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RL78/L13 1. OUTLINE

1.2 List of Part Numbers

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

PartNo. R5F10WLEAXXxX

F B #30
He

Packaging specification
#30 : Tray (LFQFP, LQFP)
#50 : Embossed Tape (LFQFP, LQFP)

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

ROM number (Omitted with blank products)

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

ROM capacity:
: 16 KB
: 32KB
: 48 KB
: 64 KB
: 96 KB
: 128 KB

OTMMmMoOO >

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

RL78/L13 group

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product
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1. OUTLINE

1.3.2 80-pin products

o
Yo
i
g8 .
Eeuwy 2
2522 %]
g@eon 2 5 9
o
>Ss58¢ E 2 9.
IR Znoo0n
30=3 S33238Q
o9 x o - ™ 8 %) 8 » 8 )
2o gg COOO0, LEQEBE S
o E s 2 W w w w o6 S o E [
29525 D000 P08ESESE
X PP WO NIV SEpwEZEZEZ
ELLLE55=582K5855E
3885533000000 3333838%5
oo O0000000O0On a0
TTTTTTTTTTTTTTOOTTTT
60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 43 42 41
PO3/RxD2/SEG46/VCOUTO O=—~]61 40 |=——=0O P70/KRO/SEG12
P02/INTP7/PCLBUZ0/SEG45 O~——+{62 39 |=——=0O P71/KR1/SEG13
P01/(TI05)/(TO05)/(INTP5)/PCLBUZ1/SEG44 O~——63 38 |~——=O P72/KR2/SEG14
PO0/SEG43/SO00/TXDO/TOOLTXD O~ 64 37 |=——=0O P73/KR3/SEG15
P17/SEG42/SI00/RxDO/TOOLRXD/SDA00 O~——65 36 [~——=0O P74/KR4/SEG16/TKBO0O
P16/SEG41/SCK00/SCLO0 O~——=| 66 35|~——=0 P75/KR5/SEG17/TKBOO1-2
P15/TI07/TO07/SEG40 O~——={67 34 |«——=0 P76/KR6/SEG18/TKBOO1-1
P14/TI04/TO04/SEG39 O~——~168 33|«——=0 P77/KR7/SEG19/TKBO01-0
P13/ANI25/SEG38 O~—69 32 |«——=0 P30/TI03/TO03/SEG20/REMOOUT
P12/ANI24/SEG37 O~——]70 RL78/L13 31 O P31/INTP3/RTC1HZ/SEG21
P11/ANI23/SEG36 O~—71 (Top View) 30 O P32/TI01/TO01/SEG22
P10/ANI22/SEG35 O~—72 29 |~——~O P33/INTP4/SEG23
P27/ANI21/SEG34 O 73 28 |~——O P34/RxD3/SEG24
P26/ANI20/SEG33 O 74 27 |~——O P35/TXD3/SEG25
P25/ANI19/SEG32 O 75 26 O P125/V13/(TI06)/(TO06)
P24/ANI18/SEG31 O 76 25— O
P23/ANI17/SEG30 O 77 24— Ovi
P22/ANI16/SEG29 O 78 23——O Vi
P21/ANIO/AVRere O 79 22|« w0 P126/CAPL/(TI04)/(TO04)
P20/ANI1/AVrern O Q) 21 |=——~0 P127/CAPH/(TI03)/(TO03)/(REMOOUT)
12345678 91011121314151617181920
iiooooooo iiiiiiiiii
VN0 == - N-OX -0 8 30§
vo0z882EEexR5EyT £E
Soob=x>Ro Yriasg = a
aggyoozgee 8T gpx =}
£33z £ 8 EE
=02 89%=-s I = S S
oxxX Lozya2 o o <<
858 =Xx%do g 32
o08gc o= © [Slral
A xX Loy £ DD
SCg SE% ¢ 25
83% a=8 ¢ g
teg F99
2 Fz5&
5 SE
o N~
Eg
za
>
<
o

80-pin plastic LQFP (14 x 14 mm, 0.65 mm pitch)
80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)

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

Remarks 1. For pin identification, see 1.4 Pin Identification.

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

register (PIOR). See Figure 4-8 Format of Peripheral I/O Redirection Register (PIOR) in the

RL78/L13 User’s Manual.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1 and XT1 oscillator characteristics

(TA=-40t0 +85°C, 1.6 VLVbD<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
1.8V<Vm<24V 1.0 8.0
16V<Vop<18V 1.0 4.0
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.

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

2.2.2 On-chip oscillator characteristics

(TA=-401t0o +85°C, 1.6 V<Vbop<55V,Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator fin 1 24 MHz
clock frequencyNetes 1.2
High-speed on-chip oscillator -20 to +85°C 1.8V<Vop<55V -1.0 +1.0 %
clock frequency accuracy 16V<Von<18V _5.0 +5.0 %

—-40 to —20°C 1.8V<Vop<55V -1.5 +1.5 %
16V<Vop<18V -5.5 +5.5 %
Low-speed on-chip oscillator fiL 15 kHz
clock frequency
Low-speed on-chip oscillator -15 +15 %

clock frequency accuracy

Notes 1. The high-speed on-chip oscillator frequency is selected by bits 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
time.

R0O1DS0168EJ0210 Rev.2.10 Page 16 of 123
Aug 12, 2016 r{ENESAS
L]



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

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to0 +85°C, 1.6 VL<VbD<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for P00 to P07, P10 to P17, 16V<Vop<55V —10.0N°*2|  mA
highNote 1 P22 to P27, P30 to P35, P40 to P47,

P50 to P57, P70 to P77, P125 to P127,
P130
<R> Total of POO to P07, P10 to P17, 40V<Voo<55V -90.0 mA
P22 to P27, P30 to P35, P40 to P47, 27V <Vop<4.0V _15.0 mA
P50 to P57, P70 to P77, P125 to P127,
1.8V<Vop<27V -7.0 mA
P130
(When duty = 70%"°te %) 16V<Vop<1.8V -3.0 mA
loH2 Per pin for P20 and P21 16V<Vop<55V —Q.qNote 2 mA
Total of all pins 16V<Vop<55V -0.2 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 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 lon = -90.0 mA
Total output current of pins = (-90.0 x 0.7)/(80 x 0.01) = -78.75 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

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

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

(5) Communication at different potential (1.8 V, 2.5V, 3V) (UART mode) (1/2)
(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.

Transfer rate Reception |40V <Vopb<55V, fuck/gNote fuck/gNote fuck/6N|  bps
27V<Vb<4.0V L L 1
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fmek = fewkNote 3
27V<Vopb<4.0V, fuck/BNote fuck/gNote fuck/6N®|  bps
23V<Vbs27V L L 1
Theoretical value of the 4.0 1.3 0.6 Mbps
maximum transfer rate
fmek = fewkNote 3
1.8V (2.4 VN4 < Vpp < 3.3 fmek/6 fmek/6 fmek/6 bps
V Note s1, 2 Notes 1, 2 Notes 1, 2

1.6V<Vb<20V

Theoretical value of the 4.0 1.3 0.6 Mbps

maximum transfer rate
Note 3

fmek = feoik

Notes 1. Transfer rate in SNOOZE mode is 4800 bps only.
2. Use it with Vop > Vb.

3.

Caution

The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:

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

LS (low-speed main) mode: 8MHz (1.8V<Vopb<5.5V)

LV (low-voltage main) mode: 4MHz (1.6 V<Vbop<5.5V)

Condition in the HS (high-speed main) mode

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

Remarks 1. Vb[V]: Communication line voltage

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

3. fmek: 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)

(9) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified I°C mode) (1/2)
(Ta=-40to +85°C, 1.8V <V <55V, Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

LV (low-voltage
main) Mode

MIN. MAX.

MIN. MAX.

MIN. MAX.

Unit

SCLr clock
frequency

fscL

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

1 OOONDIE
1

300Note 1

300Nole 1

kHz

27V<Vop<4.0V,
23V<VWb<27V,
Cb =50 pF, Ro = 2.7 kQ

1000N0te

1

300Note 1

300No!e 1

kHz

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

400Note 1

300Note 1

300Nole 1

kHz

27V<Vop<4.0V,
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ

400ND[€ 1

300ND[€ 1

300Note 1

kHz

1.8V (2.4 VN°¢2) < \Vpp < 3.3V,
1.6V < Vb <2.0 VNote3,
Cb = 100 pF, Ro = 5.5 kQ

300ND[€ 1

300ND[€ 1

300Note 1

kHz

Hold time when
SCLr="L"

tLow

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

475

1550

1550

ns

27V<Vop<4.0V,
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

475

1550

1550

ns

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

1150

1550

1550

ns

27V<Voo<4.0V,
23V<Vh<27V,
Cb = 100 pF, Ro = 2.7 kQ

1150

1550

1550

ns

1.8V (2.4 VN°¢2) < \Vipp < 3.3V,
1.6V < Vb <2.0 VNote3,
Cb = 100 pF, Ro = 5.5 kQ

1550

1550

1550

ns

Hold time when
SCLr="“H"

tHIGH

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

245

610

610

ns

27V<Vop<4.0V,
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

200

610

610

ns

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

675

610

610

ns

27V<Voo<4.0V,
23V<Vh<27V,
Cb = 100 pF, Ro = 2.7 kQ

600

610

610

ns

1.8V (2.4 VN°'e2) < Vpp < 3.3V,
1.6V < Vb < 2.0 VNote3,
Cb = 100 pF, Ro = 5.5 kQ

610

610

610

ns

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

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

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

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

Parameter

Symbol Conditions MIN. TYP. MAX. Unit

Output current,
IOWNOIE 1

loL1 Per pin for P00 to P07, P10 to P17, 8.5Note 2 mA
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 40.0 mA
(When duty = 70%"?) 27V<Vop <40V 15.0 mA

24V <Vop<27V 9.0 mA
Total of POO to P07, P10 to P17, 40V<Vom<55V 60.0 mA
P22 to P27, P30 to P35, P50 to P57, 27V<Von<4.0V 35.0 mA

P70 to P77, P125 to P127

(When duty = 70%Mte3) 24V<Vop <27V 20.0 mA
Total of all pins 100.0 mA
(When duty = 70%"°* %)

loL2 Per pin for P20 and P21 0.4Note 2 mA
Total of all pins 24V<Vop<55V 0.8 mA

(When duty = 70%"°te %)

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
Do not exceed the total current value.
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 = 40.0 mA

Total output current of pins = (40.0 x 0.7)/(80 x 0.01) = 35.0 mA

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

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

pins.
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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)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed on- | IrNotet 0.20 LA
chip oscillator
operating current
RTC2 operating | IrrcNotes1:2:3 | fgyg = 32.768 kHz 0.02 HA
current
12-bit interval IrmgaNotes 1.2:4 0.04 LA
timer operating
current
Watchdog timer | lwprots225 | 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 lapreFNote 75.0 LA
reference
voltage current
Temperature Itmpshote 1 75.0 HA
sensor operating
current
LVD operating [LvpNotes 1.7 0.08 HA
current
Comparator lewpNotes 1111 \/pp = 5.0V, Window mode 12.5 HA
operating current Regulator output Comparator high-speed mode 6.5 7y

voltage =2.1V
Comparator low-speed mode 1.7 LA
Voo =5.0V, Window mode 8.0 LA
Regulator output Comparator high-speed mode 4.0 LA
voltage = 1.8 V
Comparator low-speed mode 1.3 LA
Self- [rsphotes 1.9 2.00 12.20 mA
programming
operating current
BGO operating | IsgoNotes 18 2.00 | 1220 | MA
current
SNOOZE IsnozZNote L ADC operation While the mode is shifting°te 1° 0.50 0.60 mA
operating current During A/D conversion, in low voltage 1.20 1.44 mA
mode, AVrerp = Vob = 3.0 V
CSI/UART operation 0.70 0.84 mA
LCD operating lLcpiNetes 1. 12| External resistance | fico = fsus 1/3 bias, Voo =5.0V, 0.04 0.20. LA
current 18 division method LCD clock | four time Via=50V
=128 Hz slices
lcpNete 12 | Internal voltage fico = 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
V=51V
(Vieo = 12H)
lepsNote 112 | Capacitor split fiep = fsus 1/3 bias, Voo =3.0V, 0.20 0.50 HA
method LCD clock | four time V=30V
=128 Hz slices
(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. 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)

3.5 Peripheral Functions Characteristics

AC Timing Test Points

ViH/VoH . Vin/Vor
Test points
Vil/Vou > <: Vi/Vou

3.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40t0 +105°C, 24V <Vop <55V, Vss =0 V)

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

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

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

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 User device
microcontroller

RxDq TX

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

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

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

Vobp
% Rob
SDAr SDA
RL78 _
microcontroller User device
SCLr SCL

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

1/fscL

trow tHiGH

SCLr \ /
\ /
L |
SDAr /\

tHD : DAT tsu: paT

Remarks 1. Ro[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. fwmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m = 0),
n: Channel number (n = 0-3), mn = 00-03, 10-13)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

1/Transfer rate
Low-bit width
High-bit width

Baud rate error tolerance

-~

T¥Dq /

\ )

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

A\

Remarks 1. Rb[Q2]: Communication line (TxDq) pull-up resistance, Cb[F]: Communication line (TxDq) load capacitance,
Vb[V]: Communication line voltage
2. g: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 3)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00 to 03, 10 to 13))
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (1/2)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time tkey1 tkcy1 2 4/fck | 4.0V <Vop<5.5V, 600 ns

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

27V<Vop<4.0V, 1000 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

24V <Vop<33V, 2300 ns
16V<Vb<18Y,
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width tkH1 40V<Vop<55V,27V<Ve<4.0V, tkev1/2 — 150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<Vp<27V, tkev1/2 — 340 ns

Co =30 pF, Ro = 2.7 kQ

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

SCKp low-level width tiLs 40V<Vop<55V,27V<Vo<40V, tovil2 — 24 ns
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<40V,23V<V<27YV, tkey1/2 — 36 ns
Cb =30 pF, Ro = 2.7 kQ

24V<Vop<33V,16V<Ve<20V, tkev1/2 — 100 ns
Cb =30 pF, Ro = 5.5 kQ

Slp setup time tsiki 40V<Vop<55V,27V<Vb<4.0V, 162 ns
(to SCKpT)Nete 1 Cb=30pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 354 ns

Cb =30 pF, Ro = 2.7 kQ

24V <Vop<33V,1.6V<Ve<20V, 958 ns
Cb =30 pF, Ro = 5.5 kQ

Slp hold time tksi1 40V<Vop<55V,27V<Vb<40V, 38 ns
(from SCKpT)Nete Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<Ve<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16VVe<20V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKpJ to tkso1 40V<Vop<55V,27V<Vb<4.0V, 200 ns
SOp outputhote! Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23VVpe<27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16VVb<20V, 966 ns

Co =30 pF, Ro = 5.5 kQ

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

(8) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified I°C mode) (2/2)
(Ta=-40to0 +105°C, 2.4V <Vop <55V, Vss=0V)

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

Data setup time (reception) tsu:paT 40V<Vop<55V,27V<Vb<4.0V, 1/fmck + 34QN°ote 2 ns
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<40V,23V<Vp<27V, 1/fmck + 34QNote2 ns
Cb =50 pF, Ro = 2.7 kQ
40V<Vop<55V,27V<Vb<40V, 1/fmck + 760N 2 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Ve<27V, 1/fmck + 760Nt 2 ns
Cb =100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Ve<20V, 1/fmck + 570Note 2 ns
Cb =100 pF, Ro = 5.5 kQ

Data hold time (transmission) | tHp:0aT 40V<Vop<55V,27V<Vb<4.0V, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
27V<Vop<4.0V,23V<Vh<27V, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
40V<Vop<55V,27V<Ve<4.0V, 0 1420 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Ve<27V, 0 1420 ns
Cb =100 pF, Ro = 2.7 kQ
24V <Vop<33V,16V<Ve<20V, 0 1215 ns
Cb =100 pF, Ro = 5.5 kQ

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

Caution Select the 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 Vi1 and Vi, see the DC characteristics with TTL
input buffer selected.

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

(Ta=-401to0 +105°C, 2.4 V<Vop < 5.5V, Vss = 0V, Reference voltage (+) = VeerN® 3,
Reference voltage (-) = AVrermN4 =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<Vpbp<55V 17 39 us
Zero-scale errortes 1.2 Ezs 8-bit resolution 24V <Vpop<55V +0.60 %FSR
Integral linearity errorote? ILE 8-bit resolution 24V<Vpb<55V 2.0 LSB
Differential linearity errorot® DLE 8-bit resolution 24V <VpbD<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 3.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add £0.35%FSR to the 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.
3.6.2 Temperature sensor/internal reference voltage characteristics
(TA=-40to +105°C, 2.4V <Vop <5.5V, Vss =0V, HS (high-speed main) mode)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vimes2s | ADS register = 80H, Ta = +25°C 1.05 \%
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
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.7 LCD Characteristics

3.7.1 External resistance division method

(1) Static display mode
(Ta=-40to +105°C, Va4 (MIN.) £Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 Vob \%

(2) 1/2 bias method, 1/4 bias method
(Ta=-40to +105°C, V4 (MIN.) £Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.7 Vob \%

(3) 1/3 bias method
(Ta=-40to +105°C, V4 (MIN.) £Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.5 Vob \%
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