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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.
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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)

Absolute Maximum Ratings (2/3)

Parameter Symbol Conditions Ratings Unit
LCD voltage Vi Vi1 voltageote ! -0.3 to +2.8 and \%
-0.3to Vs +0.3
Viz VL2 voltageMte ! -0.3 to Vs +0.3N0te 2 \Y
Vis Vs voltageMote ! —0.3 to Vi +0.3Note 2 \Y
Via Vs voltageMote ! -0.3t0 +6.5 \Y
Vicap CAPL, CAPH voltageM°te! —0.3 to V4 +0.3Note 2 \%
Vout COMO to COM7 | External resistance division method | —0.3 to Voo +0.3N°te2 \%
SEGO to SEG50 Capacitor split method —0.3 to Vop +0.3Note 2 \Y
output voltage -
Internal voltage boosting method -0.3 to Vi +0.3N0te 2 \Y

Notes 1. This value only indicates the absolute maximum ratings when applying voltage to the V1, Vi2, Vi3, and VL4 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 uF + 30%) and connect a
capacitor (0.47 uF + 30%) between the CAPL and CAPH pins.
2. Must be 6.5V or lower.

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

Remark Vss: Reference voltage
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

Key Interrupt Input Timing

tkr

KRO to KR7

RESET Input Timing

RESET

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

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

Caution Select the normal input buffer and the N-ch open drain output (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).

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

Vob

% Rb
SDAr SDA

RL78

microcontroller User device

SCLr SCL

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

1/fscL

trow tHIGH

SCLr \
|
SDAr

tHD : DAT tsu:paT

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

capacitance
2. r:lIC number (r = 00, 10), g: PIM and POM number (g =0, 1)
<R> 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 (m = 0),
n: Channel number (n = 0-3), mn = 00-03, 10-13)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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)

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)

(3) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pins: ANIO, ANI16 to ANI25

(Ta=-40to +85°C, 2.4 V< Vop<5.5V, Vss = 0V, Reference voltage (+) = VecrN°t® 3,
Reference voltage (-) = AVrermNt4 =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 24V <Vop<55V +0.60 | %FSR
Integral linearity errorote? ILE 8-bit resolution 24V <Vop<55V +2.0 LSB
Differential linearity error Nt DLE 8-bit resolution 24V <Vop<55V +1.0 LSB
Analog input voltage VAN 0 Vagrlote 3 \%

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. See 2.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add +0.35%F SR to the AVrerm MAX. value.
Integral linearity error: Add £0.5 LSB to the AVrerm MAX. value.
Differential linearity error: Add +0.2 LSB to the AVrern MAX. value.

2.6.2 Temperature sensor /internal reference voltage characteristics

(TA=-40t0 +85°C, 2.4V <Vop <55V, Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Temperature sensor output voltage | Viwmes2s | ADS register = 80H, Ta = +25°C 1.05 Vv

Internal reference output voltage V8GR ADS register = 81H 1.38 1.45 15 \%

Temperature coefficient Fvrmes Temperature sensor that depends on the -3.6 mV/°C

temperature

Operation stabilization wait time tamp 5 us
R01DS0168EJ0210 Rev.2.10 Page 61 of 123
Aug 12, 2016

RENESAS



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)

“G: Industrial applications (Ta = —40 to +105°C) differ from “A: Consumer applications” in function as follows:

Fields of Application

A: Consumer applications

G: Industrial applications

Operating ambient
temperature

Ta =-40 to +85°C

Ta =-40 to +105°C

Operation mode
operating voltage
range

HS (high-speed main) mode:

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

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

1.6 V<Vop <5.5V@1 MHz to 4 MHz

HS (high-speed main) mode only:
2.7V <Voo £5.5 V@1 MHz to 24 MHz
24V <Voo<5.5V@1 MHz to 16 MHz

High-speed on-chip
oscillator clock
accuracy

1.8V <VDD<5.5V:
+1.0 % @ Ta = 20 to +85°C
+1.5% @ TA = —40 to ~20°C
1.6V <VDD<1.8 V:

5.0 % @ TA = —20 to +85°C
+5.5% @ TA = —40 to —20°C

2.4V <Vop<5.5V:
+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
CSI: fck/2 (16 Mbps supported), fcLk/4
Simplified 1°C

UART
CSI: fex/4
Simplified 1°C

IICA

Standard mode
Fast mode
Fast mode plus

Standard mode
Fase mode

Voltage detector

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

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

Remark Electrical specifications of G: Industrial applications (Ta = —40 to +105°C) differ from “A: Consumer
applications”. For details, see 3.1 to 3.11 below.
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RL78/L13

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

Absolute Maximum Ratings (TA = 25°C) (3/3)

Parameter Symbol Conditions Ratings Unit
Output current, high lo1 Per pin P00 to P07, P10 to P17, P22 to P27, -40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
Total of all pins P00 to P07, P10 to P17, P22 to P27, -170 mA
-170 mA P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
loHz Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loL1 Per pin P00 to P07, P10 to P17, P22 to P27, 40 mA
P30 to P35, P40 to P47,
P50 to P57, P60, P61,
P70 to P77, P125 to P127, P130
Total of all pins P40 to P47, P130 70 mA
170 mA P00 to P07, P10 to P17, P22 to P27, 100 mA
P30 to P35, P50 to P57, P60, P61,
P70 to P77, P125 to P127
loL2 Per pin P20, P21 1 mA
Total of all pins 2 mA
Operating ambient Ta In normal operation mode —40 to +105 °C
temperature In flash memory programming mode °C
Storage temperature Tstg —65 to +150 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge
of suffering physical damage, and therefore the product must be used under conditions that ensure that

the absolute maximum ratings are not exceeded.

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

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

3.3 DC Characteristics

3.3.1 Pin characteristics

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

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output current, loH1 Per pin for POO to P07, P10 to P17, 24V<Vop<55V -3.0N2]  mA
highNote 1 P22 to P27, P30 to P35, P40 to P47, P50

to P57, P70 to P77, P125 to P127, P130
Total of POO to P07, P10 to P17, 40V<Vopb<55V —45.0 mA
P22 to P27, P30 to P35, P40 to P47, P50 | 2.7V <Vop <4.0 V -15.0 | mA
to P57, P70 to P77, P125 to P127, P130 24V <Vop <27V 70 mA
(When duty = 70%Nte3)
loHz2 Per pin for P20 and P21 24V <Vop<55V 0.1\t 2] mA
Total of all pins 24V <Vop<55V -0.2 mA
(When duty = 70%"te3)
Notes 1. Value of the current at which the device operation is guaranteed even if the current flows from the Vop pin
to an output pin
2. Do not exceed the total current value.
3. Output current value under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 80% and loH = —45.0 mA
Total output current of pins = (—45.0 x 0.7)/(80 x 0.01) = -39.375 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 do not output high level in
N-ch open-drain mode.
Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (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 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. The current flowing into the clock output/buzzer output, 12-bit interval timer, and
watchdog timer is not included.
6. The current flowing into the real-time clock 2, clock output/buzzer output, 12-bit interval timer, and watchdog
timer is not included.

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

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.)

fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

a s b

Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

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

SCKp cycle timeN°te s tkey2 40V<Vmm<55V fuck > 20 MHz 16/fmck ns

fuek < 20 MHz 12/fmck ns

27V<Vm<55V fuek > 16 MHz 16/fmck ns

fuek < 16 MHz 12/fmck ns

24V<Vop<55V 12/fuck and 1000 ns

SCKp high-/low-level width | tkhz, tkez | 4.0V <Vop< 5.5V tkey2/2-14 ns

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

24V <Vop<55V tkey2/2—-36 ns

Slp setup time tsik2 27V<Vopb<55V 1/fuck+40 ns

(to SCKpTy*e'e? 24V<Voo <55V 1/fc+60 ns

Slp hold time tksiz 1/fmck+62 ns
(from SCKpT)Note 2

Delay time from SCKpl to | tksoz C = 30 pFNote4 27V<Vop<55V 2/fvck+66 ns

SOp output™'*® 24V<Von<55V uek+113 ns

Notes 1. 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.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from 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 delay time to SOp output becomes
“from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

4. C is the load capacitance of the SOp output lines.

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

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

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(5) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (2/2)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter | Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate Transmission | 4.0V <Vop<5.5YV, Note 1 bps

27V<Vb<4.0V

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

27V<Vop<4.0V, Note 3 bps
23V<Vb<27V

Theoretical value of the maximum transfer rate 1.2Note 4 Mbps
Cb =50 pF, Ro =2.7kQ, Vb =23V

24V <Vop<33V, Note 5 bps
16V<Ve<20V

Theoretical value of the maximum transfer rate 0.43Note 6 Mbps
Cb=50pF,Ro=55kQ, Vo =16V

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

Maximum transfer rate = 1 55 [bps]

{-Cox RoxIn (1 -—F)} x 3

1 2.2
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.
2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.
3. The smaller maximum transfer rate derived by using fmck/12 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 2.7V <Vop <4.0Vand 23V <Vb<2.7V

Maximum transfer rate = L 50 [bps]

{~Cox Rox In (1-—5 )} x 3

1
Transfer rate x 2

1
( Transfer rate

2.0
—{-CboxRbxIn(1 _T)}

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

Notes 5. The smaller maximum transfer rate derived by using fmck/12 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 24V <Vop<3.3Vand 1.6 V<Vb<2.0V

Maximum transfer rate = 1 15 [bps]

{~Cox RoxIn (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.

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) 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
i
TxDq RX
RL78 )
microcontroller User device
RxDq T
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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.)

R0O1DS0168EJ0210 Rev.2.10

Aug 12, 2016

RENESAS

Page 110 of 123



RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS 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 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 3Vii-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=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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4. PACKAGE DRAWINGS
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Revision History

RL78/L13 Data Sheet

Description
Rev. Date Page Summary
0.01 Apr 13, 2012 - First Edition issued
0.02 Oct 31, 2012 - Change of the number of segment pins
* 64-pin products: 36 pins
* 80-pin products: 51 pins
2.10 Aug 12, 2016 1 Modification of features of 16-bit timer and 16-bit timer KB20 (IH) in 1.1 Features
5 Addition of product name (RL78/L13) and description (Top View) in 1.3.1 64-pin
products
6 Addition of product name (RL78/L13) and description (Top View) in 1.3.2 80-pin
products
10 Modification of functional overview of main system clock in 1.6 Outline of Functions
15 Modification of description in Absolute Maximum Ratings (3/3)
17,18 Modification of description in 2.3.1 Pin characteristics
38 Modification of remark 3 in 2.5.1 (4) During communication at same potential
(simplified 1°C mode)
68 Modification of the title and note, and addition of caution in 2.8 RAM Data Retention
Characteristics
70 Addition of Remark
74 Modification of description in Absolute Maximum Ratings (Ta = 25 °C) (3/3)
76 Modification of description in 3.3.1 Pin characteristics
95 Modification of remark 3 in 3.5.1 (4) During communication at same potential
(simplified 1°C mode)
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