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True low-power platform (62.5 yA/MHz, and 0.64 pA for operation with only RTC and LVD) for the LCD-based applications, with the on-chip

LCD controller and driver, 8- to 32-Kbyte code flash memory, 1.6-V to 5.5-V operation, and 31 DMIPS at 24 MHz

1. OUTLINE

1.1 Features

Ultra-Low Power Technology

¢ 1.6 V to 5.5 V operation from a single supply

* Stop (RAM retained): 0.23 pA, (LVD enabled): 0.31 pA

e Halt (RTC + LVD): 0.64 pA

e Supports snooze

e Operating: 62.5 pA/MHz

o LCD operating current (Capacitor split method): 0.12 pA

o LCD operating current (Internal voltage boost method):
0.63 pA (Vop =3.0V)

16-bit RL78 CPU Core

e Delivers 31 DMIPS at maximum operating frequency of
24 MHz

o Instruction Execution: 86% of instructions can be
executed in 1 to 2 clock cycles

o CISC Architecture (Harvard) with 3-stage pipeline

o Multiply Signed & Unsigned: 16 x 16 to 32-bit result in 1
clock cycle

e MAC: 16 x 16 to 32-bit result in 2 clock cycles

* 16-bit barrel shifter for shift & rotate in 1 clock cycle

o 1-wire on-chip debug function

Code Flash Memory

* Density: 8 KB to 32 KB

o Block size: 1 KB

e On-chip single voltage flash memory with protection
from block erase/writing

o Self-programming with flash shield window function

Data Flash Memory

e Data flash with background operation

o Data flash size: 2 KB size

» Erase cycles: 1 Million (typ.)

o Erase/programming voltage: 1.8 Vt0 5.5V

RAM

e 1 KB and 1.5 KB size options

o Supports operands or instructions
o Back-up retention in all modes

High-speed On-chip Oscillator

o 24 MHz with +/— 1% accuracy over voltage (1.8 V to 5.5
V) and temperature (—20°C to 85°C)

o Pre-configured settings: 24 MHz, 16 MHz, 12 MHz, 8
MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz & 1 MHz

Reset and Supply Management

o Power-on reset (POR) monitor/generator

o Low voltage detection (LVD) with 14 setting options
(Interrupt and/or reset function)

LCD Controller/Driver

e Up to 35 seg x 8 com or 39 seg x 4 com

e Supports capacitor split method, internal voltage boost
method and resistance division method

e Supports waveform types A and B

e Supports LCD contrast adjustment (16 steps)

e Supports LCD blinking

Direct Memory Access (DMA) Controller
e Up to 2 fully programmable channels
o Transfer unit: 8- or 16-bit

Multiple Communication Interfaces
¢ Up to 1 x I2C multi-master

e Up to 2 x CSI/SPI (7-, 8-bit)

e Up to 1 x UART (7-, 8-, 9-bit)
eUpto1xLIN

Extended-Function Timers

o Multi-function 16-bit timers: Up to 8 channels

o Real-time clock (RTC): 1 channel (full calendar and
alarm function with watch correction function)

e Interval Timer: 12-bit, 1 channel

¢ 15 kHz watchdog timer: 1 channel (window function)

Rich Analog

¢ ADC: Up to 10 channels, 10-bit resolution, 2.1 ps
conversion time

e Supports 1.6 V

¢ Internal reference voltage (1.45 V)

o On-chip temperature sensor

Safety Features (IEC or UL 60730 compliance)
e Flash memory CRC calculation

o RAM parity error check

o RAM write protection

o SFR write protection

o |lllegal memory access detection

o Clock frequency detection

o ADC self-test

General Purpose I/0
¢ 5V tolerant, high-current (up to 20 mA per pin)
e Open-Drain, Internal Pull-up support

Operating Ambient Temperature
e Ta: —40 °C to +85 °C (A: Consumer applications)
e Ta: —40 °C to +105 °C (G: Industrial applications)

Package Type and Pin Count
From 7mm x 7mm to 12mm x 12mm
QFP: 32, 44, 48, 52, 64
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RL78/L12

1. OUTLINE
O ROM, RAM capacities
Flash ROM| Data flash RAM RL78/L12
32 pins 44 pins 48 pins 52 pins 64 pins
32KB 2 KB 1.5 KBNote R5F10RBC R5F10RFC R5F10RGC R5F10RJC R5F10RLC
16 KB 2 KB 1 kBNote R5F10RBA R5F10RFA R5F10RGA R5F10RJA R5F10RLA
8KB 2 KB 1 kgNote R5F10RB8 R5F10RF8 R5F10RG8 R5F10RJ8 -

Note

function is used.

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

In the case of the 1 KB, and 1.5 KB, this is 630 bytes when the self-programming function and data flash
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RL78/L12 1. OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/L12

Part Number
Ordering Part Number R5F10RLCAxxxFB#10

Packaging specification:

#U0, #00, #20 : Tray (HWQFN)
#V0, #10, #30 : Tray (LFQFP, LQFP)

#WO, #40 : Embossed Tape (HWQFN)
#XO0, #50 : Embossed Tape (LFQFP, LQFP;
Package type:

FP : LQFP, 0.80 mm pitch
FA : LQFP, 0.65 mm pitch
FB : LFQFP, 0.50 mm pitch
NB : HWQFN, 0.40 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:

8: 8KB
A: 16 KB
C: 32KB
Pin count:
B : 32-pin
F : 44-pin
G : 48-pin
J @ 52-pin
L : 64-pin

RL78/L12 group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product
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RL78/L12

1. OUTLINE

<R>

Table 1-1. List of Ordering Part Numbers

Fields of Ordering Part Number
Pin Pack Data |\ plicat RENESAS Cod
ackage pplication Packagin ode
count Flash Note Part Number - g .g
specification
32 32-pin plastic LQFP Mounted | A R5F10RBSAFP, R5F10RBAAFP, | #V0, #X0 PLQP0032GB-A
G R5F10RB8GFP, R5F10RBAGFP,
R5F10RBCGFP
44 | 44-pin plastic LQFP Mounted | A R5F10RF8AFP, R5F10RFAAFP, | #V0, #X0 PLQP0044GC-A
PLQP0044GC-D
G R5F10RF8GFP, R5F10RFAGFP, | #V0, #X0 PLQP0044GC-A
R5F10RFCGFP #10, #30, #50 | PLQP0044GC-A/
PLQP0044GC-D
48 | 48-pin plastic LFQFP Mounted | A R5F10RGBAFB, R5F10RGAAFB, | #V0, #X0 PLQPO048KF-A
pins (7 x 7 mm, 0.5 mm pitch) R5F10RGCAFB #10. #30. #50 | PLQPO048KB-B
G R5F10RG8GFB, R5F10RGAGFB, | #V0, #X0 PLQPO048KF-A
R5F10RGCGFB #10, #30, #50 | PLQPO048KB-B
52 52-pin plastic LQFP Mounted | A R5F10RJBAFA, R5F10RJAAFA, | #V0, #X0 PLQP0052JA-A
pins (10 x 10 mm, 0.65 mm pitch) R5F10RJCAFA #10. #30. #50
G R5F10RJBGFA, R5F10RJAGFA,
R5F10RJCGFA
64 64-pin plastic HWQFN Mounted | A R5F10RLAANB, R5F10RLCANB | #U0, #W0 PWQNOOB4LA-A
pins | (8 x 8 mm, 0.4 mm pitch) #00, #20, #40 | PWQNO00BALB-A
G R5F10RLAGNB, R5F10RLCGNB | #U0, #W0 PWQNOOB4LA-A
#00, #20, #40 | PWQNO00BALB-A
64-pin plastic LFQFP Mounted | A R5F10RLAAFB, R5F10RLCAFB | #V0, #X0 PLQPO0B4KF-A
(1010 mm, 0.5 mm pitch) #10, #30, #50 | PLQP0064KB-C
G R5F10RLAGFB, R5F10RLCGFB | #V0, #X0 PLQPO0B4KF-A
#10, #30, #50 | PLQP0064KB-C
64-pin plastic LQFP Mounted | A R5F10RLAAFA, R5F10RLCAFA | #V0, #X0 PLQPO064JA-A
(12> 12mm, 0.65 mm pitch) R5F10RLAGFA, REF10RLCGFA | #10, #30, #50

Note For the fields of application, refer to Figure 1-1 Part Number, Memory Size, and Package of RL78/L12.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering

part numbers, refer to the target product page of the Renesas Electronics website.
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RL78/L12 1. OUTLINE

1.3 Pin Configuration (Top View)

1.3.1 32-pin products

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

P15/SCKO1/INTP1/SEG4
P16/SI01/INTP2/SEG5
P17/SO01/T102/TO02/SEG6

R—0 como
NE——~0 com1
NF——+0O com2
NF——0O com3
SI——0O SEGO

191817
P21/ANI1/AVrerm O=—=25 16 [~—O P30/TI01/TO01/SEG19
P20/ANIO/AVRrerp O=—=26 15 F—O Vs
P14/ANI19/SEG32 Q=—{27 14 —O Vo2

P13/ANI18/TI00/SEG31 O-~—]28 RL78/L12 13 ——O Vi
P12/S000/TXDO/TOOLTXD/KRO/SEG30/(TI02)/(TO02) O=—={29  (Top View) 12 [=—=O P126/CAPL
P11/SI00/RXDO/TOOLRXD/KR1/SEG29/(INTP2) O=—{30 «—O P127/CAPH

11
P10/SCKO00/TI07/TO07/KR2/SEG28/(INTP1) O=—{31 O 10 =—=O P61/SDAA0/SEG20
P140/TO00/PCLBUZO/KR3/SEG27 O=—={32 9 =—0O P60/SCLA0/SEG21
123456 738
SEESRG 48
OQwkEO<=m
oW Z X N
Erg Yy
o by
o 0§
N
o

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).
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RL78/L12

1. OUTLINE

1.3.2 44-pin products

e 44-pin plastic LQFP (10 x 10 mm, 0.8 mm pitch)

P21/ANI1/AVRerm O]

P20/ANIO/AVrerp O-=—+]

P143/ANI21/SEG34 O-=—

P142/ANI20/SEG33 O=—

P14/ANI19/SEG32 O=—»f

P13/ANI18/SEG31 O=—»
P12/SO00/TxD0/TOOLTXD/KRO/SEG30/(TI102)/(TO02) O=——=
P11/S100/RxD0O/TOOLRXD/KR1/SEG29/(INTP2) O-a—»
P10/SCKO00/TI07/TO07/KR2/SEG28/(INTP1) O=—»
P140/TO00/PCLBUZ0/KR3/SEG27 O-=—
P141/TI00/PCLBUZ1/SEG26 O~—=

©
o
3,8
n <
608
522
Zag
oOor-raNm=kE i
0O00osZE
wwwwessg
DDAHDDIS o
SNV eN~NNn D
S====2=Z2=Z356x
00000000 REE
oo
33 323130292827 26 2524 23
34 22 [+—=OP32/TI03/TO03/INTP4/SEG17
35 21 =—=0OP31/INTP3/RTC1HZ/SEG18
36 20 [+—=OP30/TI01/TO01/SEG19
37 19 [+=—=OP125/VLs
38 18F—OVuws
39 RL78/!_1 2 17 OVis
40 (Top View) 16 —OVi
41 15 [«—=OP126/CAPL
42 14 }«—=OP127/CAPH
43 O 13 [=——=OP61/SDAAO/SEG20
44 12 |«—>OP LAO/SEG21
123456 78 91011 6O/SCLAO/SEG
WOIFF®N—-—9OXY S0 9 8
OoHSXKkERZD>>
wWowos Z XNy
Ol x o We
NS Wyosgt
- < N ~ X
Zz0 £ 0oJ
< X N
S 3 =&
= o

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).
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RL78/L12 1. OUTLINE

1.3.3 48-pin products

e 48-pin plastic LFQFP (7 x 7 mm, 0.5 mm pitch)

<)
6N
s W@y
O ¥
L (0] N O
(2T
=~ [OISe
o LER
EN QO
z0o ow
O~ N m=E E 0
QOO O=ZEF
wwwiwesSga
DDDDSKodE
ssgg3Ig¢tenas
00000000 LEER
oooooooo0ononooan
36 35 34 33 32 31 30 29 28 27 26 25
P21/ANI1/AVrerm O=—=37 24 |~—=OP70/KRO/SEG16
P20/ANI0/AVrerp O=——»{38 23 |«——=0OP32/TI03/TO03/INTP4/KR1/SEG17
P144/ANI22/SEG35 O 39 22|«——=~OP31/INTP3/RTC1HZ/KR2/SEG18
P143/ANI21/SEG34 O 40 21 |«——=OP30/TI01/TO01/KR3/SEG19
P142/ANI20/SEG33 O=—={41 20 [«——~OP125/Vis
P14/ANI19/SEG32 O 42 RL78/L12 19 ——0Owvis
P13/ANI18/SEG31 0O 43 (Top View) 18— Owvie
P12/S000/TxD0/TOOLTXD/SEG30/(T102)/(TO02)O 44 17 —Owvu
P11/S100/RxD0O/TOOLRXD/SEG29/(INTP2) O~—{45 16 [«——~OP126/CAPL
P10/SCKO00/TI07/TO07/SEG28/(INTP1)O~——=]46 15 [«——~0OP127/CAPH
P140/TO00/PCLBUZO0/SEG27 O 47 O 14 [«——~0OP61/SDAAO/SEG20
P141/TI100/PCLBUZ1/SEG26 O 48 13 [«—+~0OP60/SCLAO/SEG21
12345678 9101112
OOOLiiiLiLii
VWIOIFN-—OX SO 3 8
CODHMSYKERZR>>
Wi oo e Z X Ny
QOElrxNF Wy
539 Yaog
z0a £ Ay
<= ES o
g3 I o
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Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 u4F).

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).
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RL78/L12 1. OUTLINE

1.3.4 52-pin products

e 52-pin plastic LQFP (10 x 10 mm, 0.65 mm pitch)

8
<~ w q
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L O N O ®
2n8LQ
= ¢p O W
o <X N0
Eda0Qe
Zz o uwo
o - N o = B Z ® O
OO OO ZEEE
wwww 2 sga e
QADDDIK oakE o
S>>===3:=222%s5k
00000000 LLEES
[ & IS & I & R & I & R & T s W o W « WY o MY o
3938 37 36 35 3433 32 3130 2928 27
P21/ANI1/AVrerm O~—+{40 26 (+—O P71/KR1/SEG15
P20/ANIO/AVrerp Q=141 25 f«—~(O P70/KRO/SEG16
P145/ANI23/SEG36 O~—+{42 24 f«+——=O P32/TI03/TO03/INTP4/SEG17
P144/ANI22/SEG35 O=— =143 23 f«=——=O P31/INTP3/RTC1HZ/KR2/SEG18
P143/ANI21/SEG34 O=—=44 22 [«—O P30/TI01/TO01/KR3/SEG19
P142/ANI20/SEG33 O=~——={45 21 [=——=O P125/V13
P14/ANIM9/SEG32 O=—+{46 '?I_U%_UZ 20 ——OVis
P13/ANI18/SEG31 O~—+{47 (Top View) 19 ——ove
P12/S000/TxDO/TOOLTXD/SEG30/(TI02)/(TO02) O~—=48 18 ——O Vi
P11/S100/RXDO/TOOLRXD/SEG29/(INTP2) O~——»{49 17 [=——=O P126/CAPL
P10/SCKO00/TI07/TO07/SEG28/(INTP1) O=——+50 16 [~——=O P127/CAPH
P140/TO00/PCLBUZ0/SEG27 O~——|51 15 [~——=O P61/SDAA0/SEG20
P141/TI00/PCLBUZ1/SEG26 O=—+52 O 14 |«——0O PB0/SCLAO/SEG21
10 11 13

RESET O———{w»n
REGC O————]

Vss O—— | S
Voo O———]

P124/XT2/EXCLKS O——~ &
P121/X1

P123/XT1 O—— N
P137/INTPO O——=

P122/X2/EXCLK O——={©

P40/TOOLO O=——=~ &

P120/ANI17/SEG25 O=——=~ =

P41/ANI16/TI04/TO04/SEG24 O=——=|N
P42/T105/TO05/SEG23 Oe——» w

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 u4F).

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).
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RL78/L12

1. OUTLINE

1.3.5 64-pin products

e 64-pin plastic HWQFN (8 x 8 mm, 0.4 mm pitch)

P21/ANI1/AVrRerm Oe—

P20/ANIO/AVRrerp O-a—e|

P130 O=——

P147/SEG38 O=~——|

P146/SEG37 O=—]

P145/ANI23/SEG36 O=——r{
P144/ANI22/SEG35 O=—nq
P143/ANI21/SEG34 O=—n{
P142/ANI20/SEG33 O=——»{
P14/ANI19/SEG32 O=—»]
P13/ANI18/SEG31 O=—n]
P12/SO00/TxDO/TOOLTXD/SEG30 Oe——n]
P11/SI00/RxDO/TOOLRXD/SEG29 (O=e——n]
P10/SCKO0/SEG28 (O~——»|
P140/TO00/PCLBUZO/SEG27/(INTP6) O=——n|
P141/TI00/PCLBUZ1/SEG26/(INTP7) O=——»]

~
o
s 3z
o =
6N Ex
< W m = o
208 53
23888 OFE
a® E S oo §
o N ™ E E a :/ua) g % g =
cooosSzEgRse:
W ow owow g = S AP R N 6
DDODHDFopgESESOD
%EEEEEEEQQQEEEE@ exposed die pad
00000000 LLEILIBI
(GGG RGNS NS IS IS Ry a Ny a I« Fs Wy Na Hya My
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
49 32 [=——~0O P74/SEG12
50 | | 31 [~——=0O P73/KR3/SEG13
51 |30 [+—=O P72/KR2/SEG14
52 | | 29 [=—=O P71/KR1/SEG15
53 I 28 [~—=0O P70/KRO/SEG16
54 | | 27 [=——=O P32/TI03/TO03/INTP4/SEG17
5 I 26 [~—O P31/INTP3/RTC1HZ/SEG18
56 | RL78/L12 | 25 [=——=0 P30/TIO1/TO01/SEG19
| .
57 ‘ (Top VIeW) : 24 [+—0O P125/Vis3
58 | ‘ 23F——0OVu
59 | | 22— O Ve
60 | I 2f ——OWu
61 | | 20 [=——=O P126/CAPL
62 \ I 19 |=——=O P127/CAPH
N
63 N __________" g0 P61/SDAAO/SEG20
64 17 [=——=0 P60/SCLAO/SEG21
12345 67 8 910 111213141516
mvmwopm\—oxrogggg
Qoooek RISLTE
NYTONS w=5ge
S85EE ptE%
ZeEz X S
382 N Y
- EFE by
res™ o
- <
= o
<
I
o

Cautions 1. Make EVss pin the same potential as Vss pin.
2. Make Vop pin the same potential as EVop pin.
3. 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. When using the microcontroller for an application where the noise generated inside the microcontroller

must be reduced, it is recommended to supply separate powers to the Vop and EVop pins and connect

the Vss and EVss pins to separate ground lines.

3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0

redirection register (PIOR).
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RL78/L12 1. OUTLINE

e 64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)
e 64-pin plastic LQFP (12 x 12 mm, 0.65 mm pitch)

Al
J

N
o
s 5z
o =
6N Ex
~ w m =4
8 e 23 © S 3
P Q8RB oL
sHozsw wX
A P2ER®D oA
Efa0c0ORrE
z ouwouwo k=
Q- EFNONOT
22QQcE€swE0ET
2000 E58ESESQ
S YIVO DL D EEZED
i R T
0000000 Ananeld®
48 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33
P21/ANI1/AVrerm O=—=149 32 [«—O P74/SEG12
P20/ANIO/AVrerp O=~——=|50 31 [=—O P73/KR3/SEG13
P130 O=——{51 30 [=—O P72/KR2/SEG14
P147/SEG38 O=~—={52 29 [~—=0O P71/KR1/SEG15
P146/SEG37 O=——»{53 28 [«—0O P70/KR0O/SEG16
P145/ANI23/SEG36 O=—~{54 27 [=—=O P32/TI03/TO03/INTP4/SEG17
P144/ANI22/SEG35 O=— =55 26 [+=—O P31/INTP3/RTC1HZ/SEG18
P143/ANI21/SEG34 O=—+{56 RL78/L12 25 |=—O P30/TI01/TO01/SEG19
P142/ANI20/SEG33 O=— =57 (Top View) 24 [=—O P125/Vis
P14/ANI19/SEG32 O—=—+~{58 23 O Vus
P13/ANI18/SEG31 O=—={59 2FH—O Ve
P12/SO00/TxDO/TOOLTXD/SEG30 (O=——={60 21 |—O Vus
P11/SI00/RxDO/TOOLRXD/SEG29 O=——»|61 20 [*+—O P126/CAPL
P10/SCK00/SEG28 O=— |62 19 f———0 P127/CAPH
P140/TO00/PCLBUZO/SEG27/(INTP6) O=—={63 18 [~—O P61/SDAAO/SEG20
P141/TI00/PCLBUZ1/SEG26/(INTP7) O=—=|64 17 [=—O P60/SCLAO/SEG21
12345 67 8 910 111213141516
LY ONO|I-FN—-—OX O 8 9 2 2
coooRlR RESAE
EE8re gaog®
Z00kEd £ &%
Zcez X 8
Rggg & &
ig5T &
- <
Z o
<
5
o

Cautions 1. Make EVss pin the same potential as Vss pin.
2. Make Vob pin the same potential as EVop pin.
3. 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. When using the microcontroller for an application where the noise generated inside the microcontroller
must be reduced, it is recommended to supply separate powers to the Vop and EVop pins and connect
the Vss and EVss pins to separate ground lines.

3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0
redirection register (PIOR).
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RL78/L12

1. OUTLINE

1.4 Pin Identification

ANIO, ANI1, P130, P137: Port 13
ANI16 to ANI23: Analog Input P140 to P147: Port 14
AVREFM: Analog Reference PCLBUZ0, PCLBUZ1: Programmable Clock
Voltage Minus Output/Buzzer Output
AVREFP: Analog Reference REGC: Regulator Capacitance
Voltage Plus RESET: Reset
CAPH, CAPL: Capacitor for LCD RTC1HZ: Real-time Clock Correction Clock
COMO to COM7, (1 Hz) Output
EVoo: Power Supply for Port RxDO: Receive Data
EVss: Ground for Port SCKO00, SCKO01,
EXCLK: External Clock Input SCLAO: Serial Clock Input/Output
(Main System Clock) SDAAQ: Serial Data Input/Output
EXCLKS: External Clock Input SEGO to SEG38: LCD Segment Output
(Subsystem Clock) SI00, SI01: Serial Data Input
INTPO to INTP7: Interrupt Request From S000, SO01: Serial Data Output
Peripheral TI00 to TIO7: Timer Input
KRO to KR3: Key Return TOO0O0 to TOO7: Timer Output
P10 to P17: Port 1 TOOLO: Data Input/Output for Tool
P20, P21: Port 2 TOOLRXD, TOOLTxD: Data Input/Output for External Device
P30 to P32: Port 3 TxDO: Transmit Data
P40 to P43: Port 4 Vob: Power Supply
P50 to P54: Port 5 Vi1 to Via: LCD Power Supply
P60, P61: Port 6 Vss: Ground
P70 to P74: Port 7 X1, X2: Crystal Oscillator (Main System Clock)
P120 to P127: Port 12 XT1, XT2: Crystal Oscillator (Subsystem Clock)
R01DS0157EJ0212 Rev.2.12 RENESAS Page 11 of 135
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RL78/L12

1. OUTLINE

1.5 Block Diagram

1.5.1 32-pin products

TIMER ARRAY
UNITO (8ch)
TI00/P13 —{] 0
TO00/P140 ~—
- PORT 1 8> P10to P17
TI01/T001/P30 ~—}~] ch
TI02/TO02/P17 || o -y PORT 2 (2> P20, P21
(TI02/TO02/P12)
ch3 - - PORT 3 P30
K 2] ANI0/P20, ANI1/P21
K 2] ANI18/P13, ANI19/P14 ()| PorT4 P40
K>| AID CONVERTER
AVrerp/P20
ch6 AVrerm/P21
- PORT 6 K 2> P60, P61
TIO7/TO07/P10 =— ch7
REALTIME | L2 P126, P127
PORT 12
CODE FLASH MEMORY
LON-SPEED 12- BIT INTERVAL | RL78 | —— p137
- 1 cPU [ —
OSCILLATOR TIMER
CORE [S— AT FLASH MEMORY
—
WINDOW — P140
WATCHDOG  [(T) @
TIMER
@ |~ PCLBUZ0/P140
SEGO, SEG4 to SEG6, LD CLOCK OUTPUT
CONTROL
SEG19 to SEG21, CONTROLLERS
o oo DRIVER RAM L3 KRO/P12 to KR2/P10
COMO to COM3 KEY RETURN ©
-
Vi1, Viz, Vi RAM SPACE KR3/P140
CAPH FOR LCD DATA
CAPL ——|
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
SERAL ARRAY | DETECTOR
Cl
RxDO/P11 —| Voo Vss TOOLRXD/P11,
TXDO/P12 ~— UARTO TOOLTXD/P12
SCKOO/P10 RESET CONTROL
SI100/P11 CSlo00 <:>
SO00/P12
SCROIP1S DIRECT MEMORY | ON-CHIP DEBUG TOOLO/P40
K acce NTROL
SI01/P16 csiot CCESS CONTRO
S001/P17 SYSTEM RESET
CONTROL X1/P121
SDAAOPE1 =—[ SERIAL HI%HN'gﬁ:E’ED ~——X2/EXCLK/P122
SCLA0/Pe0 ~———| INTERFACE IICAO = OSCILLATOR
MULTIPLIERS —
DIVIDER
. REGC
MULTIPLY- - cRC REGULATOR
ACCUMULATOR
INTPO/P137
INTP1/P15(INTP1/P10),
< ZINTP2IP16(INTP2IP11)
BCD - INTERRUPT
ADJUSTMENT - CONTROL

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR).
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RL78/L12 1. OUTLINE
1.5.2 44-pin products
TIMER ARRAY
UNITO (8ch)
S e I
- PORT 1 K8 >P10to P17
TIO1/TO01/P30 ~—{+] chi
TI02/To02/P17 | | e - PORT 2 2> P20, P21
(TI02TO02/P12)
TIO3/TO03/P32 == ch3 - - PORT 3 3> P30to P32
K 2] ANI0/P20, ANI1/P21
chd ANI17/P120, ANI18/P13, - PORT 4 P40
K —>| AID CONVERTER VY
K "27) ANI20/P142, ANI21/P143
N Wacnie2d
ché AVrerm/P21
| PporTe 2> P60, P61
TIO7/TO07/P10 =— ch7
RTC1HZ/P31 ~——|  REAL-TIME K" > P120, P125 to P127
PORT 12
RL78 <—coE FLASH MEMORY
LOW-SPEED 12- BIT INTERVAL | cru [ (<) PORT13 |- P137
TIMER
OSCILLATOR core K—] DATA FLASH MEMORY
1
WINDOW = @ (| PoRT14 K& P140toP143
WATCHDOG
TIMER BUZZER OUTPUT
@ _________ PCLBUZO/P140,
SEGO to SEGS, CLOGK OUTPUT PCLBUZ1/P141
SEG17 to SEG21, LcD CONTROL
SEG25 to SEG34 CONTROLLER/ RAM
COMO to COM7 DRIVER |/ ¢ wevrerurn K 371 KRO/P12 to KR2/P10
Vi to Vis RAM SPACE KR3/P140
CAPH ——| FOR LCD DATA
CAPL ——|
POWER ON RESET/
ol et
Smﬁb’gﬁf‘( ‘ DETECTOR
Cl
RXDO/P11 — = Voo Vss TOOLRXD/P11, ‘
TXDO/P12 ~— UARTO TOOLTXD/P12
SCKO00/P10 @ RESET CONTROL
SI00/P11 csioo
S000/P12
— DIRECT MEMORY )| ON-CHIP DEBUG TOOLO/P40
SCKowP15 )| AccEss CONTROL
SI01/P16 csiot
S001/P17 SYSTEM RESET
CONTROL X1/P121
SDAAO/PET SERIAL HIGH-SPEED X2/EXCLKIP122
.| INTERFACE licA0 - ON-CHIP XT1/P123
SCLAOIPEO OSCILLATOR XT2/EXCLKS/P124
MULTIPLIER& ——
DIVIDER
. REGC
MULTIPLY- - CRC REGULATOR
ACCUMULATOR
INTPO/P137
INTP1/P15(INTP1/P10),
INTP2/P16(INTP2/P11)
BCD L (| INTERRUPT INTP3/P31,
ADJUSTMENT [N CONTROL INTP4/P32

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR).
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RL78/L12

1. OUTLINE

1.5.3 48-pin products

TI00/P141 —
TO00/P140~—

TI01/TO01/P30 =—

TI02/TO02/P17

P—

(TI02/TO02/P12)

TIO3/TO03/P32 ~—

TI04/TO04/P41 ~—

TIMER ARRAY
UNITO (8ch)

ch0
ch1
ch2

ch3

fo)
=
>

fo)
=

=)
=
II

=

A/D CONVERTER

<:Z| ANIO/P20, ANI1/P21

ANI16/P41, ANI17/P120,
ANI18/P13, ANI19/P14
<:I| ANI20/P142 to ANI22/P144

AVrerr/P20

AVrerm/P21

TI07/TO07/P10 ~— ch?
RTC1HZ/P31 REAL-TIME
’—~ CcLOCK
——{coE FLASH MEMORY
LOW-SPEED RL78
12- BIT INTERVAL cPU [
ON-CHIP 11 TIMER core [K—
OSCILLATOR DATA FLASH MEMORY
—
WINDOW @
WATCHDOG
TIMER
SEGO to SEG7,
SEG16 to SEG21, < 28] LeD
SEG24 to SEG35 CONTROLLER/ RAM
COMO to COM7 DRIVER
Vit to Vi =1 7" RAM SPACE
CAPH ——| FOR LCD DATA
CAPL —|
SERIAL ARRAY ‘
g UNITO (2ch) Voo Vss TOOLRXD/P11,
— TOOLTXD/P12
TXDO/P12 ~—] UARTO
SCKOO0/P10
SI00/P11 CSloo
P12
S000/ (| DIRECT VEMORY
SCKO1/P15 ACCESS CONTROL
SI01/P16 Csiot
S001/P17
SDAAO/P61 =+—| SERIAL

SCLA0/P60 ~—

INTERFACE IICAQ

MULTIPLIER&
DIVIDER,
MULTIPLY-
ACCUMULATOR

BCD
ADJUSTMENT

CRC

“&» P10 to P17
“@ P20, P21
”ﬁ» P30 to P32
“&» P40, P41
o
<:> P60, P61

= o
K "> P120, P125 to P127

s o

<:> P140 to P144

BUZZER OUTPUT

Ao rz

CLOCK OUTPUT
CONTROL

KRO/P70
{_>| KEYRETURN
K 73] KR1/P32 to KR3/P30

PCLBUZ0/P140
(PCLBUZO/P50),
PCLBUZ1/P141

POWERONRESET/[ Lo o
VOLTAGE CONTROL
DETECTOR

RESET CONTROL
| oN-CHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121
IGHSPEED X2/EXCLK/P122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC
INTPO/P137

INTP1/P15(INTP1/P10),
INTP2/P16(INTP2/P11)

INTP3/P31,
INTP4/P32

[«—— INTP5/P50

INTERRUPT
CONTROL

-

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR).
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RL78/L12

1. OUTLINE

1.5.4 52-pin products

TIMER ARRAY
UNITO (8ch)
TI00/P141 —~
TO00/P140 ~— cho
TI01/TO01/P30 <= cht
TI02T002/P17 __ | | -
(TI02/T002/P12)
TI03/TO03/P32 ~—f = oh3
TI04/TO04/P41 == cha
TI05/TO05/P42 == ch5
TI06/TO06/P51 == o6
TI07/TO07/P10 ~—] o7

RTC1HZIP31 «——  ReaL-TIME
’—~ CLOCK
LOW-SPEED
- SPEE 12-BIT INTERVAL
OSCILLATOR
WINDOW
WATCHDOG
TIMER
SEGO to SEGS,
SEG15 to SEG21,{ 30 LCD
SEG23 to SEG36 CONTROLLER/
COMO to COM7 DRIVER
Vit to Vis = "R AM SPACE
CAPH ——| FOR LCD DATA
CAPL ——
SERIAL ARRAY
UNITO (2ch)
RxDO/P11 —|
TXDO/P12 ~—] UARTO
S§630p17
SI00/P11 csioo
SO00/P12
SCKO1/P15
SI01/P16 csio1

SDAAQ/P61 ~—| SERIAL
SCLA0/P60 <~ INTERFACE IICAO

MULTIPLIER&
DIVIDER,
MULTIPLY-
ACCUMULATOR

BCD
ADJUSTMENT

=

A/D CONVERTER

K 21 ANI0/P20, ANI1/P21

ANI16/P41, ANI17/P120,
ANI18/P13, ANI19/P14
<:I| ANI20/P142 to ANI23/P145

AVrerr/P20
AVrerm/P21

RL78
CPU
CORE

~| DATA FLASH MEMORY
—

CODE FLASH MEMORY

RAM

Voo

Vss TOOLRxD/P11,
TOOLTxD/P12

-

DIRECT MEMORY
ACCESS CONTROL

CRC

<:> P10 to P17
<:> P20, P21
<:> P30 to P32
<:> P40 to P42
<:> P50, P51
“C’ P60, P61
“C» P70, P71
_7 P137
<:> P140 to P145

BUZZER OUTPUT PCLBUZ0/P140
A--------- (2" (PCLBUZO/P50),
CLOCK OUTPUT PCLBUZ1/P141
CONTROL

K21 KRO/P70, KR1/P71
{Z>] KEYRETURN
K 2] KR2/P31, KR3/P30

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL

| on-cHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121

IGHSPEED X2/EXCLK/P122
ON-CHIP XT1/P123

OSCILLATOR XT2/EXCLKS/P124

VOLTAGE

REGULATOR REGC

~—— INTPO/P137

INTP1/P15(INTP1/P10),
2 INTP2IP16(INTP2IP11)

INTP3/P31,
INTP4/P32

~—— INTP5/P50

INTERRUPT
CONTROL

-

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR).
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RL78/L12 1. OUTLINE
1.5.5 64-pin products
TIMER ARRAY
UNITO (8ch)
TI00/P141 — = oho
TO00/P140 ~—
(>  PORT1 K8 >P10to P17
TI01/TO01/P30 ~—}»| ch
TIO2/TO02IP17 |, 2 ()|  PORT2 K Z,)P20, P21
(TI02/TO02/P54)
TIO3/TO03/P32 <~ ch3 - - PORT 3 L3> P30 to P32
K 21 ANI0/P20, ANI1/P21
TI04/TO04/P41 ~—1 chd ANI16/P41, ANI17/P120, - PORT 4 (2”>P40 to P43
D CONVERTER ANI18/P13, ANI19/P14
K= K 2] ANI20/P142 to ANI23/P145
TI0S/TO0S/P42 chs - PORT 5 K5 >P50 to P54
AVRerr/P20
TI06/TO06/P51 =—1= ch6 AVrern/P21 -
- PORT 6 K 2> P60, P61
TI07/TO07/P53 ~— ch7
- PORT 7 5 >P70to P74
RTC1HZ/P31 ———{  REAL-TIME
K ~4">P120, P125 to P127
CLOCK - {“) PoRT12  [X
K2 1P121 to P124
RL78 ——{copE FLASH MEMORY 130
O SPEP 12- BIT INTERVAL - cpu [ - PORT 13 b137
OSCILLATOR TIMER core [K—
DATA FLASH MEMORY
—
WNDOW (> PorT14 KB > P140to P147
WATCHDOG [
TIMER BUZZER OUTPUT PCLBUZOPA40
@ A--------- (PCLBUZ0/P50),
CLOCK OUTPUT PCLBUZ1/P141
SEGOto SEG38( 39 )| o LCD CONTROL
COMO to coM7< 8] DRIVER (N RAM KRO/P70 to
Vir to Vi AV SPAGE () KEYRETURN KT& ) "oros
e
CAPL —
POWER ON RESET/
POR/LVD
SERIAL ARRAY VOLTAGE CONTROL
UNITO (2ch) DETECTOR
RxDO/P11 — UARTO Voo, Vss, TOOLRXD/P11, @
TxDO/P12 «—f EVoo EVss TOOLTXD/P12
SCK00/P10 <:> {">| RESET CONTROL
SI00/P11 Csioo
S000/P12
SCKOIP1S - DIRECT MEMORY . | oN-cHIP DEBUG TOOLO/P40
SI01/P16 Cslo1 ACCESS CONTROL
SO001/P17 SYSTEM RESET
CONTROL X1/P121
SDAAO/PET ~——[ SERIAL - HIGH-SPEED X2IEXCLK/P122
.| INTERFACE liCA0 ON-CHIP XT1/P123
SCLAO/P60
OSCILLATOR XT2/EXCLKS/P124
MULTIPLIERS
DIVIDER, VOLTAGE
woLTPLY- [ REGULATOR REGC
ACCUMULATOR
~—— INTPO/P137
INTP1/P15(INTP1/P53),
INTP2/P16(INTP2/P54)
BCD =N | INTERRUPT INTP3/P31,
ADJUSTMENT [N CONTROL INTP4/P32
INTP5/P50

~—— INTP6/P52(INTP6/P140)
~—— INTP7/P43(INTP7/P141)

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

register (PIOR).
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RL78/L12 1. OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral 1/0 redirection register (PIOR) is set

to OOH.
(1/2
Iltem 32-pin 44-pin 48-pin 52-pin 64-pin
R5F10RBx R5F10RFx R5F10RGx R5F10RJx R5F10RLx
Code flash memory (KB) 8 to 32 810 32 8to 32 8to 32 16, 32
Data flash memory (KB) 2 2 2 2 2
RAM (KB) 1’ 1'5N0le1 1’ 1.5N01e1 1’ 1.5Note1 1‘ 1.5Note1 1’ 1.5N0le1
Memory space 1 MB
Main High-speed system clock| X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
system HS (high-speed main) operation: 1 to 20 MHz (Voo = 2.7 to 5.5 V),
clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
High-speed on-chip HS (high-speed main) operation: 1 to 24 MHz (Voo = 2.7 to 5.5 V),
oscillator clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
Subsystem clock - XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)

32.768 kHz (TYP.): Voo = 1.6 t0 5.5V

Low-speed on-chip oscillator clock Internal oscillation
15 kHz (TYP.): Voo =1.6to 5.5V

General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time | 0.04167 us (High-speed on-chip oscillator clock: fn = 24 MHz operation)

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

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

Instruction set o Data transfer (8/16 bits)

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

o Multiplication (8 bits x 8 bits)

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

Total number of 1/O port pins and 28 40 44 48 58
pins dedicated to drive an LCD
110 Total 20 29 33 37 47
port
CMOS I/0 15 22 26 30 39
CMOS input 3 5 5 5 5
CMOS output - - - - 1
N-ch open-drain 1/0 2 2 2 2 2
(EVoo tolerance)
Pins dedicated to drive an LCD 8 11 11 11 11
LCD controller/driver Internal voltage boosting method, capacitor split method, and external resistance
division method are switchable.
Segment signal output 13 22 (18)Note2 | oG (22) Note2 | 30 (@) Note 2 | 39 (35) Note 2
Common signal output 4 4 (8) Note2

Notes 1. In the case of the 1 KB, and 1.5 KB, this is 630 bytes when the self-programming function and data
flash function is used.
2. The values in parentheses are the number of signal outputs when 8 com is used.
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RL78/L12 1. OUTLINE
(212
Iltem 32-pin 44-pin 48-pin 52-pin 64-pin
R5F10RBx R5F10RFx R5F10RGx R5F10RJx R5F10RLx
Timer 16-bit timer 8 channels 8 channels (with 1 channel remote control output function)
Watchdog timer 1 channel
Real-time clock (RTC) 1 channel
12-bit interval timer (IT) 1 channel
Timer output 4 channels 5 channels 6 channels 8 channels (PWM outputs: 7 Note )
(PWM outputs: | (PWM outputs: | (PWM outputs:
3 Note 1) 4 Note l) 5 Note 1)
RTC output - 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Clock output/buzzer output 1 2

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fwan = 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

4 channels | 7 channels | 9 channels | 10channels| 10 channels

Serial interface

e CSI: 2 channel/UART (LIN-bus supported): 1 channel

I2C bus

1 channel | 1 channel | 1 channel | 1 channel | 1 channel

Multiplier and divider/multiply-
accumulator

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

DMA controller 2 channels
Vectored interrupt| Internal 23 23 23 23 23
sources External 4 6 7 7 9

Key interrupt

4

Reset

o Reset by RESET pin

o Internal reset by watchdog timer

o Internal reset by power-on-reset

o Internal reset by voltage detector

¢ Internal reset by illegal instruction execution Nt 2
o Internal reset by RAM parity error

o Internal reset by illegal-memory access

Power-on-reset circuit

* Power-on-reset: 1.51 £0.04 V
* Power-down-reset: 1.50 +0.04 V

Voltage detector

* Rising edge : 1.67 V t0 4.06 V (14 stages)
* Falling edge : 1.63 V to 3.98 V (14 stages)

On-chip debug function

Provided

Power supply voltage

Voo =1.61t05.5V

Operating ambient temperature

Ta=-40to +85 °C

Notes 1. The number of PWM outputs varies depending on the setting of channels in use (the number of masters

and slaves).

2. The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip

debug emulator.

R0O1DS0157EJ0212 Rev.2.12
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2. ELECTRICAL SPECIFICATIONS (A, G: Ta=-40to +85°C)

This chapter describes the electrical specifications for the products "A: Consumer applications (Ta = -40 to +85°C)" and
"G: Industrial applications (with Ta = -40 to +85°C)".

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. With products not provided with an EVop, or EVss pin, replace EVop with Voo, or replace EVss with
Vss.

RO1DS0157EJ0212 Rev.2.12 R NS Page 19 of 135
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage Voo Voo = EVop -0.5t0 +6.5 \%
EVoo Vobp = EVoo -0.5t0 +6.5 \%
EVss -0.5t0 +0.3 \Y,
REGC pin input voltage | Virecc REGC -0.3t0 +2.8 \%
and -0.3 to Vop + 0.3Vt !
Input voltage Viu P10 to P17, P30 to P32, P40 to P43, P50 to P54, —0.3 to EVop +0.3 \%
P70 to P74, P120, P125 to P127, P140 to P147 and -0.3 to Voo + 0.3"°te2
Vi P60, P61 (N-ch open-drain) -0.3to EVop +0.3 \%
and —0.3 to Vop + 0.3\ 2
Vi P20, P21, P121 to P124, P137, EXCLK, -0.3to Vop + 0.3"°te2 \Y
EXCLKS, RESET
Output voltage Vo1 P10 to P17, P30 to P32, P40 to P43, -0.3to EVoo + 0.3 \%
P50 to P54, P60, P61, P70 to P74, P120, and -0.3 to Voo + 0.3"'¢2
P125 to P127, P130, P140 to P147
Vo2 P20, P21 -0.3to Vop + 0.3 Note2 \Y,
Analog input voltage VaiL ANI16 to ANI23 —-0.3 to EVoo + 0.3 and \%
—0.3 to AVrer(+) + 0.3
Notes 2, 3
Vaiz ANIO, ANI1 —-0.3to Voo + 0.3 and \Y
—0.3 to AVRrer(+) + 0.3
Notes 2, 3

Notes 1.

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

This value regulates the absolute

maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Must be 6.5V or lower.
3. 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.

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

Vss : Reference voltage

RO1DS0157EJ0212 Rev.2.12

Dec 22, 2020

REN ESNS Page 20 of 135



RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Absolute Maximum Ratings (Ta = 25°C) (2/3)
Parameter Symbols Conditions Ratings Unit
LCD voltage Vi Vi voltageMoe ! -0.31t0 +2.8 \Y
and -0.3to Vs + 0.3
Viz Viz voltageNete ! —-0.3 to Via + 0.3 Note2 \Y,
Vi3 Vi3 voltageN°tet 0.3 t0 Via + 0.3 Note2 Y,
Via Via voltageNote ! -0.3t0 +6.5 \Y,
Vicap CAPL, CAPH voltageN°te! —0.3t0 V4 + 0.3 Note2 \Y
Viout COMO to COM7,| External resistance division -0.3 to Voo + 0.3 Note2 Y,
SEGO to method
SEG3S, Capacitor split method -0.3 to Vop + 0.3 Note2
output voltage -
Internal voltage boosting method —-0.3 t0 Via + 0.3 Note2

Notes 1.

This value only indicates the absolute maximum ratings when applying voltage to the Vi1, Vi2, Vi3,
and Vus 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 u F + 30%) and connect a capacitor (0.47 u F + 30%) between the CAPL and CAPH
pins.

Must be 6.5 V 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/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Absolute Maximum Ratings (Ta = 25°C) (3/3)
Parameter Symbols Conditions Ratings Unit
Output current, high loH1 Per pin P10 to P17, P30 to P32, -40 mA
P40 to P43, P50 to P54,
P70 to P74, P120, P125 to P127,
P130, P140 to P147
Total of all pins | P10 to P14, P40 to P43, P120, -70 mA
-170 mA P130, P140 to P147
P15 to P17, P30 to P32, -100 mA
P50 to P54, P70 to P74,
P125 to P127
loH2 Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loL1 Per pin P10 to P17, P30 to P32, 40 mA
P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P130,
P140 to P147
Total of all pins | P10 to P14, P40 to P43, P120, 70 mA
170 mA P130, P140 to P147
P15 to P17, P30 to P32, 100 mA
P50 to P54, P60, P61,
P70 to P74, 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
pins.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1, XT1 oscillator characteristics

(TA=-40to +85°C, 1.6 V<EVbp=VDD<5.5V,Vss=EVss=0V)

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

Note Indicates only permissible oscillator frequency ranges. Refer to 2.4 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.

2.2.2 On-chip oscillator characteristics

(TA=-40to +85°C, 1.6 V<EVbp=VDD<5.5V,Vss=EVss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | fi 1 24 MHz
clock frequency Netes &2
High-speed on-chip oscillator —20 to +85°C 1.8V<Vop<55V -1 +1 %
clock frequency accuracy 1.6V <Vop< 1.8V 5 +5 %

—40 to -20°C 1.8V <Vop<5h5V -15 +1.5 %
16V<Vop<1l8V -55 +5.5 %
Low-speed on-chip oscillator | fi. 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %

clock frequency accuracy

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

HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to 2.4 AC Characteristics for instruction execution
time.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to +85°C, 1.6 V<EVbp=VDD<5.5V, Vss=EVss=0V) (1/5)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, | lowz Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, -10.0 mA
highNote 1 P70 to P74, P120, P125 to P127, P130, P140 to P147 Note 2
Total of P10 to P14, P40 to P43, P120, |4.0V<EVopb<55V -40.0 mA
P130, P140 to P147 27V<EVon<4.0V 80 | mA
(When duty = 709 N°te 3)
18V<EVop<27V -4.0 mA
16 V<EVop<18V -2.0 mA
Total of P15 to P17, P30 to P32, 40V<EVop<55V -60.0 mA
P50 to P54, P70 to P74, P125 to P127 27V<EVoo<4.0V _15.0 mA
(When duty = 709 N°te 3)
1.8V<EVop<27V -8.0 mA
16 V<EVop<18V -4.0 mA
Total of all pins -100.0 mA
(When duty = 709"t %)
loHz P20, P21 Per pin -0.1 mA
Total of all pins 16V<Vop<55V -0.2 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo and
EVop pins to an output pin.
2. Do not exceed the total current value.
3. Specification 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 = —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.

Caution P10, P12, P15, and P17 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/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA =—40to +85°C, 1.6 V < EVbp = Vop < 5.5 V, Vss = EVss = 0 V) (2/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output current, | lowa Per pin for P10 to P17, P30 to P32, P40 to P43, 20.0 mA
lowMote 1 P50 to P54, P70 to P74, P120, P125 to P127, P130, Note 2
P140 to P147

Per pin for P60, P61 15.0N0€2|  mA
Total of P10 to P14, P40 to P43, 40V<EVop<55V 70.0 mA
P120, P130, P140 to P147 27V <EVon<4.0V 15.0 mA

(When duty = 709 "N°t¢ 3)
18V<EVop<27V 9.0 mA
16V<EVop<18V 45 mA
Total of P15 to P17, P30 to P32, 40V<EVop<55V 80.0 mA
P50 to P54, P60, P61, P70 to P74, 27V <EVon<4.0V 35.0 mA

P125 to P127

(When duty = 70% Note 3) 18V<EVop<27V 20.0 mA
16V<EVop<18V 10.0 mA
Total of all pins 150.0 mA

(When duty = 70% N°te %)
loL2 P20, P21 | Per pin 0.4 mA
Total of all pins 16V<Vop<55V 0.8 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo and
EVop pins to an output pin.
2. Do not exceed the total current value.
3. Specification 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 % 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.

RO1DS0157EJ0212 Rev.2.12 R NS Page 25 of 135
Dec 22, 2020 ENES



RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA =—40to +85°C, 1.6 V < EVbp = Vop < 5.5 V, Vss = EVss = 0 V) (3/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, ViH1 P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0.8EVoD EVop \%
high P50 to P54, P70 to P74, P120,
P125 to P127, P140 to P147
ViH2 P10, P11, P15, P16 TTL input buffer 2.2 EVop \Y
40V<EVop<55V
TTL input buffer 2.0 EVop \Y
3.3V<EVop<4.0V
TTL input buffer 1.50 EVop \%
16V<EVop<33V
ViH3 P20, P21 0.7Vop Vop \
Vina P60, P61 0.7EVop EVop \
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Vop \Y
Input voltage, Vi P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0 0.2EVop \%
low P50 to P54, P70 to P74, P120,
P125 to P127, P140 to P147
Vi P10, P11, P15, P16 TTL input buffer 0 0.8 \
40V<EVop<55V
TTL input buffer 0 0.5 \%
3.3V<EVop<4.0V
TTL input buffer 0 0.32 \%
16V<EVop<33V
Vi3 P20, P21 0 0.3Vop
ViLa P60, P61 0 0.3EVoD
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop

Caution The maximum value of Vi1 of P10, P12, P15, P17 is EVop, even in the N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA = —40 to +85°C, 1.6 V < EVop = Vop < 5.5V, Vss = EVss = 0 V) (4/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, | Von P10 to P17, P30 to P32, P40 to P43, | 40V <EVop <5.5V, |EVpp-1.5 \%
high P50 to P54, P70 to P74, P120, lon1 = =10 mA
P125to P127, P130, P140to P147 | 4 5\ < EVop <55 V, |EVop-0.7 v
lon1 = -3.0 mA
2.7V <EVop<5.5V, |EVop-0.6 \%
lon1 =-2.0 mA
1.8V <EVop <55V, |EVoo—-0.5 \%
lon1 =-1.5 mA
1.6 V<EVop<5.5V, [EVoo-0.5 \%
lon1 =-1.0 mA
Vorz P20, P21 1.6V<Vop<55V, | Voo-0.5 \%
lonz = -100 x A
Output voltage, | Vo1 P10 to P17, P30 to P32, P40 to P43, | 40V <EVop <55V, 1.3 \%
low P50 to P54, P70 to P74, P120, lot1 =20 mA
P125 to P127, P130, P140to P147 | 4 o\ < EVoo <5.5 v, 0.7 v
lota = 8.5 mA
27V<EVop <55V, 0.6 \%
lou1 = 3.0 mA
27V<EVopb<55V, 0.4 \%
lotz1 = 1.5 mA
1.8V<EVop<55YV, 0.4 \%
lota = 0.6 mA
1.6 V<EVopb<55V, 0.4 \%
lou1 = 0.3 mA
VoL2 P20, P21 1.6V<Vop<55V, 0.4 \%
lo2 =400 x A
VoLs P60, P61 40V<EVop<55YV, 2.0 \
lors = 15.0 mA
40V<EVop<55YV, 0.4 \%
lots =5.0 mA
27V<EVop <55V, 0.4 \%
lots = 3.0 mA
18V<EVop <55V, 0.4 \%
lots=2.0 mA
1.6 V<EVopb<55V, 0.4 \%
los =1.0 mA

Caution P10, P12, P15, P17 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/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA =—40to +85°C, 1.6 V < EVbp = Vop < 5.5 V, Vss = EVss = 0 V) (5/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input leakage lum P10 to P17, P30 to P32, Vi = EVop 1 HA
current, high P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
lunz P20, P21, P137, RESET Vi = Vop 1 LA
([N} P121 to P124 Vi=Voo | Ininput port or 1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator 10
connection
Input leakage luia P10 to P17, P30 to P32, Vi = EVss -1
current, low P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
luez P20, P21, P137, RESET Vi =Vss -1 LA
luies P121to P124 Vi =Vss In input port or -1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator -10 HA
connection
On-chip pll-up Ru1 Vi = EVss SEGxx port
resistance 24V<EVoo=Veo<55V| 10 20 100 kQ
16V<EVop=Vop<24V 10 30 100 kQ
Ru2 Ports other than above 10 20 100 kQ
(Except for P60, P61, and
P130)

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

pins.
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.3.2 Supply current characteristics

(TA=-40to +85°C, 1.6 V< EVpD =VDD< 5.5V, Vss = EVss =0 V) 1/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ipp1 Operating | HS (high-speed | fin = 24 MHzN°te 3 Basic Vop =5.0 V 15 mA
current mode main) mode™°®e® operation [\, .-~ 30 v 15 mA
e Normal | Voo = 5.0 V 33 | 50 | mA

operation '/, = 3.0 v 33 | 50 | mA
fin = 16 MHZNote 3 Normal |Vop=5.0V 2.5 3.7 mA
operation [/, = 3.0 v 25 | 37 | mA
LS (low-speed | fin = 8 MHZ\°te 3 Normal |Vop=3.0V 1.2 1.8 mA
main) mode™°'¢® operation [\, "= 5 g v 1.0 18 mA
LV (low- fin = 4 MHZz\te 3 Normal |Vop=3.0V 1.2 1.7 mA
voltage main) operation [\, "~ 5 gy 1.2 1.7 mA

modeNUteS
HS (high-speed | fux = 20 MHz\°®¢ 2, Normal | Square wave input 2.8 4.4 mA
main) mode™**® | \;0 = 5.0 v operation | pesonator connection 3.0 4.6 mA
fux = 20 MHzN°*®2, | Normal | Square wave input 2.8 4.4 mA
Voo = 3.0V operation | pesonator connection 3.0 4.6 mA
fux = 10 MHzNote 2, Normal | Square wave input 1.8 2.6 mA
Voo =5.0V operation Resonator connection 1.8 2.6 mA
fux = 10 MHzN°*®2, | Normal | Square wave input 1.8 2.6 mA
Voo = 3.0V operation | pesonator connection 1.8 2.6 mA
LS (low-speed | fux = 8 MHzN°t¢ 2, Normal | Square wave input 1.1 1.7 mA
main) mode™**® | \;0 = 30 operation | pesonator connection 1.1 1.7 mA
fux = 8 MHZzNt 2, Normal | Square wave input 1.1 1.7 mA
Voo =2.0V operation | pesonator connection 1.1 17 | mA
Subsystem fsus = 32.768 kHz"°"** | Normal | Square wave input 3.5 4.9 LA
clock operation | 1, = _40°c operation | pesonator connection 3.6 5.0 LA
fsue = 32.768 kHz"°"*# | Normal | Square wave input 3.6 4.9 LA
Ta=+25°C operation | pesonator connection 3.7 5.0 LA
fsus = 32.768 kHz"°"** | Normal | Square wave input 3.7 5.5 LA
Ta=+50°C operation Resonator connection 3.8 5.6 HA
fsue = 32.768 kHz°"*# | Normal | Square wave input 3.8 6.3 LA
Ta=+70°C operation | pesonator connection 3.9 6.4 LA
fsus = 32.768 kHz"°"** | Normal | Square wave input 4.1 7.7 LA
Ta=+85°C operation Resonator connection 4.2 7.8 HA

(Notes and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Notes 1. Total current flowing into Voo and EVop, including the input leakage current flowing when the level of the input
pin is fixed to Vob, EVop or Vss, EVss. The values below the MAX. column include the peripheral operation
current. However, not including the current flowing into the A/D converter, LVD circuit, 1/0 port, and on-chip
pull-up/pull-down resistors and the current flowing during data flash rewrite.

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

3. 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 AMPHS1 = 1 (Ultra-low
power consumption oscillation). However, not including the current flowing into the RTC, 12-bit interval timer,
watchdog timer, and LCD controller/driver.

5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7 V < Vop < 5.5 V@1 MHz to 24 MHz
2.4V <Vop<55V@1 MHz to 16 MHz

LS (low-speed main) mode: 1.8V <Vbop <5.5V@1 MHz to 8 MHz

LV (low-voltage main) mode: 1.6 V <Vbop <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)
2. fii:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA=-40to +85°C, 1.6 V<EVpp =VDD< 55V, Vss=EVss =0V) (2/3)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ipp2 HALT HS (high-speed | fin = 24 MHz Note 4 Vop =5.0V 0.44 1.28 mA
ﬁ(ligrlent Note 2 mode main) mode Nete” Voo = 3.0 V 0.44 1.28 mA
fin = 16 MHz Note 4 Voo =5.0V 0.40 1.00 mA
Voo =3.0V 0.40 1.00 mA
LS (low-speed | fit = 8 MHz Note4 Vob=3.0V 260 530 LA
main) mode "¢’ Voo = 2.0V 260 | 530 | A
LV (low-voltage | fin = 4 MHz Note4 Voo =3.0V 420 640 LA
main) mode "% Voo = 2.0 V 420 | 640 | 4A
HS (high-speed | fwx = 20 MHz\¢ 3, Square wave input 0.28 1.00 mA
main) mode ™" | \;,0 = 5.0 v Resonator connection 045 | 1.17 mA
fux = 20 MHZNte 3, Square wave input 0.28 1.00 mA
Voo =3.0V Resonator connection 0.45 1.17 mA
fux = 10 MHZNote 3, Square wave input 0.19 0.60 mA
Voo =5.0V Resonator connection 0.26 0.67 mA
fux = 10 MHZNote 3, Square wave input 0.19 0.60 mA
Vobo =3.0V Resonator connection 0.26 0.67 mA
LS (low-speed | fux = 8 MHzN°t3, Square wave input 95 330 LA
main) mode ™" | \/o = 3.0 v Resonator connection 145 380 A
fux = 8 MHzNote 3, Square wave input 95 330 LA
Vob=2.0V Resonator connection 145 380 LA
Subsystem fsus = 32.768 kHz\°*®® | Square wave input 0.31 0.57 LA
clock operation | 1, = _40°C Resonator connection 0.50 | 0.76
fsus = 32.768 kHz\°'*® | Square wave input 0.37 0.57 LA
Ta=+25°C Resonator connection 0.56 0.76
fsus = 32.768 kHz\°*®® | Square wave input 0.46 1.17 LA
Ta=+50°C Resonator connection 0.65 1.36
fsus = 32.768 kHz\°**® | Square wave input 0.57 1.97 LA
Ta=+70°C Resonator connection 0.76 2.16
fsus = 32.768 kHz\°*®® | Square wave input 0.85 3.37 LA
Ta=+85°C Resonator connection 1.04 3.56
Iopa\° 6 | STOP Ta =-40°C 0.17 0.50 LA
mode "**® I 1.~y 250C 023 | 050
Ta = +50°C 032 | 110 | A
Ta=+70°C 0.43 1.90 LA
Ta=+85°C 0.71 3.30 HA
(Notes and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Notes 1. Total current flowing into Voo and EVop, including the input leakage current flowing when the level of the input
pin is fixed to Voo, EVop or Vss, EVss. The values below the MAX. column include the peripheral operation
current. However, not including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip
pull-up/pull-down resistors and the current flowing during data flash rewrite.

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.

o~ w DN

When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and setting
ultra-low current consumption (AMPHS1 = 1). The current flowing into the RTC is included. However, not
including the current flowing into the 12-bit interval timer, watchdog timer, and LCD controller/driver.
6. Not including the current flowing into the RTC, 12-bit interval timer, and watchdog timer.
7. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7 V < Vop < 5.5 V@1 MHz to 24 MHz

2.4V <Vop <55V@1 MHz to 16 MHz

LS (low-speed main) mode: 1.8V <Vbop<5.5V@1 MHz to 8 MHz

LV (low-voltage main) mode: 1.6 V< Vop <5.5 V@1 MHz to 4 MHz
8. 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)
2. fii:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(TA=-40to +85°C, 1.6 V< EVpp = Vop < 5.5 V, Vss = EVss = 0 V) (3/3)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on- | I Note? 0.20 LA
chip oscillator
operating
current
RTC operating | Irtc fwain is stopped 0.08 LA
current Notes 1, 2, 3
12-bit interval Iir 0.08 LA
timer current Notes 1,2, 4
Watchdog timer | lwor fi, =15 kHz 0.24 LA
operating Notes 1,2,5
current
A/D converter lapc When conversion Normal mode, AVrere = Voo = 5.0 V 1.3 1.7 mA
operating Notes 1,6 at maximum speed || voltage mode, AVrerp = Vob = 3.0 V 0.5 0.7 mA
current
A/D converter |aDReF Note 1 75.0 LA
reference
voltage current
Temperature Itmps Note 1 75.0 LA
sensor
operating
current
LVD operating ILvo 0.08 LA
current Notes 1, 7
Self- IFsp 2.50 12.20 mA
programming Notes 1,9
operating
current
BGO operating | lsco 2.00 | 12.20 mA
current Notes 1, 8
LCD operating Iep1 External resistance division method | Voo =EVopb=5.0V 0.04 0.20 HA
current Notes 11, 12 V=50V
I.cp2 Mot 1 | Internal voltage boosting method Voo =EVop =5.0V 1.12 3.70 LA
V=51V (VLCD = 12H)
Voo =EVop=3.0V 0.63 2.20 HA
Vs =3.0V (VLCD = 04H)
I.cps Mot M | Capacitor split method Vopo = EVop =3.0V 0.12 0.50 LA
Vu=3.0V
SNOOZE Isnvoz N1 | ADC operation The mode is performed Note 10 0.50 0.60 mA
operating The A/D conversion operations are 120 | 1.44 mA
current performed, Low voltage mode, AVrere = Voo
=30V
CSI/UART operation 0.70 0.84 mA

(Notes and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Notes 1. Current flowing to Voo.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of
either lob1 or Iop2, and Irtc, when the real-time clock operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IriL should be added. Ibpb2 subsystem clock operation includes the
operational current of the real-time clock.

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 supply current of the RL78 microcontrollers is the sum of the values of
either Iop1 or Iop2, and Iit, when the 12-bit interval timer operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IFiL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The supply current of the RL78 microcontrollers is the sum of Iop1, Ibp2 or lopz and Iwot when the watchdog
timer is in operation.

6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of Iop1 or
Iop2 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 supply current of the RL78 microcontrollers is the sum of Iopz, Ipp2
or Iops and I.vo when the LVD circuit is in operation.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

10. For shift time to the SNOOZE mod.

11. Current flowing only to the LCD controller/driver. The supply current value of the RL78 microcontrollers is the
sum of the LCD operating current (lLcoi, Iicp2 or Icps) to the supply current (lop1 or Ibbz) when the LCD
controller/driver operates in an operation mode or HALT mode. Not including the current that flows through the
LCD panel.

The TYP. value and MAX. value are following conditions.
e When fsus is selected for system clock, LCD clock = 128 Hz (LCDCO = 07H)
¢ 4-Time-Slice, 1/3 Bias Method

12. Not including the current that flows through the external divider resistor when the external resistance division
method is used.

Remarks 1. fi:  Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPUl/peripheral hardware clock frequency
4. Temperature condition of the TYP. value is Ta = 25°C
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.4 AC Characteristics

2.4.1 Basic operation

(TA=-40to +85°C, 1.6 V< EVbpb=VbD<5.5V, Vss =EVss =0 V)

Iltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system | HS (high-speed | 2.7V <V <55V | 0.04167 us
instruction execution time) clock (fwan) | main) mode 24V<Vo<27V | 0.0625 s
operation i - i
LV (low voltage | 1.6 V<Vmp<55V | 0.25 Hs
main) mode
LS (low-speed | 1.8V<Vmp<55V | 0.125 1 us
main) mode
Subsystem clock (fsus) 18V<Vmm<55V | 285 30.5 31.3 7
operation
In the self HS (high-speed | 27V <Vmp <55V | 0.04167 1 us
programming main) mode 24V<Von<27V | 0.0625 1 1S
mode
LV (low voltage | 1.8V<Vm<55V | 0.25 1 us
main) mode
LS (low-speed | 1.8V<Vp<55V | 0.125 1 )7
main) mode
External main system clock fex 27V<Vop<55V 1.0 20.0 MHz
frequency 24V <Voo <27V 1.0 160 | MHz
1.8V<Vop<24V 1.0 8.0 MHz
1.6 V<Vop<18V 1.0 4.0 MHz
fexs 32 35 kHz
External main system clock input | texs, texc | 2.7 V< Voo <5.5V 24 ns
high-level width, low-level width 2 AV <Vop <27V 30 s
1.8V<Vop<24V 60 ns
16V<Vop<1l8V 120 ns
tExHs, 13.7 Hs
texLs
TIOO to TIO7 input high-level triH, 1/fmex+10 ns
width, low-level width tric
TOO0O0 to TOO7 output frequency | fro HS (high-speed 40V<EVop<55V 16 MHz
main) mode 27V<EVoo<4.0V MHz
24V <EVop <27V MHz
LS (low-speed main)| 1.8 V<EVop <5.5V MHz
mode
LV (low voltage 16 VSEVop <55V 2 MHz
main) mode
PCLBUZ0, PCLBUZ1 output frcL HS (high-speed 40V <EVop<55V 16 MHz
frequency main) mode 27V <EVoo<4.0V 3 MHz
24V <EVop<27V 4 MHz
LS (low-speed main)| 1.8 V<EVopb < 5.5V 4 MHz
mode
LV (low-voltage 1.8V<EVop<55V MHz
main) mode 16V<EVon<18V 2 MHz
Interrupt input high-level width, tINTH, INTPO 1.6V<Vop<55V 1 7
low-level width tvr INTPL to INTP7 16V<EVoo<55V 1 s
Key interrupt input low-level width | tkr KRO to KR3 1.8V<EVop <55V 250 ns
16V<EVop<1.8V 1 s
RESET low-level width trsL 10 )7

Remark

fmek: Timer array unit operation clock frequency

(Operation clock to be set by the CKSOn bit of timer mode register On (TMRON). n: Channel number (n = 0 to 7))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10
_ 1.0 Sk e ek K — When the high-speed on-chip oscillator clock is selected
_% / === During self programming
5 ] i —-—- When high-speed system clock is selected
2 . ;
£ ' [
© ' h
g | i
(&) i
i
N
0.1 I
! !
0.0625 fp===o=ocfoue--- bl !
L J
0.04167 fp=z=-ootoooo-- --:.'l— —_— )
0.01
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24 27 55
Supply voltage Voo [V]
Tecv vs Vob (LS (low-speed main) mode)
10
= 10 o i oo b e
= ]
,‘:) : — When the high-speed on-chip oscillator clock is selected
“E’ === During self programming
f} : —-—- When high-speed system clock is selected
° A
3 s.
0125 |-oooofoo- E . . . ;
0.1 . N
0.01 i
0 10 20 30 40 509960
18
Supply voltage Voo [V]
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Tey vs Vob (LV (low-voltage main) mode)

10
o 10 R e e
= :
|<_§ : ; — When the high-speed on-chip oscillator clock is selected
® i 1 === During self programming
-g o b —-—- When high-speed system clock is selected
g § =
O 025 f------ i S S ==t

0.1 - :

0.01 | |
0 10 120 30 40 50 9960

1618
Supply voltage Voo [V]

AC Timing Test Points

i/ Vor Vin/ Vor
Test points
Vi/Vou > P < Vi/Vou

External System Clock Timing

1/fexd!
1/fexs
ted || teed
texws texHs
EXCLK/EXCLKS \
\ N~—
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

TITO Timing

TIOO to TIO7

tH

1/fro

—
—

TOO0O0 to TOO7

Interrupt Request Input Timing

tINTH

tiNTL
INTPO to INTP7 \

Key Interrupt Input Timing

RESET Input Timing

tRsL

RESET

KRO to KR3 \L

e
-
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Points

ViH/ Vo ) ViH/ Vo
Test points
Vi/Vou > < Vi/Vou

2.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +85°C, 1.6 V<EVop = VoD £5.5V, Vss =EVss =0 V)

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 Note ! 2.4V <EVop=Vop <55V fuck/6 fmck/6 fmck/6 bps
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fuck = fork Note 2

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

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

maximum transfer rate
Note 2

fmek = fewk

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<Vbpb<5.5V)

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).
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2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

RL78/L12
UART mode connection diagram (during communication at same potential)
TxDq Rx
RL78 microcontroller User's device
RxDq Tx
UART mode bit width (during communication at same potential) (reference)
1/Transfer rate
High-/Low-bit width
Baud rate error t?',e[a,mfe, o
/
TxDq
RxDq
Remarks 1. q: UART number (q = 0), g: PIM and POM number (g = 1)
2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

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

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 27V<EVop<55V 167 500 1000 ns
Note 1 Note 1 Note 1
24V <EVop<55V 250 500 1000 ns
Note 1 Note 1 Note 1
1.8V<EVop<55V 500 1000 ns
Note 1 Note 1
16 V<EVop <55V 1000 ns
Note 1
SCKp high-/low-level width | tkHz, 40V<EVop <55V tkeva/2 tkeva/2 tkeva/2 ns
tkL1 -12 -50 -50
2.7V<EVop<55V tkey1/2 tkev1/2 tkey1/2 ns
-18 -50 -50
24V <EVop<55V tkeva/2 tkeya/2 tkeva/2 ns
-38 -50 -50
1.8V<EVop<55V tkev1/2 tkey1/2 ns
-50 -50
16 V<EVop <55V tkey1/2 ns
-100
Slp setup time (to SCKpT) | tsiz 27V<EVop<55V 44 110 110 ns
2
e 24V <EVop <55V 75 110 110 ns
1.8V<EVop<55V 110 110 ns
16 V<EVop <55V 220 ns
Slp hold time (from SCKp™) | tksi1 24V <EVop<55V 19 19 19 ns
Ni 3
o 1.8V<EVoo<5.5V 19 19
16 V<EVop <55V 19
Delay time from SCKp{ to | tksoz C=30pF|24V<EVop<55V 25 25 25 ns
SOp output "' rees 18V<EVon <55V 25 25
16 V<EVop<55V 25

Notes 1. For CSIQO, set a cycle of 2/fuck or longer. For CSIO01, set a cycle of 4/fuck or longer.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKpi”
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 SCKpT" 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 are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Remarks 1. p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM numbers (g = 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 01))

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input) (2/2)
(TA=-40to0 +85°C, 1.6 V<EVob=Vop <55V, Vss = EVss =0 V)
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 timeN°te® | txcy2 40V<EVop<55V |20 MHz < fucx 8/fmck ns
fmek < 20 MHz 6/fmck 6/fmck 6/fmck ns
27V<EVop <40V | 16 MHz < fuck 8/fmck ns
fmek < 16 MHz 6/fmck 6/fmck 6/fmck ns
24V<EVop <55V 6/fmck 6/fmck 6/fmck ns
and
500
18V<EVop<24V 6/fmck 6/fmck ns
16V<EVop<18V 6/fmck ns
SCKp high-/low-level | tkh2, 40V <EVop <55V tkeva/2 tkeva/2 tkeval2 ns
width tkL2 -7 -7 -7
27V<EVop<4.0V tkev2/2 tkey2/2 tkey2/2 ns
-8 -8 -8
24V <EVop <27V tkeval2 tkeyal2 tkeva/2 ns
-18 -18 -18
18V<EVop<24V tkey2/2 tkey2/2 ns
-18 -18
1.6 V<EVop<18V tkeyz/2 ns
- 66
Slp setup time tsikz 27V<EVop<55V 1/fmex 1/fmek 1/fmek ns
(to SCKpT)Nete 1 +20 +30 + 30
24V <EVop <27V 1/fmex 1/fmex 1/fmex
+ 30 + 30 + 30
18V <EVop<24V 1/fmck 1/fmck ns
+30 + 30
16 V<EVop <18V 1/fmck ns
+40
Slp hold time tsiz 24V <EVop<55V 1/fmek 1/fmex 1/fmex ns
(from SCKpT)Note 2 +31 +31 +31
18V<EVop<24V 1/fmex 1/fmek ns
+31 +31
16 V<EVop <18V 1/fmck ns
+
250

(Notes, Caution, and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input) (2/2)
(TA=-40to +85°C, 1.6 V<EVop =Vop <55V, Vss =EVss =0 V)
Parameter Symbol Conditions HS |LS (low-|LV (low-| Unit Para | Symbol |Conditions
(high- | speed | voltage meter
speed | main) | main)
main) | Mode | Mode
Mode
Delay time from tksoz C=30pF M4 | 40V<EVop<55V 2/fmck 2/fmck 2/fmck ns
SCKpY to SOp +44 +110 +110
output "¢ 2.7V<EVoo<4.0V ek ek ek | ns
+44 + 110 + 110
24V <EVop <27V 2/fmek 2/fmex 2/fmex ns
+75 +110 +110
1.8V<EVop <24V 2/fmek 2/fmek ns
+ 110 + 110
1.6 V<EVop<18V 2/fmex ns
+220

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

when DAPmn = 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 DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT" when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

5. Transfer rate in the 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, 01), m: Unit number (m = 0),
n: Channel number (n =0, 1), g: PIM number (g = 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

CSI mode connection diagram (during communication at same potential)

RL78
microcont

SCKp

roller Slp

SOp

SCK

SO User's device

SI

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

tkevt,2

tu,2 tkH1,2

oo\ /

tsiki,2 tksi1, 2

tksot,2

SOp Output data ><

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

tkevi, 2

tkhi, 2 tkut, 2

SCKp /

tsik1, 2 tksit,2

Slp Input data

tkso1, 2
——

SOp Output data ><

p: CSI number (p = 00, 01)
2. m: Unit number, n: Channel number (mn = 00, 01)

Remarks 1.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(4) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (1/2)
(TA=-40to +85°C, 1.8 V<EVop =Vop £5.5V, Vss =EVss =0 V)
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<EVop <55V, fmex/6 fmex/6 fuck/6 | bps
27V<Vb<40V Note 1 Note 1 Note1
Theoretical value of the 4.0 13 0.6 | Mbps
maximum transfer rate
fmek = fok Noe3
27V<EVop<40V, fvek/6 fvek/6 fuck/6 | bps
23V<Wh<27V Note 1 Note 1 Note 1
Theoretical value of the 40 13 0.6 | Mbps
maximum transfer rate
fuek = fekNote 3
24V<EVop<33YV, fvek/6 fmck/6 fuck/6 | bps
16V<W<20V Note 1 Note 1 Notel
Theoretical value of the 4.0 13 0.6 | Mbps
maximum transfer rate
fmek = fowk Noe3
18V<EVop<33V, fmek/6 fuek/6 | bps
16V<VWb<20V Notes 1,2 Notes 1,2
Theoretical value of the 13 0.6 | Mbps
maximum transfer rate
fmek = fekNote3

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Use it with EVbp > Vb.
3. The maximum operating frequencies of the CPU/peripheral hardware clock (fck) 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<Vbob <5.5V)
LV (low-voltage main) mode: 4MHz (1.6 V<Vbp<55V)

Caution Select the TTL input buffer for the RxDg pin and the N-ch open drain output (Vop tolerance (32-pin to 52-
pin products)/EVop tolerance (64-pin products)) mode for the TxDqg pin by using port input mode
register g (PIMg) and port output mode register g (POMg). For Vit and Vi, see the DC characteristics
with TTL input buffer selected.

Remarks 1. Vp[V]: Communication line voltage
2. g: UART number (g = 0), g: PIM and POM number (g = 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(4) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (2/2)
(TA=-40to +85°C, 1.8 V<EVop =Vop £5.5V, Vss =EVss =0 V)
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 Transmission | 40V<EVop<55V, Note 1 Note 1 Note 1 | bps
27V<Vb<4.0V
Theoretical value of the 2.8Note2 2.8Note2 2.8Nt2 | Mbps
maximum transfer rate
Co=50pF, Ro=1.4kQ,
Vb=27V
27V<EVop<4.0V, Note 3 Note 3 Note 3 | bps
23V<Wh<27V
Theoretical value of the 1.2Note4 1.2Note4 1.2Note4 | Mbps
maximum transfer rate
Co=50pF, Ro=2.7 kQ
Vb=23V
24V<EVop<33YV, Note 6 Note 6 Note 6 | bps
16V<Vh<20V
Theoretical value of the 0.43Note 7 0.43Note 7 0.43% 7| Mbps
maximum transfer rate
Co=50pF, Ro=55kQ
Vb=16V
18V<EVmp<33YV, Notes Notes | bps
16V<Ww<20V 5,6 5,6
Theoretical value of the 0.43Note 7 0.43%¢ 7| Mbps
maximum transfer rate
Co=50pF, Ro=5.5kQ,
Vb=16V

Notes 1. 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 4.0 V<EVop <55V and 2.7V <Vb<4.0V

Maximum transfer rate = L 52 [bps]
{~Cox RbxIn (1 - V'b )} x 3
1 2.2
Transfer rate x 2 {=Cox Rox In (1-=, 7}

Baud rate error (theoretical value) =

x 100 [%]

1 .
(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.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

3. 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 2.7 V<EVop <4.0Vand 2.3V <Vp<2.7V

Maximum transfer rate = 1 50 [bps]
{~Cbox Rox In (1 - V'b )} x 3

1 2.0
Transfer rate x 2 {=Cox RoxIn (1 - Vb )}

1
( Transfer rate )

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.
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.
Use it with EVbp > Vb.
6. 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 1.8 V<EVbop<3.3Vand 1.6 V<Vr<2.0V

Maximum transfer rate = L 15 [bps]
{~Cbx RbxIn (1 - V'b )} x 3

1 1.5
Transfer rate x 2 {-=CoxRexIn (1~ Vb )}

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.
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.

Caution Select the TTL input buffer for the RxDqg pin and the N-ch open drain output (Vob tolerance (32-pin to 52-
pin products)/EVop tolerance (64-pin products)) mode for the TxDg 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.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

UART mode connection diagram (during communication at different potential)

Vb
% Ro
TxDq Rx
RL78 microcontroller User's device
RxDq Tx

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

1/Transfer rate

Low-bit width
High-bit width
Baud rate error tolerance
<—? 7777777777777777 -
_— \
TXDq /
\ /!

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remarks 1. Rb[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, 1), g: PIM and POM number (g = 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(5) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKp...

corresponding CSIO00 only)

(TA=-40t0 +85°C, 2.7V<EVob=Vop <55V, Vss = EVss =0 V)

internal clock output,

Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time tkevl tkeva > 2ffak | 40V <EVop <55V, 200 1150 1150 ns
27V<Vh<40V, Note 1 Note 1 Note 1
Cb=20pF, Ro=1.4kQ
27V<EVop <40V, 300 1150 1150 ns
23V<Wh<27V, Note 1 Note 1 Note 1
Cb=20pF, Ro=2.7 kQ
SCKp high-level width tkHL 40V<EVop<55V,27V<Wh<4.0V, |tkev/2 trey1/2 tkey1/2 ns
Cb=20pF, Ro=1.4kQ -50 -50 -50
27V<EVop<4.0V,23V<Vb<2.7V, |tkeva/2 tkeva/2 tkeva/2 ns
Ch= 20 pF, Ro= 2.7 kQ -120 -120 -120
SCKp low-level width kLt 40V<EVop<55V,2.7V<WWh<4.0V, |tkcy/2 tkev1/2 tkevl/2 ns
Cb=20 pF, Ro= 1.4 kQ -7 -50 -50
27V<EVop<4.0V,23V<Vb<2.7V, |tkeva/2 tkeva/2 tkeva/2 ns
Cb=20 pF, Ro=2.7kQ -10 -50 -50
Slp setup time tsik1 40V<EVop<55V,27V<Vb<40V, 58 479 479 ns
(to SCKpT)Mere? Co=20pF, Ro=1.4kQ
27V<EVop<40V,23V<VWVh<27V, | 121 479 479 ns
Cb=20pF, Ro=2.7 kQ
Slp hold time tksi 40V<EVop<55V,27V<Vb<4.0V, 10 10 10 ns
(from SCKpT) Note? Cb =20 pF, R = 1.4 kQ
27V<EVop<40V,23VWh<27V, 10 10 10 ns
Cb =20 pF, Ro=2.7 kQ
Delay time from SCKp{ to | tkso1 40V<EVop<55V,27V<Vb<4.0V, 60 60 60 ns
SOp output "¢ Cv=20pF, Ro=1.4kQ
27V<EVop<40V,23V<Wh<27V, 130 130 130 ns
Cb =20 pF, Ro=2.7 kQ
Slp setup time tsik1 40V<EVop<55V,27V<Vb<4.0V, 23 110 110 ns
(to SCKpl)Mere? Cb =20 pF, Ro= 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 33 110 110 ns
Cb=20pF, Ro=2.7kQ
Slp hold time tksi 40V<EVop<55V,27V<Ve<4.0V, 10 10 10 ns
(from SCKpy) Mte? Cb =20 pF, R = 1.4 kQ
27V<EVop<40V,23V<V<27V, 10 10 10 ns
Cb=20pF, Ro=2.7 kQ
Delay time from SCKpT to | tksox 40V<EVoD<55V,27V<Vb<4.0V, 10 10 10 ns
SOp output Mte? Cb=20 pF, Ro = 14 kQ
27V<EVop<4.0V,23V<Wh<27V, 10 10 10 ns
Cb=20pF, Ro=2.7 kQ
(Notes, Caution and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

Notes 1. For CSIOO0, set a cycle of 2/fuck or longer. For CSIO1, set a cycle of 4/fuck or longer.
2. When DAPmMn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
3. 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 (32-pin to 52-
pin products)/EVoo tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.

Remarks 1. Ro[Q]:Communication line (SCKp, SOp) pull-up resistance, Cb[F]: Communication line (SCKp, SOp) load
capacitance, Vb[V]: Communication line voltage
2. p: CSIl number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (1/3)
(TA=-40to +85°C, 1.8 V<EVop =Vop £5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high- [LS (low-speed| LV (low- Unit
speed main) | main) Mode | voltage main)
Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKQp cycle time tkeya tkeva > 4ffek 40V<EVop<55YV, 300 1150 1150 ns
27V<Vh<40V,
Cb=30pF, Ro=1.4kQ
27V<EVop <40V, 500 1150 1150 ns
23V<Wh<27V,
Cb =30 pF, Ro=2.7 kQ
24V <EVop<33V, 1150 1150 1150 ns
16V<Wh<20V,
Cb=30pF, Ro=5.5kQ
18V<EVm <33V, 1150 1150 ns
16V <Vpb<2.0Vhete,
Cb =30 pF, Ro=5.5kQ
SCKp high-level width | txn1 40V<EVop<55V,27V<Vb<4.0V, tkeva/2 tkeva/2 tkeva/2 ns
Cb=30pF, Ro=1.4kQ -75 -75 -75
27V<EVop<4.0V,23V<W<27V, tkey1/2 tkevl/2 tkey1/2 ns
Cb=30pF, Ro=2.7 kQ -170 -170 -170
24V<EVop<33V,16V<Ww<20V, tkev1/2 tkey1/2 tkey1/2 ns
Cb=30pF, Ro=5.5kQ —458 — 458 —458
1.8V<EVop<3.3V,1.6V<Vh<20VNote, treva/2 tkevi/2 ns
Cb=30pF, Ro=5.5kQ —458 —458
SCKp low-level width | ti1 40V<EVop<55V,27V<Ww<40V, tkey1/2 tkey1/2 tkey1/2 ns
Cb=30pF, Ro=1.4kQ -12 -50 -50
27V<EVp<40V,23V<W<27V, tkey1/2 tkey1/2 tkey1/2 ns
Cb=30pF, Ro=2.7 kQ -18 -50 -50
24V<EVop<33V,16V<Ww<20V, tkey1/2 tkevl/2 tkey1/2 ns
Cb=30pF, Ro=5.5kQ -50 -50 -50
18V<EVop<33V,16V<Vh<2,0VNote tkeva/2 tkeva/2 ns
Cb=30pF, Ro=5.5kQ -50 -50

Note Use it with EVbbp > Vb.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (32-pin to 52-
pin products)/EVoo tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (2/3)
(TA=-40to +85°C, 1.8 V<EVop =Vop £5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high- LS (low- LV (low- Unit
speed main) | speed main) |voltage main)
Mode Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 40V<EVop<55V,27V<Vb<4.0V, 81 479 479 ns
(to SCKpT)Note Cb=30pF, Ro=1.4kQ
27V<EVop<4.0V,23V<W<27V, | 177 479 479 ns
Cb=30pF, Ro=2.7 kQ
24V<EVop<3.3V,16V<W<20V, | 479 479 479 ns
Cb =30 pF, Ro=5.5kQ
1.8V<EVop<3.3V, 479 479 ns
1.6 V<Vp<20VNotes
Co=30pF, Ro=5.5kQ
Slp hold time tksit 40V<EVop<55V,27V<Vb<4.0V, 19 19 19 ns
(from SCKpT) Note1 Cb=30 pF, Ro= 1.4 kQ
27V<EVop<4.0V,23V<Vb<27YV, 19 19 19 ns
Cb=30pF, Ro=2.7 kQ
24V<EVop<33V,16V<Vr<20V, 19 19 19 ns
Cb =30 pF, Ro=5.5kQ
1.8V<EVop<3.3V, 19 19 ns
1.6 V<Vp<20VNotes
Cb =30 pF, Ro=5.5kQ
Delay time from SCKp{ to tkso1 40V<EVop<55V,27V<Vb<4.0V, 100 100 100 ns
SOp output Nete Co=30pF, Ro=1.4kQ
27V<EVop<4.0V,23V<Wh<27V, 195 195 195 ns
Co=30pF, Ro=2.7 kQ
24V<EVop<4.0V,23V<W<27V, 483 483 483 ns
Cb=30pF, Ro=2.7 kQ
1.8V<EVop <33V, 483 483 ns
1.6 V<Vp<20VNotes,
Cb=30pF, Ro=5.5kQ
Slp setup time tsika 40V<EVop<55V,2.7V<Vb<4.0V, 44 110 110 ns
(to SCKp{)Note2 Cb=30 pF, Ro=1.4kQ
27V<EVop<4.0V,23V<Wh<27V, 44 110 110 ns
Co=30pF, Ro=2.7 kQ
24V<EVop<4.0V,23V<W<27V, | 110 110 110 ns
Co=30pF, Ro=2.7 kQ
18V<EVop<33YV, 110 110 ns
1.6V <\Vp<2,0\VNotes
Cb=30pF, Ro=5.5kQ

Notes 1. When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.
2. When DAPmMn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.
3. Use it with EVbb > Vb.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (32-pin to 52-
pin products)/EVoo tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (3/3)
(TA=-40to +85°C, 1.8 V<EVop =Vop £5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high- LS (low- LV (low- Unit
speed main) | speed main) |voltage main)
Mode Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Slp hold time tksit 40V<EVop<55V,27V<Vb<4.0V, 19 19 19 ns
(from SCKpd) Note 2 Cb=30pF, Ro=1.4kQ
27V<EVop<4.0V,23V<Vb<27V, 19 19 19 ns
Cb=30pF, Ro=2.7 kQ
24V <EVop<33V,1.6V<Ve<20V, 19 19 19 ns
Cb =30 pF, Ro=5.5kQ
18V<EVop<33YV, 19 19 ns
16V<Vph<2.0Vhotes,
Cbo =30 pF, Ro =55k
Delay time from SCKpT to tkso1 40V<EVop<55V,27V<Vh<4.0V, 25 25 25 ns
SOp output Note2 Cb=30pF, Ro=1.4kQ
27V<EVDp<4.0V,23V<Vb<27V, 25 25 25 ns
Cb=30pF, Ro=2.7 kQ
24V <EVop<33V,1.6V<Ve<20V, 25 25 25 ns
Cb =30 pF, Ro=5.5kQ
18V<EVop<33YV, 25 25 ns
16V<Vph<2.0Vhotes,
Cb =30 pF, Ro=5.5kQ

Notes 1. When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.
2. When DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
3. Use it with EVbbp > Vb.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (32-pin to 52-
pin products)/EVoo tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

CSI mode connection diagram (during communication at different potential)

<Master> Vb Vb
é Ro % Ro
SCKp ® SCK
RL78 Slp SO User's device
microcontroller
SOp Sl

Remarks 1. Ro[Q]:Communication line (SCKp, SOp) pull-up resistance, Cbo[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n = 0, 1), g: PIM and POM
number (g = 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

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

tkevr

kL1 tkH1
SCKp \
\ N
tsik1 tksn
Slp Input data
tkso1
SOp Output data

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

tkeyl

tKH1 tket
SCKp /
tsik1 tksn
Slp Input data
tkson

SOp Output data

Remark p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(7) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)

(TA=-40to +85°C, 1.8 V <EVbop =Vop<5.5V, Vss =EVss =0 V) (1/2)
Parameter Symbol Conditions HS (high- |LS (low-speed LV (low- Unit
speed main) | main) mode | voltage main)
mode mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle timeMte! | tecv2 40V<EV<55V, [20MHz <fuck<24MHz |12/fmck ns
27V<Wb<40V 8MHz <fuck<20MHz | 10/fuck ns
4 MHz < fuek <8 MHz 8/fmck 16/fvck ns
fvek <4 MHz 6/fmck 10/fmek 10/fmck ns
27V<EVop<40V, |20MHz<fuck<24MHz |[16/fmck ns
23VsW<27V 16 MHz <fuck <20 MHz | 14/fucx ns
8 MHz <fuck <16 MHz  [12/fmck ns
4 MHz < fuek <8 MHz 8/fmck 16/fvck ns
fvek <4 MHz 6/fmck 10/fmck 10/fmcx ns
24V<EVop<33V, 20 MHz < fuck <24 MHz | 36/fvek ns
16V<Vo<20V 16 MHz < fuck <20 MHz | 32/fuck ns
8MHz <fuck <16 MHz | 26/fmek ns
4 MHz < fuck <8 MHz 16/fvck 16/fvck ns
fvek <4 MHz 10/fmek 10/fmek 10/fmck ns
18V<EVmm<33V, |4MHz<fucx<8MHz 16/fvck ns
lote 2
16V <Vh<20V™ fvek <4 MHz 10/fmek 10/fmck ns
SCKp high-/low-level | tkz, 40V<EVop<55V,27V<Vb<4.0V tkeva/2 tkeva/2 tkev2/2 ns
width tkLz -12 -50 -50
27V<EVop<4.0V,23V<Vp<27V tkey2/2 tkey2/2 tkey2/2 ns
-18 -50 -50
24V<EVop<33V,16V<Vp<20V tkey2/2 tkey2/2 tkey2/2 ns
-50 -50 -50
1.8V<EVop<3.3V, tkey2/2 tkey2/2 ns
1.6V <Vb<2.0VNote2 -50 -50
Slp setup time tsikz 40V<EVop<55V,27V<Vb<40V ffvexk + ffvek + Ufvex + ns
(to SCKpT) Note3 20 30 30
27V<EVop<4.0V,23V<W<27V 1wk + 1wk + ek + ns
20 30 30
24V <EVop<33V,16V<Vp<20V 1ffviex + 1ffviex + 1/fvex + ns
30 30 30
18V<EVop<3.3V, 1/fuex + Uk + ns
1.6V <Vb<2.0VNote2 30 30
Slp hold time tksi2 40V<EVop<55V,2.7V<Vb<40V 1ffviex + 1ffviex + 1/fvex + ns
(from SCKpT) Note4 31 31 31
27V<EVop<4.0V,23V<Wh<27V 1ffvex + 1ffve + Ufvex + ns
31 31 31
24V<EVop<33V,16V<Vh<20V 1wk + 1wk + ek + ns
31 31 31
18V <EVop<3.3V, 1ffve + Ufvex + ns
1.6V <Vb<2.0VNote2 31 31

(Notes, Caution and Remarks are listed on the next page.)

RO1DS0157EJ0212 Rev.2.12 R NS Page 56 of 135
Dec 22, 2020 ENES



RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(7) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)

(TA=-40to +85°C, 1.8 V <EVbop =Vop<5.5V, Vss =EVss =0 V) (2/12)
Parameter Symbol Conditions HS (high- |LS (low-speed LV (low- Unit
speed main) | main) mode | voltage main)
mode mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Delay time from SCKpi« tksoz 40V<EVop<55V,27V<Vb<4.0V, 2/fmck 2/fmck 2/fmck ns
to SOp output Notes Cb =30 pF, Ro= 1.4 kQ +120 +573 +573
27V<EVop<4.0V,23V<Vp<27V, 2/fmek 2/fmek 2/fmex ns
Cb =30 pF, Ro=2.7 kQ +214 +573 +573
24V<EVop<33V,1.6V<Vp<20V, 2/fmek 2/fmck 2/fmck ns
Cb =30 pF, Ro =5.5 kQ +573 + 573 + 573
1.8V<EVop<3.3V, 2/fmck 2/fmck ns
1.6V <Vph<2,0VNoe2 + 573 +573
Cb =30 pF, Ro=5.5kQ

Notes 1. Transfer rate in the SNOOZE mode : MAX. 1 Mbps

2. Use it with EVop > Vb.

3. When DAPmMn = 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.

4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKpJ{”
when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

5. When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT” 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 (Voo tolerance
(32-pin to 52-pin products)/EVop tolerance (64-pin products)) mode for the SOp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)

<Slave> Vb

I

SCKp SCK

RL78 Slp SO User's device
microcontroller

Sop sl

Remarks 1. Ro[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, 01), m: Unit number (m = 0), n: Channel number (n = 0, 1),
g: PIM and POM number (g = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

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

tkey2
tkL2 tkH2
/
SCKp <
tsk2 tksi2
Slp Input data
tkso2
SOp Output data

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

tkey2
tkH2 k2
/ /
SCKp
/ N\
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.5.2 Serial interface IICA

(1) I1°C standard mode
(TA=-40to +85°C, 1.6 V<EVop =Vop <55V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. | MAX. | MIN. | MIN. | MAX. | MIN.
SCLAO clock frequency fscL Standard 27V<EVop<55V 0 100 | © 100 0 100 | kHz
::idze-l MHz 24V<EVop <55V 0 100 0 100 0 100
18V<EVop<55V 0 100 0 100
1.6 V<EVop <55V 0 100
Setup time of restart condition tsu:stA 27V<EVopb<55V 4.7 4.7 4.7 us
24V <EVop <55V 4.7 4.7 4.7
18V<EVop<55V 4.7 4.7
16 V<EVop <55V 4.7
Hold time Note® tHD:sTA 27V<EVopb<55V 4.0 4.0 4.0 us
24V<EVop<55V 4.0 4.0 4.0
1.8V<EVop <55V 4.0 4.0
16 V<EVop<55V 4.0
Hold time when SCLAO = “L” trow 27V<EVop <55V 4.7 4.7 4.7 7]
24V <EVop<55V 4.7 4.7 4.7
18V<EVop <55V 4.7 4.7
1.6 V<EVop <55V 4.7
Hold time when SCLAO = “H” tHiGH 27V<EVopb<55V 4.0 4.0 4.0 7]
24V <EVop <55V 4.0 4.0 4.0
18V<EVmp<55V 4.0 4.0
16 V<EVop <55V 4.0
Data setup time (reception) tsu:paT 27V<EVopb<55V 250 250 250 ns
24V<EVopb<55V 250 250 250
1.8V<EVop <55V 250 250
16 V<EVop <55V 250
Data hold time (transmission)"°t¢2 | tippar | 2.7 V<EVop <55V 0 3.45 0 3.45 0 345 | us
24V <EVop <55V 0 345 0 3.45 0 345
18V<EVop <55V 0 345 0 345
1.6 V<EVop <55V 0 345
Setup time of stop condition tsu:sto 27V<EVopb<55V 4.0 4.0 4.0 us
24V <EVop <55V 4.0 4.0 4.0
18V<EVop<55V 4.0 4.0
16 V<EVop <55V 4.0
Bus-free time tsur 27V<EVopb<55V 4.7 4.7 4.7 us
24V <EVop<55V 4.7 4.7 4.7
1.8V<EVop <55V 4.7 4.7
16 V<EVop <55V 4.7

(Notes and Remark are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

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

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

Standard mode: Cb =400 pF, Rb = 2.7 kQ
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(2) I1°C fast mode
(TA=-40to +85°C, 1.6 V<EVop =VoD <55V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. | MAX. | MIN. | MIN. | MAX. | MIN.
SCLAO clock frequency fscL Fastmode: |27V <EVop<55V 0 400 0 400 0 400 | kHz
felk> 3.5
MHz 24V <EVop <55V 0 400 0 400 0 400
18V<EVop<55V 0 400 0 400
Setup time of restart condition tsu:sta 27V<EVop <55V 0.6 0.6 0.6 us
24V <EVop <55V 0.6 0.6 0.6
1.8V<EVop<55V 0.6 0.6
Hold time Note! tuo:sta | 27 V<EVop<5.5V 0.6 0.6 0.6 S
24V <EVop <55V 0.6 0.6 0.6
1.8V<EVop <55V 0.6 0.6
Hold time when SCLAO = “L” trow 27V<EVop<55V 1.3 1.3 1.3 Us
24V <EVop<55V 1.3 1.3 1.3
1.8V<EVop <55V 1.3 1.3
Hold time when SCLAO = “H" tHiGH 27V<EVop<55V 0.6 0.6 0.6 7]
24V <EVop <55V 0.6 0.6 0.6
1.8V<EVop <55V 0.6 0.6
Data setup time (reception) tsu:paT 27V<EVop<55V 100 100 100 ns
24V<EVop<55V 100 100 100
1.8V<EVop<55V 100 100
Data hold time (transmission)N°*®2 | tuppar | 2.7 V<EVop < 5.5V 0 0.9 0 0.9 0 0.9 S
24V <EVop<55V 0 0.9 0 0.9 0 0.9
18V<EVop<55V 0 0.9 0 0.9
Setup time of stop condition tsu:sto 27V<EVop<55V 0.6 0.6 0.6 s
24V <EVop<55V 0.6 0.6 0.6
1.8V<EVop <55V 0.6 0.6
Bus-free time tBuF 27V<EVop<55V 13 13 13 s
24V <EVop<55V 1.3 1.3 1.3
1.8V<EVop <55V 1.3 13

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 wait state is inserted in the ACK

(acknowledge) timing.

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

Fast mode: Cb =320 pF, Ro = 1.1 kQ
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(3) I°C fast mode plus

(TA=-40to +85°C, 1.6 V<EVbop = VoD <5.5V, Vss = EVss =0 V)

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 frequency | fscu Fastmodeplus: | 27V <EVop<55V | 0 1000 — — kHz
fek> 10 MHz

Setup time of restart tsu:sTA 27V<EVop<55V 0.26 — — us
condition
Hold timeNete? tHD:STA 27V<EVop <55V 0.26 — — 7]
Hold time when SCLAO = | tiow 27V<EVop<55V 0.5 — — us
w
Hold time when SCLAO = | tHicH 27V<EVop <55V 0.26 — — )7
whp
Data setup time tsu:paT 27V<EVop<55V 50 — — yrs
(reception)
Data hold time tHD:DAT 27V<EVop<55V 0 0.45 — — us
(transmission)Note 2
Setup time of stop tsu:sto 27V<EVop<55V 0.26 — — yrs
condition
Bus-free time teur 27V<EVop <55V 0.5 — — 7]

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 wait 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 1/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loHi, loL1, Voni, VoL1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up

resistor) at that time in each mode are as follows.

Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

trow

tHD:DAT

tHiGH

tHD:sTA tsu:paT -

SDAAO

Start
condition

Restart
condition

Stop
condition

Stop
condition
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2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.6 Analog Characteristics

2.6.1 A/D converter characteristics
Classification of A/D converter characteristics

Input channel

Reference Voltage

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

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

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

ANIO, ANI1

Refer to 2.6.1 (3).

ANI16 to ANI23

Referto 2.6.1 (2).

Internal reference voltage

Temperature sensor output voltage

Refer to 2.6.1 (1).

Refer to 2.6.1 (4).

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

(TA=-40to +85°C, 2.4V <EVop=Vop<5.5V, 1.6 V<AVrerr < Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+) =
AVrerp, Reference voltage (=) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errortotet AINL 10-bit resolution 1.8V <V <55V 1.2 3.5 LSB

AVer = Vop 0te? 1.6 V < Voo <5.5 V/Note s 12 +7.0 LSB
Conversion time tconv 10-bit resolution 3.6V<Vop<55V 2.375 39 7S

Target pin: Internal reference | 5 7 v/ < \/pp < 55V 3.5625 39 s

voltage, and temperature

sensor output voltage (HS 24V <Voo <55V o 39 M3

(high-speed main) mode)
Zero-scale errorNoes 12| E g 10-bit resolution 1.8V <AVrerr <55V +0.25 %FSR

AVierp = Voo 172 1.6 V < AVrerp < 5.5 v/ Note 4 +050 | %FSR
Full-scale error™etes 1.2 | Erg 10-bit resolution 1.8V <AVrerr <55V +0.25 | %FSR

AVerp = Voo 172 1.6 V < AVrerp < 5.5 V/Note4 +0.50 | %FSR
Integral linearity ILE 10-bit resolution 1.8V<Vop<55V +2.5 LSB
errortere® AVer = Vop 0'¢? 1.6V < Vop < 5.5 /ot s 150 | LSB
Differential linearity DLE 10-bit resolution 1.8V<Vop<55V +1.5 LSB
errore'e AVrere = Vop 012 1.6V < Vop < 5.5 Vet 20 | LsSB
Analog input voltage | Van Internal reference voltage Veer N0t 5 \%

(2.4 V <£Vop £5.5V, HS (high-speed main) mode)

VBGR Temperature sensor output voltage VTmpsas Note S 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. When AVRerp < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVRrerp = Vbb.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVrerp = Vbb.
Integral linearity error/Differential linearity error: Add +0.5 LSB to the MAX. value when AVRrerp = Vob.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).
5. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.
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2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : ANI16 to ANI23

(TA=-40to +85°C, 1.6 V<EVop=Vop<5.5V, 1.6 V<AVrerr < Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+) =
AVrerp, Reference voltage (=) = AVrerm = 0 V)

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

— — Note 3
AVrere = EVop = Voo ™% 1 1 6/ < AVrerp <55V 12 185 | LSB
Note 4
Conversion time tconv 10-bit resolution 3.6V<VbDb<55V 2.125 39 J7]
— — Note 3
AVrerp = EVoo = Voo ™% | 5 7y cvpp <55V | 3.1875 39 S
1.8V<Vbb<55V 17 39 us
1.6V<Vbb<55V 57 95 )7
Zero-scale errorhotes 1.2 Ezs 10-bit resolution 1.8V < AVrerp < 5.5 V 1035 | %FSR
AVrerp = EViop = Vpp "ote
REFP = =PD = VoD 1.6 V< AVrerp <55V +0.60 | %FSR
Note 4
Full-scale errorhotes 1.2 Ers 10-bit resolution 1.8V < AVrerp < 5.5 V 1035 | %FSR
AV =EV, =V Note 3
REFe = =YD = bR 1.6V <AVrerp <55V +0.60 | %FSR
Note 4
Integral linearity error™°te! | ILE 10-bit resolution 1.8V <AVrerp < 5.5V +3.5 LSB
AVrere = EVoo = Voo ™2 | 1 g/ < AVerp < 5.5V 60 | LSB
Note 4
Differential linearity error DLE 10-bit resolution 1.8V <AVrerr <55V 2.0 LSB
Note 1 AVrere = EVoo = Voo ™2 | 4 6 v/ < AVerp < 5.5V 25 | LsB
Note 4
Analog input voltage VAN 0 AVRerp \%
and
EVop

Notes 1.

Excludes quantization error (+1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerp < EVbp = VoD, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVRrerp = Vob.

Zero-scale error/Full-scale error: Add £0.20%FSR to the MAX. value when AVRrerp = Vob.

Integral linearity error/Differential linearity error: Add +2.0 LSB to the MAX. value when AVRrerp = Vop.

4. When the conversion time is set to 57 xs (min.) and 95 xs (max.).
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin : ANIO, ANI1, ANI16 to ANI23, internal reference voltage, and temperature sensor output voltage

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

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
Resolution RES 8 10 bit
Overall erroriete AINL 10-bit resolution 1.8V<Vop<55V 1.2 +7.0 | LSB

1.6V<Vop<55V 1.2 +10.5 | LSB
Note 3
Conversion time tconv 10-bit resolution 36V<Vop<55V | 2125 39 7S
2.7V<Vop<55V | 3.1875 39 us
1.8V<Vop<55V 17 39 J7;
1.6V<Vop<55V 57 95 us
10-bit resolution 3.6V<Vop<55V | 2.375 39 7S
Target pin: Internal 27V<Voo<55V | 3.5625 39 | us
reference voltage, and
24V <Vop<55V 17 39 us
temperature sensor output
voltage (HS (high-speed
main) mode)
Zero-scale errorietes 1.2 Ezs 10-bit resolution 1.8V<Vop<55V +0.60 [%FSR|
1.6V<Vop<55V +0.85 [%FSR
Note 3
Full-scale errorhtes 1.2 Ers 10-bit resolution 1.8V<Vop <55V +0.60 %FSR
1.6V<Vop<55V +0.85 [%FSR|
Note 3
Integral linearity error°te® ILE 10-bit resolution 1.8V<Vop<55V +4.0 | LSB
1.6V<Vop<55V +6.5 | LSB
Note 3
Differential linearity errorN°**!| DLE 10-bit resolution 1.8V<Vop<55V +2.0 | LSB
1.6V<Vop<55V +2.5 | LSB
Note 3
Analog input voltage Van ANIO, ANI1 0 Voo \
ANI16 to ANI23 0 EVop
Internal reference voltage Vagr Note4 Y,

(2.4 V <Vop < 5.5V, HS (high-speed main) mode)

Temperature sensor output voltage VTmpsas Note 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. When the conversion time is set to 57 xs (min.) and 95 s (max.).
4. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.
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(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVrerm/ANI1 (ADREFM = 1), target pin : ANIO, ANI16 to ANI23

(Ta = —40 to +85°C, 2.4 V < EVop = Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+) = Vscr N0t 3, Reference
voltage (-) = AVrermNo€ 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 <Vop<55V 17 39 us
Zero-scale errortes 1.2 Ezs 8-bit resolution 2.4V <Vop<55V +0.60 %FSR
Integral linearity errorNote? ILE 8-bit resolution 24V <Vop<55V 2.0 LSB
Differential linearity error Not¢ DLE 8-bit resolution 24V<Vop<55V +1.0 LSB
Analog input voltage Vain 0 Veer Note 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. Referto 2.6.2 Temperature sensor/internal reference voltage characteristics.

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

Zero-scale error: Add £0.35%FSR to the MAX. value when reference voltage () = AVRerm.

Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (-) = AVRrerm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVRrerm.

2.6.2 Temperature sensor/internal reference voltage characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vtveszs | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fvrves | Temperature sensor that depends on the -3.6 mV/°C
temperature
Operation stabilization wait time tamp 5 U
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2.6.3 POR circuit characteristics

(TA=-40t0 +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpor Power supply rise time 1.47 1.51 1.55 \%
\/PDR Power supply fall time 1.46 1.50 1.54 \%
Minimum pulse widthN°te Tew 300 US

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

control register (CSC).

- Trw
Supply voltage (Vbb) E
VPDROr 0.7V -====------ '
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2.6.4 LVD circuit characteristics

(Ta=-40to +85°C, Vror < EVop = VoD £ 5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level Vivoo Power supply rise time 3.98 4.06 4.14 \Y
voltage Power supply fall time 3.90 3.98 4.06 \
Vivo1 Power supply rise time 3.68 3.75 3.82 Y,

Power supply fall time 3.60 3.67 3.74 \Y

Vivo2 Power supply rise time 3.07 3.13 3.19 Y,

Power supply fall time 3.00 3.06 3.12 \Y

Vivos Power supply rise time 2.96 3.02 3.08 \Y

Power supply fall time 2.90 2.96 3.02 \%

Vivos Power supply rise time 2.86 2.92 2.97 \

Power supply fall time 2.80 2.86 291 \%

Vivps Power supply rise time 2.76 2.81 2.87 \

Power supply fall time 2.70 2.75 2.81 \%

Vivos Power supply rise time 2.66 2.71 2.76 \%

Power supply fall time 2.60 2.65 2.70 \Y

Vivo? Power supply rise time 2.56 2.61 2.66 Y,

Power supply fall time 2.50 2.55 2.60 \%

Vivos Power supply rise time 2.45 2.50 2.55 Y,

Power supply fall time 2.40 2.45 2.50 \%

Vivpe Power supply rise time 2.05 2.09 2.13 \

Power supply fall time 2.00 2.04 2.08 \%

Vivbio Power supply rise time 1.94 1.98 2.02 \

Power supply fall time 1.90 1.94 1.98 \%

Vivpi1 Power supply rise time 1.84 1.88 191 \Y

Power supply fall time 1.80 1.84 1.87 \%

Vivb12 Power supply rise time 174 1.77 181 \%

Power supply fall time 170 1.73 1.77 \Y

Vivp13 Power supply rise time 1.64 1.67 1.70 Y,

Power supply fall time 1.60 1.63 1.66 \%

Minimum pulse width tw 300 )7
Detection delay time to 300 S
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LVD Detection Voltage of Interrupt & Reset Mode
(Ta=-40to +85°C, Vror < EVop = VoD £ 5.5V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivpbao Vrocz, Vroci, Vroco = 0, 0, 0, falling reset voltage 1.60 1.63 1.66 \%
mode VLvoaL LVIS1, LVISO = 1, 0 |Rising release reset voltage | 1.74 177 181 \

Falling interrupt voltage 1.70 1.73 1.77 \Y
Vivoaz LVIS1, LVISO =0, 1 |Rising release reset voltage | 1.84 1.88 191 \
Falling interrupt voltage 1.80 1.84 1.87 Vv
Vivoas LVIS1, LVISO =0, 0 |Rising release reset voltage | 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 291 \
VLvbB1 Vrocz, Vroct, Vroco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87 \%
Vivoe2 LVISL, LVISO =1, 0 |Rising release reset voltage | 1.94 1.98 2.02 \
Falling interrupt voltage 1.90 1.94 1.98 Vv
Vivoes LVIS1, LVISO =0, 1 |Rising release reset voltage | 2.05 2.09 2.13 \
Falling interrupt voltage 2.00 2.04 2.08 Vv
Vivose LVIS1, LVISO =0, 0 |Rising release reset voltage | 3.07 3.13 3.19 \
Falling interrupt voltage 3.00 3.06 3.12 \
VLvbco Vrocz, Vroct, Vroco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \%
\VAV LVIS1, LVISO = 1, 0 |Rising release reset voltage | 2.56 2.61 2.66 \
Falling interrupt voltage 2.50 2.55 2.60 \
Vivocz LVIS1, LVISO =0, 1 |Rising release reset voltage | 2.66 271 2.76 \
Falling interrupt voltage 2.60 2.65 2.70 \Y
Vivocs LVIS1, LVISO =0, 0 |Rising release reset voltage | 3.68 3.75 3.82 \
Falling interrupt voltage 3.60 3.67 3.74 \
\/LvDDo Vrocz, Veoct, Veoco = 0, 1, 1, falling reset voltage 2.70 2.75 2.81 \
VivopL LVIS1, LVISO = 1, 0 |Rising release reset voltage | 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 291 \
Vivop2 LVIS1, LVISO =0, 1 |Rising release reset voltage | 2.96 3.02 3.08 \
Falling interrupt voltage 2.90 2.96 3.02 \
VLvbps LVIS1, LVISO = 0, 0 |Rising release reset voltage | 3.98 4.06 4.14 \
Falling interrupt voltage 3.90 3.98 4.06 Y,
2.6.5 Supply voltage rise time
(Ta=-40to +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope | Svoo 54 Vims

Caution

operating voltage range shown in 2.4 AC Characteristics.

Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.7 LCD Characteristics

2.7.1 Resistance division method

(1) Static display mode
(Ta=-40t0 +85°C, V4 (MIN.) VoD <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.0 Vop \%
(2) 1/2 bias method, 1/4 bias method
(Ta=-40to +85°C, VL4 (MIN.) £Vbp<5.5V,Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.7 Vop \%
(3) 1/3 bias method
(Ta=-40to +85°C, VL4 (MIN.) £Vop<5.5V,Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.5 Vop \%
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta =-40 to +85°C)

2.7.2 Internal voltage boosting method

(1) 1/3 bias method
(Ta=-40to +85°C, 1.8V <V <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range | Vi1 C1to C4Netel | VLCD = 04H 0.90 1.00 1.08 \Y;

=0.47 uk VLCD = 05H 0.95 1.05 113

VLCD = 06H 1.00 1.10 1.18 Y,

VLCD = 07H 1.05 1.15 1.23 Y,

VLCD = 08H 1.10 1.20 1.28 Y,

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 Y,

VLCD = 0BH 1.25 1.35 1.43 Y,

VLCD = 0CH 1.30 1.40 1.48 Y,

VLCD = ODH 1.35 1.45 1.53 \

VLCD = OEH 1.40 1.50 1.58 Y,

VLCD = OFH 1.45 1.55 1.63 \

VLCD = 10H 1.50 1.60 1.68 Y,

VLCD = 11H 1.55 1.65 1.73 Y,

VLCD = 12H 1.60 1.70 1.78 Y,

VLCD = 13H 1.65 1.75 1.83 \

Doubler output voltage Viz Clto C4Notel =0.47 uF 2Vu 2Vu 2V Y,

-0.1
Tripler output voltage Via Clto C4Noel =047 uF 3Vu 3Vu 3Vu Y,
-0.15

Reference voltage setup time N°*®2 | tywar1 5 ms

Voltage boost wait timeN°te 3 tvwarz | C1lto C4Noel =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 Viz and GND
C4: A capacitor connected between Vi4a and GND
C1=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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(2) 1/4 bias method
(TA=-40to +85°C, 1.8V <Vop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range | V1N | C1to C5N*®! | VLCD = 04H 0.90 1.00 1.08 \%

=0.47 pF VLCD = 05H 0.95 1.05 113 Vv

VLCD = 06H 1.00 1.10 1.18 v

VLCD = 07H 1.05 1.15 1.93 Y%

VLCD = 08H 1.10 1.20 1.28 v

VLCD = 09H 1.15 1.25 1.33 v

VLCD = 0AH 1.20 1.30 1.38 v

VLCD = OBH 1.25 1.35 1.43 Vv

VLCD = 0CH 1.30 1.40 1.48 v

VLCD = ODH 1.35 1.45 1.53 \

VLCD = OEH 1.40 1.50 1.58 Y%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 Y%

VLCD = 11H 1.55 1.65 1.73 v

VLCD = 12H 1.60 1.70 1.78 v

VLCD = 13H 1.65 1.75 1.83 v

Doubler output voltage Viz Clto C5Noel =047 4F 2 Vi1-0.08 2Vu 2Vu \Y,

Tripler output voltage Vis Clto C5Noel =047 uF 3Vui-0.12 3Vu 3Vu \Y,

Quadruply output voltage ViaNete4 | C1 to C5Notel = 0.47 uF 4Vui-0.16 4Vu 4 Vi1 Y,
Reference voltage setup time N°®2 | tvwar1 5 ms
Voltage boost wait timeNete 3 tvwarz | C1lto C5Notl =047 4F 500 ms

Notes 1. Thisis 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 Vi3 and GND
C5: A capacitor connected between V.4 and GND
C1=C2=C3=C4=C5=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).

This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
4. Viamust be 5.5V or lower.

w

2.7.3 Capacitor split method

1/3 bias method
(TA=-40to +85°C,2.2V<Vop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Vi voltage Via Clto C4 =0.47 yuFNote2 Vob Y,
Vw2 voltage Vi2 C1to C4=0.47 yFNote2 23V | 23V | 2/3 Vs \%
-0.1 +0.1
Vi1 voltage Vit Clto C4 =0.47 puFNote2 1/3Vws | 13V | 1/3Via \Y,
-0.1 +0.1
Capacitor split wait timeN°ote tvwair 100 ms
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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 Vi1 and GND
C3: A capacitor connected between Vi2 and GND
C4: A capacitor connected between Vi4 and GND
C1=C2=C3=C4=0.47 uF£30%
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2.8 RAM Data Retention Characteristics

(TA=-401t0 +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VooprR 1.46N 55 \%

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.

U STOP mode Operation mode
RAM Data retention mode ——
))
s
Veo ? \/oDDR
STOP instruction execution
. /
Standby release signal
(interrupt request) N
!
2.9 Flash Memory Programming Characteristics
(TA=-40to +85°C, 1.8 V< EVopb = VoD <55V, Vss = EVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fork 1.8V<Vop<55V 1 24 MHz
Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Note 1, 2, 3 TA = 850C
Number of data flash rewrites Retained for 1 year 1,000,000
Note 1,2, 3 Ta = 25°C
Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000
Ta=85°C

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite.
The retaining years are until next rewrite after the rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. 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<EVpop=VoD<5.5V, Vss =EVss =0 V)

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

(TA=-40to +85°C, 1.8 V<EVop =VpD<5.5V,Vss =EVss =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 | tvo 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)

A

[ R

\Y

> <2> <3>

RESET /

\
|
:
' tHp+
|
|
|
|
|

E soft p{icr)r(]::ssmgi 1-byte data for mode setting
: i

TOOLO 5 E / \ / .../
| otsu , tsuiiT '

<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 complete the baud
rate setting.

Remark tsuinit: Communication for the initial setting must be completed within 100 ms after a 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 (G: Ta =-40 to +105°C)

This chapter describes the electrical specifications for the products "G: Industrial applications (Ta = -40 to
+105°C)".

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. With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with
Vss.

3. For derating with Ta = +85 to +105°C, contact our Sales Division or the vender's sales division.
Derating means the specified reduction in an operating parameter to improve reliability.
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3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

There are following differences between the products "G: Industrial applications (Ta = -40 to +105°C)" and the products “A:
Consumer applications, and G: Industrial applications (Ta = -40 to +85°C)".

Parameter

Application

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

G: Industrial applications

Operating ambient temperature

Ta=-40to +85°C

Ta=-40to +105°C

Operating mode

Operating voltage range

HS (high-speed main) mode:

2.7V <Vop <55V@1 MHz to 32 MHz
2.4V <Vop <55V@1 MHz to 16 MHz
LS (low-speed main) mode:

1.8V <Vop<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 <55V@1 MHz to 32 MHz
2.4V <Vop<55V@1 MHz to 16 MHz

High-speed on-chip oscillator clock

accuracy

1.8V<Vop<55V:
+1.0%@ Ta =-20 to +85°C
+1.5%@ Ta =-40to -20°C
16V<Vop<1l8V:
+5.0%@ Ta =-20 to +85°C
+5.5%@ Ta =-40 to -20°C

24V<Vopb<55V:
+2.0%@ Ta = +85 to +105°C
+1.0%@ Ta =-20 to +85°C
+1.5%@ Ta =-40 to -20°C

Serial array unit

UART
CSI00: fewk/2 (supporting 16 Mbps), fewk/4
Csl01

Simplified 1°C communication

UART
CSI00: fewx/4
Csl01

Simplified 1°C communication

IICA

Normal mode
Fast mode

Fast mode plus

Normal mode

Fast mode

Voltage detector

Rise detection voltage: 1.67 V to 4.06 V
(14 levels)
Fall detection voltage: 1.63 V to 3.98 V
(14 levels)

Rise detection voltage: 2.61 V to 4.06 V
(8 levels)
Fall detection voltage: 2.55 V to 3.98 V

(8 levels)

Remark The electrical characteristics of the products G: Industrial applications (Ta = -40 to +105°C) are different from
those of the products “A: Consumer applications, and G: Industrial applications (only with Ta = -40 to +85°C)".

For details, refer to 3.1 to 3.11.
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage Vob Voo = EVop -0.5t0 +6.5
EVob Voo = EVop -0.5t0 +6.5 \%
EVss -0.5t0 +0.3 \
REGC pin input voltage | Virecc REGC -0.3t0 +2.8 \%
and —-0.3 to Voo + 0.3Notet
Input voltage Vi P10 to P17, P30 to P32, P40 to P43, -0.3to EVop+ 0.3 \Y
P50 to P54, P70 to P74, P120, P125 to P127, P140 and —0.3 to Voo + 0.3Vote2
to P147
Vi P60, P61 (N-ch open-drain) -0.3to EVoo+ 0.3 \%
and 0.3 to Vop + 0.3"°te2
Vis P20, P21, P121 to P124, P137, EXCLK, EXCLKS, -0.3 to Vop + 0.3Nte2 \
RESET
Output voltage Vo1 P10 to P17, P30 to P32, P40 to P43, P50 to P54, -0.3to EVop+ 0.3 \
P60, P61, P70 to P74, P120, P125 to P127, P130, and —0.3 to Voo + 0.3 Note 2
P140 to P147
Vo2 P20, P21 -0.3 to Vop + 0.3 Note2
Analog input voltage Van ANI16 to ANI23 -0.3t0 EVopo + 0.3

and —0.3 to AVRrer(+) + 0.3Notes 2.3

Vaiz ANIO, ANI1 -0.3to Voo + 0.3 \
and —0.3 to AVRrer(+) + 0.3\otes 2.3

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value regulates the absolute
maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Mustbe 6.5V or lower.
3. Do not exceed AVrer(+) + 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.
AVREer (+) : + side reference voltage of the A/D converter.
3. Vss: Reference voltage
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Absolute Maximum Ratings (Ta = 25°C) (2/3)
Parameter Symbols Conditions Ratings Unit
LCD voltage Vi Vi voltageMoe ! -0.31t0 +2.8 \Y
and -0.3to Vs + 0.3
Viz Viz voltageNete ! —-0.3 to Via + 0.3 Note2 \Y,
Vi3 Vi3 voltageN°tet 0.3 t0 Via + 0.3 Note2 Y,
Via Via voltageNote ! -0.3t0 +6.5 \Y,
Vicap CAPL, CAPH voltageN°te! —0.3t0 V4 + 0.3 Note2 \Y
Viout COMO to COM7,| External resistance division -0.3to Vop + 0.3 Note2 Y,
SEGO to method
SEG3S, Capacitor split method -0.3 to Vop + 0.3 Note2
output voltage -
Internal voltage boosting method —-0.3 t0 Via + 0.3 Note2
Notes 1. This value only indicates the absolute maximum ratings when applying voltage to the Vi1, Vi2, Vi3,

and Vus 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 u F + 30%) and connect a capacitor (0.47 u F + 30%) between the CAPL and CAPH
pins.

Must be 6.5 V 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 Symbols Conditions Ratings Unit
Output current, high loH1 Per pin P10 to P17, P30 to P32, P40 to P43, -40 mA
P50 to P54, P70 to P74, P120,
P125 to P127, P130, P140 to P147
Total of all pins P10 to P14, P40 to P43, P120, -70 mA
-170 mA P130, P140 to P147
P15 to P17, P30 to P32, -100 mA
P50 to P54, P70 to P74,
P125 to P127
lonz Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loL1 Per pin P10 to P17, P30 to P32, P40 to P43, 40 mA
P50 to P54, P60, P61, P70 to P74,
P120, P125 to P127, P130,
P140 to P147
Total of all pins P10 to P14, P40 to P43, P120, 70 mA
170 mA P130, P140 to P147
P15 to P17, P30 to P32, P50 to P54, 100 mA
P60, P61, P70 to P74, P125 to P127
loLz 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
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, XT1 oscillator characteristics

(TA=-40to +105°C, 2.4V <EVpp =VpD<5.5V, Vss=EVss=0V)

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

Note Indicates only permissible oscillator frequency ranges. Refer to 3.4 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.

3.2.2 On-chip oscillator characteristics

(TA=-40to +105°C, 2.4V <EVpp =VpD<5.5V, Vss =EVss=0V)

Oscillators Parameters Conditions MIN. TYP. | MAX. Unit
High-speed on-chip oscillator fin 1 24 MHz
clock frequency Netes 1.2
High-speed on-chip oscillator —20 to +85°C 24V <Vop<55V -1 +1 %
clock frequency accuracy —40 to -20°C 2.4V <Vop<55V 15 15 | %

+85 to +105°C 2.4V <Vop<55V -2.0 +2.0 %
Low-speed on-chip oscillator fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H) and bits 0 to 2 of
HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to 3.4 AC Characteristics for instruction execution
time.
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3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C, 2.4V <EVpp=VbD<5.5V,Vss=EVss=0V) (1/5)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, -3.0 N2 mA
hightote * P70 to P74, P120, P125 to P127, P130, P140 to P147
Total of P10 to P14, P40 to P43, P120, 40V<EVop<55V -30.0 mA
P130, P140 to P147 27V<EVoo<40V 80 | mA
(When duty = 709 N°te 3)
24V<EVop<27V -4.0 mA
Total of P15 to P17, P30 to P32, 40V<EVopn<55V -30.0 mA
P50 to P54, P70 to P74, P125 to P127 27V <EVon <40V _150 mA
(When duty = 70% "°t¢ %)
24V<EVop<27V -8.0 mA
Total of all pins -60.0 mA
(When duty = 709"t %)
loHz P20, P21 Per pin -0.1 mA
Total of all pins 24V <Vop<55V -0.2 mA
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo and

EVop pins to an output pin.
Do not exceed the total current value.
Specification 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 = —-30.0 mA

Total output current of pins = (-30.0 x 0.7)/(80 x 0.01) = —26.25 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.

Caution P10, P12, P15, and P17 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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(TA = —40 to +105°C, 2.4 V < EVop = Vop < 5.5 V, Vss = EVss = 0 V) (2/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output current, loL1 Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, 8.5 Note2 mA
lowNete 1 P70 to P74, P120, P125 to P127, P130, P140 to P147
Per pin for P60, P61 15.0Note2 mA
Total of P10 to P14, P40 to P43, P120,|4.0V <EVopb <55V 40.0 mA
P130, P140 to P147 27V<EVon <40V 15.0 mA
(When duty = 709 N°te 3)
24V <EVop<27V 9.0 mA
Total of P15 to P17, P30 to P32, P50 [4.0V<EVop <55V 40.0 mA
to P54, P60, P61, P70 to P74, 27V<EVoo <40V 35.0 mA
P125 to P127
(When duty = 70% Note 3) 24V<EVop<27V 20.0 mA
Total of all pins 80.0 mA
(When duty = 709% N°te 3)
loL2 P20, P21 Per pin 0.4 mA
Total of all pins 24V <Vopb<55V 0.8 mA

Notes 1.

Value of current at which the device operation is guaranteed even if the current flows from the Voo and
EVop pins to an output pin.
Do not exceed the total current value.
Specification 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 = (loL 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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(TA =-40 to +105°C, 2.4 V < EVpp = Voo < 5.5V, Vss = EVss = 0 V) (3/5)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, Vir1 P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0.8EVoD EVop \%
high P50 to P54, P70 to P74, P120,
P125 to P127, P140 to P147
ViH2 P10, P11, P15, P16 TTL input buffer 2.2 EVoo \%
40V <EVop <55V
TTL input buffer 2.0 EVop \%
3.3V<EVop<4.0V
TTL input buffer 1.50 EVoo \%
24V <EVop <33V
ViH3 P20, P21 0.7Vop Vobp \Y
ViHa P60, P61 0.7EVbD EVop \Y
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Vop \%
Input voltage, low | Vi1 P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0 0.2EVop Y,
P50 to P54, P70 to P74, P120,
P125to P127, P140 to P147
Viz P10, P11, P15, P16 TTL input buffer 0 0.8 \%
40V<EVop<55V
TTL input buffer 0 0.5 \%
3.3V<EVop<4.0V
TTL input buffer 0 0.32 \%
24V <EVop <33V
Vi3 P20, P21 0 0.3Vop \Y
ViLa P60, P61 0 0.3EVoD
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop

Caution The maximum value of Vi1 of pins P10, P12, P15, and P17 is EVop, even in the N-ch open-drain mode.

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

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

(TA = —40 to +105°C, 2.4 V < EVop = Vop < 5.5 V, Vss = EVss = 0 V) (4/5)
Iltems Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, Vor1 P10 to P17, P30 to P32, P40to P43, |40V <EVop<5.5V, EVop — \%
high P50 to P54, P70 to P74, P120, low1 = -3.0 mA 0.7
P125 to P127, P130, P140 to P147 2.7V<EVop <55V, EVoo — v
loH1 = -2.0 mA 0.6
24V <EVop<55V, EVop — Vv
lon1 = -1.5 mA 0.5
Vor2 P20, P21 24V <Voo<55V, |Voo-0.5 \%
lonz =-100 A
Output voltage, Vou1 P10 to P17, P30 to P32, P40 to P43, |40V <EVop<5.5V, 0.7 \%
low P50 to P54, P70 to P74, P120, lo1 = 8.5 mA
P125 to P127, P130, P140 to P147 2.7V <EVop <55V, 0.6 v
loi1 = 3.0 mA
2.7V<EVop <55V, 0.4 \%
lot1 = 1.5 mA
24V <EVop<5.5V, 0.4 \%
loi1 = 0.6 mA
VoL2 P20, P21 24V <Vop<55V, 0.4 \%
lo2 =400 A
VoLs P60, P61 40V<EVop<55V, 2.0 \Y
los = 15.0 mA
40V<EVop<55V, 0.4 \%
lo,s = 5.0 mA
2.7V<EVop <55V, 0.4 \%
loz = 3.0 mA
24V <EVop<5.5V, 0.4 \%

lots = 2.0 mA

Caution P10, P12, P15, and P17 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.

RO1DS0157EJ0212 Rev.2.12

Dec 22, 2020

RRENESAS

Page 85 of 135



RL78/L12

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

(TA = —40 to +105°C, 2.4 V < EVop = Vop < 5.5 V, Vss = EVss = 0 V) (5/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input leakage lum P10 to P17, P30 to P32, Vi = EVop 1 HA
current, high P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
lunz P20, P21, P137, RESET Vi = Vop 1 LA
([N} P121 to P124 Vi=Voo | Ininput port or 1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator 10
connection
Input leakage luia P10 to P17, P30 to P32, Vi = EVss -1
current, low P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
luez P20, P21, P137, RESET Vi =Vss -1 LA
luies P121to P124 Vi =Vss In input port or -1 LA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator -10 LA
connection
On-chip pll-up Ru1 Vi = EVss SEGxx port
resistance 24V<EVoo=Voo<55V| 10 20 100 kQ
Ruz Ports other than above 10 20 100 kQ
(Except for P60, P61, and
P130)

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

pins.
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

3.3.2 Supply current characteristics

(TA=-40to +105°C, 2.4V <EVpD = VDD £ 5.5V, Vss = EVss =0 V) a/3)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ipp1 Operating | HS (high- fin = 24 MHz N3 | Basic Vop = 5.0 V 1.5 mA
current mode speed main) operation [y,,. =30V 15 mA
Note 1 mode Nete
Normal Voo =5.0V 3.3 53 mA
operation | v/, = 3.0 v 3.3 53 | mA
fin =16 MHzN°*®3 | Nomal | Vop=5.0V 25 3.9 mA
operation | v/, = 3.0 v 25 3.9 mA
HS (high- fux = 20 MHzN*¢2 | Normal | Square wave input 2.8 4.7 mA
speed main) | /5 =50V operalion | pesonator connection 3.0 4.8 mA
mode Note 5
fux = 20 MHZzN°'®2, | Normal | Square wave input 2.8 4.7 mA
Voo =3.0V operalion | pasonator connection 3.0 48 mA
fux = 10 MHzN*2, | Normal | Square wave input 1.8 2.8 mA
Voo =5.0V operalion | pesonator connection 1.8 2.8 mA
fux = 10 MHzN°*®2, | Normal | Square wave input 1.8 2.8 mA
Voo =3.0V operalion | pasonator connection 1.8 2.8 mA
Subsystem | fsus =32.768 kHz | Nomal | Square wave input 35 4.9 LA
clock Note 4 operalion | pesonator connection 3.6 5.0 LA
Operatlon Ta = —40°C
fsus = 32.768 kHz Normal | Square wave input 3.6 4.9 LA
N 4 9
o operalion | pesonator connection 3.7 5.0 LA
Ta=+25°C
fsus = 32.768 kHz Normal | Square wave input 3.7 5.5 LA
Note 4 operalion | pesonator connection 3.8 5.6 A
Ta=+50°C
fsus = 32.768 kHz Normal | Square wave input 3.8 6.3 LA
Note 4 operalion | pesonator connection 3.9 6.4 LA
Ta=+70°C
fsus = 32.768 kHz Normal | Square wave input 4.1 7.7 LA
Note 4 operalion | pasonator connection 4.2 7.8 LA
Ta=+85°C
fsus = 32.768 kHz Normal | Square wave input 6.4 19.7 LA
Note 4 operalion | pasonator connection 6.5 19.8 LA
Ta=+105°C

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

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

3. 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 AMPHS1 = 1 (Ultra-low
power consumption oscillation). However, not including the current flowing into the RTC, 12-bit interval timer,
watchdog timer, and LCD controller/driver.

5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7 V < Vop < 5.5 V@1 MHz to 24 MHz
2.4V <Vop<55V@1 MHz to 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fii:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

(TA=-40to +105°C, 2.4V <EVpp =VDD<5.5V, Vss =EVss =0V) (213)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Iob2 HALT HS (high- | fiy = 24 MHZNete Voo =5.0V 0.44 2.3 mA
current rerez | mode ;p(fj: e Voo =3.0V 044 | 23 | mA

fin = 16 MHzNote 4 Voo =5.0V 0.40 1.7 mA
Voo =3.0V 0.40 1.7 mA
HS (high- fux = 20 MHzNote 3, Square wave input 0.28 1.9 mA

speed main)
mode Nete 7 Voo =5.0V Resonator connection 0.45 2.0 mA
fux = 20 MHzNote 3, Square wave input 0.28 1.9 mA
Voo =3.0V Resonator connection 0.45 2.0 mA
fux = 10 MHzNote 3, Square wave input 0.19 1.02 mA
Vop =5.0V Resonator connection 0.26 1.10 mA
fux = 10 MHZNote 3, Square wave input 0.19 1.02 mA
Voo =3.0V Resonator connection 0.26 1.10 mA
Subsystem | fsus = 32.768 kHz°**® | Square wave input 0.31 0.57 LA
clock _ Ta = —40°C Resonator connection 0.50 0.76 LA
operation fsus = 32.768 kHz"*'¢5 | Square wave input 0.37 0.57 LA
Ta=+25°C Resonator connection 0.56 0.76 HA
fsus = 32.768 kHzN°**®> | Square wave input 0.46 1.17 LA
Ta=+50°C Resonator connection 0.65 1.36 HA
fsus = 32.768 kHz\°'®5 | Square wave input 0.57 1.97 LA
Ta=+70°C Resonator connection 0.76 2.16 HA
fsus = 32.768 kHz\°'®5 | Square wave input 0.85 3.37 LA
Ta=+85°C Resonator connection 1.04 3.56 HA
fsus = 32.768 kHz"*'®> | Square wave input 3.04 15.37 LA
Ta=+105°C Resonator connection 3.23 15.56 HA
Iopa\6 | STOP Ta=-40°C 0.17 0.50 LA
mode™® | . = yo5ec 023 | 050 | uA
Ta=+50°C 0.32 1.10 LA
Ta = +70°C 0.43 | 1.90 LA
Ta = +85°C 0.71 3.30 LA
Ta=+105°C 2.90 15.30 LA

(Notes and Remarks are listed on the next page.)
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Notes 1.

o~ w N

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

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). The current flowing into the RTC is included. However, not
including the current flowing into the 12-bit interval timer, watchdog timer, and LCD controller/driver.

6. Not including the current flowing into the RTC, 12-bit interval timer, and watchdog timer.

Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7 V < Vop < 5.5 V@1 MHz to 24 MHz
24V <Vop<55V@1 MHz to 16 MHz
Regarding the value for current 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)
2. fii:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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(TA = —40 to +105°C, 2.4 V < EVop = Vop < 5.5 V, Vss = EVss = 0 V) (3/3)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Low-speed on- | I Note? 0.20 LA

chip oscillator

operating

current

RTC operating | Irtc fwain is stopped 0.08 LA

current Notes 1, 2, 3

12-bit interval Iir 0.08 LA

timer current Notes 1,2, 4

Watchdog timer | lwor fi, =15 kHz 0.24 LA

operating Notes 1,2,5

current

A/D converter lapc When conversion Normal mode, AVrere = Voo = 5.0 V 1.3 1.7 mA

operating Notes 1,6 at maximum speed || voltage mode, AVrerp = Vob = 3.0 V 0.5 0.7 mA

current

A/D converter |ADREF 75.0 LA

reference Note 1

voltage current

Temperature ITmPs 75.0 LA
sensor Note 1
operating
current
LVD operating ILvo 0.08 LA
current Notes 1, 7
Self- IFsp 2.50 12.20 mA
programming Notes 1,9
operating
current
BGO operating | lsco 250 | 12.20 mA
current Notes 1, 8
operating LcD1 xternal resistance division metho pp = EVop = 5. 0.04 0.20
LCD i | E | i divisi hod |V EVi 50V
current Notes 11, 12 V=50V
ILep2 Internal voltage boosting method Voo =EVop =5.0V 1.12 3.70 HA
Note 11 Vi =5.1V (VLCD = 12H)
Voo =EVop=3.0V 0.63 2.20 HA
Ve = 3.0V (VLCD = 04H)
I.cps Mot M | Capacitor split method Vopo = EVop =3.0V 0.12 0.50 LA
Vu=3.0V
SNOOZE Isnvoz N1 | ADC operation The mode is performed Note 10 0.50 1.10 mA
operating The A/D conversion operations are 120 | 2.04 mA
current performed, Low voltage mode, AVrere = Voo
=30V
CSI/UART operation 0.70 1.54 mA

(Notes and Remarks are listed on the next page.)
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Notes 1. Current flowing to Voo.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of
either lob1 or Iop2, and Irtc, when the real-time clock operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IriL should be added. Ibpb2 subsystem clock operation includes the
operational current of the real-time clock.

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 supply current of the RL78 microcontrollers is the sum of the values of
either Iop1 or Iop2, and Iit, when the 12-bit interval timer operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IFiL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The supply current of the RL78 microcontrollers is the sum of Iop1, Ibp2 or lopz and Iwot when the watchdog
timer is in operation.

6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of Iop1 or
Iop2 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 supply current of the RL78 microcontrollers is the sum of Iopz, Ipp2
or Iops and I.vo when the LVD circuit is in operation.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

10. For shift time to the SNOOZE mode.

11. Current flowing only to the LCD controller/driver. The supply current value of the RL78 microcontrollers is the
sum of the LCD operating current (lLcoi, Iicp2 or Icps) to the supply current (lop1 or Ibbz) when the LCD
controller/driver operates in an operation mode or HALT mode. Not including the current that flows through the
LCD panel.

The TYP. value and MAX. value are following conditions.
e When fsus is selected for system clock, LCD clock = 128 Hz (LCDCO = 07H)
¢ 4-Time-Slice, 1/3 Bias Method

12. Not including the current that flows through the external divider resistor when the external resistance division
method is used.

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

3.4 AC Characteristics

3.4.1 Basic operation

(TA=-40to +105°C, 24V <EVpD = VDD £ 5.5V, Vss = EVss =0 V)

Iltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main HS (high-speed | 2.7V <Vop <55V | 0.04167 1 1S
instruction execution time) system main) mode 24V<Voo<27V| 0.0625 1 s
clock (fvain)
operation
Subsystem clock (fsug) 24V<Vm<55V| 285 30.5 31.3 7S
operation
In the self HS (high-speed | 2.7V <Vop <55V | 0.04167 us
programming| main)mode |24V <Vp<27V| 0.0625 us
mode
External system clock frequency | fex 27V<Vop<55V 1.0 20.0 MHz
24V <V <27V 1.0 16.0 MHz
fexs 32 35 kHz
External system clock input high- | texn, texc | 2.7V <Vob <55V 24 ns
level width, low-level width 24V <Vop<27V 30 ns
tExHs, 13.7 7S
texts
TIOO to TIO7 input high-level width, | trn, 1/fmck+10 ns
low-level width tric
TOO0O0 to TOO7 output frequency | fro HS (high-speed 40V<EVop<55V 16 MHz
main) mode 2.7V<EVop<4.0V 8 MHz
24V<EVop<27V 4 MHz
PCLBUZ0, PCLBUZ1 output frcL HS (high-speed 40V <EVop<55V 16 MHz
frequency main) mode 27V <EVoo<4.0V 8 MHz
24V <EVop <27V 4 MHz
Interrupt input high-level width, tiINTH, INTPO 24V <Vop<55V 1 )7
low-level width T INTPL1to INTP7 | 2.4V <EVoo <55V 1 1S
Key interrupt input low-level width | tkr KRO to KR3 24V<EVop<55V 250 ns
RESET low-level width trsL 10 us

Remark fvck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer mode register On (TMRON).

n: Channel number (n =0 to 7))
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Minimum Instruction Execution Time during Main System Clock Operation

Tcv vs Vob (HS (high-speed main) mode)
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—— When the high-speed on-chip oscillator clock is selected
——— During self programming
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AC Timing Test Points
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External System Clock Timing
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TITO Timing

tme

TIOO to TIO7

tH

1/fro

TOO0O0 to TOO7

Interrupt Request Input Timing

tiNL

tiNH

INTPO to INTP7

—
—
—

Key Interrupt Input Timing

KRO to KR3

RESET Input Timing

RESET

—
—

-
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3.5 Peripheral Functions Characteristics

AC Timing Test Points

Vin/ Vor Vin/ Vor
Test points
Viv/Vou > <: Viv/Vou

3.5.1 Serial array unit

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

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

Transfer rate Note fmck/12 bps
Theoretical value of the 2.0 Mbps
maximum transfer rate
fmck = feuk Note 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 <Vpp < 5.5 V)
16 MHz (2.4 V <Vpp £5.5V)

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

UART mode connection diagram (during communication at same potential)

TxDq Rx
RL78 microcontroller User's device
RxDq Tx

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

N\

Remarks 1. q: UART number (q = 0), g: PIM and POM number (g = 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40to +105°C, 2.4V <EVop =Vop<5.5V, Vss =EVss =0 V)

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

SCKp cycle time tkeve 27V<EVop<55V 334 Notel ns

24V <EVop<55V 500 Note 1 ns

SCKp high-/low-level width tkH1, 40V<EVop<55V tkevi/2 — 24 ns

tu 27V<EVop<55V tkevi/2 — 36 ns

24V <EVop<55V tkeyy/2 — 76 ns

Slp setup time (to SCKpT) Note 2 tsik 27V<EVop<55V 66 ns

24V <EVop<55V 113 ns

Slp hold time (from SCKpT) Nete3 | tksin 2.4V <EVop <55V 38 ns

Delay time from SCKp{ to tkso1 C =30 pF Notes 24V<EVop<55V 50 ns
SOp output Nete 4

Notes 1. Set a cycle of 4/fuck or longer.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKpi”
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 SCKpT“ 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, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM numbers (g = 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <EVop =Vop<5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time Notes tkeva 40V<EVop<55V |20 MHz < fumck 16/fmck ns
fmek < 20 MHz 12/fmek ns
27V<EVop<40V |16 MHz < fuck 16/fmck ns
fmek < 16 MHz 12/fmck ns
24V <EVmp <55V 12/fwek and 1000 ns
SCKp high-/low-level tKH2, 40V <EVop<55V tkeva/2 — 14 ns
width thez 2.7V<EVop<4.0V tkeval2 - 16 ns
2.4V <EVop< 2.7V tkev2/2 — 36 ns
Slp setup time tsik2 27V<EVop <55V 1/fmek + 40 ns
(to SCKpT) e 24V <EVop <27V 1/fuck + 60 ns
Slp hold time tsi2 24V<EVop<55V 1/fmck + 62 ns
(from SCKpT) Nete2
Delay time from SCKp{ | tksoz C =30 pF Note4 40V<EVop<55V 2/fvck + 66 ns
to SOp output "¢ 2.7V<EVoo<4.0V 2fuck+ 66 ns
24V <EVop <27V 2/fmck + 113 Ns

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

when DAPmn = 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 DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes
“from SCKpT" when DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

5. Transfer rate in the 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, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM number (g = 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 Slp SO User's device
microcontroller
SOp Sl
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

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

tkeyt,2

k.2 tkHt 2

/
SCKp \

tsii,2 tksit, 2

Slp Input data

tksot,2
e

SOp Output data ><

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

tkev1, 2
trt, 2 tkLt, 2
SCKp / \
tsik1, 2 tksit,2 |
Slp Input data
tkso1, 2

SOp Output data ><

Remarks 1. p: CSl number (p = 00, 01)
2. m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

(4) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (1/2)
(TA=-40to +105°C, 2.4V <EVop =Vop<5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate Reception |4.0V <EVop<5.5V, fmck/12 Note 2 bps
27V<Vb<4.0V
® Theoretical value of the 2.0 Mbps
maximum transfer rate
fuck = feuk Note 2
27V<EVop <40V, fmek/12 Note 1 bps
23VsW<27V Theoretical value of the 2.0 Mbps
maximum transfer rate
fmck = feuk Note 2
24V <EVop<3.3V, fmek/12 Note 1 bps
16V<Vh<20V
Theoretical value of the 2.0 Mbps

maximum transfer rate

fuck = feuk Note 2

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. 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 < Vop < 5.5 V)

Caution Select the TTL input buffer for the RxDqg pin and the N-ch open drain output (Vop tolerance (32- to 52-pin
products)/EVop tolerance (64-pin products)) mode for the TxDq 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.

Remarks 1. Vbu[V]: Communication line voltage
2. g: UART number (g = 0), g: PIM and POM number (g = 1)
3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

(4) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (2/2)
(TA=-40to +105°C, 2.4V <EVop =Vob £5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions HS (high-speed main) Mode | Unit
MIN. MAX.
Transfer rate Transmission | 4.0V <EVopb<55YV, Note 1 bps
27V<Vb<4.0V Theoretical value of the 2.0tz | Mbps

maximum transfer rate

Co=50pF, Ro=14kQ, Vb=27V

27V<EVop<4.0V, Note 3 bps

23V<Vb<27V Theoretical value of the 1.2 Notes Mbps
maximum transfer rate

Co=50pF, Ro=27kQ, Vb =23V

24V <EVop<33V, Note 5 bps
16V<Wh<20V

Theoretical value of the 0.43 Note6 | Mbps
maximum transfer rate

Co=50pF, Ro=55kQ,Vb=16V

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<EVop <55V and 2.7V <V <4.0V

Maximum transfer rate = 1 55 [bps]
{~Cox RbxIn (1 - V'b )} x 3
1 2.2
, Transfer rate x 2 {=Cox Rox In (1-=, 7}
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.
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/6 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 2.7 V<EVob <4.0Vand 23V <Vp <27V

Maximum transfer rate = 1 [bps]

2.0
{~Cbx RoxIn (1 - Vo )} x 3

1
Transfer rate x 2

1 .
(m) x Number of transferred bits

2.0
—{-Cox Rbx1In (1 _T)}

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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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

5. 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 1.8 V<EVop<3.3Vand 1.6 V<Vb <20V

Maximum transfer rate = L 15 [bps]
{~Cox RbxIn (1 - V.b )} x 3
1

1.5
_ Transfer rate x 2 {=Cox Roxn (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.
6. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance (32- to 52-pin
products)/EVop tolerance (64-pin products)) 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
% Ro
TxDq Rx
RL78 microcontroller User's device
RxDq Tx
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UART mode bit width (during communication at different potential) (reference)

1/Transfer rate
Low-bit width

High-bit width

Baud rate error tolerance

06 /

\ )

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remarks 1. Ro[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, 1), g: PIM and POM number (g = 1)
3. fwuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

(5) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) 2/2)
(TA=-40to +105°C, 2.4V <EVop =Vob £ 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time tkeve tkevr > 4ffck | 40V <EVop<55V,27V<Vb<40V, 600 ns

Cb =30 pF, Ro = 1.4 kQ

27V<EVop<4.0V,23V<Vp<27V, 600 ns
Cbh =30 pF, Ro =2.7 kQ

24V <EVop<33V,16V<Vp<20V, 2300 ns
Cb =30 pF, Ro =5.5 kQ

SCKp high-level width | tkH1 40V<EVop<55V,27V<Vb<4.0V, tkeva/2 — 150 ns
Cb =30 pF, Ro = 1.4 kQ

27V<EVop<4.0V,23V<Vp<27V, tkev1/2 — 340 ns
Cb = 30 pF, Ro = 2.7 kQ

24V<EVop<33V,16V<Vp<20V, tkev1/2 — 916 ns
Cb = 30 pF, Ro = 5.5 kQ

SCKp low-level width | tki1 40V<EVop<55V,27V<Vb<4.0V, tkev/2 — 24 ns
Cb =30 pF, Ro = 1.4 kQ

27V<EVop<4.0V,23V<Vp<27V, tkey1/2 — 36 ns
Cb =30 pF, Ro = 2.7 kQ

24V <EVop<33V,16V<Vb<20V, tkey/2 — 100 ns
Cb = 30 pF, Ro = 5.5 kQ

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (32- to 52-pin
products)/EVop tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.
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3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

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

output) (2/12)
(TA=-40to +105°C, 2.4V <EVop =Vob £ 5.5V, Vss = EVss = 0 V)
Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Slp setup time tsik1 40V<EVop<55V,27V<Vp<4.0V, 162 ns
(to SCKpT)Nete Cb =30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 354 ns
Cb = 30 pF, Ro = 2.7 kQ
24V <EVop<33V,16V<Wh<20V, 958 ns
Cb =30 pF, Ro =5.5 kQ
Slp hold time tksia 40V<EVop<55V,27V<Vb<4.0V, 38 ns
(from SCKpT) Mot Cb = 30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V<EVop<33V,16V<Wh<20V, 38 ns
Cb = 30 pF, Ro = 5.5 kQ
Delay time from SCKp{ to tkso1 40V<EVoD<55V,27V<Vb<4.0V, 200 ns
SOp output Mt Cb =30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<VWh<27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V<EVop<33V,16V<Wh<20V, 966 ns
Cb =30 pF, Ro = 2.7 kQ
Slp setup time tsik1 40V<EVop<55V,27V<Vp<4.0V, 88 ns
(to SCKpl) e Cb = 30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 88 ns
Cb =30 pF, Ro = 2.7 kQ
24V <EVop<33V,16V<Vh<20V, 220 ns
Cb =30 pF, Ro =5.5kQ
Slp hold time tksit 40V<EVop<55V,2.7V<Vb<40V, 38 ns
(from SCKpv) Mote Cb = 30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 38 ns
Cb = 30 pF, Ro = 2.7 kQ
24V <EVop<33V,16V<Wh<20V, 38 ns
Cb =30 pF, Ro =5.5 kQ
Delay time from SCKpT to tkso1 40V<EVop<55V,27V<Vb<4.0V, 50 ns
SOp output "¢ Cb =30 pF, Ro = 1.4 kQ
27V<EVop<4.0V,23V<Wh<27V, 50 ns
Cb =30 pF, Ro = 2.7 kQ
24V<EVop<33V,16V<Wh<20V, 50 ns
Cb = 30 pF, Ro = 5.5 kQ

(Notes, Caution and Remarks are listed on the page after the next page.)
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3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

Notes 1. When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.
2. When DAPmMn = 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 (32- to 52-pin
products)/EVop tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input

mode register g (PIMg) and port output mode register g (POMg).

characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)

<Master>

RL78

microcontroller

Vb Vb
é Rb % Rob
SCKp * SCK
Slp SO
SOp Sl

User's device

Remarks 1. Ro[Q]:Communication line (SCKp, SOp) pull-up resistance,
Cb[F]: Communication line (SCKp, SOp) load capacitance, Vb[V]: Communication line voltage

2. p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)

3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00))

For Vi and Vi, see the DC
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

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

tkeyi
tut tkH1
SCKp
\ N\
tsiki tksit
Slp Input data
tkso1
SOp Output data

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

tkey1
tkH1 tkt
"
SCKp /
_/ \ B
tsiki tksi
Slp Input data
tkso1

SOp Output data

Remark p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
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(6) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <EVop =Vop<5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time Notel tkeyz 40V<EVop<55V, |20MHz<fwck <24 MHz 24/fmck ns
27V<\Vb<40V 8 MHz < fvex <20 MHz 20/fmek ns
4 MHz < fmck <8 MHz 16/fmck ns
fmck <4 MHz 12/fmck ns
27V<EVop<4.0V, |20 MHz < fuck <24 MHz 32/fmck ns
23V<\Wb<27V 16 MHz < fvek <20 MHz 28/fmck ns
8 MHz < fuek <16 MHz 24/fmeck ns
4 MHz < fuck <8 MHz 16/fmck ns
fmek <4 MHz 12/fmck ns
24V <EVop<3.3V, |20 MHz < fuck <24 MHz 72/fmck ns
16V<Wb<20V 16 MHz < fvek <20 MHz 64/fmck 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, 40V<EVop<55YV, tkey2/2 — 24 ns
kL2 27V<Vb<40V
27V<EVop<4.0V, tkey2/2 — 36 ns
23V<WwW<27V
2.4V <EVop<3.3V, tkey2/2 — 100 ns
1.6V<Ww<2.0V
Slp setup time tsikz 40V <EVopb<55V, 1/fvek + 40 ns
(to SCKp™) Note2 27V<Vb<4.0V
27V<EVop<4.0V, 1/fmek + 40 ns
23V<Ww<27V
24V <EVop<33YV, 1/fmck + 60 ns
1.6V<Wh<20V
Slp hold time tksi2 40V <EVop<55V, 1/fmck + 62 ns
(from SCKpT) Note3 27V<Vb<4.0V
27V<EVop<4.0V, 1/fvck + 62 ns
23V<Ww<27V
2.4V <EVop<3.3V, 1/fvek + 62 ns
1.6V<W<20V
Delay time from SCKp! to | tksoz 40V<EVop<55V,27V<Vb<4.0V, 2/fmck + 240 ns
SOp output Note4 Cb =30 pF, Rb = 1.4 kQ
27V<EVop<4.0V,23V<Vb<27V, 2/fuck + 428 ns
Cb =30 pF, Ro = 2.7 kQ
24V<EVop<33V,16V<Vh<20V 2/fmck + 1146 ns
Cb = 30 pF, Ro = 5.5 kQ

(Notes, Caution and Remarks are listed on the page after the next page.)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

Notes 1. Transfer rate in the SNOOZE mode : MAX. 1 Mbps
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKpl”
when DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from 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 SCKpT" when DAPmMn = 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 (Voo tolerance
(32- to 52-pin products)/EVop tolerance (64-pin products)) mode for the SOp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For Vi and Vi, see the DC
characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)
<Slave> Vb
§ Ro
SCKp SCK
RL78 Slp SO User's device
microcontroller
SOp Sl
Remarks 1. Ro[Q]:Communication line (SOp) pull-up resistance,
Cb[F]: Communication line (SOp) load capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
R01DS0157EJ0212 Rev.2.12 ’-IENESAS Page 109 of 135

Dec 22, 2020



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

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

tkey2
tkL2 tkH2
/
SCKp <
tsk2 tksi2
Slp Input data
tkso2
SOp Output data

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

tkey2
tkH2 tkL2
/ /
SCKp
/ \
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI number (p = 00, 01), m: Unit number (m = 0),
n: Channel number (n =0, 1), g: PIM and POM number (g = 1)
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3.5.2 Serial interface IICA

(1) I1°C standard mode
(TA=-40to +105°C, 2.4V <EVopo =Vop <£5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Standard mode: | 2.7 V<EVopo <55V 0 100 kHz
fe 2 1 MHz 24V<EVop <55V 0 100 kHz
Setup time of restart condition tsu:sTA 27V<EVop <55V 4.7 s
24V <EVop<55V 4.7 7]
Hold timeNete ! tHD:STA 27V<EVop<55V 4.0 S
24V <EVop <55V 4.0 7]
Hold time when SCLAO = “L” tow 27V<EVop <55V 4.7 us
24V<EVop<55V 4.7 us
Hold time when SCLAO = “H" tHIGH 27V<EVop<55V 4.0 7]
24V<EVop<55V 4.0 us
Data setup time (reception) tsu:paT 27V<EVop<55V 250 ns
24V <EVop<55V 250 ns
Data hold time (transmission)Note 2 tHD:DAT 27V<EVop<55V 0 3.45 us
24V <EVop<55V 0 345 7]
Setup time of stop condition tsu:sto 27V<EVop<55V 4.0 s
24V <EVop<55V 4.0 7]
Bus-free time tBuF 27V<EVop <55V 4.7 us
24V <EVop <55V 4.7 7]

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 wait state is inserted in the ACK
(acknowledge) timing.

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

Standard mode: Cb = 400 pF, Rb = 2.7 kQ
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(2) I1°C fast mode
(TA=-40to +105°C, 2.4V <EVopo =Vop £5.5V, Vss =EVss =0 V)

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

SCLAO clock frequency fscL Fast mode: 27V<EVop<55V 0 400 kHz
fek=3.5MHZ |54y <EVon <55V 0 400

Setup time of restart condition tsuisTA 27V<EVop <55V 0.6 us
24V <EVop <55V 0.6

Hold time Nete! tHD:STA 27V<EVop<55V 0.6 S
24V <EVop <55V 0.6

Hold time when SCLAO = “L” tow 27V<EVop <55V 1.3 )7
24V <EVopb <55V 1.3

Hold time when SCLAO = “H” tHiGH 27V<EVop <55V 0.6 )7
24V <EVop<55V 0.6

Data setup time (reception) tsu:paT 27V<EVop<55V 100 ns
24V <EVop<55V 100

Data hold time (transmission)°t¢ 2 | tup:pat 27V<EVop<55V 0 0.9 us
24V <EVop <55V 0 0.9

Setup time of stop condition tsu:sto 27V<EVop<55V 0.6 us
24V <EVop <55V 0.6

Bus-free time taur 27V<EVop <55V 1.3 7
24V <EVop <55V 1.3

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

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

Fast mode: Cb =320 pF, Ro = 1.1 kQ
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3.6 Analog Characteristics

3.6.1 A/D converter characteristics
Classification of A/D converter characteristics

Reference Voltage

Reference voltage (+) = AVrerp Reference voltage (+) = Voo Reference voltage (+) = Vecr
Input channel Reference voltage (-) = AVrerm Reference voltage (-) = Vss Reference voltage (-) = AVrerm
ANIO, ANI1 - Refer to 3.6.1 (3). Refer to 3.6.1 (4).
ANI16 to ANI23 Refer to 3.6.1 (2).
Internal reference voltage Refer to 3.6.1 (1). -
Temperature sensor output
voltage

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

(TA=-40to +105°C, 2.4V <EVop =Vop <55V, 2.4V < AVrerr < Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+)
= AVrerp, Reference voltage (-) = AVrRerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errortotet AINL 10-bit resolution 2.4V < AVrerp <55V 1.2 +3.5 LSB
AVRerp = Vpp Not€ 3

Conversion time tconv 10-bit resolution 3.6V<Vop<55V 2.375 39 J7]
Target pin: Internal reference | 2 7 v <Vpp<5.5V 35625 39 s
voltage, and temperature

24V <Vop<55V 17 39 J7s;

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

Zero-scale errorhetes 1.2 Ezs 10-bit resolution 1.8V <AVrerr <55V +0.25 %FSR
AVrerp = Vop Note 3

Full-scale errorhotes 1.2 Ers 10-bit resolution 1.8V <AVrerr <55V +0.25 %FESR
AVRerp = Vpp Not€ 3

Integral linearity error°®¢ | ILE 10-bit resolution 1.8V <AVrerr <55V +2.5 LSB
AVrerp = Vop Note 3

Differential linearity error | DLE 10-bit resolution 1.8V <AVrerr <55V +1.5 LSB

Note 1 AVREFP = VDD Note 3

Analog input voltage VAN Internal reference voltage Vecr Note 4 \Y,

(2.4V <Vop £5.5V, HS (high-speed main) mode)

Temperature sensor output voltage Vrmpszs Note 4 Y,
(2.4 V <£Vob £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. When AVrerp < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVRerp = Vbb.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVRrerp = Vob.
Integral linearity error/ Differential linearity error: Add +0.5 LSB to the MAX. value when AVRrerp = Vob.
4. Referto 3.6.2 Temperature sensor/internal reference voltage characteristics.
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(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : ANI16 to ANI23

(TA=-40to +105°C,2.4V<EVpop =Vop <55V, 2.4V < AVrerr < Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+)
= AVrerp, Reference voltage (=) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhotet AINL 10-bit resolution 24V <AVrerr <55V 1.2 +5.0 LSB

AVrerp = EViop = Vop Note 3
Conversion time tcony 10-bit resolution 3.6V<Vop<55V 2.125 39 )7
- — N 3
AVrerp = EVoo = Voo ' 27V<Voo<55V | 3.1875 39 s
24V <Vopb<55V 17 39 )7
Zero-scale erroriotes 1.2 Ezs 10-bit resolution 2.4V < AVrerp <55V 10.35 | %FSR
AVrerp = EViop = Vop Note 3
Full-scale errorhtes 1.2 Ers 10-bit resolution 2.4V < AVrerr <55V $0.35 | %FSR
AVrerp = EVop = Vop Note 3
Integral linearity error°t¢® | [LE 10-bit resolution 2.4V <AVrerp <55V +3.5 LSB
AVrerp = EViop = Vop Note 3
Differential linearity error | DLE 10-bit resolution 2.4V < AVrerr <55V +2.0 LSB
Note 1 AVrerp = EVop = Vpp Note 3
Analog input voltage Vain ANI16 to ANI23 0 AVrerp \%
and EVop

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

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

3. When AVRerp < EVpp = Vb, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVRrerp = Vop.
Zero-scale error/Full-scale error: Add +0.20%FSR to the MAX. value when AVRrerp = Vob.
Integral linearity error/ Differential linearity error: Add +2.0 LSB to the MAX. value when AVRrerp = Vob.
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(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin : ANIO, ANI1, ANI16 to ANI23, internal reference voltage, and temperature sensor output voltage

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

=Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhotet AINL 10-bit resolution 24V <Voo<55V 1.2 +7.0 LSB
Conversion time tconv 10-bit resolution 3.6V<Vop<55V 2.125 39 )7

27V<Vob<55V 3.1875 39 HS
24V <Vopb<55V 17 39 )7
10-bit resolution 36V<Vop<55V 2.375 39 S
Target pin: Internal reference | 5 7\ <\ <55V 35625 39 1S
voltage, and temperature VY cov 17 29
< <
sensor output voltage (HS ’ = Voo HS
(high-speed main) mode)
Zero-scale errorotes +.2 Ezs 10-bit resolution 2.4V <Vop<55V +0.60 | %FSR
Full-scale errorhotes 1.2 Ers 10-bit resolution 24V<Vop<55V +0.60 | %FSR
Integral linearity errorN°®® | ILE 10-bit resolution 24V <Voo<55V +4.0 LSB
Differential linearity error | DLE 10-bit resolution 24V<Vop<55V +2.0 LSB
Note 1
Analog input voltage Vain ANIO, ANI1 0 Vob
ANI16 to ANI23 0 EVoo
Internal reference voltage output Vagcr Note 3
(2.4 V <Vop <5.5 V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszs Note 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. Referto 3.6.2 Temperature sensor/internal reference voltage characteristics.
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(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVrerm/ANI1 (ADREFM = 1), target pin : ANIO, ANI16 to ANI23

(Ta = —40 to +105°C, 2.4 V < EVop = Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+) = Vscr N°® 3, Reference
voltage (-) = AVrermNo€ 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 <Vop<55V 17 39 us
Zero-scale errortes 1.2 Ezs 8-bit resolution 2.4V <Vop<55V +0.60 %FSR
Integral linearity errorNote? ILE 8-bit resolution 24V <Vop<55V 2.0 LSB
Differential linearity error Not¢ DLE 8-bit resolution 24V<Vop<55V +1.0 LSB
Analog input voltage Vain 0 Veer Note 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. Referto 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 MAX. value when reference voltage () = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (-) = AVRrerm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVRrerm.
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3.6.2 Temperature sensor/internal reference voltage characteristics

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

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

temperature
Operation stabilization wait time tamp 5 us

3.6.3 POR circuit characteristics

(Ta = —40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Veor Power supply rise time 1.45 151 1.57 \%
VPDR Power supply fall time 1.44 1.50 1.56 \%

Minimum pulse width Tew 300 J7s;

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

- Trw
Supply voltage (Vbp) E
VpDROr0.7V ----------- I
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3.6.4 LVD circuit characteristics

(Ta=-40to +105°C, Vror < EVDD = VDD £ 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vwvoo Power supply rise time 3.90 4.06 4.22
voltage Power supply fall time 3.83 3.98 4.13 \Y
Vivo1 Power supply rise time 3.60 3.75 3.90 \
Power supply fall time 3.53 3.67 3.81 \
Vivo2 Power supply rise time 3.01 3.13 3.25 \
Power supply fall time 2.94 3.06 3.18 \
Vivps Power supply rise time 2.90 3.02 3.14 \%
Power supply fall time 2.85 2.96 3.07 \
Vivpa Power supply rise time 2.81 2.92 3.03 \%
Power supply fall time 2.75 2.86 2.97 \
Vivos Power supply rise time 2.70 2.81 2.92 \
Power supply fall time 2.64 2.75 2.86 \
VLivoe Power supply rise time 2.61 271 2.81 \
Power supply fall time 2.55 2.65 2.75 \%
Vwvor Power supply rise time 251 2.61 2.71 \
Power supply fall time 2.45 2.55 2.65 \
Minimum pulse width tw 300 )7
Detection delay time 300 us

LVD Detection Voltage of Interrupt & Reset Mode
(Ta=-40to +105°C, Vror < EVop = VDD <5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt and reset | Vivooo Veocz, Vroci, Veoco = 0, 1, 1, falling reset voltage 2.64 2.75 2.86

mode VLvob1 LVIS1, LVISO =1, 0 [Rising release reset voltage 2.81 2.92 3.03 \

Falling interrupt voltage 2.75 2.86 2.97 \

VLvob2 LVIS1, LVISO =0,1 [Rising release reset voltage 2.90 3.02 3.14 \

Falling interrupt voltage 2.85 2.96 3.07 \

VLvops LVIS1, LVISO =0, 0 [Rising release reset voltage 3.90 4.06 4.22 \

Falling interrupt voltage 3.83 3.98 4.13 \

3.6.5 Power supply voltage rising slope characteristics

(Ta =-40to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 3.4 AC Characteristics.
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3.7 LCD Characteristics

3.7.1 Resistance division method

(1) Static display mode
(Ta =-40 to +105°C, Vi4 (MIN.) £ VopNett <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.0 Vop \
Note Must be 2.4V or higher.
(2) 1/2 bias method, 1/4 bias method
(Ta=-40to +105°C, Via (MIN.) Vo <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=-40to +105°C, V4 (MIN.) Voo <5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.5 Vop \

RO1DS0157EJ0212 Rev.2.12

Dec 22, 2020 RRENESAS

Page 119 of 135



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

3.7.2 Internal voltage boosting method

(1) 1/3 bias method
(Ta=-40to0 +105°C, 2.4V <Vop <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 \Y
=047 uF VLCD = 05H 0.95 1.05 1.13 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 = OBH 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 C4Noel =047 uF 2Vu 2Vu 2Vu Y,
-0.1
Tripler output voltage Via Clto C4Noel =047 uF 3Vu 3Vu 3Vu Y,
-0.15
Reference voltage setup time N°*®2 | tywar1 5 ms
Voltage boost wait timeN°te 3 tvwarz | C1lto C4Noel =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.2 and GND
C4: A capacitor connected between Vi4 and GND
C1=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).

R01DS0157EJ0212 Rev.2.12 IIEN ESNS Page 120 of 135
Dec 22, 2020



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

(2) 1/4 bias method
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vi1 N4 | C1to C5N°*! | VLCD = 04H 0.90 1.00 1.08

=047 uF VLCD = 05H 0.95 1.05 1.13 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 = OBH 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 C5Notel =047 4F 2 Vii-0.08 2Vu 2Vu Y,

Tripler output voltage Vi3 Clto C5Notel =0.47 uF 3Vu-0.12 3Vu 3V Y,

Quadruply output voltage ViaNete4 | C1 to C5Notel = 0.47 uF 4Vui-0.16 4Vu 4 Vi1 Y,
Reference voltage setup time N2 | tvwart 5 ms
Voltage boost wait timeNete 3 tvwar2 | C1to C5Noel =0.47 4F 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 Viz and GND
C4: A capacitor connected between Viz and GND
C5: A capacitor connected between V.4 and GND
C1=C2=C3=C4=C5=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).

4. Viwamust be 5.5V or lower.

RO1DS0157EJ0212 Rev.2.12 IIENESAS Page 121 of 135
Dec 22, 2020



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)

3.7.3 Capacitor split method

1/3 bias method
(TA=-40t0 +105°C, 2.4V <Vopb<5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
V4 voltage Via C1to C4=0.47 pFNote2 Vop \Y,
VL2 voltage Vi2 Clto C4 =0.47 yuFNote2 213V | 2/3Vws | 2/3 Vi \
-0.1 +0.1
Vw1 voltage Vi1 C1to C4=0.47 yFNote2 1/3Vw | 1/3 Vs | 1/3 Via \%
-0.1 +0.1
Capacitor split wait timeN°te ! tvwarr 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 Vi1 and GND
C3: A capacitor connected between Vi2 and GND
C4: A capacitor connected between Vi4 and GND
C1=C2=C3=C4=0.47 uF£30%
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3.8 RAM Data Retention Characteristics

(Ta=-40to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbpDpR 1.44Ncte 55 \%

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.

I STOP mode Operation mode

Voo T \ VoDDR

STOP instruction execution

RAM Data retention mode —»‘

/
Standby release signal
(interrupt request) N
0
3.9 Flash Memory Programming Characteristics
(TA=-40to +105°C, 2.4V <EVob =Vop <55V, Vss =EVss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fork 1.8V<Vop<55V 1 24 MHz
Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Notes 1, 2,3 Ta= 850cN0te 4
Number of data flash rewrites Retained for 1 year 1,000,000
Notes 1, 2, 3 TA = ZsocNote 4
Retained for 5 years 100,000
Ta= 850cN0te4
Retained for 20 years 10,000
TA - 850cNoteA

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.

3.10 Dedicated Flash Memory Programmer Communication (UART)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During flash memory programming 115,200 1,000,000( bps
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3.11 Timing Specifications for Switching Flash Memory Programming Modes
(TA=-40to +105°C, 2.4V <EVopo=Vop 5.5V, Vss=EVss =0 V)

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

reset is released

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

level

Time to hold the TOOLO pin at the tHo 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)

\

RESET /

#
|
|
' tup+
|
|
|
|
|

v
A

e N

\

A

S DAY
v

A

R E .

soft processing:

time ' 1-byte data for mode setting

TOOLO

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 TOOLDO pin is set to the high level.

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

Remark tsuinit: 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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4. PACKAGE DRAWINGS

4.1 32-pin Package

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFP32-7x7-0.80 PLQP0032GB-A P32GA-80-GBT-1 0.2
HD
~>I<2D
HdHHHHHA
e [
i T detail of lead end
I [ 1T 1
[ 1] xq } o
—+ E HE ¢
T E= I
. 1] 0 - L
1 [ 1T 1

(UNIT:mm)
ITEM DIMENSIONS
D 7.00+0.10
A E 7.00+0.10
A2~ HD 9.00+0.20
HE 9.00+0.20
/ \ A 1.70 MAX.
f( \ ; / \\ Al 0.10+0.10
- ! ~— A2 1.40
b 0.37+0.05
E A1~ c 0.145+0.055
L 0.50+0.20
NOTE é 28‘;’ &
1.Dimensions “%1” and “%2” do not include mold flash. X 0.20
2.Dimension “%3” does not include trim offset. y 0.10
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4.2 44-pin Package

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LQFP44-10x10-0.80 PLQP0044GC-A P44GB-80-UES-2 0.36
HD
D .
detail of lead end
23
134 227 c—
] ] L\‘
(- — A S S —
] ] & L
—] ]
— + —3— E HE ~t—Lp
L] ] e L1~
] ]
] ]
Q (UNIT:mm)
B V] 12 ] ITEM DIMENSIONS
1 D 10.00+0.20
i U U I_I L U H E  10.00£0.20
L2 L HD 12.00+0.20
HE 12.00+0.20
- ZD A 1.60 MAX.
Al 0.10+0.05
b . X @ A A2 1.40+0.05
A3 0.25
A2 +0.08
0377505
|/ \” c 0.145%8:932
Sauisisisiahiiaiaiaiainima¥ ?
\ = Lp 0.60+0.15

L1 1.00%0.20
Sy s o
3%

[e] 0.80
X 0.20
NOTE y 0.10
Each lead centerline is located within 0.20 mm of ZD 1.00
its true position at maximum material condition. ZE 1.00
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JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LOFP44-10x10-0.80 PLOPO044GC-D S 0.36g

T
HH

o g

-]

]

-]

- *,

- -

-]

H

]

-]

o

!

3 22
|
[T |
- |
- |
- T ow| Y
- T
- |
= =
44 CI \f\/’ ), 12
HOHHHHHHHEE S ¥ =
1 4 " W MOTE 4
\'\. Index area
NOTE 3
-
ra
TriIoUIIigy)
i N4 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE

LOCATED WITHN THE HATCHED AREA.

1 o
’ I u 3 4. CHAMFERS AT CORNERS ARE OPTIONAL; S7E MAY VARY.
G :

Dimension in Milimeters
Min Norn Max
0 98 | 100 | 102
E g8 | 100 | 102
- \ A2 —_— 1.4 —
e ol HD | m8 | 120 | 122
_i_l__" SNAN HE | ne | 120 | 122
i A | — | — | 16
< 2 | oos | — | o15
Lp bp | 022 | 037 | 045
L1 c 009 | — | 0.20
Detail F o 0° 35° 8°
le] | — | o80o | —
X — | — | 020
Vi _— _— 0.10
Lp | 045 | 06 | 075
Lt | — | w0 | —
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4.3 48-pin Package

JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LFQFP48-7x7-0.50 PLQPO048KF-A P48GA-50-8EU-1 0.16
HD
D
HHHHHHHHHHHH detail of lead end
36 25
— <Y 24— o
— —— M\,
— — I
[ 1 — L
1 1
E HE Lp
1 + 1
1 1
[ 1
1———u48 13— (UNIT:mm)
1 12 ITEM DIMENSIONS
‘ D 7.00+0.20
B ‘ H H H H |_| |—| ‘ ‘ H H E 7.00+0.20
ZE L HD 9.00+0.20
HE 9.00+0.20
- ZD A 1.60 MAX.
Al 0.10+0.05
b A A2 La0s0os
B 0.25
A2 b 0.22+0.05
c 0.145%8:9%2
J k L 0.50
j—[—————+————— L Lp 0.60+0.15
NSRRIl EE : \\ L1 1.00£0.20
330
=l [s] AL~ F o0
X 0.08
y 0.08
NOTE ZD 0.75
ZE 0.75

Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [9]
P-LFQFP48-7x7-0.50 PLQPO0O048KB-B — 0.2
Ho Unit: mm
36 25
37 T T 24 ]
o — 1T
o — 1
i T
o — T
i T w u
i T N T
o T
o — T
o T
o T
48 I T 13
LN B
1 12 NOTE 4
Index area NOTE)
NOTE 3 1. DIMENSIONS “*1” AND “*2" DO NOT INCLUDE MOLD FLASH.

2. DIMENSION “*3" DOES NOT INCLUDE TRIM OFFSET.

F 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHIN THE HATCHED AREA.
/ ’ / \ 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
S
Reference| Dimensions in millimeters
EESE symbol | nin | Nom | Max
~yTs D 6.9 7.0 7.1
*3
B bp E 6.9 7.0 7.1
Sx @ e | — | 14| —
Hp 8.8 9.0 9.2
He 8.8 9.0 9.2
( \ A — — 1.7
0|
< & )_ T S o A1 | 005| — | 015
i TRER 1 bp | 017 | 0.20 | 0.27
. ﬁj c 0.09 — 0.20
< . 0 0° | 35° | 8
p
L e | — | o5 | —
) X — — 0.08
Detail F 0.08
y - - .
Lp 0.45 0.6 | 0.75
L1 — 1.0 —
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4.4 52-pin Package

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP52-10x10-0.65

PLQPO0052JA-A

P52GB-65-GBS-1

0.3

HAHHHHHAAAARE
= E
=le i

1

EEEEEEY

detail of lead end
|
J \M .

A2+

I~

—

|

A1-

NOTE1.Dimensions “*1” and “% 2” do not include mold flash.

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

L

(UNIT:mm)

ITEM DIMENSIONS
D 10.00+0.10

E 10.00+0.10
HD 12.00+0.20
HE 12.00+0.20

A 1.70 MAX.

A1 0.10+0.05

A2 1.40

b 0.32+0.05

(e}

0.145+0.055
0.50+0.15
0° to 8°
0.65

0.13

0.10

< |x @ |-
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4.5 64-pin Package

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP64-12x12-0.65

PLQPO064JA-A

P64GK-65-UET-2

0.51

HD
D
I
48 33
149 327
— —
— —) \ c—
—] I
] ] —L\ e
— — i
] — ] L
[ — — L
p
— -+ =—- E HE
] — ~— L1
—] —
—] —
[ [ (UNIT:mm)
1 ITEM DIMENSIONS
—] Q [ D 12.00+0.20
4 64 17 :| E 12.00+0.20
1 HD 14.00+0.20
‘ HE 14.00+0.20
TU0U0UU0TO0 e
Al 0.10+0.05
- ZD A2 1.40+0.05
b X @ 0.25
. A b 0.32+9-98
A2+ c 0.145 78932
L 0.50
J l Lp 0.60+0.15
S
'_f W L1 1.00+0.20
S
‘ 3273,
E Al- [e] 0.65
X 0.13
y 0.10
NOTE ZD 1.125
ZE 1.125

Each lead centerline is located within 0.13 mm of
its true position at maximum material condition.
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JEITA Package Code RENESAS Code Previous Code MASS (TYP) [g]
P-LFQFP64-10x10-0.50 PLQPO0064KF-A P64GB-50-UEU-2 0.35
HD
D
TR RERTA TR TARIRTH
48 33
—49 32—
 — —— C—
— — \1\
\
— ——) L_ e e
— —
— —— _
 — — L
— —
L
— + —— E HE P
— — [—
— ——
— ——
— —
— —— (UNIT:mm)
R O 17— ITEM DIMENSIONS
D 10.00+0.20
1 L] 16 E 10.00+0.20
\ TT HD  12.00+0.20
L ZE | ] HE 12.00£0.20
A 1.60 MAX.
. 7D Al 0.10+0.05
A2 1.40+0.05
JERTUE
A7 b 0.22+0.05
A2 o ous
L 0.50

Lp 0.60+0.15

gamlilininiihea. BT

i — 30+52

3
[y Ts]

[e] 0.50
X 0.08
y 0.08
zZD
ZE

1.25
1.25

NOTE
Each lead centerline is located within 0.08 mm of
its true position at maximum material condition.
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JEITA Package Code

RENESAS Code

Previous Code MASS (Typ) [g]

P-LFQFP64-10x10-0.50 PLQPO0064KB-C — 0.3
Unit: mm
Hp
*1 D
T1108808RRRARAT J
™
L
49 = == 32 ]
= o= I-=-
] o I.=I
| i =-
] - | I-=l
o o I-=I
1 o | —0
[ T w 1} :-E-
[ = o~ T —
[ o e * T
o o I-=I
1 o | =u
= == =
o s —0
64 = / T 17 i
THTTTIRvaTneey S
1 16 NOTE 4
Index area
NOTE 3
F NOTE)
1. DIMENSIONS “1” AND “2" DO NOT INCLUDE MOLD FLASH.
2. DIMENSION 3" DOES NOT INCLUDE TRIM OFFSET.
! /] [ 1\ 3. PIN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
A\ [T, LOCATED WITHIN THE HATCHED AREA.
N 4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Alyls] v e
g bp Reference| Dimensions in milimeters
&[x @ Symbol | \in | Nom | Max
D 9.9 10.0 | 10.1
E 9.9 10.0 | 10.1
Ao — 1.4 —
Hp 11.8 | 12.0 | 12.2
He 11.8 | 12.0 | 12.2
~ ( \ A — — 1.7
< < f
| A1 | 005| — | 015
- = bp | 015 | 0.20 | 0.27
< c 0.09 | — | 0.20
Lp 0 0° | 35° | &°
L1 le] — 0.5 —
Detail F « — | — loo0s
y — | — |oo0s
lp | 045 06 | 075
L1 — 1.0 —
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JEITA Package Code RENESAS Code Previous Code MASS (Typ) [g]
P-HWQFN64-8x8-0.40 PWQNOO064LA-A P64K8-40-9B5-4 0.16
Unit: mm
D
48 33
49 32 DETAIL OF (A) PART
S E A
| —
64 17 —A1 Lco
P/
1 16
INDEX AREA
D2
Dimensions in millimeters
—L >[A] EXPOSED DIE PAD Reference
P 1 Al . Symbol | Min | Nom | Max
U000000000000000 D 7.95 | 8.00 | 8.05
B g7 E |795] 800/ 805
-l g
= = A — — 0.80
S S A 000 | — | —
5 + g E b | 017 | 020 | 0.23
= = el — | o040| —
-} g
ZE = d Lp 0.30 | 0.40 | 0.50
-} g
4gaﬁ 32 X — — | 005
| 10000000/00000000
B 33 — | — | 005
7 o] Zo | — | 100 | —
Zg — 1.00 —
b X c2 | 015] 020 | 0.25
D2 — 6.50 —
E2 — 6.50 —
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<R> JEITA Package code RENESAS code MASS(TYP.)[g]
P-HWQFNO064-8x8-0.40 PWQNO0064LB-A 0.18
2X
[ aaaC]
48 | 33
T
49 ‘ 2
i
|
|
INDEX AREA —
(D2 X Ef2)
i
64 ‘ 17
2X
[DJasalc T | 16
(8] E |JA_|
//|ccc|c |
A (3 Al = SEATING PLANE
e b(64X) bbb@|C|A (B
64X = & ddd®|C [6] Reference Dimension in Millimeters
[ [ece]c] Svmbol
Y Min. Nom. Max.
E2 OIFAE
| L0 A —_ — 0.80
1 16
I Au 0.00 0.02 0.05
guguuuuuvuuuuupuu L EXPOSED
s ‘ —l17 DIE PAD As 0.203 REF.
= ! = b 015 | 020 | o025
AlB - | . D 8.00 BSC
) d
= i = E 8.00 BSC
) lan
LS =T R S N = e 0.40 BSC
=) [« L 0.35 0.40 0.45
-} (-
) ‘ — K 0.20 — —
> ! g
— | — D: 4.15 4.20 4.25
-] | d E: 4.15 4.20 4.25
) I -
49 ‘ 32 aaa 0.10
naNANNANNANNANAN bbb 0.07
48 | 3 cce 0.10
L(64X) K(64X) ddd 0.05
eee 0.08
fff 0.10
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30 Modification of notes 1 to 4 in 2.3.2 Supply current characteristics
32 Modification of notes 1, 3 to 6, 8 in 2.3.2 Supply current characteristics
34 Modification of notes 7, 9, 11, and addition of notes 8, 12 to 2.3.2 Supply current
characteristics
36 Addition of description to 2.4 AC Characteristics
38, 40 to Modification of 2.5.1 Serial array unit
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63 Addition of table in 2.6.1 A/D converter characteristics
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

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

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
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 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.

5. 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.

6. 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.

7. 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.

8. 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.

9. 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.
10.
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party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) *“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
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