO064KF-A
R5F10ELEGFB #10, #50, #70
64-pin plastic VFBGA A R5F10ELCABG, R5F10ELDABG, #UO, #W0 PVBGO064LA-A
(4 x 4 mm, 0.4 mm pitch) R5F10ELEABG
G R5F10ELCGBG, R5F10ELDGBG,
R5F10ELEGBG
Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of
RL78/G1A.
Caution The part number above is valid as of when this manual was issued. For the latest part number,

see the web page of the target product on the Renesas Electronics website.

R01DS0151EJ0230 Rev.2.30

Apr 26, 2024

RENESAS

Page 4 of 129



RL78/G1A 1. OUTLINE

1.3 Pin Configuration (Top View)

1.3.1  25-pin products

e 25-pin plastic WFLGA (3 x 3 mm, 0.50 mm pitch)

Top View Bottom View

Sooodll s |[booodD
) I%:?é}G%\A\I\) 4 ONONONONG
O(ﬁ'épf‘\’héW):' 3 O0O00OO0O0
e o0 00000
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A B\NC D E E D C B |A
INDEXMARK INDEXMARK
A B c D E
P40/TOOLO RESET PO3/ANI16/ P23/ANI3/ AVss
5 RxD1/TO00/ (KR3) 5
(KRT)
P122/X2/ P137/INTPO PO2/ANI17/ P22/ANI2/ AVop
4 | EXCLK TxD1/TI00/ (KR2) 4
(KRO)
P121/X1 Voo P21/ANI1/ P11/ANI20/ P10/ANI18/
3 AVrerm SI00/SDA0O/ SCK00/SCL00 3
RxDO/
TOOLRXD
REGC Vss P30/ANI27/ P51/ANI25/ P50/ANI26/
5 SCK11/SCL11/ | SO11/INTP2 SI11/SDA11 5
INTP3 INTP1
P60/SCLAO P61/SDAAO P31/ANI29/TIO3/ | P12/ANI21/ P20/ANI0/
] TOO03/PCLBUZO | SO00/TxDO/ AVrerp ;
/INTP4 TOOLTxD
A B C D E

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O
redirection register (PIOR).
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RL78/G1A 1. OUTLINE

1.3.2 32-pin products

e 32-pin plastic HWQFN (5 x 5 mm, 0.5 mm pitch)

20/S100/SDA00/RxD0/TOOLRXD/(KR1)
21/S0O00/TxDO/TOOLTxD/(KR2)

22/S020/TxD2/(KR3)
24/SCK20/SCL20/PCLBUZ1/(KR5)

18/SCK00/SCL00/(KRO)
23/S120/SDA20/RxD2/(KR4)

O P10/AN
O P11/AN
O P12/AN
O P13/AN
O P14/AN

P15/AN

(O AVss
O AVop

exposed die pad

2423222120191817

P24/ANI4/(KR5) O=—=25 _ _ _ _ _ _ _ _ 16 [«—=O P51/SO11/INTP2

P23/ANI3/(KR4) O~—126 | | 15 f[+——~O P50/ANI26/SI11/SDA11/INTP1

P22/ANI2/(KR3) O=—~27 | ! 14 f+——~O P30/ANI27/SCK11/SCL11/INTP3

P21/ANI1/AVreru O=—»f28 1 RUIBIGIA 1 43k 0 P70/ANI28/KRO

P20/ANIO/AVRere O=——=f29 | (TOPVIEW) 45 o) P31/ANI29/TIO3ITO03/PCLBUZO/INTPA
|

! |

P03/ANI16/RxD1/TO00/(KR2) O 30 11 »=—O P62
PO2/ANM7/TXDI/TIOO/KRT) O=—=31 &~ ! 10 [=—=0 P61/SDAAO
P120/ANI19/(KR0O) O 32' 9 [«=—0O P60/SCLAO
A1 23456 78
INDEX MARK QES X Q 88
SEgxg s
OoWwZ X N
ez W
g 29
o [sIPN]
o
o

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0
redirection register (PIOR).
3. Itis recommended to connect an exposed die pad to Vss.
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RL78/G1A

1. OUTLINE

1.3.3 48-pin products

e 48-pin plastic LFQFP (7 x 7 mm, 0.5 mm pitch)
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KR3
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&|=—O P140/PCLBUZ0/INTP6

&=——O P02/ANI17/TxD1/TI00/(KRO)

¥|=——O P03/ANI16/RxD1/TO00/(KR1)

SH—OP130

&|~—=0 P20/AN
®|~——O P21/AN
@0 P22/AN
R[~—+0 P23/aN

R[~—~0 P24/aN

N[O P25/AN
[~—=O P26/AN

p[~—=0 P27/AN

P120/ANI19 O~—137 24
P41/ANI30/TI07/TO07 O~——»|38 23
P40/TOOLOO 39 22
RESETO—={40 21
P124/XT2/EXCLKS O——=41 20
P123/XT1 O——={42 RL78/G1A 19
P137/INTPO O—»{43 (Top View) 18
P122/X2/EXCLK O——{44 17
P121/X1 O—{45 16
REGCO——{46 15
Vss O———47 O 14
Voo O——{48 13
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~—(OAVss

~—OAVDD

-—(OP150/ANI8
~—=(OP10/ANI18/SCK00/SCLO00/(KRO)
~—=0OP11/ANI20/S100/SDA00/RxD0/TOOLRXD/(KR1)
-—0OP12/ANI21/SO00/TxD0/TOOLTxD/(KR2)
~—=0OP13/ANI22/S020/TxD2/(KR3)
~—OP14/ANI23/S120/SDA20/RxD2/(KR4)
~—OP15/ANI24/SCK20/SCL20/PCLBUZ1/(KR5)
~—=OP16/TI01/TO01/INTP5
-—=(OP51/ANI25/SO11/INTP2
~—=(OP50/ANI26/S111/SDA11/INTP1

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O

redirection register (PIOR).

R01DS0151EJ0230 Rev.2.30
Apr 26, 2024

RENESAS

Page 7 of 129



RL78/G1A

1. OUTLINE

e 48-pin plastic HWQFN (7 x 7 mm, 0.5 mm pitch)
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P40/TOOLOO 39 22
RESETO—40 21
P124/XT2/EXCLKS O——={41 20
P123/XT1O——42 RL78/G1A 19
P137/INTPO O—{43 (Top View) 18
P122/X2/EXCLK O——+{44 17
P121/X1 O—={45 16
REGC O—|46 15
Vss O——47 O 14
Voo O——|48 13
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~—OAVss

~—=OAVDD

-—=0OP150/ANI8
-—OP10/ANI18/SCK00/SCL00/(KRO)
~——=OP11/ANI20/SI00/SDA00/RxDO/TOOLRXD/(KR1)
-—=0OP12/ANI21/SO00/TxD0/TOOLTxD/(KR2)
-—(OP13/ANI22/S0O20/TxD2/(KR3)
<—>OP14/AN|23/S|20/SDA20/RXD2/(KR4)
-~—=(OP15/ANI24/SCK20/SCL20/PCLBUZ1/(KR5)
~—=(OP16/TI01/TO01/INTP5
-—(OP51/ANI25/SO11/INTP2
~—(OP50/ANI26/SI11/SDA11/INTP1

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0

redirection register (PIOR).
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RL78/G1A 1. OUTLINE

1.3.4 64-pin products

e 64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)
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48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
P27/ANI7 O=—»]49 32 f«~——=0 P30/ANI27/SCK11/SCL11/INTP3/RTC1HZ
P26/ANIB/(KR9) O=—{50 31 f=——=0 PO5/TI05/TO05/KR8
P25/ANI5/(KR8) Om—»{51 30 [=———=0O POB/TIOB/TO06/KRY
P24/ANI4/(KR7) O=—{52 29 [~——0 P70/ANI28/SCK21/SCL21/KRO
P23/ANI3/(KR6) O=—={53 28 [+———=0 P71/SI121/SDA21/KR1
P22/ANI2/(KR5) O=—={54 27 [=——=0 P72/S021/KR2
P21/ANI1/AVRerm O=—155 26 [«———=0O P73/SO01/KR3
P20/ANIO/AVrerr O=—=|56 RL78/G1A 25 [=——=0 P74/SI101/SDA01/INTP8/KR4
P130 O=—57 (Top View) 24 |~——0 P75/SCK01/SCLO1/INTPY/KRS
P04/SCK10/SCL10/(KR4) O~—58 23 _f=———=0O P76/INTP10/KR6
PO3/ANI16/SI10/SDA10/RXD1/(KR3) O=—+159 22 f=——=0O P77/INTP11/KR7
PO2/ANI17/SO10/TXD1/(KR2) O=~—160 21_f=———=0 P31/ANI29/TI03/TO03/INTP4
P01/TO00/(KR1) O~—~61 20 j=—=O P63
PO0/TI00/(KR0) O=—={62 19 j~—0O P62
P141/PCLBUZ1/INTP7 O=—~{63 18 J=———=0 P61/SDAAQ
P140/PCLBUZONNTPE O=—=6a O 17 |=——=0 P60/SCLAD
10 111213141516

(9]
0
>

P120/ANI19 O=—+| =
P43 Om— =
P40/TOOLO O=—={ 0
RESET O——~ &
P124/XT2/EXCLKS O——— ~
P123/XT1 O——— =
P137/INTPO O—— ©

P122/X2/EXCLK O——=

P121/X1 O—{

REGC O—

EVsso O———

Voo O—

EVooo O———

P42/T104/TO04 O=——=
P41/ANI30/TIO7/TO07 O——= &

Cautions1. Make EVsso pin the same potential as Vss pin.
2. Make Voo pin the potential that is higher than EVbbo pin.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. When using the microcontroller for an application where the noise generated inside the
microcontroller must be reduced, it is recommended to supply separate powers to the Voo and
EVboo pins and connect the Vss and EVssOpins to separate ground lines.
3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0
redirection register (PIOR).
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RL78/G1A 1. OUTLINE
e 64-pin plastic VFBGA (4 x 4 mm, 0.4 mm pitch)
Top View Bottom View
SEGEONGRGNGRGNS 8 O0O00O0O00O0
COoOOOOOO 7 O000000O0
SO CO 6 O0O00O0OO00O0
> RI8IGIA o 5 00000000
(Top:\Miew) & & 4 OXONOXONOXOXOXO)
EONGEGEORORS 3 ONONONOXNONOXOX®)
OEGRORCEONG GRS 2 OXONOXOXONONOX®)
OGO RO NONORY: 1 OXONONOXONONOX®)
A B CDETF GH H GFEDTCTBA
Index mark
Pin No. Name Pin No. Name Pin No. Name Pin No. Name
A1 PO5/TI05/TO05/KR8 C1 P51/ANI25/SO11 E1 P153/ANI11/(KR8) G1 AVob
/INTP2
A2 P30/ANI27/SCK11 C2 P71/S121/SDA21/KR1 |E2 P154/ANI12/(KR9) G2 P25/ANI5/(KR8)
ISCL11/INTP3
/RTC1HZ
A3 P70/ANI28/SCK21 C3 P74/S101/SDAO1 E3 P10/ANI18/SCK00 G3 P24/ANI4/(KR7)
/SCL21/KRO /INTP8/KR4 /SCLO0/(KRO)
A4 P75/SCK01/SCLO01 C4 P16/TI01/TO01/INTP5 |E4 P11/ANI20/S100 G4 P22/ANI2/(KR5)
/INTP9/KR5 /SDAO0/RxD0O
ITOOLRXD/(KR1)
A5 P77/INTP11/KR7 C5 P15/ANI24/SCK20 E5 PO3/ANI16/S110 G5 P130
/SCL20/(KR5) /SDA10/RxD1/(KR3)
A6 P61/SDAAO C6 P63 E6 P41/ANI30/TI07/TO07 |(G6 P02/ANI17/SO10/TxD1
I(KR2)
A7 P60/SCLAO c7 Vss E7 RESET G7 PO0/TI00/(KRO)
A8 EVopo C8 P121/X1 E8 P137/INTPO G8 P124/XT2/EXCLKS
B1 P50/ANI26 /SI11 D1 P13/ANI22/S020 F1 P150/ANI8 H1 AVss
/SDA11/INTP1 /TxD2/(KR3)
B2 P72/SO21/KR2 D2 P06/TI06/TO06/KR9 F2 P151/ANI9/(KR6) H2 P27/ANI7
B3 P73/SO01/KR3 D3 P12/ANI21/SO00 F3 P152/ANI10/(KR7) H3 P26/ANI6/(KR9)
/TXDO/TOOLTXD/(KR2)
B4 P76/INTP10/KR6 D4 P14/ANI23/S120/ F4 P21/ANI1/AVRrerm H4 P23/ANI3/(KR6)
SDA20/RxD2/(KR4)
B5 P31/ANI29/T103/TO03 (D5 P42/T104/TO04 F5 P04/SCK10/SCL10 H5 P20/ANIO/AVRerp
/INTP4 /(KR4)
B6 P62 D6 P40/TOOLO F6 P43 H6 P141/PCLBUZ1/INTP7
B7 Voo D7 REGC F7 P01/TO00/(KR1) H7 P140/PCLBUZO/INTP6
B8 EVsso D8 P122/X2/EXCLK F8 P123/XT1 H8 P120/ANI19
Cautions 1. Make EVsso pin the same potential as Vss pin.
2. Make Vop pin the potential that is higher than EVbpo pin.
3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
Remarks 1. For pin identification, see 1.4 Pin Identification.
2. When using the microcontroller for an application where the noise generated inside the
microcontroller must be reduced, it is recommended to supply separate powers to the Vop and
EVbpo pins and connect the Vss and EVsso pins to separate ground lines.
3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0

redirection register (PIOR).
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RL78/G1A 1. OUTLINE

1.4 Pin Identification

ANIO to ANI12, PCLBUZ0, PCLBUZ1: Programmable clock output/buzzer
ANI16 to ANI30:  Analog input output
AVpp: Analog power supply REGC: Regulator capacitance
AVss: Analog ground RESET: Reset
AVREFM: A/D converter reference RTC1HZ: Real-time clock correction clock
potential (- side) input (1 Hz) output
AVREFP: A/D converter reference RxDO0 to RxD2: Receive data
potential (+ side) input SCKO00, SCK01, SCK10,
EVopo: Power supply for port SCK11, SCK20, SCK21: Serial clock input/output
EVsso: Ground for port SCLAQ, SCL00, SCLO1,
EXCLK: External clock input (main SCL10, SCL11, SCL20,
system clock) SCL21: Serial clock output
EXCLKS: External clock input SDAAO, SDA00, SDAO01,
(subsystem clock) SDA10, SDA11, SDA20,
INTPO to INTP11: Interrupt Request from SDA21: Serial data input/output
External SI00, Sl01, SI10, SI11,
KRO to KR9: Key return S120, Si21: Serial data input
P00 to P06: Port 0 S000, SO01, SO10,
P10 to P16: Port 1 S0O11, SO20, SO21: Serial data output
P20 to P27: Port 2 TIOO, TIO1, TI03 to TIO7: Timer input
P30, P31: Port 3 TOO00, TOO01,
P40 to P43: Port 4 TOO03 to TOO7: Timer output
P50, P51: Port 5 TOOLO: Data input/output for tool
P60 to P63: Port 6 TOOLRXD, TOOLTxD: Data input/output for external device
P70 to P77: Port 7 TxDO to TxD2: Transmit data
P120 to P124: Port 12 Vob: Power supply
P130, P137: Port 13 Vss: Ground
P140, P141: Port 14 X1, X2: Crystal oscillator (main system clock)
P150 to P154: Port 15 XT1, XT2: Crystal oscillator (subsystem clock)
R01DS0151EJ0230 Rev.2.30 RENESAS Page 11 of 129
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RL78/G1A

1. OUTLINE

1.5 Block Diagram

1.5.1 25-pin products
TIMER ARRAY
PORT 0 P02, P03
o D _rorre K2
TI00/P02
TO00/PO3 cho > PorT1 KB OP10toP12
ot >  PorT2 K@ >P20toP23
- PORT 3 2" >P30, P31
TI03/TO03/P31 ~—~] ch3
(= <—>|  PORTa -~ P40
ch4
s - PORT 5 K2 >ps0, P51
ché <Z)| PorTs 2> P60, P61
o <D PorTiz Kz pi2a, P12z
<>  PORT13  |[«——P137
WINDOW
—| waTcHDOG
TIMER (KRO/PO2, KRL/P03
k— <:>-KEY RETURN) K@ y '
RS | CODE FLASH MEMORY ( ) KR2/P22, KR3/P23)
LOW-SPEED CPU
oner || INTERVAL o core [K—1 ANIO/P20 to
OSCILLATOR TIMER | DaTA FLASH MEMORY ANIZ/P23
ANIL6/PO3, ANIL7/P02,
ANI18/P10, ANI20/P11,
L | REALTIME ja- )| AID CONVERTER ANI21/P12, ANI25/P51,
CLOCK ANI26/P50, ANI27/P30,
@ ANI29/P31
AVRrerp/P20
SERIAL ARRAY AVreru/P21
UNITO (4ch) RAM
POWER ON RESET/
POR/LVD
RxDO/P11 — VOLTAGE
TXDO/P12 +— UARTO DETECTOR CONTROL
RXD1/P03 ——
T:Dl//Pg: UARTL I
SCKO00/P10 Voo  Vss TOOLRxD/P11, RESET CONTROL
SI00/P11 CSI00 AVop AVss TOOLTXD/P12
Sooo/P12 @ (| ON-CHIP DEBUG TOOLO/P40
SCK11/P30
SI11/P50 csi1 SERIAL SDAAO/PEL
SOL/P51 INTERFACE IICAQ SCLAO/P60 CSJNSTT'E(")/'L e
SCLO0/P10 ~—| o0 o
SDA0O/P1L ~— HIGH-SPEED
BUZZER OUTPUT ON-CHIP
SCL11/P30 =—] e e PCLBUZOP3L OSCILLATOR «—X2/EXCLK/P122
SDALL/PS0 ~— CLOCK OUTPUT
CONTROL VOLTAGE REGC
DIRECTMEMORY |+ REGULATOR
ACCESS CONTROL MULTIPLIER& cRC
DIVIDER, INTPO/P137
MULITIPLY-
BCD - ACCUMULATOR INTP1/P50
ADJUSTMENT
(| mTERRUPT
CONTROL INTP2/P51
L INTP3/P30,
INTP4/P31

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O
redirection register (PIOR).
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RL78/G1A

1. OUTLINE

1.5.2 32-pin products

TIMER ARRAY
UNIT (8ch)

TIOO0/PO2 —=

TO00/PO3 ~— cho

chl

I

ch

TI03/TO03/P31 ~— ch3
ch4
ch5
ché
RxD2/P14 —| ch?
WINDOW
WATCHDOG
TIMER
LOW-SPEED
ON-CHIP INTERVAL
OSCILLATOR TIMER
REAL-TIME

CLOCK

SERIAL ARRAY
UNITO (4ch)

RxD0/P11 — UARTO
TxDO/P12 «—
RxD1/P03 —

TxD1/P02 ~— UARTL

SCKO00/P10
SI00/P11
S000/P12

CSI00

SCK11/P30
SI11/P50
S011/P51

Csii1

SCLO0/P10 ~— 1100
SDAO00/P11 -—
SCL11/P30 ~—

lic11
SDA11/P50 =

SERIAL ARRAY
UNITL (2ch)
RxD2/P14
TXD2/P13 UART2
SCK20/P15
SI20/P14 csi20
S020/P13

SCL20/P15~—{ 1120
SDA20/P14 «—

RL78
CPU
CORE

CODE FLASH MEMORY

é DATA FLASH MEMORY

RAM

Voo,
AVop

I

Vss, TOOLRxD/P11,
AVss TOOLTxD/P12

K

SERIAL
INTERFACE IICAO

SDAA0/P61

SCLA0/P60

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

PCLBUZ0/P31,
PCLBUZ1/P15

-

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

-

DIRECT MEMORY
ACCESS CONTROL

-

BCD
ADJUSTMENT

“” P02, P03
<:> P10 to P15
<:> P20 to P24
<:> P30, P31

<:> P50, P51
“@ P60 to P62
[

P120
<:> P121, P122

~—— P137
KRO/P70

<:> EEgg;Eigt;?lfglslfolzs,)KRzlpoa,
KR3/P22 to KR5/P24)

ANIO/P20 to

ANI4/P24

ANI16/PO1, ANIL7/P00, ANI18/P10,

ANI19/P120 to ANI24/P15, ANI26/P50,
ANI27/P30, ANI28/P70, ANI29/P31

K >| AID CONVERTER

AVrerp/P20
AVrerm/P21
POWER ON RESET/ PORILVD
VOLTAGE SoRILVD.
DETECTOR
RESET CONTROL
(= on-cHip DEBUG TOOLOIP40
SYSTEM L
CONTROL  |[=——RESET
HIGH-SPEED| [+——X1/P121
oncHP | |
OSCILLATOR X2/EXCLK/P122
VOLTAGE
REGULATOR REGC
RxD2/P14
INTPO/P137
INTP1/P50,
- INTERRUPT INTP2/P51
CONTROL INTP3/P30,
INTP4/P31

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

redirection register (PIOR).
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RL78/G1A

1. OUTLINE

1.5.3 48-pin products

TIMER ARRAY
UNIT (8ch)
agre
TI01/TO01/P16 ~—1~ cht
ch2
TIO3/TO03/P31 ~—1~ ch3

I

ch

U

i

¥

CODE FLASH MEMORY
E DATA FLASH MEMORY

RL78
CPU
CORE

ch5
ché
TIO7/TO07/P41 ~—]
ch7
RxD2/P14 —|
WINDOW
WATCHDOG
TIMER
LOW-SPEED
onorme o] INTERVAL
OSCILLATOR TIMER
\—~ REAL-TIME
RTC1HZ/P30 ~—] CLOCK
SERIAL ARRAY
UNITO (4ch)
RxDO/P11 —
TXDO/P12 ~—] UARTO
RxD1/P03 ——
TxD1/P02 <—:] UART!
SCKO0/P10
SI00/P11 CSI00
S000/P12
SCKO1/P75
SI01/P74 CsSl01
S001/P73
SCK11/P30
SI11/P50 CSI11
SO11/P51
Soroom1 - | 1o |
SDAOQ0/P11 -— licoo
sorouera— | 1ot |
SDAO01/P74 «—] licot
soatimeo - | et |
SDA11/P50 «—| e
SERIAL ARRAY
UNIT1 (2ch)
RxD2/P14
TxD2/P13 UART2
SCK20/P15
S120/P14 ——= CSI20
$020/P13~—1
SCK21/P70
SI21/P71 csi21
S021/P72~—71
Sorsoia— |1 |
Ic2
Somsomra | L__tem ]
soraert | et |
SDA21/P71 «— lic21

RAM
Voo, Vss,» TOOLRXD/P11,
AVop  AVss TOOLTxD/P12

K=

SERIAL SDAA0/P61

INTERFACE IICA0

SCLA0/P60

BUZZER OUTPUT
PCLBUZ0/P140,
PCLBUZ1/P15

CLOCK OUTPUT
CONTROL

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

DIRECT MEMORY
ACCESS CONTROL

BCD
ADJUSTMENT

ARG (AR (O

g g

PORT 0 K2 >P02, PO3
PORT 1 T >P10to P16
PORT 2 (8 >P20 to P27
PORT 3 "2 >P30, P31
PORT 4 2 >Pa0, Pat
PORT 5 "2 >Ps50, P51
PORT 6 K4 >P60 to P63
PORT7 KB >P70toP75
PORT 12 P120

A 1P121to P124

P130

PORT 13 137

~—=P140

~—=P150

=

A/D CONVERTER

<:I| ANIO0/P20 to ANI7/P2, ANI8/P150
ANI16/P03, ANI17/P02, ANI18/P147,

<:E| ANI19/P120, ANI20/P11 to ANI24/P15,
ANI25, P51, ANI26/P50, P30/ANI27,
ANI28/P70, ANI29/P31, ANI30/P41

AVrerr/P20

e[

AVrern/P21

KRO/P70 to KR5/P75
(KRO/P10 to KR5/P15)
(KRO/P02, KR1/P03, KR2/P22 to KR5/P25)

POWER ON RESET/
VOLTAGE

POR/LVD
CONTROL

DETECTOR

RESET CONTROL

{_>| ON-CHIP DEBUG [=——TOOLO/P40

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR]

RESET

X1/P121
X2/EXCLK/P122
XT1/P123
XT2/EXCLKS/P124

VOLTAGE
REGULATOR

REGC

<

INTERRUPT
CONTROL

E RxD2/P14
INTPO/P137
INTP1/P50,

INTP2/P51

INTP3/P30,
INTP4/P31

INTP5/P16

<—— INTP6/P140

INTP8/P74,
INTP9/P75

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

redirection register (PIOR).
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RL78/G1A 1. OUTLINE

1.5.4 64-pin products

TIMER ARRAY
{_) PorTO K7 >P00 to P06
TIO0/POO —— =
TO00/POL ~—] cho <> PorT1 L7 >P10t0 P16
TIOL/TOO1/P16 ~—f~ chl <> PORT 2 K8 >P20to P27
ch2
<> pPorTa  KZ>p3o, P31
TI03/TO03/P31 ~—= ch3 -
<—>| PorTa K4 >P40 to P43
TIO4/TO04/PA2 <= cha K=
<> PORT 5 K2~ >ps0, P51
{Z) PoORTs K4 >P60 to P63
TIOB/TO06/PO6 <= ch6 -
TI07/TO07/P41 ~—~] o - ("8 >P70t0 P77
RxD2/P14 —|
K>  PorT12 P120
WINDOW K4 IP121t0 P124
WATCHDOG
TIMER P130
; o T <t
LOW-SPEED
INTERVAL
ON-CHIP [~ <> pPorT4 K2 >P140,P141
OSCILLATOR TIMER -
Al
REALTIVE <> PorTis KB >P150to P54

I

g

g

RTC1HZIP30 cLock ANIO/P20 to ANI7/P27,
ANI8/P150 to ANI12/P154
SERIAL ARRAY ANI16/P03, ANI17/P02, ANI18/P10,
UNITO (4ch) ANI19/P120, ANI20/P11 to ANI24/P15,
RxDO/P11 —| ()| AID CONVERTER ANI25//P51, ANI26/P50, ANI27/P30,
TXDO/P12 ~——] RL78 CODE FLASH MEMORY ANI28/P70ANI29/P31, ANI30/PA1
CPU AVrerp/P20
UARTL
TXDL/P02 ~—] DATA FLASH MEMORY KRO/P70 to KR7/P77, KR8/P05, KRO/PO6
SCKO0/P10 ~—1~f K {Z> KEYRETURN  Ki0I0[](KRO/POO to KR4/PO4, KRE/P22 to KRO/P26)
SI00/P11 CSI00 (KRO/P10 to KR5/P15, KR6/P151 to KRO/P154)
S000/P12 =~
POWER ON RESET/
SCKOL/P75 ~—~] @ VOLTAGE PORILVD
Slo1/P74 csio1 DETECTOR CONTROL
S001/P73 ~——
SCK10/P04 ~—~] oo RAM
SI10/P03 RESET CONTROL
S010/P02 =
SCK11/P30 ~—{]
SI11/P50 csii1 “ |« TOOLO/P40
S011/P51~—

|

SCLOO/P10~—
SDAGO/P1L ~] Voo, Vss, TOOLRXD/P1L, CSC;\?TTSQ)AL RESET
EVooo, EVsso, TOOLTXD/P12 X1P121
SCLOLP75 = lico1 AVoo  AVss HIGH-SPEED X2/EXCLKIP122
SDAOL/P74 ~— DI CTUP123
SCL10/PO4 ~—| o1 SERIAL SDAAO/P61 OSCILLATOR NT2IEXCLKS/P124
SDA10/P03 ~— - INTERFACE IICAO SCLAOIP60
SCL11/P30~— VOLTAGE
BUZZER OUTPUT
_________ PCLBUZO0/P140, RXD2/P14
SERIAL ARRAY CLOCK OUTPUT PCLBUZL/P141 INTPO/P137
UNITL (2ch) CONTROL INTPLIPSO,
RxD2/P14 —{~] INTP2/P51
UART2
TXD2/P13 ~— MULTIPLIERS& CRC INTP3/P30,
) DIVIDER, INTP4/P31
MULITIPLY- INTERRUPT
SCK20/P15 ~—=] ACCUMULATOR < 'ControL [ WTPsPie
SI20/P14 CsI20 Im.?%ﬁiﬁ’
5020/P13 - || DIRECT MEMORY
R—JAccEss conTROL INTP8/P74,
ScKa1/P70=—T+ INTPO/P75
SI21/P71 csi21 INTP10/P76
S021/P72~— PN BCD INTP11/P77
SCL20/P15~— —] ADJUSTMENT
SDA20/P14 «—

SDA21/P71 -—f

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral /O
redirection register (PIOR).
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RL78/G1A 1. OUTLINE
1.6 Outline of Functions
(1/2)
Iltem 25-pin 32-pin 48-pin 64-pin

R5F10E8x R5F10EBx R5F10EGx R5F10ELx
Code flash memory (KB) 16 to 64 16 to 64 16 to 64 32 to 64
Data flash memory (KB) 4 4 4 4
RAM (KB) 2 to 4Netet 2 to 4Notet 2 to 4Netet 2 to 4Netet

Address space

1MB

Main system
clock

High-speed system
clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode: 1 to 20 MHz (Vobo = 2.7 to 3.6 V),

HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 to 3.6 V),

LS (Low-speed main) mode: 1 to 8 MHz (Voo = 1.8 to 3.6 V),

LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 3.6 V)

High-speed on-chip
oscillator

HS (High-speed main) mode
HS (High-speed main) mode
LS (Low-speed main) mode

LV (Low-voltage main) mode

: 1 to 32 MHz (Vop = 2.7 to 3.6 V),
:1to 16 MHz (Voo = 2.4 to 3.6 V),
:1to 8 MHz (Voo = 1.8 to 3.6 V),
:1to4 MHz (Voo = 1.6 t0 3.6 V)

Subsystem clock

XT1 (crystal) oscillation, external subsystem
clock input (EXCLKS) 32.768 kHz (TYP.)

Low-speed on-chip oscillator

15 kHz (TYP.)

General-purpose register

(8-bit register x 8) x 4 bank

Minimum instruction execution time

0.03125 us (High-speed on-chip oscillator: fit = 32 MHz operation)

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

30.5 us (Subsystem clock: fsus = 32.768 kHz

operation)

Instruction set

¢ Data transfer (8/16 bits)

e Adder and subtractor/logical operation (8/16 bits)

e Multiplication (8 bits x 8

bits)

¢ Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

I/O port Total 19 26 42 56
CMOS I/0 14 20 32 46
(N-ch O.D. I/O [Vop (N-ch O.D. I/O [Vop (N-ch O.D. I/O [Vop (N-ch O.D. I/O [Vop
withstand voltage]: 6) | withstand voltage]: 9) | withstand voltage]: 11) | withstand voltage]: 12)
CMOS input 3 3 5 5
CMOS output - - 1 1
N-ch open-drain /O 2 3 4 4
(6 V tolerance)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
Real-ime clock (RTC) 1 channelNete 2 1 channel
12-bit interval timer (IT) 1 channel
Timer output 2 channels (PWM outputs: 1Nte 3) 4 channels 7 channels
(PWM outputs: 3N°t3) | (PWM outputs: 6 Note 3)
RTC output - 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Notes 1. In the case of the 4 KB, this is about 3 KB when the self-programming function and data flash

function are used.

(For details,

INDUSTRIAL APPLICATIONS TA = -40 to +105°C))
2. Only the constant-period interrupt function when the low-speed on-chip oscillator clock (fiL) is

selected.

see CHAPTER 3. ELECTRICAL SPECIFICATIONS (G:

3. The number of PWM outputs varies depending on the setting of channels in use (the number of

masters and slaves). (6.9.3 Operation as multiple PWM output function).

R01DS0151EJ0230 Rev.2.30
Apr 26, 2024
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RL78/G1A 1. OUTLINE

(2/2)

Item 25-pin 32-pin 48-pin 64-pin
R5F10E8x R5F10EBx R5F10EGx R5F10ELx
Clock output/buzzer output 1 2 2 2
e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz,
2.5 MHz, 5 MHz, 10 MHz 2.5 MHz, 5 MHz, 10 MHz

(Main system clock: fuan = 20 MHz operation) (Main system clock: fuan = 20 MHz operation)

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz,
4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/12-bit resolution A/D converter

13 channels 18 channels 24 channels 28 channels

Serial interface

[25-pin products]

o Simplified SPI (CSI): 1 channel/simplified I>C: 1 channel/lUART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I2C: 1 channel/lUART: 1 channel

[32-pin products]

o Simplified SPI (CSI): 1 channel/simplified I>C: 1 channel/lUART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I2C: 1 channel/lUART: 1 channel

e Simplified SPI (CSI): 1 channel/simplified I>C: 1 channel/lUART (UART supporting LIN-bus): 1
channel

[48-pin products]

o Simplified SPI (CSI): 2 channels/simplified 12C: 2 channels/UART: 1 channel

o Simplified SPI (CSI): 1 channel/simplified I2C: 1 channel/lUART: 1 channel

o Simplified SPI (CSI): 2 channels/simplified I?C: 2 channels/UART (UART supporting LIN-bus): 1
channel

[64-pin products]

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

o Simplified SPI (CSI): 2 channels/simplified 12C: 2 channels/UART: 1 channel

¢ Simplified SPI (CSI): 2 channels/simplified 12C: 2 channels/UART (UART supporting LIN-bus): 1
channel

12C bus

1 channel 1 channel 1 channel 1 channel

Multiplier and
divider/multiply-accumulator

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

DMA controller 2 channels

Vectored interrupt| Internal 24 27 27 27
sources External 6 6 10 13
Key interrupt 0 ch (4 ch)Note1 1 ch (6 ch)Nete! 6 ch 10 ch

Reset

¢ Reset by RESET pin

¢ |Internal reset by watchdog timer

¢ Internal reset by power-on-reset

¢ Internal reset by voltage detector

¢ Internal reset by illegal instruction executionN°te 2
¢ Internal reset by RAM parity error

¢ Internal reset by illegal-memory access

Power-on-reset circuit

» Power-on-reset: 151V (TYP.)
» Power-down-reset: 1.50 V (TYP.)

Voltage detector e Rising edge : 1.67 V to 3.14 V (12 stages)
e Falling edge : 1.63 V to 3.06 V (12 stages)
On-chip debug function Provided

Power supply voltage

Voo =1.6t03.6V

Operating ambient temperature

Ta=-40 to +85°C (A: Consumer application), TA = —40 to +105°C (G: Industrial application)

Notes 1. Can be used by the Peripheral I/O redirection register (PIOR).

2. 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.

R01DS0151EJ0230 Rev.2.30
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RL78/G1A

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

R5F10E8AALA, R5F10E8CALA, R5F10E8DALA, R5F10ES8EALA
R5F10EBAANA, R5F10EBCANA, R5F10EBDANA, R5F10EBEANA
R5F10EGAAFB, R5F10EGCAFB, R5F10EGDAFB, R5F10EGEAFB
R5F10EGAANA, R5F10EGCANA, R5F10EGDANA, R5F10EGEANA
R5F10ELCAFB, R5F10ELDAFB, R5F10ELEAFB
R5F10ELCABG, R5F10ELDABG, R5F10ELEABG

G: Industrial applications ~ When Ta = —40 to +105°C products is used in the range of Ta = —40
to +85°C
R5F10EBAGNA, R5F10EBCGNA, R5F10EBDGNA, R5F10EBEGNA
R5F10EGAGFB, R5F10EGCGFB, R5F10EGDGFB, R5F10EGEGFB
R5F10EGAGNA, R5F10EGCGNA, R5F10EGDGNA, R5F10EGEGNA
R5F10ELCGFB, R5F10ELDGFB, R5F10ELEGFB

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.

. With products not provided with an EVpbo or EVsso pin, replace EVobo with Vob, or replace

EVsso with Vss.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbols Conditions Ratings Unit
Supply voltage Vob -0.5to +6.5
EVooo -0.5t0 +6.5
AVbp -0.5to0 +4.6 Vv
AVRerp —0.3 to AVpp +0.3Nete3 \Y
EVsso -0.5t0 +0.3 Y
AVss -0.5t0+0.3 \
AVReFM —0.3 to AVpp +0.3Nete 3 \Y
and AVRrerm < AVRerp
REGC pin input voltage | Vireac REGC -0.3to0 +2.8 \%
and —0.3 to Vop +0.3Nete!
Input voltage Vit P00 to P06, P10 to P16, P30, P31, P40 to P43, -0.3 to EVoo +0.3 \Y
P50, P51, P70 to P77, P120, P140, P141 and -0.3 to Voo +0.3N°te2
Vi P60 to P63 (N-ch open-drain) -0.3 to +6.5 \%
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET —0.3 to Vpp +0.3Note 2 Vv
Via P20 to P27, P150 to P154 —0.3 to AVpp +0.3Note2 \Y
Output voltage Vor P00 to P06, P10 to P16, P30, P31, P40 to P43, —0.3 to EVppo +0.3Nete 2 Vv
P50, P51, P60 to P63, P70 to P77, P120, P130,
P140, P141
Voz P20 to P27, P150 to P154 —0.3 to AVpp +0.3Nete2 \Y
Analog input voltage Vai ANI16 to ANI30 —0.3 to EVooo +0.3
and —0.3 to AVRer(+) +0.3Notes 2.4
Va2 ANIO to ANI12 —0.3 to AVop +0.3 \Y

and —0.3 to AVRer(+) +0.3Notes 2.4

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value regulates the absolute
maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Mustbe 6.5V or lower.
3. Mustbe 4.6 V or lower.
4. Do not exceed AVRrer(+)+ 0.3 V in case of A/D conversion target pin.

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. AVRrer+): + side reference voltage of the A/D converter.
3. Vss: Reference voltage
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RL78/G1A

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

Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbols Conditions Ratings Unit
Output current, high loH1 Per pin P00 to P06, P10 to P16, P30, P31, -40 mA
P40 to P43, P50, P51, P70 to P77,
P120, P130, P140, P141
Total of all pins P00 to P04, P40 to P43, P120, -70 mA
-170 mA P130, P140, P141
P05, P06, P10 to P16, P30, P31, -100 mA
P50, P51, P70 to P77,
loH2 Per pin P20 to P27, P150 to P154 -0.1 mA
Total of all pins -1.3 mA
Output current, low loL1 Per pin P00 to P06, P10 to P16, P30, P31, 40 mA
P40 to P43, P50, P51, P60 to P63,
P70 to P77, P120, P130, P140,
P141
Total of all pins P00 to P04, P40 to P43, P120, 70 mA
170 mA P130, P140, P141
P05, P06, P10 to P16, P30, P31, 100 mA
P50, P51, P60 to P63, P70 to P77
loL2 Per pin P20 to P27, P150 to P154 0.4 mA
Total of all pins 6.4 mA
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

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

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

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

that ensure that the absolute maximum ratings are not exceeded.

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

pins.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1, XT1 oscillator characteristics

(Ta=-40 to +85°C, 1.6 V<Vpp<3.6 V,Vss =0 V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit

X1 clock oscillation Ceramic resonator/crystal resonator 27V<Vop<36V 1.0 20.0 MHz
frequency (f)"** 24V <Von<2.7V 1.0 16.0 | MHz
1.8V<Vp<24V 1.0 8.0 MHz

1.6V<Vop<18V 1.0 4.0 MHz

XT1 clock oscillation | Crystal resonator 32 32.768 35 kHz

frequency (fx)Nete

Note Indicates only permissible oscillator frequency ranges. See 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.

2.2.2 On-chip oscillator characteristics

(Ta=-40 to +85°C, 1.6 V<Vpp<3.6 V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fi 1 32 MHz
clock frequencyNetes 1.2
High-speed on-chip oscillator -20to +85 °C 1.8V <Vop<3.6V -1.0 +1.0 %
clock frequency accuracy 16V <Von< 1.8V 5.0 +5.0 %

—-40to 20 °C 1.8V<Vop<3.6V -1.5 +1.5 %
1.6V<Vop<18V -5.5 +5.5 %
Low-speed on-chip oscillator | fi. 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/010C2H) and
bits 0 to 2 of HOCODIV register.
2. This indicates the oscillator characteristics only. See AC Characteristics for instruction execution
time.
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RL78/G1A

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

2.3 DC Characteristics

2.3.1 Pin characteristics
(Ta =—-40 to +85°C, 1.6 V< AVop<Vpop<3.6 V,1.6 V< EVbpo < Vop < 3.6 V, Vss =EVsso =0 V (1/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, low1 Per pin for P00 to P06, P10 to P16, 1.6 V<EVooo<3.6V —10.0N* 2| mA
highNete 1 P30, P31, P40 to P43, P50, P51,
P70 to P77, P120, P130, P140, P141

Total of POO to P04, P40 to P43, P120, |2.7V<EVoon<3.6V -10.0 mA
P130, P140, P141 1.8V <EVon <27V 50 | mA

(When duty < 70%Nete3)
1.6 V<EVopo<1.8V -2.5 mA
Total of P05, P06, P10 to P16, P30, 27V <EVo<3.6V -19.0 mA
P31, P50, P51, P70 to P77, 1.8V <EVooo<2.7V ~100 | mA

(When duty < 70%Nete 3)
1.6 V<EVopo <18V -5.0 mA
Total of all pins 1.6 V<EVD0<3.6V -29.0 mA

(When duty < 70%Nete 3)
loHz Per pin for P20 to P27, P150 to P154 16 V<AVD<3.6V —0.qNote 2 mA
Total of all pins 1.6 V<AVoD<3.6 V -1.3 mA

(When duty < 70%Nete 3)

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the EVooo,
Vob pins to an output pin.
2. However, do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.

The output current value that has changed to the duty factor > 70% the duty ratio can be calculated
with the following expression (when changing the duty factor from 70% to n%).

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

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

Caution P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 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/G1A

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

(Ta =—-40 to +85°C, 1.6 V< AVpop<Vbp < 3.6 V, 1.6 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V) (2/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, | lot Per pin for POO to P06, P10 to P16, 20.0Nt2 | mA
lowNote ! P30, P31, P40 to P43, P50, P51,
P70 to P77, P120, P130, P140, P141
Per pin for P60 to P63 15.QNote 2 mA
Total of POO to P04, P40 to P43, P120, |2.7V<EVboo<3.6 V 15.0 mA
P130, P140, P141 18V <EVom <27V 9.0 mA
(When duty < 70%Nete 3)
1.6 V<EVooo <18V 4.5 mA
Total of P05, P06, P10 to P16, P30, 2.7V<EVon<36V 35.0 mA
P31, P50, P51, P60 to P63, 18V <EVooo<27V 20.0 mA
P70 to P77
(When duty < 70%Nete3) 1.6 V<EVopo <18V 10.0 mA
Total of all pins 50.0 mA
(When duty < 70%Nete 3)
loL2 Per pin for P20 to P27, P150 to P154 0.4Note 2 mA
Total of all pins 16 V<AVop<3.6V 5.2 mA
(When duty < 70%Nete 3)
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output
pin to the EVsso and Vss pin.
2. However, do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can can be
calculated with the following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and loL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor.
A current higher than the absolute maximum rating must not flow into one pin.
Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the
port pins.
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RL78/G1A

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

(TA=-40 to +85°C,1.6 V< AVob < Vpop < 3.6 V,1.6 V< EVppo < Vop < 3.6 V, Vss = EVsso = 0 V) (3/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, ViH1 P00 to P06, P10 to P16, P30, P31, Normal input buffer 0.8EVboo EVooo \%
high P40 to P43, P50, P51, P70 to P77,
P120, P140, P141
ViH2 P01, P03, P04, P10, P11, TTL input buffer 2.0 EVooo Vv
P13 to P16, P43 3.3V<EVoo<3.6V
TTL input buffer 1.5 EVono \%
1.6 V<EVopo< 3.3V
ViHs P20 to P27, P150 to P154 0.7AVoD AVop \%
ViH4 P60 to P63 0.7EVbno 6.0 \Y
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Vob \%
Input voltage, low | Vi1 P00 to P06, P10 to P16, P30, P31, Normal input buffer 0 0.2EVboo \Y
P40 to P43, P50, P51, P70 to P77,
P120, P140, P141
Viz P01, P03, P04, P10, P11, TTL input buffer 0 0.5 \%
P13 to P16, P43 3.3V<EVoo<3.6V
TTL input buffer 0 0.32 \%
1.6 V<EVbopo< 3.3V
Vis P20 to P27, P150 to P154 0 0.3AVoD
ViLa P60 to P63 0 0.3EVbDo
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop \%

Caution

even in the N-ch open-drain mode.

Remark

port pins.

The maximum value of Vi of pins P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 is EVbbo,

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the
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RL78/G1A

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

(Ta =—-40 to +85°C, 1.6 V< AVpop<Vbp < 3.6 V, 1.6 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V) (4/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, VoH1 P00 to P06, P10 to P16, P30, P31, 27V <EVooo<3.6V, | EVooo— \%
high P40 to P43, P50, P51, P70 to P77, loHt = —2.0 mA 0.6
P120, P130, P140, P141 1.8V <EVooo<3.6V, | EVooo— v
lon1 = -1.5 mA 0.5
1.6 V<EVooo<3.6V, | EVboo— \Y
loHt = -1.0 mA 0.5
VoH2 P20 to P27, P150 to P154 1.6 V<AVoD<3.6V, AVop — \%
lonz = -100 pA 0.5
Output voltage, VoLt P00 to P06, P10 to P16, P30, P31, 27V <EVoo<36V, 0.6 Vv
low P40 to P43, P50, P51, P70 to P77, lot = 3.0 mA
P120, P130, P140, P141 27V<EVoo <36V, 04 Vv
lot1 = 1.5 mA
1.8V <EVbop0o<3.6V, 0.4 Vv
loL1 = 0.6 mA
1.6 V<EVooo <18V, 0.4 \%
lot1 = 0.3 mA
VoL2 P20 to P27, P150 to P154 1.6 V<AVDD<36V, 0.4 V
loL2 = 400 pA
Vous P60 to P63 27V <EVoo<36V, 0.4 Vv
lots = 3.0 mA
1.8V <EVopo<3.6V, 0.4 V
lots = 2.0 mA
1.6 V<EVbopo <18V, 0.4 Vv
los=1.0 mA
Caution P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 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.

R01DS0151EJ0230 Rev.2.30

Apr 26, 2024

RENESAS

Page 25 of 129



RL78/G1A

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

(TA=-40 to +85°C,1.6 V< AVob < Vpop<3.6 V,1.6 V< EVppo < Vop < 3.6 V, Vss = EVsso = 0 V) (5/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILim P00 to P06, P10 to P16, P30, Vi = EVopo 1 HA
current, high P31, P40 to P43, P50, P51,
P60 to P63, P70 to P77, P120,
P140, P141
ILiH2 P137, RESET Vi = Voo 1 HA
ILims P121 to P124 Vi = Vop In input port or 1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator 10
connection
ILiHa P20 to P27, P150 to P154 Vi = AVbp 1
Input leakage It P00 to P06, P10 to P16, Vi = EVsso -1 LA
current, low P30, P31, P40 to P43,
P50, P51, P60 to P67,
P70 to P77, P120, P140, P141
Iuie P137, RESET Vi = Vss -1 uA
ILis P121 to P124 Vi = Vss In input port or -1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator -10
connection
ILiLa P20 to P27, P150 to P154 Vi = AVss -1
On-chip pull-up Ru P00 to P06, P10 to P16, P30, Vi = EVsso, Ininput port 10 20 100 kQ
resistance P31, P40 to P43, P50, P51,

P70 to P77, P120, P140, P141

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the

port pins.

R01DS0151EJ0230 Rev.2.30
Apr 26, 2024

RENESAS

Page 26 of 129



RL78/G1A

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

2.3.2 Supply current characteristics

(Ta =—40 to +85°C, 1.6 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V) (1/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop1 Operating | HS (high-speed | fin = 32 MHzNote 3 Basic Vob=3.0V 2.1 mA
currentNote ! mode main) modeNete 5 operation

Normal Voo =3.0V 4.6 7.0 mA
operation
fin = 24 MHZNete 3 Normal Voo =3.0V 3.7 5.5 mA
operation
fin = 16 MHZNete 3 Normal Voo =3.0V 2.7 4.0 mA
operation
LS (low-speed | fin = 8 MHZzNote3 Normal Vob=3.0V 1.2 1.8 mA
H Note 5 H
main) mode™N°te operation [\, "~ oy 12 18
LV (Low-voltage | fin = 4 MHZzNote 3 Normal Vop=3.0V 1.2 1.7 mA
H Note 5 P
main) modeN°t operation [\,_ "~ gy 12 17
HS (high-speed | fux = 20 MHzNt¢2, Normal Square 3.0 4.6 mA
main) modeN°*® | Vpp = 3.0 V operation | wave input
Resonator 3.2 4.8
connection
fux = 10 MHZzNete 2, Normal Square 1.9 2.7 mA
Voo =3.0V operation | wave input
Resonator 1.9 2.7
connection
LS (low-speed | fux = 8 MHzN*2, Normal Square 1.1 1.7 mA
main) modeN°®5 | Vop =3.0 V operation | wave input
Resonator 1.1 1.7
connection
fux = 8 MHzNote 2, Normal Square 1.1 1.7 mA
Voo =2.0V operation | wave input
Resonator 1.1 1.7
connection
Subsystem fsus = 32.768 kHzN°** 4 | Normal Square 4.1 4.9 LA
clock mode Ta=-40°C operation | wave input
Resonator 4.2 5.0
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.2 4.9 HA
Ta=+25°C operation | wave input
Resonator 4.3 5.0
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.3 55 HA
Ta=+50°C operation | wave input
Resonator 4.4 5.6
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.5 6.3 LA
Ta=+70°C operation | wave input
Resonator 4.6 6.4
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.8 7.7 LA
Ta=+85°C operation | wave input
Resonator 4.9 7.8
connection

(Notes and Remarks are listed on the next page.)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Notes 1. Total current flowing into Vob and EVbpo, including the input leakage current flowing when the level of the
input pin is fixed to Vob, EVpoo or Vss, EVsso. The following points apply in the HS (high-speed main), LS
(low-speed main), and LV (low-voltage main) modes.

* The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

* The currents in the “MAX.” column include the operating currents of the peripheral modules, except for
those flowing into the A/D converter, LVD circuit, I/0 port, and on-chip pull-up/pull-down resistors, and
those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into

the RTC.
2. When high-speed on-chip oscillator and subsystem clock are stopped.

ad

When high-speed system clock and subsystem clock are stopped.
4. When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low
power consumption oscillation (AMPHS1 = 1)
5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
below.
HS (high-speed main) mode: 2.7V <Vpp < 3.6 V@1 MHz to 32 MHz
24V <Vpp<3.6 V@1 MHzto 16 MHz
LS (low-speed main) mode: 1.8V <Vpp<3.6 V@1 MHz to 8 MHz
LV (Low-voltage main) mode: 1.6V <Vpp < 3.6 V@1 MHz to 4 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fin:  High-speed on-chip oscillator clock frequency
3. fsuB: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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RL78/G1A

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

(Ta =—40 to +85°C, 1.6 V < EVbbo < Vbop < 3.6 V, Vss = EVsso = 0 V) (2/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop2Note2 | HALT HS (high-speed | fin = 32 MHzNete4 Voo =3.0V 0.54 1.63 mA
currenttee mode | main) mode"*'*T | ¢ 5y pppypNotes Voo =3.0V 044 | 128 | mA

fin = 16 MHZNte 4 Voo =3.0V 0.40 1.00 mA
LS (low-speed fin = 8 MHZzNote 4 Vop =3.0V 270 530 HA
main) modet**? Voo = 2.0V 270 | 530
LV (Low-voltage | fin = 4 MHzNote4 Vop=3.0V 435 640 HA
main) mode"***? Voo = 2.0V 435 | 640
HS (high-speed | fux = 20 MHzNot 3, Square wave input 0.28 1.00 mA
main) mode™*'*” | Voo = 3.0 V Resonator connection 045 | 1.17
fux = 10 MHzNete 3, Square wave input 0.19 0.60 mA
Voo =3.0V Resonator connection 0.26 | 0.67
LS (low-speed | fux = 8 MHzNete3, Square wave input 95 330 LA
main) mode™*'*” | Voo = 3.0V Resonator connection 145 380
fux = 8 MHZzNote 3, Square wave input 95 330 HA
Veo=2.0V Resonator connection 145 380
Subsystem clock | fsus = 32.768 kHz"***® | Square wave input 0.25 0.57 HA
mode Ta=-40°C Resonator connection 0.44 0.76
fsus = 32.768 kHzN°t* 5 | Square wave input 0.30 0.57 HA
Ta=+25°C Resonator connection 0.49 0.76
fsus = 32.768 kHzN°te5 | Square wave input 0.38 1.17 HA
Ta=+50°C Resonator connection 0.57 1.36
fsus = 32.768 kHzN°te5 | Square wave input 0.52 1.97 UA
Ta=+70°C Resonator connection 0.71 2.16
fsus = 32.768 kHzN°te5 | Square wave input 0.97 3.37 HA
Ta=+85°C Resonator connection 1.16 3.56
IppsNete 8 | STOP Ta =-40°C 0.16 0.50 HA
mode™*®| 1, — 1o50C 023 | 050
Ta =+50°C 0.34 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30

(Notes and Remarks are listed on the next page.)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Notes 1. Total current flowing into Vop and EVbpo, including the input leakage current flowing when the level of the
input pin is fixed to Vop, EVooo or Vss, EVsso. The following points apply in the HS (high-speed main), LS
(low-speed main), and LV (low-voltage main) modes.

* The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

* The currents in the “MAX.” column include the operating currents of the peripheral modules, except for
those flowing into the A/D converter, LVD circuit, 1/O port, and on-chip pull-up/pull-downresistors, and
those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into

the RTC.

In the STOP mode, the currents in both the “TYP.” and “MAX.” columns do not include the operating

currents of the peripheral modules.

During HALT instruction execution by flash memory.

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

When high-speed system clock and subsystem clock are stopped.

oo

When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and
setting ultra-low current consumption (AMPHS1 = 1).

o

When subsystem clock is stopped.
7. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
below.
HS (high-speed main) mode: 2.7 V<Vbp < 3.6 V@1 MHz to 32 MHz
24V <Vop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vop < 3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6V <Vop <3.6 V@1 MHz to 4 MHz
8. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT
mode.

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fin:  High-speed on-chip oscillator clock frequency
3. fsuB: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta =
25°C
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(TA=—-40 to +85°C, 1.6 V< EVppo < Vbp < 3.6 V, Vss = EVsso = 0 V) (3/3)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on-chip | IrNote! 0.20 LA
oscillator operating
current
RTC operating [rTcNotes 12,3 0.02 UA
current
12-bit interval timer | ligNotes 1.2.4 0.02 HA
operating current
Watchdog timer lwprNetes 1:2.5 | fy = 15 kHz 0.22 LA
operating current
A/D converter Iapchotes 6.7 AVob = 3.0 V, When conversion at maximum speed 420 720 HA
operating current
AVRer+) current |avregNote 8 AVob = 3.0 V, ADREFP1 = 0, ADREFPQ = QNote”? 14.0 25.0 UA
AVrerp = 3.0 V, ADREFP1 = 0, ADREFPQ = {Nete 10 14.0 25.0 HA
ADREFP1 = 1, ADREFPQ = QNete! 14.0 25.0 HA
A/D converter IaoreeNotes 1.9 | \/pp = 3.0 V 75.0 HA
reference voltage
current
Temperature [rmpNete 1 Vob=3.0V 75.0 HA
sensor operating
current
LVD operating [LypNotes 1,11 0.08 LA
current
BGO operating [sgoMNotes 112 2.5 12.2 mA
current
Self-programming | IrspNotes 113 25 12.2 mA
operating current
SNOOZE operating | Isnoz A/D converter | The mode is performednNetes 1. 14 0.50 0.60 mA
current operation During A/D conversionNete ! 0.60 0.75 mA
(AVop = 3.0 V) - -
During A/D conversionNete? 420 720 HA
Simplified SPI (CSI)/UART operationNete 1 0.70 0.84 mA
(Notes and Remarks are listed on the next page.)
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Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed
on-chip ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of
the values of either Iop1 or Ipp2, and IrTc, when the real-time clock operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added. Ibpb2 subsystem clock
operation includes the operational current of the real-time clock.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the
values of either lbp1 or Ibpb2, and lir, when the 12-bit interval timer operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip
oscillator). The supply current of the RL78 microcontrollers is the sum of Ibp1, lop2, or Iops and Iwpt
when the watchdog timer is in operation.

6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of
Iop1 or Iop2 and labc, lavrer, labrer when the A/D converter operates in an operation mode or the HALT
mode.

7. Current flowing to the AVbp.

8. Current flowing from the reference voltage source of A/D converter.

9. Operation current flowing to the internal reference voltage.

10. Current flowing to the AVRerp.

11. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of
Iop1, Iop2 or Iops and Ivb when the LVD circuit is in operation.

12. Current flowing only during data flash rewrite.

13. Current flowing only during self programming.

Remarks 1. fi.:  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPU/peripheral hardware clock frequency
4. Temperature condition of the TYP. value is Ta = 25°C
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2.4 AC Characteristics

(TA=—-40 to +85°C, AVbb < Vop < 3.6 V, 1.6 V< EVpbpo < Vob £ 3.6 V, Vss = EVsso = 0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tevy Main system | HS (high-speed [2.7 V < Vbp < 3.6 V| 0.03125 1 us
instruction execution time) clock (fwan) | main) mode 24V <Voo<27V| 0.0625 1 s
operation SR - ;
LS (low-speed |1.8V <Voo<3.6V| 0.125 1 us
main) mode
LV (low-voltage |1.6 V<Voo <3.6 V| 0.25 1 us
main) mode
Subsystem clock (fsus) 1.8V<Vop<3.6V| 285 30.5 31.3 us
operation
In the self HS (high-speed 2.7 V < Voo < 3.6 V| 0.03125 1 us
pmgrammi”g main) mode 24V <Vop<2.7 V| 0.0625 1 us
mode
LS (low-speed |1.8V <Voo<3.6V| 0.125 1 us
main) mode
LV (low-voltage |1.6 V<Voo <3.6 V| 0.25 1 us
main) mode
External system clock fex 27V<Vop<36V 1.0 20.0 MHz
frequency 24V <Vop <27V 1.0 16.0 | MHz
1.8V<Vp<24V 1.0 8.0 MHz
16V<Vopb<18V 1.0 4.0 MHz
fexs 32 35 kHz
External system clock input| texs, tex. | 2.7 V<Vop < 3.6 V 24 ns
high-level width, low-level 24V <Vop<27V 30 ns
width — -
1.8V<Vm<24V 60 ns
16V<Vopb<18V 120 ns
texus, texts 13.7 Us
TIOO, TIO1, TIO3 to TIO7 trin, tri 1/fmck+10] nghete

input high-level width,
low-level width

TO00, TOO01, TOO3 to fro HS (high-speed main) | 2.7V <EVono< 3.6 V 8 MHz
TOO07 output frequency mode 1.8V <EVooo < 2.7V 4 MHz
1.6V <EVooo<1.8V 2 MHz
LS (low-speed main) 1.8V <EVooo<3.6V 4 MHz
mode 1.6 V < EVooo < 1.8 V 2 MHz
LV (low-voltage main) 1.6 V<EVooo<3.6V 2 MHz
mode
PCLBUZ0, PCLBUZ1 fecL HS (high-speed main) | 2.7V <EVono< 3.6 V 8 MHz
output frequency mode 1.8V <EVooo <27V 4 MHz
16V <EVooo<1.8V 2 MHz
LS (low-speed main) 1.8V <EVopo<3.6V 4 MHz
mode 1.6 V<EVooo < 1.8V 2 MHz
LV (low-voltage main) 1.8V <EVooo<3.6V 4 MHz
mode 1.6 V<EVooo < 1.8V 2 MHz
Interrupt input high-level tinth, tint | INTPO 16V<Vop<36V 1 us
width, low-level width INTP1 to INTP11 1.6V <EVoro<3.6V 1 P
Key interrupt input tkr KRO to KR9 1.8 V<EVoo0<3.6V, 250 ns
high-level width, low-level 1.8V <AVono<3.6V
width 1.6 V<EVoro <18V, 1 P
1.6V <AVooo< 1.8V
RESET low-level width trsL 10 1S
(Note and Remark are listed on the next page.)
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Note The following conditions are required for low-voltage interface when EVbpo < Vob.
1.8V <EVbpo<2.7V:MIN. 125 ns
1.6V <EVpbpo < 1.8 V: MIN. 250 ns

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

Minimum Instruction Execution Time during Main System Clock Operation

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

10
— 1.0 T —— When the high-speed on-chip oscillator
2 | ] clock is selected
|_5 : !: ——— During self programming
© } —-—- When high-speed system clock is selected
£ ! I
= I !
@ A K
3] 3 Il
S ] |
@) . [
! I
0.1 ! }
! 1l
k|
0.0625 fommecho . = h
0.05 : | J:
i 1
0.03125 feszzzpoc=--- o
0.01 ; . |
0 10 20! B0 140 50 6.0
24 27 3.6
Supply voltage Voo [V]
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Tey vs Vob (LS (low-speed main) mode)

10
—— When the high-speed on-chip oscillator
_ 1.0 o clock is selected
5 7 — == During self programming
[ ;
g y —-—- When high-speed system clock is selected
g |
> v
O i F
0.125 |-e-mnf---- s sanr )
0.1 ' n
0.01
0 10 20 30 140 50°°60
1.8 3.6
Supply voltage Voo [V]
Tey vs Vob (LV (low-voltage main) mode)
10
1.0 i e, T ) ) .
%) - N — When the high-speed on-chip oscillator
£ N B ;
= o ! clock is selected
e 3 :
g " ——— During self programming
Z M —-—- When high-speed system clock is selected
O Ao b-o_-____ I LY P ==
S 0.25 f
6] " |
0.1 L :
001 4 |
0 10 20 30 140 50 60
1618 3.6
Supply voltage Voo [V]
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

AC Timing Test Points

Vit/'Von ) Vi'Vor
Test points
>< Vi/VoL > <: Vi/Vou

External System Clock Timing

1/fex

texc teExH

0.7 Voo MIN.
EXCLK

N N 0.3 Voo MAX.

TI/TO Timing

tric [ trm
TIOO, TI01, TIO3 to TIO7 J H

1/fro
TOO00, TO01, TOO03 to TOO07 J /—{—

Interrupt Request Input Timing
tinTL tNTH
INTPO to INTP11 \ \

Key Interrupt Input Timing

tkr
KRO to KR9 l
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RESET Input Timing

trsL

RESET
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Points

Vi/'Vor ) Vi/Vor
Test points
Viv/Vou > < Vi/VoL

2.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(Ta=-40 to +85°C, 1.6 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNote 1 L GNote 2 L\Note3 Unit

MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

Transfer rateNete 4 24V<EVop<3.6V fmck/6 fmck/6 fmck/6 bps
Theoretical value of the 5,3Note 5 1.3 0.6 Mbps
maximum transfer rate
fmok = foLkNote &

1.8V<EVoD<3.6V fmek/6 fvmck/6 fmek/6 bps
Theoretical value of the 5,3Note 5 1.3 0.6 Mbps
maximum transfer rate
fuok = feLkNote &

1.7V<EVoD<3.6V fmek/6 fvmek/6 fmek/6 bps
Theoretical value of the 5.3Note 1.3Note S 0.6 Mbps
maximum transfer rate
fuck = foLkNote &

16 V<EVoD<3.6V - fvmck/6 fmck/6 bps
Theoretical value of the - 1.3Note S 0.6 Mbps

maximum transfer rate

fmck = feLkNote 8

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LV is condition of LV (low-voltage main) mode.
4. Transfer rate in the SNOOZE mode is 4800 bps.
5. The following conditions are required for low-voltage interface when EVooo < Vob.
2.4V <EVbopo < 2.7V : MAX. 2.6 Mbps
1.8 V<EVbpo <2.4V:MAX. 1.3 Mbps
1.6 V<EVbpo < 1.8 V: MAX. 0.6 Mbps
6. fcik in each operating mode is as below.
HS (high-speed main) mode: fcik = 32 MHz
LS (low-speed main) mode: fcik = 8 MHz
LV (low-voltage main) mode: fcik =4 MHz

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).
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UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 microcontroller User device

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 and POM number (g =0, 1)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by 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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(2) During communication at same potential (Simplified SPI (CSI) mode) (master mode, SCKp... internal
clock output, corresponding CSI00 only)
(TA=-40 to +85°C, 2.7 V < EVppo < Vbp £ 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNete 1 [ GNote 2 L\Note3 Unit

MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKop cycle time tkev1 27V<EVop<36V | tkev122/fax | 83.3 250 500 ns
SCKp high-/low-level width tKH1, 27V<EVop<3.6V tkev1/2 tkev1/2 tkev1/2 ns
tkL -10 -50 -50
Slp setup time (to SCKpT)No*e4 | tsiks 27V<EVop<36V 33 110 110 ns
Slp hold time (from SCKpT)Nte 4| txsiq 27V<EVop<36V 10 10 10 ns
Delay time from SCKpJ to tkson C =20 pFNote® 10 10 10 ns
SOp outputNote

Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

3. LV is condition of LV (low-voltage main) mode.

4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time or Slp hold time
becomes “from SCKpU 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 SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

6. Cis the load capacitance of the SCKp and SOp output lines.

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

Remarks 1. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM numbers (g = 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))
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(3) During communication at same potential (Simplified SPI (CSI) mode) (master mode, SCKp... internal
clock output)
(Ta =-40 to +85°C, 1.6 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HGNote 1 | GNote 2 [\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKop cycle time tkeva 2.7V <EVopo<3.6 V| tkevt 2 4/fe | 125 500 1000 ns
2.4V <EVopo<3.6V|tkert 24/ffex | 250 500 1000 ns
1.8 V<EVopo< 3.6V | tkey1 24/fck | 500 500 1000 ns
1.7 V<EVbpo < 3.6 V| tkev1 2 4/fcx | 1000 1000 1000 ns
1.6 V< EVopo < 3.6 V| tkevt 2 4ffcik - 1000 1000 ns
SCKp high-/low-level tkH2, 27V <EVooo<36V tkey2/2 tkey2/2 tkeya/2 ns
width tre2 -18 -50 -50
24V <EVooo<36V tkey2/2 tkey2/2 tkey2/2 ns
-38 -50 -50
1.8 V<EVoo0<3.6V tkey2/2 tkey2/2 tkeva/2 ns
-50 -50 -50
1.7V<EVooo<3.6V tkey2/2 tkey2/2 tkey2/2 ns
-100 -100 -100
1.6 V<EVooo<3.6V - tkev2/2 tkeva/2 ns
-100 -100
Slp setup time tsik2 27V <EVopo<36V 44 110 110 ns
(to SCKpT)tere 24V <EVooo <36V 75 110 110 ns
1.8 V<EVoo <36V 110 110 110 ns
1.7V<EVo <36V 220 220 220 ns
1.6 V<EVoo<3.6V - 220 220 ns
Slp hold time tksi2 1.7V<EVop <36V 19 19 19 ns
(from SCKpT)ete 16V <EVop<3.6V - 19 19 ns
Delay time from SCKp! | tkso2 1.7V <EVop<3.6V | C=30pFNtt 25 25 25 ns
to SOp outputte'e* 16V <EVop<3.6V | C=30pFwes - 25 25 | ns

Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

3. LV is condition of LV (low-voltage main) mode.

4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time or Slp hold time
becomes “from SCKpU 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 SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

6. Cis the load capacitance of the SCKp and SOp output lines.

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

Remark p: CSI number (p = 00, 01, 10, 11, 20, 21), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM numbers (g =0, 1)
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(4) During communication at same potential (Simplified SPI (CSI) mode) (slave mode, SCKp... external

clock input)
(TA=-40 to +85°C, 1.6 V < EVppo < Vbp £ 3.6 V, Vss = EVsso = 0 V)
Parameter Symbol Conditions HSNote 1 [ GNote2 L\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle timeNete 4 tkov2 2.7V <EVpoo<3.6V | 16 MHz < fuck | 8/fuck - - ns
fmek < 16 MHz | 6/fwck 6/fmck 6/fmck ns
24V <EVooo<3.6V 6/fmck 6/fmck 6/fmck ns
and and and
500ns 500ns 500ns
1.8 V<EVoo<3.6V 6/fmck 6/fmck 6/fmck ns
and and and
750ns 750ns 750ns
1.7V <EVomo<3.6 V 6/fmck 6/fmck 6/fmck ns
and and and
1500ns 1500ns 1500ns
1.6 V<EVooo<3.6V - 6/fmek 6/fmek ns
and and
1500ns 1500ns
SCKp high-/low-level tkHz, 27V<EVop<36V tkey2/2 tkey2/2 tkev2/2 ns
width tkiz -8 -8 -8
1.8 V<EVbmo<3.6V tkey2/2 tkev2/2 tkeyz/2 ns
-18 -18 -18
1.7V<EVooo<3.6V tkey2/2 tkeya/2 tkey2/2 ns
-66 -66 -66
1.6 V<EVbmo<3.6V - tkev2/2 tkeyz/2 ns
—66 -66
Slp setup time tsikz 27V <EVooo<36V 1/fmek 1/fmek 1/fmex ns
(to SCKpT)Netes +20 +30 +30
1.8 V<EVoo<3.6V 1/fmck 1/fmek 1/fmck ns
+30 +30 +30
1.7V <EVooo<3.6V 1/fmek 1/fmek 1/fmek ns
+40 +40 +40
1.6 V<EVooo<3.6V - 1/fmek 1/fmek ns
+40 +40
Slp hold time tksiz 1.8 V<EVbmo<3.6V 1/fmck 1/fmek 1/fmck ns
(from SCKpT)Nete 5 +31 +31 +31
1.7V <EVooo<3.6V 1/fmck+ 1/fmek+ 1/fmek+ ns
250 250 250
1.6 V<EVoo<3.6V - 1/fmek+ 1/fmek+ ns
250 250
Delay time from SCKpl | tksoz C =30 pFNete? | 2.7V <EVppo < 3.6 V 2/fmek 2/fmeck 2/fumek ns
to SOp outputNete & +44 +110 +110
2.4V <EVopo<3.6V 2/fmex 2/fmek 2/fmek ns
+75 +110 +110
1.8 V<EVbo<3.6V 2/fmex 2/fmex 2/fmek ns
+110 +110 +110
1.7V<EVooo<3.6V 2/fmek 2/fvmck 2/fmex ns
+220 +220 +220
1.6 V<EVbmo<3.6V - 2/fmex 2/fmek ns
+220 +220

(Note, Caution and Remark are listed on the next page.)
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Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

3. LV is condition of LV (low-voltage main) mode.

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

5. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time or Slp hold time
becomes “from SCKpU when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

7. C s the load capacitance of the SOp output lines.

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

Remarks 1. p: CSI number (p = 00, 01, 10, 11, 20, 21), m: Unit number (m = 0, 1), n: Channel number (n =0 to
3),
g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by 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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Simplified SPI (CSl) mode connection diagram (during communication at same potential)

SCKp SCK
RL78 )
microcontroller Sip SO User device
SOp s

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

tkevi, 2

kL, 2 tiHL, 2

e e

tsikt, 2 tksin2

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.)

tkevl, 2

tH1, 2 kL 2

SCKp
4/ N

tsiki, 2 tksi1, 2

tkso1, 2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 01, 10, 11, 20, 21)
2.  m: Unit number, n: Channel number (mn = 00 to 03, 10, 11)
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(5) During communication at same potential (simplified I°C mode) (1/2)
(Ta=-40 to +85°C, 1.6 V < EVbpo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HGNote 1 LGNote 2 L\/Note3 Unit
MIN. MAX. MIN. MAX. MIN. MAX.

SCLr clock frequency fscL 27V <EVoo<36V, 100QNete 400Nt 400N | kHz
Cb =50 pF, Ro = 2.7 kQ 4 4 4
1.8 V<EVoo<3.6V, 40(QNote 4 400Nt 400N | kHz
Cb =100 pF, Ro = 3 kQ 4 4
1.8 V<EVomo <27V, 30QNote 4 300Nt 300Nete | kHz
Cb =100 pF, Ro =5 kQ 4 4
1.7V <EVopo < 1.8V, 25(Note 4 25QNote 250Nt | kHz
Cb =100 pF, Ro = 5 kQ 4 4
1.6 V<EVopo<1.8V, - 25QNote 250Nt | kHz
Cb =100 pF, Ro = 5 kQ 4 4

Hold time when SCLr =“L” tLow 2.7V <EVoo<3.6V, 475 1150 1150 ns
Cb =50 pF, Ro = 2.7 kQ
1.8V <EVooo<3.6V, 1150 1150 1150 ns
Cb =100 pF, Ro = 3 kQ
1.8 V<EVomo<2.7V, 1550 1550 1550 ns
Cb =100 pF, Ro =5 kQ
1.7V <EVopo < 1.8V, 1850 1850 1850 ns
Cb =100 pF, Ro = 5 kQ
1.6 V<EVomo<1.8V, - 1850 1850 ns
Cb =100 pF, Ro =5 kQ

Hold time when SCLr = “H” tHiGH 2.7V <EVoo<3.6V, 475 1150 1150 ns
Cb =50 pF, Ro = 2.7 kQ
1.8V <EVooo<3.6V, 1150 1150 1150 ns
Cb =100 pF, Ro = 3 kQ
1.8 V<EVbomo<2.7V, 1550 1550 1550 ns
Cb =100 pF, Ro = 5 kQ
1.7V <EVooo < 1.8V, 1850 1850 1850 ns
Cb =100 pF, Ro = 5 kQ
1.6 V<EVomo<1.8V, - 1850 1850 ns
Cb =100 pF, Ro =5 kQ

Data setup time (reception) tsupar | 2.7V <EVoo0<3.6V, 1/fmek + 1/fmek + 1/fmek + ns
Cb =50 pF, Ro = 2.7 kQ | 85Notes 145Note 145Note 5
1.8V<EVop<3.6V, 1/fmek + 1/fmek + 1/fmck + ns
Cb =100 pF, Ro =3 kQ | 145Nctes 145Note 5 145Note 5
1.8V <EVopo<27V, 1/fmek+ 1/fmek+ 1/fmck+ ns
Cb =100 pF, Ro =5 kQ | 230Netes 23(Note s 23(QNote s
1.7V<EVop<1.8V, 1/fmek + 1/fmek + 1/fmek + ns
Cb =100 pF, Ro =5 kQ | 29QNetes 29(QNote 5 29(QNote 5
1.6 V<EVooo<1.8V, - 1/fmek + 1/fmek + ns
Cb =100 pF, Ro =5 kQ 29QNote 5 29(QNote 5

(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(5) During communication at same potential (simplified I°C mode) (2/2)
(Ta=-40 to +85°C, 1.6 V < EVbpo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNete 1 L GNote 2 L\Note3 Unit
MIN. MAX. MIN. MAX. | MIN. MAX.
Data hold time (transmission) thooar | 2.7 V<EVo0<3.6V, 0 305 0 305 0 305 ns
Cb =50 pF, Ro = 2.7 kQ
1.8 V<EVoo<3.6V, 0 355 0 355 0 355 ns
Cb =100 pF, Ro = 3 kQ
1.8 V<EVopo<2.7V, 0 405 0 405 0 405 ns
Cb =100 pF, Ro = 5 kQ
1.7V <EVooo £ 1.8V, 0 405 0 405 0 405 ns
Cb =100 pF, Ro = 5 kQ
1.6 V<EVooo<1.8YV, - - 0 405 0 405 ns
Cb =100 pF, Ro =5 kQ

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LV is condition of LV (low-voltage main) mode.
4. The value must also be fcLk/4 or lower.
5. Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution Select the normal input buffer and the N-ch open drain output (Vop tolerance (When 25- to 48-pin
products)/EVop tolerance (When 64-pin products)) mode for the SDAr pin and the normal output
mode for the SCLr pin by using port input mode register g (PIMg) and port output mode register h
(POMh).

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

Voo

% Ro
SDAr SDA

RL78
microcontroller

User device

SCLr SCL

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

1/fscL

tLow tHIGH

SCLr \
— |
SDAr

tHD : DAT tsu: paT

Remarks 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load
capacitance
2. r: lIC number (r = 00, 01, 10, 11, 20, 21), g: PIM number (g = 0, 1), h: POM number (h = 0, 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by 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/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5 V) (UART mode) (dedicated baud rate generator output)
(1/2)
(Ta =-40 to +85°C, 1.8 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter | Symbol Conditions HSNote 1 L GNote 2 [ \/Note 3 Unit

MIN. | MAX.| MIN. | MAX. | MIN. | MAX.

Transfer Reception | 2.7 V<EVooo < 3.6V, fvck/6 fvck/6 fuck/6 | bps
teNote4 23V<Vb<27V )
rate ° Theoretical value of the 5.3 1.3 0.6 | Mbps
maximum transfer rate
fmek = feukNote 7
1.8V <EVbpo<3.3V, fumck/6 fumex/6 fuck/6 | bps
N
1.6V <Vob<2.0 Vietes Theoretical value of the 53 1.3 0.6 | Mbps
maximum transfer rate Note
fmok = ferkNote 7

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
LV is condition of LV (low-voltage main) mode.
Transfer rate in the SNOOZE mode is 4800 bps.
Use it with EVbpbo>Vb.
The following conditions are required for low-voltage interface when EVopo < Vob.
2.4V <EVbpo < 2.7V : MAX. 2.6 Mbps
1.8 V<EVbpo <24V :MAX. 1.3 Mbps
7. fck in each operating mode is as below.
HS (high-speed main) mode: fck = 32 MHz
LS (low-speed main) mode: fcik = 8 MHz

A

LV (low-voltage main) mode: fcik = 4 MHz

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance (When
25- to 48-pin products)/EVop tolerance (When 64-pin products)) mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg). For Vi1 and Vi, see
the DC characteristics with TTL input buffer selected.

Remarks 1. Vb[V]: Communication line voltage
2. q: UART number (q = 0 to 2), g: PIM and POM number (g = 0, 1)
3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by 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/G1A

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

(6) Communication at different potential (1.8 V, 2.5 V) (UART mode) (dedicated baud rate generator output)

(2/2)
(Ta =-40 to +85°C, 1.8 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)
Parameter | Symbol Conditions HGNote 1 L GNote 2 L\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Transfer Transmission | 2.7 V<EVomo <36V, Note 4 Note 4 Note 4| bps
rate 23VSW=2TV | Theoretical value of the 1.2 1.2 1.2 | Mbps
maximum transfer rate Note 5 Note 5 Note 5
Cb =50 pF, Ro = 2.7 kQ,
Vb=23V
1.8 V<EVon <33V, Note 7 Note 7 Note 7| bps
ote 6
16V <Vo<20 VN oo retical value of the 0.43 0.43 0.43 | Mbps
maximum transfer rate Note 8 Note 8 Note 8
Cb =50 pF, Ro = 5.5 kQ,
Vo=1.6V
Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LVis condition of LV (low-voltage main) mode.
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 2.7 V<EVooo <3.6 Vand 23V <Vp <27V

1

Maximum transfer rate = 0 [bps]
{~Cox RoxIn (1 - V.b )} %3
1
Transfer rate x 2~ {Cb* Rexn
Baud rate error (theoretical value) = 1- %)} x 100 [%]

*

1
( Transfer rate )

x Number of transferred bits

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

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

met.

See Note 4 above to calculate the maximum transfer rate under conditions of the customer.

Use it with EVbpo > Vb.

7. 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<EVppo<3.3Vand1.6V<Vb<20V

1

Maximum transfer rate = 15 [bps]
{~Cox Rox1In (1 - Vb % %3
1 1.5
Transfer rate x 2~ (C0X RexIn (1- =7}

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

1

(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. See 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 (When
25- to 48-pin products)/EVop tolerance (When 64-pin products)) mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg).
the DC characteristics with TTL input buffer selected.

For Viu and Vi, see
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RL78/G1A

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

TxDq

UART mode connection diagram (during communication at different potential)

RL78
microcontroller

Vb

S

TxDq

RxDq

Rx

Tx

User device

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

1/Transfer rate

Low-bit width

High-bit width

Baud rate error tolerance

/

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq

A\

Remarks 1.

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

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

fmck: Serial array unit operation clock frequency

(Operation clock to be set by 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/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(7) Communication at different potential (2.5 V) (Simplified SPI (CSI) mode) (master mode, SCKp... internal
clock output, corresponding CSI00 only)
(Ta =-40 to +85°C, 2.7 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HgNote 1 [ GNote 2 [\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. [MAX.

SCKp cycle time tkeyi 27V <EVooo<36V, tkey1 = 2ffoix 300 1150 1150 ns
23V<Vb<27V,
Cb =20 pF, Rb = 2.7 kQ

SCKp high-level width tkH1 27V<EVopo<3.6V,23V<VW<27V, |tkevi/2 — tkey1/2 — tkey1/2 — ns
Cb=20pF, Ro=2.7 kQ 120 120 120

SCKp low-level width trL 27V<EVomo<3.6V,23V<Vb<27V, |tker1/2 — teev1/2 — tkev1/2 — ns
Cb =20 pF, Ro=2.7 kQ 10 50 50

Slp setup time tsik1 27V<EVon<36V,23V<Ve<27V, | 121 479 479 ns

(to SCKpT)Nete4 Co =20 pF, Ro=2.7 kQ

Slp hold time tisit 27V<EVoo<3.6V,23V<Vh<27V, 10 10 10 ns

(from SCKpT)Note 4 Cb=20pF,Ro=2.7kQ

Delay time from SCKpl to | tksor 27V<EVon<36V,23V<W<27V, 130 130 130 ns

SOp outputNote 4 Co=20pF, Ro=2.7 kQ

Slp setup time tsik1 27V<EVooo<36V,23V<Vh<27V, 33 110 110 ns

(to SCKp)Nete Cb=20pF, Ro=2.7 kQ

Slp hold time trsit 27V<EVoo<3.6V,23V<Vh<27V, 10 10 10 ns

(from SCKp )Nete s Cb=20pF,Ro=2.7kQ

Delay time from SCKpT to | tksor 27V<EVooo<36V,23V<Vh<27V, 10 10 10 ns

SOp outputNete Cb=20pF, Ro=2.7 kQ

Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

3. LVis condition of LV (low-voltage main) mode.

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

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVobp tolerance (When 64-pin products)) mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VH
and Vi, see the DC characteristics with TTL input buffer selected.

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: CSIl number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 1)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8V, 2.5 V) (Simplified SPI (CSI) mode) (master mode, SCKp...
internal clock output) (1/2)
(Ta =-40 to +85°C, 1.8 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HGNote 1 [ GNote 2 [\/Note 3 Unit

MIN. | MAX.| MIN. | MAX. | MIN. [ MAX.

SCKp cycle time tkeyi 27V <EVooo<3.6V, tkey1 > 4/fcik 500 1150 1150 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

1.8V <EVooo<3.3V, tkey1 = 4/fcik 1150 1150 1150 ns
1.6 V< Vb <2.0VNoted
Cb =30 pF, R = 5.5 kQ

SCKp high-level width | tkx1 27V<EVopo<36V,23V<Ww<27V, tkev1/2 — tkev1/2 — tkev1/2 — ns
Cb =30 pF, Ro = 2.7 kQ 170 170 170
1.8 V<EVoo0<3.3V,1.6V<Vb<2.0 VNt |tecy1/2 — tkev1/2 — tkev1/2 — ns
4 458 458 458
Cb = 30 pF, Ro = 5.5 kQ

SCKp low-level width | tki1 27V<EVopo<36V,23V<VWV<27V, tkev1/2 — tkey1/2 — tkev1/2 — ns
Cb =30 pF, Ro = 2.7 kQ 18 50 50
1.8 V<EVop0<3.3V,1.6V<Vb<2.0 VNt |tecy/2 — tkev1/2 — tkev1/2 — ns
4 50 50 50

Cb =30 pF, Rp = 5.5 kQ

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LV is condition of LV (low-voltage main) mode.
4. Use it with EVbpo > Vb.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVob tolerance (When 64-pin products)) mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Viu
and Vi, see the DC characteristics with TTL input buffer selected.

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: CSl number (p = 00, 10, 20), m: Unit number , n: Channel number (mn = 00, 02, 10),
g: PIM and POM number (g =0, 1)
3. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5 V) (Simplified SPI (CSI) mode) (master mode, SCKp...
internal clock output) (2/2)
(Ta =-40 to +85°C, 1.8 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNote 1 L SNote 2 [L\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 27V<EVoo<36V,23V<Vb<27V, 177 479 479 ns
(to SCKpT)Note4 Cb=30pF, Ro = 2.7 kQ
2.8 V<EVopo<3.3V,1.6V<Vp<20VNte | 479 479 479 ns
Co = 30 pF, Ro = 5.5 kQ
Slp hold time tksit 27V<EVoo<36V,23V<Vb<27V, 19 19 19 ns
(from SCKpT)Nete 4 Cb =30 pF, Ro = 2.7 kQ
2.8VSEVDDO<3.3V,1.6VSVbS2.OVN°‘e 19 19 19 ns
éb =30 pF, Ro = 5.5 kQ
Delay time from SCKpJ{ to | tksor 27V<EVopo<36V,23V<Vb<27V, 195 195 195 ns
SOp outputNete4 Cb =30 pF, Ro = 2.7 kQ
2.8 V <EVbpo< 3.3V, 1.6V <Vp<2.0 VNt 483 483 483 ns
éb =30 pF, Ro = 5.5 kQ
Slp setup time tsik1 27V <EVooo<36V,23V<Vb<27V, 44 110 110 ns
(to SCKpJ)Netes Cb =30 pF, Ro = 2.7 kQ
2.8VSEVDDO<3.3V,1.6VSVb32.0VN°'e 110 110 110 ns
éb =30 pF, Ro = 5.5 kQ
Slp hold time trsi1 27V<EVoo<36V,23V<Vp<27V, 19 19 19 ns
(from SCKp{ )Note s Cb =30 pF, Ro = 2.7 kQ
2.8VSEVDDo<3.3V,1.6Vst£2.0V"°‘e 19 19 19 ns
éo =30 pF, Ro = 5.5 kQ
Delay time from SCKpT to | tksor 27V<EVopo<36V,23V<Ve<27V, 25 25 25 ns
SOp outputNote s Cb =30 pF, Ro = 2.7 kQ
2.8 V <EVopo < 3.3V, 1.6 V< Vb <20 VNote 25 25 25 ns

Cb =30 pF, Ro = 5.5 kQ

Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.
LV is condition of LV (low-voltage main) mode.
When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
When DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Use it with EVbpo > Vb.

o 0 kW

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVob tolerance (When 64-pin products)) mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Viu
and Vi, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

<Master> Vb Vb

SCKp : SCK

- RL78 Slp SO User device
microcontroller

SOp si

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: CSl number (p = 00, 10, 20), m: Unit number , n: Channel number (mn = 00, 02, 10),
g: PIM and POM number (g =0, 1)
3. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°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
tkLt tKH1
SCKp \\ \
tsiki1 tksi
Slp Input data
tkso1
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
tKH1 ke
I -
SCKp _/ \ /
/7
tsiki tksi
Slp Input data
tkso1
SOp Output data

Remarks 1. p: CSI number (p = 00, 10, 20), m: Unit number, n: Channel number (m = 00, 02, 10),
g: PIM and POM number (g =0, 1)
2. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

communication at different potential.
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RL78/G1A

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

(9) Communication at different potential (1.8 V, 2.5 V) (Simplified SPI (CSI) mode) (slave mode, SCKp...
external clock input)
(Ta =-40 to +85°C, 1.8 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HgNote 1 [ GNote 2 [\/Note 3 Unit
MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.
SCKp cycle timeNete 4 tkeyz 27V<EVo0<36V, |24 MHz < fuck 20/fmck - - ns
23VEVB<2ZTV | o) MHz <fuck< 24 MHz | 16fok - - ns
16 MHz < fuck< 20 MHz | 14/fmvck - - ns
8 MHz < fuck< 16 MHz | 12/fmck - - ns
4 MHz <fuck<8MHz | 8/fwck 16/fmck - ns
fuck <4 MHz 6/fvck 10/fmek 10/fmck ns
18V<EVom<33V, |24 MHz < fuck 48/fmek - - ns
16VEVo<20V™ 1 o0 bz < s 24 MHz | 36/uck - - ns
16 MHz < fuck< 20 MHz - | 32/fmck - - ns
8 MHz < fuck< 16 MHz | 26/fmck - - ns
4 MHz < fuck<8MHz | 16/fmck 16/fmck - ns
fuck <4 MHz 10/fmck 10/fmeck 10/fmek ns
SCKp high-/low-level tKkH2, 27V<EVom0<36V,23V<Wh<27V tkeva/2 tkev2/2 tkev2/2 ns
width tkL2 -18 -50 -50
1.8V<EVoo<3.3V,1.6V<Vb<20WVN® | teva/2 tkey2/2 tkey2/2 ns
5 -50 -50 -50
Slp setup time tsik2 27V<EVoo0<36V,23V<Wh<27V 1/fmek 1/fmck 1/fmck ns
(to SCKpT)Nete s +20 +30 +30
1.8V<EVoo<3.3V,1.6V<Vb<20WVNe | 1/fuck 1/fmek 1/fmek ns
5 + 30 + 30 + 30
Slp hold time tksiz2 1/fmek 1/fmek 1/fmek ns
(from SCKpT)Nete 8 +31 + 31 + 31
Delay time from SCKp! | tkso2 27V<EVomo<36V,23V<Wh<27V, 2/fmek 2/fmek 2/fmek ns
to SOp outputNete” Cb=30pF, Ro=2.7kQ +214 +573 +573
1.8V<EVon<3.3V, 1.6V <Vbp<2.0 \/Note 2/fmek 2/fmek 2/fmek ns
5, +573 +573 +573
Cb =30 pF, Ro=5.5kQ

Notes 1.

Caution

HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

U

LV is condition of LV (low-voltage main) mode.
Transfer rate in the SNOOZE mode : MAX. 1 Mbps
Use it with EVbpo > Vb.

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

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

7. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
becomes “from SCKpT“ when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

The delay time to SOp output

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

tolerance (When 25- to 48-pin products)/EVob tolerance (When 64-pin products)) mode for the SOp

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

and Vi, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)

For ViH
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

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

<Slave> Vb

g

SCKp SCK

RL78

microcontroller Slp SO  User device

SOp Sl

Remarks 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb[F]: Communication line (SOp) load

capacitance, Vb[V]: Communication line voltage

2. p: CSl number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n = 00, 02, 10),
g: PIM and POM number (g =0, 1)

3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 02, 10))

4. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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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.)

tkevz

tkie tkH2

/
SCKp
N\ N

tsik2 tksiz

Slp Input data

tksoz

SOp Output data

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 tksiz

Slp Input data

tksoz
SOp Output data

p: CSI number (p = 00, 10, 20), m: Unit number, n: Channel number (mn = 00, 02, 10),

g: PIM and POM number (g =0, 1)
2. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

Remarks 1.

communication at different potential.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(10) Communication at different potential (1.8 V, 2.5 V) (simplified 1°C mode) (1/2)
(Ta=-40 to +85°C, 1.8 V < EVbpo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HgNote 1 LGNote 2 L\/Note3 Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 2.7V<EVboo<3.6V, 1000Note4 300Nt 300Nte | kHz
4 4

23V<Vb<27V,

Cb = 50 pF, Ro = 2.7 kQ
2.7V <EVooo<3.6V, 40QNote 300Note 300Nt | KHz
23V<Vb<27V, 4 " )

Cb = 100 pF, Ry = 2.7 kQ
1.8 V<EVbpo < 3.3V, 30QNote 300QNete 300N°te | KHz
1.6V <Vb<2.0 \VYNoteS, 4 . )

Co =100 pF, Ro = 5.5 kQ

Hold time when SCLr =“L” tLow 2.7V <EVoo<36V, 475 1550 1550 ns
23V<Vb<27V,

Co =50 pF, Ro = 2.7 kQ
27V <EVooo<36V, 1150 1550 1550 ns
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ
1.8V <EVboo < 3.3V, 1550 1550 1550 ns
1.6 V< Vb <20 VNotes,
Cb =100 pF, Ro = 5.5 kQ

Hold time when SCLr =“H” | tHicH 2.7V <EVooo<36V, 200 610 610 ns
23V<W<27V,

Cb =50 pF, Ro = 2.7 kQ
27V <EVbooo<36V, 600 610 610 ns
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ
1.8V <EVooo <33V, 610 610 610 ns
1.6V < Vb <2.0 VNotes5,
Cb =100 pF, Ro = 5.5 kQ

(Notes, Caution and Remarks are listed on the next page.)
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(10) Communication at different potential (1.8 V, 2.5 V) (simplified 1°C mode) (2/2)
(Ta=-40 to +85°C, 1.8 V < EVbpo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HgNote 1 |_GNote 2 L\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

Data setup time (reception) tsu:DAT 2.7V <EVopo<3.6V, 1/fmck + 1/fmek + 1/fmek + ns
23V<Vb<27V, 135Note 19(QNote 6 19QNete
Cb =50 pF, Ro = 2.7 kQ 6 6
27V <EVooo<3.6V, 1/fmek + 1/fmek + 1/fmek + ns
23V<Vb<27V, 19QNete 19(QNote 6 19(QNete
Cb =100 pF, Ro = 2.7 kQ 6 6
1.8V <EVooo<3.3V, 1/fmck + 1/fmck + 1/fmek + ns
1.6 V< Vb <20 \/Note5, 19QNete 19(QNote 6 19QNete
Cb =100 pF, Ro = 5.5 kQ 6 6

Data hold time (transmission) tHD:DAT 2.7V <EVooo<3.6V, 0 305 0 305 0 305 ns

23V<Vb<27V,

Cb =50 pF, Ro = 2.7 kQ
27V<EVooo<36V, 0 355 0 355 0 355 ns
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ
1.8 V<EVopo<3.3V, 0 405 0 405 0 405 ns
1.6V < Vb <2.0VNetes,
Cb =100 pF, Ro = 5.5 kQ

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
LV is condition of LV (low-voltage main) mode.
The value must also be fcik/4 or lower.
Use it with EVbpo > Vb.
Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H".

o o W

Caution Select the TTL input buffer and the N-ch open drain output (Voo tolerance (When 25- to 48-pin
products)/EVop tolerance (When 64-pin products)) mode for the SDAr pin and the N-ch open drain
output (Voo tolerance (When 25- to 48-pin products)/EVop tolerance (When 64-pin products))
mode for the SCLr 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.

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

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

RL78
microcontroller

SDAr

SCLr

. SDA

SCL

User device

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

1/fscL

trow

tHiGH

SCLr

SDAr /\

Remarks 1.

\

tHD : DAT

tsu: pAT

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

load capacitance, Vb[V]: Communication line voltage
r: 11IC number (r = 00, 10, 20), g: PIM, POM number (g =0, 1)
fmck: Serial array unit operation clock frequency

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

n: Channel number (mn = 00, 02, 10)
1IC01, 1IC11, and 1IC21 cannot communicate at different potential.
communication at different potential.

m: Unit number,

Use 1IC0O0, 1IC10, or IIC20 for
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2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.5.2 Serial interface IICA

(1) I1?C standard mode

(TA=-40 to +85°C, 1.6 V< EVppo < Vop £ 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions Standard ModeNete ! Unit
HSNoteZ LSNote3 LVNote4
MIN. | MAX. | MIN. | MIN. | MAX. | MIN.
SCLAO clock frequency fscL 27V<EVooo<36V 0 100 0 100 0 100 | kHz
1.8V<EVooo<36V 0 100 0 100 0 100
1.7V<EVooo<36V 0 100 0 100 0 100
16 V<EVooo<36V - 0 100 0 100
Setup time of restart condition tsu:sTA 27V<EVboo<3.6V 4.7 4.7 4.7 us
1.8V <EVooo<36V 4.7 4.7 4.7
1.7V<EVooo<36V 4.7 4.7 4.7
16 V<EVooo<36V - 4.7 4.7
Hold timeNete s tu:sta | 2.7 V<EVooo < 3.6 V 4.0 4.0 4.0 us
1.8V<EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Hold time when SCLAO = “L” tow 2.7V<EVon<3.6V 4.7 4.7 4.7 us
1.8V<EVooo<36V 4.7 4.7 4.7
1.7V<EVooo<36V 4.7 4.7 4.7
16 V<EVooo<36V - 4.7 4.7
Hold time when SCLAQ = “H” triGH 27V<EVo<36V 4.0 4.0 4.0 us
1.8V <EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Data setup time (reception) tsu:paT 27V<EVo<3.6V 250 250 250 ns
1.8V<EVooo<36V 250 250 250
1.7V<EVooo<36V 250 250 250
16 V<EVooo<36V - 250 250
Data hold time (transmission)N°t¢® | tup:par | 2.7 V< EVoo < 3.6 V 0 345 | 0 3.45 0 3.45 | us
1.8V <EVooo<36V 0 3.45 0 3.45 0 3.45
1.7V<EVooo<36V 0 3.45 0 3.45 0 3.45
16 V<EVooo<36V - - 0 3.45 0 345
Setup time of stop condition tsu:sto 27V <EVo<3.6V 4.0 4.0 4.0 us
1.8V <EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Bus-free time tBur 27V<EVo<3.6V 4.7 4.7 4.7 us
1.8V<EVooo<36V 4.7 4.7 4.7
1.7V<EVooo<36V 4.7 4.7 4.7
16 V<EVooo<36V - 4.7 4.7

(Note and Remark are listed on the next page.)
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2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(2) I2C fast mode, fast mode plus
(Ta=-40 to +85°C, 1.6 V < EVbbo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions Fast ModeNete” Fast Mode Unit
PIUSNotes
HSNote 2 LSNote 3 LVNote 4 HSNote 2
MIN. | MAX. | MIN. | MIN. | MAX. | MIN. | MAX. | MIN.
SCLAO clock frequency | fsct 27V<EVom<36V 0 | 400 | o | 400 | 0 | 400 | 0 | 1000 | kHz
1.8V <EVoro < 3.6V 0O | 400 | o | 400 | o0 | 400 | -
Setup time of restart tsusta [ 27V<EVooo<3.6V 0.6 0.6 0.6 0.26 us
condition 1.8V <EVooo < 3.6V 06 06 0.6 -
Hold timeNote s trosta | 27 V<EVoo <36V 06 06 06 0.26 s
1.8V <EVor <36V 06 06 06 -
Hold time when SCLAO | tow | 2.7 V<EVor < 3.6 V 1.3 1.3 1.3 05 s
=1 1.8V <EVooo< 3.6V 1.3 1.3 1.3 -
Hold time when SCLAO | tuen | 2.7 V<EVooo < 3.6 V 06 06 06 0.26 s
="H 1.8V <EVooo< 3.6V 0.6 0.6 0.6 -
Data setup time tsupar | 27 V<EVoD0<3.6V 100 100 100 50 ns
(reception) 1.8V <EVoro < 3.6V 100 100 100 -
Data hold time tiooar | 2.7 V<EVoo <36V 0 09 0 09 0 09 0 | 450 | us
(transmission)"ete® 1.8V <EVone <36V o oo | o |09 | o |09 | -
Setup time of stop tsusto | 2.7V<EVboo<3.6V 0.6 0.6 0.6 0.26 us
condition 1.8V <EVooo < 3.6V 06 06 0.6 -
Bus-free time taur 27V<EVom<36V 1.3 1.3 1.3 05 s
1.8V <EVoo <36V 1.3 1.3 1.3 -

Notes 1.

© ok o

the ACK (acknowledge) timing.

o N

LS is condition of LS (low-speed main) mode.

LV is condition of LV (low-voltage main) mode.
The first clock pulse is generated after this period when the start/restart condition is detected.

In normal mode, use it with fc.k =1 MHz, 1.6 V<EVbop < 3.6 V.
HS is condition of HS (high-speed main) mode.

In fast mode, use it with fc.k>3.5MHz, 1.8 V<EVop<3.6 V.
In fast mode plus, use it with fc.k> 10 MHz, 2.7 V<EVopb < 3.6 V.

The maximum value (MAX.) of tHp:paT is during normal transfer and a clock stretch state is inserted in

Remark The maximum value of Cb» (communication line capacitance) and the value of Ro (communication line

pull-up resistor) at that time in each mode are as follows.

Standard mode:
Fast mode:
Fast mode plus:

Cb =400 pF, Ro = 2.7 kQ
Cb = 320 pF, Ro = 1.1 kQ
Cb =120 pF, Rb = 1.1 kQ
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IICA serial transfer timing

trow

SCLO

tsu:pAT

' L, L E
SDA0 . / Ny
! A:tBup:f :
StEJ-p- - .éiz;rt Restart Stop
condition  condition condition condition
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2.6 Analog Characteristics

2.6.1

A/D converter characteristics

Division of A/D Converter Characteristics

Input channel

Reference voltag

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

Reference voltage (+) = AVop
Reference voltage (-) = AVss

Reference voltage (+) = Internal
refrence voltage
Reference voltage (-) = AVss

reference voltage output

High-accuracy channel; ANIO to See 2.6.1 (1) See 2.6.1 (3) See 2.6.1 (6)
ANI12 See 2.6.1 (2)

(input buffer power supply: AVop)

Standard channel; ANI16 to ANI30 See 2.6.1 (4) See 2.6.1 (5)

(input buffer power supply: Voo or

EVopo)

Temperature sensor, internal See 2.6.1 (4) See 2.6.1 (5) -

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFP0 = 1), reference voltage (-) =
AVRrerm/ANI1 (ADREFM = 1), target for conversion: ANI2 to ANI12

(TA =-40 to +85°C, 2.4 V < AVrerr < AVpD < VDD < 3.6 V, Vss = 0 V, AVss = 0 V, Reference voltage (+) = AVRerp,
Reference voltage (-) = AVrRerm = 0 V, HALT mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 12 bit
Overall errorNotes 1:2.3 AINL 12-bit resolution +1.7 3.3 LSB
Conversion time tconv ADTYP = 0, 12-bit resolution 3.375 us
Zero-scale errorNotes 1.2.3 Ezs 12-bit resolution +1.3 3.2 LSB
Full-scale errorNotes 1.2.3 Ers 12-bit resolution 0.7 2.9 LSB
Integral linearity errorNotes1.2.3 ILE 12-bit resolution +1.0 1.4 LSB
Differential linearity errorNetes .23 | DLE 12-bit resolution +0.9 +1.2 LSB
Analog input voltage VAN 0 AVREeFP \%

Notes 1. TYP. Value is the average value at AVop = AVRerp = 3 V and Ta = 25°C. MAX. value is the average
value 30 at normalized distribution.

2. These values are the results of characteristic evaluation and are not checked for shipment.

3. Excludes quantization error (£1/2 LSB).

Cautions 1. Route the wiring so that noise will not be superimposed on each power line and ground line,

and insert a capacitor to suppress noise.

In addition, separate the reference voltage line of AVrerr from the other power lines to keep it

free from the influences of noise.

2. During A/D conversion, keep a pulse, such as a digital signal, that abruptly changes its level

from being input to or output from the pins adjacent to the converter pins and P20 to P27 and

P150 to P154.
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(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVRrerm/ANI1 (ADREFM = 1), target for conversion: ANI2 to ANI12

(TA =-40 to +85°C, 1.6 V < AVrRerr < AVDpD < VDD < 3.6 V, Vss = 0 V, AVss = 0 V, Reference voltage (+) = AVRerp,
Reference voltage (-) = AVrRerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 2.4V < AVrerr < AVoD < 3.6 V 8 12 bit
1.8V < AVrerr < AVoD < 3.6 V 8 1(QNote 1
1.6 V<AVRrerr < AVoD < 3.6 V ghote 2
Overall errorhete3 AINL 12-bit resolution 2.4V < AVrerr < AVoD £ 3.6 V 6.0 LSB
10-bit resolution 1.8 V<AVrerP < AVoD < 3.6 V 5.0
8-bit resolution 1.6 V<AVrerP<AVoD<3.6 V +2.5
Conversion time tconv ADTYP =0, 2.4V < AVrerr < AVoD < 3.6 V 3.375 us
12-bit resolution
ADTYP =0, 1.8V < AVrerr < AVoD < 3.6 V 6.75
10-bit resolutionNete !
ADTYP =0, 1.6 V<AVrerr < AVoD < 3.6 V 13.5
8-bit resolutionNote 2
ADTYP =1, 24V <AVrRerP < AVOD 3.6V | 2.5625
8-bit resolution 1.8V <AVrerp <AVoD <36V | 5.125
1.6 V<AVrerr < AVoD < 3.6 V 10.25
Zero-scale errorhote 3 Ezs 12-bit resolution 2.4V < AVrerp < AVDD < 3.6 V +4.5 LSB
10-bit resolution 1.8V <AVrerr < AVoD < 3.6 V 4.5
8-bit resolution 1.6 V< AVrerr < AV < 3.6 V 2.0
Full-scale errorNete3 Ers 12-bit resolution 24V <AVrerr < AVoD < 3.6 V +4.5 LSB
10-bit resolution 1.8 V<AVrerP < AVoD < 3.6 V +4.5
8-bit resolution 1.6 V<AVrerP < AVoD<3.6 V +2.0
Integral linearity errorNete3 ILE 12-bit resolution 2.4V <AVrerr <AVoD < 3.6 V +2.0 LSB
10-bit resolution 1.8 V< AVrerP < AVDD < 3.6 V +1.5
8-bit resolution 1.6 V<AVrerP < AVoD < 3.6 V +1.0
Differential linearity errorV°*3| DLE 12-bit resolution 2.4V < AVrerp < AVoD <3.6 V +1.5 LSB
10-bit resolution 1.8V <AVrerr < AVoD < 3.6 V +1.5
8-bit resolution 1.6 V<AVrerr < AVoD < 3.6 V +1.0
Analog input voltage Vain 0 AVReFP Vv

Notes 1.

Cannot be used for lower 2 bit of ADCR register

2. Cannot be used for lower 4 bit of ADCR register
3. Excludes quantization error (+1/2 LSB).
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(3) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANIO to ANI12

(TA=-40 to +85°C, 1.6 V< AVpp<Vpop<3.6 V, Vss =0 V, AVss = 0 V, Reference voltage (+) = AVbp, Reference

voltage (-) = AVss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVoD<3.6V 8 12 bit
1.8V<AVoD<3.6V 8 1(QNote 1
1.6 V<AVoD<3.6V gNote 2
Overall errorNote3 AINL 12-bit resolution 24V <AVbp<36V 17.5 LSB
10-bit resolution 1.8V<AVop<3.6V 55
8-bit resolution 16 V<AVoD<3.6V +3.0
Conversion time tconv ADTYP =0, 24V <AVop<3.6V 3.375 us
12-bit resolution
ADTYP =0, 1.8V<AVD<3.6V 6.75
10-bit resolutionNete !
ADTYP =0, 1.6 V<AVD<3.6V 13.5
8-bit resolutionNete 2
ADTYP =1, 24V <AVop<3.6V 2.5625
8-bit resolution 1.8V <AVop<3.6V 5.125
1.6 V<AVD<3.6V 10.25
Zero-scale errorNete3 Ezs 12-bit resolution 24V <AVop<3.6V 16.0 LSB
10-bit resolution 1.8V<AVop<36V +5.0
8-bit resolution 1.6 V<AVop<36V +2.5
Full-scale errorNete3 Ers 12-bit resolution 24V <AVop<3.6V 16.0 LSB
10-bit resolution 1.8 V<AVop<36V 5.0
8-bit resolution 1.6 V<AVD<3.6V 2.5
Integral linearity errorNete 3 ILE 12-bit resolution 24V <AVop<3.6V +3.0 LSB
10-bit resolution 1.8V<AVoD<36V +2.0
8-bit resolution 1.6 V<AVoD<36V +1.5
Differential linearity error¥°e3 | DLE 12-bit resolution 24V <AVop<3.6V 2.0 LSB
10-bit resolution 1.8V<AVD<3.6V 2.0
8-bit resolution 1.6 V<AVop<36V +1.5
Analog input voltage VAN 0 AVop \%

Notes 1. Cannot be used for lower 2 bit of ADCR register
2. Cannot be used for lower 4 bit of ADCR register
3. Excludes quantization error (+1/2 LSB).
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(4) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =

AVRrRerm/ANI1 (ADREFM = 1), target for conversion: ANI16 to ANI30, interanal reference voltage,

temperature sensor output voltage

(TA=-40 to +85°C, 1.6 V< EVppo < Vpop<3.6 V,1.6 V< AVRerp < AVoD < VDD < 3.6 V, Vss = EVsso =0 V, AVss = 0
V, Reference voltage (+) = AVrerp, Reference voltage (-) = AVrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVrerp < AVoD < 3.6 V 8 12 bit
1.8V <AVrerr < AVDD < 3.6 V 8 1(QNote 1
1.6 V<AVRrerr < AVoD < 3.6 V gNote 2
Overall errorote3 AINL | 12-bit resolution 24V <AVrerr < AVoD < 3.6 V 7.0 LSB
10-bit resolution 1.8 V<AVrerr <AVoD < 3.6 V +5.5
8-bit resolution 1.6 V<AVrerr < AVDD < 3.6 V +3.0
Conversion time tconv ADTYP =0, 24V <AVrerp < AVoD < 3.6V | 4.125 Us
12-bit resolution
ADTYP =0, 1.8 V< AVrerr < AVoD < 3.6 V 9.5
10-bit resolutionN°te !
ADTYP =0, 1.6 V<AVrerP <AVD<3.6 V 575
8-bit resolutionNete 2
ADTYP =1, 24V <AVrerr <AVoD <36V | 3.3125
8-bit resolution 1.8V <AVrerr <AVon < 3.6V | 7.875
1.6 V<AVRerr < AVoD < 3.6 V 54.25
Zero-scale errorNete 3 Ezs 12-bit resolution 2.4V < AVrerp < AVoD < 3.6 V +5.0 LSB
10-bit resolution 1.8 V<AVrerr < AVDoD < 3.6 V +5.0
8-bit resolution 1.6 V< AVrerr < AVoD < 3.6 V 2.5
Full-scale errorNete3 Ers 12-bit resolution 2.4V <AVrRerr <AVDD < 3.6 V +5.0 LSB
10-bit resolution 1.8V <AVrerp < AVoD < 3.6 V +5.0
8-bit resolution 1.6 V<AVrerr <AVoD < 3.6 V +2.5
Integral linearity errorNete3 ILE 12-bit resolution 2.4V < AVrerp <AVoD < 3.6 V +3.0 LSB
10-bit resolution 1.8 V<AVrerr < AVoD < 3.6 V +2.0
8-bit resolution 1.6 V<AVrerr < AVDoD < 3.6 V +1.5
Differential linearity errorN°t¢3 | DLE 12-bit resolution 2.4V < AVrerp < AVoD < 3.6 V 2.0 LSB
10-bit resolution 1.8 V< AVrerr <AVoD < 3.6 V +2.0
8-bit resolution 1.6 V<AVrerr < AVDD < 3.6 V +1.5
Analog input voltage Vain 0 AVRerp \%
and EVooo
Interanal reference voltage VagrNote 4 \%
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage VTmpsasNote 4 Vv
(2.4 V < Vop < 3.6 V, HS (high-speed main) mode)

Notes 1.

Cannot be used for lower 2 bit of ADCR register

2. Cannot be used for lower 4 bit of ADCR register

3. Excludes quantization error (+1/2 LSB).
4. See 2.6.2 Temperature sensor, internal reference voltage output characteristics.
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2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(5) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANI16 to ANI30, interanal reference voltage, temperature sensor output

voltage

(TA = -40 to +85°C, 1.6 V < EVbpo < Voo < 3.6 V,1.6 V< AVob < Vop £ 3.6 V, Vss =EVsso =0V, AVss =0V,
Reference voltage (+) = AVob, Reference voltage (-) = AVss=0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V<AVD <36V 8 12 bit
1.8V<AVp <36V 8 1(QNotet
16 V<AV <36V gNote 2
Overall errorhete3 AINL 12-bit resolution 24V<AVD <36V 8.5 LSB
10-bit resolution 18V<AVop<36V 6.0
8-bit resolution 16 V<AV <36V 3.5
Conversion time tconv ADTYP =0, 24V<AVoD<36V 4.125 us
12-bit resolution
ADTYP =0, 1.8V<AVmD <36V 9.5
10-bit resolutionNote !
ADTYP =0, 16 V<AV <36V 57.5
8-bit resolutionNote 2
ADTYP =1, 24V<AVp <36V 3.3125 us
8-bit resolution 18V<AVon <36V 7.875
16 V<AV <36V 54.25
Zero-scale errorhote 3 Ezs 12-bit resolution 24V<AVop <36V 18.0 LSB
10-bit resolution 1.8V<AVp <36V 5.5
8-bit resolution 16 V<AVop <36V +3.0
Full-scale errorNete3 Ers 12-bit resolution 24V <AV <36V 8.0 LSB
10-bit resolution 18V<AVop<36V +5.5
8-bit resolution 16 V<AV <36V 3.0
Integral linearity errorNete3 ILE 12-bit resolution 24V<AVop <36V 3.5 LSB
10-bit resolution 1.8V<AVoD <36V +2.5
8-bit resolution 16V<AVop<3.6V +1.5
Differential linearity error¥°*3 | DLE 12-bit resolution 24V<AVop<36V 2.5 LSB
10-bit resolution 1.8V<AVoD<36V +2.5
8-bit resolution 16V<AVop<36V +2.0
Analog input voltage Vain 0 AVop and \%
EVooo
Interanal reference voltage VagrNote 4 Vv
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage VrvpszsNote 4 Vv

(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Notes 1.

Cannot be used for lower 2 bit of ADCR register

2. Cannot be used for lower 4 bit of ADCR register
3. Excludes quantization error (+1/2 LSB).
4. See 2.6.2 Temperature sensor, internal reference voltage output characteristics.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(6) When reference voltage (+) = Internal reference voltage (1.45 V) (ADREFP1 = 1, ADREFPO = 0), reference
voltage (-) = AVss (ADREFM = 0), target ANI pin: ANIO to ANI12, ANI16 to ANI30

(Ta =-40 to +85°C,24V <Vpp<3.6 V,1.6 V< EVbb < Vbp, 1.6 V < AVbD < VDD, Vss = EVsso =0V, AVss =0V,
Reference voltage (+) = Internal reference voltage, Reference voltage (-) = AVss= 0 V, HS (high-speed main)
mode)

Parameter Symbol Conditions MIN. ‘ TYP. | MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 16 us
Zero-scale errorNete Ezs 8-bit resolution 4.0 LSB
Integral linearity errorNet® ILE 8-bit resolution 2.0 LSB
Differential linearity errorN°te DLE 8-bit resolution 2.5 LSB
Reference voltage (+) AVrer+) | = Internal reference voltage (VecRr) 1.38 1.45 1.5 \Y
Analog input voltage Vain 0 VBeR \%

Note Excludes quantization error (£1/2 LSB).

2.6.2 Temperature sensor, internal reference voltage output characteristics

(TA=-40to +85°C,2.4V <Vpp<3.6 V, Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Viwmeszs | Setting ADS register = 80H, Ta = +25°C 1.05 \Y
Internal reference voltage V8GR Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fyvtvpes Temperature sensor output voltage that -3.6 mV/°C

depends on the temperature
Operation stabilization wait time tamp 10 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 Power supply rise time 1.47 1.51 1.55 \%
VPoR Power supply fall time 1.46 1.50 1.54 \%
Minimum pulse widthNete Tew 300 us

Note This is the time required for the POR circuit to execute a reset when Voo falls below Veor. When the
microcontroller enters STOP mode or if the main system clock (fwain) has been stopped by setting bit 0
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required
for the POR circuit to execute a reset before Vob rises to Vror after having fallen below 0.7 V.

Tpw
Power supply voltage (Vob)
VPoOR
Vpror or 0.7V
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2.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA=-40 to +85°C, VpDR< VoD < 3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level Vivp2 Power supply rise time 3.07 3.13 3.19
voltage Power supply fall time 3.00 3.06 3.12

Vivps Power supply rise time 2.96 3.02 3.08 \%

Power supply fall time 2.90 2.96 3.02 \%

Vivps Power supply rise time 2.86 2.92 297 \Y

Power supply fall time 2.80 2.86 2.91 \%

VLvbs Power supply rise time 2.76 2.81 2.87 \%

Power supply fall time 2.70 2.75 2.81 \%

VLvos Power supply rise time 2.66 2.71 2.76 \%

Power supply fall time 2.60 2.65 2.70 \%

Vwvor Power supply rise time 2.56 2.61 2.66 \%

Power supply fall time 2.50 2.55 2.60 \%

Vivps Power supply rise time 2.45 2.50 2.55 \%

Power supply fall time 2.40 2.45 2.50 \%

VLvpe Power supply rise time 2.05 2.09 213 \%

Power supply fall time 2.00 2.04 2.08 \%

Vivpio Power supply rise time 1.94 1.98 2.02 \Y

Power supply fall time 1.90 1.94 1.98 \%

Vivoi1 Power supply rise time 1.84 1.88 1.91 \%

Power supply fall time 1.80 1.84 1.87 \%

Vivbi2 Power supply rise time 1.74 1.77 1.81 \%

Power supply fall time 1.70 1.73 1.77 \%

Vivbi13s Power supply rise time 1.64 1.67 1.70 \%

Power supply fall time 1.60 1.63 1.66 \%

Minimum pulse width tow 300 S

Detection delay time 300 us

Caution Set the detection voltage (VLvp) to be within the operating voltage range. The operating voltage
range depends on the setting of the user option byte (000C2H/010C2H). The following shows
the operating voltage range.

HS (high-speed main) mode: Vbb = 2.7 to 3.6 V@1 MHz to 32 MHz
Vop = 2.4 to 3.6 V@1 MHz to 16 MHz

LS (low-speed main) mode: Vob =1.8 to 3.6 V@1 MHz to 8 MHz

LV (low-voltage main) mode: Vop =1.6 to 3.6 V@1 MHz to 4 MHz
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LVD Detection Voltage of Interrupt & Reset Mode
(Ta =-40 to +85°C, VPbR< VDD < 3.6 V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt & reset Vivp13 VPOC2, VPOC1, VPOCO =0, 0, 0, falling reset voltage 1.60 1.63 1.66
mode Vivprz LVIS1,LVISO=1,0 |Rising release reset voltage | 1.74 1.77 1.81
Falling interrupt voltage 1.70 1.73 1.77 \Y%
Vivoi1 LVIS1,LVISO=0,1 |Rising release reset voltage | 1.84 1.88 1.91 \%
Falling interrupt voltage 1.80 1.84 1.87 \Y
Vivos LVIS1,LVISO=0,0 |Rising release reset voltage | 2.86 2.92 297 \
Falling interrupt voltage 2.80 2.86 291 \Y
Vivoi VPOC2, VPOC1, VPOCO =0, 0, 1, falling reset voltage 1.80 1.84 1.87 \Y
Vivoio LVIS1,LVISO=1,0 |Rising release reset voltage | 1.94 1.98 2.02 \Y
Falling interrupt voltage 1.90 1.94 1.98 \Y
Vivoe LVIS1,LVISO=0,1 |Rising release reset voltage | 2.05 2.09 213 \
Falling interrupt voltage 2.00 2.04 2.08 \Y
Vivp2 LVIS1,LVISO=0,0 |Rising release reset voltage | 3.07 3.13 3.19 \Y
Falling interrupt voltage 3.00 3.06 3.12 \Y
Vivos VPOC2, VPOC1, VPOCO =0, 1, 0, falling reset voltage 240 2.45 2.50 \Y
Vivor LVIS1,LVISO=1,0 |Rising release reset voltage | 2.56 2.61 2.66 \
Falling interrupt voltage 2.50 2.55 2.60 \Y
Vivos LVIS1,LVIS0=0, 1 |Rising release reset voltage | 2.66 2.71 2.76 \
Falling interrupt voltage 2.60 2.65 2.70 \Y
Vivos VPOC2, VPOC1, VPOCO =0, 1, 1, falling reset voltage 2.70 2.75 2.81 \Y
Vivps LVIS1,LVISO=1,0 |Rising release reset voltage | 2.86 2.92 2.97 \Y
Falling interrupt voltage 2.80 2.86 2.91 \Y
Vivos LVIS1,LVISO=0,1 |Rising release reset voltage | 2.96 3.02 3.08 \
Falling interrupt voltage 2.90 2.96 3.02 \Y
Caution Set the detection voltage (VLvp) to be within the operating voltage range. The operating voltage

range depends on the setting of the user option byte (000C2H/010C2H). The following shows
the operating voltage range.
HS (high-speed main) mode: Vob = 2.7 to 3.6 V@1 MHz to 32 MHz
Vob = 2.4 to 3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: Vbop =1.8 to 3.6 V@1 MHz to 8 MHz

LV (low-voltage main) mode: Vob = 1.6 to 3.6 V@1 MHz to 4 MHz

2.6.5 Supply voltage rise slope characteristics

(Ta = —40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Supply voltage rise SVoo 54 Vims

Caution Be sure to maintain the internal reset state until Voo reaches the operating voltage range specified

in 2.4 AC Characteristics, by using the LVD circuit or external reset pin.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.7 RAM Data Retention Characteristics

(TA=-40 to +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
1.46Not 3.6 \Y

Data retention supply voltage VbbDR

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 —— |

T VbDDR

STOP instruction execution

Standby release signal
(interrupt request)

2.8 Flash Memory Programming Characteristics

(Ta=-40 to +85°C, 1.8 V<Vpp<3.6 V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
CPU/peripheral hardware clock ferk 1.8V<Vop<3.6V 1 32 MHz
frequency
Number of code flash rewritesNot*s "2 | Cerwr Retained for 20 years 1,000 Times

Ta = 85°CNete3
Number of data flash rewritesNotes 1. 2 Retained for 1 years 1,000,000
Ta = 25°CNote?
Retained for 5 years 100,000
Ta = 85°CNote3
Retained for 20 years 10,000

Ta = 85ocNote 3

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=-40 to +85°C, 1.8 V < EVbpo < Vpp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate During flash memory programming 115.2 k 1™ bps

2.10 Timing Specs for Switching Flash Memory Programming Modes

(TA=-40 to +85°C, 1.8 V< EVppo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
How long from when an external reset tsuinim POR and LVD reset must end before the 100 ms
ends until the initial communication external reset ends.

settings are specified

How long from when the TOOLO pin is tsu POR and LVD reset must end before the 10 us
placed at the low level until a external external reset ends.

reset ends

How long the TOOLO pin must be kept at | tio POR and LVD reset must end before the 1 ms
the low level after an external reset ends external reset ends.

(except flash firmware processing time)

<

A

i T ] i

\

1

RESET /

> <2> <3>
' 723 s+t

processing time; 1-byte data for setting mode

TOOLO

\I

tsu tsuiniT

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

<2> The pins reset ends (POR and LVD reset must end before the external reset ends.).

<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 tsunit: The segment shows that it is necessary to finish specifying the initial communication settings within
100 ms from when the resets end.
tsu: How long from when the TOOLO pin is placed at the low level until a external reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external resets end (except flash

firmware processing time)
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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
R5F10EBAGNA, R5F10EBCGNA, R5F10EBDGNA, R5F10EBEGNA
R5F10EGAGFB, R5F10EGCGFB, R5F10EGDGFB, R5F10EGEGFB
R5F10EGAGNA, R5F10EGCGNA, R5F10EGDGNA, R5F10EGEGNA
R5F10ELCGFB, R5F10ELDGFB, R5F10ELEGFB

Cautions 1. The RL78/G1A has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass
production, because the guaranteed number of rewritable times of the flash memory may
be exceeded when this function is used, and product reliability therefore cannot be
guaranteed. Renesas Electronics is not liable for problems occurring when the on-chip
debug function is used.

2. With products not provided with an EVbbo or EVsso pin, replace EVbbo with Vob, or replace
EVsso with Vss.

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 RL78/G1A is used in the range of Ta = —40 to +85°C, see 2. ELECTRICAL SPECIFICATIONS
(Ta=—-40 to +85°C).
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbols Conditions Ratings Unit
Supply voltage Vob -0.5to +6.5 \%
EVopo -0.5t0 +6.5
AVop -0.5t0 +4.6 \Y,
AVREFP —0.3 to AVpp +0.3Nte3 Y,
EVsso -0.5t0 +0.3 \%
AVss -0.5t0+0.3 \Y,
AVReFM —0.3 to AVpp +0.3Nete3 Y,
and AVRrerm < AVRerFp
REGC pin input voltage | Virecc REGC -0.3t0 +2.8 \%
and -0.3 to Vop +0.3Nete!
Input voltage Vi1 P00 to P06, P10 to P16, P30, P31, P40 to P43, —0.3 to EVooo +0.3 \Y,
P50, P51, P70 to P77, P120, P140, P141 and 0.3 to Vpp +0.3Nete 2
Vi2 P60 to P63 (N-ch open-drain) -0.3to +6.5 \%
Viz P121 to P124, P137, EXCLK, EXCLKS, RESET —0.3 to Vop +0.3Nete 2 \Y,
Vi P20 to P27, P150 to P154 —0.3 to AVpp +0.3Note 2 \Y
Output voltage Vo1 P00 to P06, P10 to P16, P30, P31, P40 to P43, —0.3 to EVppo +0.3Nete 2 \%
P50, P51, P60 to P63, P70 to P77, P120, P130,
P140, P141
Voz P20 to P27, P150 to P154 -0.3 to AVpp +0.3Nete 2 \Y
Analog input voltage Vi ANI16 to ANI30 —0.3 to EVooo +0.3 \%
and —0.3 to AVRer(+) +0.3Notes 2.4
Vaiz ANIO to ANI12 —-0.3to AVop +0.3 \Y,
and —0.3 to AVRer(+) +0.3Notes 2.4
Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 u4F). This value regulates the absolute

maximum rating of the REGC pin.
2. Must be 6.5V or lower.
3. Must be 4.6 V or lower.
4. Do not exceed AVRrer+) + 0.3 V in case of A/D conversion target pin.

Do not use this pin with voltage applied to it.

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. AVRrer+): + side reference voltage of the A/D converter.

3. Vss: Reference voltage
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Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbols Conditions Ratings Unit
Output current, high loH1 Per pin P00 to P06, P10 to P16, P30, P31, -40 mA
P40 to P43, P50, P51, P70 to P77,
P120, P130, P140, P141
Total of all pins P00 to P04, P40 to P43, P120, -70 mA
-170 mA P130, P140, P141
P05, P06, P10 to P16, P30, P31, -100 mA
P50, P51, P70 to P77,
loH2 Per pin P20 to P27, P150 to P154 -0.1 mA
Total of all pins -1.3 mA
Output current, low loL1 Per pin P00 to P06, P10 to P16, P30, P31, 40 mA
P40 to P43, P50, P51, P60 to P63,
P70 to P77, P120, P130, P140,
P141
Total of all pins P00 to P04, P40 to P43, P120, 70 mA
170 mA P130, P140, P141
P05, P06, P10 to P16, P30, P31, 100 mA
P50, P51, P60 to P63, P70 to P77
loL2 Per pin P20 to P27, P150 to P154 0.4 mA
Total of all pins 6.4 mA
Operating ambient Ta In normal operation mode —40 to +105 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

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

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

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

that ensure that the absolute maximum ratings are not exceeded.

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

pins.
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3.2 Oscillator Characteristics

3.2.1 X1, XT1 oscillator characteristics

(Ta=-40 to +105°C, 2.4V <Vop<3.6 V,Vss =0 V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator/crystal resonator 27V<Vop<36V 1.0 20.0 MHz
frequency (f)"*'* 24V< Voo <27V 1.0 16.0
XT1 clock oscillation | Crystal resonator 32 32.768 35 kHz
frequency (fx)Note

Note Indicates only permissible oscillator frequency ranges. See 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.

3.2.2 On-chip oscillator characteristics

(Ta = —40 to +105°C, 2.4 V< Voo < 3.6 V, Vss = 0 V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fi 1 32 MHz
oscillation frequencyNetes 12
High-speed on-chip oscillator +85to +105 °C 24V <Vop<36V -2 +2 %
oscillation frequency accuracy _20 to +85 °C 24V <Vop<3.6V 1 +1 %

—40to -20 °C 24V <Vop<36V -1.5 +1.5 %
Low-speed on-chip oscillator | fi. 15 kHz
oscillation frequency
Low-speed on-chip oscillator -15 +15 %
oscillation frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H/010C2H) and
bits 0 to 2 of HOCODIV register.
2. This indicates the oscillator characteristics only. See AC Characteristics for instruction execution

time.
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3.3 DC Characteristics

3.3.1 Pin characteristics
(Ta=-40 to +105°C, 2.4 V< AVbop<Vbp < 3.6 V,2.4 V<EVbpo <Vpop<3.6 V, Vss = EVsso = 0 V) (1/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for P00 to P06, P10 to P16, 24V <EVooo<3.6V —3.QNote 2 mA
highNete 1 P30, P31, P40 to P43, P50, P51,
P70 to P77, P120, P130, P140, P141
Total of POO to P04, P40 to P43, P120, | 2.7V <EVooo<3.6 V -10.0 mA
P130, P140, P141 24V <EVooo< 27V 50 | mA
(When duty < 70%Nete 3)
Total of P05, P06, P10 to P16, P30, 27V<EVooo<3.6V -19.0 mA
P31, P50, P51, P70 to P77, 2.4V <EVooo< 2.7V ~100 | mA
(When duty < 70%Nete3)
Total of all pins 24V <EVooo<3.6V -29.0 mA
(When duty < 70%N°te 3)
lon2 Per pin for P20 to P27, P150 to P154 24V <AVop<3.6V —(Q.Note 2 mA
Total of all pins 24V <AVop<3.6V -1.3 mA
(When duty < 70%Nete 3)
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the EVbpo,

Caution P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 do not output high level in N-ch open-drain

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the

Vob pins to an output pin.

However, do not exceed the total current value.

Specification under conditions where the duty factor < 70%.

The output current value that has changed to the duty factor > 70% the duty ratio can be calculated

with the following expression (when changing the duty factor from 70% to n%).

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

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

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

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

mode.

port pins.

R01DS0151EJ0230 Rev.2.30

Apr 26, 2024

RENESAS

Page 78 of 129



RL78/G1A

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

(Ta =—-40 to +105°C, 2.4 V< AVbop<Vbp < 3.6 V,2.4 V< EVppo < Vpop < 3.6 V, Vss = EVsso = 0 V) (2/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, lot1 Per pin for POO to P06, P10 to P16, 8.5Note 2 mA
lowNete 1 P30, P31, P40 to P43, P50, P51,
P70 to P77, P120, P130, P140, P141
Per pin for P60 to P63 15.QNete 2 mA
Total of POO to P04, P40 to P43, P120, |2.7V<EVooo<3.6 V 15.0 mA
P130, P140, P141 24V <EVooo<27V 9.0 mA
(When duty < 70%Nete 3)
Total of P05, P06, P10 to P16, P30, 27V<EVo<3.6V 35.0 mA
P31, P50, P51, P60 to P63, 24V <EVooo <27V 20.0 mA
P70 to P77
(When duty < 70%Nete 3)
Total of all pins 50.0 mA
(When duty < 70%Nete3)
loL2 Per pin for P20 to P27, P150 to P154 0.4Note 2 mA
Total of all pins 24V <AVp<3.6V 5.2 mA
(When duty < 70%Nete3)
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output
pin to the EVsso and Vss pin.
2. However, do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.

The output current value that has changed to the dury factor > 70% the duty ratio can can be

calculated with the following expression (when changing the duty factor from 70% to n%).

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

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

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

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the

port pins.
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RL78/G1A

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

(Ta =—-40 to +105°C, 2.4 V< AVbop<Vbp < 3.6 V, 2.4V <EVbpo <Vpop < 3.6 V, Vss = EVsso = 0 V) (3/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, Vi1 P00 to P06, P10 to P16, P30, P31, Normal input buffer 0.8EVbDo EVooo \%
high P40 to P43, P50, P51, P70 to P77,
P120, P140, P141
ViH2 P01, P03, P04, P10, P11, TTL input buffer 2.0 EVooo \%
P13 to P16, P43 3.3V<EVooo<3.6V
TTL input buffer 1.5 EVooo \%
2.4V <EVopo< 3.3V
Vin3 P20 to P27, P150 to P154 0.7AVop AVop \%
ViHa P60 to P63 0.7EVboo 6.0 \%
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Vop \
Input voltage, low | Vi1 P00 to P06, P10 to P16, P30, P31, Normal input buffer 0 0.2EVboo \%
P40 to P43, P50, P51, P70 to P77,
P120, P140, P141
ViLz P01, P03, P04, P10, P11, TTL input buffer 0 0.5 \Y
P13 to P16, P43 3.3V<EVooo<3.6V
TTL input buffer 0 0.32 \%
2.4V <EVopo< 3.3V
ViLs P20 to P27, P150 to P154 0 0.3AVop \%
ViLa P60 to P63 0 0.3EVbno
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop \

Caution

even in the N-ch open-drain mode.

Remark

port pins.

The maximum value of Vi of pins P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 is EVbpo,

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the
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RL78/G1A

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

(Ta=—-40 to +105°C, 2.4 V< AVbop<Vbp < 3.6 V,2.4 V<EVppo <Vpop < 3.6 V, Vss = EVsso = 0 V) (4/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, VoH1 P00 to P06, P10 to P16, P30, P31, 2.7V <EVooo<3.6V, | EVooo— \%
high P40 to P43, P50, P51, P70 to P77, lon1 = -2.0 mA 0.6
P120, P130, P140, P141 24V <EVooo<3.6V, | EVooo - v
lon1 = -1.5 mA 0.5
VoH2 P20 to P27, P150 to P154 24V<AVop<36V, AVop — \%
loHz2 = =100 A 0.5
Output voltage, | Vo1 P00 to P06, P10 to P16, P30, P31, | 2.7V <EVooo<3.6V, 0.6 \Y
low P40 to P43, P50, P51, P70 to P77, lot1 = 3.0 mA
P120, P130, P140, P141 27V<EVoo <38V, 0.4 v
loL1 = 1.5 mA
24V <EVopo<36V, 0.4 \%
loL1 = 0.6 mA
VoL2 P20 to P27, P150 to P154 24V <AVop<36V, 0.4 \%
loL2 = 400 A
Vous P60 to P63 2.7V <EVboo<3.6V, 0.4 \%
los = 3.0 mA
24V <EVopo<36V, 0.4 \%
los = 2.0 mA

Caution P00, P02 to P04, P10 to P15, P43, P50, P71, and P74 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/G1A

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

(Ta =—-40 to +105°C, 2.4 V< AVbop<Vbp < 3.6 V,2.4 V< EVbpo <Vpop < 3.6 V, Vss = EVsso = 0 V) (5/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiH1 P00 to P06, P10 to P16, P30, Vi = EVbpo 1 UA
current, high P31, P40 to P43, P50, P51,
P60 to P63, P70 to P77, P120,
P140, P141
ILiH2 P137, RESET Vi = Vop 1 HA
ILiHa P121 to P124 Vi = Vop In input port or 1 UA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator 10 UA
connection
ILiHa P20 to P27, P150 to P154 Vi = AVbp 1 HA
Input leakage It P00 to P06, P10 to P16, Vi = EVsso -1 UA
current, low P30, P31, P40 to P43,
P50, P51, P60 to P67,
P70 to P77, P120, P140, P141
lLiz P137, RESET Vi =Vss -1 HA
lLs P121to P124 Vi = Vss In input port or| -1 HA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator -10
connection
ILiLa P20 to P27, P150 to P154 Vi = AVss -1
On-chip pull-up Ru P00 to P06, P10 to P16, P30, Vi = EVsso, Ininput port 10 20 100 kQ
resistance P31, P40 to P43, P50, P51,

P70 to P77, P120, P140, P141

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the

port pins.

R01DS0151EJ0230 Rev.2.30
Apr 26, 2024

RENESAS

Page 82 of 129



RL78/G1A

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

3.3.2 Supply current characteristics

(Ta =—40 to +105°C, 2.4 V < EVppbo < Vpp < 3.6 V, Vss = EVsso = 0 V) (1/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IopiNete 1 | Operating | HS (high-speed | fin = 32 MHZzNete3 Basic Voo =3.0V 2.1 mA
current mode main) modeN°te 8 operation

Normal Voo =3.0V 4.6 7.5 mA
operation
fin = 24 MHZNete3 Normal Voo =3.0V 3.7 5.8 mA
operation
fin = 16 MHZNete 3 Normal Voo =3.0V 2.7 4.2 mA
operation
HS (high-speed | fux = 20 MHzN* 2, Normal Square 3.0 4.9 mA
main) modeN°te5 | Vop =3.0 V operation | wave input
Resonator 3.2 5.0
connection
fux = 10 MHzNte 2, Normal Square 1.9 2.9 mA
Voo =3.0V operation | wave input
Resonator 1.9 2.9
connection
Subsystem fsus = 32.768 kHzV*** 4 | Normal Square 4.1 4.9 LA
clock mode Ta=-40°C operation | wave input
Resonator 4.2 5.0
connection
fsus = 32.768 kHzV°** 4 | Normal Square 4.2 4.9 LA
Ta=+25°C operation | wave input
Resonator 4.3 5.0
connection
fsus = 32.768 kHzV°** 4 | Normal Square 4.3 55 LA
Ta = +50°C operation | wave input
Resonator 4.4 5.6
connection
fsus = 32.768 kHzV*** 4 | Normal Square 45 6.3 LA
Ta=+70°C operation | wave input
Resonator 4.6 6.4
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.8 7.7 LA
Ta = +85°C operation | wave input
Resonator 4.9 7.8
connection
fsus = 32.768 kHzN°** 4 | Normal Square 6.9 19.7 LA
Ta=+105°C operation | wave input
Resonator 7.0 19.8
connection

(Notes and Remarks are listed on the next page.)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

Notes 1. Total current flowing into Vob and EVbpo, including the input leakage current flowing when the level of the
input pin is fixed to Vob, EVpoo or Vss, EVsso. The following points apply in the HS (high-speed main)
mode.

* The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

* The currents in the “MAX.” column include the operating currents of the peripheral modules, except for
those flowing into the A/D converter, LVD circuit, 1/O port, and on-chip pull-up/pull-downresistors, and
those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into

the RTC.
2. When high-speed on-chip oscillator and subsystem clock are stopped.
3. When high-speed system clock and subsystem clock are stopped.
4. When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low

power consumption oscillation (AMPHS1 = 1).

5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
below.

HS (high-speed main) mode: 2.7V <Vpp<3.6 V@1 MHz to 32 MHz

24V <Vpp<3.6 V@1 MHzto 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fin:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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RL78/G1A

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

(TA=-40 to +105°C, 2.4 V< EVbpo < Vbop < 3.6 V, Vss = EVsso = 0 V) (2/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ipo2Note 2 | HALT HS (high-speed | fin = 32 MHzNote4 Voo =3.0V 0.54 | 2.90 mA
currenttee mode | main) mode"*'*T | ¢ 5y pppypNotes Voo = 3.0V 044 | 230 | mA

fin = 16 MHZNte 4 Voo =3.0V 0.40 1.70 mA
HS (high-speed | fwx = 20 MHzNete3, Square wave input 0.28 1.90 mA
main) mode™** | Voo = 3.0 V Resonator connection 0.45 | 2.00
fux = 10 MHzNete 3, Square wave input 0.19 1.02 mA
At Resonator connection 026 | 1.10
Subsystem clock | fsus = 32.768 kHz"**® | Square wave input 0.25 0.57 HA
mode Ta=-40°C Resonator connection 0.44 0.76
fsus = 32.768 kHz"°te5 | Square wave input 0.30 0.57 LA
Ta=+25°C Resonator connection 0.49 0.76
fsus = 32.768 kHz"°t¢5 | Square wave input 0.38 117 LA
Ta=+50°C Resonator connection 0.57 1.36
fsus = 32.768 kHzV°t*5 | Square wave input 0.52 1.97 HA
Ta=+70°C Resonator connection 0.71 2.16
fsus = 32.768 kHz"°te5 | Square wave input 0.97 3.37 HA
Ta=+85°C Resonator connection 1.16 3.56
fsus = 32.768 kHz"t*® Square wave input 3.01 15.37 | WA
Ta=+105°C
Resonator connection 3.20 | 15.56
IopsNte € | STOP Ta=-40°C 0.16 0.50 LA
mode™*®| 1. - 1o50c 023 | 0.50
Ta=+50°C 0.34 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30
Ta=+105°C 2.94 15.30

(Notes and Remarks are listed on the next page.)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

Notes 1. Total current flowing into Voo and EVbbo, including the input leakage current flowing when the level of the
input pin is fixed to Vob, EVpoo or Vss, EVsso. The following points apply in the HS (high-speed main)
mode.

* The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

* The currents in the “MAX.” column include the operating currents of the peripheral modules, except for
those flowing into the A/D converter, LVD circuit, 1/O port, and on-chip pull-up/pull-down resistors, and
those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into

the RTC.

In the STOP mode, the currents in both the “TYP.” and “MAX.” columns do not include the operating

currents of the peripheral modules.

During HALT instruction execution by flash memory.

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

. When high-speed system clock and subsystem clock are stopped.

. When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and

O b WN

setting ultra-low current consumption (AMPHS1 = 1).

(=2

. When subsystem clock is stopped.
7. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
below.
HS (high-speed main) mode: 2.7 V<Vbp < 3.6 V@1 MHz to 32 MHz
24V <Vop<3.6 V@1 MHz to 16 MHz
8. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT
mode.

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fin:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta =
25°C
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

(Ta =—40 to +105°C, 2.4 V < EVppbo < Vpp < 3.6 V, Vss = EVsso = 0 V) (3/3)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on-chip | IriNote! 0.20 LA
oscillator operating
current
RTC operating [rTcNotes 12,3 0.02
current
12-bit interval timer | liTNotes 1.2.4 0.02
operating current
Watchdog timer lwprNetes 1:2.5 | fy = 15 kHz 0.22 HA
operating current
A/D converter [apcNotes &7 AVob = 3.0 V, When conversion at maximum speed 420 720 LA
operating current
AVRer+) current IavregNote 8 AVob = 3.0 V, ADREFP1 = 0, ADREFPQ = QNote7 14.0 25.0 UA
AVrere = 3.0 V, ADREFP1 = 0, ADREFPQ = {Note 10 14.0 25.0 HA
ADREFP1 = 1, ADREFPQ = QNete 1 14.0 25.0 LA
A/D converter IapregNotes 1.0 | \/pp = 3.0 V 75.0 HA
reference voltage
current
Temperature ItmpsNote 1 Vob=3.0V 75.0 LA
sensor operating
current
LVD operating [LypNotes 1 11 0.08 LA
current
BGO operating [sgoNotes 112 25 12.2 mA
current
Self-programming | lrspNotes 1. 13 2.5 12.2 mA
operating current
SNOOZE operating | Isnoz A/D converter | The mode is performednNetes 1. 14 0.50 1.10 mA
current operation During A/D conversionNete ! 0.60 1.34 mA
(AVop = 3.0 V)
During A/D conversionNete? 420 720 HA
Simplified SPI (CSI)/UART operationN°te ! 0.70 1.54 mA
(Notes and Remarks are listed on the next page.)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed
on-chip ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of
the values of either Iop1 or Ipp2, and IrTc, when the real-time clock operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added. Ibpb2 subsystem clock
operation includes the operational current of the real-time clock.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the
values of either lbp1 or Ibpb2, and lir, when the 12-bit interval timer operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip
oscillator). The supply current of the RL78 microcontrollers is the sum of Ibp1, lop2, or Iops and Iwpt
when the watchdog timer is in operation.

6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of
Iop1 or Iop2 and labc, lavrer, labrer when the A/D converter operates in an operation mode or the HALT
mode.

7. Current flowing to the AVop.

8. Current flowing from the reference voltage source of A/D converter.

9. Operation current flowing to the internal reference voltage.

10. Current flowing to the AVRerp.

11. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of
Iop1, Iop2 or Iops and Ivb when the LVD circuit is in operation.

12. Current flowing only during data flash rewrite.

13. Current flowing only during self programming.

Remarks 1. fi.:  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPU/peripheral hardware clock frequency
4. Temperature condition of the TYP. value is Ta = 25°C
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3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

3.4 AC Characteristics

(TA=-40 to +105°C, AVbb < Vpp < 3.6 V,2.4 V< EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tevy Main system | HS (high-speed [2.7 V < Vbp < 3.6 V| 0.03125 1 us
instruction execution time) clock (fwan) | main) mode 24V <Voo<27V| 0.0625 1 s
operation T ' '
Subsystem clock (fsus) 24V <Vop<3.6V| 285 30.5 31.3 us
operation
In the self HS (high-speed 2.7 V < Voo < 3.6 V| 0.03125 1 us
programming | main) mode 15 4 v < Voo < 2.7 V| 0.0625 1 us
mode
External system clock fex 27V<Vop<36V 1.0 20.0 MHz
frequency 24V<Vop <27V 1.0 16.0 | MHz
fexs 32 35 kHz
External system clock input| texs, tex. | 2.7 V<Vop<3.6 V 24 ns
high-level width, low-level 24V <Vop<27V 30 ns
width S -
texws, texts 13.7 us
TIOO, TI01, TIO3 to TIO7 trin, tTi 1/fmek+10| nshote
input high-level width,
low-level width
TOO00, TO01, TOO3 to fro HS (high-speed main) | 2.7V <EVboo<3.6V 8 MHz
TOO7 output frequency mode 2.4V <EVooo < 2.7V 4 | MHz
PCLBUZ0, PCLBUZ1 fecL HS (high-speed main) | 2.7 V<EVooo<3.6V 8 MHz
output frequency mode 2.4V <EVoo < 2.7V 4 MHz
Interrupt input high-level tintH, tint | INTPO 24V<Vop<36V 1 us
width, low-level width INTP1 to INTP11 2.4V <EVooo< 3.6V 1 s
Key interrupt input tkr KRO to KR9 24V <EVopo<36V, 250 ns
high-level width, low-level 24V <AVoo<3.6V
width
RESET low-level width trsL 10 us

Note The following conditions are required for low-voltage interface when EVbpo < Vbb.
24V <EVbpo <27V :MIN. 125 ns

Remark fuck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer clock select register 0 (TPS0) and timer mode

register On (TMROnN). n: Channel number (n =0 to 7))
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10
— 10 1 —— When the high-speed on-chip oscillator
E f : clock is selected
E : i === During self programming
g A :I —-—- When high-speed system clock is selected
S i !
s ! i
> ]
O . I
! [
0.1 ! )
! I
0.0625 fe===ccp=c-n-- (RS !
0.05 —L J:
i
0.03125 fosocootocoees et
0.01 : : ;
0 10 20! B0 140 50 6.0
24 27 3.6
Supply voltage Voo [V]
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

AC Timing Test Points

Vi/'Vor Vit/Von
Test points
Vi/VoL > < Vi/Vou

External System Clock Timing

1/fex

texc texH

\ 0.7 Voo MIN.
EXCLK

N K 0.3 Voo MAX.

TITO Timing

tri | triH
TIOO, TIO1, TIO3 to TIO7 J H

1/fro
TOO00, TOO01, TO03 to TOO7 J /—{—

Interrupt Request Input Timing
tnTL UNTH
INTPO to INTP11 \ \

Key Interrupt Input Timing

tkr
KRO to KR9 l
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RESET Input Timing

trsL

RESET
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

3.5 Peripheral Functions Characteristics

AC Timing Test Points

Vi'Vor Vit/Von
Test points
Vi/VoL > < Vi/VoL

3.5.1 Serial array unit

(1) During communication at same potential (UART mode) (dedicated baud rate generator output)
(Ta=-40 to +105°C, 2.4 V < EVbbo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rateNete ! fmek/12 bps
Theoretical value of the 2.6Note 2 Mbps

maximum transfer rate
fok = 32 MHz, fuck = fok

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

2. The following conditions are required for low-voltage interface when EVooo < Voo.
2.4V <EVbpo < 2.7 V: MAX. 1.3 Mbps

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 microcontroller User device
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 and POM number (g = 0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by 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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(2) During communication at same potential (Simplified SPI (CSI) mode) (master mode, SCKp... internal
clock output)
(TA=-40 to +105°C, 2.4 V< EVbpo < Vbb < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevi 27V <EVooo<3.6V | tkevt > 4/fok 250 ns

24V <EVooo<3.6V | tkevt 2 4/fek 500 ns

SCKp high-/low-level width tkH1, 2.7V <EVooo<3.6V tkev1/2 — 36 ns

ths 2.4V <EVon <36V tkevi/2 — 76 ns

Slp setup time (to SCKpT)Note ! tsik1 2.7V <EVopo<3.6V 66 ns

24V <EVopo<3.6V 113 ns

Slp hold time (from SCKpT)Nete1 tisi 38 ns

Delay time from SCKp{ to trso1 C =30 pNote3 50 ns
SOp outputNete 2

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

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

Remark p: CSI number (p =00, 01, 10, 11, 20, 21), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM numbers (g =0, 1)
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(3) During communication at same potential (Simplified SPI (CSI) mode) (slave mode, SCKp... external

clock input)
(TA=-40 to +105°C, 2.4 V< EVbpo < Vob < 3.6 V, Vss = EVsso = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle timegNote ! tkevz 27V<EVo<3.6V | 16 MHz < fuck 16/fvck ns
fuek < 16 MHz 12/fmek ns
24V<EVomo<36V 12/fmex and ns
1000

SCKp high-/low-level width | tkhz, 2.7V <EVopo<3.6V tkev2/2—-14 ns
k2 2.4V <EVon<3.6V thov2/2-16 ns
Slp setup time tsik2 2.7V <EVbo<3.6V 1/fuck + 40 ns
(to SCKpTere 2.4V <EVor <36V 1ffuck + 60 ns
Slp hold time tisi2 27V <EVooo<3.6V 1/fmek+62 ns
(from SCKpTtere 24V <EVon <36V 1ffucx+62 ns
Delay time from SCKpl to | tkso2 C = 30 pFNete4 2.7V<EVbp<3.6V 2/fuck+66 ns
SOp output™* 24V <EVoro <36V fc+113 | ns

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 or Slp hold time
becomes “from SCKpl” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SOp output lines.

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

Remarks 1. p: CSI number (p =00, 01, 10, 11, 20, 21), m: Unit number (m =0, 1),
n: Channel number (n = 0 to 3), g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by 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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Simplified SPI (CSl) mode connection diagram (during communication at same potential)

SCKp SCK
RL78 )
microcontroller Sip SO  User device
SOp S

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

tkeve, 2

tki, 2 tkH1, 2

TN

tsika, 2 tksi, 2

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.)

tkevi, 2

tkh1, 2 tkL1, 2

SCKp
4/ N

tsiki, 2 tksi1, 2

tkso1, 2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 01, 10, 11, 20, 21)
2. m: Unit number, n: Channel number (mn = 00 to 03, 10, 11)
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(4) During communication at same potential (simplified I2C mode)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit

SCLr clock frequency fscL 2.7V <EVbpo<3.6V, 40QQNete 1 kHz
Cb =50 pF, Ro = 2.7 kQ
24V <EVpoo <36V, 10QNete ! kHz
Cb =100 pF, Ro = 3 kQ

Hold time when SCLr = “L” trow 27V<EVooo<3.6V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <EVbo <36V, 4600 ns
Cb =100 pF, Ro = 3 kQ

Hold time when SCLr = “H” triGH 2.7V <EVooo<3.6V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <EVpoo <36V, 4600 ns
Cb =100 pF, Ro = 3 kQ

Data setup time (reception) tsu:pAT 27V<EVooo<3.6V, 1/fmck + ns
Cb =50 pF, Ro = 2.7 kQ 22(QNote 2
24V <EVop<3.6V, 1/fmek + ns
Cb =100 pF, Ro = 3 kQ 58QNete 2

Data hold time (transmission) tHD:DAT 2.7V <EVopo<3.6V, 0 770 ns

Cb =50 pF, Rp = 2.7 kQ

24V <EVo<3.6YV, 0 1420 ns
Cb =100 pF, Ro = 3 kQ

Notes 1. The value must also be fcLk/4 or lower.
2. Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H”.

Caution Select the normal input buffer and the N-ch open drain output (Voo tolerance (When 25- to 48-pin
products)/EVop tolerance (When 64-pin products)) mode for the SDAr pin and the normal output
mode for the SCLr pin by using port input mode register g (PIMg) and port output mode register h
(POMh).
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Simplified I?°C mode mode connection diagram (during communication at same potential)

Voo

RL78
microcontroller

% Ro
SDAr SDA

User device

SCLr SCL

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

1/fscL

trow tHiGH

SCLr

SDAr /_\

\

tHD : DAT

tsu: paT

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

capacitance

2. r:lIC number (r =00, 01, 10, 11, 20, 21), g: PIM number (g = 0, 1), h: POM number (h =0, 1)
3. fmck: Serial array unit operation clock frequency

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

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

m: Unit number,
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(5) Communication at different potential (1.8 V, 2.5 V) (UART mode) (dedicated baud rate generator output) (1/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vbp < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rateNo©! Reception | 2.7V <EVbpo<3.6V, fvek/12 bps
23V<Vh<27V

Theoretical value of the 2.6 Mbps
maximum transfer rate
fok = 32 MHz, fuck = fok

24V <EVopn <33V, fmek/12 bps
1.6V<Vb<20V

Theoretical value of the 2.6Vt2 | Mbps
maximum transfer rate
fok = 32 MHz, fmek = fok

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps.
2. The following conditions are required for low-voltage interface when EVooo < Voo.
2.4V <EVbpo < 2.7 V: MAX. 1.3 Mbps

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVop tolerance (When 64-pin products)) 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.

Remarks 1. Vb[V]: Communication line voltage
2. g: UART number (g = 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 CKSmn bit of serial mode register mn (SMRmn). m: Unit number,

n: Channel number (mn = 00 to 03, 10, 11)
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3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

(5) Communication at different potential (1.8 V, 2.5 V) (UART mode) (dedicated baud rate generator output) (2/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Transfer Transmission | 2.7 V<EVooo <36V, Note 1 bps
rate 23V<Vb<27V . .

Theoretical value of the maximum 1.2Nete2 | Mbps
transfer rate
Co=50pF, Ro=2.7kQ, Vb =23V
24V <EVooo <33V, Note 3 | bps
1.6V<Vo<2.0V
Theoretical value of the maximum 0.43N°te4| Mbps
transfer rate
Cb=50pF,Ro=55kQ,Vb=1.6V

Notes 1. 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 2.7 V <EVopo <3.6 Vand 2.3V <Vb<2.7V

*

Maximum transfer rate =

Baud rate error (theoretical value) = 1-

{~Cox RoxIn(1- %/bo ) x3

1

[bps]

Transfer rate x 2

—{-Cbx Ro % In

2.0
Vo N x 100 [%)]

1
( Transfer rate )

x Number of transferred bits

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

2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
See Note 1 above to calculate the maximum transfer rate under conditions of the customer.

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 2.4 V<EVopo <3.3Vand1.6 V<Vp<2.0V

*

Maximum transfer rate =

Baud rate error (theoretical value) =

1

{~Cox Ro % In (1 - 1\/5 )} %3

1
Transfer rate x 2

[bps]

1.5

—{~Cbx RoxIn (1- Tb)}

1
( Transfer rate

x 100 [%]

) x Number of transferred bits

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

4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
See Note 3 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 (When
25- to 48-pin products)/EVop tolerance (When 64-pin products)) mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg). For Vit and Vi, see
the DC characteristics with TTL input buffer selected.
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UART mode connection diagram (during communication at different potential)

RL78
microcontroller

Vb

i

TxDq

RxDq

Rx

Tx

User device

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

1/Transfer rate

Low-bit width
High-bit width
Baud rate error tolerance
R S -
— \
TxDq /
/!
1/Transfer rate
High-/Low-bit width
Baud rate error tﬁolﬁe[apgg o
RxDq <

A\

Remarks 1. Ro[Q2]: Communication line (TxDq) pull-up resistance,

Co[F]: Communication line (TxDq) load capacitance, Vb[V]: Communication line voltage
2. q: 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 CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))
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3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

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

clock output) (1/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle time tkeyt 2.7V <EVoo<3.6V, tkeyt 2 4/fcik 1000 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ
24V <EVopo<3.3V, tkey1 > 4/fck 2300 ns
16V<Vb<20V,
Cb =30 pF, Ro = 5.5 kQ
SCKp high-level width tKH1 27V<EVooo<36V,23V<Vb<27V, tkev1/2 — 340 ns
Cb =30 pF, Ro = 2.7 kQ
24V <EVopo<33V,16V<Vb<20V, tkev1/2 — 916 ns
Cb =30 pF, Ro = 5.5 kQ
SCKp low-level width tKL 27V<EVooo<36V,23V<Vb<27V, tkev1/2 — 36 ns
Cb =30 pF, Ro = 2.7 kQ
24V <EVopo<33V,16V<Vb<20V, tkey1/2 — 100 ns
Cb =30 pF, Ro = 5.5 kQ

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVob tolerance (When 64-pin products)) mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Vi1
and Vi, see the DC characteristics with TTL input buffer selected.

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

2. p: CSl number (p = 00, 10, 20), m: Unit number , n: Channel number (mn = 00, 02, 10),

g: PIM and POM number (g =0, 1)

3. CSI01, CSI11, and CSI21 cannot communicate at different potential.

communication at different potential.

Use other CSI for

R01DS0151EJ0230 Rev.2.30

Apr 26, 2024

RENESAS

Page 102 of 129



RL78/G1A 3. ELECTRICAL SPECIFICATIONS(G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

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

clock output) (2/2)
(TA=-40 to +105°C, 2.4 V< EVbpo < Vbb < 3.6 V, Vss = EVsso = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Slp setup time tsik1 27V<EVop0<36V,23V<Vp<27V, 354 ns
(to SCKpT)Nete ! Cb = 30 pF, Ro = 2.7 kQ
24V <EVo<33V,1.6V<Ve<20V, 958 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time trsi1 27V<EVoo<36V,23V<Vp<27V, 38 ns
(from SCKpT)Nete 1 Cb =30 pF, Ro = 2.7 kQ
24V <EVbo<33V,1.6V<Vb<2.0V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKpJ{ to tkso1 27V<EVoo<36V,23V<Ve<27V, 390 ns
SOp outputNote ! Cb =30 pF, Ro = 2.7 kQ
24V <EVo<33V,16V<Ve<20V, 966 ns
Cb =30 pF, Ro = 5.5 kQ
Slp setup time tsik1 27V <EVopo<36V,23V<Vp<27V, 88 ns
(to SCKpJ)Nete2 Cb =30 pF, Ro = 2.7 kQ
24V <EVboo<33V,1.6V<Vb<2.0V, 220 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time trsit 27V<EVooo<36V,23V<Vb<27V, 38 ns
(from SCKpJ )Note 2 Cb = 30 pF, R = 2.7 kQ
24V <EVoo<33V,1.6V<Ve<20V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKpT to tkso1 27V<EVopo<3.6V,23V<Ve<27V, 50 ns
SOp outputNete 2 Cb =30 pF, R = 2.7 kQ
24V <EVbo<33V,1.6V<Ve<2.0V, 50 ns
Cb =30 pF, Ro = 5.5 kQ

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

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When
25- to 48-pin products)/EVobp tolerance (When 64-pin products)) mode for the SOp pin and SCKp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Viu
and Vi, see the DC characteristics with TTL input buffer selected.

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

<Master> Vb Vb
éRb % Ro
SCKp ¢ SCK
~ RL78 Slp SO user device
microcontroller
SOp Sl

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: CSl number (p = 00, 10, 20), m: Unit number , n: Channel number (mn = 00, 02, 10),
g: PIM and POM number (g =0, 1)
3. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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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

ket tr

SCKp \ \_

tsik1 tksi1

Sip Input data

tkso1

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.)

tkevt

tkH1 s

SCKp _/ \ 7/

tsik1 tksit

Slp Input data

tkso1

SOp Output data

Remarks 1. p: CSI number (p = 00, 10, 20), m: Unit number, n: Channel number (m = 00, 02, 10),
g: PIM and POM number (g =0, 1)
2. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

communication at different potential.
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(7) Communication at different potential (1.8 V, 2.5 V) (Simplified SPI (CSI) mode) (slave mode, SCKp...
external clock input)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCKp cycle timegNote ! trev2 2.7V <EVopo<3.6V, |24 MHz < fuck 40/fuck ns
23VsVos2.7V 20 MHz < fuck< 24 MHz | 32/fucx ns
16 MHz < fuck < 20 MHz 28/fmck ns
8 MHz < fuek < 16 MHz 24 /fmck ns
4 MHz < fuck < 8 MHz 16/fmck ns
fuck < 4 MHz 12/fmck ns
2.4V <EVopo< 3.3V, |24 MHz < fuck 96/fmck ns
16V<Ve<20V 20 MHz < fuck< 24 MHz | 72/fucx ns
16 MHz < fmck < 20 MHz 64/fmck ns
8 MHz < fuek < 16 MHz 52/fmck ns
4 MHz < fuck < 8 MHz 32/fmek ns
fuck < 4 MHz 20/fmek ns
SCKp high-/low-level width | tkHz, 27V<EVoo<36V,23VIVpb<27V tkeva/2 — 36 ns
ez 24V <EVbo<33V,16V<Ve<20V tkeva/2 — ns
100
Slp setup time tsikz 27V<EVoo<36V,23V<Ve<27V 1fvex + 40 ns
(to SCKpT)tere? 24V <EVooo<33V,1.6V<Ve<20V 1w + 60
Slp hold time tsi2 1wk + 62 ns
(from SCKpT)Nete 2
Delay time from SCKp!l to | tkso2 27V<EVooo<3.6V,23V<Vb<27V, 2/fmek + ns
SOp outputNete 3 Cb =30 pF, Ro = 2.7 kQ 428
24V <EVoo<33V,16V<Ve<20V, 2/fmck + 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 or Slp hold time
becomes “from SCKpl“ when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKpT* when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and SCKp pin and the N-ch open drain output (Voo
tolerance (When 25- to 48-pin products)/EVoo tolerance (When 64-pin products)) mode for the SOp
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VH
and Vi, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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Simplified SPI (CSl) mode connection diagram (during communication at different potential)

<Slave> Vb

T

SCKp SCK

RL78
microcontroller

Slp SO  User device

SOp Sl

Remarks 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb[F]: Communication line (SOp) load

capacitance, Vb[V]: Communication line voltage

2. p: CSl number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n = 00, 02, 10),
g: PIM and POM number (g =0, 1)

3. fwvck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 02, 10))

4. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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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.)

tkevz

tkLe tkH2

/
SCKp
\ N

tsike tksi2

Slp Input data

tksoz

SOp Output data

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 tki2

SCKp
/ \

tsike tksi2

Sip Input data

tksoz

SOp Output data

Remarks 1. p: CSIl number (p = 00, 10, 20), m: Unit number, n: Channel number (mn = 00, 02, 10),

g: PIM and POM number (g =0, 1)
2. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

communication at different potential.
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(8) Communication at different potential (1.8 V, 2.5 V) (simplified 1°C mode) (1/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit

SCLr clock frequency fscL 2.7V<EVooo< 3.6V, 40QNote 1 kHz
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

2.7V <EVo <36V, 10QNote 1 KHz
23V<Vb<27V,
Cb =100 pF, Ro = 2.7 kQ

2.4V <EVooo< 3.3V, 100QNete 1 kHz
16V<Vb<20V,
Cb = 100 pF, Ro = 5.5 kQ

Hold time when SCLr = “L” tLow 27V <EVooo <36V, 1200 ns
23V<Ve<27V,

Cb =50 pF, Ro = 2.7 kQ
2.7V <EVopo<3.6V, 4600 ns
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ

2.4V <EVopo < 3.3V, 4650 ns
1.6V<Vb<20V,
Cb =100 pF, Ro = 5.5 kQ

Hold time when SCLr = “H” tHiGH 2.7V <EVooo<36V, 500 ns
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

2.7V <EVopo<36V, 2400 ns
23V<Vb<27V,
Cb =100 pF, Ro = 2.7 kQ

2.4V <EVopo <33V, 1830 ns
1.6V<Vb<20V,
Cb =100 pF, Ro = 5.5 kQ

(Notes, Caution and Remarks are listed on the next page.)
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(8) Communication at different potential (1.8 V, 2.5 V) (simplified 1°C mode) (2/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit

Data setup time (reception) tsu:pAT 2.7V <EVoo <36V, 1/fmck + ns
23V<Vb<27V, 34(QNote 2
Cb =50 pF, Ro = 2.7 kQ
2.7V <EVpooo<36V, 1/fmek + ns
23V<Vb<27V, 76(QNote 2
Cb =100 pF, Ro = 2.7 kQ
24V <EVomo<3.3V, 1/fmck + ns
16V<Vb<20V, 57(QNote 2
Cb =100 pF, Rs = 5.5 kQ

Data hold time (transmission) tHD:DAT 27V <EVopo<3.6V, 0 770 ns

23V<Vh<27V,
Cb = 50 pF, Ro = 2.7 kQ

2.7V <EVooo <36V, 0 1420 ns
23V<Vb<27V,
Cb = 100 pF, Ro = 2.7 kQ

24V <EVono<3.3V, 0 1215 ns
1.6V<Ve<20V,
Cb =100 pF, Ro = 5.5 kQ

Notes 1. The value must also be fcik/4 or lower.
2. Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution Select the TTL input buffer and the N-ch open drain output (Voo tolerance (When 25- to 48-pin
products)/EVop tolerance (When 64-pin products)) mode for the SDAr pin and the N-ch open drain
output (Voo tolerance (When 25- to 48-pin products)/EVop tolerance (When 64-pin products))
mode for the SCLr 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.

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

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

SDAr SDA

RL78

microcontroller User device

SCLr SCL

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

1/fscL

tLow thHiGH

SCLr

L |
SDAr

\ L

tHD : DAT tsu: patT

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:lIC number (r =00, 10, 20), g: PIM, POM number (g = 0, 1)

3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02, 10)

4. 1IC01, lIC11, and lIC21 cannot communicate at different potential. Use [IC00, IIC10, or [IC20 for
communication at different potential.
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3.5.2 Serial interface [ICA

(1) I1?C standard mode, fast mode
(TA=-40 to +105°C, 2.4 V< EVbpoo < Vop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions Standard Fast Mode | Unit
Mode
MIN. [ MAX. | MIN. | MAX.
SCLAO clock frequency fscL Fast mode: fcwk > 3.5 MHz 24V <EVoo<3.6V 0 400 | kHz
Normal mode: fcek 21 MHz | 24 V<EVooo<3.6 V 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 SCLAO = “L” trow 4.7 1.3 us
Hold time when SCLAOQ = “H” triGH 4.0 0.6 us
Data setup time (reception) tsu:DAT 250 100 ns
Data hold time (transmission)N°t¢2 | trp:pat 0 345 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time tBUF 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 tHo:0AT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

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

IICA serial transfer timing

n
o
>
o
N

O

e N

'
'
'
L
)
'
'
i

Stop Start Restart Stop
condition condition condition condition
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3.6 Analog Characteristics
3.6.1 A/D converter characteristics

Division of A/D Converter Characteristics

Reference voltag| Reference voltage (+) = AVrerr | Reference voltage (+) = AVop | Reference voltage (+) = Internal
Reference voltage (—) = AVrerm | Reference voltage (—) = AVss refrence voltage

Input channel Reference voltage (-) = AVss

High-accuracy channel; ANIO to See 3.6.1 (1) See 3.6.1 (2) See 3.6.1 (5)
ANI12
(input buffer power supply: AVop)

Standard channel; ANI16 to ANI30 See 3.6.1 (3) See 3.6.1 (4)
(input buffer power supply: Voo or
EVopo)

Temperature sensor, internal See 3.6.1 (3) See 3.6.1 (4) -
reference voltage output

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVrern/ANI1 (ADREFM = 1), target for conversion: ANI2 to ANI12

(Ta =-40 to +105°C, 2.4 V< AVrRerr < AVbp < VoD < 3.6 V, Vss =0 V, AVss = 0 V, Reference voltage (+) = AVREerp,
Reference voltage (-) = AVrRerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V < AVrRerP <AVDD < 3.6 V 8. 12. bit
Overall errorNete AINL 12-bit resolution 24V <AVrerr<AVDD <36V 6.0 LSB
Conversion time tconv ADTYP =0, 24V <AVrRerr <AVoD< 3.6 V 3.375 Us

12-bit resolution
Zero-scale errorN°te Ezs 12-bit resolution 24V <AVrerr<AVDD <36V +4.5 LSB
Full-scale errorNete Ers 12-bit resolution 24V <AVrReFP<AVDD 3.6V +4.5 LSB
Integral linearity errorNe'* | ILE 12-bit resolution 24V < AVrRerP <AVDD < 3.6 V +2.0 LSB
Differential linearity DLE 12-bit resolution 24V <AVrRerP<AVDD 3.6V +1.5 LSB
errorhote
Analog input voltage VA 0 AVrerpP \%

Note Excludes quantization error (£1/2 LSB).
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(2) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANIO to ANI12

(TA = —40 to +105°C, 2.4 V < AVob < Vop < 3.6 V, Vss = 0 V, AVss = 0 V, Reference voltage (+) = AVbp,
Reference voltage (-) = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVop<3.6V 8 12 bit
Overall errorNete AINL 12-bit resolution 24V <AVoD<3.6V +7.5 LSB
Conversion time tconv ADTYP =0, 24V <AVop<3.6V 3.375 us

12-bit resolution
Zero-scale errorNot Ezs 12-bit resolution 24V <AVop<3.6V 16.0 LSB
Full-scale errorNete Ers 12-bit resolution 24V<AVop<36V 6.0 LSB
Integral linearity errorNete ILE 12-bit resolution 24V <AVop<3.6V +3.0 LSB
Differential linearity error Note DLE 12-bit resolution 24V <AVoD<3.6V 2.0 LSB
Analog input voltage VAN 0 AVop \%

Note Excludes quantization error (+1/2 LSB).
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(3) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVRrRerm/ANI1 (ADREFM = 1), target for conversion: ANI16 to ANI30, interanal reference voltage,
temperature sensor output voltage

(TA=-40 to +105°C, 2.4 V<EVppo < Vop<3.6 V, 2.4V < AVrRerp < AVDoD < VDD < 3.6 V, Vss = EVsso =0 V, AVss =
0 V, Reference voltage (+) = AVrerr, Reference voltage (-) = AVrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVrerr <AVoD < 3.6 V 8 12 bit
Overall errorhete ! AINL 12-bit resolution 2.4V <AVrerr <AVop <3.6 V +7.0 LSB
Conversion time tconv ADTYP =0, 24V <AVrerp <AVOD 3.6 V 4.125 us

12-bit resolution
Zero-scale errorNete 1 Ezs 12-bit resolution 24V <AVrerp <AVop < 3.6 V +5.0 LSB
Full-scale errorNete?! Ers 12-bit resolution 24V <AVrerp <AVop < 3.6 V 5.0 LSB
Integral linearity errorNete ! ILE 12-bit resolution 24V <AVrerr <AVop < 3.6 V +3.0 LSB
Differential linearity errorN°®' | DLE 12-bit resolution 24V <AVRerr<AVoD< 3.6 V +2.0 LSB
Analog input voltage Van 0. AVRerP \%
and EVooo
Interanal reference voltage VegrNote 2 Y,
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszshote 2 Y
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Notes 1. Excludes quantization error (£1/2 LSB).
2. See 3.6.2 Temperature sensor, internal reference voltage output characteristics.
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(4) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANI16 to ANI30, interanal reference voltage, temperature sensor output
voltage

(Ta =—40 to +105°C, 2.4 V < EVbpo < Voo < 3.6 V, 24 V< AVopo < Voo < 3.6 V, Vss =EVsso =0 V, AVss =0 V,
Reference voltage (+) = AVob, Reference voltage (-) = AVss=0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V<AVD <36V 8 12 bit
Overall errorNote ! AINL 12-bit resolution 24V<AVp<36V +8.5 LSB
Conversion time tcony ADTYP =0, 24V<AVmD <36V 4.125 us

12-bit resolution
Zero-scale errorNete 1 Ezs 12-bit resolution 24V <AV <36V +8.0 LSB
Full-scale errorhete ! Ers 12-bit resolution 24V<AVoD<36V +8.0 LSB
Integral linearity errorNete ! ILE 12-bit resolution 24V<AVD<36V +3.5 LSB
Differential linearity errorN°t' | DLE 12-bit resolution 24V<AVp<36V +2.5 LSB
Analog input voltage Vain 0 AVop and \%

EVooo

Interanal reference voltage VeerNote 2 \Y;

(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Temperature sensor output voltage Vrmps2sNote 2 Vv

(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Notes 1. Excludes quantization error (+1/2 LSB).
2. See 3.6.2 Temperature sensor, internal reference voltage output characteristics.
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(5) When reference voltage (+) = Internal reference voltage (1.45 V) (ADREFP1 = 1, ADREFPO = 0), reference
voltage (-) = AVss (ADREFM = 0), target for conversion: ANIO to ANI12, ANI16 to ANI30

(Ta = —40 to +105°C, 24 V< Vb <36V, 24 V < EVop < Vbp, 24 V < AVob < Vop, Vss = EVsso =0V, AVss =0 V,
Reference voltage (+) = Internal reference voltage, Reference voltage (—) = AVss= 0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. | MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 16.0 us
Zero-scale errorN°te Ezs 8-bit resolution +4.0 LSB
Integral linearity errorN°te ILE 8-bit resolution +2.0 LSB
Differential linearity errorN°te DLE 8-bit resolution +2.5 LSB
Reference voltage (+) AVrer+) | = Internal reference voltage (Vscr) 1.38 1.45 1.50 \Y
Analog input voltage Van 0 V8GR \%

Note Excludes quantization error (£1/2 LSB).

3.6.2 Temperature sensor, internal reference voltage output characteristics

(TA=-40to +105°C,2.4V<Vbp < 3.6 V, Vss =0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Viveszs | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage Veer Setting ADS register = 81H 1.38 1.45 1.5 \%
Temperature coefficient Fyvtmps Temperature sensor output voltage that -3.6 mV/°C

depends on the temperature

Operation stabilization wait time tamp 10 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 Power supply rise time 1.45 1.51 1.57 \%
VPoR Power supply fall time 1.44 1.50 1.56 \%

Minimum pulse widthNete Tew 300 us

Note This is the time required for the POR circuit to execute a reset when Voo falls below Veor. When the
microcontroller enters STOP mode or if the main system clock (fwain) has been stopped by setting bit 0
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required
for the POR circuit to execute a reset before Vob rises to Vror after having fallen below 0.7 V.

Trw
Power supply voltage (Vop)
VPoOR
Vpor or 0.7V
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3.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA=-40 to +105°C, VpbDR< VDD < 3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level Vivp2 Power supply rise time 3.01 3.13 3.25 \%
voltage Power supply fall time 2.94 3.06 3.18

Vivps Power supply rise time 2.90 3.02 3.14 \Y

Power supply fall time 2.85 2.96 3.07 \%

Vivp4 Power supply rise time 2.81 2.92 3.03 \%

Power supply fall time 2.75 2.86 2.97 \%

VLvps Power supply rise time 2.70 2.81 2.92 \%

Power supply fall time 2.64 2.75 2.86 \%

Vivos Power supply rise time 2.61 2.71 2.81 \Y

Power supply fall time 2.55 2.65 2.75 \%

Vivor Power supply rise time 2.51 2.61 2.71 \%

Power supply fall time 2.45 2.55 2.65 \%

Minimum pulse width tiw 300 us

Detection delay time 300 us

Remark Viwb@n-1)>Vivon:n=31t07

LVD Detection Voltage of Interrupt & Reset Mode
(Ta=-40 to +105°C, VroDR< VDD < 3.6 V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt & reset Vivps VPOC2, VPOC1, VPOCO =0, 1, 1, falling reset voltage 2.64 2.75 2.86 \
mode Vivos LVIS1,LVISO = 1,0 |Rising release reset voltage | 2.81 2.92 3.03

Falling interrupt voltage 2.75 2.86 297 \
Vivos LVIS1, LVISO =0, 1 |Rising release reset voltage 2.90 3.02 3.14 \
Falling interrupt voltage 2.85 2.96 3.07 \

Caution Set the detection voltage (VLvp) to be within the operating voltage range. The operating voltage
range depends on the setting of the user option byte (000C2H/010C2H). The following shows
the operating voltage range.

HS (high-speed main) mode: Vob = 2.7 to 3.6 V@1 MHz to 32 MHz
Vob = 2.4 to 3.6 V@1 MHz to 16 MHz

3.6.5 Supply voltage rise slope characteristics

(Ta = —40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Supply voltage rise SVop 54 V/ms

Caution Be sure to maintain the internal reset state until Vop reaches the operating voltage range specified

in 3.4 AC Characteristics, by using the LVD circuit or external reset pin.
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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 \/bDDR 1.44Note 3.6 \%

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.
N STOP mode Operation mode
RAM data retention ——
))
(¢
Vi
e T VbDDR

STOP instruction execution

Standby release signal
(interrupt request)

"

3.8 Flash Memory Programming Characteristics

(TA=-40to +105°C,2.4V<Vop<3.6 V,Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

CPU/peripheral hardware clock foik 24V <Vopb<3.6V 1 32 MHz
frequency

Number of code flash rewritesNotes ':2:3 | Cerwr Retained for 20 years 1,000 Times

Ta=85°C

Number of data flash rewritegNotes 1:2:3 Retained for 1 years 1,000,000

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.
4. This temperature is the average value at which data are retained.
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3.9 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +105°C, 2.4 V< EVbpo < Vpop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate During flash memory programming 115.2 k 1™ bps

3.10 Timing Specs for Switching Flash Memory Programming Modes

(TA=-40to +105°C, 2.4 V<EVbpo < Vop < 3.6 V, Vss =EVsso =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
How long from when an external reset tsuiNniT POR and LVD reset must end before the 100 ms
ends until the initial communication external reset ends.

settings are specified

How long from when the TOOLO pin is tsu POR and LVD reset must end before the 10 us
placed at the low level until a external external reset ends.

reset ends

How long the TOOLO pin must be kept at | tHp POR and LVD reset must end before the 1 ms
the low level after an external reset ends external reset ends.

(except flash firmware processing time)

<

A

e TR R —_— N

v

1

RESET /

> <2> <3>

P 723 ps+tp !
iprocessing time; 1-byte data for setting mode

TOOLO i / \ /...

\I

tsu tsuiniT

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

<2> The pins reset ends (POR and LVD reset must end before the external reset ends.).

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

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

Remark tsuinim: The segment shows that it is necessary to finish specifying the initial communication settings within
100 ms from when the resets end.
tsu: How long from when the TOOLDO pin is placed at the low level until a external reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external resets end (except flash

firmware processing time)
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PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

41

25-pin products

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [g]

P-WFLGA25-3x3-0.50 PWLG0025KA-A P25FC-50-2N2-3 0.01
Unit: mm
21x9b[ P ox®| s| AB
zD
(>0 00 s
OO OO0 |4
1+ e | - OrO-©O-O0-O—3 227
/O O O O |2
. “1oo8oy
| 2 N\ inoex mark
INDEX MARK blw|s[B] =Epe s \@

N
=]
<
o]

DETAIL OF © PART

Pb
(LAND PAD)

$0.34+0.05
(APERTURE OF
SOLDER RESIST)

DETAIL OF O PART

R0.17+0.05

0.43%0.05—

2.27

0.365£0.05 R0.165+0.05
0.50+0.05
0.33+0.05 R0.215+0.05
0.4340.05

ITEM DIMENSIONS

3.00+0.10

3.00£0.10

0.20

0.50

0.69%0.07

0.24+0.05

0.05

0.08

0.20

B"i~<xo‘>@$ﬂ10

0.50

N
m

0.50
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4.2 32-pin products

JEITA Package code RENESAS code Previous code MASS(TYP.)[g]
P-HWQFN32-5x5-0.50 PWQNOO032KB-A P32K8-50-3B4-5 0.06
D
24 17
0
25 16 DETAIL OF (A) PART
+ e 15,
[ O
32 9 —A1 —C2
0
1 8
INDEX AREA

Referance| Dimension in Millimeters
Symbol Min Nom Max
Da D 495 | 500 | 5.05
E 495 | 500 | 5.05
—Lp EXPOSED DIE PAD A — | — | os0
1 8 A 000 | — —
duuyjuuuy
25 e b 018 | 025 | 0.30
) - le] — | 050 | —
) (an Lp 0.30 0.40 0.50
-} + g X — | — 0.05
E2
g g y — — 0.05
Ze— _ _
. D) (- Zp 0.75
Z — ) —
B Sie £ 0.75
ANNNNNNN c2 015 | 020 | 025
24 1 D2 — | 350 | —
Zp @ E, — 350 | —
b|D|x @[s|AaB]
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JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFNO032-5x5-0.50 PWQNOO032KE-A 0.06
2X
(O ]aaalC]
24 | 17
[
|
25 ‘ 16
|
N T — D
INDEX AREA | !
(D12 X E/2) ‘
X 32 | 9
[ JaaalC ; i 5 ‘
E
C
// | cce !
=] I ] 0
Al (A3)F A1 [ SEATING PLANE
X e b(32X)[ . [oob@|CA[B]
¢ dddM|C
E@ Reference Dimension in Millimeters
- Q} ﬁ‘f@ cTals Symbol Min. Nom. Max.
| A - - 0.80
1 8
As 0.00 0.02 0.05
S H@C|AlB UUUiUUU - As 0.203 REF.
32 9
S | - b 018 | 025 | 030
) ' - D 5.00 BSC
) ‘ - E 5.00 BSC
D2t T e 050 BSC
- ! - L 0.35 0.40 0.45
> | - K 0.20 - -
25[ ) I e D: 3.15 3.20 3.25
NAaNNANNN E. 315 | 320 | 3.5
2 " aaa 0.15
L(32X) K(32X) bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
ff 0.10
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JEITA Package Code RENESAS Code MASS(Typ.)[d]
P-HWQFN32-5x5-0.50 PWQNO032KG-A 0.06

2X

[&]aoa]c]

INDEX AREA —-—— [&]
(DI2 X EI2) / /

C
// ccc|C L Reference | Dimension in Millimeters
*j{——«—k—:.—D—D—D—D%D—D—D—D—.:m Symbol | win, | Nom. | Max.
A [¢] PLANE A - | = | 080
j < A, 000 | — | 005
% A, 0.20 REF.
qd b 0.20 | 0.25 | 0.30
E2 N D] — | 500 | —
>
o l z — | 500 | —
UUUUUU ! el | = [050] -
N D % N 32
N—1 | a | L | 030 | 040 | 0.50
D) d
K 020 | — -
QU] :) L C
8 BTt ae D, 3.10 | 3.20 | 3.30
D | a - E, 3.10 | 3.20 | 3.30
>
D) | g =z aaa — — | 015
! -
bbb = - | 010
ANNANNANN
[ cce — — 0.10
EXPOSED ddd _ — | 005
DIE PAD NX o [ bbb ®[C|A[B]
H SRR C‘ eee - - 0.08
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4.3 48-pin products

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LFQFP48-7x7-0.50

PLQPO0048KF-A

P48GA-50-8EU-1

0.16

HD
D
36 25
C—37 24—
— —
— —
— —
— — ]
—
+ ——
— —
— —
— — ]
1 —
1 Q —
—l48 13—
1 12
ALZE
A2+

detail of lead end

NOTE

A1-

Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.

c—
)
T ——
L,
Lp
(UNIT:mm)
ITEM DIMENSIONS
D 7.00£0.20
E 7.0040.20
HD  9.00£0.20
HE 9.00+0.20
A 1.60 MAX.
A 0.10+0.05
A2 1.40£0.05
0.25
b 0.22+0.05
c 0.145 79998
L 0.50
Lp 0.6040.15
L1 1.00£0.20
6 3130
[e] 0.50
X 0.08
y 0.08
ZD 0.75
ZE 0.75
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
48PJN-A
P-HWQFN48-7x7-0.50 PWQNO0048KB-A P48K8-50-5B4-7 0.13
Unit: mm

37

24

48

P/

1 12

INDEX AREA

1
Uuuduuuuuuuy

—~
(e8]

48

ZE —

nnnnaanoannmUe

yuuuuuuuuuuyu

37,

a¥alaladal[a¥aNaRa¥ala)
25

w
(o2}

Zp

N
EN

EXPOSED DIE PAD

0 x

DETAIL OF (A) PART

D —

][]

[

A

Lco

Reference | Dimensions in millimeters
Symeol | Min | Nom | Max
D 6.95 | 7.00 | 7.05
E 6.95 | 7.00 | 7.05
A — — | 0.80
A1 000 | — —
b 0.18 | 0.25 | 0.30
[e] — 050 | —
Lp 0.30 | 0.40 | 0.50
X — — | 0.05
y — — 0.05
Zp - 0.75 -
ZE — 0.75 | —
c2 0.15 | 0.20 | 0.25
D2 — 550 | —
E2 — 550 | —
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JEITA Package code RENESAS code MASS(TYP.)[d]
P-HWQFNO048-7x7-0.50 PWQNOO048KE-A 0.13
2X
[D]aaa]c]
36 | 25
|
37 i 24
|
|
o — 1 5
INDEX AREA —
(DI2 X E/2)
48 13
2X
| Slaaa[c]-Z4 _
- . 2
// ccc |C | !
A] B3 Al = .y “SEATING PLANE
28X e b(48X) & t;zz% g AlB]
Reference Dimension in Millimeters
E2 @ |rW|c|a|B Symbol Min. Nom. Max.
1 | 12 A - - 0.80
JUUUUUUUUUUW 4— exposen A 0.00 0.02 0.05
B P ! 13 DIE PAD
- | o As 0.203 REF.
=) ! - b 020 | 025 | 0.30
) ‘ (- D 7.00 BSC
- | O E 7.00 BSC
) -
b2 —H- ———-+——-—-€— e 0.50 BSC
) ! c L 0.30 0.40 0.50
-2 ‘ € K 0.20 - -
D | (an
= | puu D. 5.50 5.55 5.60
a7~ s E. 5.50 5.55 5.60
|
ANNANMINNANNANT( aaa 0.15
% | % bbb 0.10
L(48X) K(48X) oo 010
ddd 0.05
eee 0.08
ff 0.10
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<R> JEITA Package Code RENESAS Code MASS(Typ.)lg]

P-HWQFN48-7x7-0.50 PWQNO0048KG-A 0.13

INDEX AREA [/ — &
(D/2 x E£/2)
N—1
N
2X
[2]aca]c
’—m ceclc l Reference | Dimension in Millimeters
< ] ! Symbol Min. | Nom. | Max.
ﬁ*{,,#,ki ‘
] B SEATING A - — | 080
ol o % »L PLANE A, 000 | — | 005
2 As 0.20 REF.
E2
x| 1 1 x b 0.20 | 0.25 | 0.30
N JUUUUU}UUUUU D] — | 700 | —
= ; S [E] - | 700 | -
N=1[D \ -
S i - [e] — | 050 | —
D) i d N 48
- ‘ o~ L 0.30 | 0.40 | 0.50
=X R R K=}
= = i <: K 020 | — —
) | d D, 5.50 | 5.55 | 5.60
- | - E, |550|555] 560
) ! =
- \ a  x aaa - — | 015
= { - bbb - | = | o010
EXPOSED nnnnnQ ﬂ%ﬂ ANANANANR cce - — | 0.10
DIE PAD
‘ NX | ¢ bbb®@|c|A B ddd - — | 0.05
; ddd@ |C eee — — | 0.08
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4.4 64-pin products

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LFQFP64-10x10-0.50 PLQPO064KF-A P64GB-50-UEU-2 0.35
HD
D
TR ATE SRR
48 33
—49 32—/
(— — C—
— — \1
—] —— L} —
—] —
—] — 0
— — L
—] —
L
—] + —— E HE P
—] — e L1 —>
—] ——
—] —
—] ——
— — (UNIT:mm)
—] —
1 == Q 17— ITEM DIMENSIONS
D 10.00+0.20
1 | |16 E 10.00£0.20
\ 1T HD 12.00+0.20
L 7E | i HE 12.00+0.20
A 1.60 MAX.
- ZD Al 0.10+0.05
A2 1.40+0.05
b
A7 b 0.22+0.05
A2 c 0.145 78992
J k L 0.50
Lp 0.60+0.15
e R Bl B me g ===
(f { L M L1 1.00+0.20
—‘—‘—““““‘*ﬁ“““““““ L 0 3ojg§
y |s A1- ] 050
=y [s] ol oo
y 0.08
ZD 1.25
NOTE ZE 1.25

Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.
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JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-VFBGA64-4x4-0.40 PVBGOO064LA-A P64F1-40-AA2-2 0.03
D D w [s|a] ze— ZD
D ©O000000 8
D O0000000 7
D g O000000O0 6
4 A D , OOOO+OOOO 5
D O000000O0 4
D O000000O0 3
D O000000O0 2
D O000000O0 )/ 1
\
HGFEDT CIUBA
INDEX MARK E INDEX MARK
(UNIT:mm)
A ITEM DIMENSIONS
D 4.00+0.10
A2 E 4.00+0.10
| w 0.15
| A 0.89+0.10
: — Al 0.20£0.05
T C0O) U}U (OLUAY) A2 0.69
[e] 0.40
y S A1 b 0.25+0.05
2l v [s] J—LE b 0%
¢b‘@‘ Px @‘S‘A B‘ y 0.08
yl 0.20
ZD 0.60
ZE 0.60
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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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