/{ENESAS Datasheet

RL78/G1G R01DS0241EJ0120
Rev. 1.20
RENESAS MCU 3u 22, 2015

1. OUTLINE

1.1 Features

Ultra-low power consumption technology

* VDD = single power supply voltage of 2.7 to 5.5 V
* HALT mode

* STOP mode

* SNOOZE mode

RL78 CPU core

» CISC architecture with 3-stage pipeline

* Minimum instruction execution time: Can be changed
from high-speed (0.04167 us: @ 24 MHz operation with
high-speed on-chip oscillator) to low-speed (1.0 us: @1
MHz operation with high-speed on-chip oscillator)

« Multiply/divide/multiply & accumulate instructions are
supported.

* Address space: 1 MB

Timer

 16-bit timer: 7 channels
(Timer Array Unit (TAU): 4 channels, Timer RJ: 1
channel, Timer RD: 2 channels)

« 12-bit interval timer: 1 channel

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

A/D converter

« 8/10-bit resolution A/D converter (VDD = 2.7 to 5.5 V)

« Analog input: 8 to 12 channels

« Internal reference voltage (1.45 V) and temperature
sensor

; . . Comparator
« General-purpose registers: (8-bit register x 8) x 4 banks « 2 channels
<R> * On-chip RAM: 1.5 KB » The voltage from a dedicated 8-bit DAC (resolution of
256 with VDD/AVREFP or VSS/AVREFM as the internally
Code flash memory generated reference voltage) can be selected as the
» Code flash memory: 8 to 16 KB reference voltage.
* Block size: 1 KB
. Prohl_bmon of block erase and rewriting (security Programmable gain amplifier
function)
* On-chip debug function
« Self-programming (flash shield window function) /0 port
* |/O port: 26 to 40
High d hi i » Can be set to N-ch open drain, TTL input buffer, and on-
ig l-sp?e on-chip oscillator chip pull-up resistor
* Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, « Different potential interface: Can connectto a 2.5/3 V
4 MHz, and 1 MHz devi
. evice
<R> « High accuracy: +2.0%

Operating ambient temperature
* TA =-40to +85°C

Power management and reset function

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

« On-chip voltage detector (LVD) (Select interrupt and
reset from 6 levels)

Event link controller (ELC)
« Event signals of 18 to 19 types can be linked to the
specified peripheral function.

Serial interfaces

¢ CSI: 1 channel

¢ UART: 2 channels

« Simplified 12C: 1 channel

* On-chip key interrupt function
« On-chip clock output/buzzer output controller

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

Remark: The function mounted depend on the product.
See 1.6 Outline of Functions.
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RL78/G1G 1. OUTLINE
O ROM, RAM capacities
Flash ROM RAM 30 pins 32 pins 44 pins
16 KB 1.5 KB Note R5F11EAAASP R5F11EBAAFP R5F11EFAAFP
8 KB R5F11EA8ASP R5F11EBBAFP R5F11EF8AFP
Note This is 630 bytes when the self-programming function is used.
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RL78/G1G 1. OUTLINE

1.2 List of Part Numbers

<R> Figure 1 - 1 Part Number, Memory Size, and Package of RL78/G1G

PartNo. R5 F11E A AAXXXSP #30

T [

Type of packing
#30: Tray (LSSOP, LQFP)
#50: Embossed tape (LSSOP, LQFP)

Package type
SP:0.65-mm pitch LSSOP
FP:0.80-mm pitch LQFP

ROM code number if the product has been
pre-programmed before shipment
(Omitted for blank products)

Field of application
A: Consumer applications, operating ambient
temperature: -40°C to +85°C

ROM capacity
8:8 KB
A:16 KB

Number of pins:
A: 30-pin
B: 32-pin
F: 44-pin

RL78/G1G group

Memory type:
F: Flash memory

Renesas MCU
Renesas semiconductor product

Table 1 - 1 Orderable Part Numbers

Pin Count Package Part Number

44 pins 44-pin plastic LQFP (10 x 10 mm) R5F11EFAAFP#30, R5SF11EFAAFP#50

R5F11EF8AFP#30, R5F11EF8AFP#50

32 pins 32-pin plastic LQFP (7 x 7 mm) R5F11EBAAFP#30, R5F11EBAAFP#50

R5F11EB8AFP#30, R5F11EB8AFP#50
<R> 30 pins 30-pin plastic LSSOP (7.62 mm (300)) | R5SF11EAAASP#30, R5F11EAAASP#50
<R> R5F11EA8ASP#30, R5F11EA8ASP#50
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RL78/G1G

1. OUTLINE

1.3

1.3.1  30-pin products

Pin Configuration (Top View)

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

P20/ANIO/AVREFP O=—n
P01/ANI16/TO00/RXD1/PGAI/(TRJIO0) O
POO/ANI17/TI00/TXxD1/CMPOP/(TRJOO) O

P120/ANI19/CMP1P QO=—-»]
P40/TOOLO O

RESET O—~

P137/INTPO O——
P122/X2/EXCLK O——=
P121/X1 O

REGC O—]

Vss O——

Vob O——

P60 O=—x

P61 O=—
P31/TI03/TO03/INTP4/PCLBUZO0/SSI00/(TRJIO0) O

O

O~NOUTDAWN PR

[«—=O P21/ANI1/AVREFM

[*—=0O P22/ANI2

[*+—O P23/ANI3

le—=O P147/ANI18

[«—O P10/TRDIOD1

=—=O P11/TRDIOC1

[l=—O P12/TRDIOB1

+—0O P13/TRDIOA1

[*=—O P14/TRDIODO

[=—O P15/PCLBUZ1/TRDIOBO

e—=0O P16/TI01/TO01/INTP5/TRDIOCO
=—=C P17/T102/TO02/TRDIOAO/TRDCLK
[*=—=O P51/INTP2/SO00/TxDO/TOOLTXD
[*—=O P50/INTP1/SI00/RxD0/TOOLRXD/SDA00/(TRJO0)
[*=—=O P30/INTP3/SCKO00/SCLO0/TRJO0

Caution

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

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 1

(PIORY).
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RL78/G1G

1. OUTLINE

1.3.2  32-pin products

* 32-pin plastic LQFP (7 x 7 mm, 0.8 mm pitch)

OD1
OC1
OB1
OAl
ODO0

P147/ANI18 O=—=

P23/ANI3 O=—

P22/ANI2 O=—

P21/ANI1/AVREFM O~—

P20/ANIO/AVREFP O=—>
P01/ANI16/TO00/RxD1/PGAI/TRJIIO0 O
P00/ANI17/TI00/TXD1/CMPOP/(TRJO0) O
P120/ANI19/CMP1P O=—

R [~—O P10/TRD
N =—0O P11/TRD
N|~——=O P12/TRD
Nle O PI13/TRD
N |=—0O P14/TRD

5 |=—0O P15/PCLBUZ1/TRDIOBO

2 [+=—O P16/TI01/TOOL/INTP5/TRDIOCO

R [=—0O P17/TI02/TO02/TRDIOAO0/TRDCLK

25 16 [=——=0 P51/INTP2/SO00/TXDO/TOOLTXD
26 15+——=0 P50/INTP1/SI00/RxD0/TOOLRXD/SDA0OO/(TRJIO0)
27 14}«——0 P30/INTP3/SCK00/SCLOO/TRIO0
28 183+—~0 P70
29 12«——=0 pP31/TI03/TO03/INTP4/PCLBUZO0/(TRJIIO0)
30 11+—0 P62/SSI00
31 o 10f=——=0O pé61
32 (] PG
12345678 P60
SlFe xd 0O 92
sEosg >3
OlWZ XN
Elex WH
g OFf
o oy
N
-
o

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

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 1

(PIOR1Y).
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RL78/G1G

1. OUTLINE

1.3.3

44-pin products

* 44-pin plastic LQFP (10 x 10 mm, 0.8 mm pitch)

P27/ANI7
P26/ANI6
P25/ANI5
P24/ANI4
P23/ANI3
P22/ANI2
P21/ANI1/AVREFM
P20/ANIO/AVREFP

P01/TO00/RxD1/PGAI/ANI16/TRJIO0
POO/TI00/TxD1/CMPOP/ANI17/(TRJOO0)

Caution

P120/ANI19/CMP1P

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

OoD1
OoC1
OB1
OAl1l
oDo

R—O P16/TI01/TO0L/INTP5/TRDIOCO
R0 P17/TI02/TO02/TRDIOAO/TRDCLK
Bl+——0O P5L/INTP2/SO00/TXDO/TOOLTXD

o
@
]
[a]
2
E
-
N
g 929000 2
zZ [a e lala N e |
< roreoow O
SobEEEEQ
S <SS 90 ® I 1O
o A A A
oooooo0n
333231 3029282726
O-=—={34 22
O=—35 21
Q=—36 20
O=—{37 19
O=—=38 18
O=—39 17
O-—»{40 16
O=~—{41 15
Om—wl42 14
o<—»4sQ 13
S—— 12
O 441234567891011
SOFY®MOXYX A0 9 Q
LR EE
“OLIJD'D'ZXNEC
gEl SR
~— O ™ N
aF E>\<
3 S
—
o

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. The functions in parentheses shown in the above figure can be assigned by setting peripheral I/O redirection register 1

(PIOR1Y).

P50/INTP1/SI00/RXxD0/TOOLRXD/SDAO00/(TRJO0)
P30/INTP3/SCKO0/SCLOO/TRJIO0

P70/KRO

P71/KR1

P72/KR2

P73/KR3
P31/T103/TO03/INTP4/PCLBUZ0/(TRJIO0)

P63

P62/SSI00

P61

P60
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RL78/G1G 1. OUTLINE
1.4 Pin Identification

ANIO to ANI7, ANI16 to ANI19:Analog input

AVREFM: A/D converter reference potential (- side) input

AVREFP: A/D converter reference potential (+ side) input

EXCLK: External clock input (main system clock)

INTPO to INTP5: External interrupt input

KRO to KR3: Key Return

P00, PO1: Port 0

P10 to P17: Port 1

P20 to P27: Port 2

P30, P31: Port 3

P40, P41: Port 4

P50, P51: Port 5

P60 to P63: Port 6

P70 to P73: Port 7

P120 to P124: Port 12

P137: Port 13

P146, P147: Port 14

PCLBUZO0, PCLBUZ1: Programmable clock output/buzzer output

REGC: Regulator capacitance

RESET: Reset

RxDO, RxD1: Receive data

SCKO0O0: Serial clock input/output

SCLOO: Serial clock output

SDAO0O: Serial data input/output

SI00: Serial data input

SO000: Serial data output

SSI00: Serial interface chip select input

TIOO to TI03: Timer input

TOO0O0 to TO03, TRJOO:  Timer output

TOOLO: Data input/output for tool

TOOLRXD, TOOLTXD: Data input/output for external device

TRDCLK: Timer external input clock

TRDIOAO, TRDIOBO, TRDIOCO, TRDIODO,:Timer input/output

TRDIOAL, TRDIOB1, TRDIOC1, TRDIOD1,

TRJIOO0

TxDO, TxD1: Transmit data

CMPOP, CMP1P: Comparator input

PGAL: PGA input

\VDD: Power supply

Vss: Ground

X1, X2: Crystal oscillator (main system clock)
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RL78/G1G 1. OUTLINE

1.5 Block Diagram

1.5.1  30-pin products

TIMER ARRAY
PORT 0 KZ_> Poo, POL
TI00/PO0 ——|
TO00/POL~—o] cho ““ P10 to P17
TI0L/TO01/P16 ~—T chl
<:> - PORT 2 K 2> P20to P23
TI02/TO02/P17 ==—o ch2 _
K> PORT 3 K2 > P3o, P31
TI03/TO03/P31 ~—o h3
RXDO/P50 —|
- PORT 4 P40
e Jzdm
TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14 - PORT 6 K2 > P60, P61
TRDIOAL/P13 toTRDIODL/P10 2 ) werry | TRYIOORPOL p120
—= TRIOOP30 K PORT 12 {Z P21, P122
WINDOW
—{ | o
LOW-SPEED TIMER
ON-CHIP
L TIMER <:>
K] ANI0/P20 to ANIBIP23
<:> 10-bit AID ANI16/P01, ANI17/P0O,
CONVERTER ANI18/P147, ANI19/P120
AVrese/P20
AVresu/P21
SERIAL ARRAY
UNITO (4ch) RL78 CPU CORE
RXDO/PS0 — UARTO MULTIPLIER & | le—
TxDO/P51 =—p DIVIDER, CODE FLASH MEMORY
RXD1/PO1 ——| MULTIPLY- —>
ACCUMULATOR
TXDI/POO ‘_
SCKOO/P30 O
SI00/P50 ——= csi00 <:>
SO00/P51 <—1] POWER ON RESET/ POR/LVD
SSI00/P31 —— =1 VOLTAGE CONTROL
DETECTOR
SCLO0/P30 =— 1c0o
SDAQO/P50 <—
RAM
(| RESET CONTROL
) ON-CHIP DEBUG TOOLO/P40
| SYSTEM
CONTROL le—— RESET
Voo Vss TOOLRXD/P50,
TOOLTXD/P51 HIGH-SPEED | |—— x1/p121
ON-CHIP
OSCILLATOR| |—— X2/EXCLK/P122
BUZZER OUTPUT
¢> ___________ PCLBUZO/P31, VOLTAGE
CLOCK OUTPUT PCLBUZ1/P15 REGULATOR REGC
CONTROL
(- EVENT Link [e—— INTPO/P137
CONTROLLER
<ZI INTP1/P50,
<:> INTERRUPT INTP2/P51
BCD CONTROL :ZI INTP3/P30,
(—~] ApsusTMENT INTP4/P31
le—— INTP5/P16
CMP (2ch)
K= — CMP1P/P120
K> PWM OPTION UNIT
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RL78/G1G

1. OUTLINE

15.2

32-pin products

TIMER ARRAY
K> PORT 0 KZ_> Poo, POL
e [ x|
TI00/PO0 — cho i
TO00/PO1—y K> PORT 1 K 8> P10to P17
TI0L/TO01/P16 =—o chl
K> PORT 2 K 2> P20to P23
TI02/TO02/P17 ==—o ch2 _
K> PORT 3 K2 > P3o, P31
TI03/TO03/P31 ~—o 3
S = B
< T e
TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14 K> PORT 6 K 3> P60 to P62
TRDIOA1/P13 toTRDIOD1/P10 2> TIMER RJ TRJI00/POL
| — = TRIOO/P30 - PORT 7 P70
e ST =t
——
LOW-SPEED TIMER P121, P122
ON-CHIP
12- BIT INTERVAL P137
TIMER
- PORT 14 P147
K] ANI0/P20 to ANIBIP23
c> 10-bit AID ANI16/P01, ANI17/POO,
SERIAL ARRAY CONVERTER ANI18/P147, ANI19/P120
UNITO (4ch) RL78 CPU CORE AVrerp/P20
AVresn/P21
RxDO/PS0 —— UARTO MULTIPLIER & | l¢—
TXDO/P51 =— DIVIDER, CODE FLASH MEMORY
RxD1/PO1 ——| MULTIPLY- —>
ACCUMULATOR
SCKOO/P30 O
SI00/P50 ——=1 csi00
SO00/P51 =—1— POWER ON RESET/ PORILVD
SSI00/P62 ——»1 @ VOLTAGE CONTROL
DETECTOR
SCLO0/P30 =— 100
SDAO0/P50 <«— ‘
RAM
) ON-CHIP DEBUG TOOLO/P40
| SYSTEM
CONTROL ~ |«—— RESET
Voo Vss TOOLRXD/P50,
TOOLTXD/P51 HIGH-SPEED | f——— x1/p121
ON-CHIP
OSCILLATOR| [*—— X2/EXCLK/P122
BUZZER OUTPUT
¢> __ PCLBUZO/P31 VOLTAGE
CLOCK OUTPU PCLBUZ1/P15 REGULATOR REGC
CONTROL
CONTROLLER
<ZI INTP1/P50,
<:> INTERRUPT INTP2/P51
BCD CONTROL INTP3/P30,
le—— INTP5/P16
CMP (2ch)
- — CMP1P/P120
PGA —— PGAI/POL
<
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RL78/G1G

1. OUTLINE

153

44-pin products

TI00/P0O0 —
TOO00/PO1=—j

TIO1/TO01/P16 ==—o

TI02/TO02/P17 ~—

TIO3/TO03/P31 ~—
RxD0/P50 —

TIMER ARRAY
UNIT (4ch)

cho

chl

TRDIOAO/TRDCLK/P17
TRDIOBO/P15, TRDIOCO/P16,
TRDIODO/P14

LOW-SPEED

WINDOW
WATCHDOG
TIMER

ON-CHIP

OSCILLATOR

12- BIT INTERVAL
TIMER

RxDO0/P50 —
TXDO/P51 -—

RxD1/P01 —
TxD1/P00 -—

SERIAL ARRAY
UNITO (4ch)

UARTO

UART1

SCKO00/P30
S100/P50 ——
SO00/P51 =—

SSI00/P62 —

| II

Csloo

TIMER RJ

TRJIO0/PO1

[—= TRJOO/P30

SCLO0/P30 -—
SDAO00/P50 -—

11IC00

‘ y |

CONTROL

RL78 CPU CORE
MULTIPLER & | l¢—
DIVIDER, CODE FLASH MEMORY
MULTIPLY- —>
ACCUMULATOR
RAM
Voo Vss TOOLRXDIPSO,
TOOLTXD/P51
BUZZER OUTPUT
- o PCLBUZO/P31,
CLOGK OUTPU PCLBUZ1/P15

- EVENT LINK
CONTROLLER
- BCD
ADJUSTMENT

i

PORT 0

0

PORT 1

0

PORT 2

i

PORT 3

PORT 4

PORT 5

¢ U

PORT 6

0

PORT 7

U

PORT 12

U

PORT 13

PORT 14

i

i

P00, PO1

8 P10 to P17

8 P20 to P27

8 HY

P30, P31

P40, P41

P50, P51

4 P60 to P63

7 P70 to P73

P120
4 P121to P124

HE8yy

P137

(2> P146, P147

10-bit AID
CONVERTER

g

ANIO/P20 to
ANI7/P27

ANI16/P01, ANI17/P00,
ANI18/P147, ANI19/P120

AVrerp/P20

AVrern/P21

KEY RETURN

i

KROIP70 to
N

POWER ON RESET/| PORILVD

VOLTAGE CONTROL

DETECTOR

“ ON-CHIP DEBUG TOOLO/P40

SYSTEM

CONTROL je—— RESET

HIGH-SPEED| |—— xy/p121
ON-CHIP

OSCILLATOR [@—— X2/EXCLK/P122
VOLTAGE

INTERRUPT
CONTROL

INTPO/P137

INTP1/P50,
INTP2/P51
INTP3/P30,
INTP4/P31

L0

INTP5/P16

CMP (2ch)

CMPO

CMP1

CMPOP/PO0

CMP1P/P120

PGAI/PO1

bl ll ll
o]
I :

K= PWM OPTION UNIT

R01DS0241EJ0120 Rev. 1.20

Jul 22, 2015

RENESAS

Page 10 of 67



RL78/G1G 1. OUTLINE

1.6 Outline of Functions

[30-pin, 32-pin, 44-pin products (code flash memory 8 KB to 16 KB)]
Caution The above outline of the functions applies when peripheral 1/O redirection register 1 (PIOR1) is

set to OOH.
(1/2)
30-pin 32-pin 44-pin
ltem R5F11EA8SASP, R5F11EBSAFP, R5F11EFSAFP,
R5F11EAAASP R5F11EBAAFP R5F11EFAAFP

Code flash memory (KB) 810 16
RAM (KB) 15
Address space 1 MB

Main system | High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
<R> clock clock LS (low-speed main) mode: 1 to 8 MHz (VbD = 2.7 to 5.5 V),
HS (high-speed main) mode: 1 to 20 MHz (VDD = 2.7 t0 5.5 V)

<R> High-speed on-chip |LS (low-speed main) mode: 1 to 8 MHz (VbD = 2.7 to 5.5 V)
oscillator clock (fiH) | HS (high-speed main) mode: 1 to 24 MHz (VDD = 2.7 to 5.5 V)

Low-speed on-chip oscillator clock |15 kHz (TYP.): Vbb = 2.7 t0 5.5 V

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

Minimum instruction execution 0.04167 us (High-speed on-chip oscillator clock: fiH = 24 MHz operation)

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

« Data transfer (8/16 bits)

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

» Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits + 16 bits, 32 bits + 32 bits)
» Multiplication and Accumulation (16 bits x 16 bits + 32 bits)

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

Instruction set

1/O port Total 26 28 40
CMOS I/0 23 25 35
CMOS input 3 3 5

CMOS output —

N-ch open-drain I/O
(6 V tolerance)

7 channels
(TAU: 4 channels, Timer RJ: 1 channel, Timer RD: 2 channels)

Timer 16-bit timer

Watchdog timer 1 channel

12-bit interval timer | 1 channel

Timer output Timer outputs: 14 channels

PWM outputs: 9 channels

Caution  Since a library is used when rewriting the flash memory using the user program, flash ROM and RAM areas are
used. Refer to the RL78 Family Flash Self-Programming Library TypeOl1 User’s Manual before using these
products.

R01DS0241EJ0120 Rev. 1.20
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RL78/G1G 1. OUTLINE

(2/12)
30-pin 32-pin 44-pin
Item R5F11EABASP, R5F11EB8AFP, R5F11EF8AFP,
R5F11EAAASP R5F11EBAAFP R5F11EFAAFP
Clock output/buzzer output 2
» 2.44 kHz, 4.88 kHz, 9.77 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fmain = 20 MHz operation)
8/10-bit resolution A/D converter | 8 channels 12 channels
Comparator 2 channels
PGA 1 channel
Serial interface * CSI: 1 channel/lUARTO: 1 channel/simplified 12C: 1 channel
* UART1: 1 channel
Event link controller (ELC) Event input: 18 Event input: 19
Event trigger output: 6 Event trigger output: 6
Vectored Internal 20
interrupt External 5 ;
sources
Key interrupt — 4
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 execution Note
* Internal reset by RAM parity error
* Internal reset by illegal-memory access
Power-on-reset circuit » Power-on-reset: 1.51 +0.03 V
» Power-down-reset:  1.50 +0.03 V
Voltage detector 2.75V t0 4.06 V (6 stages)
On-chip debug function Provided
Power supply voltage Vob=27t055V
Operating ambient temperature TA = -40 to +85°C
Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution is not issued by emulation with the in-circuit emulator or on-chip debug
emulator.
RO1DS0241EJ0120 Rev. 1.20 RENESANS Page 12 of 67
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

2. ELECTRICAL SPECIFICATIONS

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

Caution 2. The pins mounted are as follows according to product.

2.1 Pins Mounted According to Product

211 Port functions

Refer to 2.1.1 30-pin products, 2.1.2 32-pin products, and 2.1.3 44-pin products in the RL78/G1G User’s
Manual.

2.1.2 Non-port functions

Refer to 2.2.1 With functions for each product in the RL78/G1G User’s Manual.

RO1DS0241EJ0120 Rev. 1.20 RENESAS Page 13 of 67
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS
2.2 Absolute Maximum Ratings
Absolute Maximum Ratings (2/2)
Parameter Symbol Conditions Ratings Unit
Supply voltage VDD -0.5t0 +6.5 \%
REGC pin input voltage VIREGC REGC -0.3to0 +2.8 Vv
and -0.3 to Vpp +0.3 Note 1
Input voltage Vil P00, P01, P10 to P17, P20 to P27, P30, -0.3 to Vobp +0.3 Note 2 \%
P31, P40, P41, P50, P51, P60 to P63, P70
to P73, P120, P121 to P124, P137, P146,
P147, EXCLK, RESET
Output voltage Vo1 P00, P01, P10 to P17, P20 to P27, P30, -0.3 to VbD +0.3 Note 2 \%
P31, P40, P41, P50, P51, P60 to P63, P70
to P73, P120, P146, P147
Analog input voltage VAIL ANIO to ANI7, ANI16 to ANI19 -0.3to Vpp +0.3 Notes 2, 3 v
and -0.3 to AVRer (+) +0.3

Note 1.

REGC pin. Do not use this pin with voltage applied to it.

Note 2.
Note 3.

Caution

Must be 6.5 V or lower.
Do not exceed AVREF (+) + 0.3 V in case of A/D conversion target pin.

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

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

R01DS0241EJ0120 Rev. 1.20

Jul 22, 2015

RENESAS

Page 14 of 67



RL78/G1G 2. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings 2/2)
Parameter Symbol Conditions Ratings Unit
Output current, high loH1 Per pin P00, PO1, P10 to P17, P30, P31, P40, P41, P50, -40 mA
P51, P60 to P63, P70 to P73, P120, P146, P147
Total of all | POO, P01, P40, P41, P120 -70 mA
pins P10 to P17, P30, P31, P50, P51, P60 to P63, P70 -100 mA
170 mA 1t P73, P146, P147
loH2 Per pin P20 to P27 -0.5 mA
Total of all -2 mA
pins
Qutput current, low loL1 Per pin P00, P01, P10 to P17, P30, P31, P40, P41, P50, 40 mA
P51, P60 to P63, P70 to P73, P120, P146, P147
Total of all | POO, P01, P40, P41, P120 70 mA
pins P10 to P17, P30, P31, P50, P51, P60 to P63, P70 100 mA
170 mA 110 p73, P146, P147
loL2 Per pin P20 to P27 1 mA
Total of all 5 mA
pins
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/G1G 2. ELECTRICAL SPECIFICATIONS

2.3 Oscillator Characteristics

2.3.1 X1 oscillator characteristics

(TA=-40t0 +85°C, 2.7V <VDD<5.5V,Vss=0V)
Parameter Resonator Conditions MIN. TYP. MAX. | Unit

X1 clock oscillation frequency (fx) Note Ceramic resonator/ 27V<Vpop<55V 1.0 20.0 | MHz
crystal resonator

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

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

register (OSTS) after sufficiently evaluating the oscillation stabilization time with the resonator to be used.

Remark  When using the X1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/G1G User’s Manual.

2.3.2  On-chip oscillator characteristics

(TA=-40t0 +85°C, 2.7V <VDD<55V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator fiH 1 24 MHz
clock frequency Notes 1, 2 fuoco 1 48
High-speed on-chip oscillator -2 +2 %

clock frequency accuracy

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

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

Note 1. High-speed on-chip oscillator frequency is selected with bits 0 to 4 of the option byte (000C2H) and bits 0 to 2 of the
HOCODIV register.

Note 2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

2.4 DC Characteristics

241 Pin characteristics

(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Iltems Symbol Conditions MIN. | TYP. | MAX. Unit

Output current, high Note 1 loH1 | Per pin for POO, PO1, P10 to P17, 27V<Vbb<55V -10.0 mA
P30, P31, P40, P41, P50, P51, Note 2
P60 to P63, P70 to P73, P120,
P146, P147
Total of P00, P01, P40, P41, P120| 40V<VDD<55V -55.0 mA
(When duty < 70% Note 3) 2.7V<VDD<4.0V -100 | mA
Total of P10 to P17, P30, P31, 40V<Vpp<55V -80.0 mA
P50, P51, P60 to P63, P70 to
P73, P146, P147 27V<VbD<4.0V -19.0 | mA

(When duty < 70% Note 3)

Total of all pins

27V<Vpb<55V -135.0 mA
(When duty < 70% Note 3)
loHz2 | Per pin for P20 to P27 27V<Vbpb<55V -0.1 mA
Note 2
Total of all pins 27V<Vpb<55V -1.5 mA
(When duty < 70% Note 3)
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the Vbp pin to an output pin.
Note 2. Do not exceed the total current value.
Note 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%).

« Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where n =80% and loH = -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, P10, P15, P17, P30, P50, P51 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/G1G 2. ELECTRICAL SPECIFICATIONS

(TA=-40to0 +85°C, 2.7V <VDD<5.5V,Vss=0V)

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit

Output current, low Note 1 loL1 Per pin for POO, P01, P10 to P17, 20.0 mA
P30, P31, P40, P41, P50, P51, Note 2
P60 to P63, P70 to P73, P120,
P146, P147
Total of POO, P01, P40, P41, P120| 40V <Vbb<55V 70.0 mA
(When duty < 70% Note 3) 2.7V<VDD< 4.0V 150 | mA
Total of P10 to P17, P30, P31, 40V<Vbpb<55V 80.0 mA
P50, P51, P60 to P63, P70 to 27V<VpD<4.0V 35.0 mA

P73, P146, P147
(When duty < 70% Note 3)

Total of all pins 150.0 | mA
(When duty < 70% Note 3)
loL2 Per pin for P20 to P27 0.4 mA
Note 2
Total of all pins 27V<Vpbb<55V 5.0 mA

(When duty < 70% Note 3)

Note 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to the Vss pin.
Note 2. However, do not exceed the total current value.
Note 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%).

« 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/G1G

. ELECTRICAL SPECIFICATIONS

(TA=-40to0 +85°C, 2.7V <VDD<5.5V,Vss=0V)

Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high VIH1 P00, P01, P10to P17, P30, P31, | Normal input buffer 0.8 Vbp VDD \%
P40, P41, P50, P51, P60 to P63,
P70 to P73, P120 to P124,
P146, P147
ViH2 P01, P10, P15to P17, P30, P31, | TTL input buffer 2.2 VDD \%
P50 40V<Vbp<55V
TTL input buffer 2.0 VDD \%
33V<Vopb<40V
TTL input buffer 1.50 VDD \%
27V<Vbb<33V
VIH3 P20 to P27 0.7 Vbb VDD \%
ViH4 EXCLK, RESET 0.8 Vbp VDD
Input voltage, low ViLy P00, P01, P10to P17, P30, P31, | Normal input buffer 0 0.2 Vbp
P40, P41, P50, P51, P60 to P63,
P70 to P73, P120 to P124,
P146, P147
ViL2 P01, P10, P15to P17, P30, P31, | TTL input buffer 0 0.8 \%
P50 40V<Vbb<55V
TTL input buffer 0 0.5 \Y
3.3V<Vbopb<4.0V
TTL input buffer 0 0.32 \%
27V<Vpb<33V
ViL3 P20 to P27 0 0.3 VbD \Y
ViLa EXCLK, RESET 0 0.2 Vobp \%

Caution  The maximum value of ViH of pins P00, P10, P15, P17, P30, P50, and P51 is Vbbb, even in the N-ch open-drain
mode.
Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(TA=-40to0 +85°C, 2.7V <VDD<5.5V,Vss=0V)

Items Symbol Conditions MIN. TYP. | MAX. | Unit
Output voltage, high | VoH1 P00, P01, P10to P17, P30,P31, |40V <VDD<55YV, Vobp - 1.5 \%
P40, P41, P50, P51, P60 to P63, | loH1 =-10.0 mA
P70 to P73, P120, P146, P147 |40V <Vpb<55V VoD - 0.7 v
loH1 = -3.0 mA
27V<Vbp<55Y, VoD - 0.6 \%
IoH1 =-2.0 mA
27V<Vbpp<55YV, Vop - 0.5 \%
loH1 =-1.0 mA
VoH2 P20 to P27 27V<Vbb<55YV, VoD - 0.5 \%
loH2 = -100 pA
Output voltage, low | VoL1 P00, P01, P10to P17,P30,P31, |40V <VDD<55YV, 1.3 \%
P40, P41, P50, P51, P60 to P63, |loL1 =20.0 mA
P70 to P73, P120, P146, P147 | 40v <Vbb <55V 0.7 Vv
loL1 = 8.5 mA
27V<Vbb<55YV, 0.6 \%
loL1 = 3.0 mA
27V<Vbb<55YV, 0.4 \%
loL1=1.5mA
27V<Vbb<55YV, 0.4 \%
loL1 = 0.3 mA
VoL2 P20 to P27 27V<Vbb<55YV, 0.4 \%
loL2 = 400 pA

Caution P00, P10, P15, P17, P30, P50, and P51 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/G1G 2. ELECTRICAL SPECIFICATIONS

(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILIHL P00, PO1, P10 to P17, P20 to VI = VDD 1 pA
current, high P27, P30, P31, P40, P41, P50,
P51, P60 to P63, P70 to P73,
P120, P123, P124, P137, P146,
P147, RESET
ILIH2 P121, P122 (X1, X2, EXCLK) Vi=Vop |Ininput port or 1 pA
external clock
input
In resonator 10 LA
connection
Input leakage ILiLy P00, P01, P10 to P17, P20 to VI =Vss -1 pA
current, low P27, P30, P31, P40, P41, P50,
P51, P60 to P63, P70 to P73,
P120, P123, P124, P137, P146,
P147, RESET
ILiL2 P121, P122 (X1, X2, EXCLK) Vi=Vss |Ininput portor -1 HA
external clock
input
In resonator -10 LA
connection
On-chip pull-up Ru P00, PO1, P10 to P17, P30, P31, |ViI=Vss, ininput port 10 20 100 kQ
resistance P40, P41, P50, P51, P60 to P63,
P70 to P73, P120, P146, P147

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/G1G

2. ELECTRICAL SPECIFICATIONS

2.4.2

Supply current characteristics
(1) Flash ROM: 16 KB of 30- pin to 44-pin products

(TA =-40to +85°C, 2.7V <VDD <55V, Vss=0V) (2/72)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IbD1 Operating | HS (high-speed fHoco = 48 MHz, | Basic Vop =5.0V 1.8 mA
current mode main) mode Notes 3,4 | fiH = 24 MHz operation | \ypp = 3.0 V 1.8
Note 1 HS (high-speed froco = 48 MHz, | Normal | Vop = 5.0 V 39 | 69 [mA

main) mode Notes 3,4 | fin = 24 MHz operation | \ypp = 3.0 V 3.9 6.9
fHoco =24 MHz, | Normal |Vbb=5.0V 3.7 6.3
fiH = 24 MHz operation | \ypp = 3.0 V 3.7 6.3
fHoco = 16 MHz, | Normal |Vbb=5.0V 2.8 4.6
fiH = 16 MHz operation | \ypp = 3.0 V 28 4.6
LS (low-speed main) | fiH =8 MHz Normal |Vbb=3.0V 1.2 20 | mA
mode Notes 3, 4 operation
HS (high-speed fmx = 20 MHz, Normal | Square wave input 3.1 53 | mA
main) mode Notes 2,4 [ VDD = 5.0V operation | Resonator connection 33 | 55
fmx = 20 MHz, Normal | Square wave input 3.1 5.3
Vob =3.0V operation | Resonator connection 33 | 55
fmx = 10 MHz, Normal | Square wave input 2.0 3.1
Vop =5.0V operation | Resonator connection 20 | 3.2
fmx =10 MHz, Normal | Square wave input 2.0 3.1
Vob =3.0V operation | Resonator connection 20 | 3.2
LS (low-speed main) | fmx =8 MHz, Normal | Square wave input 1.2 1.9 | mA
mode Notes 2, 4 Vop=3.0V operation | Resonator connection 1.2 2.0
Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vbp or
Vss. The values below the MAX. column include the peripheral operation current. However, not including the current
flowing into the A/D converter, comparator, programmable gain amplifier, watchdog timer, LVD circuit, I/O port, and
on-chip pull-up/pull-down resistors.

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

Note 3. When high-speed system clock is stopped.

Note 4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high speed main) mode: Vbp = 2.7 V to 5.5 V@1 MHz to 24 MHz
LS (low speed main) mode: Vbp = 2.7 V10 5.5 V@1 MHz to 8 MHz

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)
Remark 2. froco: High-speed on-chip oscillator clock frequency (48 MHz max.)

Remark 3. fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)

Remark 4. Temperature condition of the TYP. value is Ta = 25°C
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(1) Flash ROM: 16 KB of 30-pin to 44-pin products

(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V) (212)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IDD2 HALT mode | HS (high-speed fHoco = 48 MHz, Vob=5.0V 0.60 | 2.40 | mA
current Note 2 main) mode Notes 4,6 | fih = 24 MHz VoD = 3.0V 0.60 | 2.40
Nowe 1 fioco= 24 MHz, |VbD=5.0V 0.40 | 1.83
fiH = 24 MHz Vop =3.0V 0.40 | 1.83
fHoco = 16 MHz, Vob=5.0V 0.38 | 1.38
fi = 16 MHz Vop =3.0 V 0.38 | 1.38
LS (low-speed main) | fiH=8 MHz Vop=3.0V 260 710 pA
mode Notes 4, 6
HS (high-speed fmMx = 20 MHz, Square wave input 0.28 | 1.55 | mA
main) mode Notes 3,6 Vbp=5.0V Resonator connection 0.42 | 1.74
fmx = 20 MHz, Square wave input 0.28 | 1.55
Vbp =3.0V Resonator connection 0.42 | 1.74
fmx = 10 MHz, Square wave input 0.19 | 0.86
Vbp =5.0V Resonator connection 0.27 | 0.93
fmx = 10 MHz, Square wave input 0.19 | 0.86
Vbp =3.0V Resonator connection 0.27 | 0.93
LS (low-speed main) | fmx = 8 MHz, Square wave input 95 550 A
mode Notes 3, 6 Vbp =3.0V Resonator connection 145 | 590
IbD3 STOP Ta =-40°C 0.18 | 0.51 | pA
mode Note 5 | TA = +25°C 0.24 | 051
TA = +50°C 0.29 | 1.10
Ta=+70°C 0.41 | 1.90
Ta = +85°C 0.90 | 3.30

Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vo or
Vss. The values below the MAX. column include the peripheral operation current. However, not including the current
flowing into the A/D converter, comparator, programmable gain amplifier, watchdog timer, LVD circuit, I/O port, and
on-chip pull-up/pull-down resistors.

Note 2. During HALT instruction execution by flash memory.

Note 3. When high-speed on-chip oscillator is stopped.

Note 4. When high-speed system clock is stopped.

Note 5. When high-speed on-chip oscillator and high-speed system clock are stopped. When watchdog timer is stopped. The
values below the MAX. column include the leakage current.

Note 6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high speed main) mode: Vbp = 2.7 V to 5.5 V@1 MHz to 24 MHz
LS (low speed main) mode: Vbp = 2.7 V10 5.5 V@1 MHz to 8 MHz

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)
Remark 2. fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)

Remark 3. fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)

Remark 4. Temperature condition of the TYP. value is TA = 25°C
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(2) Peripheral Functions (Common to all products)
(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
12-bit interval timer |iT Notes 1, 8 0.02 pA
operating current
Watchdog timer IwDT fiL =15 kHz 0.22 A
operating current Notes 1, 2
A/D converter lapc Note 3 [ When conversion | Normal mode, AVRerp = Vbbb = 5.0 V 1.3 1.7 mA
operating current at maximum Low voltage mode, AVREFP = VDD = 3.0 V 05 | 0.7 | mA

speed
A/D converter |ADREF 75 HA
reference voltage
current
Temperature sensor IT™MPS 75 HA
operating current
Comparator operating | Icmp Note 4 | Per channel of When the comparator is operating 45.0 | 65.0 | pA
current comparator 1 When the comparator is stopped 0.0 0.1
Programmable gain Ipca Note 5 [ When the programmable gain amplifier is operating 240.0 | 340.0 | pA
amplifier operating When the programmable gain amplifier is stopped 0.0 0.1
current
LVD operating current | |y Note 6 0.08 HA
SNOOZE operating IsNoz ADC operation The mode is performed Note 7 0.50 | 0.60 | mA
current The A/D conversion | Low voltage mode 1.20 | 1.44 | mA
operations are AVREFP = VDD = 3.0 V
performed
CSI/UART operation 0.70 | 0.84 | mA
Note 1. When high speed on-chip oscillator and high-speed system clock are stopped.
Note 2. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontroller is the sum of Ibp1, Ibp2 or Ibb3 and IwbT when the watchdog timer operates
in STOP mode.
Note 3. Current flowing only to the A/D converter. The current value of the RL78 microcontroller is the sum of Ibp1 or Ipp2 and
Iabc when the A/D converter operates in an operation mode or the HALT mode.
Note 4. Current flowing only to the comparator. The current value of the RL78 microcontroller is the sum of Ibp1 or Ibp2 and Icmp
when the comparator operates in operating mode or HALT mode.
Note 5. Current flowing only to the programmable gain amplifier. The current value of the RL78 microcontroller is the sum of Ibb1
or Ipp2 and Irca when the programmable gain amplifier operates in operating mode or HALT mode.
Note 6. Current flowing only to the LVD circuit. The current value of the RL78 microcontroller is the sum of Ipb1, Ipp2 or Ibb3 and

ILvi when the LVD circuit operates in the Operating, HALT or STOP mode.
Note 7. For details on the transition time to SNOOZE mode, refer to 18.3.3 SNOOZE mode in the RL78/G1G User’s Manual.
Note 8. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip oscillator). The
supply current of the RL78 microcontroller is the sum of the values of either Ipp1 or Ibp2, and IiT, 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.

Remark 1. fiL: Low-speed on-chip oscillator clock frequency
Remark 2. fcik: CPU/peripheral hardware clock frequency
Remark 3. Temperature condition of the TYP. value is TA = 25°C
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

25 AC Characteristics

2.5.1 Basic operation

(TA=-40t0 +85°C, 2.7V <VDD <55V, Vss=0V)

Iltems Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum | Tcy Main system | HS (high-speed | 2.7 V<Vbb<5.5V 0.04167 1 us
instruction execution time) clock (fmaiN) | main) mode
operation LS (low-speed |2.7V <Vop <55V 0.125 1 us
main) mode
In the self HS (high-speed | 2.7V <Vbb<5.5V 0.04167 1 us
programming | main) mode
mode LS (low-speed | 2.7V <Vpp<55V 0.125 1| ps
main) mode
External main system clock | fex 27V<Vbb<55V 1.0 20.0 | MHz
frequency
External main system clock | texH, 27V<Vbpb<55V 24 ns
input high-level width, tEXL
low-level width
TIOO to TI03 input high-level | tTiH, tTiL 1/fmek + ns
width, low-level width 10
Timer RJ input cycle fc TRJIO 27V<Vbp<55V 100 ns
Timer RJ input high-level fwH, fwL | TRJIO 27V<Vbb<55V 40 ns
width, low-level width
TOOO0 to TOO3, fro HS (high-speed main) mode 40V <VbD<55V 12 MHz
TRJIOO0,TRJO, TRDIOAO0/1, 27V <Vbb<4.0V ) MHz
TRDIOBO0/1, -
LS (low-speed main) mode 27V<Vpp<55V 4 MHz
TRDIOCO0/1,TRDIODO/1
output frequency
PCLBUZ0, PCLBUZ1 frcL HS (high-speed main) mode 40V <Vbb<55V 16 MHz
output frequency 27V <VoD<4.0V 8 | MHz
LS (low-speed main) mode 27V<Vbb<55V 4 MHz
Interrupt input high-level tINTH, INTPO to INTP5 27V<Vpp<55V 1 us
width, low-level width tINTL
Key interrupt input tkR KRO-KR3 27V<Vbb<55V 250 ns
low-level width
RESET low-level width TRSL 10 us

Remark  fmck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0), n: Channel
number (n = 0 to 3))
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2. ELECTRICAL SPECIFICATIONS

Minimum Instruction Execution Time during Main System Clock Operation

TCY vs VbD (HS (high-speed main) mode)
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Supply voltage Vop [V]
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TCY vs VDD (LS (low-speed main) mode)

Cycle time Tcy [us]
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AC Timing Test Points

VIH/VoH . VIH/VoH
Test points
><VIL/VOL > <

Vi/VoL

External System Clock Timing

1/fEx

tEXL || tEXH

EXCLK \

TI/TO Timing

tTiL | tTIH

TIOO to TIO3

- 1/fro -

TOO0O to TOO3 /

TRJIOO, TRJOO,

TRDIOAO, TRDIOAL,
TRDIOBO, TRDIOBL1,
TRDIOCO, TRDIOCL1,
TRDIODO, TRDIOD1
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f———tTIL——|  |«——1TJH

TRJIO

tToIL || {TDIH
TRDIOAO, TRDIOA1, TRDIOBO, TRDIOB1,
TRDIOCO, TRDIOC1, TRDIODO, TRDIOD1
tTDSIL
INTPO
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Interrupt Request Input Timing

tINTL | tINTH
INTPO to INTP5
Key Interrupt Input Timing
KR
KRO to KR3
RESET Input Timing
tRSL
RESET
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2.6 Peripheral Functions Characteristics
AC Timing Test Points

VIH/VoH > Test points < VIH/VoH
Viu/VoL Viu/VoL

2.6.1  Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40t0 +85°C, 2.7V <5.5V,Vss=0V)

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

Transfer rate Note 1 27V<Vpb<55V fMck/6 fmMck/6 bps
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fmek = fcLk Note 2

UART mode connection diagram (during communication at same potential)

TxDq RX

RL78 _
microcontroller User’s device

RxDq Tx

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

1/Transfer rate
High-/Low-bit width

Baud rate error tolerance
hd

TXDq N
RxDq

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
However, the SNOOZE mode cannot be used when FRQSEL4 = 1.

Note 2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V<Vbp <5.5V)
LS (low-speed main) mode: 8 MHz (2.7V <VDD <5.5V)

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

Remark 1. g: UART number (q =0, 1), g: PIM and POM number (g =0, 5)

Remark 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))
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(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSIO0 only)
(TA =-40to +85°C, 2.7V <VpD <55V, Vss=0V)

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

SCKp cycle time tkevl tkeva > 2/fck ‘ 27V<Vop <55V 83.3 250 ns

SCKp high-/low-level width tkH1, tkir |40V <Vpp <55V tkey1/2 - 7 tkey1/2 - 50 ns

27V<Vop <55V tkey1/2 - 10 tkcy1/2 - 50 ns

Slp setup time (to SCKpt) Note 1 tsik1 40V <Vop<55V 23 110 ns

27V<Vop<55V 33 110 ns

Slp hold time (from SCKpt) Note 2 tksi1 27V<Vpp <55V 10 10 ns

Delay time from SCKp| to SOp output | tkso1 C =20 pF Note 4 10 10 ns
Note 3

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

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp?1” when DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.

Note 4. C is 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 1. This value is valid only when CSI00’s peripheral I/O redirect function is not used.

Remark 2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM numbers (g = 1)

Remark 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))
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(3) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(Ta =-40to +85°C, 2.7V <VDD<55V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
mode mode
MIN. MAX. MIN. MAX.
SCKp cycle time tkey tkey1 > 4/ffck | 2.7V <Vop <55V 167 500 ns
SCKp high-/low-level width tkH1, tkir | 4.0V <Vop <55V tkey1/2 - 12 tkey1/2 - 50 ns
27V<Vob <55V tkey1/2 - 18 tkcy1/2 - 50 ns
Slp setup time (to SCKp?) Note 1 tsik1 40V<Vop<55V 44 110 ns
27V<Vob<55V 44 110 ns
Slp hold time (from SCKpt) Note 2 tKsi1 27V<Vop<55V 19 19 ns
Delay time from SCKp| to SOp output tkso1 27V<Vop<55V 25 25 ns
Note 3 C=30pF Note 4

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

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 4. C is 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 1. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM number (g = 3, 5)
Remark 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))
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(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(Ta =-40to +85°C, 2.7V <VDD<55V,Vss=0V)

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

MIN. MAX. MIN. MAX.
SCKp cycle time Note 5 tkev2 4.0V < Vop <5.5V |20 MHz < fmck 8/fmck — ns
fuck < 20 MHz 6/fmck 6/fmck ns
2.7V <Vop <55V |16 MHz < fuck 8/fmck — ns
fvck < 16 MHz 6/fmck 6/fmck ns
SCKp high-/low-level width tkH2, 40V<Vpp<55V tkey2/2 - 7 tkey2/2 - 7 ns
2 27V<Vob<55V tkey2/2 - 8 tkey2/2 - 8 ns
Slp setup time (to SCKpt) Note 1 tsik2 27V<Vopb<55V 1/fmck + 20 1/fmck + 30 ns
Slp hold time (from SCKpt) Note 2 | tksi2 27V<Vopb <55V 1/fmek + 31 1/fmck + 31 ns
Delay time from SCKp| to SOp tkso2 C =30 pF Note 4 27V<Vbp<55V 2/fmek + 2/fmck + | ns

output Note 3 44 110
SSI00 setup time tssik DAPmN = 0 27V<Vop<55V 120 120 ns
DAPmn =1 2.7V <Vpop <55V | l/fvck + 120 1/fmck + 120 ns
SS100 hold time tkssl DAPmMn =0 2.7V <Vop £5.5V | Ufmck + 120 1/fmeck + 120 ns
DAPmn =1 27V<Vop<55V 120 120 ns

Note 1.

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

Note 2.

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

Note 3.

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

Note 4.
Note 5.

Caution

C is the load capacitance of the SOp output lines.
The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

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

Remark 1.
Remark 2.

p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM number (g = 3, 5)
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))

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

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

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

Select the normal input buffer for the Slp pin and SCKp pin and the normal output mode for the SOp pin by using
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SCKp

RL78
microcontroller ~ Slp

SOp

CSI mode connection diagram (during communication at same potential)

(Slave Transmission of slave select input function (CSI00))

SCK

SO

Sl

User's device

CSI mode connection diagram (during communication at same potential)

SCKO00 SCK
SI00 SO
RL78 , .
microcontroller User's device
Sl
SSI00 SS0
Remark 1. p: CSI number (p = 00)
Remark 2. m: Unit number, n: Channel number (mn = 00)
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CSI mode serial transfer timing (during communication at same potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.)

tKevl, 2

tKLL, 2 | tKH1, 2 |

SCKp \

Sip

. IsKK1, 2 tKslL, 2

b))

—

Input data

tkso1, 2

19

J)

SOp

Output data

1§

b))

X

tssik_|

SSI00

(CSI00 only)

1S

b))

tKssI

1S

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

tkCyy, 2

tkH1, 2 tKL1, 2

SCKp /

/ \

X 7

o tsiki, 2 | tkslL, 2,

VN

N

tkso1, 2
R
SOp Output data ><:
R
tssik_| tkssi
SSI00
(CSI00 only) .
«
Remark 1. p: CSI number (p = 00)
Remark 2. m: Unit number, n: Channel number (mn = 00)
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(5) During communication at same potential (simplified I12C mode)
(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) mode LS (low-speed main) mode Unit
MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 27V<Vopb<55YV, 1000 Note 1 400 Note 1 kHz
Cb =50 pF, Rb = 2.7 kQ
27V<Vob<55YV, 400 Note 1 400 Note 1 kHz
Cb = 100 pF, Rb = 3 kQ
Hold time when SCLr = “L” tLow 27V<Vbp<55YV, 475 1150 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vob<55YV, 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
Hold time when SCLr = “H" tHIGH 27V<Vop<55YV, 475 1150 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vob<55YV, 1150 1150 ns
Cb = 100 pF, Rb = 3 kQ
Data setup time (reception) tsu:bAT [2.7V<VDD <55V, 1/fmck + 85 1/fmck + 145 ns
Cb =50 pF, Ro = 2.7 kQ Note 2 Note 2
27V<Vbp<55YV, 1/fmck + 145 1/fmck + 145 ns
Cb =100 pF, Ro = 3 kQ Note 2 Note 2
Data hold time (transmission) tHD: DAT [ 2.7V < VDD <55V, 0 305 0 305 ns

Cb =50 pF, Rb = 2.7 kQ

2.7V<Vop <55V, 0 355 0 355 ns
Cb = 100 pF, Rb = 3 kQ

Note 1. The value must also be equal to or less than fmck/4.
Note 2. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".

(Remaks are listed on the next page.)
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Simplified 12C mode connection diagram (during communication at same potential)

RL78
microcontroller

SDAr

VbD

i

SCLr

SDA

SCL

User's device

Simplified I2C mode serial transfer timing (during communication at same potential)

1/fscL

tLow

tHIGH

SCLr \

SDAr /_\

|
tHD: DAT

tSu: DAT

Caution  Select the normal input buffer and the N-ch open drain output (Vpp tolerance) 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

(POM).

Remark 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cbo[F]: Communication line (SDAr, SCLr) load capacitance
Remark 2. r: IIC number (r = 00), g: PIM number (g = 3, 5), h: POM number (h = 3, 5)

Remark 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 (m = 0),

n: Channel number (n = 0), mn = 00)
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(6) Communication at different potential (2.5V, 3 V) (UART mode)

(TA = -40 to +85°C, 2.7V <VbpD < 5.5 V, Vss = 0 V) 112
Parameter Symbol Conditions HS (high-speed main) mode | LS (low-speed main) mode Unit
MIN. MAX. MIN. MAX.
Transfer rate Reception [4.0V <Vbp<5.5YV, fmck/6 Note 1 fwck/e Note 1 | bps

27V<Vb<4.0V

Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fmek = fcik Note 3

N

7V<Vbb<4.0V, fmck/6 Note 1 fuck/6 Note 1 bps
3V<VWh<27V

N

Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fmck = foik Note 3

2.7V<Vbpb<33YV, fmck/6 fmck/6 bps
1.6V<Vb<20V Notes 1, 2 Notes 1, 2
Theoretical value of the maximum 4.0 1.3 Mbps

transfer rate

fmck = foik Note 3

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
However, the SNOOZE mode cannot be used when FRQSEL4 = 1.

Note 2. Use it with VDD > Vb.

Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V<Vbp <5.5V)
LS (low-speed main) mode: 8 MHz (2.7V <VDD <5.5V)

Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and ViL, see the
DC characteristics with TTL input buffer selected.

Remark 1. Vb[V]: Communication line voltage

Remark 2. g: UART number (q =0, 1), g: PIM and POM number (g =0, 5)

Remark 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)

Remark 4. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in UART mode.
40V<VbD<55V,27V<Vb<40V:VIH=22V,VIL=0.8V
27V<VDD<4.0V,23V<Vb<27V:VIH=20V,ViL=05V
27V<Vpp<33V,16V<Vb<20V:VIH=150V,ViL=0.32V
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(6) Communication at different potential (2.5V, 3 V) (UART mode)

(TA = -40 to +85°C, 2.7V < VDD < 5.5 V, Vss = 0 V) (212)
Parameter Symbol Conditions HS (high-speed main) mode | LS (low-speed main) mode | Unit
MIN. MAX. MIN. MAX.
Transfer rate transmission [ 4.0V <Vbb <5.5V, Note 1 Note 1 bps

27V<Vb<4.0V

Theoretical value of the maximum 2.8 Note 2 2.8 Note 2 Mbps
transfer rate
Cb =50 pF, Rb = 1.4 kQ,

Vb=27V
27V<Vbob<4.0V, Note 3 Note 3 bps
23V<Ww<27V

Theoretical value of the maximum 1.2 Note 4 1.2 Note 4 Mbps

transfer rate
Cb =50 pF, Rb = 2.7 kQ,
Vb=23V

N

7V<Vopb<3.3YV, Note 5, 6 Note 5, 6 bps
Bb6V<Vh<20V

=

Theoretical value of the maximum 0.43 Note 7 0.43 Note 7 | Mbps
transfer rate

Cb =50 pF, Rb =5.5kQ,
Vb=16V

Note 1. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum transfer
rate.
Expression for calculating the transfer rate when 4.0V <Vbb<55Vand 2.7V <Vb<4.0V
1
Maximum transfer rate = [bps]
{-Cbeben(l-%)}xs

- . {-CbxRbxIn(1l- 2.2 )}
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%)]
1

———— ) x Number of transferred bits
Transfer rate

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

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

Note 3. The smaller maximum transfer rate derived by using fmck/6 or the following expression is the valid maximum transfer
rate.

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

1
Maximum transfer rate = [bps]
{—Cbeben(l—ﬂ)}x3
Vb

1

Transfer rate x 2
Baud rate error (theoretical value) = x 100 [%]

- {—Cbeben(l—ﬂ)}
Vb

1

———— ) x Number of transferred bits
Transfer rate

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

Note 4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.
Note 5. Use it with VDD > Vb.
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Note 6. The smaller maximum transfer rate derived by using fmck/6 or the following expression is the valid maximum transfer
rate.
Expression for calculating the transfer rate when 2.7V <Vpp<3.3Vand 1.6 V<Vb<2.0V
1
Maximum transfer rate = [bps]
{—Cbeben(l—i)}XS
Vb
— 1 {CoxRexh(l-—2
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
-t ) x Number of transferred bits
Transfer rate
* This value is the theoretical value of the relative difference between the transmission and reception sides
Note 7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.
Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vpp tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi, see the
DC characteristics with TTL input buffer selected.
Remark 1. Rb[Q]: Communication line (TxDq) pull-up resistance,
Cb[F]: Communication line (TxDq) load capacitance, Vb[V]: Communication line voltage
Remark 2. g: UART number (g =0, 1), g: PIM and POM number (g = 0, 5)
Remark 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))
Remark 4. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in UART mode.
40V<VboD<55V,27V<Vb<40V:VIH=22V,ViL=08V
27V<VpD<4.0V,23V<Vb<27V:VH=20V,ViL=05V
27V<Vpp<33V,16V<Vb<20V:VH=150V,ViL=0.32V
UART mode connection diagram (during communication at different potential)
Vb
% Rb
TxDq RXx
RL78
microcontroller User's device
RxDq Tx
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UART mode bit width (during communication at different potential) (reference)

1/Transfer rate
Low-bit width

High-bit width
‘ Baud rate error tolerance

/ | )

1/Transfer rate
High-/Low-bit width
Baud rate ergor tolerance
hi

RxDq >

Remark 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Vb[V]: Communication line voltage
Remark 2. g: UART number (g =0, 1), g: PIM and POM number (g = 0, 5)
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(7) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSIO0 only)

(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed
main) mode

LS (low-speed main)

mode

MIN.

MAX.

MIN.

MAX.

Unit

SCKp cycle time

tkeyl

tkeve > 2/feLk 40V <Vbop<55YV,
27V<Vb<4.0V,

Cb =20 pF, Rb = 1.4 kQ

200

1150

ns

27V<Vppb<4.0V,
23V<Vb<27V,
Cb =20 pF, Rb = 2.7 kQ

300

1150

ns

SCKp high-level width

tkHL

40V<Vop<55V,27V<Vb<40V,
Cb =20 pF, Ro=1.4kQ

tkey1/2 - 50

tkey1/2 - 50

ns

27V<Vop<4.0V,23V<Vb<27YV,
Cb =20 pF, Rb = 2.7 kQ

tkey1/2 - 120

tkey1/2 - 120

ns

SCKp low-level width

kL

40V<Vop<55V,27V<Vb<40V,
Cb =20 pF, Ro=1.4kQ

tkey/2 - 7

tkey1/2 - 50

ns

27V<Vop<4.0V,23V<Vb<27YV,
Cb =20 pF, Rb = 2.7 kQ

tkey1/2 - 10

tkey1/2 - 50

ns

Slp setup time
(to SCKp1) Note 1

tsika

40V<Vop<55V,27V<Vb<40V,
Cb =20 pF, Ro=1.4kQ

58

479

ns

27V<Vop<4.0V,23V<Vb<27YV,
Cb =20 pF, Rb = 2.7 kQ

121

479

ns

Slp hold time
(from SCKpt) Note 1

tksiz

40V<Vop<55V,27V<Vb<4.0V,
Cb =20 pF, Ro =1.4 kQ

10

10

ns

27V<Vop<4.0V,23V<Vp<27YV,
Cb =20 pF, Ro = 2.7 kQ

10

10

ns

Delay time from SCKp| to SOp
output Note 1

tkso1

40V<Vop<55V,27V<Vb<4.0V,
Cb =20 pF, Ro =1.4 kQ

60

60

ns

27V<Vop<4.0V,23V<Vp<27YV,
Cb =20 pF, Rb = 2.7 kQ

130

130

ns

Slp setup time
(to SCKpl) Note 2

tsika

40V<Vop<55V,27V<Vb<4.0V,
Cb =20 pF, Ro =1.4 kQ

23

110

ns

27V<Vop<4.0V,23V<Vp<27YV,
Cb =20 pF, Rb = 2.7 kQ

33

110

ns

Slp hold time
(from SCKp|) Note 2

tksiz

40V<Vop<55V,27V<Vb<4.0V,
Cb =20 pF, Ro =1.4 kQ

10

10

ns

27V<Vop<4.0V,23V<Vp<27YV,
Cb =20 pF, Rb = 2.7 kQ

10

10

ns

Delay time from SCKp1 to SOp
output Note 2

tkso1

40V<Vop<55V,27V<Vb<4.0V,
Cb =20 pF, Ro =1.4 kQ

10

10

ns

27V<Vop<4.0V,23V<Vp<27YV,
Cb =20 pF, Rb = 2.7 kQ

10

10

ns

(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1G

2. ELECTRICAL SPECIFICATIONS

CSI mode connection diagram (during communication at different potential)

<Master> Vb Vb
é Rb % Rb
SCKp SCK
RL78 Y .
microcontroller ~ SIP SO User's device
SOp Sl

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

Note 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 (Vop tolerance) mode for the SOp pin
and SCKp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and
ViL, see the DC characteristics with TTL input buffer selected.

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

Remark 2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)

Remark 3. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in CSI mode.
40V<VboD<55V,27V<Vb<40V:VIH=22V,ViL=08V
27V<VpD<4.0V,23V<Vb<27V:VH=20V,ViL=05V

Remark 4. This value is valid only when CSI00’s peripheral I/O redirect function is not used.
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(8) Communication at different potential (2.5 V, 3 V) (fmck/4) (CSI mode) (master mode, SCKp... internal clock output)
(Ta = -40 to +85°C, 2.7 V < VDD < 5.5 V, Vss = 0 V)(1/2)

Parameter Symbol Conditions HS (high-speed main) LS (low-speed main) Unit
mode mode
MIN. MAX. MIN. MAX.
SCKp cycle time tkeyl | tkevi > 4/fcik 40V<Vbopb<55YV, 300 1150 ns

27V<Vb<4.0V,
Cb =30 pF, Rb = 1.4 kQ

2.7V <Vbp<4.0V, 500 1150 ns
23V<Vb<27V,
Cb =30 pF, Rb = 2.7 kQ

27V<Vbp<33V, 1150 1150 ns
16V<Vb<20V,
Cb =30 pF, Rb = 5.5 kQ

SCKp high-level width tkH1 40V<Vopb<55V,27V<Vb<40V, tkev/2 - 75 tkev1/2 - 75 ns
Cb =30 pF, Rb = 1.4 kQ

27V<Vop<4.0V,23V<Vb<27V, tkcy1/2 - 170 tkcy1/2 - 170 ns
Cb =30 pF, Rb = 2.7 kQ

27V<Vop<33V,16V<Vb<20V, tkey1/2 - 458 tkcy1/2 - 458 ns
Cb =30 pF, Ro = 5.5 kQ

SCKp low-level width kL1 40V<Vopb<55V,27V<Vb<4.0V, tkev/2 - 12 tkcy1/2 - 50 ns
Cb =30 pF, Rb = 1.4 kQ

27V<Vop<4.0V,23V<W<27YV, tkcy1/2 - 18 tkcy1/2 - 50 ns
Cb =30 pF, Rb = 2.7 kQ

27V<Vop<33V,16V<Vb<20V, tkey1/2 - 50 tkey1/2 - 50 ns
Cb =30 pF, Ro = 5.5 kQ

Caution 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (VbD tolerance) mode for the SOp pin
and SCKp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and
ViL, see the DC characteristics with TTL input buffer selected.

Caution 2. Use it with VbD > Vb.

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

Remark 2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)

Remark 3. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in CSI mode.
40V<VpD<55V,27V<Vb<40V:VIH=22V,ViL=08V
27V<Vop<40V,23V<Vb<27V:VIH=20V,ViL=05V
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(8) Communication at different potential (2.5 V, 3 V) (fuck/4) (CSI mode) (master mode, SCKp... internal clock

output)
(TA=-40t0 +85°C, 2.7V <VDD<55V,Vss=0V) (2/2)
Parameter Symbol Conditions HS (high-speed main) LS (low-speed main) Unit
mode mode
MIN. MAX. MIN. MAX.
Slp setup time (to SCKp1) Note 1 tsik1 40V<Vbop<55V,27V<Vb<4.0V, 81 479 ns
Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 177 479 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 479 479 ns
Cb =30 pF, Rb =5.5 kQ
Slp hold time (from SCKpt) Note 1| tksi1 40V<VpD<55V,27V<Vb<4.0V, 19 19 ns
Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Vb<27YV, 19 19 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 19 19 ns
Cb =30 pF, Rb=5.5 kQ
Delay time from SCKp| to SOp tkso1 40V<Vob<55V,27V<Vb<4.0V, 100 100 ns
output Note 1 Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 195 195 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 483 483 ns
Cb =30 pF, Rb =5.5 kQ
Slp setup time (to SCKp|) Note 2 tsik1 40V<VpD<55V,27V<Vb<4.0V, 44 110 ns
Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Vb<27YV, 44 110 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 110 110 ns
Cb =30 pF, Rb=5.5 kQ
Slp hold time (from SCKp|) Note 2 | tksi1 40V<Vop<55V,27V<Vb<4.0V, 19 19 ns
Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 19 19 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 19 19 ns
Cb =30 pF, Rb =5.5 kQ
Delay time from SCKpt to SOp tkso1 40V<Vop<55V,27V<Vb<4.0V, 25 25 ns
output Note 2 Cb =30 pF, Ro=1.4kQ
27V<Vop<40V,23V<Vb<27YV, 25 25 ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,1.6V<Vb<20V, 25 25 ns
Cb =30 pF, Rb=5.5 kQ
(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1G

2. ELECTRICAL SPECIFICATIONS

CSI mode connection diagram (during communication at different potential

<Master> Vb Vb
é Rb % Rb
SCKp SCK
RL78 Y .
microcontroller ~ S'P SO User's device
SOp Sl

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

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

Caution 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for the SOp pin
and SCKp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and
ViL, see the DC characteristics with TTL input buffer selected.

Caution 2. Use it with Vbbp > Vb.

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

Remark 2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)

Remark 3. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in CSI mode.
40V<VboD<55V,27V<Vb<40V:VH=22V,VIL=08V
27V<VoDb<4.0V,23V<Vb<27V:VH=20V,ViL=05V
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

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

tkeyl
tKL1 tKH1
SCKp
XR N
tsik1 tksI1
Slp Input data

tkso1

SOp Output data

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

tkCcy1
tKH1 tkLL
"
SCKp / /
\
tsIk1 tKsi1
Slp Input data
tkso1
1
SOp Output data

Remark  p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

(9) Communication at different potential (2.5V, 3 V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Parameter Sym Conditions HS (high-speed main) LS (low-speed main) Unit
bol mode mode
MIN. MAX. MIN. MAX.
SCKp cycle time Note 1 tkeyz 4.0V <VDD<55YV, 20 MHz < fmck < 24 MHz 12/fmek — ns
27V=Vo<40V Tz <fuck <20 MHz | 10ffwck — ns
4 MHz < fmck < 8 MHz 8/fmck 16/fmck ns
fmck < 4 MHz 6/fmck 10/fmck ns
27V <Vbpb<4.0V, 20 MHz < fmck < 24 MHz 16/fmeck — ns
23VsWbs27V 16 MHz < fuck < 20 MHz | 14/fuck — ns
8 MHz < fmck < 16 MHz 12/fmck — ns
4 MHz < fuck < 8 MHz 8/fmck 16/fmck ns
fmek < 4 MHz 6/fmck 10/fmck ns
27V<Vop<33YV, 20 MHz < fmck < 24 MHz 36/fmck — ns
1L6V<Wo<20V 16 MHz <fuck <20 MHz | 32/fuck — ns
8 MHz < fmck < 16 MHz 26/fmek — ns
4 MHz < fmck < 8 MHz 16/fmck 16/fmck ns
fvck < 4 MHz 10/fmek 10/fmek ns
SCKp high-/low-level tkH2, [4.0V<VDD<55V,27V<Vb<4.0V tkey2/2 - 12 tkey2/2 - 50 ns
width W2 o 7V<Von<40V,23V<Vb<27V tkeva/2 - 18 tkeva/2 - 50 ns
27V<Vop<33V,16V<Vb<20V tkey2/2 - 50 tkey2/2 - 50 ns
Slp setup time tsikz [2.7V<Vbop<55V 1/fmek + 20 1/fmck + 30 ns
(to SCKp1) Note 2
Slp hold time tksi2 1/fmck + 31 1/fmck + 31 ns
(from SCKpt) Note 3
Delay time from SCKp| |tkso2 |40V <Vbp<55V,2.7V<Vb<4.0V, 2/fmck + 120 2/fmck + 573 | ns
to SOp output Note 4 Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27YV, 2/fmck + 214 2/fmck + 573 | ns
Cb =30 pF, Rb = 2.7 kQ
27V<Vop<33V,16V<Vb<20V, 2/fmck + 573 2/fmck + 573 | ns
Cb =30 pF, Rv = 5.5 kQ

(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1G

2. ELECTRICAL SPECIFICATIONS

CSI mode connection diagram (during communication at different potential)

<Slave> Vb
§Rb
SCKp SCK
RL78
microcontroller  Sip SO User’s device
SOp Sl

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

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmMn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp1” when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

Caution  Select the TTL input buffer for the Slp pin and SCKp pin, and the N-ch open drain output (Vbp tolerance) mode
for the SOp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and
ViL, see the DC characteristics with TTL input buffer selected.

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

Remark 2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)

Remark 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))

Remark 4. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at
different potentials in CSI mode.
40V<VpD<55V,27V<Vb<40V:VIH=22V,ViL=08V
27V<Vop<40V,23V<Vb<27V:VIH=20V,ViL=05V

Remark 5. Communication at different potential cannot be performed during clock synchronous serial communication with the slave
select function.
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RL78/G1G 2. ELECTRICAL SPECIFICATIONS

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

tkcy2
tkL2 tkH2
/
SCKp
\ N
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

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

tkey2
tkH2 tkL2
/ /
SCKp /
N\
tsik2 tksI2
Sip Input data
tkso2
SOp Output data

Remark 1. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 5)
Remark 2. Communication at different potential cannot be performed during clock synchronous serial communication with the slave
select function.
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2. ELECTRICAL SPECIFICATIONS

(10) Communication at different potential (2.5 V, 3 V) (simplified I2C mode)
(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V)

(1/2)

Parameter

Symbol

Conditions

HS (high-speed main)

LS (low-speed main)

mode mode

Unit

MIN.

MAX. MIN. MAX.

SCLr clock
frequency

fscL

40V<VbD<55V,27V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

1000 Note 1 300 Note 1 | kHz

27V<Vpp<4.0V,23V<Vb<27V,
Cb =50 pF, Rb = 2.7 kQ

1000 Note 1 300 Note 1 | kHz

40V<VbD<55V,27V<Vb<4.0V,
Cb =100 pF, Rb = 2.8 kQ

400 Note 1 300 Note 1 | kHz

27V<Vop<4.0V,23V<Vb<27V,
Cb =100 pF, Rb = 2.7 kQQ

400 Note 1 300 Note 1 | kHz

27V<Vbp<33V,16V<Vph<2.0VNote2
Cb =100 pF, Rb = 5.5 kQ

300 Note 1 300 Note 1 | kHz

Hold time when
SCLr="L"

tLow

40V<VboD<55V,2.7V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

475

1550 ns

27V<VDD<4.0V,23V<Vb<27YV,
Cb =50 pF, Rb = 2.7 kQ

475

1550 ns

40V<VboD<55V,2.7V<Vb<4.0V,
Cb =100 pF, Rb = 2.8 kQQ

1150

1550 ns

27V<VDD<4.0V,23V<Vb<27YV,
Cb =100 pF, Rb = 2.7 kQ

1150

1550 ns

2.7V<VboD<3.3V,1.6V<Vh<2.0VNote2
Cb =100 pF, Rb = 5.5 kQ

1550

1550 ns

Hold time when
SCLr ="“H"

tHIGH

40V<VbD<55V,27V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

245

610 ns

27V<Vpp<4.0V,23V<Vb<27V,
Cb =50 pF, Rb = 2.7 kQ

200

610 ns

40V<VbD<55V,27V<Vb<4.0V,
Cb =100 pF, Rb = 2.8 kQ

675

610 ns

27V<Vpp<4.0V,23V<Vb<27V,
Cb =100 pF, Rb = 2.7 kQQ

600

610 ns

27V<Vpp<33V,16V<Vbh<2.0VNote2
Cb =100 pF, Rb = 5.5 kQ

610

610 ns

(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1G

2. ELECTRICAL SPECIFICATIONS

(10) Communication at different potential (2.5 V, 3 V) (simplified I2C mode)
(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V)

(2/2)

Parameter

Symbol

Conditions

HS (high-speed main)
mode

LS (low-speed main) Unit

mode

MIN. MAX.

MIN.

MAX.

Data setup time
(reception)

tSU:DAT

40V<VDD<55YV,
27V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

1/fmck + 135 Note 3

1/fmek + 190 Note 3

ns

27V<Vbop<4.0V,
23V<Vbh<27V,
Cb =50 pF, Rb = 2.7 kQ

1/fmck + 135 Note 3

1/fmck + 190 Note 3

ns

40V<VDD<55YV,
27V<Vb<4.0V,
Cb = 100 pF, Rb = 2.8 kQ

1/fmck + 190 Note 3

1/fmek + 190 Note 3

ns

27V<Vbop<4.0V,
23V<Vbh<27V,
Cb =100 pF, Rb = 2.7 kQ

1/fmck + 190 Note 3

1/fmck + 190 Note 3

ns

27V<Vbp<33YV,
1.6 V<Vb<2.0VNote2,
Cb = 100 pF, Rb = 5.5 kQ

1/fmck + 190 Note 3

1/fmek + 190 Note 3

ns

Data hold time
(transmission)

tHD:DAT

40V<Vbb<55YV,
27V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

0 305

305 ns

27V<VDD<4.0V,
23V<Vph<27YV,
Cb =50 pF, Rb = 2.7 kQ

0 305

305 ns

40V<Vbb<55YV,
27V<Vb<4.0V,
Cb =100 pF, Rb = 2.8 kQ

0 355

355 ns

27V<VDpD<4.0V,
23V<Vph<27YV,
Cb = 100 pF, Rb = 2.7 kQ

0 355

355 ns

27V<VbDb<33YV,
1.6 V<Vb<20VNote2
Cb =100 pF, Rb =5.5 kQ

0 405

405 ns

Note 1.
Note 2.
Note 3.

Caution

The value must also be equal to or less than fmck/4.
Use it with VDD > Vb.
Set the fMck value to keep the hold time of SCLr = “L” and SCLr = “H".

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

open drain output (Vbp tolerance) mode for the SCLr pin by using port input mode register g (PIMg) and port
output mode register g (POMg). For ViH and ViL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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Simplified I12C mode connection diagram (during communication at different potential)

Vb Vb

SDAr

RL78
microcontroller

SCLr

SDA

SCL

User's device

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

1/fscL

tLow

SCLr \

SDAr /_\

tHIGH

[
tHD: DAT

tsu: DAT

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

Vb[V]: Communication line voltage

Remark 2. r: IIC number (r = 00), g: PIM, POM number (g = 3, 5)
Remark 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 (m = 0),

n: Channel number (n = 0), mn = 00)

Remark 4. ViH and ViL below are observation points for the AC characteristics of the serial array unit when communicating at

different potentials in simplified 12C mode.

40V<VboD<55V,27V<Vb<40V:VIH=22V,ViL=0.8V
27V<Vpp<4.0V,23V<Vb<27V:VH=20V,ViL=05V
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2.7 Analog Characteristics

2.7.1 A/D converter characteristics

Classification of A/D converter characteristics

Reference Voltage | Reference voltage (+) = AVRerP Reference voltage (+) = Vbp Reference voltage (+) = VBGR
Input channel Reference voltage (-) = AVREFM Reference voltage (-) = Vss Reference voltage (-) = AVREFM
ANIO to ANI7 Refer to 2.7.1 (1). Refer to 2.7.1 (3). Refer to 2.7.1 (4).
ANI16 to ANI19 Refer to 2.7.1 (2).
Internal reference voltage Refer to 2.7.1 (1). —
Temperature sensor output voltage

(1) When AVREF (+) = AVREFP/ANIO (ADREFP1 = 0, ADREFPO = 1), AVREF (-) = AVREFM/ANI1 (ADREFM = 1),
target ANI pin: ANI2 to ANI7

(TA =-40to +85°C, 2.7V <VDD < 5.5V, Vss =0V, Reference voltage (+) = AVREFP,
Reference voltage (-) = AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 8 10 bit
Note 1 AINL 10-bit resolution 27V<Vbb<55V
Overall error 12 135 LSB
AVREFP = VDD
Conversion time tconv 10-bit resolution 36V<VbD<55V 2.125 39 us
AVREFP = VDD 2.7V <VoD<55V 3.1875 39 us
- Notes 1, 2 EZS 10-bit resolution 27V <Vbb<55V
Zero-scale error +0.25 % FSR
AVREFP = VDD
- Notes 1, 2 EFS 10-bit resolution 27V<Vbob<55V
Full-scale error +0.25 % FSR
AVREFP = VDD
i i Note 1 | ILE 10-bit resolution 27V <Vbb<55V
Integral linearity error 125 LSB
AVREFP = VDD
Differential linearity error DLE 10-bit resolution 27V<Vbob<55V
+1.5 LSB
Note 1 AVREFP = VDD
Reference voltage (+) AVREFP 2.7 VbD \%
Analog input voltage VAIN 0 AVREFP \%
VBGR Select internal reference voltage output, 1.38 1.45 1.5 \%
27V<Vbb<55YV,
HS (high-speed main) mode
Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (% FSR) to the full-scale value.
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(2) When AVREF (+) = AVREFP/ANIO (ADREFP1 = 0, ADREFPO = 1), AVREF (-) = AVREFM/ANI1 (ADREFM = 1),
target ANI pin: ANI16 to ANI19

(TA =-40to +85°C, 2.7V <VDpD < 5.5V, Vss =0V, Reference voltage (+) = AVREFP,
Reference voltage (-) = AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 8 10 bit
Overall error Note 1 AINL 10-bit resolution 27V<Vpb<55V 1.2 +5.0 LSB
AVREFP = VDD

Conversion time tconv 10-bit resolution 3.6V<VbD<55V 2.125 39 us
AVREFP = VDD 2.7V<VoD<55V 3.1875 39 us

Zero-scale error Notes 1, 2 EZS 10-bit resolution 27V<Vpb<55V +0.35 % FSR
AVREFP = VDD

Full-scale error Notes 1, 2 EFS 10-bit resolution 2.7V<Vbb<55V +0.35 % FSR
AVREFP = VDD

Integral linearity error Note 1 | [LE 10-bit resolution 27V<VbpD<55V +3.5 LSB
AVREFP = VDD

Differential linearity error DLE 10-bit resolution 27V<Vbb<55V +2.0 LSB

Note 1 AVREFP = VDD

Reference voltage (+) AVREFP 2.7 VbD \%

Analog input voltage VAIN 0 AVREFP \%

VBGR Select internal reference voltage output, 1.38 1.45 15 \%

27V<Vbpb<5h5YV,
HS (high-speed main) mode

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (% FSR) to the full-scale value.
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(3) When AVREF (+) = Vbb (ADREFP1 = 0, ADREFPO = 0), AVREF (-) = Vss (ADREFM = 0),
target ANI pin: ANIO to ANI7, ANI16 to ANI19

(TA=-40to +85°C, 2.7V <VDD < 5.5V, Vss =0V, Reference voltage (+) = VbD, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 8 10 bit
Overall error Note 1 AINL 10-bit resolution 2.7V<Vbb<55V 1.2 +7.0 LSB
Conversion time tconv 10-bit resolution 3.6V<VbD<55V 2.125 39 us

27V<Vbpb<55V 3.1875 39 us
Zero-scale error Notes 1,2 EZS 10-bit resolution 27V<Vbp<55V +0.60 % FSR
Full-scale error Notes 1,2 EFS 10-bit resolution 27V<VbpD<55V +0.60 % FSR
Integral linearity error Note 1 | [LE 10-bit resolution 27V<Vpb<55V +4.0 LSB
Differential linearity error DLE 10-bit resolution 27V<Vbb<55V
+2.0 LSB
Note 1
Analog input voltage VAIN ANIO to ANI7 0 VDD \%
ANI16 to ANI19 0 VbD \Y
VBGR Select internal reference voltage output, 1.38 1.45 15 \%
27V<VbD<55YV,
HS (high-speed main) mode

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (% FSR) to the full-scale value.
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(4) When AVREer (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), AVRer (-) = AVREFM/ANI1
(ADREFM = 1), target ANI pin: ANIO to ANI7, ANI16 to ANI19

(TA=-40to +85°C, 2.7V <VpD< 5.5V, Vss =0V, Reference voltage (+) = VBGR, Reference voltage (-) = AVREFM =
0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 27V<Vbb<55V 17 39 us
Zero-scale error Notes 1,2 EZS 8-bit resolution 27V<Vpp<55V +0.60 % FSR
Integral linearity error Note 1 ILE 8-bit resolution 27V<Vpbb<55V +2.0 LSB
Differential linearity error Note 1 | DLE 8-bit resolution 2.7V<Vbb<55V +1.0 LSB
Reference voltage (+) VBGR 1.38 1.45 15 \%
Analog input voltage VAIN 0 VBGR \%

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (% FSR) to the full-scale value.
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2.7.2  Temperature sensor characteristics

(TA=-40to +85°C, 2.7V <VDD < 5.5V, Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTMps2s | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Reference output voltage VcoNnsT | Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fvtmps | Temperature sensor that depends on the -3.6 mv/°C

temperature
Operation stabilization wait time tamp 5 us

2.7.3  Comparator

(TA=-40t0 +85°C, 2.7V <VDD <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Input offset voltage Viocmp +5 +40 mV
Input voltage range Vicmp 0 VbD \%
Internal reference voltage deviation | AVIREF | CmRVM register value: 7FH to 80H (m =0, 1) +2 LSB
Other than above +1 LSB
Response time tcr, tcF | Input amplitude = £100 mV 70 150 ns
<R> Operation stabilization time Note 1 | tcmp CMPNEN=0—-1 |VbD=3.3t055V 1 us
Vbbb =2.7t03.3V 3
Reference voltage stabilization tvR CVRE: 0—] Note 2 20 us
wait time
Note 1. Time required after the operation enable signal of the comparator has been changed (CMPnEN = 0 — 1) until a state
satisfying the DC and AC characteristics of the comparator is entered.
Note 2. Enable operation of internal reference voltage generation (CVREm bit = 1; m = 0, 1) and wait for the operation

stabilization wait time before enabling the comparator output (CnOE bit=1;n=0, 1).

Output voltage Vo
+100 mV
Input voltage VIN Comparator
reference voltage
-100mV —m8 e -
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2.7.4 Programmable gain amplifier

(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input offset voltage VIOPGA +5 +10 mV
Input voltage range VIPGA 0 0.9 x Vbp/gain \%
Response time VOHPGA 0.9 x VpD \%
VOLPGA 0.1 x VbD
Gain error — 4, 8 times +1 %
16 times +1.5
32 times +2
Slew rate SRRPGA |Rising edge |4.0V<VbDb<55V 1.4 V/us
27V<Vpp<4.0V 0.5
SRFPGA | Falling edge |40V <VDD<55V 1.4
27V<VpDb<4.0V 0.5
Operation stabilization wait time | tPGa 4, 8 times 5 us
Note 16, 32 times 10
Note Time required after the PGA operation has been enabled (PGAEN = 1) until a state satisfying the DC and AC

specifications of the PGA is entered.

2.75 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 1.47 151 1.55 Vv
VPDR Power supply fall time 1.46 1.50 1.54 \%
Minimum pulse width Note tPw 300 us
Note Minimum time required for a POR reset when Vbp exceeds below VpPpR. This is also the minimum time required for a

POR reset from when Vbp exceeds below 0.7 V to when Vbb exceeds VPor while STOP mode is entered or the main
system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register
(CSQ).

TPw

et
|

Supply voltage (Vob) E
]
E VPOR
: _______

VPDR OF 0.7 V=========2=---o--2 ;
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2.7.6 LVD circuit characteristics

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

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Detection Supply VLvDo Power supply rise time 3.98 | 4.06 | 4.14 \%
voltage voltage level Power supply fall time 3.90 | 3.98 | 4.06 \Y

VLvD1 Power supply rise time 3.68 | 3.75 | 3.82 \%

Power supply fall time 3.60 | 3.67 | 3.74 \%

VLvD2 Power supply rise time 3.07 | 3.13 | 3.19 \%

Power supply fall time 3.00 | 3.06 | 3.12 \%

VLvD3 Power supply rise time 2.96 | 3.02 | 3.08 \%

Power supply fall time 290 | 296 | 3.02 \%

VLvD4 Power supply rise time 2.86 | 292 | 297 \%

Power supply fall time 280 | 286 | 291 \%

VLvD5 Power supply rise time 276 | 281 | 2.87 \%

Power supply fall time 270 | 275 | 2.81 \%

Minimum pulse width tLw 300 us
Detection delay time tLo 300 us

Remark  Vivb(n-1)>Vivon:n=1t05
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LVD Detection Voltage of Interrupt & Reset Mode
(TA =-40to +85°C, VPDR < VDD < 5.5V, Vss =0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Interrupt and reset | VLvbs Vpocz, Vpocti, Vroco =0, 1, 1, falling reset voltage: 2.7 V 270 | 275 | 2.81 \%
mode VLvD4 LVIS1, LVISO =1, 0 Rising release reset voltage 2.86 | 2.92 | 2.97 \Y;

(+0.1V) Falling interrupt voltage 280 | 286 | 291 | V
VLvD3 LVIS1, LVIS0=0, 1 Rising release reset voltage 2.96 | 3.02 | 3.08 \%
(+0.2V) Falling interrupt voltage 290 | 296 | 302 | V
VLvDo LVIS1, LVIS0=0,0 Rising release reset voltage 398 | 406 | 4.14 \%
(*+1.2V) Falling interrupt voltage 3.90 | 398 | 406 | V

2.7.7 Power supply voltage rising slope characteristics

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

Power supply voltage rising slope SvbbD 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until Vop reaches the operating
voltage range shown in 2.5 AC Characteristics.
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2.8 RAM Data Retention Characteristics

(TA = -40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage VDDDR 1.46 Note 55 \Y
Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage reaches the

level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

U STOP mode Operation mode

RAM date retention mode —=

VDD
T VDDDR
STOP instruction execution
Standby release signal /
(interrupt request) /
)
2.9 Flash Memory Programming Characteristics
(TA=-40to +85°C, 2.7V <VDD <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. | MAX. | Unit

CPU/peripheral hardware clock frequency | fcLk 27V<Vpb<55V 1 24 MHz
Number of code flash rewrites Notes1,2.3 Cerwr Retained for 20 years | TA = 85°C Note3 1,000 Times

Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite.
The retaining years are until next rewrite after the rewrite.

Note 2. When using flash memory programmer and Renesas Electronics self programming library.

Note 3. These specifications show the characteristics of the flash memory and the results obtained from Renesas Electronics
reliability testing.

Remark  When updating data multiple times, use the flash memory as one for updating data.

2.10 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +85°C, 2.7V <VDD<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115.2 k 1M bps
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2.11 Timing for Switching Flash Memory Programming Modes

(TA=-40to +85°C, 2.7V <VDD<55V,Vss=0V

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
How long from when an external reset ends until the |tsuinm | POR and LVD reset must end 100 ms
initial communication settings are specified before the external reset ends.
How long from when the TOOLO pin is placed at the |tsu POR and LVD reset must end 10 us
low level until an external reset ends before the external reset ends.
How long the TOOLO pin must be kept at the low tHD POR and LVD reset must end 1 ms
level after an external reset ends before the external reset ends.
(excluding the processing time of the firmware to
control the flash memory)

<1l> <2> <3> <4>
RESET
72;5;;;% O0O0H reception
Processing i 6oL rxD, TOOLTXD made)
_ time
TOOLO \ [ ...
tsu tSUINIT .

<1> The low level is input to the TOOLO pin.
<2> The external 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  tsuini. The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from
when the external resets end.
tsu: How long from when the TOOLO pin is placed at the low level until a pin reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external resets end
(the flash firmware processing time is excluded)
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3. PACKAGE DRAWINGS

3.1 30-pin Products
R5F11EA8ASP, R5F11EAAASP

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

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

ERAARARAAARAARA

detail of lead end
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} c ‘ Q‘ N ‘S‘ B ITEM MILLIMETERS
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0.24 507

NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.
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1.2
8.1+0.2
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3.2 32-pin Products
R5F11EB8AFP, R5F11EBAAFP

JEITA Package Code RENESAS Code Previous Code

MASS (TYP) [g]

P-LQFP32-7x7-0.80 PLQP0032GB-A P32GA-80-GBT-1

0.2

HD

HHHHHHHE

723
25 16

1

detail of lead end

_T
I

L

HHHHHHHA

alikilillshsliks

A2~

N

NOTE
1.Dimensions “1” and “%2” do not include mold flash.

2.Dimension “>¢3” does not include trim offset.

0J+l|_

(UNIT:mm)

ITEM DIMENSIONS

7.00+0.10

7.00+0.10

9.00+0.20

9.00+0.20

1.70 MAX.

0.10+0.10

1.40

0.37+£0.05

0.145+0.055

0.50+0.20

0°to 8°

0.80

0.20

D
E
HD
HE
A
A1
A2
b
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L
0
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X
y

0.10
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3.3 44-pin Products
R5F11EF8AFP, R5F11EFAAFP

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP44-10x10-0.80

PLQP0044GC-A

P44GB-80-UES-2

0.36

HD
D .
detail of lead end
33 23
134 22 ] c—
| ] '
|
0 & L
—] ]
— + —3— E HE Lp
| ] =— L1
] ]
] ]
—] O (UNIT:mm)
J a4 12 ] ITEM DIMENSIONS
1 D 10.00+0.20
i U U |_| L U U E  10.000.20
L 7E L HD 12.0040.20
HE 12.00+0.20
- ZD A 1.60 MAX.
A1 0.10+0.05
b . X @ A A2 1.40£0.05
A2 0-25+o 08
b 0371509
b v AL
aunniinninim pu——
\ = Lp 0.60+0.15
L1 1.00£0.20
Yy |S Al1-
=l s ——
[e] 0.80
X 0.20
NOTE y 0.10
Each lead centerline is located within 0.20 mm of ZD 1.00
its true position at maximum material condition. ZE 1.00
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NOTES FOR CMOS DEVICES

(1) 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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that 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 should be grounded. The operator should be grounded using a wrist
strap. Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken
for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. 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. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.
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