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RL78/G12

1. OUTLINE

O ROM, RAM capacities

Code flash Data flash RAM 20 pins 24 pins 30 pins
16 KB 2 KB 2 KB — — R5F102AA
— — — R5F103AA
2 KB 1.5 KB R5F1026A "' R5F1027A""" —
— R5F1036A "' R5F1037A "' —
12 KB 2KB 1 KB R5F10269 "' R5F10279 "' R5F102A9
— R5F10369 "' R5F10379 "' R5F103A9
8 KB 2 KB 768 B R5F10268 "' R5F10278 "' R5F102A8
— R5F10368 "' R5F10378 "' R5F103A8
4 KB 2KB 512 B R5F10267 R5F10277 R5F102A7
— R5F10367 R5F10377 R5F103A7
2 KB 2 KB 256 B R5F10266 "°* — —
— R5F10366""* — _
Notes 1. This is 640 bytes when the self-programming function or data flash function is used. (For details, see

2.

CHAPTER 3 CPU ARCHITECTURE.)
The self-programming function cannot be used for R5F10266 and R5F10366.

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

1. OUTLINE

1.4.2 24-pin products

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

Note Provided only in the R5F102 products.

Remarks 1.

P125/KR1/S101M°",

/RESET O——
Vss O—— o
Voo O——|o»

P137/INTPO O——=™

P122/KR2/X2/EXCLK/(TI02)/(INTP2) O—=fw
P121/KR3/X1/(TI03)/(INTP3) O—=| &

For pin identification, see 1.5 Pin Identification.

P61/KR5/SDAA0/(RxDO)

P60/KR4/SCLAO/(TXDO)

PO3/KR9

P02/KR8/(SCK01)“°*/(SCLO1)"*
PO1/KR7/(SO01)"*/(SDAOT)""

POO/KR6/(SI01)N®

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

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

3. Itis recommended to connect an exposed die pad to Vss.

R01DS0193EJ0210 Rev.2.10
Mar 25, 2016

RENESAS

Page 8 of 106



RL78/G12

1. OUTLINE

1.5 Pin Identification

ANIO to ANI3,
ANI16 to ANI22:
AVREFM:
AVREFP:
EXCLK:

INTPO to INTP5
KRO to KR9:

P00 to P03:

P10 to P17:

P20 to P23:

P30 to P31:

P40 to P42:

P50, P51:

P60, P61:

P120 to P122, P125:
P137:

P147:

PCLBUZ0, PCLBUZ1:

Analog input

Analog Reference Voltage Minus
Analog reference voltage plus
External Clock Input

(Main System Clock)

Interrupt Request From Peripheral
Key Return

Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 12

Port 13

Port 14

Programmable Clock Output/
Buzzer Output

REGC:

RESET:

RxDO0 to RxD2:

SCKO00, SCKO01, SCK11,
SCK20:

SCLO0, SCLO1,

SCL11, SCL20, SCLAO:
SDAOQO, SDA01, SDA11,
SDA20, SDAAO:

Sl00, Sl01, SI11, SI20:
S000, SO01, SO11,
S020:

TIOO to TIO7:

TOO00 to TOO7:

TOOLO:

TOOLRxD, TOOLTxD:

TxDO to TxD2:
VbD:

Vss:

X1, X2:

Regulator Capacitance
Reset

Receive Data

Serial Clock Input/Output

Serial Clock Input/Output

Serial Data Input/Output

Serial Data Input

Serial Data Output

Timer Input

Timer Output

Data Input/Output for Tool

Data Input/Output for External

Device
Transmit Data
Power supply

Ground

Crystal Oscillator (Main System

Clock)

RO1DS0193EJ0210 Rev.2.10
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RL78/G12

1. OUTLINE

1.6 Block Diagram

1.6.1 20-pin products

Code flash: 16 KB
Data flash: 2 KB"*®

!

g

RL78 iE
CPU DMANole
core 2ch

E=

RAM
1.5KB

it 1t

Interrupt control <:>

i

~—RESET
Clock Generator
+ .
Main OSC
Reset Generator 1 to 20 MHz

X1 X2/EXCLK

i i

TAUO (4ch)
wron Ao ]|
SAUO (2ch)
RxDO —
TxDO UARTO
SCKO00
S100 Csloo
$000 /N
SCKo1 N/
Slo1 cslot™e*e
SO01
SCLOO ~—| ot
SDAOO - 11C00
SCLOT - o
SDAOT «—| lico1
TOOLO On-chip debug 0
BCD adjustment K >
Multiplier & divider
multiply-
accumulator <':>
SCLAO
SDAAO licAo K=
Note

Power-on High-Speed
reset/voltage on-chip oscillator
detector 1to 24 MHz
‘ ‘ TOOL TOOL
Voo Vss TxD  BxD

Provided only in the R5F102 products.

-

Interrupt control
4ch

S

-

Window watchdog

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

K 2 JINTPO to INTP3

PCLBUZ0

timer

Low Speed

On-chip

K| 12-bit Intervaltimer |+

oscillator
15 kHz

=

10-bit A/D converter
11ch

<9 JANI2, ANI3, ANI16 to ANI22
ANIO/AVRerp
ANI1/AVRerm

R01DS0193EJ0210 Rev.2.10
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RL78/G12

1. OUTLINE

1.7 Outline of Functions

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

(1/2
ltem 20-pin 24-pin 30-pin
R5F1026x ‘ R5F1036x R5F1027x ‘ R5F1037x R5F102Ax ‘ R5F103Ax
Code flash memory 210 16 KB"*' 410 16 KB
Data flash memory 2KB ‘ - 2 KB ‘ - 2 KB ‘ -
RAM 256 Bto 1.5 KB 512Bto 1.5 KB 512 B to 2KB
Address space 1 MB

Main
system
clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode : 1 to 20 MHz (Voo =2.7t0 5.5 V),

HS (High-speed main) mode : 1 to 16 MHz (Voo =2.4t0 5.5 V),

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

High-speed on-chip
oscillator clock

HS (High-speed main) mode : 1 to 24 MHz (Voo =2.7 t0 5.5 V),
HS (High-speed main) mode : 1 to 16 MHz (Voo =2.4t0 5.5 V),
LS (Low-speed main) mode : 1 to 8 MHz (Vopo = 1.8 10 5.5 V)

Low-speed on-chip oscillator clock

15 kHz (TYP)

General-purpose register

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.04167 us (High-speed on-chip oscillator clock: fi1 = 24 MHz operation)

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

Instruction set

+ Data transfer (8/16 bits)

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

+ Multiplication (8 bits x 8 bi

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

ts)

I/O port | Total 18 22 26
CMOS I/0 12 16 21
(N-ch O.D. I/0 (N-ch O.D. I/O (N-ch O.D. I/0
[Voo withstand voltage]: 4) [Voo withstand voltage]: 5) [Vob withstand voltage]: 9)
CMOS input 4 4 3
N-ch open-drain I/O 2
(6 V tolerance)
Timer 16-bit timer 4 channels 8 channels
Watchdog timer 1 channel
12-bit Interval timer 1 channel
Timer output 4 channels 8 channels
(PWM outputs: 3 ") (PWM outputs: 7 "e®)e?
Notes 1. The self-programming function cannot be used in the R5F10266 and R5F10366.

2. The maximum number of channels when PIORO is set to 1.

3. The number of PWM outputs varies depending on the setting of channels in use (the number of masters and
slaves). (See 6.9.3 Operation as multiple PWM output function.)

Caution When the flash memory is rewritten via a user program, the code flash area and RAM area are used because
each library is used. When using the library, refer to RL78 Family Flash Self Programming Library TypeO1

User's Manual and RL78 Family Data Flash Library Type04 User's Manual.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to +85°C,1.8V<Vpbp<5.5V,Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, high™*" | lons 20-, 24-pin products: -10.0 mA
Per pin for POO to PO3""*, Note2

P10 to P14, P40 to P42

30-pin products:

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

20-, 24-pin products: 40V<Vop<55V -30.0 mA

Total of P40 to P42 27V<Von<4.0V 60 | mA

80-pin products: 18V <Voo <27V 45 | mA

Total of P00, P01, P40, P120

(When duty < 70% "**?)

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

Note 4

Total of POO to PO3™*", P10 to P14 27V <\Voo<4.0V _18.0 mA

80-pin products: 18V <Voo <27V ~100 | mA

Total of P10 to P17, P30, P31,

P50, P51, P147

(When duty < 70% "*°)

Total of all pins (When duty < 70%"°*) -100 mA
lonz Per pin for P20 to P23 -0.1 mA

Total of all pins -0.4 mA

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

output pin.

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

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
o Total output current of pins = (lon x 0.7)/(n x 0.01)

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

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

4. 24-pin products only.

Caution P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41 for 24-pin products, and P00, P10 to P15,
P17, and P50 for 30-pin products do not output high level in N-ch open-drain mode.

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

RO1DS0193EJ0210 Rev.2.10 Page 19 of 106
Mar 25, 201
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RL78/G12

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

(1) 20-, 24-pin products

Ta =—-40 to +85°C, 1.8V <Vbop<5.5V, Vss =0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply lop2"*°* |HALT HS (High-speed | fin = 24 MHZ""* Voo = 5.0V 440 1210 LA
current "' mode main) mode"*** Voo = 3.0 V 440 1210
fin = 16 MHZ""* Voo =5.0V 400 950 LA
Voo =3.0V 400 950
LS (Low-speed | fi = 8 MHZ""* Vop=3.0V 270 542 LA
main) mode"** Voo = 2.0V 270 | 542
HS (High-speed | fux = 20 MHz""?, Square wave input 280 1000 LA
main) mode™*** | Voo = 5.0 V Resonator connection 450 1170
fux = 20 MHZ""*?, Square wave input 280 1000 LA
Voo =3.0V Resonator connection 450 1170
fux = 10 MHZ""*?, Square wave input 190 590 LA
Voo =5.0V Resonator connection 260 660
fux = 10 MHZ""*?, Square wave input 190 590 LA
Voo =3.0V Resonator connection 260 660
LS (Low-speed | fux = 8 MHZ""?, Square wave input 110 360 LA
main) mode™** | Voo = 3.0V Resonator connection 150 416
fux = 8 MHZ""®, Square wave input 110 360 LA
Voo=2.0V Resonator connection 150 416
Iops"*** | STOP Ta =-40°C 0.19 0.50 LA
mode | 1, - 125°C 024 | 050
Ta=+50°C 0.32 0.80
Ta=+70°C 0.48 1.20
Ta=+85°C 0.74 2.20
Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. During HALT instruction execution by flash memory.
3. When high-speed on-chip oscillator clock is stopped.
4. When high-speed system clock is stopped.
5. Not including the current flowing into the 12-bit interval timer and watchdog timer.
6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS(High speed main) mode: Voo =2.7Vt05.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHz to 16 MHz
LS(Low speed main) mode: Vob=1.8Vt055V @1 MHzto 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

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

RO1DS0193EJ0210 Rev.2.10
Mar 25, 2016
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RL78/G12

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

2.4 AC Characteristics

(TA=-401t0 +85°C,1.8V<Vpp<5.5V,Vss=0V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tey Main system HS (High- 27V<Vop<55V 0.04167 1 us
instruction execution time) clock (fmain) speed main) 24V <Vop <27V 0.0625 1 s
operation mode
LS (Low- 1.8V<Vop<55V 0.125 1 us
speed main)
mode
During self HS (High- 27V <Vop<55V 0.04167 1 us
programming | speedmain) | 5 4y <vpp <27V | 0.0625 1 s
mode
LS (Low- 1.8V<Vop<55V 0.125 1 us
speed main)
mode
External main system clock | fex 2.7V <Vop<55V 1.0 20.0 MHz
frequency 24V <Vop<27V 1.0 160 | MHz
1.8V<Vp<24V 1.0 8.0 MHz
External main system clock | texn, texc | 2.7V <Vop<5.5V 24 ns
input high-level width, low- 24V <Vop<2.7V 30 ns
level width
1.8V <Vp<24V 60 ns
TIOO to TIO7 input high-level | tr, tnc 1/fmek + ns
width, low-level width 10
TOO00 to TOO7 output fro 40V<Vop<55V 12 MHz
frequency 27V <Von<4.0V 8 MHz
1.8V<Vp<27V 4 MHz
PCLBUZ0, or PCLBUZA1 froL 40V<Vop<55V 16 MHz
output frequency 27V <Von<4.0V 8 MHz
1.8V<Vp<27V 4 MHz
INTPO to INTP5 input high- | tmH, tnm 1 us
level width, low-level width
KRO to KR9 input available R 250 ns
width
RESET low-level width tRsL 10 us

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

RO1DS0193EJ0210 Rev.2.10
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Point

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

2.5.1 Serial array unit

(1) During communication at same potential (UART mode)

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

main) Mode main) Mode

MIN. MAX. MIN. MAX.

Transfer rate fmek/6 fmck/6 bps

Note 1

Theoretical value of the maximum transfer rate 4.0 1.3 Mbps

Note2

foik = fmek

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fck) are:
HS (high-speed main) mode: 24 MHz (2.7 V < Vbp< 5.5 V)
16 MHz (2.4 V <Vbp<5.5V)
LS (low-speed main) mode: 8 MHz (1.8 V <Vbp<5.5V)
Caution  Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by using port
input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78

. User's device
microcontroller

RxDq Tx

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

=

TxDq
RxDq

Remarks 1. q: UART number (q = 0 to 2), g: PIM, POM number (g =0, 1)
2. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial
mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

RO1DS0193EJ0210 Rev.2.10 Page 31 of 106
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(Ta=-40to +85°C,1.8 V<Vop<5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed main) Unit
main) Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time " | tkcvz 40V<Vop<55V | 20 MHz < fuck 8/fmck - ns
fmek < 20 MHz 6/fmek 6/fmck ns
27V<Vopb<55V | 16 MHz < fmck 8/fmek - ns
fmck < 16 MHz 6/fmek 6/fmck ns
24V <Vop<55V 6/fmcx 6/fmck ns
and 500 and 500
1.8V<Vop<55V - 6/fmck ns
and 750
SCKp high-/low-level | tkhz, 40V<Vop<55V tkey2/2-7 tkeva/2-7 ns
width tkie 2.7V <Vopb<55V tkcv2/2-8 tkcv2/2-8 ns
24V <Vopb<55V tkev2/2-18 tkev2/2-18 ns
1.8V<Vop<55V - tkcv2/2-18 ns
Slp setup time tsikz 27V<Vopb<55V 1/fmek + 1/fmek + ns
(to SCKpT) "’ 20 30
24V <Vop<55V 1/fmek + 1/fmek + ns
30 30
1.8V<Vop<55V - 1/fmek + ns
30
Slp hold time tksi2 1/fmek + 1/fmek + ns
(from SCKpT) "°* 31 31
Delay time from tksoz C =30 pF " 27V<Vop<55V 2ffuck + 2ffwck + ns
SCKp{ to 44 110
Note 3
SOp output 24V <Vop<55V vk + oMex+ | ns
75 110
1.8V<Vop<55V - 2ffmek + ns
110

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

SCKpY{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

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

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

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

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

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

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
SCLr clock frequency fsoL 40V<Vop<55V,27V<Vb<4.0V, 400" 300™"" | kHz
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vb<2.7V, 400 300" | kHz
Cb =100 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vpb<20V," 300" 300" kHz
Cb =100 pF, Ro = 5.5 kQ
Hold time when SCLr = “L” | tiow 40V<Vop<55V,27V<Vb<4.0V, 1150 1550 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<40V,23V<Vp<27V, 1150 1550 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vr<20V,"™ 1550 1550 ns
Cb =100 pF, Ro = 5.5 kQ
Hold time when SCLr = “H” | tuien 40V<Vop<55V,27V<Ve<4.0V, 675 610 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vu<27V, 600 610 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vr<2.0V,"™ 610 610 ns
Cb =100 pF, Ro = 5.5 kQ
Data setup time (reception) | tsu:pat 40V<Vop<55V,27V<Vb<4.0V, 1/fmek 1/fmek ns
Cb =100 pF, Ro = 2.8 kQ + 190 + 190
Note3 Note3
27V<Vob<4.0V,23V<Vb<27V, 1/fmek 1/fmek ns
Cb =100 pF, Ro = 2.7 kQ +190 +190
Note3 Note3
1.8V<Vop<33V,1.6V<Vpb<20V," 1/fmek 1/fmek ns
Cb = 100 pF, Ro = 5.5 kQ +190 +190
Note3 Note3
Data hold time tHD:DAT 40V<Vop<55V,27V<Ve<4.0V, 0 355 0 355 ns
(transmission) Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vu<27V, 0 355 0 355 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vpb<20V," 0 405 0 405 ns
Cb =100 pF, Ro = 5.5 kQ

Notes 1. The value must also be equal to or less than fmck/4.
2. Use it with Vbp > Vb.
3. Set tsunaT so that it will not exceed the hold time when SCLr = "L" or SCLr = "H".
Cautions 1. Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin and
the N-ch open drain output (Voo tolerance) mode for the SCLr pin by using port input mode register 1
(PIM1) and port output mode register 1 (POM1). For Vi1 and Vi, see the DC characteristics with TTL
input buffer selected.
2. [ICO1 and IIC11 cannot communicate at different potential.

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

Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrere < Vb, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVgere = Voo.
Zero-scale error/Full-scale error: Add £0.05%FSR to the MAX. value when AVeere = Vob.
Integral linearity error/ Differential linearity error: Add £0.5 LSB to the MAX. value when AVrere = Voo.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).
5. Refer to 28.6.2 Temperature sensor/internal reference voltage characteristics.

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

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

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

AVrerp = Vop"*? 10 48 5 Notes LSB
Conversion time tconv 10-bit resolution 36V<VDD<55V 2.125 39 Us
Target ANI pin: ANI16 to ANI22 27V <Vbb<55V 3.1875 39 s
1.8V<VbD<55V 17 39 7]
57 95 us
Zero-scale error """ EZS 10-bit resolution +0.35 | %FSR
AVrerp = Vop"** +0.60™**| °%FSR
Full-scale error "*"? EFS 10-bit resolution +0.35 | %FSR
AVrerp = Voo™ +0.60"*| %FSR
Integral linearity error "' | ILE 10-bit resolution +3.5 LSB
AVrerp = Vop"*? +6.0M* LSB
Differential linearity DLE 10-bit resolution +2.0 LSB
error"*’ AVrerp = Vop"°? 40 g Notes LSB
Analog input voltage VaiNn ANI16 to ANI22 0 AVRerp \
and Vop

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrere < Vop, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrerer = Voo.
Zero-scale error/Full-scale error: Add £0.20%FSR to the MAX. value when AVgere = Voo.
Integral linearity error/ Differential linearity error: Add £2.0 LSB to the MAX. value when AVrerp = Voo.
4. When the conversion time is set to 57 ©s (min.) and 95 us (max.).
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta =-40 to +85°C, VbR < VoD < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection supply voltage Vivoo Power supply rise time 3.98 4.06 414 \%
Power supply fall time 3.90 3.98 4.06 \'%

Vivp1 Power supply rise time 3.68 3.75 3.82 \

Power supply fall time 3.60 3.67 3.74 \'%

Vivpz Power supply rise time 3.07 3.13 3.19 Vv

Power supply fall time 3.00 3.06 3.12 \Y

Vivps Power supply rise time 2.96 3.02 3.08 Vv

Power supply fall time 2.90 2.96 3.02 \

Vivp4 Power supply rise time 2.86 2.92 2.97 \'

Power supply fall time 2.80 2.86 2.91 \Y

Vivps Power supply rise time 2.76 2.81 2.87 \Y

Power supply fall time 2.70 2.75 2.81 \Y

VLivoe Power supply rise time 2.66 2.71 2.76 \Y

Power supply fall time 2.60 2.65 2.70 \'%

Vivor Power supply rise time 2.56 2.61 2.66 \

Power supply fall time 2.50 2.55 2.60 \Y

Vivos Power supply rise time 2.45 2.50 2.55 Vv

Power supply fall time 2.40 2.45 2.50 \Y

Vivpg Power supply rise time 2.05 2.09 2.13 Vv

Power supply fall time 2.00 2.04 2.08 \

Vivbio Power supply rise time 1.94 1.98 2.02 \'

Power supply fall time 1.90 1.94 1.98 \Y

Vivo11 Power supply rise time 1.84 1.88 1.91 \Y

Power supply fall time 1.80 1.84 1.87 \Y

Minimum pulse width tw 300 )7
Detection delay time 300 us
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C,2.4V<Vbp<5.5V,Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit

Nt lom 20-, 24-pin products: -3.0 mA
Per pin for POO to PO3""**, Note 2
P10 to P14, P40 to P42

Output current, high

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

20-, 24-pin products: 40V<Vop<55V -9.0 mA
Total of P40 to P42 27V<Vob<4.0V -6.0 mA
30-pin products: 24V<Von<27V -45 | mA

Total of P00, P01, P40, P120
(When duty < 70% "**?)

20-, 24-pin products: 40V<Vop<55V -27.0 mA
Total of PO to P03""**, P10 to P14

27V <Vob<4.0V -18.0 mA

80-pin products: 2.4V <Vop<27V ~100 | mA

Total of P10 to P17, P30, P31,

P50, P51, P147

(When duty < 70% "*°)

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

Total of all pins -0.4 mA

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

output pin.

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

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
o Total output current of pins = (lon x 0.7)/(n x 0.01)

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

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

4. 24-pin products only.

Caution P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41 for 24-pin products, and P00, P10 to P15,
P17, and P50 for 30-pin products do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

TI/TO Timing

tri trH

TIOO to TIO7

1/fro

TOO00 to TO07 \

Interrupt Request Input Timing

tinTL
INTPO to INTP5 \

Key Interrupt Input Timing

tiNTH

RESET Input Timing

trRsL

RESET

tkR
KRO to KR9 l
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

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

Parameter Symbol Conditions HS (high-speed main) Mode |  Unit
MIN. MAX.
SCKp cycle time tkevi tkeyt > 4/fcik 40V<Vop<55YV, 600 ns

27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V, 1000 ns
23V<Vb<27V,
Cb =30 pF, Ro =2.7 kQ
24V<Vop<33V, 2300 ns
1.6V<Vpb<20V,
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width tkH1 40V<Vop<55V,27V<Vp<4.0V, tkey1/2 =150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vopb<4.0V,23V<Vp<27V, tkey1/2 —340 ns

Cb = 30 pF, Ro = 2.7 kQ

2.4V <Vop<33V,1.6V<Vb<20V, tovi/2 -916 ns
Cb = 30 pF, Ro = 5.5 kQ

SCKp low-level width tkL1 40V<Vop<55V,27V<Vb<4.0V, tkey1/2 —24 ns
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V,23V<Vp<27V, tkey1/2 —36 ns
Cb =30 pF, Ro = 2.7 kQ

24V<Vop<33V,1.6V<Vb<20V, tkev1/2 —100 ns
Cb =30 pF, Ro = 5.5 kQ

Cautions 1.  Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance) mode for the
SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POM1). For ViH and Vi, see the DC characteristics with TTL input buffer selected.
2. CSI01 and CSI11 cannot communicate at different potential.

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

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

tkeyt

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

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

tket

TkH1 tkur

SCKp _/ X 7/

tsik1 tksit

Slp Input data

tkso1

SOp Output data

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

CSI mode connection diagram (during communication at different potential)

<Slave> Vb
§ Rb
SCKp SCK
RL78 . )
microcontroller ~ SIP SO  User's device
SOp ]

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

tkeyz
tkie [ tkH2 |
4
SCKp C
) tsikz tksi2 |
Slp Input data
tkso2 |
SOp Output data

Remarks 1. Ro [Q2]: Communication line (SOp) pull-up resistance, Co [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

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

Vb Vb
§ Ro % Ro
SDAr ® SDA
. RL78 User's device
microcontroller
SCLr SCL

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

1/fscL

tLow tHiGH

SCLr \ | /

o /\ ey = |

tHD : DAT tsu:pat

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

3.6.4 LVD circuit characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection supply voltage Vivbo Power supply rise time 3.90 4.06 4.22
Power supply fall time 3.83 3.98 413

Vivp1 Power supply rise time 3.60 3.75 3.90 \

Power supply fall time 3.53 3.67 3.81 \%

Vivp2 Power supply rise time 3.01 3.13 3.25 \Y

Power supply fall time 2.94 3.06 3.18 \'%

Vivps Power supply rise time 2.90 3.02 3.14 \Y

Power supply fall time 2.85 2.96 3.07 \

Vivps Power supply rise time 2.81 2.92 3.03 \

Power supply fall time 2.75 2.86 2.97 \%

Vivps Power supply rise time 2.70 2.81 2.92 \'%

Power supply fall time 2.64 2.75 2.86 \%

Vivps Power supply rise time 2.61 2.71 2.81 \'%

Power supply fall time 2.55 2.65 2.75 \

Vivpr Power supply rise time 2.51 2.61 2.71 \

Power supply fall time 2.45 2.55 2.65 \

Minimum pulse width tw 300 y7:]
Detection delay time 300 us
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