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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active
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16-Bit
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DMA, LCD, LVD, POR, PWM, WDT
42

16KB (16K x 8)

FLASH

4K x 8

1IKx 8

1.6V ~ 5.5V

A/D 9x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP

64-LFQFP (10x10)
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RL78/L13 1. OUTLINE

1.5.2 80-pin products

TIMER ARRAY — —
UNITO (8ch) - PORT 0 K "8"> P00 to P07
TIO0/TO00/P52
(TI00/TO00/P40) <> PorT1  KTB>P10toP17
routoovpey <]
TI01/TO01/P60
( ) <> PORT 2 (8 »P20top27
TI02/TO02/P54
(Ti02moozipe1) ~ || ch2 K21 ANI0/P21, ANIZ/P20
TI03/TO03/P30 h <:I| ANI16/P22 to ANI21/P27 <] PORT 3 “ P30 to P35
-1 ch3
(TI03/TO03/P127) <:> A/D CONVERTER <II ANI22/P10 to ANI25/P13
TIo4/TO04/P14 || ha K AVresn/P20 ()| PorTa (78 P40 10 P47
(TI04/TO04/P126) AVrerelP21
TIOS/TO05/P42
1 PORT 5 P50 to P57
skt o _ports Km>
TI06/TO06/P56
(TI06/TO06/P125) *—"] ché (| PorTe K72 Peo, P61
TI07/TO07/P15
(TIO7/TO07/PAT) =™ . COMPARATOR
RXDO/P17 —|~ (2ch) | porT7 KB Pr0t0P77
(RXDO/P4T) VCOUTO/PO3
REMOOUT/P30 | [comparaTor IVCMPO/P44 K "4 ] P121t0 P124
- Remote C
(REMOOUT/P127) m IVREFO/P45 (| PorT22 P125 to P127
VCOUT1/P04
TKBOOOIP 74 TKEOOLOPTT COMPARATOR1 IVCMP1/P43 N rorris P130
: 0IP77, " IVREF1/P42 I
TKBOO1-1/P76, TKBOO1-2/p75 “—4—]| 16-bit TIMER KB20 - P137
KRO/P70 to
{Z> KEYRETURN ﬂ
KR7/P77
SERIAL ARRAY
UNITO (4ch)
POWER ON RESET/
RXDO/P17(RxDO/P47) UARTO VOLTAGE ggﬁ#ﬁ
TxDO/POO(TXDO/P130) DETECTOR
RxD1/POB(RXD1/P43) ——+] UARTL - ‘
TXD1/PO7(TxDO/PA42) ~— RESET CONTROL
SCKO0/P16(SCKO0/P46) RL78 CODE FLASH MEMORY
SI00/P17(SI00/P47) Csioo cPU —
S000/PO0(SO00/P130 Egl
( ) CORE DATA FLASH MEMORY ()| ON-CHIP DEBUG TooLo/pP40
SCK10/POS(SCK10/P44)
SI10/P06(S110/P43) Csl10 @ SYSTEM _
|~——RESET
SO10/P07(SO10/P42) CONTROL iy
SCLOO/Ple(SCLOO/PAG)—— @ X2/EXCLK/P122
11C00 HIGH-SPEED
SDAQ0/P17(SDAOO/P4T7) ~—| onCHIP XT1P123
SCL10/PO5(SCL10/P44) ~— c10 OSCILLATOR XT2/EXCLKS/P124
SDA10/PO6(SDA10/P43) ~—| RAM
VOLTAGE
REGC
REGULATOR
SERIAL ARRAY
UNIT1 (4ch) ‘
RxD2/P03 ——~]
TXD2/P04 UART2 Voo Vss TOOLRXD/P17,
K- TOOLTXD/POO RXDO/P17 (RXDO/PAT)
RxD3/P34 —— AT INTPO/P137
TXD3/P35 ~—
INTP1/P52,
INTP2/P53,
(=) INTERRUPT INTP5/P55(INTP5/P01),
SDAAQ/P61 CONTROL INTP6/P57
SEGO to SEG50< 51| LcD SCLAOIPEO
CONTROLLER/ :miiﬁgg;
como to com7< 8| DRIVER () BUZZER OUTPUT
Vi to Via PCLBUZ0/P02 INTP7/PO2(INTP7/P43)
cAPH~—| cami oo 52 A | K ---===-=--- (PCLBUZO/PO7),
CLOCK OUTPUT PCLBUZ1/P01
CAPL
CONTROL
MULTIPLIER&
CRC
S (] oo
ACCUMULATOR TVER
|+~ DIRECT MEMORY i LOW-SPEED
K| ACCESS CONTROL (| 12 BT INTERVAL L | oncrip
TIMER OSCILLATOR
<:> BCD <:> REAL-TIME ‘—‘
ADJUSTMENT CLOCK2 | — = RTCIHZIP3L

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/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 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, VoH1 P00 to P07, P10 to P17, P22 to P27, {40V <Vop<55V, |Vob-1.5 \%
high P30 to P35, P40 to P47, P50 to P57, | lon1 =—-10.0 mA

P70 to P77, P125 to P127, P130 40V<Vop<55YV, |Voo—07 v
lon1 =-3.0 mA
27V<Vop<55V, |Vopo-0.6 \
lon1 = -2.0 mA
1.8V<Vop<55V, |Voo-0.5 \%
lont = -1.5 mA
1.6V<Vop<55V, |Voo-0.5 \%
lon1 =-1.0 mA
VoH2 P20 and P21 1.6V<Vop<55V, |Vob-0.5 \%
loHz =-100 z A
Output voltage, Vo1 P00 to P07, P10 to P17, P22 to P27, {40V <Vopb<5.5YV, 1.3 \%
low P30 to P35, P40 to P47, P50 to P57, | lot1 =20 mA
lot1 = 8.5 mA
27V<Vopb<55V, 0.6 \%
lot1 = 3.0 mA
27V<Vopb<55V, 0.4 \%
lott =1.5mA
1.8V<Vop<55YV, 0.4 \%
lot1 = 0.6 mA
1.6V<Vop<18YV, 0.4 \%
lo1 =0.3 mA
VoL2 P20 and P21 1.6V<Vop<55V, 0.4 \
loL2 = 400 pA
Vous P60 and P61 40V<Vop<55YV, 2.0 \%
lots =15.0 mA
40V<Vop<55V, 0.4 \%
lo,s = 5.0 mA
27V<Vopb<55V, 0.4 \%
lots = 3.0 mA
1.8V<Vop<55V, 0.4 \%
lots =2.0 mA
1.6V<Vop<18YV, 0.4 \
los =1.0 mA

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

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

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/O port, 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 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.

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
24V <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 <Vbp <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)

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)

a s~ DN

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

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

(TA=-40t0 +85°C, 1.6 V<VDD<55V,Vss=0V) (2/12)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ioo? HALT HS.(high-spﬁeld froco = 48 MHzZNe4 | \Vop = 5.0 V 0.71 1.95 mA
currenthete mode 2na|n) mode™™ | | = 24 MHZNote s Voo = 3.0 V 0.71 1.5

froco = 24 MHZN®4 | Vop=5.0 V 0.49 1.64 mA
fin = 24 MHZ'0"* Voo = 3.0V 049 | 164
froco = 16 MHZN®4 | Vop =5.0V 0.43 1.1 mA
fin = 16 MHZz"< Voo = 3.0V 043 | 1.11
LS ‘(IOW-speﬁge foco = 8 MHz N4 | Vop=3.0V 280 770 LA
A MAe™™ | = 8 Mz e Voo = 2.0V 280 | 770
LV (low-voltage | fioco = 4 MHZ\"'**, | Voo = 3.0V 430 | 700 LA
mA) MO fs = 4 MHZNore: Voo = 2.0V 430 | 700
HS (high-speed | fyx = 20 MHZ\ete 3, Square wave input 0.31 1.42 mA
main) modeN°t Voo = 5.0 V .
7 Resonator connection 0.48 1.42
fux = 20 MHZNote 3, Square wave input 0.29 1.42 mA
Voo =3.0V Resonator connection 0.48 1.42
fux = 16 MHzNte 3, Square wave input 0.26 0.86 mA
Voo =5.0V Resonator connection 0.45 1.15
fux = 16 MHzNote 3, Square wave input 0.25 0.86 mA
Voo =3.0V Resonator connection 0.44 1.15
fux = 10 MHzNote 3, Square wave input 0.20 0.63 mA
Voo =5.0V Resonator connection 0.28 0.71
fux = 10 MHZNote 3, Square wave input 0.19 0.63 mA
Voo =3.0V Resonator connection 0.28 0.71
LS (low-speed | fux = 8 MHzN°® 3, Square wave input 100 560 LA
main) mode*'*’| Voo = 3.0 V Resonator connection 160 560
fux = 8 MHZNote 3, Square wave input 100 560 LA
Voo =2.0V Resonator connection 160 560
Subsystem fsus = 32.768 kHzN***®,| Square wave input 0.34 0.62 HA
clock operation| Ta = -40°C Resonator connection 0.51 0.80
fsus = 32.768 kHz"°'¢5,| Square wave input 0.38 0.62 HA
Ta=+25°C Resonator connection 0.57 0.80
fsus = 32.768 kHz\°'®5,| Square wave input 0.46 2.30 HA
Ta=+50°C Resonator connection 0.67 2.49
fsus = 32.768 kHz\°*®5,| Square wave input 0.65 4.03 LA
Ta=+70°C Resonator connection 0.91 4.22
fsus = 32.768 kHz"'¢5,| Square wave input 1.00 8.04 LA
Ta=+85°C Resonator connection 1.31 8.23
Iops3! STOP Ta=-40°C 0.18 0.52 LA
mode™*® | 1, - 1p50C 024 | 052
Ta=+50°C 0.33 2.21
Ta=+70°C 0.53 3.94
Ta=+85°C 0.93 7.95

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

Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator
and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the values of either
Iop1 or Ipp2, and Irtc, when the real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Ibb2 subsystem clock operation includes the
operational current of real-time clock 2.

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

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Ipp1, ooz or Ibps and lwot when the watchdog timer
operates.

6. Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of Ipp1 or
Iob2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

7. Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Iop1, lop2 or
Iops and ILvp when the LVD circuit operates.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

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

11. Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of
Ibp1, lop2 or Ibps and lemp when the comparator circuit operates.

12. Current flowing only to the LCD controller/driver. The value of the current for the RL78 microcontrollers is the
sum of the supply current (lbo1 or Ibp2) and LCD operating current (l.cp1, lcoz, or I.cps), when the LCD
controller/driver operates in operation mode or HALT mode. However, not including the current flowing into
the LCD panel. Conditions of the TYP. value and MAX. value are as follows.
¢ Setting 20 pins as the segment function and blinking all
¢ Selecting fsus for system clock when LCD clock = 128 Hz (LCDCO = 07H)

e Setting four time slices and 1/3 bias

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

method.

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

R0O1DS0168EJ0210 Rev.2.10 Page 27 of 123
Aug 12, 2016 r{ENESAS
L]



RL78/L13

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

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

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

LV (low-voltage
main) Mode

MIN. MAX.

MIN.

MAX.

MIN. MAX.

Unit

Slp setup time
(to SCKpJ)Note 4

tsiki

40V<Voo<55V,27V<Vo<4.0V,
Cb = 30 pF, Ro = 1.4 kQ

44

110

110

ns

27V<Vop<4.0V,23V<Ve<27V,
Cb =30 pF, Rb = 2.7 kQ

44

110

110

ns

1.8V (2.4 Ve 1) < \Vpp < 3.3V,
1.6V <V <2.0VNoe2
Cb = 30 pF, R = 5.5 kQ

110

110

110

ns

Slp hold time
(from SCKp)Note

4

tksi1

40V<Vop<55V,27V<Vb<40V,
Cb =30 pF, R = 1.4 kQ

19

19

ns

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

19

19

ns

1.8V (24 Ve < Vpp < 3.3V,
1.6V <Vb<2.0VNote2,
Cb = 30 pF, Ro = 5.5 kQ

19

19

ns

Delay time from
SCKpT to
SOp outputote4

tkso1

40V<Vop<55V,27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ

25

25

25

ns

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

25

25

25

ns

1.8V (24 Vel <Vpp < 3.3V,
1.6V <Vb<2.0VNote2,
Cb = 30 pF, Ro = 5.5 kQ

25

25

25

ns

Notes 1.

Condition in HS (high-speed main) mode

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

Caution

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

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

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

CSI mode connection diagram (during communication at different potential)

<Master> Vb

SCKp . SCK
RL78
microcontroller Slp SO
SOp Sl

User device
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (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.)

tkeve

tkua tkH1

SCKp \ \

tsik1 ks

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.)

tkeyi

tkH1 tki1

SCKp _/ \ 7/

tsika tksii

Slp Input data

tkso1

SOp Output data

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

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

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle tkey2 40V<Vop<5.5V, |20 MHz < fuck 12/fmck - - ns
time®e? 27V<Ves 8 MHz < fuck < 20 MHz | 10/fucx - - ns
40V
4 MHz < fmck < 8 MHz 8/fmck 16/fmck - ns
fmck <4 MHz 6/fmck 10/fmeck 10/fmck ns
2.7V <Vop<4.0V, |20 MHz < fuck 16/fmek - - ns
23VsWs 16 MHz < fuck < 20 MHz | 14/fuck - - ns
27V
8 MHz < fweck < 16 MHz | 12/fmck - - ns
4 MHz < fmek < 8 MHz 8/fmck 16/fmck - ns
fuck < 4 MHz 6/fmck 10/fmek 10/fmek ns
1.8V (2.4 VNote2) < | 20 MHz < fvck 36/fmck - - ns
Von <3.3V, 16 MHz < fuck < 20 MHz | 32/fuck - - ns
1.6V<Vh<
2.0 \otes 8 MHz < fuck < 16 MHz | 26/fuck - - ns
4 MHz < fmck < 8 MHz 16/fmck 16/fmck - ns
fuck < 4 MHz 10/fmck 10/fmek 10/fmck ns
SCKp high- tiH2, 40V<Vop<55V,27V<Vr<4.0V tkev2/2 tkev2/2 tkev2/2 ns
/low-level width | tk2 -12 -50 -50
27V<Vop<4.0V,23V<Vb<27V trey2/2 tkey2/2 tkey2/2 ns
-18 -50 -50
1.8V (2.4 VN2) < Vpp < 3.3V, trev2/2 trev2/2 trev2/2 ns
1.6 V< Vb <20 VNotes -50 -50 -50
Slp setup time | tsikz 40V<Vop<55V,27V<Vb<4.0V 1/fvck 1/fvck 1/fvck ns
(to SCKpT)Note4 +20 +30 +30
27V<Vop<4.0V,23V<Vu<27V 1/fmek 1/fmeck 1/fmeck ns
+20 +30 +30
1.8V (2.4 VN°2) < \pp < 3.3V, 1 vk 1 fvck 1 fvck ns
1.6 V< Vp<2.0VNotes +30 +30 +30
Slp hold time tksi2 40V<Vop<55V,27V<Vb<4.0V 1//fmek 1/fmeck 1/fmeck ns
(from + 31 +31 +31
SCKpT)eres 27V<Vop<4.0V,23V<Vo<27V 1ffuck 1ffuck 1ffuck ns
+ 31 +31 +31
1.8V (2.4 VV°e2) < \pp < 3.3V, 1 vk 1 vk 1 vk ns
1.6 V< V<20 \Notes + 31 +31 +31
Delay time tksoz [4.0V<Vop<55V,27V<Vb<4.0V, 2/fvcx 2ffvex 2/fmcx ns
from SCKp{ to Cb =30 pF, Ro = 1.4 kQ +120 +573 +573
SOp output'**e® 27V<Vop<4.0V,23V<Ve<2.7V, 2ffuck ek 2k | ns
Cb =30 pF, Ro = 2.7 kQ +214 +573 +573
1.8V (2.4 VN*2) < Vpp < 3.3V, 2/fmck 2/fvck 2/fmck ns
1.6 V< V<20 VNotes, +573 +573 +573
Cb =30 pF, Ro = 5.5 kQ

(Notes and Caution are listed on the next page, and Remarks are listed on the page after the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (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.)

tkeyz

kL2 tkH2

\ /
SCKp
N

tsik2 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.)

tkeyz

tkH2 kL2

SCKp /
\

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

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

m: Unit number, n: Channel number (mn = 00, 02))
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(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 | Vi1 C1toC5Mtel | VLCD = 04H 0.90 1.00 1.08

=047 4F*** 1y 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 \%

Doubler output voltage Viz C1to C5Notel = 0.47 uF 2 Vi1-0.08 2 Vi 2 Vi1 \Y

Tripler output voltage Vis C1to C5Notel = 0.47 uF 3Vii-0.12 3 Vi 3 Vi \Y

Quadruply output voltage Via C1to C5Ntel = 0.47 uF 4 V11-0.16 4 Vi 4 Vi \Y
Reference voltage setup timeN°ote2 tvwar1 5 ms
Voltage boost wait timeN°te 3 tvwaiT2 C1to C5Notel = 0.47 uF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between Vi2 and GND
C4: A capacitor connected between Vis and GND
C5: A capacitor connected between Vs 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).

2.7.3 Capacitor split method

(1) 1/3 bias method
(Ta=-40t0 +85°C,2.2V<Vp<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Vs voltage Via C1to C4 = 0.47 puFNoe2 Vop \Y
V12 voltage Viz C1to C4 = 0.47 yFNote2 2/3Vi—| 2/3Vis |2/3Vus+ \
0.1 0.1
Vi1 voltage Vi1 C1to C4 = 0.47 puFNoe2 13V —| 1/3Vwa [1/3 Vs + \Y
0.1 0.1
Capacitor split wait timeN°te ! tywaIT 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 Vs and GND
C1=C2=C3=C4=0.47 uF £30%
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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)

Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator
and the XT1 oscillator). The value of the current for the RL78 microcontrollers is the sum of the values of either
Iop1 or Ipp2, and Irtc, when the real-time clock 2 operates in operation mode or HALT mode. When the low-
speed on-chip oscillator is selected, IriL should be added. Ibb2 subsystem clock operation includes the
operational current of real-time clock 2.

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

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of Ipp1, ooz or Ibps and lwot when the watchdog timer
operates.

6. Current flowing only to the A/D converter. The current value of the RL78 microcontrollers is the sum of Ipp1 or
Iob2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

7. Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Iop1, lop2 or
Iops and ILvp when the LVD circuit operates.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

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

11. Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of
Ibp1, Ipp2 or Iops and Icmp when the comparator circuit operates.

12. Current flowing only to the LCD controller/driver. The value of the current for the RL78 microcontrollers is the
sum of the supply current (loo1 or Ibp2) and LCD operating current (l.cp1, Icp2, or licos), when the LCD
controller/driver operates in operation mode or HALT mode. However, not including the current flowing into
the LCD panel. Conditions of the TYP. value and MAX. value are as follows.

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

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

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

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

tkeve

tki1 tkH1
SCKp \
\ N
tsik1 ks
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.)

tkeyi

tkH1 tki1

SCKp _/ \ 7/

tsika tksii

Slp Input data

tkso1

SOp Output data

Remark p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS 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.)

tkeyz

kL2 tkH2

\ /
SCKp
N

tsik2 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.)

tkeyz

tkH2 kL2

SCKp /
\

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

Remarks 1. Rb[Q]: Communication line (SOp) pull-up resistance, Co[F]: Communication line (SOp) load capacitance,
Vb[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number, n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn)
m: Unit number, n: Channel number (mn = 00, 02))
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Voo, the MAX. values are as follows.
Overall error: Add +4 LSB to the MAX. value when AVrerr = Voo.
Zero-scale error/Full-scale error: Add £0.2%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add +2 LSB to the MAX. value when AVgere = Vob.
4. See 3.6.2 Temperature sensor/internal reference voltage characteristics.

(2) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pins: ANIO, ANI1, ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(TA=-40t0 +105°C, 2.4V <Vop<£5.5V, Vss =0V, Reference voltage (+) = Vob, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhotet AINL 10-bit resolution 24V <Vop<55V 1.2 7.0 LSB
Conversion time tcony 10-bit resolution 36V<Vop<55V 2.125 39 us

Target pin: 27V<Voo<55V | 3.1875 39 s
ANIO, ANI1, ANI16 to ANI25
24V<Vop<55V 17 39 us
10-bit resolution 36V<Vop<55V 2.375 39 us
Target pin: Internal reference 27V<Von<55V | 3.5625 39 s
voltage, and temperature
24V<Vop<55V 17 39 Hus
sensor output voltage
(HS (high-speed main)
mode)
Zero-scale errorotes 1.2 Ezs 10-bit resolution 24V <Vop<55V +0.60 %FSR
Full-scale errorhotes 1.2 Ers 10-bit resolution 24V <Vop<55V +0.60 %FSR
Integral linearity errorot® ILE 10-bit resolution 24V <Vop<55V 4.0 LSB
Differential linearity errorN°®* | DLE 10-bit resolution 24V <Vop<55V 2.0 LSB
Analog input voltage Vain ANIO, ANI1, ANI16 to ANI25 0 VDD \%
Internal reference voltage VaerMote 3 \Y

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

Temperature sensor output voltage Vrmpszshote 3 \Y
(2.4 V <Vop £5.5V, HS (high-speed main) mode))

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. See 3.6.2 Temperature sensor/internal reference voltage characteristics.
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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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RL78/L13

4. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1 64-pin Products

R5F10WLAAFA, R5F10WLCAFA, R5F10WLDAFA, R5F10WLEAFA, R5F10WLFAFA, R5F10WLGAFA

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP64-12x12-0.65

PLQP0064JA-A

P64GK-65-UET-2

0.51

HD
D
T detai of ead end
48 33
149 32
— =
| C7
—] —
— — L ——
= i
— — 0 — L
L
p
— + — E HE
] | ~—L1—
—] —
—] —
—] 1 (UNIT:mm)
— — ITEM DIMENSIONS
Q — D 12.00£0.20
T 17— E 12.00+0.20
1 HD 14.0040.20
| HE  14.00%0.20
- ZE UUHHUUU 2 A 1.60 MAX.
Al 0.10+0.05
- b A2 1.40+0.05
A3 0.25
oL als o
A7 b 0.3225 97
w2 o ous:BER
L 0.50
[ \ Lp  0.60+0.15
‘ 0 3o+gz
E Al- [e] 0.65
X 0.13
y 0.10
ZD 1.125
Each | ZE 1.125

Each lead centerline is located within 0.13 mm of
its true position at maximum material condition.

©2012 Renesas Electronics Corporation. All rights reserved.
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NOTES FOR CMOS DEVICES

(1) 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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction. If
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry. Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that 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 should be grounded. The operator should be grounded using a wrist
strap. Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken
for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O 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. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




