Datasheet
RENESANS

RL78/L13 RO1DS0168EJ0230

Rev.2.30
RENESAS MCU Aug 31, 2023
Integrated LCD controller/driver, True Low Power Platform (as low as 71 pA/MHz, and 0.61 pA for RTC + LVD),
1.6 V to 5.5 V operation, 16 to 128 Kbyte Flash, 31 DMIPS at 24 MHz, for All LCD Based Applications
1. OUTLINE
1.1 Features
Ultra-low power consumption technology Serial interface
e Voo = single power supply voltage of 1.6 to 5.5 V which can e Simplified SPI (CSI N**1): 2 channels
operate a 1.8 V device at a low voltage o UART/UART (LIN-bus supported): 3, 4 channels/1 channel
e HALT mode e 12C/Simplified I?°C communication: 1 channel/2 channels
e STOP mode
o SNOOZE mode Timer
e 16-bit timer: 8 channels (with remote control output function)
RL78 CPU core e 16-bit timer KB20 (IH): 1 channel
e CISC architecture with 3-stage pipeline (IH-only PWM output function)
o Minimum instruction execution time: Can be changed from e 12-bit interval timer: 1 channel
high speed (0.04167 ps: @ 24 MHz operation with high- e Real-time clock 2: 1 channel (calendar for 99 years, alarm
speed on-chip oscillator) to ultra-low speed (30.5 ps: @ function, and clock correction function)
32.768 kHz operation with subsystem clock) e Watchdog timer: 1 channel (operable with the dedicated low-
e Address space: 1 MB speed on- chip oscillator)
e General-purpose registers: (8-bit register x 8) x 4 banks
e On-chip RAM: 1to 8 KB A/D converter
e 8/10-bit resolution A/D converter (Voo = 1.6 to 5.5 V)
Code flash memory e Analog input: 9 to 12 channels
e Code flash memory: 16 to 128 KB o Internal reference voltage (1.45 V) and temperature
e Block size: 1 KB sensoriete 2
e Prohibition of block erase and rewriting (security function)
e On-chip debug function Comparator
e Self-programming (with boot swap function/flash shield e 2 channels
window function) e Operation mode: Comparator high-speed mode, comparator
low-speed mode, or window mode
Data flash memory e External reference voltage and internal reference voltage are
o Data flash memory: 4 KB selectable
e Back ground operation (BGO): Instructions can be executed
from the program memory while rewriting the data flash LCD controller/driver
memory. e Segment signal output: 36 (32)N3to 51 (47)\°te3
o Number of rewrites: 1,000,000 times (TYP.) e Common signal output: 4 (8)"'3
e Voltage of rewrites: Voo = 1.8t0 5.5V e Internal voltage boosting method, capacitor split method, and
external resistance division method are switchable
High-speed on-chip oscillator
e Select from 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz, 6 I/0 port
MHz, 4 MHz, 3 MHz, 2 MHz, and 1 MHz o |/O port: 49 to 65 (N-ch open drain I/O [withstand voltage of 6
e High accuracy: +1.0 % (Voo = 1.8 t0 5.5 V, Ta = -20 to +85°C) V]: 2, N-ch open drain I/O [VDD withstand voltage]: 12 to 18)
e Can be set to N-ch open drain, TTL input buffer, and on-chip
Operating ambient temperature pull-up resistor
e Ta=-40 to +85°C (A: Consumer applications) e Different potential interface: Can connect to a 1.8/2.5/3 V
e Ta =-40 to +105°C (G: Industrial applications) device
. e On-chip key interrupt function
Power management and reset fu_nct!on e On-chip clock output/buzzer output controller
e On-chip power-on-reset (POR) circuit
e On-chip voltage detector (LVD) (Select interrupt and reset Others
from 14 levels) e On-chip BCD (binary-coded decimal) correction circuit
DMA (Direct Memory Access) controller <R> Notes 1. Although the CSI function is generally called SPI, it is
® 4 channels ) ) also called CSl in this product, so it is referred to as
o Number of clocks during transfer between 8/16-bit SFR and such in this manual.
internal RAM: 2 clocks 2. Can be selected only in HS (high-speed main) mode
Multiplier and divider/multiply-accumulator 3. Thevaluesin parentheses are the number of signal
e 16 bits x 16 bits = 32 bits (Unsigned or signed) outputs when 8 com is used.
® 32 bits + 32 bits = 32 bits (Unsigned)
o 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed) Remark The functions mounted depend on the product. See
1.6 Outline of Functions.
* There are differences in specifications between every product.
Please refer to specification for details.
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RL78/L13

1. OUTLINE

o ROM, RAM capacities

Flash ROM Data Flash RAM RL78/L13
64 pins 80 pins
128 KB 4 KB 8 KBNote R5F10WLG R5F10WMG
96 KB 4 KB 6 KB R5F10WLF R5F10WMF
64 KB 4 KB 4 KB R5F10WLE R5F10WME
48 KB 4 KB 2 KB R5F10WLD R5F10WMD
32 KB 4 KB 1.5KB R5F10WLC R5F10WMC
16 KB 4 KB 1KB R5F10WLA R5F10WMA

Note This is about 7 KB when the self-programming function and data flash function are used. (For details, see

CHAPTER 3 in the RL78/L13 User’s Manual.)

R0O1DS0168EJ0230 Rev.2.30

Aug 31, 2023

RENESAS

Page 2 of 141



RL78/L13 1. OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/L13

Product name
PartNo. R5F10W LEAXxxXxFB#30

Packaging specification

#10, #30: Tray (LFQFP, LQFP)

#50: Embossed tape (LFQFP, LQFP)
Package type:

FA: LQFP, 0.65 mm pitch
FB: LFQFP, 0.50 mm pitch

ROM number (Omitted with blank products)

Fields of application:
A: Consumer applications, Ta = -40°C to +85°C
G: Industrial applications, Ta = -40°C to +105°C

ROM capacity:
A: 16 KB
C:32KB
D: 48 KB
E: 64 KB
F: 96 KB
G: 128 KB

Pin count:
L: 64-pin
M: 80-pin

RL78/L13 group

Memory type:
F: Flash memory

Renesas MCU

Renesas semiconductor product
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RL78/L13

1. OUTLINE

Pin Count

Package

Data Flash

Fields of
Application°®

Ordering Part Number

part number

Packaging
specification

RENESAS CODE

64 pins

64-pin plastic LQFP
(12 x 12 mm, 0.65
mm pitch)

Mounted

R5F10WLAAFA,
R5F10WLCAFA,
R5F10WLDAFA,
R5F10WLEAFA,
R5F10WLFAFA,
R5F10WLGAFA

#10, #30, #50

PLQPO0064JA-A
PLQP0064JB-A

64-pin plastic
LFQFP (10 x 10
mm, 0.5 mm pitch)

Mounted

R5F10WLAAFB,
R5F10WLCAFB,
R5F10WLDAFB,
R5F10WLEAFB,
R5F10WLFAFB,
R5F10WLGAFB

#10, #50

PLQP0064KB-C
PLQPO064KL-A

#30

PLQP0064KB-C

R5F10WLAGFB,
R5F10WLCGFB,
R5F10WLDGFB,
R5F10WLEGFB,
R5F10WLFGFB,
R5F10WLGGFB

#10, #50

PLQPO0064KB-C
PLQPO064KL-A

#30

PLQP0064KB-C

80 pins

80-pin plastic LQFP
(14 x 14 mm, 0.65
mm pitch)

Mounted

R5F10WMAAFA,
R5F10WMCAFA,
R5F10WMDAFA,
R5F10WMEAFA,
R5F10WMFAFA,
R5F10WMGAFA

#10, #30, #50

PLQP0080JB-E

80-pin plastic
LFQFP (12 x 12
mm, 0.5 mm pitch)

Mounted

R5F10WMAAFB,
R5F10WMCAFB,
R5F10WMDAFB,
R5F10WMEAFB,
R5F10WMFAFB,
R5F10WMGAFB,

#10, #50

PLQPO0SOKB-B
PLQPO08OKJ-A

#30

PLQPO080KB-B

R5F10WMAGFB,
R5F10WMCGFB,
R5F10WMDGFB,
R5F10WMEGFB,
R5F10WMFGFB,
R5F10WMGGFB

#10, #50

PLQPO080KB-B
PLQPO080KJ-A

#30

PLQPO080KB-B

Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/L13.
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RL78/L13 1. OUTLINE

1.3 Pin Configuration (Top View)

1.3.1 64-pin products

e 64-pin plastic LQFP (12 x 12 mm, 0.65 mm pitch)
e 64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)
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48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
PO2/PCLBUZO/INTP7/SEG45 Oe—=|49 32 [=——=0 P57/INTP6/SEG11
PO1/PCLBUZ1/INTP5/SEGA44/(TI05)/(TO05) Ce—»50 31 [=——=0 P70/KRO/SEG12
POO/TOOLTXD/SEG43/SO00/TXD0 O=——={51 30 [~——0O P74/KR4/SEG16/TKBO0O
P17/TOOLRXD/SEG42/SI00/RXDO/SDAQ0 O=——+|52 29 [~——0O P75/KR5/SEG17/TKBO01-2
P16/SEG41/SCK00/SCLO0 O=——»|53 28 [=—=O P76/KR6/SEG18/TKBOO1-1
P15/SEGA0/TIO7/TO07 O=—=|54 27 [=—0O P77/KR7/SEG19/TKBO01-0
P14/SEG39/TI04/TO04 O=——~{55 26 [=—=0O P30/SEG20/TI03/TO03/REMOOUT
P13/ANI25/SEG38 O=—=|56 RL78/L13 25 [=——=0O P31/INTP3/SEG21/RTC1HZ
P12/ANI24/SEG37 O=—|57 (Top View) 24 [=—0 P32/SEG22/TI0L/TO01
P11/ANI23/SEG36 O=—n{58 23 [~—0 P33/INTP4/SEG23
P10/ANI22/SEG35 O~——r|59 22 [=——=0 P125/\i3/TI06/TO06
P27/ANI21/SEG34 O=~—+[60 21 f[~—=0O Vs
P26/ANI20/SEG33 O=—=|61 20 [+—=0O Ve
P22/ANI16/SEG29 O=—~62 19 +——0Owu
P21/ANIO/AVResp Om—=l63 18 [=——0O P126/CAPL/(TI04)/(TO04)
P20/ANIL/AVrern On—foq O 17 [=—0O P127/CAPH/(TI03)/(TO03)/(REMOOUT)
2 112

RESET O—— o
P124/XT2/EXCLKS O——= ~
P123/XT1 O—— @
P137/INTPO O——— ©
P122/X2/EXCLK O—— 5
P121/X1 O——— &

REGC O——— ¥

Vss O——— 5

Voo O—— =

P45/IVREF0 O~——=

P44/IVCMPO/(SCK10)/(SCL10)

P43/IVCMPL/(INTP7)/(SI10)/(RXD1)/(SDAL0) O=—+{ @
P40/TOOLO/(TI00)/(TO00) Oe—n] o

P60/SCLAO/(TIOL)/(TO01) O———— £
P61/SDAAO/(TI02)/(TO02) O———— &

P42/IVREF1/TI05/TO05/(SO10)/(TxD1) Oe——r| &

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral /0 Redirection Register (PIOR) in the
RL78/L13 User’s Manual.
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RL78/L13 1. OUTLINE

Table 1-1. Alternate function of 64-pin products (1/2)

<R>
Pin 110 ~ Analog HMI Timer Communications
No. ié Interface
N 8 - g
& > c 2 = - I N - =
© |z = o g 3 2 |2 g o ° g 5
o |8 |3 2 | & 5 g |5 5 E |E 5 £
& | = g 2 8 =3 2 £ |9 5 = = s K
3 |2 |33 o g 3 5 |8 £ & |3 5 |5
3 a 35 < o £ N o = 3 14 n )
P45 IVREFO
P44 IVCMPO (SCK10)/(SCL10)
3 P43 IVCMP1 | (INTP7) (SI10)/(RXD1)/(S
DA10)
4 P42 IVREF1 TI05/TO05 (SO10)/(TxD1)
5 P40 | TOOLO (TI00)/(TO00)
6 ‘RESET
7 P124 | XT2/EXCLKS
8 P123 [ XT1
9 P137 INTPO
10 P122 X2/EXCLK
11 P121 X1
12 REGC
13 Vss
14 Vbb
15 P60 (TI01)/(TOO1) SCLAO
16 P61 (T102)/(TO02) SDAAO
17 P127 CAPH (T103)/(TO03)/
(REMOOUT)
18 P126 CAPL (TI04)/(TO04)
19 Vi1
20 Viz
21 Vi
22 P125 Vis TI06/TO06
23 P33 INTP4 SEG23
24 P32 SEG22 TI01/TO01
25 P31 INTP3 SEG21 RTC1HZ
26 P30 SEG20 TIO3/TO03/RE
MOOUT
27 P77 KR7 | SEG19 TKBO
01-0
28 P76 KR6 | SEG18 TKBO
01-1
29 P75 KR5 | SEG17 TKBO
01-2
30 P74 KR4 | SEG16 TKBO
00
31 P70 KRO | SEG12
32 P57 INTP6 SEG11
33 P54 SEG8 TI02/TO02
34 P53 INTP2 SEG7
35 P52 INTP1 SEG6 TI00/TO00
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RL78/L13 1. OUTLINE
Table 1-1. Alternate function of 64-pin products (2/2)
Pin 110 ~ Analog HMI Timer Communications
No. é Interface
o 5 g |3 g
LL Q = o ~N =
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G | S g 9 8 g 2 £ g 5 = | = T 3
] 5 2 A o IS o - o) g i o 8 8
3 |5 £ 3 2 S E ¢ |9 = S | & & &
36 Ccom7/s
EG3
37 COM®6/S
EG2
38 COM5/s
EG1
39 Com4/s
EGO
40 COM3
41 COM2
42 COM1
43 COMO
44 P07 | (PCLBUZO) SEG50 S0O10/TxD1
45 P06 SEG49 SI10/RxD1/SD
A10
46 P05 SEG48 SCK10/SCL10
47 P04 VCOUT1 SEG47 TxD2
48 P03 VCOUTO SEG46 RxD2
49 P02 PCLBUZO INTP7 SEG45
50 PO1 PCLBUZ1 INTP5 SEG44 (T105)/(TOO05)
51 P00 TOOLTxD SEG43 SO00/TxD0
52 P17 TOOLRxXD SEG42 SI00/RxDO/SD
A00
53 P16 SEG41 SCKO00/SCL00
54 P15 SEG40 TIO7/TO07
55 P14 SEG39 TI04/TO04
56 P13 ANI25 SEG38
57 P12 ANI24 SEG37
58 P11 ANI23 SEG36
59 P10 ANI22 SEG35
60 P27 ANI21 SEG34
61 P26 ANI20 SEG33
62 P22 ANI16 SEG29
63 P21 ANIO/A
VREFP
64 P20 ANIL/A
VREFM
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RL78/L13 1. OUTLINE

1.3.2 80-pin products

e 80-pin plastic LQFP (14 x 14 mm, 0.65 mm pitch)
e 80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)
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P02/PCLBUZO/INTP7/SEG45 O=— 62 39 [«—O P71/KR1/SEG13
PO1/PCLBUZ1/SEG44/(INTPS)/(TI05)/(TO05) O~—163 38 [«—O P72/KR2/SEG14
POO/TOOLTXD/SEG43/SO00/TxD0 O~——*| 64 37 [«+—=O P73/KR3/SEG15
P17/TOOLRXD/SEG42/SI00/RxDO/SDA00 O~—> 65 36 [«—O P74/KR4/SEG16/TKBO0O
P16/SEG41/SCK0O0/SCLO0 O<~—*{66 35 [«—=O P75/KR5/SEG17/TKBO01-2
P15/SEG40/TI07/TO07 O~—* 67 34 [«—=O P76/KR6/SEG18/TKBO01-1
P14/SEG39/TI04/TO04 O~—~{68 33 [«—=O P77/KR7/SEG19/TKBO01-0
P13/ANI25/SEG38 O=—+{69 32 [«—=O P30/SEG20/TI03/TO03/REMOOUT
P12/ANI24/SEG37 O~—~[70 RL78/L13 31 O P31/INTP3/SEG21/RTC1HZ
P11/ANI23/SEG36 O~—+{71 (Top View) 30 O P32/SEG22/TI01/TO01
P10/ANI22/SEG35 O~—{72 29 [+—=O P33/INTP4/SEG23
P27/ANI21/SEG34 O~—73 28 [«—=O P34/SEG24/RxD3
P26/ANI20/SEG33 O 74 27 [«—O P35/SEG25/TxD3
P25/ANI19/SEG32 O 75 26 O P125/Vi3/(TI06)/(TO06)
P24/ANI18/SEG31 O~—+{76 25— Ovi
P23/ANI17/SEG30 O=—+{77 24O Vi2
P22/ANI16/SEG29 O~—+{78 23——Ovu
P21/ANIO/AVRere O~—+79 22 [«——O P126/CAPL/(TI04)/(TO04)
P20/ANI1/AVrerm O=—80 O 21 f«——=O P127/CAPH/(TI03)/(TO03)/(REMOOUT)
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Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral /0O Redirection Register (PIOR) in the
RL78/L13 User’s Manual.
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RL78/L13 1. OUTLINE

<R> Table 1-2. Alternate function of 80-pin products (1/3)
Pin | 1/O 3 Analog HMI Timer Communications Interface
No. %
a pgg S o <
o 7 c £ |- s e |. o
2 z 5 [, | | |E | 2|8 s g
® |g =3 5 g 2 s |8 g o O ) 5
e |8 |3 2 g & g |5 5 E g |5 £
G |8 |gg 8 g 2 = |8 5 = = |= B
2 |2 |[53 o g g 5 |8 £ 3 S |3 5
@ a a s < &) IS ¥ ] [ 3 o n )
1 P130 SEG28 (SO00)/(TxDO)
2 P47 SEG27 (S100)/(RxDO)/(S
DA00)
3 P46 SEG26 (SCKO00)/(SCL00
)
4 P45 IVREFO
5 P44 IVCMPO (SCK10)/(SCL10
)
6 P43 IVCMP1 | (INTP7) (SI20)/(RxD1)/(S
DA10)
7 P42 IVREF1 TI05/TO05 (S0O10)/(TxD1)
8 P41 (TI07)/(TOO07)
9 P40 | TOOLO (TI00)/(TO00)
10 RESET
11  |P124 |XT2/EXCLKS
12 |P123 |XT1
13 |P137 INTPO
14 |P122 |X2/EXCLK
15 |P121 |X1
16 REGC
17 Vss
18 Voo
19 |P60 (TI01)/(TOO01) SCLAO
20 |P61 (T102)/(TO02) SDAAO
21 |P127 CAPH | (TI03)/(TOO03)/(
REMOOUT)
22 |P126 CAPL | (TI04)/(TOO04)
23 Vi
24 Vi
25 Via
26 |P125 Vis (TI06)/(TO06)
27 |P35 SEG25 TxD3
28 | P34 SEG24 RxD3
29 |P33 INTP4 SEG23
30 |P32 SEG22 | TIO1/TO01
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RL78/L13 1. OUTLINE

Table 1-2. Alternate function of 80-pin products (2/3)

Pin [I/O 3 Analog HMI Timer Communications Interface
No. %
o pgg S o <
o 7 c £ |- s e |. o
5 = 5 3 S |B 5 Y 8 |5 g
8 |« |2 5 s e s |2 z 5 ° |z 5
e |8 |3 2 g & g |5 5 E g |5 £
G |8 |gg 8 g 2 = |8 5 = = |= B
2 |2 |33 S § g & |9 £ & S | 5
@ a a o < o £ X 3 = a @ %) %)
31 P31 INTP3 SEG21 RTC1
HZ
32 P30 SEG20 | TIO3/TO03/RE
MOOUT
33 P77 KR7 |SEG19 TKBOO1
-0
34 P76 KR6 |SEG18 TKBOO1
-1
35 |P75 KR5 |SEG17 TKBOO1
-2
36 P74 KR4 |SEG16 TKBOO0O
37 P73 KR3 |[SEG15
38 P72 KR2 |[SEG14
39 P71 KR1 |[SEG13
40 P70 KRO |[SEG12
41 P57 INTP6 SEG11
42 P56 SEG10 |TIO6/TO06
43 P55 INTPS SEG9
44 P54 SEG8 TI02/TO02
45 P53 INTP2 SEG7
46 P52 INTP1 SEG6 TI00/TO00
47 P51 SEG5
48 P50 SEG4
49 COM7/S
EG3
50 COM6/S
EG2
51 COMS5/S
EG1
52 COM4/s
EGO
53 COM3
54 COM2
55 CcoM1
56 COMO
57 PO7 (PCLBUZ0) SEG50 S0O10/TxD1
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RL78/L13 1. OUTLINE
Table 1-2. Alternate function of 80-pin products (3/3)
Pin | 1/O 3 Analog HMI Timer Communications Interface
No. %
a pgg S o <
o 7 c £ |- s e |. o
5 = 5 3 S |B 5 Y 8 |5 g
8 |« |2 5 5 5 s |2 3 5 ° |z 5
e |8 |3 2 g & g |5 5 E g |5 £
G |8 |gg 8 g 2 = |8 5 = = |= B
2 |2 |[53 o g g 5 |8 £ 3 S |3 5
@ a a s < &) IS ¥ ] [ 3 o n )
58 | P06 SEG49 SI10/RxD1/SDA
10
59 | P05 SEG48 SCK10/SCL10
60 | P04 VCOUT1 SEG47 TxD2
61 |PO3 VCOUTO SEG46 RxD2
62 |P02 |PCLBUZO INTP7 SEG45
63 |PO1 |PCLBUZ1 (INTPS5) SEG44 | (TI05)/(TOO05)
64 |PO0 |TOOLTXD SEG43 SO00/TxDO
65 |P17 |TOOLRxD SEG42 SI00/RxDO/SDA
00
66 |P16 SEG41 SCKO00/SCL00
67 |P15 SEG40 | TIO7/TO07
68 |P14 SEG39 | TI04/TO04
69 |P13 ANI25 SEG38
70 |P12 ANI24 SEG37
71 |P11 ANI23 SEG36
72 |P10 ANI22 SEG35
73 | P27 ANI21 SEG34
74 | P26 ANI20 SEG33
75 | P25 ANI19 SEG32
76 | P24 ANI18 SEG31
77 | P23 ANI17 SEG30
78 | P22 ANI16 SEG29
79 |P21 ANIO/AV
REFP
80 |P20 ANI1/AV
REFM
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RL78/L13

1. OUTLINE

1.4 Pin Identification

ANIO, ANI1,

ANI16 to ANI25:  Analog Input

AVREFM: Analog Reference Voltage
Minus

AVREFP: Analog Reference Voltage
Plus

CAPH, CAPL: Capacitor for LCD

COMO to COM7: LCD Common Output

EXCLK: External Clock Input
(Main System Clock)

EXCLKS: External Clock Input

(Subsystem Clock)

PCLBUZO0, PCLBUZ1:

REGC:
REMOOUT:
RESET:
RTC1HZ:

RxDO0 to RxD3:

SCKO00, SCK10, SCLAO:
SCLO00, SCL10:

SDAAO, SDA00, SDA10:
SEGO to SEG50:

Programmable Clock Output/
Buzzer Output

Regulator Capacitance
Remote control Output
Reset

Real-time Clock 2 Correction Clock
(1 Hz) Output

Receive Data

Serial Clock Input/Output
Serial Clock Output

Serial Data Input/Output
LCD Segment Output

INTPO to INTP7:  External Interrupt Input SI00, Sl10: Serial Data Input

IVCMPO, IVCMP1: Comparator Input S000, SO10: Serial Data Output

IVREFO, IVREF1: Comparator Reference Input TIOO to TI07: Timer Input

KRO to KR7: Key Return TOO0O0 to TOO7,

P00 to PO7: Port 0 TKBOO00, TKBOO01-0,

P10 to P17: Port 1 TKBOO01-1, TKBO01-2: Timer Output

P20 to P27: Port 2 TOOLO: Data Input/Output for Tool

P30 to P35: Port 3 TOOLRXD, TOOLTxD: Data Input/Output for External Device

P40 to P47: Port 4 TxDO to TxD3: Transmit Data

P50 to P57: Port 5 VCOUTO, VCOUT1: Comparator Output

P60, P61: Port 6 Vob: Power Supply

P70 to P77: Port 7 Vi1 to Via: LCD Power Supply

P121 to P127: Port 12 Vss: Ground

P130, P137: Port 13 X1, X2: Crystal Oscillator (Main System Clock)
XT1, XT2: Crystal Oscillator (Subsystem Clock)

RO1DS0168EJ0230 Rev.2.30 RENESAS Page 12 of 141
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RL78/L13

1. OUTLINE

1.5 Block Diagram

1.5.1 64-pin products

TIMER ARRAY
UNITO (8ch) - PORT 0 (8> P00 to PO7
TIOO/TO00/P52
(TI00/TO00/P40) =[]
- PORT 1 K8 > P10to P17
TIOL/TOOL/P32 ol
(TI01/TO01/P60) P20 to P22,
< PORT 2 KT >
TI02/TO02/P54 P* (:ZI ANIOP2L. ANILP20 P26, P27
(TI02/TO02/P61) ANI16/P2'2
TI03T003/P30 || ch3 ANI20/P26, ANI21/P27 - PORT 3 P30 to P33
(TI03TO03/P127) K| A/ CONVERTER (7 ani221p10 to ANIZSIP13
TIOA/TO04/P14 | | cha <:> AVrere/P21 < PORT 4 P40, P42 to P45
(TI04/TO04/P126) AVreru/P20
TIO5/TO05/P42
(TI05/TO05/PO1) P* - PORT 5 > P52 to P54, P57
TI06/TO06/P125 ~—1 ché
) PORT 6 K 2> P60, P61
TIO7/TO07/P15 ~—t~| COMPARATOR
RXDO/P17 — |~ ch7 (2ch)
<D PORT 7 (5> P70, P74 to P77
REMOOUT/P30 DS
N COMPARATOR IVCMPO/P44
(REMOOUT/P127) <:> IVREFO/P45 - PORT 12 (2 P121to P124
VCOUT1/P04 (3" P125 to P127
COMPARATORL IVCMP1/P43
IVREF1/P42 - PORT 13 p137
TKBO00/P74, TKBOO1-0/P77, .
TKBOO1-1/P76, TKBOO01-2/P75 16-bit TIMER KB20 () ¢ KevreTury kg KROPTO.
KR4/P74 to KR7/P77
SERIAL ARRAY POWER ON RESET/|
UNITO (4ch) VOLTAGE 585#"&
DETECTOR
RxDO/P17 —~| UARTO
Feoomas — | {
RXD1/P0B(RxD1/P43) — RESET CONTROL
ARTL CODE FLASH MEMORY|
TXD1/PO7(TXDO/P42) ~—| v @ RL78
CPU
SCK00/P16 ~—
SI00/P17 —— |+ csl0o CORE : : DATA FLASH MEMORY (=) ON-CHIP DEBUG TOOLO/P40
SO00/PO0 ~—
SCK10/P05(SCK10/P44) ~— ﬁ SYSTEM RESET
SI10/P06(SI10/P43) ——f+ csl10 CONTROL X1/P121
SO10/P07(SO10/P42) ~—1 @ IOH-SPEED X2/EXCLK/P122
ON-CHIP XT1/P123
SCLO0/P16 11co0 OSCILLATOR|
SDAQO/P17 — XT2/EXCLKS/P124
SCL10/POS(SCL10/P44) — Ic10 RAM VOLTAGE
SDA10/P06(SDAL0/P43) ~— REGULATOR REGC
SERIAL ARRAY
Voo Vss TOOLRXD/P17,
UNITL (4ch) TOOLTXD/POO RXDO/P17
RxD2/P03 — UART2 , - L o1z
TXD2/P04 ~— INTP1/P52,
INTP2/P53,
- INTERRUPT INTP6/PS7
(| SERIAL SDAAO/P61 CONTROL INTP3/P31,
INTERFACE IICAQ SCLAGIPED INTP4/P33
INTP5/POL,
BUZZER OUTPUT PCLBUZOPO2 INTP7/PO2(INTP7/P43)
SEGO to SEG3, SEG6 to SEGS, <:> ____________ (PCLBUZO0/PO7),
gggg gggég 3%‘;%36550 SEG23, LcD CLOCK OUTPUT PCLBUZ1/PO1
: o CONTROLLER/ CONTROL
COMOto COM7 RIVE C:) MULTIPLIER&
Viito Vis DIVIDER CRC
CAPH KD moLmpLy- WINDOW
K|  wartcHDoG
CAPL ACCUMULATOR TaR
DIRECT MEMORY LOW-SPEED
12- BIT INTERVAL
~— ON-CHIP
ACCESS CONTROL K> TER Juene
BCD ,—‘
C::) ADJUSTMENT RTC1HZ/P31

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR) in the RL78/L13
User’'s Manual.
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RL78/L13

1. OUTLINE

1.5.2 80-pin products

TIMER ARRAY
UNITO (8ch) <O PORT 0 5> POO to PO7
TIOO/TO00/P52
(TI00/TOO00/P40) “ = P10t P17
TiouTo0LP32 | | oy
TI02/TO02/P54
(TI02/T002/P61) = | KZ ANI0/P21, ANILIP20
TI03/T003/P30 K51 ANIL6/P22 to ANI2L/P27 = PORT 3 (%) P30 to P35
- cl
(TI03/TO03/P127) KD b converTer K21 ANI22/P10 to ANI25/P13
TI04/TO04/P14 . o K AVrer/P20 () (B ) P40 to P47
(TI04/TO04/P126) ~ AVeers/P21
TIOS/TO05/P42 .
(TI05/TO05/P01) ~ " chS = CD P50 to P57
TIO6/TO06/P56 | |
(TI06/TO06/P125) ~ | ché <D {Z_> P60, P61
TIO7/TO07/P15
(TI07/TO07/P41) =" h7 COM?ZACE;'\TOR
RxDO/P17 —= < C:) P70 to P77
(RXDO/P4T) VCOUTO/P03
REMOOUT/P30 - COMPARATORO IVCMPO/P44 z
o550 | ] | | [ N S T s
VCOUT1/P04
COMPARATORY] IVCMP1/P43 P130
TKBOOO/P74, TKBOO1-0/P77, 16-it TIMER K820 [¢=) IVREF1/P42 (—)| PORT13 137
TKBOO1-1/P76, TKBOO1-2/P75
| kEYRETURN KB EE%E;Q to
SERIAL ARRAY
UNITO (4ch)
POWER ON RESET/| PORILVD
RXDO/P17(RXDO/P47) ——+| UARTO VOLTAGE CONTROL
TXDO/POO(TXDO/P130) ~—— DETECTOR
RxD1/P06(RxD1/P43) 7 ‘
UART1
TXDUPO7(TXDOIPAZ) ~— K
SCKOO/P16(SCKO0/P46) ~—~ RL78 CODE FLASH MEMORY
SI00/P17(SI00/PAT7) Csl100 CPU
S000/P0O0(SO00/P130) =~ CORE
( ) DATA FLASH MEMORY (=) ON-CHIP DEBUG TOOLO/P40
SCK10/P05(SCK10/P44) ~—{~]
SI10/P0B(SI10/P43) csli10 @ SYSTEM RESET
| | RESET
S010/P07(SO10/P42) ARSI RESET
SCLO0/P16(SCLO0/P46)~—

ON-CHIP XT1/P123
scumpos(scuo/PM)-— OSCILLATOR XT2/EXCLKS/P124
SDA10/PO6(SDA10/P43) ~—| RAM

VOLTAGE
REGULATOR REGC
SERIAL ARRAY
UNIT1 (4ch) ‘
RxD2/P03 —|~
TxD2/P04 ~—] Voo Vss TOOLRxD/P17,
<:> TOOLTXD/P0O0 RxDO/P17 (RxDO/P47)
.
INTP1/P52,
INTP2/P53,
K| INTERRUPT INTP5/PS5(INTP5/PO1),
SDAAO/PE1 CONTROL INTP6/P57
SEGO to SEG50 ]
SCLAO/P60 INTP3/P31,
como to com7{E] INTP4/P33
BUZZER OUTPUT
Vi to Vis PCLBUZO/P02 |~ INTP7/PO2(INTP7/P43)
crpt«~— Al eortcmoara |l | Ko ==m=mmmmmmam (PCLBUZO/POT),
eaPL CLOCK OUTPUT PCLBUZ1/P01
CONTROL
MULTIPLIER& CRC
- DIVIDER, WINDOW
MULITIPLY-
WATCHDOG
ACCUMULATOR K> e ‘—‘
DIRECT MEMORY LOW-SPEED
12- BIT INTERVAL
ACCESSCONTROL K> ON-CHIP
TIMER OSCILLATOR
- BCD REAL-TIME ~—‘
ADJUSTMENT CLOCK2 | RTCIHZIP3L

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR) in the RL78/L13
User’s Manual.
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RL78/L13 1. OUTLINE
1.6 Outline of Functions
(2/2)
Item 64-pin 80-pin
R5F10WLX (x = A, C-G) R5F10WMX (x = A, C-G)
Code flash memory (KB) 16 to 128 16 to 128
Data flash memory (KB) 4 4
RAM (KB) 1 to ghetel 1 to ghetel

Address space

1MB

Main system
clock

High-speed system clock

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

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

LS (Low-speed main) mode: 1 to 8 MHz (Voo =1.8t0 5.5 V),

LV (Low-voltage main) mode: 1 to 4 MHz (Voo= 1.6 to 5.5 V)

High-speed on-chip
oscillator

HS (High-speed main) mode: 1 to 24 MHz (Voo = 2.7 t0 5.5 V),
HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 t0 5.5 V),
LS (Low-speed main) mode: 1to 8 MHz (Voo =1.81t05.5V),
LV (Low-voltage main) mode: 1to 4 MHz (Voo = 1.6 t0 5.5 V)

Clock for 16-bit timer KB20

48 MHz (TYP.): Voo =2.7t0 5.5V

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Voo = 1.6 to 5.5V

Low-speed on-chip oscillator

15 kHz (TYP.)

General-purpose register

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.04167 ps (High-speed on-chip oscillator: fix = 24 MHz operation)

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

30.5 ps (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set

e Data transfer (8/16 bits)

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

e Multiplication (8 bits x 8 bits)

e Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

I/O port Total 49 65
CMOS I/0 42 58
(N-ch O.D. I/O [Vopb withstand voltage]: 12) (N-ch O.D. I/O [Vop withstand voltage]: 18)
CMOS input 5 5
CMOS output — —
N-ch O.D I/O 2 2
(withstand voltage: 6 V)
Timer 16-bit timer TAU 8 channels
16-bit timer KB20 1 channel
Watchdog timer 1 channel
12-bit interval timer (IT) 1 channel
Real-time clock 2 1 channel
RTC2 output 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Timer output 8 channels (PWM outputs: 7N°t¢2) (TAU used)
1 channel (timer KB20 used)
Remote control output 1 (TAU used)
function
Notes 1. In the case of the 8 KB, this is about 7 KB when the self-programming function and data flash function are

used.

2. The number of outputs varies depending on the setting of the channels in use and the number of master
channels (see 6.9.3 Operation as multiple PWM output function in the RL78/L13 User’s Manual).

R01DS0168EJ0230 Rev.2.30
Aug 31, 2023
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RL78/L13

1. OUTLINE

(2/2)

Item

64-pin 80-pin

R5F10WLX (x = A, C-G) R5F10WMXx (x = A, C-G)

Clock output/buzzer output controller

2

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fuan = 20 MHz operation)

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/10-bit resolution A/D converter 9 channels 12 channels
Comparator 2 channels
Serial interface [64-pin]

e Simplified SPI (CSI): 1 channel/lUART (UART supporting LIN-bus):
1 channel/simplified I1?C: 1 channel
e Simplified SPI (CSI): 1 channel/UART: 1 channel/simplified I°C: 1 channel
e UART: 1 channel
[80-pin]
e Simplified SPI (CSl): 1 channel/lUART (UART supporting LIN-bus):
1 channel/simplified I1°C: 1 channel
e Simplified SPI (CSI): 1 channel/UART: 1 channel/simplified I°C: 1 channel
e UART: 2 channels

12C bus

1 channel

LCD controller/driver

Internal voltage boosting method, capacitor split method, and external resistance division
method are switchable.

Segment signal output

36 (32)Note 1 51 (47)N0te 1

Common signal output

4 (8)Nole 1

Multiplier and divider/multiply-
accumulator

e 16 bits x 16 bits = 32 bits (Unsigned or signed)
e 32 bits + 32 hits = 32 bits (Unsigned)
e 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 4 channels
Vectored Internal 32 35
interrupt sources External 11 11
Key interrupt 5 8
Reset e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

e Internal reset by voltage detector

e Internal reset by illegal instruction execution°t2

e Internal reset by RAM parity error

e Internal reset by illegal-memory access

Power-on-reset circuit

Power-on-reset: 151V (TYP.)
e Power-down-reset:1.50 V (TYP.)

Voltage detector

e Rising edge: 1.67 V to 4.06 V (14 steps)
e Falling edge: 1.63 V to 3.98 V (14 steps)

On-chip debug function

Provided

Power supply voltage

Voo = 1.6 10 5.5 V (TA = -40 to +85°C)
Voo = 2.410 5.5 V (TA = -40 to +105°C)

Operating ambient temperature

Consumer applications: Ta = -40 to +85°C
Industrial applications: Ta = -40 to +105°C

Notes 1.

The values in parentheses are the number of signal outputs when 8 com is used.

2. This reset occurs when instruction code FFH is executed.

This reset does not occur during emulation using an in-circuit emulator or an on-chip debugging emulator.

R01DS0168EJ0230 Rev.2.30
Aug 31, 2023
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

Target products A: Consumer applications; Ta = —40 to +85°C
R5F10WLAAFA, R5F10WLCAFA, R5F10WLDAFA,
R5F10WLEAFA, R5F10WLFAFA, R5SF10WLGAFA,
R5F10WLAAFB, R5F10WLCAFB, R5F10WLDAFB,
R5F10WLEAFB, R5F10WLFAFB, R5F10WLGAFB,
R5F10WMAAFA, R5F10WMCAFA, R5F10WMDAFA,
R5F10WMEAFA, R5F10WMFAFA, R5F10WMGAFA,
R5F10WMAAFB, R5F10WMCAFB, R5F10WMDAFB,
R5F10WMEAFB, R5F10WMFAFB, R5F10WMGAFB

G: Industrial applications; when using Ta = —40 to +105°C specification products at Ta = —40 to +85°C
R5F10WLAGFB, R5F10WLCGFB, R5F10WLDGFB,
R5F10WLEGFB, R5F10WLFGFB, R5F10WLGGFB
R5F10WMAGFB, R5F10WMCGFB, R5F10WMDGFB,
R5F10WMEGFB, R5F10WMFGFB, R5F10WMGGFB

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

2. The pins mounted depend on the product. See 2.1 Port Function to 2.2.1 With functions for
each product in the RL78/L13 User’s Manual.

RO1DS0168EJ0230 Rev.2.30 IQENESAS Page 17 of 141
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (1/3)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vob -0.5t0 +6.5 \%
REGC pin input voltage | Virecc REGC -0.3t0+2.8 \%

and —0.3 to Voo +0.3Note1

Input voltage Viz P00 to P07, P10 to P17, P20 to P27, P30 to P35, —0.3 to Vop +0.3Note2 \%
P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137

Vi P60 and P61 (N-ch open-drain) -0.3t0 +6.5 \%
Vis EXCLK, EXCLKS, RESET —0.3 to Vop +0.3Nte2
Output voltage Vo1 P00 to P07, P10 to P17, P20 to P27, P30 to P35, —0.3 to Vop +0.3Note2

P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137

Analog input voltage Van ANIO, ANI1, ANI16 to ANI26 —0.3to Voo +0.3 \%
and —0.3 to AVRrer(+) +0.3N0es 2.3

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 yuF). This value regulates the absolute
maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5 V or lower.
Do not exceed AVRrer(+) + 0.3 V in case of A/D conversion target pin.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. 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.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. AVrer+): + side reference voltage of the A/D converter.
3. Vss: Reference voltage

RO1DS0168EJ0230 Rev.2.30 IQENESAS Page 18 of 141
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Absolute Maximum Ratings (2/3)

Parameter Symbol Conditions Ratings Unit
LCD voltage Vit Vi1 voltageMote ! -0.3to +2.8 and \Y
—0.3to Vs +0.3
Vi2 V12 voltageNote ! —0.3 to Via +0.3N0te2 \%
Vis Vs voltageMote ! —0.3 10 V4 +0.3Note2 \Y
Via VL4 voltageNoe -0.3t0 +6.5 \Y
Vicap CAPL, CAPH voltageN°®©?! —0.3 10 VL4 +0.3Note2 \Y
Vour COMO to COM7 | External resistance division method | 0.3 to Vop +0.3"°te2 \%
SEGO10 SEG50 | capacitor split method —0.3 to Voo +0.3N0te2 %
output voltage -
Internal voltage boosting method —0.3t0 V4 +0.3Note2 \Y

Notes 1. This value only indicates the absolute maximum ratings when applying voltage to the Vi1, Vi2, Vi3, and Vi4 pins;
it does not mean that applying voltage to these pins is recommended. When using the internal voltage boosting
method or capacitance split method, connect these pins to Vss via a capacitor (0.47 pF + 30%) and connect a
capacitor (0.47 uF + 30%) between the CAPL and CAPH pins.
2. Must be 6.5V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. 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 Vss: Reference voltage
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RL78/L13

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

Absolute Maximum Ratings (3/3)

Parameter Symbol Conditions Ratings Unit
Output current, high loH1 Per pin P00 to P07, P10 to P17, P22 to P27, -40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
Total of all pins P00 to P07, P10 to P17, P22 to P27, -170 mA
—-170 mA P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
lonz Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loLt Per pin P00 to P07, P10 to P17, P22 to P27, 40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70to P77, P125 to P127, P130
Total of all pins P40 to P47, P130 70 mA
170 mA P00 to P07, P10 to P17, P22 to P27, 100 mA
P30 to P35, P50 to P57,
P60, P61, P70 to P77,
P125 to P127
loL2 Per pin P20, P21 1 mA
Total of all pins 2 mA
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. 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 Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.2 Oscillator Characteristics
2.2.1 X1 and XT1 oscillator characteristics

(TA=-40to0 +85°C, 1.6 V=VoD£55V,Vss =0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator/ 27V<Vob<55V 1.0 20.0 MHz
frequency (fx)N°te crystal resonator 24V <Vop< 2.7V 1.0 16.0
1.8V<Vop<24V 1.0 8.0
1.6V<Vop<1l8V 1.0 4.0
XT1 clock oscillation Crystal resonator 32 32.768 35 kHz
frequency (fxr)Note

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.

Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

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

stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.

Remark When using the X1 oscillator and XT1 oscillator, see 5.4 System Clock Oscillator in the RL78/L13 User’'s
Manual.

RO1DS0168EJ0230 Rev.2.30 IQENESAS Page 21 of 141
Aug 31, 2023



RL78/L13

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

2.2.2 On-chip oscillator characteristics

(TA=-40t0 +85°C, 1.6 V<Vop55V,Vss =0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator fin 1 24 MHz
clock frequencyNotes 1.2
High-speed on-chip oscillator —20 to +85°C 1.8V<Vops55V -1.0 +1.0 %
clock frequency accuracy 1.6V <Vop<1.8V 50 +5.0 %

—-40 to —20°C 18V<Vop<s55V -15 +1.5 %
16V<Vop<1l8V -5.5 +5.5 %
Low-speed on-chip oscillator fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. The high-speed on-chip oscillator frequency is selected by bits O to 4 of the option byte (000C2H/010C2H)
and bits 0 to 2 of the HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to AC Characteristics for the instruction execution

time.
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RL78/L13

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

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-401t0 +85°C,1.6 V=Vpop =55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for POO to P07, P10 to P17, 1.6V<Vop<55V —10.0N°%2  mA
highNete 1 P22 to P27, P30 to P35, P40 to P47,

P50 to P57, P70 to P77, P125 to P127,
P130
Total of POO to P07, P10 to P17, 40V<=Vop<55V -90.0 mA
P22 to P27, P30 to P35, P40 to P47, 27V <Vop<4.0V _15.0 mA
P50 to P57, P70 to P77, P125 to P127,
P130 1.8V<sVop<27V -7.0 mA
(When duty = 709Nt 3) 1.6V<Vop<1.8V -3.0 mA

loHz Per pin for P20 and P21 16V<Vops55V —Q.Note 2 mA
Total of all pins 1.6V<Vop<55V -0.2 mA
(When duty = 709N°te 3)

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

to an output pin

2. Do not exceed the total current value.
3. Output current value under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 80% and lox = —=90.0 mA
Total output current of pins = (=90.0 x 0.7)/(80 x 0.01) = —78.75 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 do not output high level in
N-ch open-drain mode.
Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(TA=-40t0 +85°C, 1.6 V=VoD£55V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loL1 Per pin for P00 to P07, P10 to P17, 20.QNote 2 mA
lowNote 1 P22 to P27, P30 to P35, P40 to P47,

P50 to P57, P70 to P77,

P125 to P127, P130

Per pin for P60 and P61 15.0Note2 mA

Total of P40 to P47, P130 40V<Vop<55V 70.0 mA

(When duty = 70%") 27V<Voo<40V 15.0 mA
1.8V<Vp<27V 9.0 mA
16V<Vop<1l8V 4.5 mA

Total of POO to P07, P10 to P17, 40V<Vop<55V 90.0 mA

P22 1o P27, 27VEVoo<40V 35.0 mA

P30 to P35, P50 to P57, P70 to P77,

P125 to P127 1.8V<Vmp<27V 20.0 mA

(When duty = 70%Mte 3) 1.6V<Vop<18V 10.0 mA

Total of all pins 160.0 mA

(When duty = 709N°te 3)

lot2 Per pin for P20 and P21 0.4Note2 mA
Total of all pins 1.6V<Vop<55V 0.8 mA
(When duty = 709N°te 3)

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

to the Vss pin

2. Do not exceed the total current value.

3. Output current value under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lo. x 0.7)/(n x 0.01)

<Example> Where n = 80% and lo. = 70.0 mA
Total output current of pins = (70.0 x 0.7)/(80 x 0.01) = 61.25 mA

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

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L13

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

(TA=-40t0 +85°C, 1.6 V=VoD£55V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, ViH1 P00 to P07, P10 to P17, P22 to P27, | Normal input buffer 0.8Vop Vob \%
high P30 to P35, P40 to P47, P50 to P57,

P70 to P77, P125 to P127, P130,
P137
Vinz P03, P05, P06, P16, P17, P34, P43, | TTL input buffer 2.2 Voo \Y
P44, P46, P47, P53, P55 40V<Vop <55V
TTL input buffer 2.0 Voo \%
33V=sVop<4.0V
TTL input buffer 15 Vob \%
1.6V<Vop<33V
ViH3 P20, P21 0.7Vop Vop \Y
ViHa P60, P61 0.7Vop 6.0 \Y
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Voo \Y
Input voltage, low | Vi1 P00 to P07, P10 to P17, P22 to P27, | Normal input buffer 0 0.2Vop \%
P30 to P35, P40 to P47, P50 to P57,
P70 to P77, P125 to P127, P130,
P137
Vi P03, P05, P06, P16, P17, P34, P43, | TTL input buffer 0 0.8 \Y
P44, P46, P47, P53, P55 40V<Vops55V
TTL input buffer 0 0.5 \%
3.3V<Vop<4.0V
TTL input buffer 0 0.32 \%
1.6V<Vop<33V
Vis P20, P21 0 0.3Vop
ViLa P60, P61 0 0.3Vop
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop

Caution

Remark

The maximum value of Vin of pins P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56,
and P130 is Vop, even in the N-ch open-drain mode.

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

pins.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(TA=-40t0 +85°C, 1.6 V=VbD <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, Vo1 P00 to P07, P10 to P17, P22to P27, {40V <Vop<55V, |Vob-15 \%
high P30 to P35, P40 to P47, P50 to P57, | lor1 =—=10.0 mA

P70 to P77, P125 to P127, P130 40V<Vop<55YV, |Voo—0.7 v
lor1 = -3.0 mA
27V<Voo<55V, |Voo-0.6 \%
lon1 =—=2.0 mA
1.8V<Vop<55V, Voo — 0.5 \%
loH1 = -1.5 mA
1.6V<Vop<55V, |[Vob-0.5 \%
lor1 = =1.0 mA
VoHz P20 and P21 1.6V<Vop<55V, Voo — 0.5 \Y
lonz =—=100 pA
Output voltage, Vou1 P00 to P07, P10 to P17, P22 to P27, |40V <Vop <55V, 1.3 \%
low P30 to P35, P40 to P47, P50 to P57, | loux =20 mA
P70 to P77, P125 to P127, P130 40V<Vop<55V, 0.7 v
lon = 8.5 mA
27V<Vop<55V, 0.6 \%
lot1 = 3.0 mA
27V<Vopb<55V, 0.4 \
loi1 = 1.5 mA
1.8V<Vop<55YV, 0.4 \%
lot1 = 0.6 mMA
1.6V<Vop<18YV, 0.4 \%
lot1 = 0.3 mA
VoLz2 P20 and P21 1.6V<Vop<55V, 0.4 \Y
loz = 400 pA
Vous P60 and P61 40V<Vopb<55V, 2.0 \%
los = 15.0 mA
40V<Vop<55V, 0.4 \%
lors =5.0 mA
27V<Vop<55V, 0.4 \%
los = 3.0 MA
1.8V<Vop<55YV, 0.4 \
lots = 2.0 mA
16V<Vop<1l8YV, 0.4 \%
lois=1.0 mA

Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 do not output high level in
N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L13

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

(TA=-40t0 +85°C, 1.6 V=VoD£55V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiH1 P00 to P07, P10 to P17, Vi = Vop 1 HA
current, high P22 to P27, P30 to P35,

P40 to P47, P50 to P57,
P60, P61, P70 to P77,
P125 to P127, P130, P137
ILiH2 P20 and P21, RESET Vi = Vop 1 HA
ILinz P121to P124 Vi = Vop In input port mode 1 A
(X1, X2, XT1, XT2, EXCLK, and when external
EXCLKS) clock is input
Resonator 10 HA
connected
Input leakage I P00 to P07, P10 to P17, Vi =Vss -1 A
current, low P22 to P27, P30 to P35,
P40 to P47, P50 to P57,
P60, P61, P70 to P77,
P125 to P127, P130, P137
ILiL2 P20 and P21, RESET Vi = Vss -1 HA
lus P121to P124 Vi =Vss In input port mode -1 HA
(X1, X2, XT1, XT2, EXCLK, and when external
EXCLKS) clock is input
Resonator -10 HA
connected
On-chip pull-up Ru: POO to P07, P10 to P17, Vi=Vss |24V<Vop<55V| 10 20 100 kQ
resistance P22 to P27, P30 to P35, 16V<Voo<24V| 10 30 100 KQ
P45 to P47, P50 to P57,
P70 to P77, P125 to P127,
P130
Ruz P40 to P44 Vi = Vss 10 20 100 kQ

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

pins.
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RL78/L13

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

2.3.2 Supply current characteristics

(TA=-40t0 +85°C, 1.6 V=Vpp <55V, Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ipb1 Operating | HS (high- froco = 48 MHZN°te 3, Basic Vop = 5.0V 2.0 mA
currentNote ! mode speed main) | fin = 24 MHz\°e3 operation |, _ 30V 20 mA
modeNote s
Normal | Voo =5.0 V 3.8 6.5 mA
operation v/, =30 v 38 | 65 | mA
froco = 24 MHzNoe 3, Basic Voo =5.0V 1.7 mA
fin = 24 MHzNote 3 operation [\, ~_ 20y 17 mA
Nomal | Voo =5.0V 3.6 6.1 mA
operation | v/, =30 v 36 | 61 | mA
froco = 16 MHzZNote 3, Normal Voo =5.0V 2.7 4.7 mA
fin = 16 MHzNote 3 operation [\, “_ 5 5y, 27 47 mA
LS (low- froco = 8 MHzNte 3 Nomal |Voo=3.0V 1.2 2.1 mA
;F)(?;:Nz?ezﬂn) fin = 8 MHZNote 3 operation [y, "5 5y 12 21 mA
LV (low- froco = 4 MHZNot 3, Nomal |Voo=3.0V 1.2 1.8 mA
voltage main) | fi = 4 MHzNete 3 operation [\, “_ 5 oy 12 18 mA
modetes
HS (high- fux = 20 MHZzNte 2, Nomal | Square wave input 3.0 5.1 mA
speed main) | Voo = 5.0 V operation | Resonator connection 3.2 52 | mA
modeNote s
fux = 20 MHzN°ote 2, Normal Square wave input 2.9 5.1 mA
Voo =3.0V operaion | pesonator connection 3.2 5.2 mA
fux = 16 MHzN® 2, Nomal | Square wave input 25 4.4 mA
Voo =5.0V operaion | pesonator connection 2.7 45 mA
fux = 16 MHZzNote 2, Nomal | Square wave input 25 4.4 mA
Voo =3.0V operation | Resonator connection 2.7 45 | mA
fux = 10 MHzN°te 2, Normal Square wave input 1.9 3.0 mA
Voo =5.0V operaion | pesonator connection 1.9 3.0 mA
fux = 10 MHzN® 2, Nomal | Square wave input 19 3.0 mA
Voo =3.0V operaion | pesonator connection 1.9 3.0 mA
LS (low- fux = 8 MHzN® 2, Nomal | Square wave input 1.1 2.0 mA
speed main) | Voo = 3.0 V operation | Resonator connection 1.1 20 | mA
modeNote s
fux = 8 MHzN°® 2, Normal Square wave input 1.1 2.0 mA
Voo =2.0V operaion | pesonator connection 1.1 2.0 mA
Subsystem | fsus = 32.768 kHzN°*4, | Normal | Square wave input 4.0 5.4 HA
clock - Ta=-40°C operaion | pesonator connection 4.3 5.4 HA
operation fsus = 32.768 kHz N°*4 | Normal | Square wave input 4.0 5.4 YA
Ta=+25°C operation | pesonator connection 43 5.4 PA
fsus = 32.768 kHzN°*®4 | Normal | Square wave input 4.1 7.1 UA
Ta=+50°C operation | pesonator connection 4.4 7.1 PA
fsus = 32.768 kHzN°*®4, | Normal | Square wave input 4.3 8.7 UA
Ta=+70°C operation | Resonator connection 4.7 8.7 HA
fsus = 32.768 kHzN°*® 4, | Normal | Square wave input 4.7 12.0 YA
Ta=+85°C operation | Resonator connection 52 | 12.0 | pA
(Notes and Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is fixed
<R> to Vop or Vss. The following points apply in the HS (high-speed main), LS (low-speed main), and LV (low-
voltage main) modes.

» The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

« The currents in the “MAX.” column include the operating currents of the peripheral modules, except for
those flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, I/O port, and on-chip
pull-up/pull-down resistors, and those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into the

real-time clock 2.

2. When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed system clock and subsystem clock are stopped.
4. When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low power
<R> consumption oscillation (AMPHS1 = 1).
5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V < Vob £5.5 V@1 MHz to 24 MHz
24V <Vopb<55V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vop <5.5V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6 V<Vop <5.5 V@1 MHz to 4 MHz

Remarks 1. fux:  High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)

froco: High-speed on-chip oscillator clock frequency (48 MHz max.)

fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)

fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

ok~ N

Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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RL78/L13

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

(TA=-40t0 +85°C, 1.6 V=Vbp <55V, Vss=0V) (212)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply looz HALT HS (high-speed | foco = 48 MHZ®4, | Voo =5.0 V 071 | 195 | mA
currentNete mode :1‘1':) mode fin = 24 MHZzNo 4 Vob = 3.0 V 071 | 195

fhoco = 24 MHZzN°4 | Vop = 5.0V 0.49 1.64 mA
fin = 24 MHZT Voo =3.0V 049 | 1.64
froco = 16 MHZzNot 4 Voo =5.0V 0.43 1.11 mA
fiu = 16 MHZ"24 Voo =3.0V 043 | 111
LS (low-speed | fuoco = 8 MHZ %, | Vop=3.0V 280 770 HA
Lntal:) mode | = 8 Mz o Voo = 2.0 V 280 | 770
Lv _(|0W-V0|tgogi froco = 4 MHzM®4 | Vpp=3.0V 430 700 A
A MO f = 4 Mz Voo = 2.0V 430 | 700
HS (high-speed | fyx = 20 MHzNo 3, Square wave input 0.31 1.42 mA
main) mode Voo = 5.0 V ]
Note 6 Resonator connection 0.48 1.42
fux = 20 MHzNote 3, Square wave input 0.29 1.42 mA
Voo =3.0V Resonator connection 0.48 1.42
fux = 16 MHzNo® 3, Square wave input 0.26 0.86 mA
Voo =5.0V Resonator connection 0.45 1.15
fux = 16 MHzNot® 3, Square wave input 0.25 0.86 mA
Voo =3.0V Resonator connection 0.44 1.15
fux = 10 MHzNote 3, Square wave input 0.20 0.63 mA
Voo =50V Resonator connection 0.28 0.71
fux = 10 MHZNote 3, Square wave input 0.19 0.63 mA
Voo =3.0V Resonator connection 0.28 0.71
LS (low-speed | fux = 8 MHzN® 3, Square wave input 100 560 HA
main) mode™**| Voo = 3.0 V Resonator connection 160 560
fux = 8 MHZzNote 3, Square wave input 100 560 HA
Vo =2.0V Resonator connection 160 560
Subsystem fsus = 32.768 kHzN°®,| Square wave input 0.34 0.62 HA
clock operation| Ta = -40°C Resonator connection 0.51 0.80
fsus = 32.768 kHz\°5 | Square wave input 0.38 0.62 HA
Ta=+25°C Resonator connection 0.57 0.80
fsus = 32.768 kHz\°5 | Square wave input 0.46 2.30 PA
Ta=+50°C Resonator connection 0.67 2.49
fsus = 32.768 kHz"°5,| Square wave input 0.65 4.03 MA
Ta=+70°C Resonator connection 091 | 422
fsus = 32.768 kHz"°5,| Square wave input 1.00 8.04 HA
Ta=+85°C Resonator connection 131 8.23
Iop3 STOP Ta=-40°C 0.18 0.52 HA
mode™*” | 1, = yp5eC 024 | 052
Ta=+50°C 0.33 2.21
Ta=+70°C 0.53 3.94
Ta=+85°C 0.93 7.95
(Notes and Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1.

a M~ wDN

Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is fixed
to Voo or Vss. The following points apply in the HS (high-speed main), LS (low-speed main), and LV (low-
voltage main) modes.
 The currents in the “TYP.” column do not include the operating currents of the peripheral modules.
 The currents in the “MAX.” column include the operating currents of the peripheral modules, except for those
flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, 1/O port, and on-chip pull-
up/pull-down resistors, and those flowing while the data flash memory is being rewritten.
In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the
operating currents of the peripheral modules. However, in HALT mode, including the current flowing into the
real-time clock 2.
In the STOP mode, the currents in both the “TYP.” and “MAX.” columns do not include the operating currents of
the peripheral modules.
During HALT instruction execution by flash memory.
When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed system clock and subsystem clock are stopped.
When high-speed on-chip oscillator and high-speed system clock are stopped.
When RTCLPC = 1 and setting ultra-low current consumption (AMPHS1 = 1).
Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V £ Vob £5.5 V@1 MHz to 24 MHz
24V <Vop£55V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vop <5.5V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6 V<Vop <5.5 V@1 MHz to 4 MHz
Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

Remarks 1. fux:  High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fin: High-speed on-chip oscillator clock frequency (24 MHz max.)
fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

A ol

Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/L13

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

(TA=-40t0 +85°C, 1.6 V=VoD£55V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on- Jp Note 1 0.20 HA
chip oscillator
operating current
RTC2 operating Irrchotes 12| fsug = 32.768 kHz 0.02 HA
current 8
12-bit interval IrmaNotes 1.2 0.04 HA
timer operating 4
current
Watchdog timer | lwor™o®s1.2.5 | fi = 15 kHz 0.22 HA
operating current
A/D converter lapcNetes 1.6 | When conversion Normal mode, AVrerp = Vob = 5.0 V 1.3 1.7 mA
operating current at maximum speed | | o\ yoltage mode, AVrerr = Voo = 3.0 V 0.5 0.7 mA
A/D converter laprerNote 1 75.0 HA
reference voltage
current
Temperature IrmpgNote 1 75.0 HA
sensor operating
current
LVD operating JLypNetes 1.7 0.08 HA
current
Comparator lempNotes 111 1 \/pp =50V, Window mode 125 HA
operating current Regulator output Comparator high-speed mode 6.5 LA

voltage = 2.1V
Comparator low-speed mode 1.7 HA
Voo =5.0V, Window mode 8.0 HA
Regulator output | comparator high-speed mode 4.0 PA
voltage =1.8V
Comparator low-speed mode 1.3 MA
Self- IrspNNotes 1.9 2.00 12.20 mA
programming
operating current
BGO operating lsgoNNotes 1.8 2.00 12.20 mA
current
SNOOZE IsnozNote 1 ADC operation While the mode is shiftingN°te 10 0.50 0.60 mA
operating current During A/D conversion, in low voltage 1.20 1.44 mA
mode, AVrerpr = Vop = 3.0 V
Simplified SPI (CSI)/UART operation 0.70 0.84 mA
LCD operating |LcpiNotes 112, External resistance | fico = fsus 1/3 bias, Voo =5.0V, 0.04 0.20 HA
current 13 division method LCD clock = | four time V=50V
128 Hz slices
lcpNte 22 | Internal voltage fep = fsus 1/3 bias, Vob=3.0V, 0.85 2.20 HA
boosting method LCD clock = | four time Via=3.0V
128 Hz slices (Vico = 04H)
Voo =5.0V, 1.55 3.70 HA
V=51V
(Vieo = 12H)
Iepsete 212 | Capacitor split fico = fsus 1/3 bias, Voo =3.0V, 0.20 0.50 HA
method LCD clock = | four time Vu=3.0V
128 Hz slices
(Notes and Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator
and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the values of either
Iop1 or Ibbz, and Irtc, when the real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Ipop2 subsystem clock operation includes the
operational current of real-time clock 2.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the
values of either Iop1 or Iop2, and Itmka, when the 12-bit interval timer operates in operation mode or HALT mode.
When the low-speed on-chip oscillator is selected, IriL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Iop1, loo2 or Iops and Iwot when the watchdog timer
operates.

6. Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of lbb1 or
Ioo2 and labc when the A/D converter operates in an operation mode or the HALT mode.

7. Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Iopz, lop2 or
Iops and ILvo when the LVD circuit operates.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

10. For shift time to the SNOOZE mode, see 21.3.3 SNOOZE mode in the RL78/L13 User's Manual.

11. Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of
Iop, Iop2 or Iops and Iemp when the comparator circuit operates.

12. Current flowing only to the LCD controller/driver. The value of the current for the RL78 microcontrollers is the
sum of the supply current (loo1 or Ibp2) and LCD operating current (l.cpi, licpz, or licos), when the LCD
controller/driver operates in operation mode or HALT mode. However, not including the current flowing into
the LCD panel. Conditions of the TYP. value and MAX. value are as follows.

e Setting 20 pins as the segment function and blinking all
e Selecting fsus for system clock when LCD clock = 128 Hz (LCDCO = 07H)
e Setting four time slices and 1/3 bias

13. Not including the current flowing into the external division resistor when using the external resistance division
method.

Remarks 1. fi:  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fak: CPUlperipheral hardware clock frequency
4. The temperature condition for the TYP. value is Ta = 25°C.
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RL78/L13

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

2.4 AC Characteristics

(TA=-40to0 +85°C, 1.6 V=Vop£55V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system | HS (high-speed [2.7 V<Vop <55V | 0.0417 1 us
instruction execution time) clock (_fMA.N) main) mode 24V <Von<27V | 0.0625 1 us

operation
LS (low-speed [1.8V<Voo<55V | 0.125 1 us
main) mode
LV (low-voltage [1.6 V<Vob <55V 0.25 1 us
main) mode
Subsystem clock (fsus) 1.8V=<Vop<55V 28.5 30.5 313 us
operationN°t®
In the self HS (high-speed (2.7 V <Voo<5.5V | 0.0417 1 us
programming | main) mode |5 4\ <vpp<2.7V | 0.0625 1 Hs
mode
LS (low-speed [1.8V<Vop<55V | 0.125 1 us
main) mode
LV (low-voltage (1.8 V<Vop<5.5V 0.25 1 us
main) mode
External system clock fex 27V<Vop<55V 1.0 20.0 MHz
frequency 24V<Vop <27V 1.0 160 | MHz
18V<sVm<24V 1.0 8.0 MHz
16V<Vmp<18V 1.0 4.0 MHz
fexs 32 35 kHz
External system clock input texH, 27V<Vop<55V 24 ns
high-level width, low-level texc 24V<Vop<27V 30 ns
width
1.8V<sVmm<24V 60 ns
16V<Vop<18V 120 ns
texHs, 13.7 us
texLs
TIOO to TIO7 input high-level | trn, 1/fmek+10 ns
width, low-level width tri
TOO0O0 to TOO07, TKBOOQO, fro HS (high-speed main) 40V<Vop<55V 12 MHz
TKBOO01-0 to TKBOO01-2 mode 27V <Vop<4.0V 8 MHz
output frequency
24V <Vop<27V 4 MHz
LV (low-voltage main) 16V<Vop<55V 2 MHz
mode
LS (low-speed main) 1.8V<sVop<55V 4 MHz
mode
PCLBUZ0, PCLBUZ1 output | fecL HS (high-speed main) 40V<Vops55V 16 MHz
frequency mode 27V<Von<4.0V 8 MHz
24V <Vop <27V 4 MHz
LV (low-voltage main) 1.8V<Vop<55V 4 MHz
mode 16V<Voo<18V 2 MHz
LS (low-speed main) 1.8V<Vop<55V 4 MHz
mode
Interrupt input high-level width,| tinth, INTPO to INTP7 16V=sVops55V 1 us
low-level width tinTL
Key interrupt input high-level | tkrn, tkre | KRO to KR7 1.8V=sVops55V 250 ns
width, low-level width 16V<Voo<18V 1 us
IH-PWM output restart input tiHR INTPO to INTP7 2 fek
high-level width
TMKB2 forced output stop tiHR INTPO to INTP2 2 fork
input high-level width
RESET low-level width trsL 10 us

(Note and Remark are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Note Operation is not possible if 1.6 V < Vop < 1.8 V in LV (low-voltage main) mode while the system is operating on the
subsystem clock.

Remark fvck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSmn0, CKSmn1 bits of timer mode register mn (TMRmn)
m: Unit number (m = 0), n: Channel number (n =0 to 7))

Minimum Instruction Execution Time during Main System Clock Operation

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

10
10 e e e —— When the high-speed on-chip oscillator clock is selected
g 3
E‘ -=-=-During self programming
: 1 - When high-speed system clock is selected
£
3 : ;
S 1
O ] [
; ;
0.1
0.0625 i
0.05
0.0417 |pmmmmmmmmpmmmemeoodoeo e s s s s s s s nas ==
0.01
0 10 20} B0 40 50°°60
24 2.7
Supply voltage Voo [V]
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Tecv vs Vob (LS (low-speed main) mode)

10
10 —— When the high-speed on-chip oscillator clock is selected
g : ====During self programming
5 - When high-speed system clock is selected
'; ]
E ]
o i
(]
3 i
S J
0.125
0.1
0.01
0 10 20 30 40 50°°60
1.8
Supply voltage Voo [V]
Tcy vs Vob (LV (low-voltage main) mode)
10
1.0 & . . . .
il — When the high-speed on-chip oscillator clock is selected
7 i
= i
'_6 il ===- During self programming
i 1
8 7 Tyl --- When high-speed system clock is selected
= 025 -
©
>
O
0.1
0.01
0 10 {20 30 40 50°°60
1618
Supply voltage Voo [V]
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

AC Timing Test Points

Vi/Von . ViH/Vown
Test points
>< Vi/Vou > < Vil/Vou

External System Clock Timing

1/fex/
1/fexs

texd/ || texn/
texLs tExHS

EXCLK/EXCLKS \

TITO Timing

trie triH

TIOO to TI07

1/fro

TOO00 to TOO7, TKBOOO,
TKBOO01-0, TKBOO1-1,
TKBOO01-2

Interrupt Request Input Timing

-~ UNTL - tINTH
INTPO to INTP7
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Key Interrupt Input Timing

- kR

KRO to KR7
RESET Input Timing
trsL
RESET
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Points

Vin/Von . Vin/Von
Test points
>< Vi/Vou > < Vi/Vou

2.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-401t0 +85°C, 1.6 V=SVop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.

Transfer rateN°®©? 24V<Vop<55V fmck/6 fmek/6 fmek/6 bps
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fmck = feukNote 2

1.8V<Vop<55V - fmek/6 fmek/6 bps
Theoretical value of the - 1.3 0.6 Mbps
maximum transfer rate
fmck = feukNote 2

1.6V<Vop<55V - - fmek/6 bps
Theoretical value of the - - 0.6 Mbps

maximum transfer rate

fmek = feukNote 2

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcix) are:

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

LS (low-speed main) mode: 8 MHz (1.8 V<Vbob<55V)

LV (low-voltage main) mode: 4MHz (1.6 V<Vbp<55V)

Caution Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by using
port input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

TxDq Rx
RL78 User device
microcontroller
RxDq T
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance
b

TxDq i
RxDq

Remarks 1. g: UART number (q = 0 to 3), g: PIM and POM number (g = 0, 1, 3)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,

n: Channel number (mn =00 to 03, 10 to 13))
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(2) During communication at same potential (Simplified SPI (CSI) mode) (master mode, SCKp... internal clock
output)
(TA=-40to +85°C, 1.6 VS Voo <55V, Vss =0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.

SCKp cycle time tkevi 27V<Vop<55V 167Netel 50QNote 1 1000QNote t ns

24V<Vop£55V 25QNote 1 50QNote 1000QNote t ns

1.8V<Vop<55V - 50QNote t 100QNote t ns

1.6V<Vops55V - - 100QNote t ns

SCKp high-/low-level | tkw1, 40V<Vop<55V tkeva/2-12 tkev/2-50 tkev/2-50 ns

width b 27V<Vop<55V tkevi/2-18 tkevi/2-50 tkevi/2-50 ns

24V <Vop<s55V tkev1/2—38 tkev1/2-50 tkeva/2-50 ns

1.8V<Vops55V - tkeva/2-50 tkev/2-50 ns

1.6V<Vops55V — — tkeva/2—100 ns

Slp setup time tsik1 27V<sVopbs55V 44 110 110 ns

(to SCKpp)tere® 2.4V <Vop<55V 75 110 110 ns

1.8V<Vopbs55V - 110 110 ns

1.8V<Vops55V - - 220 ns

Slp hold time tksi 24V <Vop<55V 19 19 19 ns

(from SCKpt)™? 18V <Voo <55V - 19 19 ns

1.6V<Vops55V - - 19 ns

Delay time from trso1 C=30pF\o*> | 24V <Vop <55V 25 25 25 ns

SCKpl to 1.8V<Von<55V - 25 25 | ns
SOp outputoe4

16V<Vops55V - - 25 ns

Notes 1. The value must also be equal to or more than 2/fcik for CSI00 and equal to or more than 4/fcik for CSI10.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|”
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|”
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

5. Cis the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM and POM numbers (g =0, 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(3) During communication at same potential (Simplified SPI (CSI) mode) (slave mode, SCKp... external clock
input)
(TA=-40to +85°C, 1.6 VS Voo <55V, Vss =0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.

SCKp cycle tkey2 40V <Vop<55V | fuek > 20 MHz 8/fmck - - ns

timeete® fuek < 20 MHz 6/fmck 6/fmck 6/fmck ns

27V<Vop <55V | fuck > 16 MHz 8/fmck - - ns

fmek < 16 MHz 6/fmck 6/fvck 6/fmck ns

24V <Vop<55V 6/fmck 6/fvck 6/fvck ns

and 500

1.8V<sVopbs55V - 6/fmck 6/fmck ns

16V=sVoos55V - - 6/fmck ns

SCKp high-/low- | tkrz, 40V<Vop<55V tkeva/2—7 tkeva/2—7 tkeva/2—7 ns

level width tki2 27V<Vops55V tkev2/2—-8 tkev2/2—-8 tkev2/2—-8 ns

24V <Vop<55V tkey2/2-18 tkev2/2—18 tkev2/2—18 ns

18V<sVop<55V - tkev2/2—-18 tkev2/2—-18 ns

16V<sVoos55V - - tkey2/2—66 ns

Slp setup time | tsikz 27V<Vopb<55V 1/fmex+20 1/fmex+30 1/fmck+30 ns

(to SCKpt)™ere? 24V<sVopsb55V 1/fmex+30 1/fmex+30 1/fmex+30 ns

1.8V<Vops55V - 1/fmck+30 1/fmck+30 ns

16V<sVopo<55V - - 1/fmck+40 ns

Slp hold time tksi2 24V <Vop£55V 1/fmck+31 1/fmck+31 1/fmck+31 ns

(from 1.8V<Vop<55V - 1/fuck+31 1fuck+31 ns
SCKp)Nete?

16V=sVoos55V - - 1/fmex+250 ns

Delay time from | tksoz C=30pF\o*4 | 27V <Vop<55V 2/fuck+44 2/fuck+110 2/fuck+110| ns

SCKpl to SOp 24V<Voo <55V 2ffuck+75 2fuck+110 2ffuck+110| ns

outputhote3
1.8V<Vop<55V - 2/fmck+110 2/fuck+110| ns
16V<sVoo<55V - - 2/fmck+220| ns

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

when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

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

Caution Select the normal input buffer for the Sip pin and SCKp pin and the normal output mode for the SOp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

SCKp SCK
RL78 ,
microcontroller ~ SIP SO  User device
SOp sI

Simplified SPI (CSI) mode connection diagram (during communication at same potential)

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

tkeyy, 2

tkut, 2 tkH1, 2

/
SCKp

tsik1, 2 tksi1, 2

Slp Input data

tkso1, 2

SOp Output data ><

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

tkevy, 2

tkHL, 2 tkia, 2

SCKp
/ N

tsik, 2 tksiy, 2

Sip Input data

tksoy, 2
-~ ]

SOp Output data ><

p: CSI number (p = 00, 10)
2. m: Unit number, n: Channel number (mn = 00, 02)

RENESAS

Remarks 1.
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RL78/L13

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

(4) During communication at same potential (simplified 1°C mode)
(TA=-401t0 +85°C, 1.6 V=Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLr clock fscL 27V<Vop<55V, 100QNete 1 400Noe 400Nt | kHz
frequency Cb =50 pF, Ro = 2.7 kQ
1.8V (2.4 V3 <Vop <55V, 400N0tet 400Nt 400Nt | kHz
Cb =100 pF, Ro = 3 kQ
1.8V (2.4 VN3 <Vpp < 2.7V, 30QNote t 30QNete 300Nt | kHz
Cb =100 pF, Ro =5 kQ
1.6V <Von<18YV, - - 250Nt | kHz
Cb =100 pF, Ro = 5 kQ
Hold time when tow 27V<Vop<55YV, 475 1150 1150 ns
SCLr ="L" Cb =50 pF, Ro = 2.7 kQ
18V (24 V3 <Vpp <55V, | 1150 1150 1150 ns
Cb =100 pF, Ro =3 kQ
1.8V (2.4 VN3 <Vpp < 2.7V, 1550 1550 1550 ns
Cb =100 pF, Ro =5 kQ
16V=<Vop<1l8V, — - 1850 ns
Cb =100 pF, Ro =5 kQ
Hold time when tHIGH 27V<Vopb<55V, 475 1150 1150 ns
SCLr ="H" Cb =50 pF, Ro = 2.7 kQ
1.8V (2.4 VN3 <Vpp <55V, 1150 1150 1150 ns
Cb =100 pF, Ro = 3 kQ
1.8V (2.4 VN3 <Vpp < 2.7V, 1550 1550 1550 ns
Cb =100 pF, Ro =5 kQ
1.6V<Vop<18YV, - - 1850 ns
Cb =100 pF, Ro =5 kQ
Data setup time tsu:DAT 27V<Vopb<55V, 1/fmex+ 1/fmek+ 1/fmck+ ns
(reception) Cb =50 pF, R = 2.7 kQ gghote 2 145Note 2 145Note 2
1.8V (2.4 VN3 <Vpp <55V, | 1fuck+ 1/fmek+ 1/fmek+ ns
Cb = 100 pF, Ro = 3 kQ 145Nt 2 145Nt 2 145Nt 2
1.8V (2.4 VN3 <Vop<2.7V, | Lfuck+ Ufmerk+ Ufmerk+ ns
Cb =100 pF, Ro =5 kQ 23(QNote 2 23(QNote 2 23(QNote 2
1.6V<Vop<18YV, - - 1/fmck+ ns
Cb =100 pF, Ro =5 kQ 29QnNote 2
Data hold time tHD:DAT 27V<Vops55V, 0 305 0 305 0 305 ns
(transmission) Cb =50 pF, Ro = 2.7 kQ
1.8V (2.4 VN3 <\Vpp <55V, 0 355 0 355 0 355 ns
Cb =100 pF, Ro =3 kQ
1.8V (2.4 VN3 <Vpp < 2.7V, 0 405 0 405 0 405 ns
Cb =100 pF, Ro =5 kQ
16V=<Vop<1l8V, — — - - 0 405 ns
Cb =100 pF, Ro =5 kQ
(Notes, Caution, and Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1. The value must also be equal to or less than fmck/4.
2. Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H".
3. Condition in the HS (high-speed main) mode

Caution Select the normal input buffer and the N-ch open drain output (Vob tolerance) mode for the SDAr pin
and the normal output mode for the SCLr pin by using port input mode register g (PIMg) and port
output mode register g (POMQg).

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

Voo

% Rb
SDAr SDA
RL78

microcontroller

User device

SCLr SCL

Simplified 1°C mode serial transfer timing (during communication at same potential)

1/fscL

trow tricH

SCLr \
SDAr /\

tHD : DAT tsu: DAT

Remarks 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load
capacitance
2. r:lIC number (r = 00, 10), g: PIM and POM number (g = 0, 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m = 0),
n: Channel number (n = 0-3), mn = 00-03, 10-13)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (1/2)
(TA=-40to +85°C, 1.8V <sVopb <55V, Vss=0V)

Parameter | Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage | Unit

main) Mode main) Mode main) Mode

MIN. MAX. MIN. MAX. MIN. MAX.

Transfer rate Reception |40V <Vopb<55YV, fuck/gNote 1 fuck/6Note fuck/6No | bps
27VsVb<4.0V
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fmek = feukNote 3
27V<Vop<40V, fuvck/6Note fumck/eNote 1 fuck/6No® | bps
23V<sVb<27V
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fmek = feukNote 3
1.8V (2.4 VN°**4) < Vpp < 3.3 fmek/6 fmek/6 fmek/6 bps
V, Note s1, 2 Notes 1, 2 Notes 1, 2

16VsWw=s20V

Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate

fmek = feuNore 3

Notes 1.

Caution

Transfer rate in SNOOZE mode is 4800 bps only.
Use it with Vop = Vb.
The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:
HS (high-speed main) mode: 24 MHz (2.7 V< Vob <5.5V)
16 MHz (2.4 V <Vbp £5.5V)
LS (low-speed main) mode: 8 MHz (1.8 V<Vbopb<5.5V)
LV (low-voltage main) mode: 4MHz (1.6 V<Vbp<55V)
Condition in the HS (high-speed main) mode

Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance) mode for
the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg). For
ViHand Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Vp[V]: Communication line voltage

2. g: UART number (g = 0 to 3), g: PIM and POM number (g =0, 1, 3)

3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (2/2)
(TA=-40to +85°C, 1.8V <sVopb <55V, Vss=0V)

Parameter | Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode

MIN. MAX. MIN. MAX. MIN. MAX.

Transfer rate Trans [40V<Vop<55YV, Note 1 Note 1 Note 1 [ bps
mission | 2.7V <Vb<4.0V

Theoretical value of the maximum 2.8Note 2 2.8Note 2 2.8N°te2 [ Mbps
transfer rate
(Co=50pF, Ro=1.4kQ, Vb =2.7V)

27V<Vop<4.0V, Note 3 Note 3 Note 3 | bps
3VsW=s27V

N

Theoretical value of the maximum 1.2Note4 1.2Note 4 1.2 4 | Mbps
transfer rate
(Co=50pF, Ro=2.7kQ, Vb =2.3V)

[

8V (2.4 VN8 < Vpp < 3.3V, Notes Notes Notes | bps
B6VSVes20V 5,6 56 56

[En

Theoretical value of the maximum 0.43Nete? 0.43Nete? 0.43"° 7| Mbps
transfer rate
(Co =50 pF, Ro=5.5kQ, Vo =1.6 V)

Notes 1. The smaller maximum transfer rate derived by using fmck/6 or the following expression is the valid maximum
transfer rate.

Expression for calculating the transfer rate when 4.0 V<Vop <55V and 2.7V <Vb<4.0V

Maximum transfer rate = L > [bps]

{~Cbx Rbx In (1 — %/b )} x 3

1
Transfer rate x 2

1
( Transfer rate )

—{~CbXx Rox In (1—%)}
Baud rate error (theoretical value) =

x 100 [%)]
x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.
3. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum
transfer rate.

Expression for calculating the transfer rate when 2.7 V<Vop<4.0Vand 2.3V <Vp<2.7V

Maximum transfer rate = 1 50 [bps]
{~Cox Rbx In (1 - V'b )} x 3
1 2.0
, Transfer rate x 2~ Cb > RoxIn (1 ——= =)}
Baud rate error (theoretical value) = 1 x 100 [%)]

(m) x Number of transferred bits

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

RO1DS0168EJ0230 Rev.2.30 IQENESAS Page 47 of 141
Aug 31, 2023



RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 6. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum
transfer rate.

Expression for calculating the transfer rate when 1.8 V (2.4 VNo8) <\pp <3.3Vand 1.6 V<Vb <20V

Maximum transfer rate = L 1 [bps]

{~Cobx RoxIn(1- Vb5 )} % 3

1 15
] Transfer rate x 2~ Cb> Rox In (1——y =)}
Baud rate error (theoretical value) = 1 x 100 [%)]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.
8. Condition in the HS (high-speed main) mode

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

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

UART mode connection diagram (during communication at different potential)

Vb
% Rb
TxDq * RX
RL78 _
microcontroller User device
RxDq Tx
R01DS0168EJ0230 Rev.2.30 RENESAS Page 48 of 141

Aug 31, 2023



RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

1/Transfer rate
Low-bit width

High-bit width

‘ Bau(i rate error tolerance

/L/Y \%

\ /1

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance
hi

RxDq <

Remarks 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Co[F]: Communication line (TxDq) load capacitance,
Vb[V]: Communication line voltage
2. q: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 3)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10 to 13))
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RL78/L13

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

(6) Communication at different potential (2.5 V, 3 V) (Simplified SPI (CSIl) mode) (master mode, SCKp... internal
clock output, corresponding CSI00 only)
(TA=-40to +85°C, 2.7V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time tkeva tkeve 2 2ffek |40V <Vop <55V, 200 1150 1150 ns
27V <sVb<40V,
Cb =20 pF, Ro = 1.4 kQ
2.7V <Vop<4.0V, 300 1150 1150 ns
23V<sVb<27V,
Cbh =20 pF, Ro = 2.7 kQ
SCKp high-level tkH1 40V<Vop<55V,27V<Ve<4.0V, tkevl/2 — tkev1/2 — tkev1/2 — ns
width Cb =20 pF, Ro = 1.4 kQ 50 50 50
27V <Vop<4.0V,23V<sVp<27V, tkev/2 — tkev/2 — tkevi/2 — ns
Cb =20 pF, Ro = 2.7 kQ 120 120 120
SCKp low-level kit 40V<sVop<55V,27V=<Vb<40V, tkev/2 — tkev/2 — tkeva/2 — ns
width Cb =20 pF, Ro =1.4 kQ 7 50 50
27V <Vop<4.0V,23V<sVp<27V, tkev/2 — tkev/2 — tkevi/2 — ns
Cb =20 pF, Ro = 2.7 kQ 10 50 50
Slp setup time tsik1 40V<Vop<55V,27V<Vh<4.0V, 58 479 479 ns
(to SCKpt)Note Cb =20 pF, Rb=1.4 kQ
27V<Vop<4.0V,23V=sVp=<27V, 121 479 479 ns
Cb =20 pF, Ro = 2.7 kQ
Slp hold time tksi 40V<Vop<55V,27V<Vb<s40V, 10 10 10 ns
(from SCKpt)Note Cb =20 pF, Rb=1.4 kQ
27V <Vop<4.0V,23V<sVp<27V, 10 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
Delay time from tkso1 40V<=Vops55V,27VsVb<4.0V, 60 60 60 ns
SCKp| to Cb =20 pF, Ro = 1.4 kQ
SOp output™®* 27V<Voo<40V,23VEVh<27V, 130 130 130 | ns
Cb =20 pF, Ro =2.7 kQ
Slp setup time tsik1 40V<sVops55V,27V=Vps40V, 23 110 110 ns
(to SCKp|)Nete2 Cb =20 pF, Rs = 1.4 kQ
27V <Vopb<4.0V,23V<sVps=<27V, 33 110 110 ns
Cb =20 pF, Ro = 2.7 kQ
Slp hold time tksi 40V<Vop<55V,27VsVh<4.0V, 10 10 10 ns
(from SCKp)Note 2 Cb =20 pF, Ro = 1.4 kQ
27V <Vop<4.0V,23V=sVp=<27V, 10 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
Delay time from tkso1 40V<sVop<55V,27V=<Vb=<40V, 10 10 10 ns
SCKpft to Cb =20 pF, Ro = 1.4 kQ
Note 2
SOp output™ 27V<Voo<4.0V,23VSVo<2.7V, 10 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
(Notes, Caution and Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For ViH and Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Ro[Q]: Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))
4. This specification is valid only when CSI00’s peripheral I/O redirect function is not used.
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RL78/L13

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

(7) Communication at different potential (1.8 V, 2.5 V, 3 V) (Simplified SPI (CSl) mode) (master mode, SCKp... internal
clock output) (1/2)
(TA=-40to +85°C, 1.8V <Vob <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time | tkeva | tkevai 2 4/fek |40V <Vop<5.5V, 300 1150 1150 ns
27V<sVb<s4.0V,
Cb =30 pF, Ro=1.4kQ
27V<Vop<4.0V, 500 1150 1150 ns
23V<sVps27V,
Cb =30 pF, Ro =2.7 kQ
1.8V (2.4 VV*1) < Vpp < 3.3 1150 1150 1150 ns
\
1.6 V < Vb < 1.8 VNote2
Cb =30 pF, Ro =5.5kQ
SCKp high-level tkH1 40V<Vop<55V,27V=Vp<40V, tevy/2 — tkev/2 — tkev1/2 — ns
width Cb =30 pF, Ro = 1.4 kQ 75 75 75
27V<=Vop<40V,23V=Vp<27V, tkevaf2 — tkeva/2 — tkeva/2 — ns
Cb =30 pF, Ro = 2.7 kQ 170 170 170
1.8V (2.4 VN <Vpp < 3.3V, tkevi/2 — tkevi/2 — tkev/2 — ns
1.6 V< Vp<2.0VNoe2 458 458 458
Cb =30 pF, Ro = 5.5 kQ
SCKp low-level tkLy 40V<Vops55V,27V<Vh<40V, tkev/2 — tkey/2 — tkev/2 — ns
width Cb =30 pF, Ro=1.4kQ 12 50 50
27V<Vop<4.0V,23V=sVp=27V, tkeva/2 — tkeva/2 — tkev/2 — ns
Cb =30 pF, Ro = 2.7 kQ 18 50 50
1.8V (2.4 VNt <Vpp< 3.3V, tkevy/2 — tkev/2 — tkevi/2 — ns
1.6V <Vh<2.0WVNoe2 50 50 50
Cb =30 pF, Ro=5.5kQ
Slp setup time tsik1 40V<Vop<55V,27V<Vh<40V, 81 479 479 ns
(to SCKpt)Nete3 Cv =30 pF, Ro= 1.4 kQ
27V<Vop<40V,23V=Vp<27V, 177 479 479 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V (2.4 V) < Vop < 3.3V, 479 479 479 ns
1.6V <Vp<2.0WVNoe2
Cb = 30 pF, Ro = 5.5 kQ
Slp hold time tksn | 40V<SVops55V,27VsVp<4.0V, 19 19 19 ns
(from SCKpt)Nete 3 Cb =30 pF, Ro = 1.4 kQ
27V<sVop<40V,23V=sVps27V, 19 19 19 ns
Cb = 30 pF, Ro = 2.7 kQ
1.8V (2.4 VN 1) < \ipp < 3.3V, 19 19 19 ns
1.6 V<Vp<2.,0\VNoe2
Cb = 30 pF, Ro = 5.5 kQ
Delay time from tksor | 4.0VsSVop<55V,27V<sVp<4.0V, 100 100 100 ns
SCKp| to Cb =30 pF, Ro=1.4 kQ
SOp outputoe3 27V<Vop<4.0V,23V<Vb<27V, 195 195 195 ns
Cbh =30 pF, Ro = 2.7 kQ
1.8V (2.4 VN 1) < Vpp < 3.3V, 483 483 483 | ns
1.6 V<Vps2.0\VNoe2
Cb = 30 pF, Ro = 5.5 kQ

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(7) Communication at different potential (1.8 V, 2.5 V, 3 V) (Simplified SPI (CSl) mode) (master mode, SCKp... internal
clock output) (2/2)
(TA=-40to +85°C, 1.8V <Vob <55V, Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

LV (low-voltage
main) Mode

Unit

MIN.

MAX. MIN.

MAX.

MIN.

MAX.

Slp setup time
(tO SCKpl)NOte 4

tsik1

40V<sVops55V,27V=sVbs4.0V,
Cb =30 pF, Ro = 1.4 kQ

44

110

110

ns

27V<Vop<4.0V,23V=sVp=27V,
Cb =30 pF, Ro = 2.7 kQ

44

110

110

ns

1.8V (2.4 V1) < \ipp < 3.3V,
1.6 V € Vb < 2.0 Vo2,
Cb =30 pF, Ro = 5.5 kQ

110

110

110

ns

Slp hold time
(from SCKp|)Note4

tksi1

40V<sVops55V,27V=sVb<4.0V,
Cb =30 pF, Ro = 1.4 kQ

19

19

19

ns

27V<Vop<4.0V,23V=<Vp=27V,
Cbh =30 pF, Ro =2.7 kQ

19

19

19

ns

1.8V (2.4 V1) < \ipp < 3.3V,
1.6 V € Vb < 2.0 Vo2,
Cb =30 pF, Ro = 5.5 kQ

19

19

19

ns

Delay time from
SCKpt to
SOp outputoe4

tkso1

40V<Vop<55V,27V=<Vp<40V,
Cb =30 pF, Ro = 1.4 kQ

25

25

25 ns

27V<Vop<4.0V,23V=<Vp=27V,
Cbh =30 pF, Ro =2.7 kQ

25

25

25 ns

1.8V (2.4 VNt <Vpp < 3.3V,
1.6 V<Vp<2.0\VNoe2
Cb =30 pF, Ro = 5.5 kQ

25

25

25 ns

Notes 1.

Condition in HS (high-speed main) mode

2. Use it with Vbp = Vb.
3. When DAPmMn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
4. When DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution

Select the TTL input buffer for the SIp pin and the N-ch open drain output (Voo tolerance) mode for the

SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g

(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Master> Vb Vi
g Rb % Rb
SCKp ¢ SCK
RL78 .
microcontroller P SO  User device
SOp Sl
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

tkey1

tkiy tiHL

SCKp \ \

tsik1 tksi1

Slp Input data

tkso1

SOp Output data

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

tkevl

ticHa tkiy

SCKp _/ i 7/

tsika tksit

Sip Input data

tkso1

SOp Output data

Remarks 1. Ro[Q]: Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number , n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00)
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI (CSI) mode) (slave mode, SCKp... external
clock input)
(TA=-40to +85°C, 1.8V <Voo <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle tkeyz 40V <Vop<5.5V, | 20 MHz < fuck 12/fmek - - ns
i 0 aNote 1
time™ot® 27VsVos 8 MHZz < fwck < 20 MHz | 10/fmck - - ns
4.0V
4 MHz < fmck < 8 MHz 8/fmck 16/fmck - ns
fmek < 4 MHz 6/fmck 10/fmck 10/fmck ns
27V <Voo<4.0V, |20 MHz < fuck 16/fmck - - ns
23V=Vos 16 MHz < fuck < 20 MHz | 14/fuck - - ns
2.7V
8 MHZz < fwck < 16 MHz | 12/fmck - - ns
4 MHz < fuck < 8 MHz 8/fmck 16/fmck - ns
fmek < 4 MHz 6/fmck 10/fmck 10/fmck ns
1.8V (2.4 VN°*2) < | 20 MHz < fmck 36/fmck - - ns
Voo <3.3V, 16 MHZ < fuck < 20 MHZ | 32/fuck - - ns
16V<sVp<
2.0 YNote 3 8 MHz < fuck < 16 MHz | 26/fvck - - ns
4 MHz < fmck < 8 MHz 16/fmck 16/fvck - ns
fvck < 4 MHz 10/fmek 10/fmck 10/fmck ns
SCKp high- tkH2, 40V<sVops55V,27VsVWh<s40V tkeva/2 tkev2/2 tkev2/2 ns
/low-level width | tk2 -12 -50 -50
27V<Vop<40V,23V<Vp<27V tkey2/2 tkeya/2 tkev2/2 ns
-18 -50 -50
1.8V (2.4 VN2 <\Vpp < 3.3V, tkeval2 tkev2/2 tkev2/2 ns
1.6V <Vp<2.0VNoes -50 -50 -50
Slp setup time | tsik2 40V<Vops55V,27VsVh<4.0V 1/fmex 1/fmex 1/fmek ns
(to SCKpt)Note4 +20 +30 +30
27V<Vop<40V,23V<Vp<27V 1/fmex 1/fmek 1/fmek ns
+20 +30 +30
1.8V (2.4 VN2 <\Vpp < 3.3V, 1/fmex 1/fmex 1/fmek ns
1.6 V < Vp <20 VNoes +30 +30 +30
Slp hold time tksi2 40V<Vop<s55V,27V<Vp<40V 1/fmex 1/fmek 1/fmek ns
(from +31 +31 +31
SCKpf)*e® 27V<Von <40V, 23V<Vo<2.7V e e e ns
+31 +31 +31
1.8V (2.4 VN2 <Vpp < 3.3V, 1/fmck 1/fmck 1/fmek ns
1.6 V< Vp <20 VyNoes +31 +31 +31
Delay time tkso2 40V<sVop<s55V,27V=sVb<4.0V, 2/fmcx 2/ffme 2/fmex ns
from SCKp| to Cb = 30 pF, Ro = 1.4 kQ +120 +573 +573
Note 6
SOp output™®* 27VSVop<40V,23VSVh<27V, 2k 2o 2w | ns
Cb =30 pF, Ro = 2.7 kQ +214 +573 +573
1.8V (2.4 VN2 <\pp < 3.3V, 2ffvck 2ffwcx 2ffvck ns
1.6V <Vp<2.0WVNoes +573 +573 +573
Cbh =30 pF, Ro =5.5kQ

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1.

Transfer rate in SNOOZE mode: MAX. 1 Mbps

. Condition in HS (high-speed main) mode
. Use it with Vop = Vb.
. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|”

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|”

when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes

“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and SCKp pin and the N-ch open drain output (Vop tolerance)

mode for the SOp pin by using port input mode register g (PIMg) and port output mode register g

(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

Simplified SPI (CSI) mode connection diagram (during communication at different potential)
<Slave> Vb
é Rb
SCKp SCK
RL78 )
microcontroller ~ SIP SO User device
SOp Sl
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

tkey2

kL2 tkH2

/
SCKp
N

tsik2 tksi2

Sip Input data

tkso2

SOp Output data

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

tkey2

tkH2 kL2

SCKp /
\

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

Remarks 1. Rb[Q]: Communication line (SOp) pull-up resistance, Co[F]: Communication line (SOp) load capacitance,
Vb[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn)
m: Unit number, n: Channel number (mn = 00, 02))
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(9) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified 1°C mode) (1/2)
(TA=-401t0 +85°C, 1.8V <=Vop <55V, Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

LV (low-voltage
main) Mode

MIN. MAX.

MIN. MAX.

MIN. MAX.

Unit

SCLr clock
frequency

fscL

40V<Vopb<55YV,
27V=<Vb<4.0V,
Cbh =50 pF, Ro = 2.7 kQ

1000Note 1

300Note 1

300Note 1

kHz

2.7V<Vop<4.0V,
23VsVbs27V,
Cb =50 pF, R = 2.7 kQ

1000N0te 1

300N0(e 1

300N0te 1

kHz

40V<Voo<55V,
2.7V<Vb<40V,
Cb = 100 pF, Ro = 2.8 kQ

400Note 1

300Note 1

300Note 1

kHz

27V=sVop<4.0V,
23VsVps27V,

Cb =100 pF, Ro = 2.7 kQ

400Nme 1

300Nme 1

300Note 1

kHz

1.8V (2.4 VNe2) < \ipp < 3.3V,
1.6 V < Vp<2.,0VNoes,
Cb =100 pF, Ry = 5.5 kQ

300Nme 1

300Nme 1

300Note 1

kHz

Hold time when
SCLr="L"

trow

40V<sVopbs55YV,
27VsVbs40V,
Cb =50 pF, Ro = 2.7 kQ

475

1550

1550

ns

27V<Vob<4.0V,
23VsVpb<27V,
Cb =50 pF, Ro = 2.7 kQ

475

1550

1550

ns

40V<sVopbs55YV,
27VsVbs40V,
Cb =100 pF, Ro = 2.8 kQ

1150

1550

1550

ns

27V<Vop<4.0V,
23V<sVp<27V,
Cb =100 pF, Ro = 2.7 kQ

1150

1550

1550

ns

1.8V (2.4 VN2) < \ipp < 3.3V,
1.6 V € Vb < 2.0 VNote3,
Cb = 100 pF, Ro = 5.5 kQ

1550

1550

1550

ns

Hold time when
SCLr="H"

tHiGH

40V<sVopbs55YV,
27VsVb<s40V,
Cb =50 pF, Ro = 2.7 kQ

245

610

610

ns

2.7V<Vob<4.0V,
23VsVpb<27V,
Cbh =50 pF, Ro = 2.7 kQ

200

610

610

ns

40V<sVopbs55YV,
27VsVbs40V,
Cb =100 pF, Ro = 2.8 kQ

675

610

610

ns

27V<Vop<4.0V,
23V<sVp<27V,
Cb =100 pF, Ro = 2.7 kQ

600

610

610

ns

1.8V (2.4 VN©2) < Vipp < 3.3V,
1.6 V € Vb < 2.0 Vo3,
Cb = 100 pF, Ro = 5.5 kQ

610

610

610

ns

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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RL78/L13

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

(9) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified 1°C mode) (2/2)
(TA=-401t0 +85°C, 1.8V <=Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
Data setup time tsu:DAT 40V<Vopb<55V, 1/fmex+ 1/fmex+ 1/fmek+ ns
(reception) 27V<sVhs4.0V, 135Note4 19QNote 4 19QNote 4
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<4.0V, 1/fmck+ 1/fmck+ 1/fmc+ ns
23V<sWw=s27V, 135Note 4 19QNote 4 19QNote 4
Cb =50 pF, Ro = 2.7 kQ
40V<Vopb<55YV, 1/fmex+ 1/fmek+ 1/fmek+ ns
27V<sVb=40V, 19QNote4 19QNote 4 19QNote 4
Cb =100 pF, Rs = 2.8 kQ
27V<Vop<4.0V, 1/fmck+ 1/fmck+ 1/fmck+ ns
23V<sW=s27V, 19QNote 4 19QNote 4 19QNote 4
Cb =100 pF, Ro = 2.7 kQ
1.8V (24VN*2) <Vpp<3.3V, | Lffuck+ 1/fmex+ 1/fmek+ ns
1.6 V < Vb 2.0 VNotes, 190Note4 19QNote 4 19QNote 4
Cb = 100 pF, Ro = 5.5 kQ
Data hold time tHD:DAT 40V<Vopb<55V, 0 305 0 305 0 305 ns
(transmission) 27VsVpbs40V,
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<4.0V, 0 305 0 305 0 305 ns
23V<sVos27V,
Cb =50 pF, Ro = 2.7 kQ
40V<Vop<55V, 0 355 0 355 0 355 ns
27V<sVb=40V,
Cb =100 pF, Rs = 2.8 kQ
27V<Vop<4.0V, 0 355 0 355 0 355 ns
23V<sVu<s27V,
Cb =100 pF, Ro = 2.7 kQ
1.8V (2.4 V€2 <Vpp < 3.3V, 0 405 0 405 0 405 ns
1.6 V<Vb<2.0VNees
Cb =100 pF, Ro = 5.5 kQ
Notes 1. The value must also be equal to or less than fuck/4.
2. Condition in HS (high-speed main) mode
3. Use it with Vop 2 Vb.
4. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".
Caution Select the TTL input buffer and the N-ch open drain output (Vob tolerance) mode for the SDAr pin and

the N-ch open drain output (Vob tolerance) mode for the SCLr pin by using port input mode register g

(PIMg) and port output mode register g (POMg). For ViH and Vi, see the DC characteristics with TTL
input buffer selected.

(Remarks are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

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

SDAr SDA
RL78 _
microcontroller User device
SCLr SCL

Simplified I2C mode serial transfer timing (during communication at different potential)

1/fscL

trow tHiGH

SCLr \
|
SDAr

tHD : DAT tsu: AT

Remarks 1. Rb[Q]: Communication line (SDAr, SCLr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load
capacitance, Vb[V]: Communication line voltage
2. r: lIC number (r = 00, 10), g: PIM, POM number (g =0, 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 02)
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.5.2 Serial interface IICA

(1) I°C standard mode (1/2)

(TA=-40to +85°C, 1.6 V=VDD <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock fscL Normal 27V<Vop<55V 0 100 0 100 0 100 kHz
frequency mode: feuk |9 g v/ (2.4 yNore3) < 0 100 0 100 0 100 | kHz
2IMHz <55y
1.6V<Vops55V - - - - 0 100 kHz
Setup time of tsu:sta 27V<Vop<55V 4.7 4.7 4.7 us
restart condition 1.8V (2.4 VM%) < \Vpp <55V 4.7 4.7 4.7 Hs
1.6 V<Vop<55V - - - - 4.7 us
Hold timeNete ! tuo:stA | 2.7V <Vop<55V 4.0 4.0 4.0 us
1.8V (2.4 VN3 <Vpp <55V 4.0 4.0 4.0 us
1.6 V<Vop<55V - - - - 4.0 us
Hold time when tfLow 27V<Vopb<55V 4.7 4.7 4.7 us
SCLAD ="L" 1.8V (2.4 V€% <Vpp <55V 4.7 4.7 4.7 us
1.6 V<Vop<55V - - - - 4.7 us
Hold time when tHiGH 27V<Vop<55V 4.0 4.0 4.0 us
SCLAO ="H" 1.8V (2.4 VN3 <Vpp <55V 4.0 4.0 4.0 us
1.6V<Vop<55V - - - - 4.0 us
(Notes, Caution and Remark are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

(1) I2C standard mode (2/2)
(TA=-401t0 +85°C, 1.6 V=Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
Data setup time tsu:paT 27V<Vops55V 250 250 250 ns
(reception) 1.8V (2.4 VN3 <\Vpp <55V | 250 250 250 ns
16V<Vops55V — - - — 250 ns
Data hold time tHD:DAT 27V<Vop<55V 0 3.45 0 3.45 0 3.45 us
(transmission)™e' 1.8V (2.4 VN3 <Vpp <55V | 0 3.45 0 3.45 0 345 | ps
16V<sVopbs55V — — — — 0 3.45 us
Setup time of stop tsu:sto 27V<Vop<55V 4.0 4.0 4.0 us
condition 1.8V (2.4 V€3 <Vop <55V | 4.0 4.0 4.0 Hs
16V<Vop<55V - - - - 4.0 us
Bus-free time tsur 27V<Vopb<55V 4.7 4.7 4.7 us
1.8V (24N <\pp <55V | 4.7 4.7 4.7 us
16V<Vops55V — — — — 4.7 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHpo:paT is during normal transfer and a clock stretch state is inserted in the ACK
(acknowledge) timing.
3. Condition in HS (high-speed main) mode

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (lon1, loL1, Vo1, VoL1) must satisfy the values in
the redirect destination.

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

Standard mode: Cb = 400 pF, Rb = 2.7 kQ
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(2) I°C fast mode
(TA=-401t0 +85°C, 1.6 V=Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock fscL Fast 2.7V <Vop < 0 400 0 400 0 400 kHz
frequency mode: fck | 5.5V
23.5MHz | 9 g/ (2.4 yNore3) 0 400 0 400 0 400 | kHz
<Vop<55V
Setup time of tsu:sTA 27V<Vopbs55V 0.6 0.6 0.6 us
restart condition 1.8V (2.4 VN3 < Vop < 5.5 V 0.6 0.6 0.6 us
Hold timeNete tHD:STA 27V<Vops55V 0.6 0.6 0.6 us
1.8V (2.4 VNote3) < Vpp <55 V 0.6 0.6 0.6 us
Hold time when trow 27V<Vopb<s55V 1.3 1.3 1.3 us
SCLAO =" 1.8V (2.4 VN3 < Vop 5.5 V 1.3 13 13 Hs
Hold time when tHiGH 27V<Vopb<s55V 0.6 0.6 0.6 us
SCLAO ="H" 1.8V (2.4 VN3 < Vop 5.5 V 0.6 0.6 0.6 ps
Data setup time tsu:paT 27V<Vop<55V 100 100 100 ns
(reception) 1.8V (2.4 VN3 <\Vpp<55V | 100 100 100 ns
Data hold time tHD:DAT 27V<Vop<55V 0 0.9 0 0.9 0 0.9 ps
(transmission)"°2 1.8V (2.4 V3 S Vop < 5.5V 0 0.9 0 0.9 0 0.9 us
Setup time of stop | tsu:sto 27V<Vopbs55V 0.6 0.6 0.6 us
condition 1.8V (2.4 VN3 < Vop < 5.5 V 0.6 0.6 0.6 us
Bus-free time taur 27V<Vop<55V 1.3 1.3 1.3 us
1.8V (2.4 VN3 <\pp <55V 1.3 1.3 1.3 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHo:paT is during normal transfer and a clock stretch state is inserted in the ACK
(acknowledge) timing.
3. Condition in HS (high-speed main) mode

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, loL1, Vo1, VoL1) must satisfy the values in
the redirect destination.

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

Fast mode: Cb = 320 pF, Ro = 1.1 kQ
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(3) I2C fast mode plus
(TA=-401t0 +85°C, 1.6 V=Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock fscL Fast mode | 2.7 V<Vop < 0 1000 - - kHz
frequency plus: fek= | 5.5V
10 MHz
Setup time of restart | tsu:sta 27V<Vop<55V 0.26 - - us
condition
Hold timeNete ! tHD:STA 27V<Vop<55V 0.26 - - us
Hold time when tLow 27V<Vop<55V 0.5 - - us
SCLAO =L"
Hold time when tHiGH 27V<Vopb<55V 0.26 - - us
SCLAO ="H"
Data setup time tsu:paT 27V<Vop<55V 50 - - ns
(reception)
Data hold time tHD:DAT 27V<Vopb<55V 0 0.45 - - us
(transmission)Note 2
Setup time of stop tsu:sto 27V<Vopbs55V 0.26 - - us
condition
Bus-free time taur 27V<Vopb<55V 0.5 - - us

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

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral /O redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, lot1, Voni, VoL1) must satisfy the values in
the redirect destination.

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

Fast mode plus: Co = 120 pF, Ro = 1.1 kQ
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IICA serial transfer timing

L L ttow | (tr e
SCLAO /
—
tHD:DAT tHicH  tF tsu:sta #*— tHD:STA tsu:sto ‘
tHD:sTA tsu:DAT -
2 \ (F \ /._
spAR0 | / / \S /_% X \ |
teur ’ ’
St(;;-)“- “S-t-a-rt Restart Stc-)bm
condition condition condition condition
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2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.6 Analog Characteristics

2.6.1 A/D converter characteristics

Classification of A/D converter characteristics

eference Voltage
Input channel

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

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

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

ANIO, ANI1 -
ANI16 to ANI25 See 2.6.1 (1).
Internal reference voltage See 2.6.1 (1).

Temperature sensor output
voltage

See 2.6.1 (2).

See 2.6.1 (3).

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pins: ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(Ta = -40 to +85°C, 1.6 V < AVrerr < Vop £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerr, Reference voltage (-) =

AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorNote AINL 10-bit resolution 1.8V <AVrerp <55V 1.2 +5.0 LSB

— N 3
AVrerp = Vop''?'® 1.6 V < AVgerp < 5.5 \/Note 4 1.2 8.5 LSB
Conversion time tconv 10-bit resolution 3.6V<sVop<s55V 2.125 39 us
Target pin: 27V<Vop<55V 3.1875 39 us
ANI16 to ANI25 18V<Vop<55V 17 39 us
16V<Vop<55V 57 95 us
10-bit resolution 36V=sVops5h5V 2.375 39 us
Targetpin: Intemal | 5 7/ <o <55V 3.5625 39 us
reference voltage,
24V <Vopbs55V 17 39 us
and temperature
sensor output
voltage
(HS (high-speed
main) mode)
Zero-scale errorNotes .2 Ezs 10-bit resolution 1.8V <AVrerr <55V +0.35 %FSR
AVrerp = Vo2 1 5/ < AVrerp < 5.5 VNote s $0.60 | %FSR
Full-scale errorhotes .2 Ers 10-bit resolution 1.8V <AVrerr <55V +0.35 %FSR
AVrere = Vo2 | 9 6 \/ < AVrerr < 5.5 Note 4 +0.60 | %FSR
Integral linearity errorot® ILE 10-bit resolution 1.8V <AVrerr <55V +3.5 LSB
AVrerp = Voo'™®® | 1 5/ < AVrerr < 5.5 VNote s +60 | LSB
Differential linearity errorN°®! | DLE 10-bit resolution 1.8V <AVrerp <55V +2.0 LSB
AVrerp = Voo'"®® | 1 5/ < AVrerr < 5.5 VNote s 25 | LSB
Analog input voltage Van ANI16 to ANI25 0 AVRrerp \%
Internal reference voltage Veer\ote S Y,
(2.4 V £ Vop 5.5V, HS (high-speed main) mode))
Temperature sensor output voltage V1mps2sNote S Y,
(2.4 V £ Vop £5.5V, HS (high-speed main) mode))

(Notes are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

Notes 1.

Excludes quantization error (+1/2 LSB).

This value is indicated as a ratio (%FSR) to the full-scale value.

When AVrere < Vop, the MAX. values are as follows.

Overall error: Add 4 LSB to the MAX. value when AVrerr = Vop.
Zero-scale error/Full-scale error: Add +0.2%FSR to the MAX. value when AVrerr = Voo.
Integral linearity error/ Differential linearity error: Add +2 LSB to the MAX. value when AVrerr = Voo.

. Values when the conversion time is set to 57 ps (min.) and 95 ps (max.).
. See 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(2) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pins: ANIO, ANI1, ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(TA=-40to +85°C, 1.6 V<Vop £5.5V, Vss = 0V, Reference voltage (+) = Voo, Reference voltage (=) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhotes 1.2 AINL | 10-bit resolution 1.8V<Vop<s55V 1.2 +7.0 LSB

1.6 V < Vop < 5.5 yNote3 1.2 +10.5 LSB
Conversion time tconv 10-bit resolution 3.6V<sVop<s55V 2.125 39 us
Target pin: 27V<Vop<55V 3.1875 39 ps
ANIO, ANIZ, 18V<Voo<55V 39
ANI16 to ANI5Notes | —2 7= TP = 17 us
16V<Vop<55V 57 95 us
10-bit resolution 36V=sVops55V 2.375 39 us
Target pin: Internal 27V<Vop<55V 35625 39 us
reference voltage, and
24V<Vop<55V 17 39 us
temperature sensor
output voltage
(HS (high-speed main)
mode)
Zero-scale erroriotes 1.2 Ezs 10-bit resolution 1.8V<Vop<55V +0.60 | %FSR
1.6 V < Vpp < 5.5 yNote3 +0.85 | %FSR
Full-scale errorhotes 1.2 Ers 10-bit resolution 1.8V<Vop<55V +0.60 | %FSR
1.6 V < Vop 5.5 yNote3 +0.85 | %FSR
Integral linearity errorot® ILE 10-bit resolution 1.8V<Vop<55V +4.0 LSB
1.6 V < Vop £ 5.5 yNote3 +6.5 LSB
Differential linearity errorN°®® | DLE 10-bit resolution 1.8V<Vop<55V 2.0 LSB
1.6 V < Vpp £ 5.5 VyNoe3 +2.5 LSB
Analog input voltage Vain ANIO, ANI1, ANI16 to ANI25 0 VbbD \
Internal reference voltage VeerNo® 4 Y,
(2.4 V £ Vop 5.5V, HS (high-speed main) mode))
Temperature sensor output voltage VrmpszsNote 4 \Y,
(2.4 V £ Vop £5.5V, HS (high-speed main) mode))

Notes 1. Excludes quantization error (+1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. Values when the conversion time is set to 57 us (min.) and 95 ps (max.).

4. See 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(3) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pins: ANIO, ANI16 to ANI25

(TA=-40to +85°C, 2.4 V £ Vop £ 5.5V, Vss = 0 V, Reference voltage (+) = VecrNo® 3,

Reference voltage (=) = AVrervNo®4 =0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Resolution RES 8 bit
Conversion time tconv 8-bit resolution 24V <Vops55V 17 39 us
Zero-scale errorhotes 1.2 Ezs 8-bit resolution 24V <Vop<55V +0.60 | %FSR
Integral linearity errorot® ILE 8-hit resolution 24V<Vop<55V +2.0 LSB
Differential linearity error Nt DLE 8-bit resolution 24V<Vop<55V +1.0 LSB
Analog input voltage Vain 0 VeerNote 3 Y,

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

3. See 2.6.2 Temperature sensor/internal reference voltage characteristics.

4. When reference voltage (-) = Vss, the MAX. values are as follows.

Zero-scale error:
Integral linearity error:

Add +0.35%FSR to the AVrerm MAX. value.

Add +0.5 LSB to the AVrerm MAX. value.
Differential linearity error: Add +0.2 LSB to the AVrern MAX. value.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.6.2 Temperature sensor /internal reference voltage characteristics

(TA=-40to +85°C, 2.4V <Vop £5.5V, Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vrveszs | ADS register = 80H, Ta = +25°C 1.05 Vv
Internal reference output voltage VBer ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fyvtves Temperature sensor that depends on the -3.6 mV/°C

temperature
Operation stabilization wait time tamp 5 ps

2.6.3 Comparator characteristics

(TA=-40to +85°C, 1.6 V=Vops55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage range Ivref 0 Vop— \%
1.4
lvemp -0.3 Vop + \%
0.3
Output delay td Voo = 3.0V Comparator high-speed mode, 1.2 us

Input slew rate > 50 mV/us | standard mode

Comparator high-speed mode, 2.0 us
window mode

Comparator low-speed mode, 3.0 5.0 us
standard mode

High-electric-potential | VTW+ | Comparator high-speed mode, 0.66Voo | 0.76Vop | 0.86Vop \%
reference voltage window mode

Low-electric-potential | VTW— | Comparator high-speed mode, 0.14Vop | 0.24Vop | 0.34Vop \%
reference voltage window mode

Operation stabilization | tcwe 100 us
wait time

Internal reference VBGR 2.4V = Voo 5.5V, HS (high-speed main) mode 1.38 1.45 1.50 Y,

output voltageN°®

Note Cannot be used in LS (low-speed main) mode, LV (low-voltage main) mode, subsystem clock operation, and
STOP mode.
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2.6.4 POR circuit characteristics

(TA=-40to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage VPoR The power supply voltage is rising. 1.47 1.51 1.55 \%
VPDR The power supply voltage is falling. 1.46 1.50 1.54 \

Minimum pulse widthN°® Tew 300 us

Note This is the time required for the POR circuit to execute a reset operation when Vop falls below Vror. When the
microcontroller enters STOP mode and when the main system clock (fuain) has been stopped by setting bit O
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required for
the POR circuit to execute a reset operation between when Voo falls below 0.7 V and when Vop rises to Vror or

higher.
» Tew
Supply voltage (Vob) E
i i/ Vpor
Veor Or 0.7V ---------------- :
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2.6.5 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA=-40to +85°C, VporR< VDD £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivoo When power supply rises 3.98 4.06 4.14
voltage When power supply falls 3.90 3.98 4.06 \
Vivb1 When power supply rises 3.68 3.75 3.82 \%
When power supply falls 3.60 3.67 3.74 \
Vivp2 When power supply rises 3.07 3.13 3.19 \%
When power supply falls 3.00 3.06 3.12 \
VLvps When power supply rises 2.96 3.02 3.08 \
When power supply falls 2.90 2.96 3.02 \
Vivoa When power supply rises 2.86 2.92 2.97 \
When power supply falls 2.80 2.86 2.91 \%
VLvos When power supply rises 2.76 2.81 2.87 \
When power supply falls 2.70 2.75 2.81 \
VLvos When power supply rises 2.66 2.71 2.76 \
When power supply falls 2.60 2.65 2.70 \
Vivo? When power supply rises 2.56 2.61 2.66 \%
When power supply falls 2.50 2.55 2.60 \
Vivos When power supply rises 2.45 2.50 2.55 \%
When power supply falls 2.40 2.45 2.50 \
VLvpe When power supply rises 2.05 2.09 2.13 \
When power supply falls 2.00 2.04 2.08 \
VLivbio When power supply rises 1.94 1.98 2.02 \
When power supply falls 1.90 1.94 1.98 \%
Vivb11 When power supply rises 1.84 1.88 1.91 \
When power supply falls 1.80 1.84 1.87 \
Vivb12 When power supply rises 1.74 1.77 1.81 \
When power supply falls 1.70 1.73 1.77 \
Vivp13 When power supply rises 1.64 1.67 1.70 \%
When power supply falls 1.60 1.63 1.66 \
Minimum pulse width tiw 300 us
Detection delay time 300 us
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LVD Detection Voltage of Interrupt & Reset Mode

(TA=-40to +85°C, VporR< VDD £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivois Veocz, Veoci, Veoco = 0, 0, 0, falling reset voltage 1.60 1.63 1.66 \
mode Vivp12 LVIS1, LVISO =1, 0 [Rising release reset voltage 1.74 1.77 1.81 \

Falling interrupt voltage 1.70 1.73 1.77 \
Vivb11 LVIS1, LVISO =0,1 [Rising release reset voltage 1.84 1.88 1.91 \
Falling interrupt voltage 1.80 1.84 1.87 \
Vivoa LVIS1, LVISO =0, 0 [Rising release reset voltage 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 2.91 \
Vivb11 Veocz, Veoci, Veoco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87 \
VLvb1o LVIS1, LVISO =1, 0 [Rising release reset voltage 1.94 1.98 2.02 \
Falling interrupt voltage 1.90 1.94 1.98 \%
VLvpe LVIS1, LVISO =0,1 [Rising release reset voltage 2.05 2.09 2.13 \
Falling interrupt voltage 2.00 2.04 2.08 \%
Vivo2 LVIS1, LVISO =0, 0 [Rising release reset voltage 3.07 3.13 3.19 \
Falling interrupt voltage 3.00 3.06 3.12 \
Vivos Veocz, Veoci, Veoco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \
Vivo7 LVIS1, LVISO =1, 0 [Rising release reset voltage 2.56 2.61 2.66 \
Falling interrupt voltage 2.50 2.55 2.60 \%
VLvos LVIS1, LVISO =0,1 [Rising release reset voltage 2.66 2.71 2.76 \
Falling interrupt voltage 2.60 2.65 2.70 \
Vivb1 LVIS1, LVISO =0, 0 [Rising release reset voltage 3.68 3.75 3.82 \
Falling interrupt voltage 3.60 3.67 3.74 \
Vivos Veocz, Veoci, Veoco = 0, 1, 1, falling reset voltage 2.70 2.75 2.81 \
Vivoa LVIS1, LVISO =1, 0 [Rising release reset voltage 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 2.91 \%
VLivps LVIS1, LVISO=0,1 [Rising release reset voltage 2.96 3.02 3.08 \
Falling interrupt voltage 2.90 2.96 3.02 \
Vwvoo LVIS1, LVISO =0, 0 [Rising release reset voltage 3.98 4.06 4.14 \
Falling interrupt voltage 3.90 3.98 4.06 \
2.6.6 Supply voltage rising slope characteristics
(TA=-40to +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo rising slope SVop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 2.4 AC Characteristics.

R01DS0168EJ0230 Rev.2.30
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2.7 LCD Characteristics
2.7.1 External resistance division method

(1) Static display mode
(TA=-40 to +85°C, VL4 (MIN.) € Voo £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 Vob \%

(2) 1/2 bias method, 1/4 bias method
(TA=-40 to +85°C, VL4 (MIN.) € Voo £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.7 Vob \%

(3) 1/3 bias method
(TA=-40 to +85°C, VL4 (MIN.) € Voo £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 25 Vob \%
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2.7.2 Internal voltage boosting method

(1) 1/3 bias method
(TA=-401t0 +85°C,1.8V<sVop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vi1 Clto C4Netel | VLCD = 04H 0.90 1.00 1.08

=0.47 WF™** |\ cp = 05H 0.95 1.05 113 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 \%

VLCD = ODH 1.35 1.45 1.53 \%

VLCD = OEH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 \%

VLCD = 11H 1.55 1.65 1.73 \%

VLCD = 12H 1.60 1.70 1.78 \%

VLCD = 13H 1.65 1.75 1.83 \%

Doubler output voltage Viz Clto C4Notel =047 puF 2Vi1—0.10 2Vu 2Vu \Y

Tripler output voltage Via Clto C4Noel =047 puF 3Vwu-0.15 3Vu 3Vu \Y
Reference voltage setup timeN°t 2 tvwaiT 5 ms
Voltage boost wait timeN°t© 3 tvwaiT2 Clto C4Noel =047 puF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V.2 and GND
C4: A capacitor connected between Vi and GND
Cl=C2=C3=C4=047pF £30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or
when the internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the
LCDMO register to 01B) if the default value reference voltage is used) until voltage boosting starts (VLCON =
1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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(2) 1/4 bias method
(TA=-40to +85°C, 1.8V <sVopb <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vi1 CltoC5Ntel | VLCD = 04H 0.90 1.00 1.08

= 0.47 WF™** |\ cp = 05H 0.95 1.05 113 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

Doubler output voltage Viz Clto C5Notel =047 puF 2 V11-0.08 2V 2Vu \Y

Tripler output voltage Vis Clto C5Nol =047 puF 3Vu-0.12 3Vu 3Vu \Y

Quadruply output voltage Via Clto C5Notel =047 puF 4V11-0.16 4Vu 4Vu \Y
Reference voltage setup timeN°t 2 tvwaiT1 5 ms
Voltage boost wait timeN°t© 3 tvwarr2 C1to C5Notel = 0.47 uF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V.. and GND
C4: A capacitor connected between Vi and GND
C5: A capacitor connected between Vis and GND
Cl1=C2=C3=C4=C5=0.47 pF £ 30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or
when the internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the
LCDMO register to 01B) if the default value reference voltage is used) until voltage boosting starts (VLCON =
1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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2.7.3 Capacitor split method

(1) 1/3 bias method
(TA=-401t0 +85°C,2.2V=sVop =55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Vi voltage Via C1lto C4 =0.47 uphoe2 Vob \Y
Vw2 voltage Vi2 Clto C4 = 0.47 pFNoe2 2/3Vi—| 23V [2/3Vua+ \%
0.1 0.1
Vw1 voltage Vi1 C1to C4 =0.47 up\oe2 1/3Vwu—| 1/3Vwu |1/3Vu+ \%
0.1 0.1
Capacitor split wait timeN°te tywarr 100 ms

Notes 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
2. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi and GND
C3: A capacitor connected between V2 and GND
C4: A capacitor connected between Vs and GND
Cl=C2=C3=C4=047 pF = 30%

RO1DS0168EJ0230 Rev.2.30 -zENESAS Page 77 of 141
Aug 31, 2023



RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta =-40 to +85°C)

2.8 RAM Data Retention Characteristics

(TA = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage \/bbprR 1.46N0e 5.5 \%

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.
Caution Data in RAM are not retained if the CPU operates outside the specified operating voltage range.
Therefore, place the CPU in STOP mode before the operating voltage drops below the specified range.

0 STOP mode Operation mode
RAM data retention mode
))
((
Voo T VoDDR
STOP instruction execution
. /
Standby release signal
(interrupt request) N
W
2.9 Flash Memory Programming Characteristics
(TA=-40to +85°C,1.8V=Vpop <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fok 1.8V<Vbp<55V 1 24 MHz
Number of code flash rewritesN°®s 123 | Cerwr Retained for 20 years 1,000 Times
Ta=85°C
Number of data flash rewritegNetes 2.3 Retained for 1 year 1,000,000
Ta=25°C
Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000
Ta=85°C
Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.

Remark When updating data multiple times, use the flash memory as one for updating data.
2.10 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +85°C, 1.8 V=Vop 55V, Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Transfer rate During serial programming 115,200 1,000,000 bps
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2.11 Timing Specifications for Switching Flash Memory Programming Modes

(TA=-401to +85°C,1.8V=Vop=s55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the tsuiniT POR and LVD reset must be released before 100 ms
communication for the initial setting the external reset is released.

after the external reset is released

Time to release the external reset | tsu POR and LVD reset must be released before 10 us
after the TOOLDO pin is set to the the external reset is released.

low level

Time to hold the TOOLO pin at the | tvp POR and LVD reset must be released before 1 ms
low level after the external reset is the external reset is released.

released

(excluding the processing time of
the firmware to control the flash
memory)

<1> <2> <3> <4>
RESET
723 ps + tHp
processing
time 1-byte data for setting the mode
TOOLO \ / e
tsu tsuiniT

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

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

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

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

Remark tsuinim: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  Time to hold the TOOLO pin at the low level after the external reset is released (excluding the processing
time of the firmware to control the flash memory)
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3. ELECTRICAL SPECIFICATIONS (Ta =-40 to +105°C)

This chapter describes the following electrical specifications.

Target products G: Industrial applications Ta=—-40 to +105°C

Cautions 1.

R5F10WLAGFB, R5F10WLCGFB, R5F10WLDGFB,
R5F10WLEGFB, R5F10WLFGFB, R5F10WLGGFB
R5F10WMAGFB, R5F10WMCGFB, R5F10WMDGFB,
R5F10WMEGFB, R5F10WMFGFB, R5SF10WMGGFB

The RL78/L13 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.

The pins mounted depend on the product. See 2.1 Port Function to 2.2.1 With functions for
each product in the RL78/L13 User’s Manual.

Consult Renesas salesperson and distributor for derating when the product is used at Ta = +85°C
to +105°C. Note that derating means “systematically lowering the load from the rated value to
improve reliability”.

Remark When RL78/L13 is used in the range of Ta = -40 to +85°C, see CHAPTER 2 ELECTRICAL
SPECIFICATIONS (Ta = -40 to +85°C).
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“G: Industrial applications (Ta = -40 to +105°C) differ from “A: Consumer applications” in function as follows:

Fields of Application

A: Consumer applications

G: Industrial applications

Operating ambient
temperature

Ta=-40to +85°C

TA =-40 to +105°C

Operation mode
operating voltage
range

HS (high-speed main) mode:

2.7V £ Voo £5.5V@1 MHz to 24 MHz
2.4V <Voo£55V@1 MHz to 16 MHz
LS (low-speed main) mode:

1.8V <Vopo£55V@1 MHz to 8 MHz
LV (low-voltage main) mode:

1.6 V< Voo £55V@1 MHz to 4 MHz

HS (high-speed main) mode only:
2.7V <Vop <55 V@1 MHz to 24 MHz
2.4V <Vop<55V@1 MHz to 16 MHz

High-speed on-chip
oscillator clock
accuracy

1.8V=<VbpDs55V:
+1.0 % @ Ta=-20to +85°C
+1.5% @ Ta =-40to —20°C
16V=<VbpD<18V:
+5.0 % @ Ta =-20 to +85°C
+5.5 % @ Ta =-40 to —20°C

24V <Vop<55V:

+2.0% @ Ta=+85to +105°C
+1.0% @ Ta=-20to +85°C
+1.5% @ Ta =-40to —20°C

Serial array unit

UART
Simplified SPI (CSI): fcik/2 (16 Mbps supported), fcLk/4
Simplified 12C

UART
Simplified SPI (CSI): fe/4
Simplified 12C

IICA

Standard mode
Fast mode
Fast mode plus

Standard mode
Fase mode

Voltage detector

e Rising: 1.67 V to 4.06 V (14 levels)
e Falling: 1.63 V t0 3.98 V (14 levels)

e Rising: 2.61 V t0 4.06 V (8 levels)
e Falling: 2.55 V to 3.98 V (8 levels)

Remark Electrical specifications of G: Industrial applications (Ta

applications”. For details, see 3.1 to 3.11 below.

—40 to +105°C) differ from “A: Consumer
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (1/3)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vob -0.5to0 +6.5 \%
REGC pin input voltage | Virecc REGC -0.3t0 +2.8 \%

and —0.3 to Voo +0.3"te*
Input voltage Viz P00 to P07, P10 to P17, P20 to P27, P30 to P35, —0.3 to Vop +0.3Note 2 \%
P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137
Vi P60 and P61 (N-ch open-drain) -0.3to +6.5
Vis EXCLK, EXCLKS, RESET —0.3 to Vop +0.3N0te 2
Output voltage Vo1 P00 to P07, P10 to P17, P20 to P27, P30 to P35, —0.3 to Vop +0.3Note 2
P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137
Analog input voltage Van ANIO, ANI1, ANI16 to ANI26 —0.3 to Voo +0.3 \%
and 0.3 to AVrer() +0.3Notes 2.3

Notes 1.

Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF).

maximum rating of the REGC pin. Do not use this pin with voltage applied to it.

2. Must be 6.5V or lower.
Do not exceed AVRrer+) + 0.3 V in case of A/D conversion target pin.

Caution

This value regulates the absolute

Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. 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.

Remarks 1.
pins.

2. AVker): + side reference voltage of the A/D converter.

Vss: Reference voltage

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
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Absolute Maximum Ratings (2/3)

Parameter Symbol Conditions Ratings Unit
LCD voltage Vit Vi1 voltageMote ! -0.3to +2.8 and \Y
—0.3to Vs +0.3
Vi2 V12 voltageNote ! —0.3 to Via +0.3N0te2 \%
Vis Vs voltageMote ! —0.3 10 V4 +0.3Note2 \Y
Via VL4 voltageNoe -0.3t0 +6.5 \Y
Vicap CAPL, CAPH voltageN°®©?! —0.3 10 VL4 +0.3Note2 \Y
Vour COMO to COM7 | External resistance division method | 0.3 to Vop +0.3"°te2 \%
SEGO10 SEG50 | capacitor split method —0.3 to Voo +0.3N0te2 %
output voltage -
Internal voltage boosting method —0.3t0 V4 +0.3Note2 \Y

Notes 1. This value only indicates the absolute maximum ratings when applying voltage to the Vi1, Vi2, Vi3, and Vi4 pins;
it does not mean that applying voltage to these pins is recommended. When using the internal voltage boosting
method or capacitance split method, connect these pins to Vss via a capacitor (0.47 pF + 30%) and connect a
capacitor (0.47 uF + 30%) between the CAPL and CAPH pins.
2. Must be 6.5V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. 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 Vss: Reference voltage
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Absolute Maximum Ratings (TA = 25°C) (3/3)

Parameter Symbol Conditions Ratings Unit
Output current, high loH1 Per pin P00 to P07, P10 to P17, P22 to P27, -40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
Total of all pins P00 to P07, P10 to P17, P22 to P27, -170 mA
—-170 mA P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
lonz Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loL1 Per pin P00 to P07, P10 to P17, P22 to P27, 40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
Total of all pins P40 to P47, P130 70 mA
170 mA P00 to P07, P10 to P17, P22 to P27, 100 mA
P30 to P35, P50 to P57, P60, P61,
P70 to P77, P125 to P127
lot2 Per pin P20, P21 1 mA
Total of all pins 2 mA
Operating ambient Ta In normal operation mode —40 to +105 °C
temperature In flash memory programming mode °C
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any

parameter. 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 Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3.2 Oscillator Characteristics

3.2.1 X1 and XT1 oscillator characteristics

(TA=-40to +105°C, 24V <Vob <55V, Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator/ 27V<Vob<55V 1.0 20.0 MHz
frequency (fx)N°te crystal resonator 24V <Vop< 2.7V 1.0 16.0
XT1 clock oscillation Crystal resonator 32 32.768 35 kHz
frequency (fxr)Note

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

characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register (OSTC)

by the user.

Determine the oscillation stabilization time of the OSTC register and the oscillation

stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time

with the resonator to be used.

Remark When using the X1 oscillator and XT1 oscillator, see 5.4 System Clock Oscillator in the RL78/L13 User’'s

Manual.
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3.2.2 On-chip oscillator characteristics

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator fin 1 24 MHz
clock frequency™otes 1.2
High-speed on-chip oscillator +85 to +105°C 24V <Vops55V -2 +2 %
clock frequency accuracy —20 to +85°C 24V <Vop<55V 1 +1 %

—40 to —20°C 24V<Vopsb55V -15 +1.5 %
Low-speed on-chip oscillator fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. The high-speed on-chip oscillator frequency is selected by bits O to 4 of the option byte (000C2H/010C2H)
and bits 0 to 2 of the HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to AC Characteristics for the instruction execution
time.
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3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C, 2.4V <Vpop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for POO to P07, P10 to P17, 24V<Vop<55V —3.0N%2|  mA
highNete 1 P22 to P27, P30 to P35, P40 to P47, P50

to P57, P70 to P77, P125 to P127, P130
Total of POO to P07, P10 to P17, 40V<Vop<55V -45.0 mA
P22 to P27, P30 to P35, P40 to P47, P50 | 2.7V <Vop<4.0V -15.0 mA
to P57, P70 to P77, P125 to P127, P130 24V <Vop < 2.7V 70 mA
(When duty = 709Nt 3)

lonz Per pin for P20 and P21 24V <Vop<55V —0.1N° 2| mA
Total of all pins 24V <Vop<55V -0.2 mA
(When duty = 709N°te 3)

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

to an output pin

2. Do not exceed the total current value.
3. Output current value under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 80% and lon = —45.0 mA
Total output current of pins = (-45.0 x 0.7)/(80 x 0.01) =-39.375 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 do not output high level in
N-ch open-drain mode.
Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loL1 Per pin for P00 to P07, P10 to P17, 8.5Note 2 mA
lowNote 1 P22 to P27, P30 to P35, P40 to P47,

P50 to P57, P70 to P77,
P125 to P127, P130

Per pin for P60 and P61 15.0Note2 mA
Total of P40 to P47, P130 40V<Vop<55V 40.0 mA
(When duty = 70%") 27V<Voo<40V 15.0 mA
24V <Vop<27V 9.0 mA
Total of POO to P07, P10 to P17, 40V<sVop<55V 60.0 mA
P22 to P27, P30 to P35, P50 to P57, 27V<Von<40V 35.0 mA
P70 to P77, P125 to P127
(When dUty = 709%Note 3) 24V <V <27V 20.0 mA
Total of all pins 100.0 mA
(When duty = 70%N°te 3)
loL2 Per pin for P20 and P21 0.4Note 2 mA
Total of all pins 24V <Vop<s55V 0.8 mA

(When duty = 70%N°te 3)

Notes 1. Value of the current at which the device operation is guaranteed even if the current flows from an output pin
to the Vss pin
2. Do not exceed the total current value.
3. Output current value under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lo. x 0.7)/(n x 0.01)
<Example> Where n = 80% and loL = 40.0 mA
Total output current of pins = (40.0 x 0.7)/(80 x 0.01) = 35.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

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

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, ViH1 P00 to P07, P10 to P17, P22 to P27, | Normal input buffer 0.8Vop Vob \%
high P30 to P35, P40 to P47, P50 to P57,

P70 to P77, P125 to P127, P130,
P137
Vinz P03, P05, P06, P16, P17, P34, P43, | TTL input buffer 2.2 Voo \Y
P44, P46, P47, P53, P55 40V<Vop <55V
TTL input buffer 2.0 Voo \%
33V=sVop<4.0V
TTL input buffer 15 Vob \%
24V <Vopb<33V
ViH3 P20, P21 0.7Vop Vop \Y
ViHa P60, P61 0.7Vop 6.0 \Y
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Voo \Y
Input voltage, low | Vi1 P00 to P07, P10 to P17, P22 to P27, | Normal input buffer 0 0.2Vop \%
P30 to P35, P40 to P47, P50 to P57,
P70 to P77, P125 to P127, P130,
P137
Vi P03, P05, P06, P16, P17, P34, P43, | TTL input buffer 0 0.8 \Y
P44, P46, P47, P53, P55 40V<Vops55V
TTL input buffer 0 0.5 \%
3.3V<Vop<4.0V
TTL input buffer 0 0.32 \%
24V <Vopb<33V
Vis P20, P21 0 0.3Vop
ViLa P60, P61 0 0.3Vop
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop

Caution

Remark

The maximum value of Vin of pins P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56,
and P130 is Vop, even in the N-ch open-drain mode.

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

pins.
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3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, Vo1 P00 to P07, P10 to P17, P22to P27, {40V <Vop<55V, |Voo-0.7 \%
high P30 to P35, P40 to P47, P50 to P57, | lot1 =-3.0 mA

P70 to P77, P125 to P127, P130 27V<Vop <55V, Voo — 0.6 v
loH1 = =2.0 mA
24V<Vop<55V, Vop - 0.5 \%
loH:1 = -1.5 mA
VoH2 P20 and P21 24V <Vop<55V, |[Voo-0.5 \
lonz =—=100 pA
Output voltage, Vou1 P00 to P07, P10 to P17, P22 to P27, |40V <Vopb <55V, 0.7 \%
low P30 to P35, P40 to P47, P50 to P57, | lo.1 =8.5 mA
P70 to P77, P125 to P127, P130 27V<Vop <55V, 06 v
lo1 = 3.0 mA
27V<Vop<55V, 0.4 \
lo.1 = 1.5 mA
24V<Vop<55V, 0.4 \%
lo1 = 0.6 mA
VoL P20 and P21 24V <Vop<55V, 0.4 \%
loz = 400 pA
Vous P60 and P61 40V<Vopb<55YV, 2.0 \%
los = 15.0 mA
40V<Vop<55V, 0.4 \%
lors = 5.0 mA
27V<Vopbs<55V, 0.4 \
lors = 3.0 MA
24V<Vop<55V, 0.4 \%
los = 2.0 mA
Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 do not output high level in

N-ch open-drain mode.

Remark

pins.

Unless specified otherwise, the characteristics of alternate-function

pins are the same as those of the port
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3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiH1 P00 to P07, P10 to P17, Vi = Vop 1 HA
current, high P22 to P27, P30 to P35,

P40 to P47, P50 to P57,
P70 to P77, P125 to P127, P130,
P137
ILiH2 P20 and P21, RESET Vi = Vop 1 HA
ILivs P121 to P124 Vi=Voo | Ininput port 1 HA
(X1, X2, XT1, XT2, EXCLK, mode and
EXCLKS) when external
clock is input
Resonator 10 HA
connected
Input leakage luia P00 to P07, P10 to P17, Vi = Vss -1 pA
current, low P22 to P27, P30 to P35,
P40 to P47, P50 to P57,
P70 to P77, P125 to P127, P130,
P137
ILiL2 P20 and P21, RESET Vi = Vss -1 A
lus P121to P124 Vi=Vss | Ininput port -1 MA
(X1, X2, XT1, XT2, EXCLK, mode and
EXCLKS) when external
clock is input
Resonator -10 HA
connected
On-chip pull-up Ru: POO to P07, P10 to P17, Vi = Vss 10 20 100 kQ
resistance P22 to P27, P30 to P35,
P45 to P47, P50 to P57,
P70 to P77, P125 to P127,
P130
Ru2 P40 to P44 Vi =Vss 10 20 100 kQ

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

pins.
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RL78/L13

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

3.3.2 Supply current characteristics

(TA=-401t0 +105°C, 2.4V <Vpp <55V, Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply lopiN°*® ! | Operating | HS (high- froco = 48 MHzN*®3,| Basic Vop =5.0 V 2.0 mA
current mode speed main) | fiu = 24 MHzNete 3 operation |\, _ 2 5y 20 mA

modeNote 5 ’ ’
Nomal | Voo =5.0V 3.8 7.0 mA
operation | /o, = 3.0 v 38 | 70 | ma
froco = 24 MHZzN°®3,| Basic Vobo =5.0V 1.7 mA
- Note 3 i
fin = 24 MHzN°t® operation Voo = 3.0 V 1.7 mA
Nomal | Voo =5.0 V 3.6 6.5 mA
operation | v/, = 3.0 v 36 | 65 | mA
froco = 16 MHzN°3 | Normal | Voo = 5.0 V 2.7 5.0 mA
- Note 3 1
fin = 16 MHzN°t® operation Vo = 3.0V 27 5.0 mA
HS (high- fux = 20 MHzN°*®2, | Normal | Square wave input 3.0 5.4 mA
speed main) | Voo = 5.0 V operation | pesonator connection 3.2 5.6 mA
modeNOIe 5
fux = 20 MHZN°*2 | Normal | Square wave input 2.9 5.4 mA
Voo =3.0V operation | pesonator connection 3.2 5.6 mA
fux = 10 MHzN°*®2, | Normal | Square wave input 19 3.2 mA
Voo =5.0V operation | pesonator connection 1.9 3.2 mA
fux = 10 MHzN°*®2, | Normal | Square wave input 1.9 3.2 mA
Voo =3.0V operaion | Resonator connection 1.9 3.2 mA
Subsystem | fsus = Normal | Square wave input 4.0 5.4 HA
clock 32.768 kHzNo® 4, operaion | Rasonator connection 43 5.4 LA
operation Ta=-40°C
fsus = Normal | Square wave input 4.0 5.4 HA
32.768 kHz "=, operation Resonator connection 4.3 5.4 HA
Ta=+25°C
fsus = Normal | Square wave input 4.1 7.1 HA
32.768 kHz""**, operation Resonator connection 4.4 7.1 HA
Ta=+50°C
fsus = Normal | Square wave input 4.3 8.7 HA
32.768 kHz""**, operation | Resonator connection 4.7 8.7 PA
Ta=+70°C
fsus = Normal | Square wave input 4.7 12.0 HA
Note 4 3
32.768 kHz""**, operation | pesonator connection 5.2 12.0 HA
Ta=+85°C
fsus = Normal | Square wave input 6.4 35.0 pA
32.768 kHz""**, operation | pesonator connection 6.6 35.0 PA
Ta=+105°C
(Notes and Remarks are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

Notes 1.

<R>
2.
3.
4,

<R>
5.

Total current flowing into Voo, including the input leakage current flowing when the level of the input pin is fixed

to Vob or Vss. The following points apply in the HS (high-speed main) mode.

» The currents in the “TYP.” column do not include the operating currents of the peripheral modules.

» The currents in the “MAX.” column include the operating currents of the peripheral modules, except for those
flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, I/O port, and on-chip pull-
up/pull-down resistors, and those flowing while the data flash memory is being rewritten.

In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the

operating currents of the peripheral modules. However, in HALT mode, including the current flowing into the

real-time clock 2.

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

When high-speed system clock and subsystem clock are stopped.

When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low power

consumption oscillation (AMPHS1 = 1).

Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V < Vob < 5.5 V@1 MHz to 24 MHz

24V <Vopb<55V@1 MHz to 16 MHz

Remarks 1. fux:  High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
froco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)
fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)
Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C

ok~ N
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(TA=-40to +105°C, 2.4V <Vpop <55V, Vss=0V) (212)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Iop2¥°®2 | HALT HS (high- | fuoco = 48 MHZN®4, | Vop=5.0V 071 | 255 mA
currentNete mode ﬂ’;ﬁ:mﬂl%m) fin = 24 MHzNoe 4 Vo = 3.0 V 0.71 255 mA

frHoco = 24 MHzNote 4, Voo =5.0V 0.49 1.95 mA
fin = 24 MHZT Voo =3.0V 049 | 195 | mA
froco = 16 MHZzNote 4, Voo =5.0V 0.43 1.50 mA
fin = 16 MHZ""* Voo =3.0 V 043 | 150 | mA
HS (high- fux = 20 MHzNote 3, Square wave input 0.31 1.76 mA

speed main) Voo = 5.0 V -
modeNote 6 Resonator connection 0.48 1.92 mA
fux = 20 MHzNote 3, Square wave input 0.29 1.76 mA
Voo =3.0V Resonator connection 0.48 1.92 mA
fux = 10 MHZzNote 3, Square wave input 0.20 0.96 mA
Voo =5.0V Resonator connection 0.28 1.07 mA
fux = 10 MHZzNote 3, Square wave input 0.19 0.96 mA
Voo =3.0V Resonator connection 0.28 1.07 mA
Subsystem | fsus = 32.768 kHzN°®®5, | Square wave input 0.34 0.62 HA
clock ) Ta=-40°C Resonator connection 0.51 0.80 HA
operation fsue = 32.768 kHz\°*5 | Square wave input 0.38 0.62 PA
Ta=+25°C Resonator connection 0.57 0.80 HA
fsue = 32.768 kHz\°**5 | Square wave input 0.46 2.30 HA
Ta=+50°C Resonator connection 0.67 2.49 HA
fsus = 32.768 kHz\°*5, | Square wave input 0.65 4.03 PA
Ta=+70°C Resonator connection 091 | 422 | pA
fsue = 32.768 kHz"°**5, | Square wave input 1.00 8.04 MA
Ta=+85°C Resonator connection 131 | 823 | pA
fsus = 32.768 kHz"°**5, | Square wave input 3.05 | 27.00 HA
Ta=+105°C Resonator connection 3.24 27.00 HA
Iop3 STOP Ta=-40°C 0.18 0.52 HA
mode™™” | 1, — yo5ec 024 | 052 | pA
Ta=+50°C 0.33 2.21 HA
Ta = +70°C 053 | 3.94 HA
Ta = +85°C 093 | 7.95 HA
Ta =+105°C 291 25.00 HA

(Notes and Remarks are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

Notes 1.

a s~ wDn

Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is fixed
to Voo or Vss. The following points apply in the HS (high-speed main) mode.
* The currents in the “TYP.” column do not include the operating currents of the peripheral modules
* The currents in the “MAX.” column include the operating currents of the peripheral modules, except for those
flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, 1/O port, and on-chip pull-up/pull-
down resistors, and those flowing while the data flash memory is being rewritten.
In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the
operating currents of the peripheral modules. However, in HALT mode, including the current flowing into the
real-time clock 2.
In the STOP mode, the currents in both the “TYP.” and “MAX.” columns do not include the operating currents of
the peripheral modules.
During HALT instruction execution by flash memory.
When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed system clock and subsystem clock are stopped.
When high-speed on-chip oscillator and high-speed system clock are stopped.
When RTCLPC = 1 and setting ultra-low current consumption (AMPHS1 = 1).
Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V < Vob < 5.5 V@1 MHz to 24 MHz
2.4V <Vop<55V@1 MHz to 16 MHz
Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

Remarks 1. fux:  High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)
fin: High-speed on-chip oscillator clock frequency (24 MHz max.)
fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)
Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C

A ol
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3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(TA=-40t0 +105°C, 24V <sVoD=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on- Jp Note 1 0.20 HA
chip oscillator
operating current
RTC2 operating | IrrcNo®s .23 | fsyg = 32.768 kHz 0.02 HA
current
12-bit interval IrmiaNotes 1. 2.4 0.04 HA
timer operating
current
Watchdog timer | lwor\es+25 | fi = 15 kHz 0.22 HA
operating current
A/D converter lapcNotes 1.6 | When conversion Normal mode, AVrerp = Vob = 5.0 V 1.3 1.7 mA
operating current at maximum speed | | o\ yoltage mode, AVrerr = Voo = 3.0 V 0.5 07 | mA
A/D converter laprerNote 75.0 HA
reference
voltage current
Temperature Irmpghote 1 75.0 HA
sensor operating
current
LVD operating JLypNotes .7 0.08 HA
current
Comparator lempNotes 1111 \/pp = 5.0 V, Window mode 125 HA
operating current Regulator output Comparator high-speed mode 6.5 LA

voltage = 2.1V
Comparator low-speed mode 1.7 HA
Voo =5.0V, Window mode 8.0 HA
Regulator output Comparator high-speed mode 4.0 PA
voltage =1.8V
Comparator low-speed mode 1.3 HA
Self- Irsphotes 1.9 2.00 12.20 mA
programming
operating current
BGO operating IsgoNNotes 1.8 2.00 12.20 mA
current
SNOOZE IsnozNote 1 ADC operation While the mode is shifting"°®® 10 0.50 0.60 mA
operating current During A/D conversion, in low voltage 1.20 | 1.44 mA
mode, AVrere = Vop = 3.0 V
Simplified SPI (CSI)/UART operation 0.70 0.84 mA
LCD operating lLcoaNotes 1 12| External resistance | fieo = fsus 1/3 bias, Vop=5.0V, 0.04 0.20. MA
current 18 division method LCD clock | four time V=50V
=128 Hz slices
Icp2Ve 212 | Internal voltage fLep = fsus 1/3 bias, Voo =3.0V, 0.85 2.20 HA
boosting method LCD clock | four time Vu=3.0V
=128 Hz slices (Vico = 04H)
Voo =5.0V, 1.55 3.70 HA
V=51V
(Viep = 12H)
lLcpsNote 112 | Capagcitor split fLeo = fsus 1/3 bias, Voo =3.0V, 0.20 0.50 HA
method LCD clock | four time Vu=3.0V
=128 Hz slices
(Notes and Remarks are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator
and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the values of either
Iop1 or Ibbz, and Irtc, when the real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Ibop2 subsystem clock operation includes the
operational current of real-time clock 2.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the
values of either Iop1 or Iop2, and Itmka, when the 12-bit interval timer operates in operation mode or HALT mode.
When the low-speed on-chip oscillator is selected, IriL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Iop1, loo2 or Iops and Iwot when the watchdog timer
operates.

6. Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of lbb1 or
Ioo2 and labc when the A/D converter operates in an operation mode or the HALT mode.

7. Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Iopz, lop2 or
Iops and ILvo when the LVD circuit operates.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

10. For shift time to the SNOOZE mode, see 21.3.3 SNOOZE mode in the RL78/L13 User's Manual.

11. Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of
Iop, Iop2 or Iops and Iemp when the comparator circuit operates.

12. Current flowing only to the LCD controller/driver. The value of the current for the RL78 microcontrollers is the
sum of the supply current (loo1 or Ibp2) and LCD operating current (l.cpi, licpz, or licos), when the LCD
controller/driver operates in operation mode or HALT mode. However, not including the current flowing into
the LCD panel. Conditions of the TYP. value and MAX. value are as follows.

e Setting 20 pins as the segment function and blinking all
e Selecting fsus for system clock when LCD clock = 128 Hz (LCDCO = 07H)
e Setting four time slices and 1/3 bias

13. Not including the current flowing into the external division resistor when using the external resistance division
method.

Remarks 1. fi:  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPU/peripheral hardware clock frequency
4. The temperature condition for the TYP. value is Ta = 25°C.
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3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.4 AC Characteristics

(TA=-40to0 +105°C, 24V <Vob <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system | HS (high-speed |2.7V<Vo<55V | 0.0417 1 ps
instruction execution time) clock (fmain) main) mode 24V <Von<27V | 0.0625 1 us

operation
Subsystem clock (fsus) 24V <Vop<55V 28.5 30.5 313 us
operation
In the self HS (high-speed | 27V <Vop<55V | 0.0417 1 ps
programming | main) mode 24V <Voo<27V | 0.0625 1 us
mode
External system clock fex 27V<Vop<55V 1.0 20.0 MHz
frequency 24V<Vop<27V 1.0 16.0 | MHz
fexs 32 35 kHz
External system clock input texH, texc 27V<Vopbs55V 24 ns
high-level width, low-level 24V <Vop<27V 30 ns
width
texHs, texts 13.7 us
TIOO to TIO7 input high-level | trn, tr 1/fmex+ ns
width, low-level width 10
TOO0 to TO07, TKBOOONte, | fro HS (high-speed main) | 4.0V <Vop<5.5V 12 MHz
TKBOO01-0 to TKBOQ1-2"°t® mode 27V<Von<4.0V 8 MHz
output frequency
24V <Vop<27V 4 MHz
PCLBUZO0, PCLBUZ1 output | fecL HS (high-speed main) |40V <Vop<55V 16 MHz
frequency mode 27V<Von<4.0V 8 MHz
24V <Vop<27V 4 MHz
Interrupt input high-level tinth, tnte | INTPO to INTP7 24V <Vop<55V 1 ps
width, low-level width
Key interrupt input high-level | tkrn, tkre KRO to KR7 24V <Vop<55V 250 ns
width, low-level width
IH-PWM output restart input | tiir INTPO to INTP7 2 ferk
high-level width
TMKB?2 forced output stop tiHR INTPO to INTP2 2 fok
input high-level width
RESET low-level width trsL 10 ys

(Note and Remark are listed on the next page.)
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Note Specification under conditions where the duty factor is 50%.

Remark fvck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSmn0, CKSmn1 bits of timer mode register mn (TMRmn)
m: Unit number (m = 0), n: Channel number (n =0 to 7))

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vob (HS (high-speed main) mode)
10

1.0

—— When the high-speed on-chip oscillator clock is selected

----During self programming

I When high-speed system clock is selected

ar arnr

Cycle time Tcy [us]

0.1

0.0625 i
0.05
0.0417

0.01

0 10 201130 40 50°%60
2427

Supply voltage Voo [V]

AC Timing Test Points

Vin/Von . Vin/Von
Test points
>< Vi/Vou > <: Vi/Vou

External System Clock Timing

1/fex/
1/fexs
tex/ | texn/
texts texHs
EXCLK/EXCLKS \
N\ N~
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e [ trix
TIOO to TI07 J
1/fro
TOO0O0 to TOO07, TKBOOO, J /—{—
TKBOO01-0, TKBOO01-1,

TKBOO01-2

TITO Timing

Interrupt Request Input Timing

tinTL
INTPO to INTP7 \

Key Interrupt Input Timing

-~ kR
KRO to KR7
tRsL———»
RESET

tNTH

RESET Input Timing
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3.5 Peripheral Functions Characteristics

AC Timing Test Points

Vin/Vor . Vin/Von
Test points
>< Vi/Vou > < Vi/Vou ><

3.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +105°C, 24V <Vopb 5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rateNot fmck/12 bps
Theoretical value of the maximum transfer rate 2.0 Mbps
fcik = 24 MHz, fmek = fek

Note Transfer rate in the SNOOZE mode is 4800 bps only.

Caution Select the normal input buffer for the RxDqg pin and the normal output mode for the TxDq pin by
using port input mode register g (PIMg) and port output mode register g (POMg).

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 User device
microcontroller

RxDq Tx

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance
hi

TxDq |
RxDq

Remarks 1. q: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 3)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13))
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(2) During communication at same potential (Simplified SPI (CSI) mode) (master mode, SCKp... internal clock
output)
(Ta=-40to +105°C, 2.4V <Vop £5.5V, Vss=0V)

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

SCKp cycle time trevi 27V<sVop<55V 334Note ns

24V <Vops55V 50QNete 1 ns

SCKp high-/low-level width tKH1, 40V<sVops55V tkev/2 — 24 ns

t 27V<Vop<55V tecvi/2 — 36 ns

24V <Vop<s55V tkev1/2 — 76 ns

Slp setup time (to SCKpt)Noe?2 tsiki 40V<Vop<55V 66 ns

27V=Vopbs55V 66 ns

24V <Vopb£55V 113 ns

Slp hold time (from SCKp1t)Nete3 tksiL 38 ns

Delay time from SCKp| to tkso1 C =30 pFNotes 50 ns
SOp outputoe4

Notes 1. The value must also be equal to or more than 4/fcik.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|”
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|”
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

5. Cis the load capacitance of the SCKp and SOp output lines.

Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM and POM numbers (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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(3) During communication at same potential (Simplified SPI (CSI) mode) (slave mode, SCKp... external clock
input)
(Ta=-40to +105°C, 2.4V <Vop £5.5V, Vss =0 V)

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

SCKp cycle timeNetes tkev2 40V<Vop<55V fuek > 20 MHz 16/fmc ns

fmek < 20 MHz 12/fmex ns

27V<Vm<s55V fmek > 16 MHz 16/fmek ns

fmek < 16 MHz 12/fmek ns

24V<Vmp<55V 12/fmex and 1000 ns

SCKp high-/low-level width | tkwz, tkiz | 4.0V £ Vo< 5.5V tkeva/2-14 ns

27V<Vop<55V tkey2/2-16 ns

24V <Vopbs55V tkev2/2—36 ns

Slp setup time tsik2 27V<Vopbs55V 1/fmck+40 ns

(to SCKpp)™et 2.4V <Vop <55V ffuck+60 ns

Slp hold time tksi2 1/fmck+62 ns
(from SCKpt)Note 2

Delay time from SCKp| to tksoz C =30 pFNote 4 27V<Vop<55V 2/fvck+66 ns

SOp output™“**? 24V<Von<55V 2ffucx+113 ns

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

when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

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

Caution Select the normal input buffer for the Slp pin and SCKp pin and the normal output mode for the SOp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSl number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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Simplified SPI (CSI) mode connection diagram (during communication at same potential)

SCKp SCK
. RL78 Slp SO User device
microcontroller
SOp Sl

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

tkevy, 2

kL, 2 tkHL, 2

e\ / L

tsik1, 2 tksin 2

tksoz, 2
Output data ><

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

SOp

o

tkeve, 2

tKH1, 2 teis 2

|

SCKp /

tsik1, 2 tksin,2

Sip Input data

]

tksoz, 2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 10)
2. m: Unit number, n: Channel number (mn = 00, 02)
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(4) During communication at same potential (simplified 1°C mode)

(TA=-40to +105°C, 24V <sVop =55V, Vss=0V)

Cb =100 pF, Ro =3 kQ

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLr clock frequency fscL 27V<Vop<55V, 40QNote ! kHz
Cb =50 pF, Ro = 2.7 kQ
24V <Vopb<55V, 100QNote kHz
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “L” tow 27V<Vops55V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “H” tHiGH 27V<Vop<55V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V<Vop<55V, 4600 ns
Cb = 100 pF, Ro =3 kQ
Data setup time (reception) tsu:paT 27V<Vop<55V, 1/fmck + 220QNote 2 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 1/fwck + 580Nt 2 ns
Cb =100 pF, Ro =3 kQ
Data hold time (transmission) tHD:DAT 27V<Vop <55V, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
24V<Vop<55V, 0 1420 ns

Notes 1. The value must also be equal to or less than fmck/4.
2. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution Select the normal input buffer and the N-ch open drain output (Vob tolerance) mode for the SDAr pin
and the normal output mode for the SCLr pin by using port input mode register g (PIMg) and port

output mode register g (POMg).

(Remarks are listed on the next page.)
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Simplified I°C mode connection diagram (during communication at same potential)

Vop

RL78

SDAr

microcontroller

SCLr

%

SDA

SCL

User device

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

1/fscL

trow

tHiIGH

SCLr

SDAr /\

\

tHD : DAT tsu: paT

Remarks 1. Rbu[Q]: Communication line (SDAr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load

capacitance

2. r:lIC number (r = 00, 10), g: PIM and POM number (g = 0, 1)

3. fwmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m = 0),
n: Channel number (n = 0-3), mn = 00-03, 10-13)
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(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (1/2)
(TA=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate Reception 40V<Vopbs55V, fuck/12Neote bps

27V<sVps40V

Theoretical value of the maximum transfer rate 2.0 Mbps
fok = 24 MHz, fuck = fok

27V<Vop<4.0V, fuck/12Neote bps
23VsVpes27V

Theoretical value of the maximum transfer rate 2.0 Mbps
fok = 24 MHz, fuck = fok

24V<Vop<33V, fuck/12Nete bps
16VSVh<20V

Theoretical value of the maximum transfer rate 2.0 Mbps
fok = 24 MHz, fuck = fowk

Note Transfer rate in SNOOZE mode is 4800 bps only.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance) mode for
the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg). For
ViHand Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Vbu[V]: Communication line voltage
2. g: UART number (g = 0 to 3), g: PIM and POM number (g =0, 1, 3)
3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13)
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(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (2/2)
(TA=-40to +105°C, 2.4V <Vop £5.5V,Vss=0V)

Parameter | Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate Transmission | 4.0V <Vop <55V, Note 1 bps

27V<sVes40V

Theoretical value of the maximum transfer rate 2.QNote 2 Mbps
Cb=50pF, Ro=1.4kQ, Vb =27V

27V<Vop<40V, Note 3 bps
23VsVph=27V

Theoretical value of the maximum transfer rate 1.2Note 4 Mbps
Cb =50 pF, Ro=2.7kQ, Vb =2.3V

24V <Vop<33V, Note 5 bps
16VsVs20V

Theoretical value of the maximum transfer rate 0.43Note 6 Mbps
Cb=50pF, Ro=55kQ,Vb=1.6 V

Notes 1. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 4.0V <Vop <55V and 2.7V <Vb<4.0V

1

Maximum transfer rate = 52 [bps]
{~Cox RbxIn (1 - V'b )} x 3
1 2.2
Transfer rate x 2~ Cb> RoxIn (1-—y )}

Baud rate error (theoretical value) =

T x 100 [%]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.
3. The smaller maximum transfer rate derived by using fmck/12 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 2.7 V<Vop<4.0Vand 2.3V<Vp <27V

Maximum transfer rate = 1 0 [bps]

2
{~Cbx RbxIn (1 - Vo )} % 3

1 2.0
Transfer rate x 2~ Co X RoxIn (1 —— =)}

1 .
(m) x Number of transferred bits

Baud rate error (theoretical value) = x 100 [%)]

* This value is the theoretical value of the relative difference between the transmission and reception sides.
4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.
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Notes 5.

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

Expression for calculating the transfer rate when 24V <Vop<3.3Vand1.6V<Vb<2.0V

Maximum transfer rate = L 1 [bps]

{~Cbx RoxIn(1- Vb5 )} % 3

1 15
] Transfer rate x 2~ Cb> Rox In (1——y =)}
Baud rate error (theoretical value) = 1 x 100 [%)]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

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

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

UART mode connection diagram (during communication at different potential)

Vb
% Rb
TxDq RX
RL78 _
microcontroller User device
RxDq T
R01DS0168EJ0230 Rev.2.30 RENESAS Page 109 of 141

Aug 31, 2023



RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

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

1/Transfer rate
Low-bit width

High-bit width

‘ Bau(i rate error tolerance

/L/Y \%

\ /1

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance
hi

RxDq <

Remarks 1. Rp[Q]: Communication line (TxDq) pull-up resistance, Cb[F]: Communication line (TxDq) load capacitance,
Vo[V]: Communication line voltage
2. g: UART number (g = 0 to 3), g: PIM and POM number (g =0, 1, 3)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10 to 13))
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(6) Communication at different potential (1.8 V, 2.5 V, 3 V) (Simplified SPI (CSI) mode) (master mode, SCKp...

internal clock output) (1/2)
(TA=-401to +105°C, 2.4V <Vop£55V,Vss=0V)

Cb =30 pF, Ro =5.5kQ

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time tkeva tkevr 2 4ffck | 4.0V Vo £5.5V, 600 ns
27V<sVb<s40V,
Cb =30 pF, Ro = 1.4 kQ
27V<Vopb<4.0V, 1000 ns
23VsWw=27V,
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33YV, 2300 ns
16V<sVp<18YV,
Cb = 30 pF, Ro =5.5kQ
SCKp high-level width tkH1 40V<Vop<55V,27V<Vpe<4.0V, tkev1/2 — 150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V=Ww=<27V, tcev1/2 — 340 ns
Cb = 30 pF, Ro = 2.7 kQ
24V<Vop<33V,16VV<20V, tkev1/2 — 916 ns
Cb =30 pF, Ro =5.5kQ
SCKp low-level width tkLa 40V<Vop<55V,27V<Vb<4.0V, tkeva/2 — 24 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<VWV=s27V, tkey1/2 — 36 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16V<Vs<20V, tkev1/2 — 100 ns
Cb =30 pF, Ro =5.5 kQ
Slp setup time tsika 40V<sVop<55V,27V<Vb<40V, 162 ns
(to SCKpp)Nete t Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V=sVp<27V, 354 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16V=V=20V, 958 ns
Cb = 30 pF, Ro =5.5kQ
Slp hold time tksi 40V<Vop<55V,27V<Vb<s40V, 38 ns
(from SCKpt)Note Cb =30 pF, Rb=1.4 kQ
27V<Vop<4.0V,23V=Vp=27V, 38 ns
Cb = 30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=s<Wh<=<20V, 38 ns
Cb =30 pF, Ro =5.5 kQ
Delay time from SCKp| to tisor 40V<Vop<55V,27V<Vb<4.0V, 200 ns
SOp outputNetet Cb =30 pF, Ro = 1.4 kQ
27V<Voo<4.0V,23V=sVp<27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=sWw<20V, 966 ns

(Note, Caution and Remark are listed on the next page.)
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(6) Communication at different potential (1.8 V, 2.5 V, 3 V) (Simplified SPI (CSI) mode) (master mode, SCKp...
internal clock output) (2/2)
(Ta=-40to +105°C, 2.4V <Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Slp setup time tsik1 40V<sVops55V,27V=Vps40V, 88 ns
(to SCKp|)Nete 2 Cb =20 pF, Ro = 1.4 kQ
27V<sVop<4.0V,23V<sVb<27V, 88 ns

Cbh =20 pF, Ro = 2.7 kQ

24V <Vop<33V,16V=sVWV=<20V, 220 ns
Cb =30 pF, Ro = 5.5 kQ

Slp hold time tksi 40V<Vop<55V,27V=sVh<s4.0V, 38 ns
(from SCKp)Note2 Cb =20 pF, Rb = 1.4 kQ
27V<Voo<4.0V,23V=sVp<27V, 38 ns
Cb =20 pF, Ro = 2.7 kQ
24V<sVop<33V,16VsVWh=s20V, 38 ns
Cb =30 pF, Ro =5.5kQ
Delay time from SCKp1 to tkso1 40V<Vop<55V,27V<Vh<4.0V, 50 ns
SOp outputoe2 Cb =20 pF, Ro = 1.4 kQ
27V<Voo<4.0V,23V=Vp=27V, 50 ns
Cb =20 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=sVp<20V, 50 ns

Cb = 30 pF, Ro = 5.5 kQ

Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Master> Vb Vb

SCKp . SCK

RL78

microcontroller P SO  User device

SOp sl

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For ViHand Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Rb[Q]: Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g = 0, 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00))
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Simplified SPI (CSI) mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmMn = 0 and CKPmn =0, or DAPmMn =1 and CKPmn =1.)

tkevi

tkut tiH1
SCKp \
N N\
tsik1 tksi
Sip Input data
tkso1
SOp Output data

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

tkey1

ticHa tkua

SCKp _/ I 7/

tsik1 tksi

Slp Input data

tkso1

SOp Output data

Remark p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g = 0, 1)
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(7) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI (CSI) mode) (slave mode, SCKp... external
clock input)
(Ta=-40to +105°C, 2.4V <Vop £5.5V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time Note tkevz 40V<Vop<55YV, |20 MHz < fuck 24/fmck ns
27TV=Vb=40V | g MHz < fuck <20 MHz 20/fuck ns
4 MHz < fuek <8 MHz 16/fmck ns
fmek < 4 MHz 12/fmex ns
27V<Vp<4.0V, | 20 MHz < fuwck 32/fmck ns
23VSWs=27V 116 MHz < fuck <20 MHz 28/fuck ns
8 MHz < fuck <16 MHz 24/fmek ns
4 MHz < fuek <8 MHz 16/fmck ns
fmek < 4 MHz 12/fmek ns
24V <Vop<3.3V, | 20MHz< fuck 72/fmck ns
LBVSW=20V | 16 MHz < fuck <20 MHz 64/fuck ns
8 MHz < fuck <16 MHz 52/fmck ns
4 MHz < fmck <8 MHz 32/fmck ns
fmek < 4 MHz 20/fmek ns
SCKp high-/low-level width | tkrz, tki2 40V<Vop£55V,27V=Vp<40V tkeve/2 — 24 ns
27V<Vop<4.0V,23V=Vp<27V tkey2/2 — 36 ns
24V <Vop<33V,16V<Vp<20V tkev2/2 — 100 ns
Slp setup time tsikz 40V<Vop<55V,27VsVh<4.0V 1/fvek + 40 ns
(to SCKpp)tere® 27V<Von<40V,23VEVes27V 1/fuck + 40 ns
24V<Vop<33V,16V=Vp<20V 1/fvck + 60 ns
Slp hold time tksiz 40V<Vop<55V,27V=Vp<40V 1/fmex + 62 ns
(from SCKp1)™* 27VEVon<4.0V,23VEVe<27V fucx + 62 ns
24V<sVop<33V,16V<sVps20V Ufwex + 62 ns
Delay time from SCKp| to | tksoz 40V<Vop<55V,27V=sVe<4.0V, 2/fmck + 240 ns
SOp outputhete 4 Cb =30 pF, Rb = 1.4 kQ
27V<sVop<4.0V,23V=Vp=27V, 2/fuck + 428 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16V=Vp<20V, 2/fvck + 1146 ns
Cbh =30 pF, Ro =5.5kQ

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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Simplified SPI (CSI) mode connection diagram (during communication at different potential)

<Slave> Vb
§ Rob
SCKp SCK
RL78
microcontroller Slp SO
SOp Sl

User device

Notes 1. Transfer rate in SNOOZE mode: MAX. 1 Mbps
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|”

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|”

when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

4. When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes

“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution Select the TTL input buffer for the Slp pin and SCKp pin and the N-ch open drain output (Vop tolerance)
mode for the SOp pin by using port input mode register g (PIMg) and port output mode register g

(POMg). For ViHand Vi, see the DC characteristics with TTL input buffer selected.
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Simplified SPI (CSI) mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn =0, or DAPmMn =1 and CKPmn =1.)

tkey2

kL2 tkH2

/
SCKp
N

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

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

tkey2

tkH2 kL2

SCKp /
\

tsik2 tksi2

Sip Input data

tkso2

SOp Output data

Remarks 1. Rb[Q]: Communication line (SOp) pull-up resistance, Co[F]: Communication line (SOp) load capacitance,
Vb[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn)

m: Unit number, n: Channel number (mn = 00, 02))
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(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified 1°C mode) (1/2)
(TA=-401t0 +105°C, 2.4V <Vop£55V,Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed main) Mode Unit

MIN.

MAX.

SCLr clock frequency

fscL

40V<Vop<55V,27V=<Vb<4.0V,
Cb =50 pF, Ro = 2.7 kQ

400Note 1

kHz

27V<Vop<4.0V,23V<Ve<2.7V,
Cb =50 pF, R = 2.7 kQ

400N0te 1

kHz

40V<SVoo<55V,27V<Vo<4.0V,
Cb = 100 pF, Ro = 2.8 kQ

100Note 1

kHz

27V<sVop<40V,23VsVbs27V,
Cb =100 pF, Ro = 2.7 kQ

100N0te 1

kHz

24V<sVop<33V,16V=sVh=s20V,
Cb =100 pF, Ro = 5.5 kQ

100N0te 1

kHz

Hold time when SCLr = “L"

tLow

40V<Vop<55V,27V=sVb<4.0V,
Cbh =50 pF, Ro = 2.7 kQ

1200

ns

27VsVop<4.0V,23VsV=s27YV,
Cb =50 pF, Ro = 2.7 kQ

1200

ns

40V<SVoo<55V,27V<Vo<4.0V,
Cb = 100 pF, Ro = 2.8 kQ

4600

ns

27V<sVop<40V,23VsVbs27V,
Cb =100 pF, Ro = 2.7 kQ

4600

ns

24V <Vop<33V,1.6V=sVp=<20V,
Cb =100 pF, Ro = 5.5 kQ

4650

ns

Hold time when SCLr = “H"

tHIGH

40V<Vop<55V,27V=sVb<4.0V,
Cbh =50 pF, Ro = 2.7 kQ

620

ns

27VsVop<40V,23VsVh<27V,
Cb =50 pF, Ro = 2.7 kQ

500

ns

40V<Vop<55V,27V=<Vb<4.0V,
Cb =100 pF, Ro = 2.8 kQ

2700

ns

27V<sVop<40V,23VsVbs27V,
Cb =100 pF, Ro = 2.7 kQ

2400

ns

24V <Vop<33V,1.6V=sVp=<20V,
Cb =100 pF, Ro = 5.5 kQ

1830

ns

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (simplified 1°C mode) (2/2)
(TA=-401t0 +105°C, 2.4V <Vop£55V,Vss=0V)

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

Data setup time (reception) tsu:DAT 40V<Vop<55V,27V<Vb<40V, 1/fuck + 34QNote 2 ns
Cb =50 pF, Ro = 2.7 kQ
27V<sVop<40V,23V=sVps27V, 1/fuck + 34QNote 2 ns
Cb =50 pF, Ro = 2.7 kQ
40V<=Vop<£55V,27V<Vp<40V, 1/fmck + 760N°e2 ns
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<40V,23VsVb<27V, 1/fmck + 760N°te 2 ns
Cb =100 pF, Ro = 2.7 kQ
24V<Vop<33V,16VsVWh=20V, 1/fuck + 57QNote 2 ns
Cb =100 pF, Ro = 5.5 kQ

Data hold time (transmission) | tup:pat 40V<Vop<55V,27V<Ve<4.0V, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<40V,23V=sVp£27V, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
40V<sVops55V,27VsVWp<4.0V, 0 1420 ns
Cb =100 pF, Ry = 2.8 kQ
27V<=Vop<40V,23VsWwW=27YV, 0 1420 ns
Cb =100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V=sVbs20V, 0 1215 ns
Cb = 100 pF, Rb = 5.5 kQ

Notes 1. The value must also be equal to or less than fuck/4.
2. Set the fuck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution Select the TTL input buffer and the N-ch open drain output (Voo tolerance) mode for the SDAr pin and
the N-ch open drain output (Voo tolerance) mode for the SCLr pin by using port input mode register g
(PIMg) and port output mode register g (POMg). For ViH and Vi, see the DC characteristics with TTL
input buffer selected.

(Remarks are listed on the next page.)
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Simplified I°C mode connection diagram (during communication at different potential)

SDAr SDA
RL78 .
microcontroller User device
SCLr SCL

Simplified I2C mode serial transfer timing (during communication at different potential)

1/fscL

trow tHiGH

SCLr \
|
SDAr

tHD : DAT tsu: AT

Remarks 1. Rb[Q]: Communication line (SDAr, SCLr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load
capacitance, Vb[V]: Communication line voltage
2. r: lIC number (r = 00, 10), g: PIM, POM number (g =0, 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number, n:
Channel number (mn = 00, 02)
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3.5.2 Serial interface IICA

(TA=-40to +105°C, 2.4V <Vop =55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
Standard Mode Fast Mode
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fcik> 3.5 MHz - - 0 400 kHz
Normal mode: fcik= 1 MHz 0 100 - - kHz
Setup time of restart condition tsu:sTA 4.7 0.6 us
Hold timeNete ! tHD:sTA 4.0 0.6 us
Hold time when SCLAO = “L” tow 4.7 1.3 us
Hold time when SCLAO = “H" tHiGH 4.0 0.6 us
Data setup time (reception) tsu:paT 250 100 ns
Data hold time (transmission)Note 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 tsur 4.7 1.3 us

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

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

Standard mode: Cb =400 pF, Ro = 2.7 kQ
Fast mode: Cb =320 pF, Ro = 1.1 kQ

IICA serial transfer timing

L o ttow | (tr L
SCLAO /
—
tHD:DAT tHicH  tF tsu:sta #*— tHD:STA tsu:sto ‘
tHD:sTA tsu:DAT -
2 \ (F \ /._
spAR0 | / / \S /_% X \ i
teur ’ ’
St(;;-)“- “S-t-a-rt Restart Stc-)bm
condition condition condition condition
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3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Classification of A/D converter characteristics

eference Voltage
Input channel

Reference voltage (+) = AVrerp
Reference voltage (-) = AVrerm

Reference voltage (+) = Voo
Reference voltage () = Vss

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

ANIO, ANI1 -
ANI16 to ANI25 See 3.6.1 (1).
Internal reference voltage See 3.6.1 (1).

Temperature sensor output
voltage

See 3.6.1 (2).

See 3.6.1 (3).

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pins: ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(Ta=-40 to +105°C, 2.4 V < AVrerr < Vop £ 5.5 V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =

AVrerm= 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorNote! AINL 10-bit resolution 24V <Vop<55V 1.2 +5.0 LSB
AVrerp = VVpp'ote 3

Conversion time tconv 10-bit resolution 36V=sVops55V| 2125 39 ps
Target pin: ANIL6 0 ANI25 | 2 7 v <vpp <55V | 3.1875 39 us

24V<Voo<55V | 17 39 Hs
10-bit resolution 36V<Vop<55V| 2375 39 ps
Target pin: Internal reference | 2 7 v <vop <55V | 35625 39 us
voltage, and temperature
24V<Vop<55V 17 39 us

sensor output voltage
(HS (high-speed main) mode)

Zero-scale errorNotes 1.2 Ezs 10-bit resolution 24V<Vop<55V +0.35 | %FSR
AVrerp = VVpp'ote 3

Full-scale errorhotes 1.2 Ers 10-bit resolution 24V<Vop<55V +0.35 %FSR
AVrerp = VppNo© 3

Integral linearity errorN°t?! ILE 10-bit resolution 24V<Vop<55V +3.5 LSB
AVrerp = VVpp'ote 3

Differential linearity errorN°®! | DLE 10-bit resolution 24V<Vop<55V +2.0 LSB
AVgerp = VopNo© 3

Analog input voltage Vain ANI16 to ANI25 0 AVRerP
Internal reference voltage Vecrot 4
(2.4 V £ Vop 5.5V, HS (high-speed main) mode))
Temperature sensor output voltage V1mps2sNote 4 \Y
(2.4 V £ Vop £5.5V, HS (high-speed main) mode))

(Notes are listed on the next page.)
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Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Vop, the MAX. values are as follows.
Overall error: Add 4 LSB to the MAX. value when AVrerr = Vop.
Zero-scale error/Full-scale error: Add *0.2%FSR to the MAX. value when AVrerr = Voo.
Integral linearity error/ Differential linearity error: Add +2 LSB to the MAX. value when AVrerr = Voo.
4. See 3.6.2 Temperature sensor/internal reference voltage characteristics.
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(2) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pins: ANIO, ANI1, ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(TA=-40to +105°C, 2.4V = Vop £5.5V, Vss = 0 V, Reference voltage (+) = Voo, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhote AINL 10-bit resolution 24V<Vop<55V 1.2 +7.0 LSB
Conversion time tconv 10-bit resolution 3.6V<Vops55V 2.125 39 ps

Target pin: 27V<Voo<55V | 3.1875 39 Hs
ANIO, ANI1, ANI16 to ANI25
24V <Vops55V 17 39 us
10-bit resolution 3.6V<Vop<55V 2.375 39 ps
Target pin: Internal reference| 5 7\ <vpp <55V | 35625 39 us
voltage, and temperature
24V<Vopb<55V 17 39 us
sensor output voltage
(HS (high-speed main)
mode)
Zero-scale errorNotes 1.2 Ezs 10-bit resolution 24V<Vop<55V +0.60 | %FSR
Full-scale errorhotes 1.2 Ers 10-bit resolution 24V<Vop<55V +0.60 %FSR
Integral linearity errorN°t?! ILE 10-bit resolution 24V<Vop<55V +4.0 LSB
Differential linearity errorN°®! | DLE 10-bit resolution 24V<Vop<55V +2.0 LSB
Analog input voltage Vain ANIO, ANI1, ANI16 to ANI25 0 VbD \%
Internal reference voltage VeerMote 3 \Y
(2.4 V £ Voo £5.5V, HS (high-speed main) mode))
Temperature sensor output voltage V1mpszsNote 3 \Y
(2.4 V < Vop £5.5V, HS (high-speed main) mode))

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

3. See 3.6.2 Temperature sensor/internal reference voltage characteristics.
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(3) When reference voltage (+) = internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pins: ANIO, ANI16 to ANI25

(TA=-40to +105°C, 2.4 V£ Vop £5.5 V, Vss = 0 V, Reference voltage (+) = VecrNot 3,
Reference voltage (=) = AVrervNo®4 =0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. | TYP. ‘ MAX. Unit
Resolution RES 8 bit
Conversion time tconv 8-bit resolution 24V<Vpbs55V 17 39 ps
Zero-scale errorNotes 1.2 Ezs 8-bit resolution 24V<Vpp<55V +0.60 | %FSR
Integral linearity errorot® ILE 8-hit resolution 24V<VpD<55V +2.0 LSB
Differential linearity errorN°o®® DLE 8-bit resolution 24V<VbpD<55V +1.0 LSB
Analog input voltage VAN 0 VeerNote 3 \Y

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. See 3.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add £0.35%FSR to the AVrern MAX. value.
Integral linearity error: Add +0.5 LSB to the AVrerm MAX. value.
Differential linearity error: Add +0.2 LSB to the AVrern MAX. value.
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3.6.2 Temperature sensor/internal reference voltage characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vrveszs | ADS register = 80H, TAa = +25°C 1.05 \%
Internal reference output voltage VBer ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fyvtves Temperature sensor that depends on the -3.6 mV/°C

temperature
Operation stabilization wait time tamp 5 ps

3.6.3 Comparator

(TA=-40to +105°C, 2.4V <Vop =55V, Vss =0V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Input voltage range Ivref 0 Vop— \%
1.4
lvemp -0.3 Voo + \%
0.3
Output delay td Vob=3.0V Comparator high-speed mode, 1.2 us
Input slew rate > 50 mV/us standard mode
Comparator high-speed mode, 2.0 us
window mode
Comparator low-speed mode, 3.0 5.0 us
standard mode
High-electric-potential | VTW+ | Comparator high-speed mode, 0.66Vop |0.76Vop |0.86Von | V
reference voltage window mode
Low-electric-potential | VTW— Comparator high-speed mode, 0.14Vop | 0.24Vob | 0.34VoD \%
reference voltage window mode
Operation stabilization | tcwe 100 us
wait time
Internal reference VBGR 2.4V = Voo 5.5V, HS (high-speed main) mode 1.38 1.45 1.50 \Y

output voltageN°®

Note Cannot be used in subsystem clock operation and STOP mode.
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3.6.4 POR circuit characteristics

(TA=-40to +105°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPoR The power supply voltage is rising. 1.45 1.51 1.57 \%
VPDR The power supply voltage is falling. 1.44 1.50 1.56 \%
Minimum pulse widthN°® Tew 300 us

Note This is the time required for the POR circuit to execute a reset operation when Vop falls below Vror. When the
microcontroller enters STOP mode and when the main system clock (fuain) has been stopped by setting bit O
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required for
the POR circuit to execute a reset operation between when Voo falls below 0.7 V and when Vop rises to Vror or

higher.
> Tpew
Supply voltage (Vob) E
i i/ VPoR
VPDR OF 0.7 V —=mmmmmmmmmmenes ’
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3.6.5 LVD circuit characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivoo When power supply rises 3.90 4.06 4.22
voltage When power supply falls 3.83 3.98 4.13 \
Vivb1 When power supply rises 3.60 3.75 3.90 \%
When power supply falls 3.53 3.67 3.81 \
Vivp2 When power supply rises 3.01 3.13 3.25 \%
When power supply falls 2.94 3.06 3.18 \
VLvps When power supply rises 2.90 3.02 3.14 \
When power supply falls 2.85 2.96 3.07 \
Vivoa When power supply rises 2.81 2.92 3.03 \
When power supply falls 2.75 2.86 2.97 \%
VLvos When power supply rises 2.71 2.81 2.92 \
When power supply falls 2.64 2.75 2.86 \
VLvos When power supply rises 2.61 2.71 2.81 \
When power supply falls 2.55 2.65 2.75 \
Vivo? When power supply rises 2.51 2.61 271 \%
When power supply falls 2.45 2.55 2.65 \
Minimum pulse width tiw 300 us
Detection delay time 300 us
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

LVD Detection Voltage of Interrupt & Reset Mode
(TA=-40to +105°C, Vpor = VDD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivos Veocz, Veoci, Veoco = 0, 1, 1, falling reset voltage 2.64 2.75 2.86 \
mode Vivpa LVIS1, LVISO =1, 0 [Rising release reset voltage 2.81 2.92 3.03 \

Falling interrupt voltage 2.75 2.86 2.97 \
Vivps LVIS1, LVISO =0,1 [Rising release reset voltage 2.90 3.02 3.14 \
Falling interrupt voltage 2.85 2.96 3.07 \%
Vwvoo LVIS1, LVISO =0, 0 [Rising release reset voltage 3.90 4.06 4.22 \
Falling interrupt voltage 3.83 3.98 4.13 \

3.6.6 Supply voltage rise time

(Ta = =40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Voo rise slope SVop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 3.4 AC Characteristics.
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.7 LCD Characteristics
3.7.1 External resistance division method

(1) Static display mode
(TAa=-40 to +105°C, VL4 (MIN.) € Voo £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 Vob \%

(2) 1/2 bias method, 1/4 bias method
(TAa=-40 to +105°C, VL4 (MIN.) € Voo £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.7 Vob \%

(3) 1/3 bias method
(TAa=-40 to +105°C, VL4 (MIN.) € Voo £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 25 Vob \%
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.7.2 Internal voltage boosting method

(1) 1/3 bias method
(TA=-40to +105°C, 24V <Vopb 5.5V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vi1 Clto C4Netel | VLCD = 04H 0.90 1.00 1.08

=0.47 WF™** |\ cp = 05H 0.95 1.05 113 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 \%

VLCD = ODH 1.35 1.45 1.53 \%

VLCD = OEH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 \%

VLCD = 11H 1.55 1.65 1.73 \%

VLCD = 12H 1.60 1.70 1.78 \%

VLCD = 13H 1.65 1.75 1.83 \%

Doubler output voltage Viz Clto C4Notel =047 puF 2Vui-0.10 2Vu 2Vu \Y

Tripler output voltage Via Clto C4Noel =047 pF 3Vui-0.15 3Vu 3Vu \Y
Reference voltage setup timeN°t 2 tvwaiT 5 ms
Voltage boost wait timeN°t© 3 tvwaiT2 Clto C4Noel =047 puF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V.2 and GND
C4: A capacitor connected between Vi and GND
Cl1=C2=C3=C4=0.47 uF + 30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or
when the internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the
LCDMO register to 01B) if the default value reference voltage is used) until voltage boosting starts (VLCON =
1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

(2) 1/4 bias method
(Ta=-40to +105°C, 2.4V <Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vi1 CltoC5Ntel | VLCD = 04H 0.90 1.00 1.08

= 0.47 WF™** |\ cp = 05H 0.95 1.05 113 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

Doubler output voltage Vi2 Clto C5Notel =047 puF 2Vui—-0.08 2Vu 2Vu \%

Tripler output voltage Vis Clto C5Nol =047 puF 3Vu-0.12 3Vu 3Vu \Y

Quadruply output voltage Via Clto C5Notel =047 puF 4Vu-0.16 4Vu 4Vu \Y
Reference voltage setup timeN°t 2 tvwaiT1 5 ms
Voltage boost wait timeN°t© 3 tvwarr2 C1to C5Notel = 0.47 uF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V.. and GND
C4: A capacitor connected between Vi and GND
C5: A capacitor connected between Vis and GND
Cl1=C2=C3=C4=C5=0.47 pF £ 30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or
when the internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the
LCDMO register to 01B) if the default value reference voltage is used) until voltage boosting starts (VLCON =
1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.7.3 Capacitor split method

(1) 1/3 bias method
(TA=-401to0 +105°C, 24V <Vop =55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Vi voltage Via C1lto C4 =0.47 uphoe2 Vob \Y
Vw2 voltage Vi2 Clto C4 = 0.47 pFNoe2 2/3Vi—| 23V [2/3Vua+ \%
0.1 0.1
Vw1 voltage Vi1 C1to C4 =0.47 up\oe2 1/3Vwu—| 1/3Vwu |1/3Vu+ \%
0.1 0.1
Capacitor split wait timeN°te tywarr 100 ms

Notes 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
2. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi and GND
C3: A capacitor connected between V2 and GND
C4: A capacitor connected between Vs and GND
C1=C2=C3=C4=0.47 pF+£30 %
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.8 RAM Data Retention Characteristics

(TA = —40 to +105°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage \/bbprR 1.44Note 5.5 \%

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

o STOP mode Operation mode

RAM data retention mode ——»|

T VbDDR

STOP instruction execution

Standby release signal
(interrupt request)

3.9 Flash Memory Programming Characteristics

(TA=-40to +105°C, 2.4V <Vop =55V, Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency ferk 24V <Vpp<s55V 1 24 MHz
Number of code flash rewritesNo'®s 2.3 | Cenur Retained for 20 years 1,000 Times

TA=85°C Note 4

Number of data flash rewritesNotes 1.2.3 Retained for 1 year 1,000,000
Ta=25°C
Retained for 5 years 100,000
TA = 850(: Note 4
Retained for 20 years 10,000

TA=85°C Note 4

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.

4. This temperature is the average value at which data are retained.
Remark When updating data multiple times, use the flash memory as one for updating data.
3.10 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +105°C, 2.4V sVop =55V, Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 bps
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (Ta = -40 to +105°C)

3.11 Timing Specifications for Switching Flash Memory Programming Modes

(TA=-40to +105°C, 2.4V <Vop =55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the tsunim POR and LVD reset must be released before 100 ms
communication for the initial setting the external reset is released.

after the external reset is released

Time to release the external reset tsu POR and LVD reset must be released before 10 us
after the TOOLDO pin is set to the low the external reset is released.

level

Time to hold the TOOLO pin atthe | tvp POR and LVD reset must be released before 1 ms
low level after the external reset is the external reset is released.

released

(excluding the processing time of
the firmware to control the flash
memory)

<1> <2> <3> <4>
RESET
723 ps + tHp
processing
time 1-byte data for setting the mode
TOOLO \ / e
tsu tsuiniT

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

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

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

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

Remark tsuinim: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  Time to hold the TOOLO pin at the low level after the external reset is released (excluding the processing
time of the firmware to control the flash memory)
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RL78/L13

4. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1 64-pin Products

R5F10WLAAFA, R5F10WLCAFA, R5F10WLDAFA, R5F10WLEAFA, R5F10WLFAFA, RSF10WLGAFA

—ZE

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFPE4-12x12-0.65 PLQPOOGAJA-A PE4GK-65-UET-2 0.51
e HD
| 0
‘ rnrnnnnmoinornnnan detail of lead end
‘ DL e
| 48 33 —
49 — ) \
— e A3 —
[ ] | I
—] — \ c—
[ — 3
— — 4Nt
[— 1 ‘\
—] — 68— =L
— —
HE Lp
— + 1
—] — ~—L1—
—] 1
| — —
| — 1 (UNIT:mm)
—] — ITEM DIMENSIONS
— Q — D 12.0020.20
S 1703 E 12.00£0.20
1 HD  14.00£0.20
j HE 14.00+0.20
UUHHUUU 1 A 1.60 MAX.
Al 0.10£0.05
- ZD A2 1.40+0.05
A- b 0.32+3.88
A2+ ¢ 0.14573:9%8
‘ L 0.50
[ | \ Lp  0.6020.15
S
SOOI A A AT, LT 1.00:020
‘ o 3?3
E Al [e] 0.65
X 0.13
y 0.10
ZD
NOTE 1.125
ZE 1.125

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

©2012 Renesas Electronics Corporation. All rights reserved.
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RL78/L13 4. PACKAGE DRAWINGS

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

P-LQFP64-12x12-0.65 PLQP0064JB-A 0.50

HD

S

BAARAARAARARARAA

32

49

Lp f

AHHAAHHAHAARAAAR
|
_|_
|
ilikidikiksdskishkikikidikiks

o
&

HHHHHEHHHHHHtﬁ HH

Reference Dimension in Millimeters
h2 B Symbol Min. Nom. Max.
J('\uuuuuuuuuuuuuuuu”\\_ | E 11.9 | 1200 | 12.10
Jl 11.90 | 12.00 | 12.10
& Ay — 1.40 -
aly]s] Hp 13.80 | 14.00 | 14.20
He 13.80 | 14.00 | 14.20
NOTE A - — 1.70
1.DIMENSIONS ”#1” AND "*2’DO NOT INCLUDE MOLD FLASH. A 0.05 — 0.15
2.DIMENSION "*3" DOES NOT INCLUDE TRIM OFFSET.
Lp 0.45 0.60 0.75
L1 — 1.00 —
bo 0.27 0.32 0.37
c 0.09 - 0.20
[e] - 0.65 -
) 0.00 3.50 8.00
X — - 0.08
y - - 0.08
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RL78/L13 4. PACKAGE DRAWINGS

R5F10WLAAFB, R5F10WLCAFB, R5SF10WLDAFB, R5F10WLEAFB, R5SF10WLFAFB, R5F10WLGAFB,
R5F10WLAGFB, R5F10WLCGFB, R5F10WLDGFB, R5F10WLEGFB, R5F10WLFGFB, R5SF10WLGGFB

JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LFQFP64-10x10-0.50 PLQPO064KB-C — 0.3g

HD

*1

48 33
i

HARARARRARAEARH

s

49 3z

%2 E
HE

HAARAAARARARARG
ALEEGRREREREE

|

17

J

L LN

Index area
NQTE 3

NQOTE 4

NOTE)
[T\ 1 DIMENSIONS *¢t* AND **2" DO NOT INCLUDE MOLD FLASH.
JAANAANAMARARAARATN 2. DIMENSION *x3 DOES NOT INCLUDE TRM OFFSET.
N X 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
L— LOCATED WITHN THE HATCHED AREA
vy [s] 4 CHAMFERS AT CORNERS ARE OPTIONAL; SIZE MAY VARY.

B *3bp
GO

Reference| Dimension in Milimeters

Symoal iy Nom | Max

D 99 | 100 | 101

E 99 | 100 | 104

A2 | — | 1w | —

( \ o o | 18 | 120 | 122

<| < ' g ° HE | 18 | 120 | 122
_ , . N Al — T —71 17

M | o005 | — | 015

< bo | 045 | 020 | 027

Lp c 0.09 0.20

. L1 0 0’ 35 8"

Detal F @ — 05 —

x | — | — | 008

y | — | — | 008

lp | 045 | 06 | 075

L | — 1 10 | —
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RL78/L13 4. PACKAGE DRAWINGS

JEITA Package code RENESAS code MASS(TYP.)[d]
P-LFQFP064-10x10-0.50 PLQP0064KL-A 0.36
O] .
A
A2
EnE 2 M
JJlIJJJ‘JT_luTllL =
(TR RTA AT ATRTH =
= = [B-
== ]
A A
v O =
TITPYTVIITIOTI | |ax
D |aaa|C|A-BD] . \a
4X[XD bbb [H[A-B[D]

INDEX MARK

4 [ddd@®|[c[A-BID]

Reference | Dimension in Millimeters
—CsEATNG symbol v | Nom. | Max.
A - - 1.60
A 0.05 - 0.15
Ay 1.35 1.40 1.45
D - 12.00 -
Dy - 10.00 -
W E - |1200]| -
% E - 10.00 -
o N - 64 —
Ll
L(’N-) % e - 0.50 -
—H— o g b 0.17 0.22 0.27
/ A c 0.09 - 0.20
1 \ 0 o 3.9° 7
L /7 L 0.45 | 0.60 | 0.75
L1 L - 1.00 -
SECTION A—A aaa — — 0.20
bbb - - 0.20
cce — - 0.08
ddd — - 0.08
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RL78/L13 4. PACKAGE DRAWINGS

4.2 80-pin Products

R5F10WMAAFA, RSF10WMCAFA, R5SF10WMDAFA, R5F10WMEAFA, R5SF10WMFAFA, RSF1I0WMGAFA

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFP80-14x14-0.65 PLQP0080JB-E P80GC-65-UBT-2 0.69
HD
detail of lead end
D
! L1
([AnInnmanaMaan -
/B0 41N j
l 61 4= L \Gl— T
[ —
( — j
( — 9 L
[ —
[ —
JE I |_p
0 —
( —
[ —
. -+ = E HE
[ —
: — Referance|  Dimension in Millimeters
( — Symbol | Min Nom | Max
: — D | 1380 | 1400 | 14.20
: O — E 13.80 | 14.00 | 14.20
- -—801 202}: HD 17.00 | 17.20 | 17.40
\{ HE 17.00 | 17.20 | 17.40
JUNULRUuLoUuUg bty ] P T
—ZE Al 0.05 | 0125 | 020
. 7D n A2 1.35 1.40 1.45
— 025 | —
bp EE bp 0.26 0.32 0.38
c 0.10 | 0.145 | 0.20
A L - 080 | —
Ao Lp 0.736 | 0.886 | 1.036
L1 1.40 160 | 1.80
B T e
; \ . le] — 0.65 —
x - — 0.13
E AT y — — 0.10
zD — | 0825 | —
ZE — | o825 | —
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RL78/L13

4. PACKAGE DRAWINGS

R5F10WMAAFB, RSF10WMCAFB, R5F10WMDAFB, R5F10WMEAFB, RSF10WMFAFB, RSF10WMGAFB,
R5F10WMAGFB, R5F10WMCGFB, R5F10WMDGFB, R5F10WMEGFB, R5F10WMFGFB, RSF10WMGGFB

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [9]

P-LFQFP80-12x12-0.50

PLQP0080KB-B

0.5

HHHHHHHHHHHHHHHHHHHE

[er]
o

Hp

*1D

60

EEEEEEERELY

1RARRRT

ey
o

He

L

i

AL

Index area
NOTE 3

HHHHHHHZHO NI

NOTE 4

QQ
o

A4

Detail F

N
1

.

OTE)

Unit: mm

. DIMENSIONS “*1” AND **2" DO NOT INCLUDE MOLD FLASH.
. DIMENSION "*3” DOES NOT INCLUDE TRIM OFFSET.
. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE

LOCATED WITHIN THE HATCHED AREA.

. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.

Reference | Dimensions in millimeters
SYmool | Min | Nom | Max
D 1.9 | 120 | 121
E 11.9 | 12.0 | 121
Az — 1.4 —
Hp 13.8 | 14.0 | 142
He 13.8 | 14.0 | 142
A — — 1.7
A1 005 — | 015
bp 0.15 | 0.20 | 0.27
c 0.09 — | 0.20
0 0° 3.5° 8°
le] — 0.5 —
X — — | 0.08
y — | — | 008
Lp 045 | 0.6 | 0.75
L1 — 1.0 —
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RL78/L13 4. PACKAGE DRAWINGS

JEITA Package code RENESAS code MASS(TYP.)[d]
P-LFQFP80-12x12-0.50 PLQPOO080KJ-A 0.49
0l A
' A2
= A1
o
©
_[anannnnnaoonpamonng
A S = [B]
AES A
v O =
4%
i M\ |aaa|C|A-B[D]
el 4X| bbb |H[A-B]D]
INDEX MARK |ddd@|[c[A—B[D]
b
Reference Dimension in Millimeters
Symbol Min. Nom. Max.
—C] SeATNG A - - 1.60
PLANE A 005 | - | 015
Ay 1.35 | 1.40 | 1.45
D - 14.00 -
Dy - 12.00 -
E - 14.00 -
E - 12.00 -
< N - 80 -
é e - 0.50 -
o) b 0.17 | 0.22 | 0.27
[fe)
o2 c 0.09 - 0.20
—H- ols
0 o 3.5 7
\ L 0.45 | 0.60 | 0.75
1 1:.:9/ L - 1.00 -
L1 aaa — — 0.20
SECTION A—A bbb - - | 020
cce — — 0.08
ddd - - 0.08
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Revision History

RL78/L13 Data Sheet

Description
Rev. Date Page Summary
0.01 Apr 13, 2012 - First Edition issued
0.02 Oct 31, 2012 - Change of the number of segment pins
* 64-pin products: 36 pins
« 80-pin products: 51 pins
2.10 Aug 12, 2016 1 Modification of features of 16-bit timer and 16-bit timer KB20 (IH) in 1.1 Features
5 Addition of product name (RL78/L13) and description (Top View) in 1.3.1 64-pin
products
6 Addition of product name (RL78/L13) and description (Top View) in 1.3.2 80-pin
products
10 Modification of functional overview of main system clock in 1.6 Outline of Functions
15 Modification of description in Absolute Maximum Ratings (3/3)
17,18 Modification of description in 2.3.1 Pin characteristics
38 Modification of remark 3 in 2.5.1 (4) During communication at same potential
(simplified I°C mode)
68 Modification of the title and note, and addition of caution in 2.8 RAM Data Retention
Characteristics
70 Addition of Remark
74 Modification of description in Absolute Maximum Ratings (Ta = 25 °C) (3/3)
76 Modification of description in 3.3.1 Pin characteristics
95 Modification of remark 3 in 3.5.1 (4) During communication at same potential
(simplified 1°C mode)
118 Modification of the title and note, and addition of caution in 3.8 RAM Data Retention
Characteristics
2.20 Sep 17, 2021 3and 4 Modification of Figure 1-1. Part Number, Memory Size, and Package of RL78/L13
22 Modification of 2.3.1 Pin characteristics, (To = —40 to +85°C, 1.6 V< Vpp £ 5.5V, Vsg
=0V)
61 Modification of 2.6.1 A/D converter characteristics (Ta = —40 to +85°C, 1.6 V < AVggrp
<Vpp £5.5V, Vss = 0V, Reference voltage (+) = AVgerp, Reference voltage (-) =
AVgeen =0 V)
74 Modification of 2.11 Timing Specifications for Switching Flash Memory Programming
Modes
75 Deletion of G: INDUSTRIAL APPLICATIONS from the title of CHAPTER 3
115 3. 5. 2 Serial Interface IICA (Ta = —40to +105°C, 2.4V < Vpp <5.5V, Vss =0 V):
Deletion of Note 3 in the table
116 Modification of 3.6.1 A/D converter characteristics (Ta = —40 to +105°C, 2.4 V <
AVgerp < Vpp £ 5.5V, Vss = 0V, Reference voltage (+) = AVgerp, Reference voltage
(=) =AVgemn =0 V)
129 Modification of 3.11 Timing Specifications for Switching Flash Memory Programming

Modes




Description

Rev. Date Page Summary
221 Sep 9, 2022 4 Modification of Figure 1-1. Part Number, Memory Size, and Package of RL78/L13
131 Addition of package drawing (PLQP0064JB-A).
132 Modification of package drawing (PLQP0064KB-C).
133 Addition of package drawing (PLQP0064KL-A).
135 Modification of package drawing (PLQP0080KB-B).
136 Addition of package drawing (PLQP0O08O0KJ-A).
2.30 Aug 31, 2023 All "3-Wire Serial I/0" and "3-wire serial" were modified to " Simplified SPI"
All "wait" for 11IC was modified to "clock stretch”
1 Addition of Note 1 in 1 Features
5 Modification of Figure in 1.3.1 64-pin products
6,7 Addition of Table 1-1. Alternate function of 64-pin products
8 Modification of Figure in 1.3.2 80-pin products
9to11 Addition of Table 1-2. Alternate function of 80-pin products
29 Modification of Note 1 and Note 4 in 32.3.2 Supply current characteristics (T = —40 to
+85°C, 1.6 V<Vpp 5.5V, Vss=0V) (1/2)
31 Modification of Note 1 and Note 5, deletion of Note 6 in 32.3.2 Supply current
characteristics (Ta = —40 to +85°C, 1.6 V < Vpp £ 5.5V, Vss = 0 V) (2/2)
93 Modification of Note 1 and Note 4 in 33.3.2 Supply current characteristics (Ta = —40 to
+105°C, 2.4 V < Vpp £ 5.5V, Vgs = 0 V) (1/2)
95 Modification of Note 1 and Note 5, deletion of Note 6 in 33.3.2 Supply current
characteristics (Ta = —40 to +105°C, 2.4 V < Vpp £ 5.5V, Vss =0 V) (2/2)
136 Modification of package drawing (PLQP0064JB-A).

All trademarks and registered trademarks are the property of their respective owners.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.

Caution: This product uses SuperFlash®technology licensed from Silicon Storage Technology, Inc.




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.
2. 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.
3. 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 I/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.
4. 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.
5. 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.
6. 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.).
7. 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 LSI is not guaranteed.
8. 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. 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.

2. 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.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.

10. 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.

11. 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.

12. Itis 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.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

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.

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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