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RL78/L13

1. OUTLINE

O ROM, RAM capacities

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

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

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

1. OUTLINE
Pin Count Package Data Flash Fields of Ordering Part Number
ApplicationNt®
64 pins 64-pin plastic LQFP | Mounted | A R5F10WLAAFA#30, R5F10WLAAFA#50, R5F10WLCAFA#30,
(12x 12 mm, 0.65 R5F10WLCAFA#50, R5F10WLDAFA#30, R5F10WLDAFA#50,
mm pitch) R5F10WLEAFA#30, R5F10WLEAFA#50, R5F10WLFAFA#30,
R5F10WLFAFA#50, R5F10WLGAFA#30, R5F10WLGAFA#50
64-pin plastic LFQFP | Mounted | A R5F10WLAAFB#30, R5F 10WLAAFB#50, R5F10WLCAFB#30,
(10 x 10 mm, 0.5 R5F10WLCAFB#50, R5F 10WLDAFB#30, R5F10WLDAFB#50,
mm pitch) R5F10WLEAFB#30, R5F10WLEAFB#50, R5F 10WLFAFB#30,
R5F10WLFAFB#50, R5F10WLGAFB#30, R5F10WLGAFB#50,
G R5F10WLAGFB#30, R5F10WLAGFB#50, R5F10WLCGFB#30,
R5F10WLCGFB#50, R5F10WLDGFB#30, R5F 10WLDGFB#50,
R5F10WLEGFB#30, R5F10WLEGFB#50, R5F10WLFGFB#30,
R5F10WLFGFB#50, R5F10WLGGFB#30, R5F 10WLGGFB#50
80 pins 80-pin plastic LQFP | Mounted | A R5F10WMAAFA#30, R5F10WMAAFA#50, R5F 10WMCAFA#30,
(14 x 14 mm, 0.65 R5F10WMCAFA#50, R5F 10WMDAFA#30, R5F10WMDAFA#50,
mm pitch) R5F10WMEAFA#30, R5SF10WMEAFA#50, R5F10WMFAFA#30,
R5F10WMFAFA#50, R5F 10WMGAFA#30, R5F 10WMGAFA#50
80-pin plastic LFQFP | Mounted | A R5F10WMAAFB#30, R5F10WMAAFB#50, R5F 10WMCAFB#30,
(12x12mm, 0.5 R5F10WMCAFB#50, R5F10WMDAFB#30, R5F10WMDAFB#50,
mm pitch) R5F10WMEAFB#30, R5F10WMEAFB#50, R5SF10WMFAFB#30,
R5F10WMFAFB#50, R5F10WMGAFB#30, R5F10WMGAFB#50,
G R5F10WMAGFB#30, R5F10WMAGFB#50, R5F10WMCGFB#30,
R5F10WMCGFB#50, R5F10WMDGFB#30, R5F10WMDGFB#50,
R5F10WMEGFB#30, R5F10WMEGFB#50, R5F10WMFGFB#30,
R5F10WMFGFB#50, R5F10WMGGFB#30, R5F10WMGGFB#50

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

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/L13

1. OUTLINE

1.5 Block Diagram

1.5.1 64-pin products

TI00/TO00/P52 ||

(TI00/TO00/P40)

TI01/TO01/P32
(T101/TO01/P60)

TI02/TO02/P54
(TI02/T002/P61)

TI03/TO03/P30

(TI03/TO03/P127) ™ [
TI04/TO04/P14 .

(TI04/TO04/P126)

TIO5/TO05/P42 ||

(TI05/TO05/P01)

TI06/TO06/P125 =—{

TIO7/TO07/P15 ~—f
RxDO/P17 ——

REMOOUT/P30
(REMOOUT/P127)

-

TIMER ARRAY
UNITO (8ch)

chl

ch2

ch3

ch.

I

chs

ché

ch7

Remote Carrier

TKBOO00/P74, TKBO01-0/P77,
TKBOO01-1/P76, TKBOO01-2/P75

16-bit TIMER KB20

<

SERIAL ARRAY
UNITO (4ch)
RXDO/P17 — = UARTO
TXDO/POO -
RxD1/POB(RXD1/P43) —
UART1
TXD1/PO7(TXDO/PA42) ~—]
SCKO0/P16 ~—~
SI00/P17 csioo
S000/P00 ~—
SCK10/POS(SCK10/P44)
SI10/PO6(SI10/P43) csio
SO10/P07(SO10/P42)
SCLOO/P16 ~—| -~
SDAQO/PL7 =—]
SCL10/PO5(SCL10/P44) —

SDA10/P06(SDA10/P43) ~—

lIC10

RxD2/P03 —
TxD2/P04 ~—

I

SERIAL ARRAY
UNITL (4ch)

UART2

SEGO to SEG3, SEG6 to SEGS,
SEG11, SEG12, SEG16 to SEG23,
SEG29, SEG33 to SEG50

COMOto COM7<_8

Vi to Vi

CAPH ~——

CAPL

36

LCD
CONTROLLER/
DRIVER

K2 ANI0/P21, ANILIP20

ANI16/P22,
ANI20/P26, ANI21/P27
K21 ANI22/P10 to ANI25/P13

AVrerp/P21
AVrern/P20

A/D CONVERTER

-

COMPARATOR
(2ch)

VCOUTO0/P0O3
IVCMPO/P44
IVREF0/P45

VCOUT1/P04
IVCMP1/P43
IVREF1/P42

COMPARATORO

COMPARATOR1

RL78
CPU
CORE

CODE FLASH MEMORY
E DATA FLASH MEMORY

RAM

TOOLRxD/P17,
TOOLTxD/P00

Vss

SDAAOIPEL
SCLAOPGO
BUZZER OUTPUT PCLBUZO/PO2
CA--------- (PCLBUZO/PO?),
CLOCK OUTPUT PCLBUZ1/POL
CONTROL
MULTIPLIERE
(=] - DvioeR, CRC
MULITIPLY-
ACCUMULATOR
/] DIRECT MEMORY
K—| AccEss CoNTROL
- BCD
ADJUSTMENT

T fon
- PORT 2 5> P20to P22,
P26, P27
- PORT 3 2> P30to P33
-y PORT 4 (5> P40, P42 to P45
“«» P52 to P54, P57
<) PorTe 27> P60, P61
“ P70, Prato P17
< porT12 K21 P12110 P124
P125 to P127
> PORT 13 p137
KRO/PT0,
KEY RETURN .
POWER ON RESET/
o | ronwe
DETECTOR
RESET CONTROL
K >| ON-CHIP DEBUG TOOLO/P40
SYSTEM  |~———RESET
CONTROL X1/P121
TIGH-SPEED X2/EXCLK/P122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC
RXDO/P17
INTPO/P137
INTP1/P52,
INTP2/P53,
(| INTERRUPT INTP&/P57
CONTROL INTP3/P31,
INTP4/P33
INTP5/PO1,
INTP7/PO2(INTP7/P43)
WINDOW
WATCHDOG
TIMER
> 12- BIT INTERVAL LN SPeED
TIMER OSCILLATOR
(| REALTIE
CLOCK 2 RTC1HZ/P31

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

1. OUTLINE

Iltem

64-pin 80-pin

R5F10WLx (x = A, C-G) R5F10WMx (x = A, C-G)

Clock output/buzzer output controller

2

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

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

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

e CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified I*C: 1 channel
e CSI: 1 channel/lUART: 1 channel/simplified I1>C: 1 channel
¢ UART: 1 channel

[80-pin]
e CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified I*C: 1 channel

e CSI: 1 channel/lUART: 1 channel/simplified I1>C: 1 channel
¢ UART: 2 channels

I2C bus

1 channel

LCD controller/driver

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

Segment signal output

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

Common signal output

4 (B)Nnte 1

Multiplier and divider/multiply-
accumulator

* 16 bits x 16 bits = 32 bits (Unsigned or signed)
® 32 bits + 32 bits = 32 bits (Unsigned)
* 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 4 channels

Vectored Internal 32 35
interrupt sources External 11 11
Key interrupt 5 8

Reset

e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

o Internal reset by voltage detector

¢ Internal reset by illegal instruction executionN°t¢ 2
e Internal reset by RAM parity error

¢ Internal reset by illegal-memory access

Power-on-reset circuit

e Power-on-reset:  1.51V (TYP.)
e Power-down-reset: 1.50 V (TYP.)

Voltage detector

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

On-chip debug function

Provided

Power supply voltage

Vop = 1.6 t0 5.5V (TA =-40 to +85°C)
Vop =2.41t0 5.5V (TA =-40 to +105°C)

Operating ambient temperature

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

Notes 1.

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

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

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

R01DS0168EJ0210 Rev.2.10
Aug 12, 2016
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, lot1 Per pin for P00 to P07, P10 to P17, 20.QNote 2 mA
lowNete 1 P22 to P27, P30 to P35, P40 to P47,

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

Per pin for P60 and P61 15.QNote 2 mA

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

(When duty =70%"*?) 27V<Voo<4.0V 15.0 mA

18V <Vop <27V 9.0 mA

16V <Von<1.8V 45 mA

<R> Total of POO to P07, P10 to P17, 40V<Vop<55V 90.0 mA
P22 to P27, 27V<Vop<4.0V 35.0 mA

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

P125 to P127 1.8V<Vp<27V 20.0 mA
(When duty = 70%"°te %) 1.6V<Vop<18V 10.0 mA
Total of all pins 160.0 mA
(When duty = 70%M°te 3)

loL2 Per pin for P20 and P21 0.4Note 2 mA
Total of all pins 1.6V<Vop<55V 0.8 mA

(When duty = 70%M°te 3)

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

to the Vss pin

2. Do not exceed the total current value.

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

<Example> Where n = 80% and loL = 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.

R01DS0168EJ0210 Rev.2.10 Page 18 of 123
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is fixed
to Vob or Vss. The values below the MAX. column include the peripheral operation current. However, not
including the current flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, I/O port, 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 s~ 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 real-
time clock 2 is included. However, not including the current flowing into the clock output/buzzer output, 12-bit
interval timer, and watchdog timer.
6. Not including the current flowing into the real-time clock 2, clock output/buzzer output, 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 <Vob < 5.5 V@1 MHz to 24 MHz

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

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

LV (low-voltage main) mode: 1.6 V<Vob <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)

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

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

fsu:  Subsystem clock frequency (XT1 clock oscillation frequency)

Al

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

R0O1DS0168EJ0210 Rev.2.10 Page 25 of 123
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on- [y Note 2 0.20 LA
chip oscillator
operating current
RTC2 operating | IrtcNtes 1.2 | fsyp = 32.768 kHz 0.02
current 8
12-bit interval IraNotes 1.2, 0.04
timer operating 4
current
Watchdog timer | lwores22.5 | fi = 15 kHz 0.22 LA
operating current
A/D converter lapcNetes 1.6 | \When conversion Normal mode, AVrere = Vob = 5.0 V 1.3 1.7 mA
operating current at maximum speed || o\, yoltage mode, AVrerr = Voo = 3.0 V 0.5 07 mA
A/D converter IaprerNOte L 75.0 LA
reference voltage
current
Temperature Irmpghote & 75.0 LA
sensor operating
current
LVD operating JLypNetes 1.7 0.08 LA
current
Comparator IcmpMNotes 111 | \/pp = 5.0V, Window mode 12.5 LA
operating current Regulator output Comparator high-speed mode 6.5 LA

voltage =2.1V
Comparator low-speed mode 1.7 HA
Voo =5.0V, Window mode 8.0 HA
Regulator output | comparator high-speed mode 4.0 LA
voltage =1.8V
Comparator low-speed mode 1.3 LA
Self- [pgphNotes 1.9 2.00 12.20 mA
programming
operating current
BGO operating lggoNotes .8 2.00 | 12.20 mA
current
SNOOZE IsnoZMNote 2 ADC operation While the mode is shifting°t® 10 0.50 0.60 mA
operating current During A/D conversion, in low voltage 1.20 1.44 mA
mode, AVrerp = Vop = 3.0 V
CSI/UART operation 0.70 0.84 mA
LCD operating ILcpiNetes 1121 External resistance | fieo = fsus 1/3 bias, Voo =5.0V, 0.04 0.20 LA
current 13 division method LCD clock = | four time Via=50V
128 Hz slices
lcpNete 22 | Internal voltage fieo = fsus 1/3 bias, Voo =3.0V, 0.85 2.20 LA
boosting method LCD clock = | four time V=30V
128 Hz slices (Vico = 04H)
Voo =5.0V, 1.55 3.70 HA
Vie=51V
(Vieo = 12H)
ILcpsNote 112 | Capacitor split fLep = fsus 1/3 bias, Voo =3.0V, 0.20 0.50 LA
method LCD clock = | four time V=30V
128 Hz slices
(Notes and Remarks are listed on the next page.)
R01DS0168EJ0210 Rev.2.10 Page 26 of 123
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

A\

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

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

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

Notes 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 (2.4 VN°t¢8) <\/pp<3.3Vand 1.6 V<Vb<2.0V

Maximum transfer rate = ! 15 [bps]

{~Co*x Ro % In (1 - Vo N} %3

1 1.5
Transferrate x 2 {-=CoxRoxIn (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.
7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.
8. Condition in the HS (high-speed main) mode

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

UART mode connection diagram (during communication at different potential)

Vb
%
TxDq Rx
RL78 )
microcontroller User device
RxDq TX
R01DS0168EJ0210 Rev.2.10 Page 42 of 123
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance) mode for the
SOp pin and SCKp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Rb[Q2]: Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00))
4. This specification is valid only when CSI0Q’s peripheral I/O redirect function is not used.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(9) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified I°C mode) (2/2)
(Ta=-40to +85°C, 1.8V <V <55V, Vss=0V)

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

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

Data setup time tsu:DAT 40V<Vop<bh5YV, 1/fuex+ 1/fmck+ 1/fmek+ ns
(reception) 27V<Vb<4.0V, 135Note 4 19(QNote 4 19QNote 4
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<4.0V, 1 fmex+ 1/fmek+ 1 fmex+ ns
23V<Vb<27V, 135Nete 4 19(QNote4 19QNete 4
Cb =50 pF, Ro = 2.7 kQ
40V<Vop<55V, 1/fmck+ 1/fmek+ 1/fmck+ ns
27V<Vo<40V, 19QNete 4 19(Qnote 4 19QNote 4
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V, 1 v+ 1/ffmck+ 1 v+ ns
23V<Vb<27V, 19QNete 4 19QNote4 19QNete 4
Cb =100 pF, Ro = 2.7 kQ
1.8V (24 VN2 <Vpp <33V, | 1/fmex+ 1 fvck+ 1+ ns
1.6V < Vb <2.0VNotes, 19QNete 4 19QNote4 19QNete 4
Cb =100 pF, Ro = 5.5 kQ
Data hold time tiooar  |4.0V<VoD<55V, 0 305 0 305 0 305 ns
(transmission) 27V<Ve<40V,
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<4.0V, 0 305 0 305 0 305 ns

23V<sVb<27V,
Co =50 pF, Ro = 2.7 kQ

40V<Vop<55V, 0 355 0 355 0 355 ns
27V<Vo<40V,

Cb = 100 pF, Ro = 2.8 kQ
2.7V<Voo<4.0V, 0 355 0 355 0 355 ns
23V<Vb<27V,

Cb = 100 pF, Ro = 2.7 kQ
1.8V (2.4 VN©2) < \ipp < 3.3V, 0 405 0 405 0 405 ns
1.6V < Vb < 2.0 VNote3,
Cb = 100 pF, Ro = 5.5 kQ

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

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

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

(3) I?C fast mode plus
(TA=-40to +85°C, 1.6 V<Vop <55V, Vss=0V)

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

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHppaT 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 I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loHi, loL1, Voni, Vor1) must satisfy the values in
the redirect destination.

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

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

IICA serial transfer timing

SCLAO

thicn tsuisTa

tHDISTA tsu:pAT -

S

R R R Rt B

SDAAO / | / \S ﬂ) >< \ i/
| tBuF .
Sto-p- ) -ét-a;rt Restart St(-JE)- )
condition condition condition condition
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (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

=047 fF*** | i cD = 05H 0.95 1.05 113 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \Y

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 Vv

VLCD = ODH 1.35 1.45 1.53 \%

VLCD = 0EH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \Y

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 C1to C4Notel = 0,47 uF 2Vi1-0.10 2 Vi 2 Vi \Y

Tripler output voltage Via C1to C4Notel = 0,47 uF 3V -0.15 3 Vi 3 Vi \Y
Reference voltage setup timeN°te 2 tvwai1 5 ms
Voltage boost wait timeN°te 3 tvwair2 C1to C4Notel = 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 Vi and GND
C1=C2=C3=C4=047 uF £30 %

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

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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RL78/L13

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

3.2 Oscillator Characteristics

3.2.1 X1 and XT1 oscillator characteristics

(TA=-40to +105°C,2.4V<Vpp<£55V,Vss=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 10 16.0
XT1 clock oscillation Crystal resonator 32 32.768 35 kHz
frequency (fxt)Note

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

characteristics.

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

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

Remark

3.2.2 On-chip oscillator characteristics

(TA=-40t0 +105°C, 2.4V <VpD <55V, Vss=0V)

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

—-40 to -20°C 24V<Vop<55V -1.5 +1.5 %
Low-speed on-chip oscillator fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

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

Notes 1.

time.
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.3.2 Supply current characteristics

(TA=-40to +105°C, 2.4V <Vpp<55V,Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply lopsNet ! | Operating | HS (high- foco = 48 MHz°® | Basic Vop = 5.0 V 2.0 mA

. 3 )
current mode speed main) | operation Vo = 3.0V 20 mA
modeN°teS | fin = 24 MHZNoe3
Nomal | Voo =5.0V 3.8 7.0 mA
operation | v/, = 3.0v 38 | 70 | mA
froco = 24 MHZzN**¢ | Basic Voo =5.0V 1.7 mA
3 .
: operation |\, = 3.0v 1.7 mA
fin = 24 MHz\®3
Nomal |Vobo=5.0V 3.6 6.5 mA
operation | v/, = 3.0v 36 | 65 | mA
froco = 16 MHz"**® | Nomal | Voo =5.0 V 2.7 5.0 mA
3 )
: operation | v/, = 3.0 v 27 | 50 | mA
fin = 16 MHZzNoe 3
HS (high- fux = 20 MHzN***2, | Nomal | Square wave input 3.0 54 mA
speed main) | Voo = 5.0V operation | Resonator connection 3.2 5.6 mA
modeNote 5
fux = 20 MHZzN°®2, | Normal | Square wave input 2.9 54 mA
Voo =3.0V operation | Resonator connection 3.2 5.6 mA
fux = 10 MHzN°®2, | Normal | Square wave input 1.9 3.2 mA
Voo =5.0V operation | Resonator connection 1.9 3.2 mA
fux = 10 MHZN°*®2, | Normal | Square wave input 1.9 3.2 mA
Voo =3.0V operation | Resonator connection 1.9 3.2 mA
Subsystem | fsus = Nomal | Square wave input 4.0 5.4 HA
clock 32.768 kHz"'e, operation Resonator connection 4.3 54 UA
operation Ta=-40°C
fsus = Nomal | Square wave input 4.0 5.4 HA
32.768 kHz "¢, operation | Resonator connection 4.3 5.4 HA
Ta=+25°C
fsus = Normal | Square wave input 41 7.1 HA
32.768 kHz"*'", | operation | Rasinator connection 4.4 7.1 LA
Ta = +50°C
fsus = Nomal | Square wave input 4.3 8.7 HA
32.768 kHz"'e", operation Resonator connection 4.7 8.7 UA
Ta=+70°C
fsus = Nomal | Square wave input 4.7 12.0 UA
32.768 kHz"'*", | operation | Ragnator connection 5.2 12.0 LA
Ta=+85°C
fsus = Nomal | Square wave input 6.4 35.0 HA
32.768 kHz"'*", | operation | Rasinator connection 6.6 35.0 LA
Ta=+105°C
(Notes and Remarks are listed on the next page.)
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RL78/L13

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

Notes 1.

Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed
to Vop or Vss. The values below the MAX. column include the peripheral operation current. However, not
including the current flowing into the LCD controller/driver, A/D converter, LVD circuit, comparator, 1/0 port, on-
chip pull-up/pull-down resistors, and the current flowing during data flash rewrite.
When high-speed on-chip oscillator and subsystem clock are stopped.
When high-speed system clock and subsystem clock are stopped.
When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low power
consumption oscillation (AMPHS1 = 1). The current flowing into the LCD controller/driver, 16-bit timer KB20,
real-time clock 2, 12-bit interval timer, and watchdog timer is not included.
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

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

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

ok~ wn
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

CSI mode connection diagram (during communication at same potential)

SCKp SCK
. RL78 Slp SO User device
microcontroller
SOp Sl

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

tkevi, 2

ki, 2 tkHL, 2

.

SCKp \

tsik1, 2 tksi2

Sip Input data

]

tkso1, 2

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.)

tkevi, 2

tkH1, 2 tki, 2

|

SCKp /

tsiky, 2 tksi2

Sip Input data

]

tkso1, 2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 10)
2. m: Unit number, n: Channel number (mn = 00, 02)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(4) During communication at same potential (simplified 1°C mode)

(TA=-40t0 +105°C, 24V <Vop<5.5V, Vss =0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLr clock frequency fsoL 27V<Vop<55V, 400QNote 1 kHz
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 10QNete kHz
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “L” trow 27V<Vop<55V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “H” tHiGH 27V<Vop<55YV, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Data setup time (reception) tsu:pAT 27V<Vop<55V, 1/fmck + 220N°te 2 ns
Cb =50 pF, Ro = 2.7 kQ
24V<Vop<55V, 1/fmck + 580Note 2 ns
Cb =100 pF, Ro = 3 kQ
Data hold time (transmission) tHD:DAT 27V<Vop<55Y, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 0 1420 ns
Cb =100 pF, Ro = 3 kQ

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

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

(Remarks are listed on the next page.)
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RL78/L13

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

3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Classification of A/D converter characteristics

eference Voltage
Input channel

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

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

Reference voltage (+) = Vaer
Reference voltage (—) = AVREFM

See 3.6.1 (2).

See 3.6.1 (3).

ANIO, ANI1 -
ANI16 to ANI25 See 3.6.1 (1).
Internal reference voltage See 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 pins: ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(Ta=-40to +105°C, 2.4V <Vop <55V, Vss = 0V, Reference voltage (+) = AVrerr, Reference voltage (=) = AVRerm =

ov)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall erroriote AINL 10-bit resolution 24V <Vop<55V 1.2 5.0 LSB
AVRerp = Vpp'ote 3

Conversion time tcony 10-bit resolution 36V<Vop<55V | 2125 39 us
Target pin: ANI16 to ANI25 27V<Vop<55V| 31875 39 s

24V <Vop<55V 17 39 us
10-bit resolution 36V<Vop<55V | 2375 39 us
Target pin: Internal reference | 2 7 v <Vpp<5.5V 3.5625 39 s
voltage, and temperature
24V <Vop<55V 17 39 us

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

Zero-scale errorietes 1.2 Ezs 10-bit resolution 24V <Vop<55V +0.35 %FSR
AVRerp = Vpp'ote 3

Full-scale errorhotes 1.2 Ers 10-bit resolution 24V<Vop<55V +0.35 %FSR
AVrerp = VppNote 2

Integral linearity errorot® ILE 10-bit resolution 24V <Vop<55V +3.5 LSB
AVRerp = VppNote 3

Differential linearity errorN°®* | DLE 10-bit resolution 24V<Vop<55V 2.0 LSB
AVRerp = Vpphote 3

Analog input voltage VaiN ANI16 to ANI25 0 AVRerp
Internal reference voltage Vagrlote 4
(2.4 V <Vop £5.5V, HS (high-speed main) mode))
Temperature sensor output voltage Vrmpsashote 4 \Y
(2.4 V < Vop £5.5V, HS (high-speed main) mode))

(Notes are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.11 Timing Specifications for Switching Flash Memory Programming Modes

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

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

after the external reset is released

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

level

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

released

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

AN
\%
A
\%
A
\

<4>

i

RESET

L

P VR ———— )
iy N 1

723 us + tro
processing 0O0H reception
time (TOOLRXD, TOOLTxD mode)

[ —————————e]

TOOLO

;

tsuiniT

—
0
c

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

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

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

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

Remark 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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