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"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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range of applications.
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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

1.6 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 it

Interrupt control <:>

i

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

X1 X2/EXCLK

g g

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
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RL78/G12 1. OUTLINE
1.6.2 24-pin products
TAUO (4ch) <:> P00 to P03
T o
o o v
SAUO (2ch)
P121, P122, 125
- e =
xD0 =~
SCKOO Code flash: 16 KB “ p137
5100 ©SI00 Data flash: 2 KB"®
SO00
Buzzer/clock
() | ——] (] oo [ Poauz
SI01 cslothe "N Interrupt control <:>
SO01 N—"] Key return
= - \oeh K 10 KRO to KR9
s s [
Iam— PU
2ch
core c <:> Interrupt control <I| INTPO to INTP3
SCLO1 =— 11co1"e ii 4ch
SDAOT =
RAM
e
<:> Window watchdog Low Speed
timer On-chip
oscillator
. _hi : 15 KHz
TOOLO On-chip debug K > RESET <:> 12-bit Interval timer
Clock Generator
¥ .
BCD adjustment K> Reset Generator = 1'\t/|c?gool\llsl-(|;z
10-bit <9 ANI2, ANI3, ANI16 to ANI22
Multiplier & <:> A/D converter ANIO/AVrerr
divdor — X1 X2/EXCLK Tich ANI1/AVeru
azgﬂ:;zlﬁ/a-tor Poer-on High-Speed
1ICA0 reset/voltage cgr;i-I(I):tlgr
SCLAO detector
SDAAO lICAO > 10 ZI MT
Voo Vss  TOOL TOOL
TxD RxD

Note Provided only in the R5F102 products.
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RL78/G12

1. OUTLINE

Code flash: 16 KB
Data flash: 2 KB

!

RL78
CPU
core

=
/]

Interrupt control

iz

DMANo(e
2ch

1L

RAM
2 KB

i

it

1.6.3 30-pin products
TAU (8ch)
TI00 ——~]
h
TO00 =~ cho
TIO1/TO01 ~—= ch1
TI02/TO02 ~—~| ch2
TI03/TO03 =~ ch3
(TI04/TO04) =—~| ch4
(TI05/TO05) ~—{=] chs
(TI06/TO06) ~—t»] ch6
(TI07/TO07) =— ch7
SAUO (4ch)
RxD0 —
Do UARTO
i
DA UART1
SCK00
S100 Csl0o
S000 K
SCK11 o
SI11 csltihee
SO11
e
SDA00 licoo
b
SDA11 =] lic11
SAUO (2ch)®
RxD2 —
v
SCK20
SI120 CSI20 )
S020
SCL20 -]
Sohe0 -
TOOLO On-chip debug K >
e
Multiplier &
divider/
multiply- <':>
accumulator
SCLAO
SDAAO licAo K>

{

Clock Generator
+
Reset Generator

[~ RESET

Main OSC
1 to 20 MHZ|

iy

i

X1 X2/EXCLK

Poer-on
reset/voltage

detector
1to

High-Speed
On-chip
oscillator

24 MHz

Voo Vss

o

TOOL TOOL

TxD RxD

Note Provided only in the R5F102 products.

K 2> Poo, Po

Port 0

Port 1 P10to P17

Port 2 K 2> P20to P23

Port 3 K 2"> Pao, Pat

Port 4 [~ P40

Port 5 K2"> P50, P51

Port 6 2> P60, P61
-~ P120

Porti2 V7977 p121, P122

Port 13 ~—— P137

Port 14 - P147

Buzzer/clock
output control

2 ) PCLBUZO0, PCLBUZ1

Interrupt control

61 INTPO to INTPS

8008 80808000000 T T

g

6ch
CRCNo(e
Window watchdog Low Speed
timer On-chip
oscillator
) ) 15 KHz
12-bit Interval timer
K ANI2, ANI3
10-bit ’ §
ANI16 to ANI19
A/D converter
ANIO/AVRerp
8eh ANI/AVreru
VOLTAGE
REGULATOR REGC

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1 oscillator characteristics

(TA=-40to +85°C,1.8 V< Vpbbp<Vbp<5.5V, Vss =0 V)
Parameter Resonator Conditions MIN. TYP. MAX. Unit

X1 clock oscillation Ceramic resonator / 27V<Vopb<55V 1.0 20.0 MHz
frequency (fx)"* crystal oscillator

1.8V<Vmm<27V 1.0 8.0

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

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

Remark When using the X1 oscillator, refer to 5.4 System Clock Oscillator.

2.2.2 On-chip oscillator characteristics

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

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fix 1 24 MHz
clock frequency "**"*

High-speed on-chip oscillator R5F102 products Ta=-20to +85°C -1.0 +1.0 %
clock frequency accuracy Ta = —40 to —20°C 15 15 %
R5F103 products -5.0 +5.0 %

Low-speed on-chip oscillator | fi
clock frequency

L 15 kHz

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

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

2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

(TA=-40to +85°C,1.8V<Vpbp<5.5V,Vss=0V) (2/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, low"™" | lovs 20-, 24-pin products: 20.0 mA
Per pin for P00 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

Per pin for P60, P61 15.0 mA
Note 2
20-, 24-pin products: 40V<Vop<55V 60.0 mA
Total of P40 to P42 27V<Von<4.0V 90 | mA
80-pin products: 18V <Von<27V 18 | mA
Total of P00, PO1, P40, P120
(When duty < 70% "%
20-, 24-pin products: 40V<Vop<55V 80.0 mA
Note 4
Total of P00 to PO™", 27V<Von<4.0V 270 | mA
P10 to P14, P60, P61
1.8V<Vp<27V 5.4 mA
30-pin products:
Total of P10 to P17, P30, P31, P50,
P51, P60, P61, P147
(When duty < 70% "%
Total of all pins (When duty < 70%""*%) 140 mA
lo2 Per pin for P20 to P23 0.4 mA
Total of all pins 1.6 mA

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

the Vss pin.

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

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and 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.

4. 24-pin products only.

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

RO1DS0193EJ0210 Rev.2.10 Page 20 of 106
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)
(TA=-40to0 +85°C,1.8V<Vpp<5.5V,Vss=0V) (4/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vot 20-, 24-pin products: 40V<Vop<55YV, 1.3 \Y
P00 to P03"", P10 to P14, | lot =20.0 mA
P40 to P42 40V<Von <55V, 0.7 v
30-pin products: P00, P01, loLt = 8.5 mA
:310 tg P17F’> PSO'PP?” P40, 15 7V < Voo <55V, 0.6 v
50, P51, P120, P147 lout = 3.0 MA
27V <Vopb<55V, 0.4 \'
lott =1.5mA
1.8V<Vop<55V, 0.4 \"
lot1 = 0.6 mA
VoL P20 to P23 loz = 400 A 0.4
VoLs P60, P61 40V<Vopb<55V, 2.0
lott =15.0 mA
40V<Vop<55V, 0.4 \
lot1 =5.0 mA
27V<Vop<55V, 0.4 \
loti = 3.0 mA
1.8V<Vopb<55V, 0.4 \"
lott =2.0 mA
Input leakage current, ILiH1 Other than P121, [ Vi= Voo 1 HA
high P122
ILimz P121, P122 Vi = Voo | Input port or external 1 LA
(X1, X2/EXCLK) clock input
When resonator 10 LA
connected
Input leakage current, It Other than P121, [ Vi=Vss -1
low P122
lLie P121, P122 Vi = Vss | Input port or external -1
(X1, X2/EXCLK) clock input
When resonator -10 LA
connected
On-chip pull-up Ru 20-, 24-pin products: Vi = Vss, input port 10 20 100 kQ
resistance P00 to PO3"", P10 to P14,

P40 to P42, P125, RESET

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

Note 24-pin products only.

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

pins.
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RL78/G12

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

Minimum Instruction Execution Time during Main System Clock Operation

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

10
_ 1.0 =—=r=r—=r—=
(2] |
= I { —— When the high-speed on-chip oscillator clock is selected
|<_5 I i === During self programming
] [l —-—- When high-speed system clock is selected
g : .
= | [l
° ' b
9 ] [l
&) | [
) b
i
0.1 h
! !
0.0625 fp-=----to-oo--- e )
o i
0.04167 foooeol ... N N S R
0.01 L 3
0 10 20! 30 40 50 ! 6.0
24 27 55
Supply voltage Voo [V]
Tey vs Vob (LS (low-speed main) mode)
10
g 1.0 e e
5 7
: E ; —— When the high-speed on-chip oscillator clock is selected
.g | ——— During self programming
o ! —.—. When high-speed system clock is selected
|
0425 |p------p---- o nadocccas .
0.1 : :
0.01 \ :
0 10 20 30 40 5095560
1.8
Supply voltage Voo [V]
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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))
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

UART mode connection diagram (during communication at different potential)

% Rb
TxDq Rx
RL78

. User's device
microcontroller

RxDq Tx

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

1/Transfer rate

Low-bit width
High-bit width

Baud rate error tolerance

e

\
TxDq )g /

\ /!

s

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq / _\

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

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

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

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

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

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock
output) (1/3)
(Ta =-40 to +85°C,1.8 V<Vpop<Vpop<5.5V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time tkeyt tkev1 > 4/ffck | 4.0V <Vop <55V, 300 1150 ns

27V<Vb<40V,

Co =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V, 500 1150 ns
23V<Vb<27V,

Cb = 30 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V, 1150 1150 ns
16V <Ve<2.0V ™
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width | tkx1 40V<Vop<55V,27V<Vb<4.0V, tkev1/2 —75 tkey1/2-75 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, tkey1/2 =170 tkey1/2-170 ns

Co = 30 pF, Ro = 2.7 kQ

1.8V<Vop<33V,1.6V<Voe<20V™, | tccri/2-458 tkcv1/2-458 ns
Cb =30 pF, Ro = 5.5 kQ

SCKp low-level width | tus 40V<Von<55V,27V<Vo<4.0V, tevi/2 ~12 tkev1/2-50 ns
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V,23V<Vb<27V, tkey1/2 —18 tkev1/2-50 ns
Cb =30 pF, Ro =2.7 kQ

1.8V<Vop<33V,1.6V<Vo<20V"™, | tkevi/2-50 tkey1/2-50 ns
Cb =30 pF, Ro = 5.5 kQ

Note Use it with Vbb > Vb.

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode for the
SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POMH1). For Vit and Vi, see the DC characteristics with TTL input buffer selected.
2. CSI01 and CSI11 cannot communicate at different potential.

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

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

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock

output) (2/3)
(Ta=-40to +85°C,1.8 V< Vop<5.5V,Vss=0V)
Parameter Symbol Conditions HS (high-speed | LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
Slp setup time tsik1 40V<Vop<55V,27V<Vb<40V, 81 479 ns
(to SCKpT) " Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 177 479 ns
Cb =30 pF, Ro= 2.7 kQ
1.8V<Vop<33V,1.6V<Vb<20V"™? 479 479 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time tksi 40V<Vop<55V,27V<Vu<4.0V, 19 19 ns
(from SCKpT) "' Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 19 19 ns
Cb =30 pF, Ro=2.7 kQ
1.8V<Vop<33V,1.6V<Vb<20V"™? 19 19 ns
Cb = 30 pF, Ro = 5.5 kQ
Delay time from tkso1 40V<Vop<55V,27V<Vb<4.0V, 100 100 ns
SCKpJ to Cb=30pF, Ro = 1.4 kQ
Note
SOp output ™ 27V<Vop<40V,23V<Vo<27V, 195 195 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vb<20V™? 483 483 ns
Cb =30 pF, Ro = 5.5 kQ
Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

2. Use it with Vbp > Vb.

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

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)

<R> 2.7 Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics

(Ta = —40 to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage VbooR 1.46 " 5.5 \
<R> 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.

0 STOP mode Operation mode

RAM data retention ——

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

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

rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. These are the characteristics of the flash memory and the results obtained from reliability testing by

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

(TA=-40t0 +105°C,2.4V<Vbp<5.5V,Vss=0V) (3/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 Normal input buffer 0.8Vop Vob \Y
20-, 24-pin products: P00 to P03""*% P10 to P14,
P40 to P42
30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147
ViHz TTL input buffer 40V<Vop<55V 2.2 Vop
20-, 24-pin products: P10, P11 3.3V <Vob <4.0V 2.0 Voo
30-pin products: P01, P10, 24V<Vop<33V 1.5 Voo
P11, P13 to P17
ViHz Normal input buffer 0.7Vop Vop \
P20 to P23
ViHa P60, P61 0.7Vop 6.0
ViHs P121, P122, P125""", P137, EXCLK, RESET 0.8Vop Vop
Input voltage, low Vi1 Normal input buffer 0 0.2Vop
20-, 24-pin products: P00 to P03""*? P10 to P14,
P40 to P42
30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147
Viee TTL input buffer 40V<Vop<55V 0 0.8
20-, 24-pin products: P10, P11{ 3.3V <Vop<4.0V 0 0.5
30-pin products: P01, P10, 24V <Vop<33V 0 0.32
P11, P13to P17
Vis P20 to P23 0 0.3Vop \'
ViLa P60, P61 0 0.3Voo \'
Viis P121, P122, P125""", P137, EXCLK, RESET 0 0.2Vop Vv
Output voltage, high Vo1 20-, 24-pin products: 40V<Vop<55V, | Voo-0.7 \Y
P00 to P03""°% P10 to P14, | lon1 = -3.0 mA
P40 to P42 27V<Voo<55V, | Voo-0.6 v
30-pin products: loni = -2.0 mA
P00, P01, P10t0 P17, P30, |5 4y <vop <55V, | Voo-0.5 v
P31, P40, P50, P51, P120, lowt = —1.5 mA
P147
Votz P20 to P23 lonz = =100 pA Voo-0.5 \Y
Notes 1. 20, 24-pin products only.

2. 24-pin products only.
Caution The maximum value of Vi1 of pins P10 to P12 and P41 for 20-pin products, P01, P10 to P12, and P41 for 24-
pin products, and P00, P10 to P15, P17, and P50 for 30-pin products is Vbb even in N-ch open-drain mode.
High level is not output in the N-ch open-drain mode.

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

(2) 30-pin products

Ta = —40 to +105°C, 2.4 V < Vop < 5.5 V, Vss = 0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. Unit
Supply Ipp1 Operating |HS (High-speed | fn=24 MHZ***  |Basic Voo =5.0V 1.5 mA
current™™’ mode main) mode"** operation | oo =30V 15
Normal | Voo =5.0V 3.7 5.8 mA
operation | v, = 3.0 v 37 | 58
fin =16 MHZ"** Voo =5.0V 2.7 4.2 mA
Voo =3.0V 2.7 4.2
fux = 20 MHZ"**?, Square wave input 3.0 4.9 mA
Voo=50V Resonator connection 3.2 5.0
fux = 20 MHZ"*?, Square wave input 3.0 4.9 mA
Voo =30V Resonator connection 3.2 5.0
fux = 10 MHZ"*?, Square wave input 1.9 29 mA
Voo =50V Resonator connection 1.9 2.9
fux = 10 MHZ"**%, Square wave input 1.9 2.9 mA
Voo =30V Resonator connection 1.9 2.9

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

2. When high-speed on-chip oscillator clock is stopped.
3. When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as
follows.
HS(High speed main) mode: Voo =2.7Vto 5.5V @1 MHz to 24 MHz
Vob=2.4Vto55V @1 MHz to 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10
—_ 1.0 e e e
2 !
. ; 1 —— When the high-speed on-chip oscillator clock is selected
2 | I ——— During self programming
© ) i —-—- When high-speed system clock is selected
£ i i
© ; h
S | If
© h
[
i
0.1 !
! !
0.0625 fp==ooocloooo-- Lo e I
—L J
0.04167 p===oecpooo--- e
0.01 L f

0 10 20: 30 40 50 ! 6.0
24 27 5.5

Supply voltage Voo [V]

AC Timing Test Point

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

External Main System Clock Timing

1/fex

texc texH

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

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivooo Vpocz, Vroct, Vroct =0, 1, 1, falling reset voltage 2.64 2.75 2.86 \
mode VLvoD! LVIS1, LVISO =1, 0 Rising reset release voltage 2.81 2.92 3.03 v

Falling interrupt voltage 2.75 2.86 2.97 \Y
Vivpp2 LVIS1, LVIS0 =0, 1 Rising reset release voltage 2.90 3.02 3.14 \
Falling interrupt voltage 2.85 2.96 3.07 \Y
VLvops LVIS1, LVIS0=0,0 Rising reset release voltage 3.90 4.06 4.22 \
Falling interrupt voltage 3.83 3.98 413 \

3.6.5 Power supply voltage rising slope characteristics

(Ta = —40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 Vims

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 29.4 AC Characteristics.
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<R>

RL78/G12

4. PACKAGE DRAWINGS

4.3 30-pin products

R5F102AAASP, R5F102A9ASP, R5F102A8ASP, R5F102A7ASP
R5F103AAASP, R5F103A9ASP, R5F103A8ASP, R5F103A7ASP
R5F102AADSP, R5F102A9DSP, R5F102A8DSP, R5F102A7DSP
R5F103AADSP, R5F103A9DSP, R5F103A8DSP, R5F103A7DSP
R5F102AAGSP, R5F102A9GSP, R5F102A8GSP, R5F102A7GSP

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LSSOP30-0300-0.65

PLSP0030JB-B

S30MC-65-5A4-3

0.18

HAAAAAAAAAAAARA

O

sEELEELLELELLEL

o[ M @)

NOTE

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

detail of lead end

ITEM MILLIMETERS
A 9.85+0.15

0.45 MAX.

0.65 (T.P)

+0.08
0.2470_07

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

0.13

0.10

o+5°
33

0.25
0.6+0.15
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Revision History

RL78/G12 Data Sheet

Description
Rev. Date Page Summary
1.00 Dec 10, 2012 - First Edition issued
2.00 Sep 06, 2013 1 Modification of 1.1 Features
3 Modification of 1.2 List of Part Numbers
4 Modification of Table 1-1. List of Ordering Part Numbers, Note, and Caution
7t09 Modification of package name in 1.4.1t0 1.4.3
14 Modification of tables in 1.7 Outline of Functions
17 Modification of description of table in 2.1 Absolute Maximum Ratings (Ta = 25°C)
18 Modification of table, Note, and Caution in 2.2.1 X1 oscillator characteristics
18 Modification of table in 2.2.2 On-chip oscillator characteristics
19 Modification of Note 3 in 2.3.1 Pin characteristics (1/4)
20 Modification of Note 3 in 2.3.1 Pin characteristics (2/4)
23 Modification of Notes 1 and 2 in (1) 20-, 24-pin products (1/2)
24 Modification of Notes 1 and 3 in (1) 20-, 24-pin products (2/2)
25 Modification of Notes 1 and 2 in (2) 30-pin products (1/2)
26 Modification of Notes 1 and 3 in (2) 30-pin products (2/2)
27 Modification of (3) Peripheral functions (Common to all products)
28 Modification of table in 2.4 AC Characteristics
29 Addition of Minimum Instruction Execution Time during Main System Clock Operation
30 Modification of figures of AC Timing Test Point and External Main System Clock Timing
31 Modification of figure of AC Timing Test Point
31 Modification of description and Note 2 in (1) During communication at same potential
(UART mode)
32 Modification of description in (2) During communication at same potential (CSI mode)
33 Modification of description in (3) During communication at same potential (CSI mode)
34 Modification of description in (4) During communication at same potential (CSI mode)
36 Modification of table and Note 2 in (5) During communication at same potential
(simplified I°C mode)
38, 39 Modification of table and Notes 1 to 9 in (6) Communication at different potential
(1.8V, 2.5V, 3V) (UART mode)
40 Modification of Remarks 1 to 3 in (6) Communication at different potential (1.8 V,
2.5V, 3V) (UART mode)
41 Modification of table in (7) Communication at different potential (2.5 V, 3 V) (CSI mode)
42 Modification of Caution in (7) Communication at different potential (2.5 V, 3 V) (CSI mode)
43 Modification of table in (8) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI
mode) (1/3)
44 Modification of table and Notes 1 and 2 in (8) Communication at different potential (1.8
V, 2.5V, 3V) (CSI mode) (2/3)
45 Modification of table, Note 1, and Caution 1 in (8) Communication at different potential
(1.8V, 2.5V, 3V) (CSI mode) (3/3)
47 Modification of table in (9) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI
mode)
50 Modification of table, Note 1, and Caution 1 in (10) Communication at different potential
(1.8V, 2.5V, 3 V) (simplified I°C mode)
52 Modification of Remark in 2.5.2 Serial interface IICA
53 Addition of table to 2.6.1 A/D converter characteristics
53 Modification of description in 2.6.1 (1)
54 Modification of Notes 3 to 5in 2.6.1 (1)
54 Modification of description and Notes 2 to 4 in 2.6.1 (2)




