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True low-power platform, 61-uyA/MHz operating current, Ta = 125°C operation, from 10 to 32 pins,
16 to 32 KB code flash memory, 2 KB RAM, Capacitive touch sensing unit, 2.4 t0 5.5V

1. OUTLINE

1.1 Features

Low power consumption technology

® \/pp = single power supply voltage of 2.4 t0o 5.5V
® HALT mode
® STOP mode

RL78 CPU core

® CISC architecture with 3-stage pipeline

® Minimum instruction execution time: Can be changed
from high speed (0.0625 pys: @ 16 MHz operation
with high-speed on-chip oscillator) to ultra-low speed
(30.5 ps: @ 32.768 kHz operation with subsystem
clock)

® Address space: 1 MB

® General-purpose registers: (8-bit register x 8) x 4
banks

® On-chip RAM: 2 KB

Code flash memory

® Code flash memory: 16 to 32 KB

® Block size: 1 KB

® Only write after erase is possible

® On-chip debug function

® Self-programming (with no boot swap function/flash
shield window function)

Data flash memory

® Data flash memory: 1 KB

® Block size: 512 B

® Unit of rewrites: 32 bits

® Background operation (BGO) is not supported
(instructions cannot be executed from the code flash
memory while rewriting the data flash memory)

® Number of rewrites: 1,000,000 times (TYP.)

® Voltage of rewrites: Vop =2.4t0 5.5V

High-speed on-chip oscillator

® Select from 16 MHz, 8 MHz, 4 MHz, 2 MHz, and

1 MHz
® Frequency accuracy +1.0%

(Vop =2.4t05.5V, Ta= —20 to +85°C)

(G: Industrial applications, M: Industrial applications)
® Frequency accuracy +1.5%

(Vop=2.41t05.5V, Ta= -40to —20°C)

(G: Industrial applications, M: Industrial applications)
® Frequency accuracy +1.5%

(Vop =2.41t05.5V, Ta=+85to +105°C)

(G: Industrial applications)
® Frequency accuracy +1.5%

(Vop =2.4t05.5V, Ta=+85to +125°C)

(M: Industrial applications)
® Frequency accuracy +2.0%

(Vop =2.4t05.5V, Ta= —40 to +85°C)

(A: Consumer applications)

Operating ambient temperature

® Ta= —40 to +85°C (A: Consumer applications)
® Ta= —40 to +105°C (G: Industrial applications)
® Ta= -40to +125°C (M: Industrial applications)

Power management and reset function

® On-chip selectable power-on-reset (SPOR) circuit
(Select reset from 3 levels, stop setting is available)

Serial interface

® Simplified SPI (CSIN® 1): 1 to 3 channels
® UART:
@ Simplified I12C: 1 to 3 channels
® |2C: 1 channel

1 to 3 channel

Note 1. Although the CSI function is generally called
SPI, it is also called CSl in this product, so it
is referred to as such in this manual.
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RL78/G16 1. OUTLINE
Timer Capacitive touch sensing unit (CTSUb)
® 16-bit timer: 8 channels ® 15 channels

® 12-bit interval timer: 1 channel
® Watchdog timer: 1 channel (operable with the
dedicated low-speed on-chip
oscillator)

® Real-time clock 2: 1 channel (99-year calendar,
alarm function, and clock

correction function)

A/D converter

® 8/10-bit resolution A/D converter (Voo = 2.4 to 5.5 V)

® Analog input: 4 to 11 channels

® Internal reference voltage (0.815V (TYP.)),
temperature sensor, and touch TSCAP voltage
selection

Comparator

® 1 to 2 channels

® Operation mode: High-speed mode, low-speed mode

® External reference voltage or internal reference
voltage can be selected as the reference voltage.

ROM, RAM capacities

® Self-capacitance method: A single pin configures a
single key, supporting up to 15 keys

® Mutual capacitance method: A key can be created
with a matrix configuration by selecting
transmit/receive pins from 15 pins.

1/0 port

® |/O port: 8 to 30 (N-ch open drain I/O [withstand
voltage of 6 V]: 0 to 2)

® Can be set to N-ch open drain and on-chip pull-up
resistor

® External interrupt function: 10 channels

® On-chip clock output/buzzer output controller

Others

® On-chip BCD (binary-coded decimal) correction
circuit

Remark The functions mounted depend on the
product. See 1.6 Outline of Functions.

Flash ROM Data flash RAM RL78/G16
10 pins 16 pins 20 pins 24 pins 32 pins
32 KB 1 KB 2 KB R5F1211C R5F1214C R5F1216C R5F1217C R5F121BC
16 KB 1KB 2 KB R5F1211A R5F1214A R5F1216A R5F1217A R5F121BA
R01DS0431EJ0110 Rev.1.10 RENESAS Page 2 of 84
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RL78/G16 1. OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G16

Part No.

170

F12

\}
—
1o

> M S P #V0

Packaging specifications
#00: Tray (Full carton) (HWQFN)
#06: Tray (Full tray) (HWQFN)
#07: Tray (Full tray) (LSSOP (10pin), SSOP, LQFP)
#10: Tray (Full carton) (LSSOP (10 pin), SSOP, LQFP)
#20: Tray (HWQFN)
#30: Tray (LSSOP, SSOP, LQFP)
Tube (LSSOP)Ne"
#40: Embossed Tape (HWQFN)
#50: Embossed Tape (LSSOP, SSOP, LQFP)

Package type

FP: 32-pin, LQFP, 0.8-mm pitch

SP: 10-pin, LSSOP, 0.65-mm pitch
16-pin, SSOP, 0.65-mm pitch
20-pin, LSSOP, 0.65-mm pitch

NA: 16-pin, HWQFN, 0.5-mm pitch
24-pin, HWQFN, 0.5-mm pitch
32-pin, HWQFN, 0.5-mm pitch

Fields of application
A: Consumer applications, T = —40°C to +85°C
G: Industrial applications, T =—40°C to +105°C
M: Industrial applications, To = —40°C to +125°C

ROM capacity
A: 16 KB
C:32KB

Pin count
1: 10-pin
4: 16-pin
6: 20-pin
7: 24-pin
B: 32-pin

RL78/G16 group: 121

Memory type
F: Flash memory

Renesas MCU

Renesas semiconductor product

Note 1. For the 20-pin LSSOP products only, the packaging specification is Tube.

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 3 of 84
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RL78/G16 1. OUTLINE
Table 1-1. List of Ordering Part Numbers
Pin count Package Fields of Ordering Part Number RENESAS Code
Apph:iza:tion Product Name Packaging
Specifications
10 pins | 10-pin plastic LSSOP A R5F1211CASP, R5F1211AASP #07, #10, PLSP0010JA-A
(4.4 x 3.6 mm, 0.65-mm pitch) #30, #50
R5F1211CGSP, R5F1211AGSP
R5F1211CMSP, R5F1211AMSP
16 pins | 16-pin plastic SSOP R5F1214CASP, R5F1214AASP #07, #10, PRSP0016JC-B
(4.4 x 5.0 mm, 0.65-mm pitch) #30, #50
R5F1214CGSP, R5F1214AGSP
R5F1214CMSP, R5F1214AMSP
16 pins | 16-pin plastic HWQFN R5F1214CANA, R5F1214AANA #00, #06, PWQNO0016KD-A
(3 x 3 mm, 0.5-mm pitch) #20, #40
G R5F1214CGNA, R5F1214AGNA
M R5F1214CMNA, R5F1214AMNA
20 pins | 20-pin plastic LSSOP A R5F1216CASP, R5F1216AASP #30, #50 PLSP0020JB-A
(4.4 x 6.5 mm, 0.65-mm pitch) G R5F1216CGSP, R5F1216AGSP
M R5F1216CMSP, R5F1216AMSP
24 pins | 24-pin plastic HWQFN A R5F1217CANA, R5F1217AANA #00, #06, PWQNO0024KF-A
(4.0 x 4.0 mm, 0.5-mm pitch) #20, #40
R5F1217CGNA, R5F1217AGNA
R5F1217CMNA, R5F1217AMNA
32 pins | 32-pin plastic HWQFN R5F121BCANA, R5F121BAANA #00, #06, PWQNO032KE-A
(5.0 x 5.0 mm, 0.5-mm pitch) #20, #40
R5F121BCGNA, R5F121BAGNA
R5F121BCMNA, R5F121BAMNA
32 pins | 32-pin plastic LQFP R5F121BCAFP, R5F121BAAFP #07, #10, PLQP0032GB-A
(7.0 x 7.0 mm, 0.8-mm pitch) #30, #50
R5F121BCGFP, R5F121BAGFP
R5F121BCMFP, R5F121BAMFP
Note 1. For the fields of application, refer to Figure 1-1 Part Number, Memory Size, and Package of RL78/G16.
Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering

part numbers, refer to the target product page of the Renesas Electronics website.
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RL78/G16

1. OUTLINE

1.3  Pin Configuration (Top View)

1.3.1

10-pin products

® 10-pin plastic LSSOP (4.4 x 3.6 mm, 0.65-mm pitch)

P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01) O~t—=] 1 10]——-O PO4/ANI3/IVREFO/INTP3/TSO04/SDAAO/(TION/TO01)
P125/RESET/INTP1/(VCOUTO)/(INTPO) Od— 2 RL78/G16 O[O POJANIZIVCMPOINTP4/TS03TO00ISCLAD(TIOO)
P137/INTPOTIO0 O—— 3 ; 8 [0 P02/PCLBUZO/ANITVCOUTO/NTP7/TSCAP/TIO1TO01/SCKOO/SCLOO
Ves O——4 (Top View) 7 |——O  PO1/TOOLRXD/ANIO/NTPS/TSO0/TIO2ITO02/SIO0/RXDO/SDACO/TIONTOO01)/(SDAAD)
Voo O———5 6 [ €O POO/TOOLTXD/INTP6/SO00/TXDO/(TI02/TO02)/(SCLAO)

Table 1-2. Multiplexed Functions of 10-pin Products

Pin 110 Analog HMI Timer Communications Interface
No.
> X o = 2 _ <
S| 3 €738 < 3 E3 885 F S I 3 E
1 P40 TOOLO — — INTP2 — (TI01/TO01) — —
(PCLBUZ0)
2 | P125 RESET — (VCOUTO) INTP1 — — — —
(INTPO)
3 | P137 — — — INTPO — TI00 — —
4 — Vss — — — — — — —
5 — Voo — — — — — — —
6 P00 TOOLTxD — — INTP6 — (TI02/TO02) | SO00/TXDO (SCLAO)
7 PO1 TOOLRXD ANIO — INTP5 TS00 TIO2/TO02 | SI00/RXDO/ (SDAAO0)
(TI01/TO01) SDA00
8 P02 PCLBUZO0 ANI VCOUTO INTP7 TSCAP TIO1/TO01 | SCKO00/SCLOO —
9 P03 — ANI2 IVCMPO INTP4 TS03 TO00 — SCLAO
(T100)

10 | Po4 — ANI3 IVREFO INTP3 TS04 (TI01/TO01) — SDAAO

Remark 1.  For pin identification, see 1.4 Pin Identification.

Remark 2.  Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).

Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 6 (PIORO to PIORS6) in the
RL78/G16 User’s Manual.
R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 5 of 84
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RL78/G16 1. OUTLINE

1.3.2 16-pin products

® 16-pin plastic SSOP (4.4 x 5.0 mm, 0.65-mm pitch)

P41/RTC1HZ/TS13/TI03/TO03/(INTP3)/(INTP4)/ O« »

(TI02/T002)/(VCOUTO)(VCOUTY) 1 0 16 [4——»O PO7/ANI6VCOUT1/TSO7/TI04/TO04/SCK11/SCL11/SDAAO/(INTP5)/(TO03)
P40/TOOLO/INTP2/(PCLBUZO)/(TI01/TO01) O<— {2 15 [«——0O PO6/ANIS/IVREF1/TS06/SI11/SDA11/SCLAO/PCLBUZO)/(INTP7)/(TI03/TO03)/(SCKO0/SCLOO)
P125/RESET/INTP1/(VCOUTO)/(VCOUT1)/(INTPO) O<——m=( 3 14 [a——=O PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TO02)/(TI07/TO07)/(SCKO0/SCLO0)/(SI00/RXDO/SDAC0)

P137/INTPO/TIO0 O———P 4 RL78/G16 13 [ O PO4/ANI3/IVREFO/INTP3/TS04/TI06/TO06/TxD1/(TIO1/TO01)/(SIO0/RXDO/SDA00)/(SO00/TXDO)
P122/X2/XT2/EXCLK/EXCLKS/TIOS/TO0S/(INTP2) O<—— 5 (Top View)  12[«——#O POI/ANIZIVCMPO/INTP4/TSO3TO00/RXD1/(TIOON(TIOS/TO0S)/(SO00/TxDO)
P121/X1/XT1/TIO7/TOO7/(INTP3)/(INTP4)/(INTP5) O-€—{ 6 11 |4—»0O P02/PCLBUZO/ANI1/VCOUTO/INTP7/TSCAP/TIO1/TO01/SCKOO/SCLOO/(TI02/TO02)/(SO11)

Vss O————7 10 [«——=O  PO1/TOOLRXD/ANIO/INTP5/TS00/TIO2/TO02/SI00/RXxDO/SDAOO/(TIO1/TO01)/(SI11/SDA11)/(SDAAO)
Voo O———8 9 [€—»(O POOTOOLTXD/INTP6/SO00/TXDO/(RTCIHZ)/(TI02/TO02)/(SCK11/SCL11)/(SCLAO)

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 6 of 84
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RL78/G16 1. OUTLINE

* ® 16-pin plastic HWQFN (3 x 3 mm, 0.5-mm pitch)

O PO4/ANI3/IVREFO/INTP3/TS04/TI06/TO06/TxD1/(TI01/TO01)/(SI00/RxD0O/SDAQ0)/(SO00/TXDO)

exposed die pad

¢—»(O P02/PCLBUZO/ANI1/VCOUTO/INTP7/TSCAP/TI01/TO01/SCKO0/SCLOO0/(TI02/TO02)/(SO11)

[<——O PO03/ANI2/IVCMPO/INTP4/TS03/TO00/RxD1/(TI00)/(TI05/TO05)/(SO00/TXDO)

S [€—»(O PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TO02)/(TI07/TO07)/(SCK00/SCLO0)/(SI00/RxD0/SDAQ0)

110 9 /
POG/ANIS/IVREF1/TS06/SI11/SDA11/SCLAO/PCLBUZOY(INTPT)(TIO3TO03) o] 13 ===~ g le—»0 (F’SOE;I/;I'A%())LRxD/ANIO/INTP5/TSOO/TIOZTTODZ/SIOOIRXDOISDAOO/(TI01/TOO1)/(SH1/SDA11)/
(SCKO0/SCLO0) 1
PO7IANIGICOUT1/TS07/TI04/TO04/SCK11/SCL11/SDAAO/INTPS)(TO03) Oe—— 14 | Ry 78/G16 | 7 [0 POOTOOLTXD/INTPE/SO00/TXDO/RTCTHZ)/(TI02TO02)/(SCK1/SCL11)(SCLAD)
P41/RTC1HZ/TS13/TIO3TO03/(INTP3)/(INTP4)/(TI02/TO02)/(VCOUTO)/(VCOUT1) O<—» 15 E(TOP View) | § ———O Voo
> 5 O Vss

P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01) Oﬂ—’}.

I

INDEX MARK

P137/INTPO/TIO0 O————B N

P122/X2/XT2/EXCLK/EXCLKS/TIO5/TO05/(INTP2) O-t—— >

P125/RESET/INTP1/(VCOUTO)/(VCOUT1)/(INTPO)
P121/X1/XT1/TI07/TO07/(INTP3)/(INTP4)/(INTP5)

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 7 of 84
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RL78/G16

1. OUTLINE

Table 1-3. Multiplexed Functions of 16-pin Products

Pin No. 1/0 Analog HMI Timer Communications Interface
=X 9] =2 <
= =« | 88 5 5 083 % 3 9
a | 5 R B 9 = e 5 c 28 5 & 8
3|2 s 559 8 s g8 g 5 T 5 &
21 %| 2| 323 Q 5 2 § 3% = = 5 &
- - a [ 1 < o £ 2 O L 5 [ » 35 n £
1 15 | P41 RTC1HZ — (VCOUTO) (INTP3) TS13 TI03/TO03 — —
(VCOUT1) (INTP4) (TI02/TO02)
2 16 | P40 TOOLO — — INTP2 — (TI01/TO01) — —
(PCLBUZ0)
3 1 P125 RESET — (vCouTO) INTP1 — — — —
(vCouT1) (INTPO)
4 2 | P137 INTPO — — — — TI00 — —
5 3 | P122 X2/XT2/ — — (INTP2) — TIO5/TO05 — —
EXCLK/
EXCLKS
6 4 | P121 XA/XT1 — — (INTP3) — TI07/TO07 — —
(INTP4)
(INTP5)
7 5 — Vss — — — — — — —
8 6 — Voo — — — — — — —
9 7 P00 TOOLTxD — - INTP6 - (TI02/TO02) | SO00/TXDO (SCLAO0)
(RTC1HZ) (SCK11/SCL11)
10 8 P01 TOOLRXD ANIO — INTP5 TS00 TI02/TO02 | SI00/RxDO/ (SDAAO0)
(TI01/TO01) SDA00
(SI11/SDA11)
11 9 P02 PCLBUZ0 ANI1 VCOoUTO INTP7 TSCAP TIO1/TOO1 | SCK00/SCLOO —
(TI02/TO02) (SO11)
12 | 10 | PO3 — ANI2 IVCMPO INTP4 TS03 TO00 RxD1 —
(T100) (SO00/TXDO)
(TIO5/TO05)
13 | 11 P04 — ANI3 IVREFO INTP3 TS04 TIO6/TO06 TxD1 —
(TI01/TO01) | (SIO0/RXDO/
SDA00)
(SO00/TxDO)
14 | 12 | P05 — ANI4 IVCMP1 (INTPG) TS05 (TI02/TO02) SO11 —
(TIO7/TO07) [(SCKO0/SCLOO)
(SI00/RxDO/
SDA00)
15 | 13 | P06 | (PCLBUZO) ANI5 IVREF1 (INTP7) TS06 (TIO3/TO03) | SI11/SDA11 SCLAO
(SCKO00/SCLO00)
16 | 14 | PO7 — ANI6 VCOUT1 (INTP5) TS07 TI04/TO04 | SCK11/SCL11 SDAAQ
(TO03)
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 6 (PIORO to PIORG6) in the
RL78/G16 User’s Manual.
Remark 3.  For the product in a QFN package, solder the exposed die pad onto a plated area of the PCB that has no

electrical connections.
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RL78/G16

1. OUTLINE

1.3.3 20-pin products

® 20-pin plastic LSSOP (4.4 x 6.5 mm, 0.65-mm pitch)

P21/ANI9/TS10/S020/TxD2/(INTP7)/(TO00)/(RxD1)
P20/ANI10/TS11/S120/RxD2/SDA20/(INTP1)/(T100)/(TO00)/(TI03/TO03)/

(Sﬁ(%lﬂ 1/'§_FL1 12{ TXDV
P41/RTC1HZ/TS13/TI03/TO03/SCK20/SCL20/(VCOUTO)/(VC T/(INTP3)/(INTP4);
(T102/TO02)/(SO11)/(SDA11)

P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01)

P125/RESET/INTP1/(VCOUTO)/(VCOUT1)/(INTPO)/(SI11)
P137/INTPO/TI00
P122/X2/XT2/EXCLK/EXCLKS/TI05/TO05/(INTP2)
P121/X1/XT1/TI07/TO07/(INTP3)/(INTP4)/(INTP5)

O<—>
) Ot—»|
o) e
Oa—»
O

Oe«—>»
O<—>

O

Vss

Voo

5}

© ® N O AWN =

RL78/G16
(Top View)

16 [¢—»O
15 |e—»0O
14 [4—»O
13|«—>0O
12 |4—»0O
11 [¢—»O

P22/ANIBITSO9/(INTP5)/(TIOB/TO06)/(SDAT1)

P23/ANI7/TSO8/(INTP6)/(TI04/TO04)/(SCL11)
PO7/ANIBVCOUT1/TSO7/TI04/TO04/SCK11/SCL11/SDAAO/(INTP5)/(TO03)
PO6/ANIS/IVREF1/TS06/SI11/SDA11/SCLAO/(PCLBUZO)/(INTP7)/(TI03/TO03)/(SCKO0/SCLO0)
PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TO02)/(TIO7/TO07)/(SCKOO/SCLO0)/(SI00/RXDO/SDA00)
PO4/ANI3/IVREFO/INTP3/TS04/TI06/TO06/TxD1/(TIO1/TO01)/(SI00/RXDO/SDA00)/(SO00/TXDO)
PO3/ANI2/IVCMPO/INTP4/TS03/TO00/RxD1/(TI00)/(TI05/TO05)/(SO00/TXDO)
PO2/PCLBUZO/ANI1/VCOUTO/INTP7/TSCAP/TION/TO01/SCKOO/SCLOO/(TI02/TO02)/(SO11)
PO1/TOOLRXD/ANIO/INTP5/TS00/TI02/TO02/SI00/RXDO/SDA00/(TI0/TO01)/(SI11/SDA11)/(SDAAD)
POO/TOOLTXD/INTPE/SO00/TXDO/(RTC1HZ)/(TI02/TO02)/(SCK11/SCL11)/(SCLAO)

Table 1-4. Multiplexed Functions of 20-pin Products (1/2)

Pin 110 Analog HMI Timer Communications Interface
No.
=¥ o - 2 _ <
a | 5| §3 E : 223 | F g o
o g 3 z S B c s 8 s S 8
3] 3| t5¢2 8 g £ 3 252 | s T s &
(=2} [ Q = = (=g = ‘9
| & €538 < 3 ES 885 F S e 3 E
1 P21 — ANI9 — (INTP7) TS10 (TOO00) S020/TxD2 —
(RxD1)
2 P20 — ANI10 — (INTP1) TS11 (TI00) SI20/RxD2/SDA20 —
(TOO00) (SCK11/SCL11)
(TI03/TO03) (TxD1)
3 P41 RTC1HZ — (VCOUTO) (INTP3) TS13 TIO3/TO03 SCK20/SCL20 —
(VCOUT1) (INTP4) (T102/TO02) (SO11)/(SDA11)
4 P40 TOOLO — — INTP2 — (TI101/TO01) — —
(PCLBUZ0)
5 P125 RESET — (VCOUTO0) INTP1 — — (SI11) —
(VCOUT1) (INTPO)
6 P137 — — — INTPO — TIOO — —
7 P122 X2/XT2 — — (INTP2) — TI05/TO05 — —
EXCLK/EXCLKS
8 P121 X1/XT1 — — (INTP3) — TI07/TO07 — —
(INTP4)
(INTP5)
9 — Vss — —_ — —_ — — —
10 — Voo — — — — — — —
11 P00 TOOLTXD — — INTP6 — (T102/TO02) SO00/TxD0 (SCLAO0)
(RTC1HZ) (SCK11/SCL11)
12 PO1 TOOLRXD ANIO — INTP5 TS00 TI02/TO02 | SI00/RxD0/SDAOO (SDAAO0)
(TI01/TO01) (SI11/SDA11)
13 P02 PCLBUZ0 ANI1 VCOUTO INTP7 TSCAP TI01/TO01 SCKO00/SCL00 —
(T102/TO02) (SO11)
14 P03 — ANI2 IVCMPO INTP4 TS03 TO00 RxD1 —
(TI00) (SO00/TxDO0)
(TI05/TO05)
15 P04 — ANI3 IVREFO INTP3 TS04 TI06/TO06 TxD1 —
(TI01/TO01) |(SI00/RxD0O/SDAQO)
(SO00/TxDO0)
16 P05 — ANI4 IVCMP1 (INTP6) TS05 (T102/TO02) SO11 —
(TI07/TO07) (SCKO00/SCL00)
(S100/RxD0/SDAQ0)
R01DS0431EJ0110 Rev.1.10 RENESAS Page 9 of 84
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RL78/G16

1. OUTLINE

Table 1-4. Multiplexed Functions of 20-pin Products (2/2)

Pin 110 Analog HMI Timer Communications Interface
No.
= X o o <
[5) = S ~
2| 5| E% E 2 223 | § g -
o) g 3 = z o 8 c = ] © 3
8| = 853 . g E 3 85S 5 5 5 g
(S 7] Qo = 83 (=S~ 5 0
Q]| B 7S < 3 £3 885 £ 5 &S & E
17 | PO6 (PCLBUZ0) ANI5 IVREF1 (INTP7) TS06 (TI03/TO03) SI11/SDA11 SCLAO
(SCK00/SCL00)
18 | PO7 — ANI6 VCOUT1 (INTP5) TS07 TI04/TO04 SCK11/SCL11 SDAAO
(TO03)
19 | P23 — ANI7 — (INTP6) TS08 (TI04/TO04) (SCL11) —
20 | P22 — ANI8 — (INTP5) TS09 (TI06/TO06) (SDA11) —
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2.

Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 6 (PIORO to PIORG6) in the

RL78/G16 User’s Manual.

R01DS0431EJ0110 Rev.1.10
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RL78/G16 1. OUTLINE

1.34 24-pin products

* ® 24-pin plastic HWQFN (4 x 4 mm, 0.5-mm pitch)

=)
g
<
a
@
S
8
2
&«
s
=3
g
g
=1
o
Q
S
g
g
o
o
~
S
o
IS
IS
S

exposed die pad

——O PO4/ANI3/IVREFO/INTP3/TS04/TI06/TO06/TxD1/(TI01/TO01)/(SI00/RxDO/SDA00)/(SO00/TXDO)
» [«—( P03/ANI2/IVCMPO/INTP4/TS03/TO00/RxD1/(TI00)/(TI05/TO05)/(SO00/TXDO)

§<—VO P02/PCLBUZO/ANI1/VCOUTO/INTP7/TSCAP/TIO1/TO01/SCKO0/SCLO0/(TI02/TO02)/(SO11)

5}
<
3
o
2
g
8
2
o
Q@
s
g
4
o
2
=5
8
¢}
£
3
=1
E
IS
a
E
S
S
N
>
@
4
o
S
3
a
@
@
S
8
17}
S
o
i
4
2
=)
z
<
g
8
&

H
a
2}
o
2
¢}
)
4
5
Z
pr
o
Q
<
o
2
5
3
¢}
3
S
E
=
S
@
£
£
=}
Q
o
2
S
z
<
N
S
&

—»( PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TO02;

»
3
>
>

P23/ANI7/TSO08/(INTP6)/(TI04TO04)/(SCL11) Ot > - >0 PO1/TOOLRxD/ANIO/INTP5/TS00/TI02/TO02/SI00/RxD0/SDAQ0/(TI01/TO01)/

©
N

v (SI11/SDA11)/(SO11)/(SDAAO)
P22/ANIB/TS09/(INTP5)/(TIO6/TO06)/(SDAT1) Od—20 | 11 €—»O fé}%ggﬂfﬁ"&m%soom XDO/(RTC1HZ)/(TIO2/TO02)/(SCK11/SCL11)/
i
P21/ANI9/TS10/SO20/TxD2/(INTP7)/(TO00)/(RxD1) O——®»{21 | RL78/G16 ! 10{«—»O P11/INTPY/(PCLBUZO)/(RTCTHZ)/(TIO3/TO03)/(SCK11/SCL11)/(TxD1)
1 X
P20/ANI0/TS11/SI120/RxD2/SDA20/(INTP1)/(TI00)/(TO00)/(TIO3TO03)(SCK11/SCL11)/(TxD1) Ot——»=22 :(Top V|ew) 9 [——O P10/INTP8/(PCLBUZO)/(TIO3/TO03)/(SCK11/SCL11)/(RxD1)
P41/RTC1HZ/TS13/TI03/TO03/SCK20/SCL20/(VCOUTO)/(VCOUT1)/(INTP3)/(INTP4)/ Ot—p ! —»O
03T 00DSO1 T)(SDAI 1) 23 8 P61/SDAAO/(INTP7)/(SO11)/(SDA11)
P40/TOOLO/INTP2/(PCLBUZO0)/(TI01/TO01) O———=24 7 [<——(O PBO/SCLAO/(INTP3)/(INTP6)/(SI11)

=)

INDEX MARK

Vs O——
Voo O

2
=
8
S
2
E
z
N
3
Iy

P122/X2/XT2/EXCLK/EXCLKS/TIOS/TOO0S/(INTP2) O——| &
P121/X1/XT1/TIO7ITOO7/(INTP3)/(INTP4)(INTP5) O—— &

B
£
e
£
c
>
Q
o
s
B
e
>
e}
o
=
&
e
£
£
m
@
w
3
s
&
o
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RL78/G16 1. OUTLINE
Table 1-5. Multiplexed Functions of 24-pin Products (1/2)
Pin 110 Analog HMI Timer Communications Interface
No.
= X o o <
z| sz g3 5 s 0 @3 3 > 3)
= oz 29 = g B c 282 & & 8
=S| = 550 8 g 2 S S 20 5 = 5 8
ER ) 5§23 9 5 g g g5z £ g 5 T 5 &
I\ [a) ] < o £ 2 O L s [ n S n £
1 P125 RESET — (VCOUTO) INTP1 — — (SI11) —
(VCOUT1) (INTPO)
2 P137 — — — INTPO — TI00 — —
3 P122 X2/XT2 — — (INTP2) — TI05/TO05 — —
EXCLK/EXCLKS
4 P121 X1/XT1 — — (INTP3) — TI07/TO07 — —
(INTP4)
(INTP5)
5 — Vss — — — — — — —
6 — Voo — — — — — — —
7 P60 — — — (INTP3) — — (SI11) SCLAO
(INTP6)
8 P61 — — — (INTP7) — — (SO11) SDAAO
(SDA11)
9 P10 (PCLBUZ0) — — INTP8 — (TI03/TO03) (SCK11/SCL11) —
(RxD1)
10 | P11 (PCLBUZ0) — — INTP9 — (TI03/TO03) | (SCK11/SCL11) —
(RTC1HZ) (TxD1)
11 P00 TOOLTxD — — INTP6 — (TI02/TO02) SO00/TxD0 (SCLA0)
(RTC1HZ) (SCK11/SCL11)
(S111/SDA11)
12 PO1 TOOLRXD ANIO — INTP5 TS00 T102/TO02 SI100/RxD0/SDAQOO (SDAAO)
(TI01/TO01) (SI111/SDA11)
(SO11)
13 P02 PCLBUZ0 ANI1 VCOUTO INTP7 TSCAP TI01/TO01 SCKO00/SCL00 —
(TI02/TO02) (SO11)
14 P03 — ANI2 IVCMPO INTP4 TS03 TOO00 RxD1 —
(T100) (SO00/TxDO)
(TI05/TO05)
15 P04 — ANI3 IVREFO INTP3 TS04 TI06/TO06 TxD1 —
(TI01/TO01) |(SI00/RxDO/SDAQO)
(SO00/TxDO)
16 P05 — ANI4 IVCMP1 (INTP6) TS05 (TI02/TO02) SO11 —
(TI07/TO07) | (SCKO00/SCL00)
(SI00/RxD0/SDA00)
17 P06 (PCLBUZ0) ANI5 IVREF1 (INTP7) TS06 (TI03/TO03) SI111/SDA11 (SCLAO)
(SCKO00/SCLO00)
18 P07 — ANI6 VCOUT1 (INTP5) TS07 TI04/TO04 SCK11/SCL11 (SDAAO)
(TOO03)
19 P23 — ANI7 — (INTP6) TS08 (TI04/TO04) (scL11) —
20 | P22 — ANI8 — (INTP5) TS09 (TI06/TO06) (SDA11) —
21 P21 — ANI9 — (INTP7) TS10 (TOO00) S020/TxD2 —
(RxD1)
22 P20 — ANI10 — (INTP1) TS11 (TI00) SI120/RxD2/SDA20 —
(TOO00) (SCK11/SCL11)
(TI03/TO03) (TxD1)
23 P41 RTC1HZ — (VCOUTO) (INTP3) TS13 TIO3/TO03 SCK20/SCL20 —
(VCOUT1) (INTP4) (TI02/TO02) (SO11)
(SDA11)
R01DS0431EJ0110 Rev.1.10 RENESAS Page 12 of 84
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RL78/G16

1. OUTLINE

Table 1-5. Multiplexed Functions of 24-pin Products (2/2)

Pin 110 Analog HMI Timer Communications Interface
No.
> ¥ 5} = 2 _ <
(2] - c = = [\ ©
= | = 5§59 8 & E 2 ggS 5 5 3 &
3| 8| &%s 2 8 25 | 838 | Et% 35 3 £
24 | P40 TOOLO — — INTP2 — (TI01/TO01) — —
(PCLBUZ0)
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2.  Functions in parentheses can be assigned via settings in the peripheral 1/O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 6 (PIORO to PIORG6) in the
RL78/G16 User’s Manual.
Remark 3.  For the product in a QFN package, solder the exposed die pad onto a plated area of the PCB that has no

electrical connections.

R01DS0431EJ0110 Rev.1.10
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RL78/G16

1. OUTLINE

1.3.5 32-pin products

POG/ANIS/IVREF 1/TS06/SI11/SDA11/(PCLBUZO)/(INTP7)/(TI03/TO03)/(SCKOO/SCLO0)/(SCLAQ)
PO7/ANIEVCOUT/TS07/TI04/TO04/SCK11/SCL11/(INTP5)/(TO03)/(SDAAO)
P23/ANI7/TSO8/(INTP6)/(TIO4/TO04)/(SCL11)

P22/ANI8/TSO09/(INTP5)/(TIO6/TO06)/(SDA11)

P21/ANI9/TS10/SO20/TxD2/(INTP7)/(TO00)/(RxD1)

P20/ANI10/TS11/SI20/RxD2/SDA20/(INTP1)/(TI00)/(TO00)/(TIO3TO03)/(SCK11/SCL11)/(RXD1)/
(TxD1)

P42/TS12/(TI00)/(TxD1)
P41/RTCTHZ/TS13/TI03/TO03/SCK20/SCL20/(VCOUTO)/(VCOUT1)/(INTP3)/(INTP4)/(TI02/TO02)!
(SO11)/(SDA11)

INDEX MARK ————

® 32-pin plastic HWQFN (5 x 5 mm, 0.5-mm pitch)

100/RxD0O/SDA00)

=)
S
=3
o
Q
S
S
<
o
%)
s
S
<]
IS
N
e

l——»(O P02/PCLBUZO/ANI1/VCOUTO/INTP7/TSCAP/TIO1/TO01/SCKO0/SCLOO/(TI02/TO02)/(SO11)/(SCK20/SCL20)

[<——( P01/TOOLRXD/ANIO/INTP5/TS00/TI02/TO02/SI00/RxDO/SDAOO/(TIO1/TOO01)

|<——»(O PO0/TOOLTXD/INTP6/SO00/TXDO/(RTC1HZ)/(TI02/TO02)/(SCK11/SCL1

111/SDAT1)/(SO11)/(SDAAO)

8 <——=(O P16/TS01/(TI03/TO03)/(SI20/RxD2/SDA20)/(SCLAO)

ﬁ l<——(O PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TOO:
N (e—»O P17/TS02/(T104/TO04)/(SO20/TxD2)/(SDAAO)

exposed die pad

19 18 1[7/
Oe—»25 j=========-mmmmmmen 16 [—»(O P15/(INTP9)/(SO11)/(SO20/TxD2)
|
O<*—»26 | 15— P14/(INTP2)/(SI11/SDA11)/(SI20/RxD2/SDA20)
Oe—»27 E 14|4——(O P13/(RTCTHZ)(INTP2)(INTP4)/(SCK11/SCL11)(SCK20/SCL20)
O<—>28 | RL78/G16 13{€—>O P12/(NTP8)
O<—29 ! (Top View) 12[«——(O P11/INTPY/(PCLBUZO)/(RTCTHZ)/(TIO3/TO03)/(SCK11/SCL11)/(TxD1)
O=<—»30 E 11|€——=O P10/INTP8/(PCLBUZO)/(TIO3/TO03)/(SCK11/SCL11)/(RxD1)
O<+—»{31 L 10 [——»( P61/SDAAD/(INTP7)/(SO11)/(SDA11)
Oe—»32 9 [«——»( P6O/SCLAO/(INTP3)/(INTPE)/(SI11)
1 4 7 8
(@] L J) (6]
<+ o o a
» = £ 8
= S
Q a
5 E
o z
N
[
o

2
(@]
S
o
IS
2
e
o
N
>
o
3
o
S
N
o
E
4
3
)
]
le]
=
o
<
o

3

(@]
@
S
o

E

Zz

=

2

o

o
I
=)
e
>
o
o
I
a
E
Zz
=
L
7]
L
4
I
N
o

P122/X2/XT2/EXCLK/EXCLKS/TI05/TO05/(INTP2) O-a— 0
P121/X1/XT1/TI07/TO07/(INTP3)/(INTP4)/(INTP5) O€— >

R01DS0431EJ0110 Rev.1.10
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RL78/G16

1. OUTLINE

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

P43/TS14

P40/TOOLO/INTP2/(PCLBUZ0)/(TI01/TO01)
P125/RESET/INTP1/(VCOUTO)/(VCOUT1)/(INTPO)/(SI11)

P137/INTPO/TI00

P122/X2/XT2/EXCLK/EXCLKS/TI05/TO05/(INTP2)
P121/X1/XT1/TI07/TO07/(INTP3)/(INTP4)/(INTP5)

Vss
Voo

O S [—( P41/RTC1HZ/TS13/TI03/TO03/SCK20/SCL20/(VCOUTO)/(VCOUT1)/(INTP3)/(INTP4)/(TI02/TO02)/(SO11)/(SDA11)

& [ P20/ANIN0/TS11/S120/RxD2/SDA20/(INTP1)/(TI00)/(TO00)/(TIO3/TO03)/(SCK11/SCL11)/(RXD1)/(TxD1)

) [ PO6/ANI5/IVREF1/TS06/SI11/SDA11/(PCLBUZO)/(INTP7)/(TIO3/TO03)/(SCKO0/SCLO0)/(SCLAD)

s

B

[a}

23

g

[e]

S5

o

o

=

z

5’::@

S 3 5 =

- I

£ 2 2 qg

S e 3 3

£ 388

z £ & 3

S s 3 3

S 2 & ¢

g EE K&

= E 5 o 3

2 S E B E

=3 2 £ £ ¢

s S & 2 3

[=] - 5 o Q9

= w »® » O

51 E B £ 2

g g & = ¢

(2} zZ Zz Zz Z

IS < < £ <

S S S 8 &

g S 8 % 5

o [ N N

31 29 28 27 26
O=e—l 1 24 (4—»O)
Ot—»{ 2 23 [¢—»O
O=e—» 3 22 [—»)
oO—»la RL78/G16 21 |4—»0O
Oe—>5 (Top View) 20 *—>0
Oe—>{56 19 fa—0O
o———7 18 [¢—»O
O——-1s8 17 [a—O

9 10 11 12 13 14 15 16

P60/SCLAO/(INTP3)/(INTP6)/(SI11)

P61/SDAAO/(INTP7)/(SO11)/(SDA11)

P10/INTP8/(PCLBUZO)/(TIO3/TO03)/(SCK11/SCL11)/(RxD1) O

P11/INTP9/(PCLBUZ0)/(RTC1HZ)/(TI03/TO03)/(SCK11/SCL11)/(TxD1)

P12/(INTP8)

P13/(RTC1HZ)/(INTP2)/(INTP4)/(SCK11/SCL11)/(SCK20/SCL20)

P14/(INTP2)/(SI11/SDA11)/(SI20/RxD2/SDA20) (O~t—>|

P15/(INTP9)/(SO11)/(SO20/TXD2)

PO5/ANI4/IVCMP1/TS05/SO11/(INTP6)/(TI02/TO02)/(TI07/TO07)/(SCKO0/SCLO0)/(SI00/RxD0/SDA00)
PO4/ANI3/IVREFO/INTP3/TS04/TI06/TO06/TxD1/(TI01/TO01)/(SI00/RxDO/SDA00)/(SO00/TxDO)
PO3/ANI2/IVCMPO/INTP4/TS03/TO00/RxD1/(T100)/(TI05/TO05)/(SO00/TxDO)
P17/TS02/(TI04/TO04)/(SO20/TxD2)/(SDAA0)

P16/TS01/(TI03/TO03)/(SI20/RxD2/SDA20)/(SCLAO)
P02/PCLBUZO0/ANI1/VCOUTO/INTP7/TSCAP/TI01/TO01/SCK00/SCLO0/(TI02/TO02)/(SO11)/(SCK20/SCL20)
PO1/TOOLRXD/ANIO/INTPS5/TS00/TI02/TO02/SI00/RxD0/SDA00/(TI01/TO01)/(S111/SDA11)/(SO11)/(SDAAO)
POO/TOOLTXD/INTP6/SO00/TxDO/(RTC1HZ)/(TI02/TO02)/(SCK11/SCL11)/(SI11/SDA11)/(SCLAO)

R01DS0431EJ0110 Rev.1.10
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RL78/G16

1. OUTLINE

Table 1-6. Multiplexed Functions of 32-pin Products (1/2)

Pin 110 Analog HMI Timer Communications Interface
No
= X o o <
z 5 g3 5 s 0 @3 3 > 3)
Lol 8 29 = g B c 282 & & 8
=46 = 8§59 8 g g2 g2 5 5 5 8
Td © 3328 Q g g g g9z E g - 5 2
® & o [ < o £33 O 85 E 5 o 5 n E
1 P43 — — — — TS14 — — —
2 P40 TOOLO — — INTP2 — (T101/TO01) — —
(PCLBUZ0)
3 P125 RESET — (VCOUTO) INTP1 — — (SI11) —
(VCOUT1) (INTPO)
4 P137 — — — INTPO — TIOO — —
5 P122 X2/XT2 — — (INTP2) — TI05/TO05 — —
EXCLK/EXCLKS
6 P121 X1/XT1 — — (INTP3) — TI07/TO07 — —
(INTP4)
(INTP5)
7 — VSS — — — — — — —
8 — VDD — — — — — — —
9 P60 — — — (INTP3) — — (SI11) SCLAO
(INTP6)
10 P61 — — — (INTP7) — — (SO11) SDAAOQ
(SDA11)
11 P10 (PCLBUZO0) — — INTP8 — (TI03/TO03) (SCK11/SCL11) —
(RxD1)
12 P11 (PCLBUZ0) — — INTP9 — (TI03/TO03) (SCK11/SCL11) —
(RTC1HZ) (TxD1)
13 P12 — — — (INTP8) — — — —
14 P13 (RTC1HZ) — — (INTP2) — — (SCK11/SCL11) —
(INTP4) (SCK20/SCL20)
15 P14 — — — (INTP2) — — (SI11/SDA11) —
(SI120/RxD2/SDA20)
16 P15 — — — (INTP9) — — (SO11) —
(SO20/TxD2)
17 P00 TOOLTxD — — INTP6 — (T102/TO02) SO00/TxDO (SCLAO0)
(RTC1HZ) (SCK11/SCL11)
(SI11/SDA11)
18 PO1 TOOLRXD ANIO — INTP5 TS00 TI02/TO02 | SI00/RxDO/SDA0O (SDAAO0)
(TI01/TO01) (SI11/SDA11)
(SO11)
19 P02 PCLBUZO ANI1 VCOUTO INTP7 TSCAP TI01/TO01 SCKO00/SCL00 —
(T102/TO02) (SO11)
(SCK20/SCL20)
20 P16 — — — — TS01 (TI03/TO03) |(SI20/RxD2/SDA20)|  (SCLAO)
21 P17 — — — — TS02 (T104/TO04) (SO20/TxD2) (SDAAO0)
22 P03 — ANI2 IVCMPO INTP4 TS03 TOO00 RxD1 —
(T100) (SO00/TxDO0)
(TI05/TO05)
23 P04 — ANI3 IVREFO INTP3 TS04 TI06/TO06 TxD1 —
(TI01/TO01) |(SI00/RxD0O/SDAQO)
(SO00/TxDO0)
24 P05 — ANI4 IVCMP1 (INTP6) TS05 (T102/TO02) SO11 —
(TI07/TO07) (SCKO00/SCL00)
(S100/RxD0/SDAQ0)
R01DS0431EJ0110 Rev.1.10 RENESAS Page 16 of 84
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RL78/G16

1. OUTLINE

Table 1-6. Multiplexed Functions of 32-pin Products (2/2)

Pin 110 Analog HMI Timer Communications Interface
No
= X o o <
z = g3s 5 8 0 S > > 3]
5ol 8 3 o g g 55 282 5 5 8
=5 = 552 8 g g S 220 5 B 5 &
Td © 3328 Q g g g g9z E g - 5 2
® & o [ < o e 3 O 85 E 5 o 5 n E
25 | P06 (PCLBUZ0) ANI5 IVREF1 (INTP7) TS06 (TI03/TO03) SI11/SDA11 (SCLAO)
(SCKO00/SCL00)
26 | PO7 — ANI6 VCOUT1 (INTP5) TS07 TI04/TO04 SCK11/SCL11 (SDAAD)
(TO03)
27 | P23 — ANI7 — (INTP6) TS08 (TI04/TO04) (scL11) —
28 | P22 — ANI8 — (INTP5) TS09 (TI06/TO06) (SDA11) —
29 | P21 — ANI9 — (INTP7) TS10 (TO00) S020/TxD2 —
(RxD1)
30 | P20 — ANI10 — (INTP1) TS11 (TI00) SI20/RxD2/SDA20 —
(TO00) (SCK11/SCL11)
(TI03/TO03) (RxD1)
(TxD1)
31 | P42 — — — — TS12 (TI00) (TxD1) —
32 | P41 RTC1HZ — (VCOouTO) (INTP3) TS13 TIO3/TO03 SCK20/SCL20 —
(VCOUT1) (INTP4) (TI02/TO02) (SO11)
(SDA11)
Remark 1.  For pin identification, see 1.4 Pin Identification.
Remark 2.  Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR).
Refer to Figure 4-6 Format of Peripheral I/O Redirection Registers 0 to 6 (PIORO to PIOR6) in the
RL78/G16 User’s Manual.
Remark 3. For the product in a QFN package, solder the exposed die pad onto a plated area of the PCB that has no

electrical connections.
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RL78/G16

1. OUTLINE

1.4 Pin Identification

ANIO to ANI10
INTPO to INTP9

P00 to PO7
P10 to P17
P20 to P23

P40 to P43

P60, P61

P121, P122, P125
P137

PCLBUZO

EXCLK

EXCLKS

X1, X2

XT1, XT2
IVCMPO, IVCMP1
VCOUTO, VCOUT1
IVREFO, IVREF1

RESET

RxDO, RxD1, RxD2

RTC1HZ

SCKO00, SCK11, SCK20
SCLO00, SCL11, SCL20, SCLAO
SDAO00, SDA11, SDA20, SDAAO
S100, SI11, SI20

S000, SO11, SO20

TIOO to TIO7

TOO00 to TOO7

TOOLO

TOOLRxD, TOOLTxD

TxDO, TxD1, TxD2

: Analog Input
. Interrupt Request From Peripherals

:Port0
: Port 1
: Port 2

: Port 4

: Port 6

: Port 12

- Port 13

: Programmable Clock Output/Buzzer Output
: External Clock Input (Main System Clock)
: External Clock Input (Subsystem Clock)

: Crystal Oscillator (Main System Clock)

: Crystal Oscillator (Subsystem Clock)

: Comparator Input

: Comparator Output

: Comparator Reference Input

: Reset

: Receive Data

: Real-time Clock Correction Clock (1 Hz) Output
: Serial Clock Input/Output

: Serial Clock Output

: Serial Data Input/Output

: Serial Data Input

: Serial Data Output

: Timer Input

: Timer Output

: Data Input/Output for Tool

: Data Input/Output for External Device

: Transmit Data

TS00 to TS14 : Electrostatic Capacitance Measurement Pin (Touch Pin)
TSCAP : LPF (low-pass filter) Connection for CTSU
Vob : Power Supply
Vss : Ground
RO1DS0431EJ0110 Rev.1.10 RENESAS Page 18 of 84
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RL78/G16

1. OUTLINE

1.5

1.5.1

Block Diagram

10-pin products

TAUO (8ch)
.
TO00 - PORT 0 K 5> Pooto P04
TI01 —
ch01
TOO01 ’_
TI02 —
cho2
N
K - PORT 4 P40
ch07
(=  PorTi2 P125
CODE DATA
FLASH FLASH
16, 32 KB 1KB
SAUO (2ch) “ PORT 13 P137
e uwn | o
UARTO
TXDO ’—:- (N INTERRUPT o oonBEE RS ook PCLBUZO
SCK00 +— <):I‘>
5100 — csloo RL78-S2 INTERRUPT
5000 +— @ K :|
N ~AM COQI'EQOL 5] INTPO to INTP7
SCLO0 +— 1100 NV 2KB
SDA00 +— iE
TOOLO —)
TOOLTxD +——| ON-CHIP DEBUG K> i; <Z|ANIO to ANI3
TOOLRxD — 8/10-bit
@ AID CONVERTER f¢—— Temp Sensor
BCD ADJUSTMENT “ Clock Generator RESET 4ch le TSCAP
+ —
Reset Generator [¢&—— Internal reference voltage
SCLAO _ N
o — SIS
| — WATCH DOG TIMER
ow Spee igh Spee:
IVREFO — SESECTABEl| oncuip [| on-chip
IVCMPO —N) COMP OSCILLATOR| |OSCILLATOR LOW-SPEED
RESET ;
VCOUTO +— 15 kHz 1o 16 MHz “ 12-bit INTERBAL ON-CHIP
] TIMER OSCILLATOR
TSCAP Voo Vss REAL-TIME CLOCK
00 RTC1HZ
503, 7504 {2 cTsu K
R01DS0431EJ0110 Rev.1.10 RENESAS Page 19 of 84
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RL78/G16

1. OUTLINE

1.5.2

16-pin products

TAUO (8ch)
=
TO00 — c
PORT 0 K &> Pooto P07
TIo1 —
e
Tio2 — o
TO02 «—] c
TI03 — 03
TOO03 «— ° @
TIo4 — o
TO04 «— °
TIo5 —
TIo6 —
e
Tio7 — o7
TOO7 4— c
SAUO (4ch)
RxD0 —
TXDO +—] UARTO
RxD1 UART
TXD1 +—|
N CODE DATA PORT 12 K 3> P121,P122,P125
FLASH FLASH
SI100 — 8100 AN 16, 32 KB 1KB
S000 —— K~ PORT 13 P137
sckt1 —H V)
S —1 Cslit1 BUZZER/CLOCK
INTERRUPT
SO ¢+ - —|  CoNTROL - —) OUTPUT CONTROL PCLBUZO
Soko b 11c00 RL78-52 [ reRRoeT
CONTROL K 8 ] INTPO to INTP7
| N RAM N—] ach
SCL11 e N—V] 2KB
SDA11 ¢+ (E
TOOLO ——
TOOLTXD ¢——{ ON-CHIP DEBUG <:> K 71 ANIO to ANIB
TOOLRxD —| AN 8/10-bit
SEarT N A A/D CONVERTER [—— Temp Sensor
BCD ADJUSTMENT K — > ResET Teh [ Tscap
. Internal reference voltage
Main OSC
SCLAO Clock Generator 1to 12 MHz
SDAAO ICA0 <= +
Reset Generator
IVREFO —— X1 X2/EXCLK
VOMPO COMPO <:> WATCH DOG TIMER
veouto Sub OSC LOW-SPEED
\VREF1 ] 32.768 kHz 12-bit INTERBAL ON-CHIP
vempt —  compt KT <> é} é} T TIMER OSCILLATOR
VCOUT1 —] XT1
' XT2/EXCLKS
SELECTABLE Lgv’: ?:Tjid H(I)gr: giﬁgd REAL-TIME CLOCK RTC1HZ
POWER ON . .
TSCAP Tram N | |osciLLaTor| |osciLLaTor
15 kHz 110 16 MHz
TS00
1503-1507< 5 cTSu @ | |
Voo Vss
TS13 ——
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RL78/G16 1. OUTLINE

1.5.3 20-pin products

TAUO (8ch)
TI00 —
TO00 «—| choo
PORT 0 K &> P00 to PO7
TIo1 —
2
TIo2 — o
TO02 «—] cho
TI03 — 03
TOO03 «— ° @
TI04 — PORT 2 P20 to P23
o | o |
TIo5 —
TIog —
o
Tio7 — o7
TOO7 °
SAUO (4ch)
RxDO —|
TXDO UARTO
RxD1 —
TxD1 ] UARTI
scKo0 by CODE DATA PORT 12 K 3> P121,P122,P125
00— FLASH FLASH
] csioo AN 16, 32 KB 1KB
S000 ¢—{— K> PORT 13 P137
o1t — 1l Y
Si1— csi BUZZER/CLOCK
A—N| INTERRUPT AN
SO11 1 K— controL  R— OUTPUT CONTROL PCLBUZO
Ssgkgg b 11c00 RL78-S2 INTERRUPT
o P RAM K—X COg;l:{OL K81 INTPO to INTP7
SCL11 et N—/1 2KB
SDA11 +— i;
SAU1 (2ch)
RxD2 —|
UART2
TXD2 4—:1 | i) K 7] ANIO to ANI10
N 8/10-bit
N = A/D CONVERTER Temp Sensor
SCSKég ‘—:: Je— RESET N—V] Teh TSCZP
— csI20 NV —
S020 +—— Main OSC [— Internal reference voltage
1to 12 MHz
SCL20 +— 11c20 Clock Generator
SDA20 +— +
Reset Generator
X1 X2/EXCLK
WATCH DOG TIMER
| subosc
TOOLO —f LOW-SPEED
TOOLT«D ¢—| ON-CHIP DEBUG K — 32768 kHz 1201t NTERBAL ON-CHIP
TOOLRXxD —) <> é} é} T OSCILLATOR
XT1
BCD ADJUSTMENT |< N | lserecrasie| | LowSpeed || High Speed XT2/EXCLKS REAL-TIME CLOCK RToZ
Eomer o || on-crip ON-CHIP
RESET OSCILLATOR| |OSCILLATOR
SCLAO 1CAO - 15 kHz 110 16 MHz
SDAAD
IVREFO — | |
IVCMPO — COMPO <)::> Voo Ves
VCOUTO ——
IVREF1 —
IVCMP1 —] COMP1 <)::>
VCOUT1 4—
TSCAP
TS00 ——
1503-1811{ 9 CTsu <:::>
TS13
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1.54 24-pin products

TAUO (8ch)
Tioo —
TO00 «—| choo
PORT 0 K &> P00 to PO7
S
102 — PORT 1 K2 > P10, P11
TO02 «—] cho
TI03 — PORT 2 K 7> P20top2s
T003 4—] ch03 @
Tioa — s
TO04 +— c
Tios —
TIo6 —
Tio7 — o7
TOO7 °
SAUO (4ch)
RxDO —
TXDO UARTO
RxD1 —
TxD1 ] UARTI
scron «lx CODE DATA PORT 12 K3 P121,P122,P125
oo — 11 FLASH FLASH
1 csioo AN 16, 32 KB 1KB
S000 ¢—{— K> PORT 13 P137
soki1 —H 0o
Si1— csi BUZZER/CLOCK
AN INTERRUPT [ AN
SO11 1 K— controL  R— OUTPUT CONTROL PCLBUZO
Ssgkgg o 11c00 RL78-S2 INTERRUPT
K  CONTROL 0] INTPO to INTP9
SCL11 K— RAM 10ch
e NV 2KB
SDAT1 +— i;
SAU1 (2ch)
RxD2 —
UART2
TXD2 4—:1 | i) K 271 ANI0 to ANI10
AN 8/10-bit
VN = A/D CONVERTER Temp Sensor
SCSKég ‘—:: Je— RESET N—V] eh TSCZP
— csI20 \V —
S020 +—— Main OSC [— Internal reference voltage
1to 12 MHz
SCL20 +— 11C20 Clock Generator
SDA20 +— +
Reset Generator
X1 X2/EXCLK
WATCH DOG TIMER
) subosc
TOOLO —f - LOW-SPEED
TOOLT«D ¢—| ON-CHIP DEBUG K — 32768 kHz 12:0it NTERBAL ON-CHIP
TOOLRXxD —) <> é} é} T OSCILLATOR
XT1
BCD ADJUSTMENT |< N | |sececrasie| | towspeed || High speea XT2/EXCLKS REAL-TIME CLOCK R
TLECe] | on-crie ON-CHIP
RESET OSCILLATOR| |OSCILLATOR
SCLAO 1CAO L 15 kHz 11016 MHz
SDAAD
IVREFO — | |
IVCMPO — COMPO <)::> Voo Ves
VCOUTO ——
IVREF1 —
IVCMP1 —] COMP1 <)::>
VCOUT1 4—
TSCAP
TS00 ——
1503-1511{ © CTsu <:::>
TS13
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1. OUTLINE

1.5.5

32-pin products

TAUO (8ch)
e
T000 4— ° -
- PORT 0 K &> P00 to P07
Tiot —
TOO1 «— cho1
Tio2 —| 02 - PORT 1 K& > Piotopi17
TO02 — ch0
Ti0g — (=N  port2 K ) Pa0tor2s
TO03 —| ch03 LN
NV
Tio4 — o4
TO04 c
Tios —|
Tios —|
TIo7 — o7
TO07 ¢— °
SAUO (4ch)
RxDO —
g UARTO
RxD1 —|
o1 UART1
coxo0 CODE DATA - PORT 12 K5 P121,P122, P125
100 ¢ N FLASH FLASH
] Csloo AN 16, 32 KB 1KB
S000 ¢—H| K~ - PORT 13 P137
sok11 1
St — cslit1 BUZZER/CLOCK
INTERRUPT
SO € /‘_'\\ —v] conTroL /‘_'\\ — OUTPUT CONTROL PeLBUZO
:&gg «— icoo RL78-52 INTERRUPT
@ CONTROL T0_] INTPO to INTP9
SCL11 4 K ) RAM 10ch
et NV 2KB
SDA11 +— iﬁ
SAU1 (2ch)
RxD2 —|
UART2
D2 4—:1 | i} K T7] ANI0 to ANI10
N 8/10-bit
“— ey A/D CONVERTER [¢—— Temp Sensor
chég :: - l— RESET N—/] e Tscip
— csi20 NV j—
S020 — Main OSC [&— Internal reference voltage
SCL20 +—{ 120 Clock Generator 1to 12 MHz
SDA20 +— *
Reset Generator
X1 X2/EXCLK
WATCH DOG TIMER
) subosc
TOOLO —— - LOW-SPEED
TOOLTXD ¢—| ON-CHIP DEBUG K — ) 32768 kHz 1201t INTERBAL ON-CHIP
TOOLRXxD — <> <> <> OSCILLATOR
XT1
|<“:'|> ' XT2/EXCLKS
BCD ADJUSTMENT seLEcTABLe| [ Low Spesa | | High Speed REAL-TIME CLOCK RTCAHZ
POWER ON | |osciLLaTor| [osciLiaTor
SCLAO oA - 15 kHz 110 16 MHz
SDAAQ
IVREFO ——) | |
IVCMPO —— COMPO K= Voo Vss
VCOUTO ¢—
IVREF1 —)
vempt —y COMP1 <)::>
VCOUT1 ¢—
TSCAP
TS00 —|
o cTsuU <:>
Ts14
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RL78/G16 1. OUTLINE
1.6  Outline of Functions
This outline describes the functions at the time when Peripheral 1/O redirection register (PIOR) is set to 00H.
ltem 10-pin 16-pin 20-pin 24-pin 32-pin
R5F1211A | R5F1211C | R5F1214A | R5F1214C | R5F1216A | R5F1216C | R5F1217A | R5F1217C | R5F121BA | R56F121BC
Code flash memory 16 KB 32 KB 16 KB 32 KB 16 KB 32 KB 16 KB 32 KB 16 KB 32 KB
Data flash memory 1KB
RAM 2 KB
Main system High-speed system — X1, X2 (crystal/ceramic) oscillation: 1 to 12 MHz: Vpp =2.4to 5.5V
clock clock External main system clock input (EXCLK): 1 to 16 MHz: Voo =2.4t0 5.5V
High-speed on-chip 110 16 MHz (Vop =2.4t0 5.5 V)
oscillator
Subsystem clock — XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Vop=2.4to 5.5V
Low-speed on-chip oscillator clock 15 kHz (TYP.)
General-purpose registers (8-bit register x 8) x 4 banks
Minimum instruction execution time 0.0625 ps (16 MHz operation)
Instruction set ® Data transfer (8/16 bits)
® Adder and subtractor/logical operation (8/16 bits)
® Multiplication (8 bits x 8 bits)
® Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.
1/0 port Total 8 14 18 22 30
CMOS I/0 7 13 17 19 27
CMOS input 1
N-ch open drain /O — 2
(withstand voltage of
6V)
Timer 16-bit timer 8 channels
Watchdog timer 1 channel
12-bit interval timer 1 channel
Real-time clock 2 — 1 channel
Timer output 3 channels 8 channels 8 channels 8 channels 8 channels

(PWM outputs: 2)Nete !

(PWM outputs: 7)Note 1

(PWM outputs: 7)Note 1

(PWM outputs: 7)Note 1

(PWM outputs: 7)Note 1

RTC output

1 Hz (subsystem clock: fsus = 32.768 kHz)

Clock output/buzzer output

1

Up to 10 MHz (peripheral hardware clock: fuan = 10 MHz operation)

Reset by RESET pin

Internal reset by watchdog timer

Internal reset by selectable power-on-reset
Internal reset by illegal instruction executionote 3
Internal reset by data retention lower limit voltage
Internal reset by illegal-memory access

Internal reset by RAM parity error

Comparator 1 channel 2 channels 2 channels 2 channels 2 channels
8/10-bit resolution A/D converter 4 channels 7 channels 11 channels 11 channels 11 channels
Serial interface Simplified SPI (CSI): Simplified SPI (CSINoe2): Simplified SPI (CSI): 3 channels/simplified I°C: 3 channels/UART: 3 channels

1 channel/ 2 channels/

simplified 12C: simplified I2C: 2 channels/
1 channel/ UART: 2 channels
UART: 1 channel
12C bus 1 channel

CTSU 3 7 11 11 15
Number of Internal 23 26 30 30 30
Vectored External 8 8 8 10 10
interrupt
sources
Reset .

Selectable power-on-reset circuit

® Detection voltage

Rising edge (Vseor): 2.25 V/2.68 V/3.02 V/4.45 V (MAX.)
Falling edge (Vspor): 2.20 V/2.62 V/2.96 V/4.37 V (MAX.)

On-chip debug function

Provided

Power supply voltage

Voo =2.4t055V

Operating ambient temperature

Ta=-40 to +85°C (A: Consumer applications), Ta= —40 to +105°C (G: Industrial applications),

Ta=-40 to +125°C (M: Industrial applications)

R01DS0431EJ0110 Rev.1.10
Aug 31, 2023
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RL78/G16 1. OUTLINE

Note 1. The number of outputs varies, depending on the setting of channels in use and the number of the master (see
6.9.3 Operation as multiple PWM output function in the RL78/G16 User’s Manual).

Note 2.  Although the CSI function is generally called SPI, it is also called CSl in this product, so it is referred to as
such in this manual.

Note 3. The illegal instruction is generated when instruction code FFH is executed. Reset by the illegal instruction
execution not issued by emulation with the on-chip debug emulator.
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RL78/G16 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

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

This chapter describes the electrical specifications of A: Consumer applications (Ta = =40 to +85°C), G: Industrial
applications (Ta = —40 to +105°C), and M: Industrial applications (Ta = —40 to +125°C) when they are used in the range
of Ta=—-40 to +85°C.

Caution 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.

Caution 2. The pins mounted depend on the product. Refer to 2.7 Port Function, for the port functions, and
2.2.1 Functions for each product, for the other functions, in the RL78/G16 User’s Manual.

Remark There are differences in the high-speed on-chip oscillator clock accuracy between G: Industrial applications
and M: Industrial applications, and A: Consumer applications.

Classification A: Consumer applications G: Industrial applications M: Industrial applications
High-speed on-chip oscillator +2.0% when Ta = -40 to +85°C +1.5% when Ta = +85 to +105°C +1.5% when Ta = +85 to +125°C
clock accuracy +1.0% when Ta = —20 to +85°C +1.0% when Ta = -20 to +85°C
+1.5% when Ta =-40 to -20°C +1.5% when Ta = -40 to -20°C
R01DS0431EJ0110 Rev.1.10 RENESAS Page 26 of 84
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RL78/G16

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

2.1 Absolute Maximum Ratings

[Ta=25°C]
Item Symbol Condition Rating Unit
Supply voltage Voo -0.5to0 +6.5 \%
Input voltage Vi1 -0.3 to Vpp + 0.3Nete! Vv
Output voltage Vor -0.3to Vpp+ 0.3 \%
Output current, high lown Per pin -40 mA
Total of all pins | P06, P07, P20 to P23, P40 to P43, P121, =70 mA
P122, P125
-170mA P00 to P05, P10 to P17 -100 mA
Output current, low loLs Per pin 40 mA
Total of all pins | P06, P07, P20 to P23, P40 to P43, P121, 100 mA
P122, P125
170mA P00 to P05, P10 to P17, P60, P61 100 mA
Operating ambient Ta -40 to +85 °C
temperature
Storage temperature Tsg -65 to +150 °C

Note 1. This must be no greater than 6.5 V.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
item. That is, the absolute maximum ratings are rated values at which the product is on the verge of
suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remark 1.  The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless

otherwise specified.

Remark 2. The reference voltage is Vss.

R01DS0431EJ0110 Rev.1.10
Aug 31, 2023
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RL78/G16 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.2 Oscillator Characteristics

2.21 X1 and XT1 oscillator characteristics

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

ltem Resonator Condition MIN. TYP. MAX. Unit

X1 clock oscillation frequency (fx)N¢ ' | Ceramic resonator/ 24V<Vpps55V 1 12 MHz
crystal resonator

XT1 clock oscillation frequency Crystal resonator 32 32.768 35 kHz
(fXT)Note 1
Note 1. Indicates only permissible oscillator frequency ranges. Refer to 2.4 AC Characteristics for instruction

execution time. For actual applications, request evaluation by the manufacturer of the oscillator circuit
mounted on a board so you can use appropriate values.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after release from the reset state,
the user should use the oscillation stabilization time counter status register (OSTC) to check the X1
clock oscillation stabilization time. Specify the values for the oscillation stabilization time in the OSTC
register and the oscillation stabilization time select register (OSTS) after having sufficiently evaluated
the oscillation stabilization time with the resonator to be used.

Remark When using the X1 or XT1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/G16 User’s Manual.

222 On-chip oscillator characteristics

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

Item Symbol Condition MIN. TYP. MAX. Unit
High-speed on-chip oscillator clock fin 1 16 MHz
frequenCyNoie 1, Note 2
High-speed on-chip oscillator clock Ta=-40to +85°C -2.0 +2.0 %
frequency accuracy
Low-speed on-chip oscillator clock fi 15 kHz
frequency
Low-speed on-chip oscillator clock -15 +15 %

frequency accuracy

Note 1. The high-speed on-chip oscillator frequency is selected by bits 0 to 2 of option byte (00C2H) and bits 0 to 2 of
the HOCODIV register.

Note 2.  The listed values only indicate the characteristics of the oscillators. Refer to 2.4 AC Characteristics for
instruction execution time.

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 28 of 84
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2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.3

2.3.1

DC Characteristics

Pin characteristics

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

(1/2)

Item Symbol Condition MIN. TYP. MAX. Unit
Output current, high lown Per pin for P00 to P07, P10 to P17, P20 to P23, -10.0N2 | mA
Note 1 P40 to P43, P121, P122, P125
Total of P06, P07, P20 to 40V<Vp=sb5V -65.0N°5 | mA
P23, P40 to P43, P121, P122, [, (o ~140 | mA
P125
< -
(when duty < 70%M3) 24V <Vpp<27V 105 | mA
Total of P00 to P05, P10 to 40V<sVp=s55V -65.0 mA
P17 27V Voo <40V -12.0 | mA
(when duty < 70%"°te %)
24V <sVpp<27V -9.0 mA
Total of all pins (when duty < 70%"N°¢ 3) -105.0 mA
Output current, low lot Per pin for P00 to P07, P10 to P17, P20 to P23, 20.0N2 | mA
Note 4 P40 to P43, P121, P122, P125
Per pin for P60, P61 15.0N2 | mA
Total of P06, P07, P20 to 40V<Vp=s55V 85.0Note 6 mA
P23, P40 to P43, P121, P122, 27V <Vop<4.0V 210 mA
P125
(when duty € 70%"?) 24V <Vpp<2.7V 4.2 mA
Total of POO to P05, P10 to 40V<sVpp<s55V 85.0 mA
P17, P60, P61 2.7V <Vop<4.0V 180 | mA
(when duty < 70%"°t %)
24V <Vpp<27V 3.6 mA
Total of all pins (when duty < 70%M°'® 3) 145.0 mA

Note 1.
pin.
Note 2.

Note 3.

The value for maximum total current must not be exceeded.

the output current when the duty cycle is greater than 70%, where n is the duty cycle.

* Total output current from the listed pins = (lon % 0.7)/(n x 0.01)

Example when n = 80% and lon = —10.0 mA

Device operation is guaranteed at the listed currents even if current is flowing from the Vpp pin to an output

The listed currents apply when the duty cycle is no greater than 70%. Use the following formula to calculate

Note 4.

Total output current from the listed pins = (=10.0 x 0.7)/(80 x 0.01) = -8.7 mA
* Total output current from the listed pins = (loL x 0.7)/(n x 0.01)
Example when n = 80% and loL = 10.0 mA
Total output current from the listed pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

Note that the duty cycle has no effect on the current that is allowed to flow into a single pin. A current
higher than the absolute maximum rating must not flow into a single pin.

Device operation is guaranteed at the listed currents even if current is flowing from an output pin to the Vss
pin.
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RL78/G16 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

Note 5. When the multiplexed TSm pin is used as a mutual-capacitance transmit pin, the value is =30 mA.
Note 6. When the multiplexed TSm pin is used as a mutual-capacitance transmit pin, the value is 40 mA.

Caution P00, P01, P03 to P07, P14, P16, P17, P20, P22, and P41 do not output high level in N-ch open-drain
mode.

Remark The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless
otherwise specified.
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2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

[Ta = -40 to +85°C, 2.4V S Vop S 5.5 V, Vss = 0 V]

(2/12)
Item Symbol Condition MIN. TYP. MAX. Unit
Input voltage, high Vin 0.8 Vpp Vbp \Y
Vin2 P60, P61 0.7 Vop 6.0 \%
Input voltage, low Vi 0 0.2 Vop \%
V2 P60, P61 0 0.3 Voo \%
Output voltage, high Vo1 40V<Vp<55V lon = =10 mA Vop- 1.5 Y
e low = -3.0 mA Voo - 0.7 v
27V<Vp=<55V lon = =-2.0 mA Vpp— 0.6 \%
24V <Vp<55V lon = =-1.5 mA Vpp— 0.5 \%
Output voltage, low Vor1 40V<Vp<s55V loL =20 mA 1.3 \%
e lo = 8.5 MA 0.7 v
27V <Vp=<55V loL = 3.0 mA 0.6 \%
lo. = 1.5 mA 0.4 \Y
24V <Vpps55V loL = 0.6 mA 0.4 \%
P60, P61 40V<sVpp< |loo=15mA 2.0 \%
55V loL = 5 mA 0.4 v
27V<Vpp< |loo=3.0mA 0.4 \Y
55V lo = 2.0 mA 0.4 v
24V <sVpp < [loo=1.0mA 0.4 \%
55V
Input leakage current, ILin1 P00 to P07, P10 to P17, P20 to P23, P40 to P43, 1 MA
high P60, P61, P125, P137
V)= Vpp
ILiH2 P121, P122 (X1, X2, XT1, In input port or 1 MA
XT2, EXCLK, EXCLKS) external clock input
Vi = Voo In resonator 10 HA
connection
Input leakage current, I P00 to P07, P10 to P17, P20 to P23, P40 to P43, -1 MA
low P60, P61, P125, P137
V| = Vss
[ P121, P122 (X1, X2, XT1, In input port or -1 A
XT2, EXCLK, EXCLKS) external clock input
Vi =Vss In resonator -10 pA
connection
On-chip pull-up Ru Except P60 and P61 V, = Vss 10 20 100 kQ
resistance
Note 1. The value under the condition which satisfies the high-level output current (lon1).
Note 2.  The value under the condition which satisfies the low-level output current (loL1).
Caution The maximum value of V4 of P00, P01, P03 to P07, P14, P16, P17, P20, P22, and P41 is Vop even in N-
ch open-drain mode. These pins do not output high level in N-ch open-drain mode.
Remark The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless

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

2.3.2

Supply current characteristics

[Ta=-40to +85°C, 2.4V <Vpp 5.5V, Vss =0V]

Item Symbol Condition MIN. TYP. MAX. Unit
Supply Ipp1 Operating | Basic fin = 16 MHzZNete 4 Voo =3.0V,5.0V 0.97 mA
currentNete ! mode operation

Normal fin = 16 MHZzNote 4 Vop=3.0V,5.0V 2.1 2.76 mA

operation g, — 4 MpizNotes Voo =3.0V,50V 1.22 164 mA

fex = 16 MHzNote 5. Note 6 | Square wave input 1.97 2.62 mA
Vop=3.0V,5.0V

fx = 12 MHzNole 5. Note 6| Resonator connection 1.79 2.49 mA
Vop=3.0V,5.0V

fux = 4 MHzNete 5. Note 6 | Square wave input 1.07 1.49 mA

Vop=3.0V,5.0V Resonator connection 1.12 1.55 mA

fsus = 32.768 kHzN® 7 | Square wave input 3.65 5.80 MA

Ta=-40°C Resonator connection 3.70 6.00 uA

fsus = 32.768 kHzN®7 | Square wave input 3.90 5.80 MA

Ta=+25°C Resonator connection 4.18 6.00 A

fsus = 32.768 kHzN®7 | Square wave input 4.04 6.20 MA

Ta=+50°C Resonator connection 4.37 6.40 A

fsus = 32.768 kHzN*7 | Square wave input 4.20 6.50 HA

Ta=+70°C Resonator connection 4.56 6.70 A

fsus = 32.768 kHzN®7 | Square wave input 4.40 7.80 WA

Ta=+85°C Resonator connection 4.80 8.00 HA

Iop2N®2 | HALT mode fin = 16 MHZzote 4 Vop=3.0V,5.0V 385 800 MA

fin = 4 MHzNete 4 Vop=3.0V,5.0V 334 630 pA

fex = 16 MHzNete 5. Note 6 | Square wave input 229 638 MA
Vop=3.0V,5.0V

fx = 12 MHZzNte 5. Note 6 | Resonator connection 351 902 HA
Vop=3.0V,5.0V

fux = 4 MHzNote 5. Note 6 | Square wave input 167 452 MA

Voo =3.0V,5.0V Resonator connection 226 599 A

fsus = 32.768 kHzN¢8 | Square wave input 0.69 1.45 MA

Ta=-40°C Resonator connection 0.75 1.65 A

fsus = 32.768 kHzN*® | Square wave input 0.75 1.45 HA

Ta=+25°C Resonator connection 1.04 1.65 A

fsus = 32.768 kHzN¢8 | Square wave input 0.84 1.74 HA

Ta=+50°C Resonator connection 1.20 1.94 HA

fsus = 32.768 kHzN¢8 | Square wave input 0.97 2.20 WA

Ta=+70°C Resonator connection 1.33 2.40 A

fsus = 32.768 kHzN®8 | Square wave input 1.13 3.10 MA

Ta=+85°C Resonator connection 1.51 3.30 A

IppsNte® | STOP modeNete® Voo =3.0V 0.62 2.80 A

Note 1. The listed currents are the total currents flowing into Vop, including the input leakage currents flowing when

the level of the input pin is fixed to Voo or Vss.

Regarding the values for main system clock operation, the TYP. value does not include the peripheral
operating current. The MAX. value includes the peripheral operating current, but does not include those

flowing into the A/D converter, comparator, capacitive touch sensing unit (CTSU), I/O port, and on-chip pull-
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up/pull-down resistors.

Regarding the values for subsystem clock operation, the TYP. and MAX. values do not include the peripheral
operating current. However, in HALT mode, the current flowing into the RTC is included.

Regarding the values in STOP mode, the TYP. and MAX. values do not include the peripheral operating
current.

Note 2. When the HALT instruction is executed from the flash memory.

Note 3. The listed currents do not include the current flowing into real-time clock 2, the clock output/buzzer output
controller, 12-bit interval timer, and watchdog timer.

Note 4. When the high-speed system clock and subsystem clock are stopped.

Note 5. When the high-speed on-chip oscillator and subsystem clock are stopped.

Note 6. 16-pin, 20-pin, 24-pin, and 32-pin products only.

Note 7. When the high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (ultra-
low power consumption oscillation). However, not including the current flowing into real-time clock 2, the 12-
bit interval timer, watchdog timer, and capacitive touch sensing unit.

Note 8. When the high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and
AMPHS1 = 1 (ultra-low power consumption oscillation).

Note 9. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

Remark 1.  fin: High-speed on-chip oscillator clock frequency

Remark 2. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)

Remark 3.  Except for subsystem clock operation, the temperature condition of the TYP. value is Ta = 25°C.

Remark 4. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
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Peripheral Functions

[Ta = -40 to +85°C, 2.4V < Vop S 5.5 V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Low-speed on-chip oscillator operating [y Note ! 0.30 pA
current
RTC2 operating current lrrcNoe s | fsug = 32.768 kHz 0.02 PA
Note 2, Note 8
12-bit interval timer operating current Frma™ete - 0.02 pA
Note 2, Note 3
Watchdog timer operating current lwot 0.02 MA
Note 1, Note 4
A/D converter operating current lanc In conversion at | Vpp =5.0V 1.30 1.90 mA
Note 1, Note 5 H
maximum speed Voo = 3.0V 0.50 mA
Temperature sensor operating current Irmpshote ! 75.0 pA
Comparator operating current lowp In high-speed Voo =5.0V 6.50 MA
Note 1, Note 6 mode
In low-speed Vop =5.0V 1.70 MA
mode
Internal reference voltage operating lvregN® ! 10 PA
current
Self-programming operating current lrsp 2.0 12.20 mA
Note 1, Note 7
Note 1. The current flowing into Vop.

Note 2. When the high-speed on-chip oscillator and high-speed system clock are stopped.

Note 3. This current only flows into the 12-bit interval timer. It does not include the operating current of the low-speed
on-chip oscillator and XT1 oscillator. The supply current of the RL78 microcontrollers is the sum of lbp1, Ibp2
or lpops and IrL and Itmka when the 12-bit interval timer is in operation.

Note 4. This current only flows into the watchdog timer. It does not include the operating current of the low-speed on-
chip oscillator. The supply current of the RL78 microcontrollers is the sum of Ipp1, Ibp2 or Ibops and IriL and lwort
when the watchdog timer is in operation.

Note 5. This current only flows into the A/D converter. The supply current of the RL78 microcontrollers is the sum of
Iop1 or Ibp2 and laoc when the A/D converter is operating or in the HALT mode.

Note 6. This current only flows into a single comparator. The supply current of the RL78 microcontrollers is the sum of
Iop1, Iop2 or lops and lemp when the comparator is in operation.

Note 7. This current only flows during self-programming.

Note 8. This current only flows into real-time clock 2. It does not include the operating current of the low-speed on-
chip oscillator and XT1 oscillator. The supply current of the RL78 microcontrollers is the sum of the values of
either lpp1 or lop2, and Irtc, when real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Iop2 subsystem clock operation includes the
operational current of real-time clock 2.

Remark The temperature condition of the TYP. value is Ta = 25°C.
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2.4 AC Characteristics

[Ta = -40 to +85°C, 2.4 V< Vop S 5.5 V, Vss = 0 V]

ltem Symbol Condition MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey When high-speed on-chip 24V <Vpps55V 0.0625 1.0 us
instruction execution time) oscillator clock (fir) is
selected
When high-speed system 24V<Vppsb5V 0.0833 1.0 us
clock (fux) is selected
Subsystem clock (fsus) 24V <Vpp<55V 28.5 30.5 31.3 us
operation
In the self-programming 24V<sVppsb5V 0.0625 1.0 us
mode
External system clock fex 24V<sVpps55V 1.0 16 MHz
frequency
External system clock input | texw, texc. |24V <Vpp<55V 30 ns
high-level width, low-level
width
TIOO to TIO7 input high-level | trn, tri. | Noise filter is not used 1/fuck + 10 ns
width, low-level width
TOO00 to TOO7 output fro 40V<sVpp=s55V 8 MHz
frequency 27V<Vop <40V 5 MHz
24V<sVpp<27V 4 MHz
PCLBUZO0 output frequency frcL 40V<Vpp<s55V 10 MHz
27V<sVop<4.0V 5 MHz
24V<sVpp<27V 4 MHz
RESET low-level width trsL 10 us

Remark fuck: Timer array unit operating clock frequency
(Operation clock to be set by timer clock select register 0 (TPS0) and the CKS0n1 bit of timer mode register
On (TMRON). n: Channel number (n =0 to 7).)
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Minimum Instruction Execution Time during Main System Clock Operation

Tey vs Voo
10
1.0 —=+=+ When the high-speed on-chip oscillator clock is selected
—_ 0.8 * During self-programming
g ==+ When the high-speed system clock is selected
5
i
(o}
£
s 02
>
o
0.1
Sy e e S |
0.05
0.01 I
0 1.0 20 | 30 4.0 5.0 i 6.0
i
24 5.5

Supply voltage Vpp [V]

At AC Timing

VIH/VOH VIH/VOH
Test points
VIL/VOL VIL/VOL

External System Clock Timing

- 1/fex >

i
lEXL Lo LEXH
|

ExcL —\ / L
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TITO Timing

tri Co trin
|

/

TIOO to TIO7

1/fro

TO00 to TOO7 \ § / \ |

RESET Input Timing

! " |
b trsL >
‘ ‘

RESET
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2.5 Serial Interface Characteristics

AC Timing Test Points

Vin/Von
ViVor

> Test points <:

Vin/Vor
ViVor

251 Serial array unit

(1) UART mode

[Ta=-40to +85°C,2.4V=<Vpp=<5.5V,Vss=0V]

ltem Symbol Condition MIN. TYP. MAX. Unit
Transfer rate fuck/6 bps

Theoretical value of the maximum 2.6 Mbps
transfer rate
foik = fmek = 16 MHz

UART mode connection diagram

TxDO Rx

RL78

. User device
microcontroller

RxDO Tx

UART mode bit width (reference)

1/Transfer rate
High-/low-bit width
Baud rate error tolerance

TxDO
RxDO

Remark fumck: Serial array unit operation clock frequency
(Operation clock to be set by serial clock select register m (SPSm) and the CKSmn bit of serial mode register

mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 11, 20))
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(2) Simplified SPI (CSI) mode (master mode, SCKp... internal clock output)

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

Item Symbol Condition MIN. TYP. MAX. Unit
SCKp cycle time tkey tkcyt = 4/fcik 24V <Vpps55V 250 ns
SCKp high-/low-level width tert, tker | 2.7V SVpp<55V tkev1/2 — 18 ns
24V <Vpps55V tkev1/2 — 38 ns
Slp setup time tsik1 27V<Vp<s55V 47 ns
(to SCKp 1)**" 24V<Vop<55V 75 ns
Slp hold time tksit 19 ns
(from SCKp t)Note !
Delay time from SCKp | to SOp tkson C = 30 pFNote 3. Note 4 25 ns

outputNole 2

Note 1. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The Slp setup time becomes “to SCKp |”
and the Slp hold time becomes “from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn =
0.

Note 2. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The delay time to SOp output becomes
“from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn = 0.

Note 3. C is the load capacitance of the SCKp and SOp output lines.

Note 4. External loads on P60 and P61 in the case of the SOp output line: R = 1 kQ, C = 30 pF

(3) Simpilified SPI (CSI) mode (slave mode, SCKp... external clock input)

[Ta = -40 to +85°C, 2.4 V < Vpp S 5.5V, Vss = 0V]

Item Symbol Condition MIN. TYP. MAX. Unit
SCKp cycle time tkey2 27V<Vpp<55V 6/fuck ns
24V <Vpp<55V 6/fuck and ns
also 500
SCKP high-/low-level width tkH2, tkie 24V < VDD <55V thyz/Z -18 ns
Slp setup time tsike 27V<Vp<s55V 1/Mfuex + 20 ns
Note 1
(to SCKp 1) 24V <Vpp<55V ffyck + 30 ns
Slp hold time tisi2 24V <Vpp<55V 1/fmck + 31 ns
(from SCKp 1)Note !
Delay time from SCKp | to SOp tkso2 C=30pF 27V<Vp<55V 2/fuck + 50 ns
OutputNote 2 Note 3, Note 4
24V <Vpps55V 2/fmuck+ 75| ns

Note 1. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The Slp setup time becomes “to SCKp |”
and the Slp hold time becomes “from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn =
0.

Note 2. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The delay time to SOp output becomes
“from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn = 0.

Note 3. C is the load capacitance of the SOp output lines.
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Note 4. External loads on P60 and P61 in the case of the SOp output line: R = 1 kQ, C = 30 pF
Remark 1.  p: CSIl number (p = 00, 11, 20), n: Channel number (n =0, 1)

Remark 2.  fuck: Serial array unit operation clock frequency
(Operation clock to be set by serial clock select register 0 (SPS0) and the CKSOn bit of serial mode
register On (SMRON). n: Channel number (n =0, 1))

Simplified SPI (CSI) mode connection diagram

SCKp SCK
. RL78 Slp SO User device
microcontroller
SOp Sl

Simplified SPI (CSI) mode serial transfer timing
(When DAPON = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1)

tkevi, 2

tir, 2 tiri, 2

SCKp \

tsik1, 2 i tksit, 2
>

Slp 3 < Input data XR

‘
1 tksor,2

SOp >< Output data ><

Remark p: CSI number (p = 00, 11, 20), n: Channel number (n =0, 1)
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(4) Simplified IC mode

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

Item Symbol Condition MIN. MAX. Unit
SCLr clock frequency fscL C, =100 pF, R, =3 kQ 40QQNote 1 kHz
Hold time when SCLr = “L” tLow Cy, =100 pF, R, =3 kQ 1150 ns
Hold time when SCLr = “H” thicH C, =100 pF, R, =3 kQ 1150 ns
Data setup time (reception) tsupar | Co = 100 pF, R, = 3 kQ 1/fuck + 145Nt 2 ns
Data hold time (transmission) tupoar | Co = 100 pF, R, = 3 kQ 0 355 ns

Note 1.
Note 2.

Caution

The value must also be no greater than fuck/4.

register 0, 1, 2, 4, or 6 (POMO, 1, 2, 4, or 6).

Set fuck so that it will not exceed the hold time when SCLr = “L” or SCLr = “H”.

Simplified 1°C mode connection diagram

SDAr

RL78
microcontroller

SCLr

SDA

User device

SCL

Select the N-ch open drain output (Voo tolerance) mode for the SDAr pin by using port output mode
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Simplified 1°C mode serial transfer timing

1ffscL

tLow , ticH

< > < >

S/
SDAr /_\ _

) ‘
i v !
thp:DAT tsu:pat

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

Remark 2. r: l1IC number (r = 00, 11, 20)

Remark 3. fuck: Serial array unit operation clock frequency

(Operation clock to be set by serial clock select register 0 (SPS0) and the CKSOn bit of serial mode
register On (SMRON). n: Channel number (n =0, 1))
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2.5.2 Serial interface IICA
[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss=0V]
Item Symbol Condition Standard Mode Fast Mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: 0 400 kHz
foik = 3.5 MHz
Standard mode: 0 100 kHz
fok 2 1 MHz
Setup time of restart condition tsu:sTaA 4.7 0.6 us
Hold timeN"‘e 1 tHD:STA 4.0 0.6 us
Hold time when SCLAOQ = “L” tLow 4.7 1.3 us
Hold time when SCLAO = “H” thicH 4.0 0.6 us
Data setup time (reception) tsu:paT 250 100 ns
Data hold time (transmission)N°t® 2 tHD:DAT 0 3.45 0 0.9 us
Setup time of stop condition tsussto 4.0 0.6 us
Bus-free time taur 4.7 1.3 us
Note 1. The first clock pulse is generated after this period when the start or restart condition is detected.
Note 2. The maximum value (MAX.) of thp:pat applies to normal transfer and a wait is inserted at the ACK
(acknowledge) timing.
Remark The maximum value of C» (communication line capacitance) and the value of R (communication line pull-up
resistance) at that time in each mode are as follows.
Standard mode: Cp = 400 pF, Ry = 2.7 kQ
Fast mode: Cp = 200 pF, Ry = 1.7 kQ
IICA serial transfer timing
e low R —— -
SCLAO U_\ / \ / J \ / \ fi
: P | o N .
: 3 s B 1
i . tropaT B tien  tr 1 tsusta M Hf«tHD-STA tsussto »Fﬂ:«:
:Aé—h} tHp:sTA § tsu DATH § § ‘ § :
SOV A G S VA /-
— e ‘ . /
boiteurr : P
Sop St Restart Sop
condition condition condition condition
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2.6 Analog Characteristics

2.6.1 A/D converter characteristics

Targets: ANIO to ANI10, internal reference voltage, temperature sensor output voltage, and CTSU TSCAP voltage
[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss=0V]

Item Symbol Condition MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorNote - Nete2. | AINL | 10-bit resolution Vpp =5V 1.7 +3.1 LSB
e Vop =3V 2.3 +45 | LSB
Conversion time tcony 10-bit resolution 27V<Vps55V 4.25 17 us

Targets: ANIO to ANI10 24V <Vpp <55V 5.75 23 us
Note 5

10-bit resolution 24V <Vpp=<55V 5.75 23 us

Target: Internal reference

voltageN°te

Target: Temperature sensor
output voltageN°© &

Target: CTSU TSCAP

voltageN°te®
Zero-scale error Ezs 10-bit resolution Vop=5V +0.19 %FSR
Note 1, Note 2, Note 3, Note 4
Vop =3V +0.39 %FSR
Full-scale error Ers 10-bit resolution Vop=5V +0.29 %FSR
Note 1, Note 2, Note 3, Note 4
Vop =3V +0.42 %FSR
Integral linearity error ILE 10-bit resolution Vop =5V +1.8 LSB
Note 1, Note 2, Note 3
Vb =3V 1.7 LSB
Differential linearity DLE 10-bit resolution Vop =5V +1.4 LSB
Note 1, Note 2, Note 3
error Voo =3V +15 LSB
Analog input voltage Van Targets: ANIO to ANI10 0 Vob \%
Target: Internal reference voltage™®©® Vreoe7 Y,
Target: Temperature sensor output voltageN*®©® Vrvpszshoe? Y,
Target: CTSU TSCAP voltage (2.4 V <Vpp £5.5V) V1scap \%
Note 1. The TYP. value is an average value at Ta = 25°C. The MAX. value is an average value 30 at normal

distribution.
Note 2.  These values are the results of characteristic evaluation and are not checked for shipment.
Note 3. A quantization error (+1/2 LSB) is not included.
Note 4. Expressed as a ratio (%FSR) relative to the full-scale value.

Note 5. Be sure to set the LVO bit in A/D converter mode register 0 (ADMO) to 0 when conversion is done in the
operating voltage range of 2.4V <Vpp < 2.7 V.

Note 6. Be sure to set the LVO bit in A/D converter mode register 0 (ADMO) to 0 when the internal reference voltage,
temperature sensor output voltage, or CTSU TSCAP voltage is selected as the target for conversion.

Note 7. Refer to 2.6.3 Temperature sensor/internal reference voltage characteristics.
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Caution 1.  Arrange wiring and insert the capacitor so that no noise appears on the power supply/ground line.

Caution 2. Do not allow any pulses that rapidly change such as digital signals to be input/output to/from the
pins adjacent to the conversion pin during A/D conversion.

Caution 3. Note that the internal reference voltage cannot be used as the reference voltage of the comparator
when the internal reference voltage is selected as the target for A/D conversion.

2.6.2 Comparator characteristics

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss =0V]

Item Symbol Condition MIN. TYP. MAX. Unit
Input voltage range IvRer IVREFn pin input (CnVRF bit = 0) 0 Vpp — 1.4 \%
Internal reference voltage (CnVRF bit = 1) N Vrec\o® 2 \Y,
lvemp IVCMPn pin input -0.3 Vpp + 0.3 \%
Output delay tq Vpp=3.0V, High-speed mode 0.5 us
input slew rate > 50 mV/us Low-speed mode 20 us
Operation stabilization tewp 100 us
wait time
Note 1. When the internal reference voltage is selected as the reference voltage of the comparator, the internal

reference voltage cannot be used as the target for A/D conversion.
Note 2. Refer to 2.6.3 Temperature sensor/internal reference voltage characteristics.

Remark n: Channel number (n =0, 1)

2.6.3 Temperature sensor/internal reference voltage characteristics

[TA=-40to +85°C,2.4V=<Vpp 5.5V, Vss=0V]

ltem Symbol Condition MIN. TYP. MAX. Unit

Temperature sensor Vrmps2s 1.05 \%
output voltage

Internal reference Vrec 0.74 0.815 0.89 \%
voltage

Temperature Fyrwes | Temperature dependence of the temperature sensor -3.6 mV/°C
coefficient voltage

Operation tavp A/D converter is used (ADS register = ODH) 5 us

stabilization wait time

Caution The internal reference voltage cannot be simultaneously used by the A/D converter and the
comparator; only one of them must be selected.
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2.6.4 SPOR circuit characteristics

[Ta = -40 to +85°C, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Detection voltage | Power supply Vsporo | Power supply rising 4.08 4.28 4.45 \Y
voltage level Veroro | Power supply falling 4.00 420 437 v

Vspor1 | Power supply rising 2.76 2.90 3.02 \%

Vspor1 | Power supply falling 2.70 2.84 2.96 \%

Vspor2 Power supply rising 2.44 2.57 2.68 \%

Vspprz | Power supply falling 2.40 2.52 2.62 \%

Vspors | Power supply rising 2.16 \%

Vspors | Power supply falling 2.11 \Y

Minimum pulse widthNet® ! Tspw 300 us

Note 1. Time required for the reset operation by the SPOR circuit when Vop falls below Vspor.

Caution Make sure to keep the internal reset state by the SPOR or an external reset until the power supply
voltage (Vop) reaches the operating voltage range shown in 2.4 AC Characteristics.

2.6.5 Power supply voltage rising slope characteristics

[Ta = -40 to +85°C, Vss = 0 V]

ltem Symbol Condition MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the SPOR or an external reset until the power supply
voltage (Vop) reaches the operating voltage range shown in 2.4 AC Characteristics.
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2.7 RAM Data Retention Characteristics

[Ta = -40 to +85°C, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Data retention power supply voltage Voopr 1.9 5.5 \%

Caution Datain RAM is retained until the power supply voltage falls below the MIN. value of the data retention
power supply voltage (Vooor). Note that data in the RESF register might not be cleared even if the
power supply voltage falls below the MIN. value of the data retention power supply voltage (Vboor).

| SPOR reset period
; STOP mode : (Retain data in RAM and RESF) : Normal operation

Voo |

STOP instruction
execution

Rising of Vspor

Voppr
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2.8 Flash Memory Programming Characteristics

[Ta = -40 to +85°C, 2.4 V < Vop S 5.5 V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Number of code flash rewrites Cerwr Retained for 20 years | Ta = +85°C 1000 Times
Note 1, Note 2
Number of data flash rewrites Retained for 1 year Ta=+25°C 1,000,000 Times
Note 1, Note 2
Retained for 5 years | Ta=+85°C 100,000 Times
Retained for 20 years | Ta = +85°C 10,000 Times
Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.

Note 2. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas
Electronics.

Code flash/data flash self-programming time

[TA=-40to +85°C, 2.4V <=Vpp 5.5V, Vss=0V]

Item Symbol feik = 1 MHz feik = 16 MHz Unit

MIN. TYP. MAX. MIN. TYP. MAX.
Writing (4 bytes) tpa 104 905 53.8 504.9 us
Block erasure (1 KB) tek 7.9 262.3 55 2141 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.

2.9 Dedicated Flash Memory Programmer Communication (UART)

[Ta=-40to +85°C, 2.4V <Vpp<5.5V,Vss=0V]

Item Symbol Condition MIN. TYP. MAX. Unit

Transfer rate 115,200 bps

Remark The transfer rate during flash memory programming is fixed to 115,200 bps.
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210 Timing of Entry to Flash Memory Programming Mode

[Ta = -40 to +85°C, 2.4V < Vop S 5.5 V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Time to complete the communication tsuniT The SPOR reset must be released 100 ms
for the initial setting after the external before the external reset is released.
reset is released
Time to release the external reset tsu The SPOR reset must be released 10 us
after the TOOLDO pin is set to the low before the external reset is released.
level
Time to hold the TOOLO pin at the low tio The SPOR reset must be released 1 ms
level after the external reset is before the external reset is released.
released

<1> <2> <3> <4>

RESET /

thp 1-byte data for setting mode

——————>

S

TOOLO

tsunim

|
|
|
|
|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\
|
|
|
|
|
|
|
|
|
|
|
| N
i

|

<1> The low level is input to the TOOLO pin.
<2> The external reset is released (the SPOR reset must have been released before that).
<3> The TOOLO pin is released from the low level.

<4> Setting of entry to the flash memory programming mode by UART reception is completed.

Remark tsun: During this period, the communications for the initial setting must be completed within 100 ms after
release from the reset.
tsu: Time to release the external reset after the TOOLO pin is set to the low level
tup: Time to hold the TOOLO pin at the low level after the external reset is released
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3. ELECTRICAL SPECIFICATIONS (Ta =-40 to +105°C, Ta =
—-40 to +125°C)

This chapter describes the electrical specifications of the following target products.
Target product G: Industrial applications Ta = —40 to +105°C
Target product M: Industrial applications Ta = —40 to +125°C

Caution 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.

Caution 2. The pins mounted depend on the product. Refer to 2.7 Port Function, for the port functions, and
2.2.1 Functions for each product, for the other functions, in the RL78/G16 User’s Manual.

Remark When the products are used in the range of Ta = —40 to +85°C, refer to 2. ELECTRICAL SPECIFICATIONS
(Ta =-40 to +85°C). However, there are differences in the high-speed on-chip oscillator clock accuracy
between G: Industrial applications and M: Industrial applications, and A: Consumer applications.

Classification A: Consumer applications G: Industrial applications M: Industrial applications
High-speed on-chip oscillator +2.0% when Ta = -40 to +85°C +1.5% when Ta = +85 to +105°C +1.5% when Ta = +85 to +125°C
clock accuracy +1.0% when Ta = —20 to +85°C +1.0% when Ta = -20 to +85°C
+1.5% when Ta =-40 to -20°C +1.5% when Ta = -40 to -20°C
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3.1  Absolute Maximum Ratings

[Ta=25°C]
Item Symbol Condition Rating Unit
Supply voltage Voo -0.5to0 +6.5 \%
Input voltage Vi1 -0.3 to Vpp + 0.3Nete! Vv
Output voltage Vor -0.3to Vpp+ 0.3 \%
Output current, high lown Per pin -40 mA
Total of all pins | P06, P07, P20 to P23, P40 to P43, P121, =70 mA
P122, P125
-170mA P00 to P05, P10 to P17 -100 mA
Output current, low loLs Per pin 40 mA
Total of all pins | P06, P07, P20 to P23, P40 to P43, P121, 100 mA
P122, P125
170mA P00 to P05, P10 to P17, P60, P61 100 mA
Operating ambient Ta G products -40to +105 °C
temperature M products ~40to +125 °c
Storage temperature Teg -65to +150 °C

Note 1. This must be no greater than 6.5 V.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
item. That is, the absolute maximum ratings are rated values at which the product is on the verge of
suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remark 1.  The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless
otherwise specified.

Remark 2. The reference voltage is Vss.
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3.2 Oscillator Characteristics

3.21 X1 and XT1 oscillator characteristics

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5 V, Vss = 0 V]

ltem Resonator Condition MIN. TYP. MAX. Unit

X1 clock oscillation frequency (fx)N¢ ' | Ceramic resonator/ 24V<Vpps55V 1 12 MHz
crystal resonator

XT1 clock oscillation frequency Crystal resonator 32 32.768 35 kHz
(fXT)Note 1
Note 1. Indicates only permissible oscillator frequency ranges. Refer to 3.4 AC Characteristics for instruction

execution time. For actual applications, request evaluation by the manufacturer of the oscillator circuit
mounted on a board so you can use appropriate values.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after release from the reset state,
the user should use the oscillation stabilization time counter status register (OSTC) to check the X1
clock oscillation stabilization time. Specify the values for the oscillation stabilization time in the OSTC
register and the oscillation stabilization time select register (OSTS) after having sufficiently evaluated
the oscillation stabilization time with the resonator to be used.

Remark When using the X1 or XT1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/G16 User’s Manual.

3.2.2 On-chip oscillator characteristics

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V< Vop < 5.5V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
High-speed on-chip oscillator clock fin 1 16 MHz
frequencyNete 1. Note 2
High-speed on-chip oscillator clock Ta=+8510 +125°C -1.5 +1.5 %
frequency accuracy Ta =20 to +85°C -1.0 +1.0 %

Ta=-40t0 -20°C -1.5 +1.5 %

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

frequency accuracy

Note 1.  The high-speed on-chip oscillator frequency is selected by bits 0 to 2 of option byte (00C2H) and bits 0 to 2 of
the HOCODIV register.

Note 2.  The listed values only indicate the characteristics of the oscillators. Refer to 3.4 AC Characteristics for
instruction execution time.
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3.3 DC Characteristics

3.31 Pin characteristics

[Ta = -40 to +105°C: G products, Ta = -40 to +125°C: M products, 2.4 V < Vpop < 5.5 V, Vss = 0 V]
(1/2)

ltem Symbol Condition MIN. TYP. MAX. Unit

Output current, lown Per pin for P00 to P07, P10 to P17, P20 to P23, P40 to P43, P121, -3.0N2 | mA
highNete ! P122, P125

Total of P06, P07, P20 to 40V<Vpp<s55V -25.0 mA

E?;,SMO to P43, P121, P122, 24V <Vpp < 4.0V 70 mA

(when duty < 70%"°te %)

Total of POO to P05, P10 to 40V<Vp<s55V -24.0 mA
PA7 2.4V <Vop <40V -60 | mA
(when duty < 70%Nt %)
Total of all pins (when duty < 70%"N°'® %) -40.0 mA
Output current, lot1 | Per pin for POO to P07, P10 to P17, P20 to P23, P40 to P43, P121, 8.5N€2 | mA
low Nete 4 P122, P125
Per pin for P60, P61 15.0N€2 | mA
Total of P06, P07, P20 to 40V <Vpp | Ta=-40to +105°C 50.0N©3 | mA
P23, P40 to P43, P121, P122, |[< 5.5V T = —40 to +125°C 400 mA
P125
(when duty < 70%"%2) 27V<Vpp<40V 105 | mA
24V <s\Vpp <27V 4.2 mA
Total of POO to P05, P10 to 40V <Vpp | Ta=-40to +105°C 50.0N©5 | mA
P17, P60, P61 S95V 1 =—40t0 +125°C 400 | mA
(when duty < 70%"N°te %)
27V<Vp<40V 9.0 mA
24V <s\Vpp <27V 3.6 mA
Total of all pins (when duty < 70%"°t3) Ta=-40to +105°C 80.0 mA
Ta=-40to +125°C 60.0 mA
Note 1. Device operation is guaranteed at the listed currents even if current is flowing from the Vop pin to an output

pin.
Note 2. The value for maximum total current must not be exceeded.

Note 3. The listed currents apply when the duty cycle is no greater than 70%. Use the following formula to calculate
the output current when the duty cycle is greater than 70%, where n is the duty cycle.

* Total output current from the listed pins = (lox x 0.7)/(n x 0.01)
Example when n = 80% and lon = —-10.0 mA
Total output current from the listed pins = (—10.0 x 0.7)/(80 x 0.01) = -8.7 mA
¢ Total output current from the listed pins = (lo % 0.7)/(n x 0.01)
Example when n = 80% and lo. = 10.0 mA
Total output current from the listed pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

Note that the duty cycle has no effect on the current that is allowed to flow into a single pin. A current
higher than the absolute maximum rating must not flow into a single pin.
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Note 4. Device operation is guaranteed at the listed currents even if current is flowing from an output pin to the Vss
pin.
Note 5. When the multiplexed TSm pin is used as a mutual-capacitance transmit pin, the value is 40 mA.

Caution P00, P01, P03 to P07, P14, P16, P17, P20, P22, and P41 do not output high level in N-ch open-drain
mode.

Remark The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless
otherwise specified.
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[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

(2/12)
Item Symbol Condition MIN. TYP. MAX. Unit
Input voltage, high Vin 0.8 Vpp Vbp \Y
Vi P60, P61 0.7 Voo 6.0 \Y
Input voltage, low Vi 0 0.2 Vop \%
Vi P60, P61 0 0.3 Vop \Y
Output voltage, high Vour 40V<sVp<s55V lon ==3.0 mA Vpp - 0.7 \Y,
e 24V <V <55V low = =1.0 mA Voo - 0.5 v
Output voltage, low Vor1 40V<Vp<s55V loL = 8.5 mA 0.7 \%
e 27V <V <55V lo = 1.5 mA 05 v
24V <sVpp<s55V lo. = 0.6 mA 04 \Y,
P60, P61 40V<Vpp< |loo=15mA 2.0 \Y,
55V lo = 5 mA 0.4 v
27V<Vpp < [lo=3.0mA 0.4 \Y
55V lo = 2.0 mA 0.4 v
24V <Vpp< |loL=1.0mA 0.4 \Y,
55V
Input leakage current, ILin1 P00 to P07, P10 to P17, P20 to P23, P40 to P43, 1 MA
high P60, P61, P125, P137
Vi=Vop
ILiH2 P121, P122 (X1, X2, XT1, In input port or 1 MA
XT2, EXCLK, EXCLKS) external clock input
Vi = Voo In resonator 10 HA
connection
Input leakage current, I P00 to P07, P10 to P17, P20 to P23, P40 to P43, -1 MA
low P60, P61, P125, P137
Vi = Vss
Iz P121, P122 (X1, X2, XT1, In input port or -1 MA
XT2, EXCLK, EXCLKS) external clock input
Vi =Vss In resonator -10 pA
connection
On-chip pull-up Ru Except P60 and P61 V, = Vss 10 20 100 kQ
resistance
Note 1.  The value under the condition which satisfies the high-level output current (lon1).

Note 2.  The value under the condition which satisfies the low-level output current (loL1).

Caution The maximum value of V4 of P00, P01, P03 to P07, P14, P16, P17, P20, P22, and P41 is Vpop even in N-
ch open-drain mode. These pins do not output high level in N-ch open-drain mode.

Remark The characteristics of functions multiplexed on a given pin are the same as those for the port pin unless
otherwise specified.
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3.3.2

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop £ 5.5V, Vss = 0 V]

Supply current characteristics

Item Symbol Condition MIN. TYP. MAX. Unit
Supply Ipp1 Operating | Basic fin = 16 MHzZNete 4 Voo =3.0V,5.0V 0.97 mA
currentNete ! mode operation

Normal fin = 16 MHZzNote 4 Vop=3.0V,5.0V 2.1 2.78 mA

operation g, — 4 MpizNotes Voo =3.0V,50V 1.22 165 mA
fex = 16 MHzNote 5. Note 6 | Square wave input 1.97 2.64 mA
Vop=3.0V,5.0V
fx = 12 MHzNole 5. Note 6| Resonator connection 1.79 2.51 mA
Vop=3.0V,5.0V
fux = 4 MHzNete 5. Note 6 | Square wave input 1.07 1.5 mA
Vop=3.0V,5.0V Resonator connection 1.12 1.56 mA
fsus = 32.768 kHzN® 7 | Square wave input 3.65 5.80 WA
Ta=-40°C Resonator connection 3.70 6.00 WA
fsus = 32.768 kHzN®7 | Square wave input 3.90 5.80 HA
Ta=+25°C Resonator connection 4.18 6.00 A
fsus = 32.768 kHzN®7 | Square wave input 4.04 6.20 MA
Ta=+50°C Resonator connection 4.37 6.40 A
fsus = 32.768 kHzN*7 | Square wave input 4.20 6.50 MA
Ta=+70°C Resonator connection 4.56 6.70 A
fsus = 32.768 kHzN®7 | Square wave input 4.40 7.80 [V
Ta=+85°C Resonator connection 4.80 8.00 HA
fsus = 32.768 kHzN®7 | Square wave input 4.92 9.12 WA
Ta=+105°C Resonator connection 5.36 9.32 A
fsus = 32.768 kHzN® 7 | Square wave input 6.14 15.37 WA
Ta=+125°C Resonator connection 6.60 15.57 A
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Item Symbol Condition MIN. TYP. MAX. Unit
Supply Iop2N2 | HALT mode fin = 16 MHZ\ote 4 Vop=3.0V,5.0V 385 824 pA
currentoe fiu = 4 MHZNote # Vop=3.0V, 5.0V 334 637 A

fex = 16 MHzNote 5. Note 6 | Square wave input 229 669 MA

Vop=3.0V,5.0V
fx = 12 MHzNete . Note6 | Resonator connection 351 960 WA

Vop=3.0V,5.0V
fux = 4 MHzNete 5. Note 6 | Square wave input 167 459 WA
Voo =3.0V,5.0V Resonator connection 226 620 A
fsus = 32.768 kHzN*® | Square wave input 0.69 1.45 MA
Ta=-40°C Resonator connection 0.75 1.65 HA
fsus = 32.768 kHzN¢8 | Square wave input 0.75 1.45 WA
Ta=+25°C Resonator connection 1.04 1.65 HA
fsus = 32.768 kHzN®® | Square wave input 0.84 1.74 WA
Ta=+50°C Resonator connection 1.20 1.94 pA
fsus = 32.768 kHzN*® | Square wave input 0.97 2.20 WA
Ta=+70°C Resonator connection 1.33 2.40 A
fsus = 32.768 kHzN*8 | Square wave input 1.13 3.10 MA
Ta=+85°C Resonator connection 1.51 3.30 A
fsus = 32.768 kHzN*® | Square wave input 1.58 8.92 HA
Ta=+105°C Resonator connection 1.99 9.12 A
fsus = 32.768 kHzN*® | Square wave input 2.68 10.67 MA
Ta=+125°C Resonator connection 3.12 10.87 HA
Iops"©? | STOP modeNete ® Voo =3.0V Ta=+105°C 0.62 4.12 pA
Ta=+125°C 0.62 10.37 pA

Note 1. The listed currents are the total currents flowing into Voo, including the input leakage currents flowing when
the level of the input pin is fixed to Vop or Vss.

Regarding the values for main system clock operation, the TYP. value does not include the peripheral
operating current. The MAX. value includes the peripheral operating current, but does not include those
flowing into the A/D converter, comparator, capacitive touch sensing unit (CTSU), I/O port, and on-chip pull-
up/pull-down resistors.

Regarding the values for subsystem clock operation, the TYP. and MAX. values do not include the peripheral
operating current. However, in HALT mode, the current flowing into the RTC is included.

Regarding the values in STOP mode, the TYP. and MAX. values do not include the peripheral operating
current.

Note 2. When the HALT instruction is executed from the flash memory.

Note 3. The listed currents do not include the current flowing into real-time clock 2, the clock output/buzzer output
controller, 12-bit interval timer, and watchdog timer.

Note 4. When the high-speed system clock and subsystem clock are stopped.

Note 5. When the high-speed on-chip oscillator and subsystem clock are stopped.

Note 6. 16-pin, 20-pin, 24-pin, and 32-pin products only.

Note 7.  When the high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (ultra-
low power consumption oscillation). However, not including the current flowing into real-time clock 2, the 12-
bit interval timer, watchdog timer, and capacitive touch sensing unit.
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Note 8. When the high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and
AMPHS1 = 1 (ultra-low power consumption oscillation).

Note 9. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.
Remark 1.  fiu: High-speed on-chip oscillator clock frequency

Remark 2. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)

Remark 3.  Except for subsystem clock operation, the temperature condition of the TYP. value is Ta = 25°C.

Remark 4. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
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Peripheral Functions

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Low-speed on-chip oscillator operating [y Note ! 0.30 pA
current
RTC2 operating current lrrcNoe | fsug = 32.768 kHz 0.02 PA
Note 2, Note 8
12-bit interval timer operating current Frma™ete - 0.02 pA
Note 2, Note 3
Watchdog timer operating current lwot 0.02 MA
Note 1, Note 4
A/D converter operating current lanc In conversion at | Vpp =5.0V 1.30 1.90 mA
Note 1, Note 5 H
maximum speed Voo = 3.0V 0.50 mA
Temperature sensor operating current Irmpshote ! 75.0 pA
Comparator operating current lowp In high-speed Voo =5.0V 6.50 MA
Note 1, Note 6 mode
In low-speed Vop =5.0V 1.70 MA
mode
Internal reference voltage operating lvregN® ! 10 PA
current
Self-programming operating current lrsp 2.0 12.20 mA
Note 1, Note 7
Note 1. The current flowing into Vop.

Note 2. When the high-speed on-chip oscillator and high-speed system clock are stopped.

Note 3. This current only flows into the 12-bit interval timer. It does not include the operating current of the low-speed
on-chip oscillator and XT1 oscillator. The supply current of the RL78 microcontrollers is the sum of lbp1, Ibb2
or lpops and IrL and Itmka when the 12-bit interval timer is in operation.

Note 4. This current only flows into the watchdog timer. It does not include the operating current of the low-speed on-
chip oscillator. The supply current of the RL78 microcontrollers is the sum of Ipp1, Ibp2 or Iops and IriL and lwot
when the watchdog timer is in operation.

Note 5. This current only flows into the A/D converter. The supply current of the RL78 microcontrollers is the sum of
Iop1 or Ibp2 and laoc when the A/D converter is operating or in the HALT mode.

Note 6. This current only flows into a single comparator. The supply current of the RL78 microcontrollers is the sum of
Iop1, Iop2 or lops and lemp when the comparator is in operation.

Note 7. This current only flows during self-programming.

Note 8. This current only flows into real-time clock 2. It does not include the operating current of the low-speed on-
chip oscillator and XT1 oscillator. The supply current of the RL78 microcontrollers is the sum of the values of
either lpp1 or lop2, and Irtc, when real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Iop2 subsystem clock operation includes the
operational current of real-time clock 2.

Remark The temperature condition of the TYP. value is Ta = 25°C.

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 59 of 84
Aug 31, 2023



RL78/G16 3. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +105°C, Ta = —40 to +125°C)

3.4 AC Characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

ltem Symbol Condition MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey When high-speed on-chip 24V <Vpps55V 0.0625 1.0 us
instruction execution time) oscillator clock (fir) is
selected
When high-speed system 24V<Vppsb5V 0.0833 1.0 us
clock (fux) is selected
Subsystem clock (fsus) 24V<Vpp<55V 28.5 30.5 31.3 us
operation
In the self-programming 24V<sVppsb5V 0.0625 1.0 us
mode
External system clock fex 24V<sVpps55V 1.0 16 MHz
frequency
External system clock input | texw, texc. |24V <Vpp<55V 30 ns
high-level width, low-level
width
TIOO to TIO7 input high-level | trn, tri. | Noise filter is not used 1/fuck + 10 ns
width, low-level width
TOO00 to TOO7 output fro 40V<sVpp=s55V 8 MHz
frequency 27V<Vop <40V 5 MHz
24V<sVop<27V 4 MHz
PCLBUZO0 output frequency frcL 40V<Vpp<s55V 10 MHz
27V<sVop<4.0V 5 MHz
24V<sVpp<27V 4 MHz
RESET low-level width trsL 10 us

Remark fuck: Timer array unit operating clock frequency
(Operation clock to be set by timer clock select register 0 (TPS0) and the CKS0n1 bit of timer mode register
On (TMRON). n: Channel number (n =0 to 7).)
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Minimum Instruction Execution Time during Main System Clock Operation

Tey vs Voo
10
1.0 ==« When the high-speed on-chip oscillator clock is selected
— 0.8 * During self-programming
g ==+ When the high-speed system clock is selected
[
i
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Supply voltage Vpp [V]

At AC Timing

V|H/VOH V\H/VOH
Test points
VILI\/OL VIL/VOL

External System Clock Timing

R0O1DS0431EJ0110 Rev.1.10 RENESAS Page 61 of 84
Aug 31, 2023



RL78/G16 3. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +105°C, Ta = —40 to +125°C)

TITO Timing
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RESET Input Timing
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3.5 Serial Interface Characteristics

AC Timing Test Points

V|H/VOH X V\H/VOH
Test points
V|L/VOL VIL/VOL

3.5.1 Serial array unit

(1) UART mode

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop £ 5.5 V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Transfer rate fumew/12 bps
Theoretical value of the maximum 1.3 Mbps

transfer rate
fok = fmek = 16 MHz

UART mode connection diagram

TxDO Rx

RL78

. User device
microcontroller

RxDO Tx

UART mode bit width (reference)

1/Transfer rate

High-/low-bit width

Baud rate error tolerance
T

TxDO
RxDO

Remark fuck: Serial array unit operation clock frequency
(Operation clock to be set by serial clock select register m (SPSm) and the CKSmn bit of serial mode register
mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 11, 20))
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(2) Simplified SPI (CSI) mode (master mode, SCKp... internal clock output)

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

SCKp cycle time tkey tkcyt = 4/fcik 27V<Vp<s55V 250 ns

24V <Vpps55V 500 ns

SCKp high-/low-level width taut, tker |27 VS Vpp <55V tkcy1/2 — 36 ns

24V<sVpps55V tkev1/2 - 76 ns

Slp setup time tsik1 27V<Vp<s55V 66 ns

(to SCKp 1) 24V <V <55V 113 ns

Slp hold time tksi 38 ns
(from SCKp t)Note !

Delay time from SCKp | to SOp tksor C = 30 pFNete 3, Note 4 66 ns

outputNote 2

Note 1. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The Slp setup time becomes “to SCKp |”
and the Slp hold time becomes “from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn =
0.

Note 2. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The delay time to SOp output becomes
“from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn = 0.

Note 3. C is the load capacitance of the SCKp and SOp output lines.

Note 4. External loads on P60 and P61 in the case of the SOp output line: R =1 kQ, C = 30 pF

(3) Simplified SPI (CSI) mode (slave mode, SCKp... external clock input)

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5 V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
SCKp cycle time tkcyz 27V<sVps55V 12/fmek ns
24V<Vp<55V 12/fuck and ns
also 1000
SCKp high-/low-level width tkHz, tkie 27V < VDD <55V thyg/z -16 ns
24V < VDD <55V thyz/Z - 36 ns
Slp setup time tsik2 27V<Vp<55V 1/fuck + 40 ns
Note 1
(to SCKp 1) 24V<Vpp<55V 1/fuck + 60 ns
Slp hold time tksiz 24V < VDD <55V 1/fMCK + 62 ns
(from SCKp t)Note !
Delay time from SCKp | to SOp tksoz C=30pF 27V<Vp<s55V 2/fyck + 66 ns
OUtpUt Note 2 Note 3, Note 4
2.4V < Vpp 5.5V 2/fyck + 113 ns

Note 1. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The Slp setup time becomes “to SCKp |”
and the Slp hold time becomes “from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn =
0.

Note 2. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The delay time to SOp output becomes
“from SCKp |” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn = 0.
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Note 3. C is the load capacitance of the SOp output lines.
Note 4. External loads on P60 and P61 in the case of the SOp output line: R =1 kQ, C = 30 pF
Remark 1.  p: CSI number (p = 00, 11, 20), n: Channel number (n =0, 1)

Remark 2.  fuck: Serial array unit operation clock frequency
(Operation clock to be set by serial clock select register 0 (SPS0) and the CKSOn bit of serial mode
register On (SMROn). n: Channel number (n =0, 1))

Simplified SPI (CSI) mode connection diagram

SCKp SCK
. RL78 Slp SO User device
microcontroller
SOp Sl

Simplified SPI (CSI) mode serial transfer timing
(When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1)

tkev, 2

tKL‘M 2 tKH‘\‘ 2

i
tSIK1, 2 i tKSH, 2
>

Slp | 7/ Input data \
‘ N\ /

SOp >< Output data ><

Remark p: CSl number (p = 00, 11, 20), n: Channel number (n =0, 1)
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(4) Simplified IC mode

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5V, Vss = 0 V]

Item Symbol Condition MIN. MAX. Unit

SCLr clock frequency fscL 27V<Vpp<55V 40QNote ! kHz
C, =100 pF, R, =3 kQ

24V<sVpp<sb5V 10QNote ! kHz
Cy, =100 pF, R, =3 kQ

Hold time when SCLr =“L”" tLow 27V<sVps55V 1200 ns
C, =100 pF, R, =3 kQ

24V <sVpps55V 4600 ns
Cy, =100 pF, R, =3 kQ

Hold time when SCLr = “H” thicH 27V<sVps55V 1200 ns
Cy, =100 pF, R, =3 kQ

24V <Vpps55V 4600 ns
Cy, =100 pF, R, =3 kQ

Data setup time (reception) tsupar |27V <SVpp<55V /e + 220Nt 2 ns

Cp =100 pF, R, =3 kQ

24V < VDD <55V 1/fMCK + 580N0te2 ns
C, =100 pF, R, =3 kQ

Data hold time (transmission) thopar |27V <Vpp<55V 0 770 ns
Cp =100 pF, R, =3 kQ

24V <Vpp <55V 0 1420 ns
Cb = 100 pF, Ry = 3 kQ

Note 1. The value must also be no greater than fuck/4.
Note 2. Set fuck so that it will not exceed the hold time when SCLr = “L” or SCLr = “H”.

Caution Select the N-ch open drain output (Voo tolerance) mode for the SDAr pin by using port output mode
register 0, 1, 2, 4, or 6 (POMO, 1, 2, 4, or 6).

Simplified 1°C mode connection diagram

VDD
2
SDAr . SDA
. RL78 User device
microcontroller
SCLr SCL
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Simplified 1°C mode serial transfer timing

tLow - thicH

SCLr \

P | —>
—r ————
thooat tsupat ‘

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

Remark 2. r: 1IC number (r = 00, 11, 20)

Remark 3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by serial clock select register 0 (SPS0) and the CKSOn bit of serial mode
register On (SMROn). n: Channel number (n =0, 1))
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3.5.2 Serial interface lICA

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5V, Vss = 0 V]

Item Symbol Condition Standard Mode Fast Mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: 0 400 kHz
fok 2 3.5 MHz
Standard mode: 0 100 kHz
fek 2 1 MHz
Setup time of restart condition tsu:sTaA 4.7 0.6 us
Hold timeNete ! thp:sTA 4.0 0.6 us
Hold time when SCLAQ = “L” tLow 47 1.3 us
Hold time when SCLAO = “H” thicH 4.0 0.6 us
Data setup time (reception) tsu:paT 250 100 ns
Data hold time (transmission)N°t® 2 tHD:DAT 0 3.45 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time taur 4.7 1.3 us
Note 1. The first clock pulse is generated after this period when the start or restart condition is detected.

Note 2. The maximum value (MAX.) of thp:pat applies to normal transfer and a wait is inserted at the ACK
(acknowledge) timing.

Remark The maximum value of C» (communication line capacitance) and the value of R (communication line pull-up
resistance) at that time in each mode are as follows.
Standard mode: Cp = 400 pF, Ry = 2.7 kQ
Fast mode: Cp = 200 pF, Ry = 1.7 kQ

IICA serial transfer timing

Jowo o koo S )
AN AN T\
A — I i

S . | e I o

[ [ | HD:DAT —br—1d— thion  tr I tsusta—d— He—tipsTa tsu:sTo w;—i—:f'
H——h; tHp:sTA tsu.paT —>—— } % % ‘ i

oo N X T AL

S s asan S

condition condition condition condition
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3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Targets: ANIO to ANI10, internal reference voltage, temperature sensor output voltage, and CTSU TSCAP voltage
[Ta=-40 to +105°C: G products, Ta = -40 to +125°C: M products, 2.4V <Vpp<5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorNote - Nete2. | AINL | 10-bit resolution Vpp =5V 1.7 +3.1 LSB
e Vop =3V 2.3 +45 | LSB
Conversion time tcony 10-bit resolution 27V<Vps55V 4.25 17 us

Targets: ANIO to ANI10 24V <Vpp <55V 5.75 23 us
Note 5

10-bit resolution 24V <Vpp=<55V 5.75 23 us

Target: Internal reference

voltageN°te

Target: Temperature sensor
output voltageN°© &

Target: CTSU TSCAP

voltageN°te®
Zero-scale error Ezs 10-bit resolution Vop=5V +0.19 %FSR
Note 1, Note 2, Note 3, Note 4
Vop =3V +0.39 %FSR
Full-scale error Ers 10-bit resolution Vop=5V +0.29 %FSR
Note 1, Note 2, Note 3, Note 4
Vop=3V +0.42 %FSR
Integral linearity error ILE 10-bit resolution Vop =5V +1.8 LSB
Note 1, Note 2, Note 3
Vop =3V 1.7 LSB
Differential linearity DLE 10-bit resolution Vop =5V +1.4 LSB
error Voo =3V +15 LSB
Note 1, Note 2, Note 3
Analog input voltage Vam Targets: ANIO to ANI10 0 Vob \%
Target: Internal reference voltage™°t® ® Vreahee? \Y
Target: Temperature sensor output voltageN°®©® Vrvpszshoe? Y,
Target: CTSU TSCAP voltage (2.4 V< Vpp £5.5V) V1scap \%
Note 1. The TYP. value is an average value at Ta = 25°C. The MAX. value is an average value +30 at normal

distribution.
Note 2. These values are the results of characteristic evaluation and are not checked for shipment.
Note 3. A quantization error (£1/2 LSB) is not included.
Note 4. Expressed as a ratio (%FSR) relative to the full-scale value.

Note 5. Be sure to set the LVO bit in A/D converter mode register 0 (ADMO) to 0 when conversion is done in the
operating voltage range of 2.4V <Vpp < 2.7 V.

Note 6. Be sure to set the LVO bit in A/D converter mode register 0 (ADMO) to 0 when the internal reference voltage,
temperature sensor output voltage, or CTSU TSCAP voltage is selected as the target for conversion.

Note 7. Refer to 3.6.3 Temperature sensor/internal reference voltage characteristics.
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Caution 1.  Arrange wiring and insert the capacitor so that no noise appears on the power supply/ground line.

Caution 2. Do not allow any pulses that rapidly change such as digital signals to be input/output to/from the
pins adjacent to the conversion pin during A/D conversion.

Caution 3. Note that the internal reference voltage cannot be used as the reference voltage of the comparator
when the internal reference voltage is selected as the target for A/D conversion.

3.6.2 Comparator characteristics

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5V, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Input voltage range IvRer IVREFn pin input (CnVRF bit = 0) 0 Vpp — 1.4 \%
Internal reference voltage (CnVRF bit = 1) N Vrec\o® 2 \Y,
lvemp IVCMPn pin input -0.3 Vpp + 0.3 \
Output delay tq Vpp=3.0V, High-speed mode 0.5 us
input slew rate > 50 mV/us Low-speed mode 20 us
Operation stabilization tewp 100 us
wait time
Note 1. When the internal reference voltage is selected as the reference voltage of the comparator, the internal

reference voltage cannot be used as the target for A/D conversion.
Note 2. Refer to 3.6.3 Temperature sensor/internal reference voltage characteristics.

Remark n: Channel number (n =0, 1)

3.6.3 Temperature sensor/internal reference voltage characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Temperature sensor Vmps2s 1.05 \%
output voltage

Internal reference Vres 0.74 0.815 0.89 Y
voltage

Temperature Fvrves | Temperature dependence of the temperature sensor -3.6 mV/°C
coefficient voltage

Operation tamp A/D converter is used (ADS register = 0DH) 5 us

stabilization wait time

Caution The internal reference voltage cannot be simultaneously used by the A/D converter and the
comparator; only one of them must be selected.
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3.6.4 SPOR circuit characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Detection voltage | Power supply Vsporo | Power supply rising 4.08 4.28 4.45 \Y
voltage level Veroro | Power supply falling 4.00 420 437 v

Vspor1 | Power supply rising 2.76 2.90 3.02 \%

Vspor1 | Power supply falling 2.70 2.84 2.96 \%

Vspor2 Power supply rising 2.44 2.57 2.68 \%

Vspprz | Power supply falling 2.40 2.52 2.62 \%

Vspors | Power supply rising 2.16 \%

Vspors | Power supply falling 2.11 \Y

Minimum pulse widthNet® ! Tspw 300 us

Note 1. Time required for the reset operation by the SPOR circuit when Vop falls below Vspor.

Caution Make sure to keep the internal reset state by the SPOR or an external reset until the power supply
voltage (Vop) reaches the operating voltage range shown in 3.4 AC Characteristics.

3.6.5 Power supply voltage rising slope characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, Vss = 0 V]

ltem Symbol Condition MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the SPOR or an external reset until the power supply
voltage (Vop) reaches the operating voltage range shown in 3.4 AC Characteristics.
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3.7 RAM Data Retention Characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, Vss = 0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Data retention power supply voltage Voopr 1.9 5.5 \%

Caution Datain RAM is retained until the power supply voltage falls below the MIN. value of the data retention
power supply voltage (Vooor). Note that data in the RESF register might not be cleared even if the
power supply voltage falls below the MIN. value of the data retention power supply voltage (Vboor).

SPOR reset period
STOP mode ! (Retain data in RAM and RESF) ! Normal operation

VDD

STOP instruction
execution

Rising of Vspor

Falllng of Vsppr

Voppr
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3.8 Flash Memory Programming Characteristics

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Number of code flash rewrites Cerwr Retained for 20 years | Ta = +85°CNete3 1000 Times
Note 1, Note 2
Number of data flash rewrites Retained for 1 year Ta=+25°C 1,000,000 Times
e ot Retained for 5 years | Ta= +85°C® | 100,000 Times
Retained for 20 years | Ta = +85°CN°® | 10,000 Times
Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.

Note 2. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas
Electronics.

Note 3. This temperature is the average value at which data are retained.

Code flash/data flash self-programming time

[Ta = -40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4 V < Vop < 5.5 V, Vss = 0 V]

Item Symbol fok = 1 MHz fok = 16 MHz Unit

MIN. TYP. MAX. MIN. TYP. MAX.
Writing (4 bytes) tpa 104 905 53.8 504.9 us
Block erasure (1 KB) tek 7.9 262.3 5.5 2141 ms

Caution The listed values do not include the time until the operations of the flash memory start following
execution of an instruction by software.

3.9 Dedicated Flash Memory Programmer Communication (UART)

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit

Transfer rate 115,200 bps

Remark The transfer rate during flash memory programming is fixed to 115,200 bps.
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3.10 Timing of Entry to Flash Memory Programming Mode

[Ta =-40 to +105°C: G products, Ta = —40 to +125°C: M products, 2.4V <Vpp 5.5V, Vss =0 V]

Item Symbol Condition MIN. TYP. MAX. Unit
Time to complete the communication tsuniT The SPOR reset must be released 100 ms
for the initial setting after the external before the external reset is released.

reset is released

Time to release the external reset tsu The SPOR reset must be released 10 us
after the TOOLDO pin is set to the low before the external reset is released.
level
Time to hold the TOOLO pin at the low tio The SPOR reset must be released 1 ms
level after the external reset is before the external reset is released.
released
<1> <2> <3> <4>
RESET | | i |
tvo 1-byte data for setting mode
TOOLO 3 3 /1 \ / e /1
Potsu tsuinir |

<1> The low level is input to the TOOLO pin.
<2> The external reset is released (the SPOR reset must have been released before that).
<3> The TOOLO pin is released from the low level.

<4> Setting of entry to the flash memory programming mode by UART reception is completed.

Remark tsuinit: During this period, the communications for the initial setting must be completed within 100 ms after
release from the reset.
tsu: Time to release the external reset after the TOOLO pin is set to the low level
tup: Time to hold the TOOLO pin at the low level after the external reset is released
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4. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1  10-pin products

R5F1211CMSP, R5F1211CGSP, R5F1211CASP

R5F1211AMSP, R5F1211AGSP, R5F1211AASP

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LSSOP10-4.4x3.6-0.65

PLSPO0O10JA-A

P10MA-65-CAC-2

0.05

JHHHH]

(10

[~

detail of lead end

NOTE

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

condition.

(UNIT:mm)

ITEM DIMENSIONS

3.60+0.10

0.50

0.65 (T.P)

0.24+0.08

0.10+0.05

1.45 MAX.

1.20+0.10

6.40x0.20
4.40£0.10

1.00+0.20

+0.08
017 _g'07

0.50

0.13
0.10

,+ 57
3- - 3°

0.25 (T.P.)

0.60+0.15

0.25 MAX.

Sl<|c|Hd|D|zZ|r| X|e|— IO mMOoO|o|>

0.15 MAX.
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4.2  16-pin products

R5F1214CMSP, R5F1214CGSP, R5F1214CASP
R5F1214AMSP, R5F1214AGSP, R5F1214AASP

JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-SSOP16-4.4x5-0.65 PRSP0016JC-B P16MA-65-FAB-1 0.08
Unit: mm
- D1 -
D

CJ detail of lead end
UL N PR

A Reference | Dimensions in millimeters
A2 Symbol | min | Nom | Max
o D | 485|500 5.15
[ )\ Dy | 5.05 | 520 | 5.35

[ T | A2 | — 150 —
As | —[y[s] —=——=1¢] A1 | 0.075|0.125|0.175
A — | — |1725

bp | 0.17 | 0.24 | 0.32

bs — 022 —

Terminal cross section c 0.14 | 0.17 | 0.20

¢t — | 015 | —

-~ bp—

by 0 0° | — | 8

_ He | 6.20 | 6.40 | 6.60

Fi [e] | — | o085 —

ci C

b X 0.13

y — | — | o010

Zp — | 0225 —

L | 035|050 065

L — | 100 | —
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R5F1214CMNA, R5F1214CGNA, R5F1214CANA
R5F1214AMNA, R5F1214AGNA, R5F1214AANA

JEITA Package code RENESAS code MASS(TYP.)[g]

P-HWQFNO016-3x3-0.50 PWQNO0016KD-A 0.02
2X
[ [aaalC]
12 | 9
| [
|
13 ! 8
I I S I
INDEX AREA —| ‘
(D12 X Ef2) |
‘ 5
2X I ]
[~ Taealc A
8] : Ly
—|// cec|C
|
‘
] a . o
Iﬁ‘r SEATING PLANE Reference Dimension in Millimeters
A3 — —] Symbol .
A ( ) Al b(16X) bbb®|C|A|B| ymbo Min. Nom. Max.
16X S @ ddd® |[C]| A - - 0.80
]eee[C] e A1 0.00 002 | 005
&[] c[A[B] A3 0.203 REF.
1 | 4 b 020 | 025 | 030
UU'UL D 3.00 BSC
|4 || c|AlB oL i ) .} —— EXPOSED DIE PAD e 300 BSC
I 18] ) I C 5 e 0.50 BSC
' L 030 | 035 | 040
N =H I e om | - | -
e D) ‘ - D2 1.65 1.70 1.75
! E2 1.65 1.70 1.75
T 13 ) i 8 aaa 0.15
— - bbb 0.10
| | f ] ‘ [ W ( cce 0.10
12 9 ddd 0.05
L(16X) K(16X)
1 eee 0.08
fff 0.10
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4.3  20-pin products

R5F1216CMSP, R5F1216CGSP, R5F1216CASP

R5F1216AMSP, R5F1216AGSP, R5F1216AASP

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LSSOP20-4.4x6.5-0.65

PLSP0020JB-A

P20MA-85-NAA-1

0.1

)

A
- A2
1]
i i
i [}
A1- —ely] - e
NOTE

1.Dimensions “3%1" and “3%2" do not include mold flash.

2. Dimension “3%3" does not include trim offset.

detail of lead end

(UNIT:mm)

ITEM DIMENSIONS

D 6.50+0.10

E 4.40£0.10

HE 6.40+0.20

A 1.45 MAX.

Al 0.10£0.10

A2 1.15

e 0.65+0.12

bp 022310

e o588

L 0.50+0.20

¥ 0.10

2] 0” to 10°
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RL78/G16 4. PACKAGE DRAWINGS

4.4  24-pin products

R5F1217CMNA, R5F1217CGNA, R5F1217CANA
R5F1217AMNA, R5F1217AGNA, R5F1217AANA

JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFN024-4x4-0.50 PWQNOO24KF-A 0.04
2X
[ [aaalc]
18 ! 13
19 | ‘12
|
D
INDEX AREA —
(D2XEfR) , ,
2X
E@ 1 i 6
E [A]
cee|C
! \UHHHIH IlL‘SEATINGF"LANE
Al (A3)} A1l
b(24X) bbb(M}[C|A |B
24X = © ddd(@)) C|| ‘ | Reference Dimension in Millimeters
c
m. Symbol Min. MNom. Max.
A - - 0.80
E2 4@ [c/alB] A1 0.00 | 002 | 005
; | 5 A3 0.203 REF.
1
4 [ff@[c[A]B] J U U|U U U —~— exroseppiEPAD| P 018 [ 025 | o030
24 ; a’ D 4.00 BSC
) | (- E 4.00BSC
D2——D————+———C—— e 0.50 BSC
- | - L 0.35 0.40 0.45
- | S K 0.20 - -
19 | 12 D2 2.55 2.60 2.65
19 N miﬂ ﬂﬁf E2 255 | 260 | 265
L(24X) K(24X) aaa 0.15
bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
ff 0.10
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RL78/G16 4. PACKAGE DRAWINGS

45  32-pin products

R5F121BCMFP, R5F121BCGFP, R5F121BCAFP

R5F121BAMFP, R5F121BAGFP, R5F121BAAFP

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFP32-7x7-0.80 PLQPO032GB-A P32GA-80-GBT-1 0.2
HD
2
8 e R VAN
1|25 16| 1]
detail of lead end
I (1T ]
1] 1]
I (T ] — o
-+ E HE \
I 1] P\ |
1] 1] !
0 ——= L
I (1T ]
s ol L]
87
€ (UNIT:mm)
ITEM DIMENSIONS
D 7.00=0.10
A= E 7.00=0.10
A2 HD 9.0020.20
/ ‘ HE 9.00+£0.20
/ \ A 1.70 MAX.
BEEEREHEREEEE \ A1 0.10=0.10
J \ T ]| l/ \\-._: A2 1.40
- b 0.37£0.05
- Al- c 0.145£0.055
L 0.50+0.20
f 0° to 8°
NOTE
[e] 0.80
1.Dimensions “:%1" and “# 2" do not include mold flash. X 0.20
2.Dimension “#3" does not include trim offset. Y 0.10
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RL78/G16

4. PACKAGE DRAWINGS

R5F121BCMNA, R5F121BCGNA, R5F121BCANA
R5F121BAMNA, R5F121BAGNA, R5F121BAANA

JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFN032-5x5-0.50 PWQNOO032KE-A 0.06
2X
—i@laaa C|
24 | 17
|
25 i 16
|
W7 f—————— D
INDEX AREA —
(D2 X EI2)
2% 32 9
SERE : 5 E
E

|//]ccc|C| !
I

i

= =]
Al (A3 A1 SEATING PLANE
2x e o624 oD C[ATE]

E@ ddd@ | c Reference Dimension in Millimeters
Eo Iﬂ} [ fﬁ@ l c l A | 5 | Symbol Min. Nom. Max.
| ' A — - 0.80
1 8
A 0.00 0.02 0.05
_ YU UUJUUUL ~— exposep ~ 0203 REF
|| |c|A]B] 32 | 19 DIE PAD : : :
= | = b 018 | 025 | 030
S ! - D 5.00 BSC
- | - E 5.00 BSC
D= Tt T e 0.50 BSC
> | - L 0.35 0.40 0.45
|
- | - K 0.20 — -
25[ ) I (e D: 3.15 3.20 3.25
ANANARAIANANA E: 315 | 320 | 325
24 17
aaa 0.15
L(32X) K(32X) bbb 0.10
cce 0.10
ddd 0.05
eee 0.08
fff 0.10
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RL78/G16 REVISION HISTORY

REVISION HISTORY RL78/G16 Datasheet
Description

Rev. Date Page Summary

1.00 | Apr 28, 2023 — First edition issued

1.10 | Aug 31,2023 | 1. OUTLINE

p.1 1.1 Features: Features of the high-speed on-chip oscillator, modified

p.2 1.1 Features: Features of the capacitive touch sensing unit (CTSUb), modified

p.3 Figure 1-1. Part Number, Memory Size, and Package of RL78/G16: #06 and #07 were
added to the packaging specifications

p.4 Table 1-1. List of Ordering Part Numbers: Packaging Specifications, modified

p.5 1.3.1 10-pin products: The pin connection diagram of the 10-pin plastic LSSOP, modified

p.6 to p.8 1.3.2 16-pin products: The pin connection diagrams of the 16-pin plastic SSOP and the 16-
pin plastic HWQFN, modified. Remark 3, added.

p.9 1.3.3 20-pin products: The title of the 20-pin plastic LSSOP (4.4 x 6.5 mm, 0.65-mm pitch),
modified. The pin connection diagram, modified.

p.9, p.10 Table 1-4. Multiplexed Functions of 20-pin Products: The heading of Pin No., modified

p.11, p.13 1.3.4 24-pin products: The pin connection diagram of the 24-pin plastic HWQFN, modified.

Remark 3, added.

p.12, p.13 Table 1-5. Multiplexed Functions of 24-pin Products: The heading of Pin No., modified

p.14, p.15, p.17 | 1.3.5 32-pin products: The pin connection diagram of the 32-pin plastic HWQFN, added.
The pin connection diagram of the 32-pin plastic LQFP, modified. Remark 3, added.

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

p.26 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C): The description, modified.
Remark, added.

p.32 2.3.2 Supply current characteristics: The unit in the list (condition: fsyg = 32.768 kHz),
modified

3. ELECTRICAL SPECIFICATIONS (Ta = —40 to +105°C, Ta = -40 to +125°C)

p.50 3 ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C, Ta = —40 to +125°C): Remark,
added
p.56, p.57 3.3.2 Supply current characteristics: The unit in the list (condition: fsyg = 32.768 kHz),
modified
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General Precautions in the Handling of Microprocessing Unit and
Microcontroller Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor
devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal
elements. Follow the guideline for input signal during power-off state as described in your product documentation.

Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal
produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the
input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).

Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LS| is not guaranteed.

Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas

Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property of
their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1  October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

© 2023 Renesas Electronics Corporation. All rights reserved.
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