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RL78/G12 1. OUTLINE

1.2 List of Part Numbers

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

R
= PartNo. R5F102AAAxXXxXxSP#V0
L Packaging specifications:
#U5 : Tray (HWQFN)
#V0, #V5 : Tray (LSSOP30), Tube (LSSOP20)
#W5 : Embossed Tape (HWQFN)
#X0, #X5 : Embossed Tape (LSSOP30, LSSOP20)
Package type:
SP : LSSOP, 0.65 mm pitch
NA : HWQFN, 0.50 mm pitch
ROM number (Omitted with blank products)
Classification:
A : Consumer applications, Ta = -40°C to +85°C
D : Industrial applications, Ta = -40°C to +85°C
G : Industrial applications, Ta = -40°C to +105°C
ROM capacity:
6: 2KB
7: 4KB
8: 8KB
9: 12KB
A: 16 KB
Pin count:
6 : 20-pin
7 1 24-pin
A : 30-pin
RL78/G12 group
102Note1
103Notes1,2
Memory type:
F : Flash memory
Renesas MCU
Renesas semiconductor product
Notes 1. For details about the differences between the R5F102 products and the R5F103 products of RL78/G12,
see 1.1 Differences between the R5F102 Products and the R5F103 Products.
2. Products only for "A: Consumer applications (Ta = -40 to +85°C)" and "D: Industrial applications (Ta = -40 to
+85°C)"
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RL78/G12

1. OUTLINE

1.6 Block Diagram

1.6.1 20-pin products

Code flash: 16 KB
Data flash: 2 KB"*®

!
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RL78 iE
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1.5KB

it it

Interrupt control <:>
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~—RESET
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X1 X2/EXCLK
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SCLOO ~—| ot
SDAOO - 11C00
SCLOT - o
SDAOT «—| lico1
TOOLO On-chip debug 0
BCD adjustment K >
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Power-on High-Speed
reset/voltage on-chip oscillator
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‘ ‘ TOOL TOOL
Voo Vss TxD  BxD

Provided only in the R5F102 products.
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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 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

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

This chapter describes the following electrical specifications.
Target products  A: Consumer applications Ta = -40 to +85°C
R5F102xxAxx, R5F103xxAxx
D: Industrial applications Ta = -40 to +85°C
R5F102xxDxx, R5F103xxDxx
G: Industrial applications when Ta = -40 to +105°C products is used in the range of Ta = -40 to +85°C
R5F102xxGxx

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

2. The pins mounted depend on the product. Refer to 2.1 Port Functions to 2.2.1 Functions for each product.
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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.

RO1DS0193EJ0210 Rev.2.10 Page 18 of 106
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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))
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

CSI mode connection diagram (during communication at same potential)

SCK SCK

RL78 Slp SO User's device

microcontroller

SOp Si

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

tkevt,2

kL2 KH1, 2

SCKp \

tsik1,2 ks, 2

*

ks01,2

SOp ; Output data ><

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

tkon, 2

tKH1, 2 L1, 2

tsik1, 2 tKsi, 2

tkso1,2

SOp Output data ><

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

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

Co=50pF,Ro=55kQ, Vb=1.6V

Parameter | Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
Transfer Reception 40V<Vop<5.5YV, fmek/6 fmck/6 bps
rate " 27V<Vo<4OV Notet Note!
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuok = fod
27V<Vop<4.0V, fmek/6 fmek/6 bps
2 3 V < Vb <27 V Note1 Note1
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuck = fok 2
1.8V<Vop<33V, fmek/6 fmek/6 bps
1.6VSVb§2.0 V Notes1, 2 Notes1, 2
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fuck = fok 2
Transmission | 4.0V <Vop<5.5V, Note4 Note4 bps
27V<Ve<40V
Theoretical value of the maximum 2.8 2.8 Mbps
transfer rate Note5 Note5
Co=50pF, Ro=1.4kQ,Vo=2.7V
27V<Vopb<4.0V, Note6 Note6 bps
23V<Vb<27V,
Theoretical value of the maximum 1.2 1.2 Mbps
transfer rate Note7 Note7
Co=50pF, Ro=2.7 kQ, Vo =23V
1.8V<Vop<33YV, Notes Notes bps
16V<Vo<20V 2,8 2,8
Theoretical value of the maximum 0.43 0.43 Mbps
transfer rate Note9 Noteo

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

2. Use it with Vbp > Vb.

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

16 MHz (2.4 V <Vbp <5.5V)

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

4. 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 4.0V <Vop <55V and2.7V<Vb<4.0V

1
Maximum transfer rate = 20 [bps]

{~Cbox Rox In (1 - Vo )} x 3

1 .
Transfer rate x 2 {=Cox RoxIn (1~ Vb il
Baud rate error (theoretical value) = 7 x 100 [%]

(m) x Number of transferred bits

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

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

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

tkeyz

tkH2 tkie
/ /
SCKp /
\
tsik2 tksi2
Slp Input data
tksoz
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

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

2.6 Analog Characteristics

2.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Input channel

Reference Voltage

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

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

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

ANIO to ANI3

Refer to 28.6.1 (1).

ANI16 to ANI22

Refer to 28.6.1 (3).

Refer to 28.6.1 (2).

Internal reference voltage

Temperature sensor
output voltage

Refer to 28.6.1 (1).

Refer to 28.6.1 (4).

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

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

AVreru=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*™®’ AINL 10-bit resolution 1.2 +3.5 LSB

AVererp = Vop"** 10 470Nt LSB
Conversion time tconv 10-bit resolution 36V<VDDL55V 2.125 39 [s
Target pin: ANI2, ANI3 | 5 7y < vpp <55V 3.1875 39 s
1.8V<VbD<55V 17 39 Hs
57 95 us
10-bit resolution 36V<VDD<55V 2.375 39 Hs
Target pin: Internal 27V<Vop<55V 3.5625 39 s
reference voltage, and
temperature sensor 24V<Vop<55V 17 39 HS
output voltage
(HS (high-speed main)
mode)
Zero-scale error"®®"? EZS 10-bit resolution +0.25 | %FSR
AVeerp = Vop"** +0.50™**| °,FSR
Full-scale error'="? EFS 10-bit resolution +0.25 | %FSR
AVeerp = Vop"** +0.50™**| °,FSR
Integral linearity error™*®’ ILE 10-bit resolution 2.5 LSB
AVererp = Vop"** +5 Mot LSB
Differential linearity error DLE 10-bit resolution +1.5 LSB
Note 1 AVererp = Vop"*? 40 gNetes LSB
Analog input voltage Vain ANI2, ANI3 0 AVRerp \
Internal reference voltage Vear"™®® \%
(2.4V <VpD £5.5V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpsas*°° \%
(2.4 V<VbD <5.5V, HS (high-speed main) mode)

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

Notes 1. 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)

LVD detection voltage of interrupt & reset mode
(Ta = —40 to +85°C, Veor < Voo < 5.5 V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivoso Vrocz, Vroct, Vroco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87 \
mode Vivoe LVIS1, LVISO =1, 0 Rising reset release voltage 1.94 1.98 2.02 v

Falling interrupt voltage 1.90 1.94 1.98 \Y
Vivos2 LVIS1, LVIS0 =0, 1 Rising reset release voltage 2.05 2.09 2.13 \
Falling interrupt voltage 2.00 2.04 2.08 \Y
Vivbes LVIS1, LVISO=0,0 Rising reset release voltage 3.07 3.13 3.19 \
Falling interrupt voltage 3.00 3.06 3.12 \Y
Vivbco Vpocz, Vroct, Vroco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \Y
Vivbet LVIS1, LVISO=1,0 Rising reset release voltage 2.56 2.61 2.66 \
Falling interrupt voltage 2.50 2.55 2.60 \Y
Vivbez LVIS1, LVISO=0, 1 Rising reset release voltage 2.66 2.71 2.76 \
Falling interrupt voltage 2.60 2.65 2.70 v
Vivbcs LVIS1, LVISO =0, 0 Rising reset release voltage 3.68 3.75 3.82 \
Falling interrupt voltage 3.60 3.67 3.74 \
VLvopo Vrocz, Vroct, Vroct = 0, 1, 1, falling reset voltage 2.70 2.75 2.81 \'
Vivop1 LVIS1, LVISO=1,0 Rising reset release voltage 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 2.91 Vv
Vivbp2 LVIS1, LVISO=0, 1 Rising reset release voltage 2.96 3.02 3.08 \Y
Falling interrupt voltage 2.90 2.96 3.02 \Y
Vivobps LVIS1, LVIS0=0, 0 Rising reset release voltage 3.98 4.06 4.14 \
Falling interrupt voltage 3.90 3.98 4.06 \Y

2.6.5 Power supply voltage rising slope characteristics

(Ta =-40 to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 28.4 AC Characteristics.
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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=-40to0 +105°C,2.4V<Vbp<5.5V,Vss=0V) (2/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, low™™" | lot1 20-, 24-pin products: 8.5 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 25.5 mA
Total of P40 to P42 27V<Von<4.0V 90 | mA
80-pin products: 24V <Vop<27V 18 | mA
Total of P00, PO1, P40, P120
(When duty < 70% "%
20-, 24-pin products: 40V<Vop<55V 40.0 mA
Note 4
Total of P00 to PO™", 27V<Von<4.0V 270 | mA
P10 to P14, P60, P61
24V<Vop<27V 5.4 mA
30-pin products:
Total of P10 to P17, P30, P31, P50,
P51, P60, P61, P147
(When duty < 70% "%
Total of all pins (When duty < 70%""*%) 65.5 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.
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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)

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)

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 AVrere = Vop.
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. Refer to 29.6.2 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 +105°C, 2.4 V < AVgrerr < Vbp < 5.5 V, Vss = 0 V, Reference voltage (+) = AVrerp, 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
AVrere = Vop"™°°

Conversion time tcony 10-bit resolution 3.6V<VbD<55V 2.125 39 s
Target ANI pin: ANI16 to ANI22| 5 7 \/ < ypp < 55V 3.1875 39 s

24V <Vbb<55V 17 39 us

Zero-scale error "*°"? EZS 10-bit resolution +0.35 | %FSR
AVrere = Voo "™**

Full-scale error "*"? EFS 10-bit resolution +0.35 | %FSR
AVrere = Voo "™*°

Integral linearity error "' | ILE 10-bit resolution +3.5 LSB
AVrere = Vop"™*°

Differential linearity DLE 10-bit resolution +2.0 LSB

error"*’ AVrere = Voo "™*°

Analog input voltage Vain ANI16 to ANI22 0 AVrRerp \

and Vob

Notes 1. Excludes quantization error (£1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. When AVrere < Vop, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrerr = Voo.
Zero-scale error/Full-scale error: Add £0.20%FSR to the MAX. value when AVgere = Voo.

Integral linearity error/ Differential linearity error: Add £2.0 LSB to the MAX. value when AVrerp = Voo.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

3.6.2 Temperature sensor/internal reference voltage characteristics

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

Parameter

Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage V1mps2s Setting ADS register = 80H, 1.05 \Y
Ta=+25°C
Internal reference voltage Vear Setting ADS register = 81H 1.38 1.45 1.50 \
Temperature coefficient Fvimps Temperature sensor output -3.6 mV/°C
voltage that depends on the
temperature
Operation stabilization wait time tamp 5 us
3.6.3 POR circuit characteristics
(Ta = —40 to +105°C, Vss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpor Power supply rise time 1.45 1.51 1.57 \Y
VrDR Power supply fall time 1.44 1.50 1.56 \
Minimum pulse width " Tew 300 s

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

Supply voltage (Vobp)

Vpepr or 0.7V

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

<R> 3.7 RAM Data Retention Characteristics

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

Data retention supply voltage VbooR 1.44 "* 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.

o STOP mode Operation mode

RAM data retention ——

? VooDR

STOP instruction execution

Standby release signal /{
(interrupt request) N
s
3.8 Flash Memory Programming Characteristics
(Ta =—-40 to +105°C,2.4 V< Voo < 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. | Unit
<R> System clock frequency fork 1 24 MHz
Code flash memory rewritable times | Cerwr Retained for 20 years 1,000 Times
Notes 1,2, 3 Ta = 85°C "t
Data flash memory rewritable times Retained for 1 year 1,000,000
Notes 1,2, 3 Ta = D5oC Notes
Retained for 5 years 100,000
Ta = 85°C "t
Retained for 20 years 10,000
Ta = 85°C "t

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

3.9 Dedicated Flash Memory Programmer Communication (UART)

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

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

3.10 Timing of Entry to Flash Memory Programming Modes

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

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

<1>  <2> <
\
i
|
|

1

RESET /

tHp + software

proqessing 1-byte data for
,_t'L., setting mode

TOOLO

tsu

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

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

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

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

Remark tsuinim: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tho:  Time to hold the TOOLO pin at the low level after the external reset is released (excluding the processing
time of the firmware to control the flash memory)
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