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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

Code flash: 16 KB
Data flash: 2 KB

!

RL78
CPU
core
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/]

Interrupt control
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DMANo(e
2ch
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RAM
2 KB

i
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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)

2.3 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.
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RL78/G12 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)
(2) 30-pin products
Ta =—-40 to +85°C, 1.8V <Vbop <5.5V, 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 | .- _ 5 gy 15
Normal | Voo =5.0V 3.7 5.5 mA
operation | v/, — 3.0 v 37 | 55
fin = 16 MHZ"** Voo =5.0V 2.7 4.0 mA
Voo =3.0V 2.7 4.0
LS (Low-speed | fin =8 MHZ"** Voo = 3.0 V 1.2 1.8 mA
main) mode"™* Voo =20V 12 | 18
HS (High-speed | fux = 20 MHZ"*?, Square wave input 3.0 4.6 mA
main) mode™** | Voo =5.0V Resonator connection 3.2 4.8
fux = 20 MHZ"*?, Square wave input 3.0 4.6 mA
Voo =30V Resonator connection 3.2 4.8
fux = 10 MHZ"*?, Square wave input 1.9 27 mA
Voo =50V Resonator connection 1.9 2.7
fux = 10 MHZ"**?, Square wave input 1.9 27 mA
Voo =30V Resonator connection 1.9 2.7
LS (Low-speed | fux =8 MHZ"**, Square wave input 1.1 1.7 mA
main) mode™** | Voo =30V Resonator connection 1.1 1.7
fux = 8 MHZ"*?, Square wave input 1.1 1.7 mA
hbl Resonator connection 1.1 1.7
Notes 1. Total current flowing into Vob, 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, 1/0O 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: Vop=2.7V 1055V @1 MHz to 24 MHz
Vop=24Vt0o55V @1 MHz to 16 MHz
LS(Low speed main) mode: Vbop=1.8V1t05.5V @1 MHz to 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. Temperature condition of the TYP. value is Ta = 25°C.
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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)

AC Timing Test Point

Vin/Von Vin/Von
Test point
>< Vi/Vou > estpomts < Vi/VoL

External Main System Clock Timing

1/fex

texc || texH

EXCLK \

)

TI/TO Timing

trie || tTH

TIOO to TIO7

1/fro
TOO00 to TO07 J

Interrupt Request Input Timing

tinTL
INTPO to INTP5 \

Key Interrupt Input Timing

)

)

tiNTH

J

tkR

KRO to KR9

tRsL

RESET

RESET Input Timing
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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)

(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta = —40 to +85°C, 2.4 V < Vop < 5.5 V, Vss = 0 V, Reference voltage (+) = Vsar""°°, Reference voltage (-) = AVRerm
‘= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale error*™*"? EZS 8-bit resolution +0.60 | %FSR
Integral linearity error"*’ ILE 8-bit resolution 2.0 LSB
Differential linearity error™*’ DLE 8-bit resolution +1.0 LSB
Analog input voltage Vain 0 Vaer"*°* \Y

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 28.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage (-) = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage () = AVRerm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVREFMm.
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RL78/G12

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

3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to

+105°C)

This chapter describes the following electrical specifications.
Target products  G: Industrial applications Ta = -40 to +105°C

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.
3. Please contact Renesas Electronics sales office for derating of operation under Ta = +85°C to +105°C.

Derating is the systematic reduction of load for the sake of improved reliability.

Remark When the RL78 microcontroller is used in the range of Ta = -40 to +85 °C, see CHAPTER 28
ELECTRICAL SPECIFICATIONS (A: Ta =-40 to +85 °C).

There are following differences between the products "G: Industrial applications (Ta = -40 to +105°C)" and the products “A:

Consumer applications, and D: Industrial applications”.

Parameter

Application

A: Consumer applications,
D: Industrial applications

G: Industrial applications

Operating ambient temperature

Ta =-40 to +85°C

Ta=-40to +105°C

Operating mode

Operating voltage range

HS (high-speed main) mode:

27V <Vop<55V@1 MHz to 24 MHz
24V <Vop<55V@1 MHz to 16 MHz
LS (low-speed main) mode:

1.8V <Vop<5.5V@1 MHz to 8 MHz

HS (high-speed main) mode only:
27V <Vop<55V@1 MHz to 24 MHz
24V <Vop<55V@1 MHz to 16 MHz

High-speed on-chip oscillator clock

accuracy

R5F102 products, 1.8 V< Voo <5.5V:
+1.0%@ Ta =-20 to +85°C
+1.5%@ Ta =-40 to -20°C
R5F103 products, 1.8 V<Vob <5.5V:
1+5.0% @ Ta = -40 to +85°C

R5F102 products, 2.4V <Voo <5.5V:
1+2.0%@ Ta = +85 to +105°C

+1.0%@ Ta =-20 to +85°C

+1.5%@ Ta =-40 to -20°C

Serial array unit

UART
CSI: few/2 (supporting 12 Mbps), fex/4

Simplified I°C communication

UART
CSI: fei/4

Simplified I°C communication

Voltage detector

Rise detection voltage: 1.88 V to 4.06 V
(12 levels)
Fall detection voltage: 1.84 V to 3.98 V
(12 levels)

Rise detection voltage: 2.61 V to 4.06 V
(8 levels)

Fall detection voltage: 2.55 V to 3.98 V
(8 levels)

Remark The electrical characteristics of the products G: Industrial applications (Ta = -40 to +105°C) are different from
those of the products “A: Consumer applications, and D: Industrial applications”. For details, refer to 29.1 to

29.10.
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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)

(3) Peripheral functions (Common to all products)
(TA=-40to +105°C,2.4V<Vbp<5.5V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed onchip [l 0.20 LA
oscillator operating
current
12-bit interval timer Imka 0.02 LA

operating current

Notes 1,2,3

Watchdog timer IwoT fi,=15 kHz 0.22 LA
operating current Notes 1,24

A/D converter lanc When conversion Normal mode, AVrerp = Voo = 5.0 V 1.30 1.70 mA
operating current Notes 1,8 at maximum speed [ | j. voltage mode 0,50 0.70 mA

AVgerr = Voo = 3.0 V

A/D converter laDREF 75.0 LA
reference voltage
operating current

Note 1

Temperature sensor ITmps 75.0 LA
operating current

Note 1

LVD operating current | ILvo 0.08 HA
Notes 1,6
Self-programming IFsp 2.00 12.20 mA
operating current Notes 1.8
BGO operating lsco 2.00 | 12.20 mA
current Notes 1.7
SNOOZE operating Isnoz ADC operation The mode is performed "*°* 0.50 1.10 mA
Note 1
current The A/D conversion operations are 1.20 2.04 mA
performed, Low voltage mode, AVrerp
=Vob=3.0V
CSI/UART operation 0.70 1.54 mA
Notes 1. Current flowing to the Vob.

2.
3.

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

Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator). The current value of the RL78 microcontrollers is the sum of Ibp1, Ibp2 or lops, and IFiL and Itmka when
the 12-bit interval timer operates.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Iop1, Ipp2 or Ibps and lwot when the watchdog timer
operates.

Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of Ipp1 or
Iop2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Ipp1, Ibb2 or
Iops and ILvo when the LVD circuit operates.

Current flowing only during data flash rewrite.

Current flowing only during self programming.

For shift time to the SNOOZE mode, see 17.3.3 SNOOZE mode.

Remarks 1. fi.: Low-speed on-chip oscillator clock frequency

2. 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)

3.5 Peripheral Functions Characteristics

AC Timing Test Point

3.5.1 Serial array unit

ViH/Vor
Vi/Vor

Vin/Vo
> Test points < VUV
I oL

(1) During communication at same potential (UART mode)
(Ta=-40to +105°C,2.4 V<Vop<5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate fuek/12 bps
ote Theoretical value of the maximum transfer rate 2.0 Mbps

fork = fmek

Note2

Notes 1.
2.

Caution

Transfer rate in the SNOOZE mode is 4800 bps only.

The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:

HS (high-speed main) mode: 24 MHz (2.7 V < Vbb < 5.5 V)
16 MHz (2.4 V <Vbb<5.5V)

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)

RL78
microcontroller

TxDq Rx

RxDq Tx

User's device

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.
2.

g: UART number (g = 0 to 2), g: PIM, POM number (g = 0, 1)
fuck: 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 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

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

tkey,2

tKL1,2 tKH1, 2

SCKp \

-

tsik1,2 s, 2

Slp Input data

)

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.)

tkan, 2

KH1, 2 L, 2

tsik1, 2 ks, 2

tKs01,2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)
2. 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 (m = 0,1), n: Channel number (n =0, 1, 3))
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

1 2.2
Transfer rate x 2 {=CbxRoxIn (1~ Vb )

: x 100 [%]

(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.
4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.

5. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.7 V<Vop<4.0Vand2.3V <Vp <27V

1

Maximum transfer rate = 20 [bps]
{~Cbx Rox In (1 - v )} x 3
b
1 2.0
Transfer rate x 2 {=Cox RoxIn (1 - Vo !
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.

6. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.4V <Vop <3.3V,1.6 V<Vph <20V

1
Maximum transfer rate = [bps]

1.5
{~Cbox Rox In (1 - Vo )} x 3

1 1.5
Transfer rate x 2 {=CexRoxIn (1- Vb )
. x 100 [%]
(

m) x Number of transferred bits

Baud rate error (theoretical value) =

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

8. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 7 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vob tolerance) mode for the

TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViHand
Vi, see the DC characteristics with TTL input buffer selected.
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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)

R01DS0193EJ0210 Rev.2.10 Page 88 of 106
Mar 25, 2016 RENESAS



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

(7) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (slave mode, SCKp... external clock input)
(Ta =-40 to +105°C,2.4 V< Voo <5.5V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCKp cycle time"™' tkcve 40V<Vop<55YV, 20 MHz < fuck < 24 MHz 24/fuck ns
27V<Vb<40V 8 MHz < fwck <20 MHz 20/fmek ns
4 MHz < fuck <8 MHz 16/fmek ns
fuek <4 MHz 12/fmek ns
27V<Vop<4.0V, 20 MHz < fmck < 24 MHz 32/fwck ns
23V<W<27V 16 MHz < fuck <20 MHz 28/fmck ns
8 MHz < fwck < 16 MHz 24/fmck ns
4 MHz < fuck <8 MHz 16/fmek ns
fueck <4 MHz 12/fmek ns
24V <Vop<33V, 20 MHz < fmck < 24 MHz 72/fmck ns
16V<W<20V 16 MHz < fuck <20 MHz 64/fmck ns
8 MHz < fwck < 16 MHz 52/fmck ns
4 MHz < fuck < 8 MHz 32/fmek ns
fueck <4 MHz 20/fmek ns
SCKp high-/low-level tkHz, 40V<Vop<55V,27V<Vb<40V tkcye/2 — 24 ns
width tiaz 27V<Von<4.0V,23V<Vo<27V tkove/2 — 36 ns
24V<Vop<33V,1.6V<Vpb<2.0V tkey2/2 — 100 ns
Slp setup time tsike 40V<Vop<55V,27V<Vop<4.0V 1/ivex + 40 ns
(to SCKpT) *** 27V<Von<40V,23V<Vo<27V v+ 40 ns
24V<Vop<33V,1.6V<Vop<2.0V 1/fvck + 60 ns
Slp hold time tksiz 1/imex + 62 ns
(from SCKp™T) "**
Delay time from SCKp\{ to | tksoz 40V<Vop<55V,27V<Vb<4.0V, 2/fmek + ns
SOp output **** Co =30 pF, Ro= 1.4 kQ 240
27V<Vop<40V,23V<Vpe<27V, 2/fmek + ns
Cb = 30 pF, Ro = 2.7 kQ 428
24V <Vop<33V,1.6V<Vb<20V, 2/fmek + ns
Cb =30 pF, Ro = 5.5 kQ 1146

Notes 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
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 Slp hold time becomes “from
SCKpY{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
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.

Cautions 1. Select the TTL input buffer for the Slp and SCKp pins and the N-ch open drain output (Vob tolerance)
mode for the SOp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.
2. CSI01 and CSI11 cannot communicate at different potential.
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

3.5.2 Serial interface IICA

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

Parameter Symbol Conditions HS (high-speed main) mode Unit
Standard Mode Fast Mode
MIN. MAX. MIN. MAX.

SCLAO clock frequency fscL Fast mode: fck> 3.5 MHz 0 400 kHz

Normal mode: fcik> 1 MHz 0 100 kHz
Setup time of restart condition tsu:sTA 4.7 0.6 us
Hold time"**’ tHD:sTA 4.0 0.6 s
Hold time when SCLAOQ = “L” tLow 4.7 1.3 s
Hold time when SCLAO = “H” trigH 4.0 0.6 Us
Data setup time (reception) tsu:pAT 250 100 ns
Data hold time (transmission)"*®* | trp:paT 0 3.45 0 0.9 s
Setup time of stop condition tsu:sTo 4.0 0.6 s
Bus-free time taur 4.7 1.3 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
<R> 2. The maximum value (MAX.) of tHp:bAT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.

Caution  Only in the 30-pin products, the values in the above table are applied even when bit 2 (PIOR2) in the
peripheral I/O redirection register (PIOR) is 1. At this time, the pin characteristics (loH1, loLt, Vor1, VoL1)
must satisfy the values in the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.

Normal mode: Cb=400 pF, Rb = 2.7 kQ
Fast mode: Cb=320 pF, Rb = 1.1 kQ

IICA serial transfer timing

SCLAO

E E tr tsu:sta tHD:sTA
E : tHp:sTA tsu:pAT . E
somo (/i N/ ) /X \ i/
' 1 tBUF! \ \
Stop Start Restart Stop
condition  condition condition condition
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RL78/G12 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta = —40 to +105°C, 2.4 V < Vop < 5.5 V, Vss = 0 V, Reference voltage (+) = Vsar""*’°, Reference voltage (-) = AVRerm
Ne?= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale error*™*"? EZS 8-bit resolution +0.60 | %FSR
Integral linearity error"*’ ILE 8-bit resolution 2.0 LSB
Differential linearity error™*’ DLE 8-bit resolution +1.0 LSB
Analog input voltage Vain 0 Vaer"*°* \Y

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 29.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage (-) = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage () = AVRerm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVREFMm.
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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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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)




