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Active

RL78

16-Bit

24MHz

CSl, I2C, LINbus, UART/USART
LCD, LVD, POR, PWM, WDT
55

192KB (192K x 8)

FLASH

8K x 8

16K x 8

1.6V ~ 3.6V

A/D 11x8/12b; D/A 2x8b
Internal

-40°C ~ 85°C (TA)

Surface Mount

80-LQFP

80-LQFP (12x12)
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RL78/L1C

1. OUTLINE

1.3.5

100-pin products (with USB)

+ 100-pin plastic LFQFP (fine pitch) (14 x 14 mm, 0.5 mm pitch)
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Caution 1.
Caution 2.

Remark 1.
Remark 2.

Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
Connect the UREGC pin to Vss pin via a capacitor (0.33 pF).

For pin identification, see 1.4 Pin Identification.
Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection register

(PIOR).
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RL78/L1C 1. OUTLINE

1.3.6 100-pin products (without USB)

+ 100-pin plastic LFQFP (fine pitch) (14 x 14 mm, 0.5 mm pitch)
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Caution  Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection register
(PIOR).

RO1DS0192EJ0220 Rev.2.20 RENESAS Page 10 of 147
Dec 28, 2017



<R>

RL78/L1C

1. OUTLINE

(2/2)

ltem

80/85-pin

100-pin

R5F110Mx/R5F110Nx (x = E to H, J)

R5F110Px (x = E to H, J)

Clock output/buzzer output

2

2

* 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz

* 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz

(Main system clock: fMAIN = 20 MHz operation)

(Subsystem clock: fsu = 32.768 kHz operation)

8/12-bit resolution A/D converter 9 channels 13 channels
D/A converter 2 channels 2 channels
Comparator 1 channel 2 channels

Serial interface

CSlI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified 12C: 1 channel
CSlI: 1 channel/UART: 1 channel/simplified 12C: 1 channel
CSlI: 1 channel/UART: 1 channel/simplified 12C: 1 channel
CSlI: 1 channel/UART: 1 channel/simplified 12C: 1 channel

12C bus

1 channel ’

1 channel

USB Function

1 channel

LCD controller/driver

Internal voltage boosting method, capacitor split method, and external resistance division method

are switchable.

Segment signal output

44 (40) Note 1 ‘

56 (52) Note 1

Common signal output

4 (8) Note 1

Data transfer controller (DTC)

32 sources

33 sources

Event link controller (ELC)

Event input: 30, Event trigger output: 22

Event input: 31, Event trigger output: 22

Vectored interrupt Internal 36 37
sources External 9 9
Key interrupt 8 8

Reset

Reset by RESET pin

Internal reset by watchdog timer

Internal reset by power-on-reset

Internal reset by voltage detector

Internal reset by illegal instruction execution Note 2
Internal reset by RAM parity error

Internal reset by illegal-memory access

Power-on-reset circuit

Power-on-reset: 1.51 + 0.03 V
Power-down-reset: 1.50 + 0.03 V

Voltage detector

Rising edge: 1.67 V to 3.13 V (12 stages)
Falling edge: 1.63 V to 3.06 V (12 stages)

On-chip debug function

Provided

Power supply voltage

VDD = 1.6 t0 3.6 V (TA = -40 to +85°C)
VDD = 2.4 to 3.6 V (TA = -40 to +105°C)

Operating ambient temperature

TA = -40 to +85°C (A: Consumer applications), TA = -40 to +105°C (G: Industrial applications)

Note 1. The number in parentheses indicates the number of signal outputs when 8 coms are used.

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

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

emulator.

R01DS0192EJ0220 Rev.2.20
Dec 28, 2017
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

2.4 AC Characteristics

241 Basic operation

(TA =-40 to +85°C,1.6 V<AVDD=VDD<3.6 V,Vss =0 V) (1/2)
Items Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle Tcy Main system | HS (high-speed main) | 2.7V <VDD < 3.6 V 0.0417 1 us
(minimum instruction clock (fMAIN) | mode 24V <VDD<27V 0.0625 1 us
tion ti ti
execution time) operalion s (low-speed main) | 1.8V<VbD<36V | 0125 1 | ps
mode
LV (low-voltage main) | 1.6 V<VDD<3.6 V 0.25 1 us
mode
Subsystem clock (fSuB) operation 1.8V<VbD<36V 285 30.5 | 31.3 us
In the self- HS (high-speed main) | 2.7V <VDD<3.6 V 0.0417 1 us
programming | mode 24V<VDD<27V | 0.0625 1 us
mode
LS (low-speed main) | 1.8V <VDD<3.6V 0.125 1 us
mode
LV (low-voltage main) | 1.8V <VDD<3.6V 0.25 1 us
mode
External main system | fEX 27V<VDD<36V 1.0 20.0 | MHz
clock frequency 24V<VDD<27V 1.0 16.0 | MHz
1.8V<VbD<24V 1.0 8.0 | MHz
16V=VbD<18V 1.0 40 | MHz
fEXT 32 35 kHz
External main system | tExH, 27V<VDD<36V 24 ns
clock input high-level | tEXL 24V <VDD<27V 30 ns
width, low-level width
1.8V=sVbD<24V 60 ns
16V<VbD<18V 120 ns
tEXHS,
13.7 us
tEXLS
TIOO to TIO7 input tTIH, 1/fmcK + ns
high-level width, tTiL 10
low-level width

Remark  fmck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0),
n: Channel number (n =0 to 7))

RO1DS0192EJ0220 Rev.2.20 RENESAS Page 37 of 147
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

25 Peripheral Functions Characteristics
AC Timing Test Points

VIH/VOH > Test points <: VIH/VOH
ViL/VoL ViL/VoL

251 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40 to +85°C, 1.6 VSVDD<3.6 V,Vss =0 V)

HS (high-speed main) | LS (low-speed main) | LV (low-voltage main)

Parameter | Symbol Conditions Mode Mode Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
Transfer 27V<VDD<36V fmck/6 Note 2 fMCK/6 fMCK/6 bps
rate Note 1 Theoretical value of the 4.0 1.3 06 | Mbps

maximum transfer rate
fMcK = fcLk Note 3

24V<VDD<36V fmck/6 Note 2 fmck/6 fMCK/6 bps

Theoretical value of the 2.6 1.3 0.6 Mbps
maximum transfer rate
fmck = fcLk Note 3

1.8V<VbD=<36V — fmck/6 Note 2 fMCK/6 bps

Theoretical value of the — 1.3 0.6 Mbps
maximum transfer rate
fMck = fcLk Note 3

.6V<VDD<36V — — fMCK/6 bps

N

Theoretical value of the — — 0.6 Mbps
maximum transfer rate

fMck = fcLk Note 3

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
Note 2. The following conditions are required for low voltage interface.
2.4V <VDD < 2.7 V: MAX. 2.6 Mbps
1.8V <VDD < 2.4 V: MAX. 1.3 Mbps
1.6 V<VDD < 1.8 V: MAX. 0.6 Mbps
Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fCLK) are:
HS (high-speed main) mode: 24 MHz (2.7V <VDD<3.6 V)
16 MHz (24V <VDD<3.6V)
LS (low-speed main) mode: 8MHz (1.8V<VDD<3.6V)
LV (low-voltage main) mode: 4 MHz (1.6 V<VDD <3.6V)

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

RO1DS0192EJ0220 Rev.2.20 RENESAS Page 43 of 147
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 microcontroller

RxDq Tx

User’s device

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

-

TxDq
RxDq

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

RO1DS0192EJ0220 Rev.2.20 RENESAS
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(2) I2C fast mode
(TA = -40 to +85°C,1.8V=<VDD<3.6 V,Vss=0V)

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

SCLAO clock fscL Fast mode: 27V=<VpD<36V 0 400 0 400 0 400 kHz

frequency fetk=35MHz Iy g v < vop <36V 0 400 0 400 0 400 | kHz
Setup time of restart | tsSu:STA |27V <VDD<3.6V 0.6 0.6 0.6 us
condition 1.8V<VDD<36V 0.6 0.6 06 us
Hold time Note 1 tHD: STA [2.7V<VDD<3.6 V 0.6 0.6 0.6 us
1.8V<VbD<36V 0.6 0.6 0.6 us
Hold time when tLow 27V<Vbb<36V 1.3 1.3 1.3 us
SCLAO ="L" 1.8V<sVbDb=<36V 1.3 1.3 1.3 us
Hold time when tHIGH 27V<VDD<36V 0.6 0.6 0.6 us
SCLAQ ="H" 18V<VOD<36V 0.6 0.6 0.6 us
Data setup time tSU:DAT | 2.7V <VDD<3.6V 100 100 100 ns
(reception) 1.8V<VDD<36V 100 100 100 ns
Data hold time tHD: DAT [ 2.7V <VDD<36V 0 0.9 0 0.9 0 0.9 us
(transmission) Note 2 1.8V<VDD<36V 0 0.9 0 0.9 0 0.9 us
Setup time of stop tsu:sTO [ 2.7V <VDD<3.6V 0.6 0.6 0.6 us
condition 18V<VDD<36V 0.6 0.6 06 us
Bus-free time tBUF 27V<VDD<36V 1.3 1.3 1.3 us
1.8V<VbD<36V 1.3 1.3 1.3 us

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

Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows.
Fast mode: Cb = 320 pF, Rb = 1.1 kQ
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(6) When reference voltage (+) = Internal reference voltage (1.45 V) (ADREFP1 = 1, ADREFPO = 0), reference
voltage (-) = AVss (ADREFM = 0), conversion target: ANIO to ANI6, ANI16 to ANI21

(TA = -40 to +85°C,2.4V<VpD<3.6 V,1.6 V< VDD, 1.6 V< AVDD = VDD, Vss = 0 V, AVss = 0 V, Reference voltage
(+) = internal reference voltage, Reference voltage (-) = AVss = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution REs 8 bit
Conversion time tconv 8-bit resolution 16 us
Zero-scale error Note Ezs 8-bit resolution 4.0 LSB
Integral linearity error Note ILE 8-bit resolution 2.0 LSB
Differential linearity error Note | DLE 8-bit resolution 2.5 LSB
Reference voltage (+) AVREF(+) | = Internal reference voltage (VBGR) 1.38 1.45 1.5 \Y
Analog input voltage VAIN 0 VBGR Vv

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

Caution  Always use AVDD pin with the same potential as the VDD pin.

2.6.2 Temperature sensor, internal reference voltage output characteristics

(TA = -40 to +85°C,2.4V <VDD £ 3.6 V, Vss =0 V (HS (high-speed main) mode))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTMPS25 | Setting ADS register = 80H, Ta = +25°C 1.05 \Y
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient FvTMmPs | Temperature sensor output voltage that 36 MV

depends on the temperature
Operation stabilization wait time tamp 10 us
2.6.3  D/A converter characteristics
(TA =-40 to +85°C,1.6 V=<VDD<3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 8 bit
Overall error AINL Rload =4 MQ 1.8V=<VbD<36V 2.5 LSB

Rload = 8 MQ 1.8V<VbD<36V 2.5 LSB
Settling time tseT Cload = 20 pF 27V<VbD=<36V 3 us
16V<VDD<27V 6 us
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RL78/L1C

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

2.6.6

LVD circuit characteristics

(TA = -40 to +85°C, VPDR< VDD <3.6 V=Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level VLvD2 Power supply rise time 3.07 3.13 3.19 \%
voltage Power supply fall time 3.00 3.06 3.12

VLvD3 Power supply rise time 2.96 3.02 3.08 \%

Power supply fall time 2.90 2.96 3.02 \%

VLvD4 Power supply rise time 2.86 2.92 2.97 \%

Power supply fall time 2.80 2.86 2.91 \%

VLVD5 Power supply rise time 2.76 2.81 2.87 \%

Power supply fall time 2.70 2.75 2.81 \%

VLvD6 Power supply rise time 2.66 2.71 2.76 \%

Power supply fall time 2.60 2.65 2.70 \%

VLvD7 Power supply rise time 2.56 2.61 2.66 \%

Power supply fall time 2.50 2.55 2.60 \%

VLvD8 Power supply rise time 2.45 2.50 2.55 \%

Power supply fall time 2.40 2.45 2.50 \%

VLvD9 Power supply rise time 2.05 2.09 2.13 \%

Power supply fall time 2.00 2.04 2.08 \%

VLVD10 Power supply rise time 1.94 1.98 2.02 \%

Power supply fall time 1.90 1.94 1.98 \%

VLvD11 Power supply rise time 1.84 1.88 1.91 \%

Power supply fall time 1.80 1.84 1.87 \%

VLvD12 Power supply rise time 1.74 1.77 1.81 \%

Power supply fall time 1.70 1.73 1.77 \%

VLvD13 Power supply rise time 1.64 1.67 1.70 \%

Power supply fall time 1.60 1.63 1.66 \%

Minimum pulse width tLw 300 us

Detection delay time 300 us

Caution

Set the detection voltage (VLvD) to be within the operating voltage range. The operating voltage range depends
on the setting of the user option byte (000C2H/010C2H). The following shows the operating voltage range.
HS (high-speed main) mode: VDD =2.7 to 3.6 V at 1 MHz to 24 MHz

VDD =2.4 to 3.6 V at 1 MHz to 16 MHz

LS (low-speed main) mode: VDD =1.8 to 3.6 V at 1 MHz to 8 MHz
LV (low-voltage main) mode: VDD =1.6 to 3.6 V at 1 MHz to 4 MHz

R01DS0192EJ0220 Rev.2.20
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

Absolute Maximum Ratings (TA = 25°C) (2/3)
Parameter Symbols Conditions Ratings Unit
LCD voltage | VL1 VL1 input voltage Note 1 -0.3t0 +2.8
VL2 VL2 input voltage Note 1 -0.3to0 +6.5 \%
Vi3 VL3 input voltage Note 1 -0.3to +6.5 \Y
VL4 VL4 input voltage Note 1 -0.3t0 +6.5 \%
VLis CAPL, CAPH input voltage Note 1 -0.3to +6.5 \%
VLO1 VL1 output voltage -0.3t0 +2.8 \Y
VL02 VL2 output voltage -0.3 to +6.5 Vv
VLo3 VL3 output voltage -0.3to +6.5 Vv
ViLo4 VL4 output voltage -0.3 to +6.5 Vv
VLO5 CAPL, CAPH output voltage -0.3to +6.5 \Y
VLo6 COMO to COM7 | External resistance division method -0.3 to VDD + 0.3 Note 2 \%
SEGO 1o SEG55 [ 55pacitor split method -0.3 to VDD + 0.3 Note 2 v
output voltage
Internal voltage boosting method -0.3 to VLI4 + 0.3 Note 2 \Y
Note 1. This value only indicates the absolute maximum ratings when applying voltage to the VL1, VL2, VL3, 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 + 30%) and connect a capacitor (0.47 + 30%)
between the CAPL and CAPH pins.

Note 2. Must be 6.5 V or lower.

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

Absolute Maximum Ratings (TA = 25°C) (3/3)
Parameter Symbols Conditions Ratings Unit
Output current, high IoH1 Per pin P00 to P07, P10 to P17, P20 to P27, P30 to P37, -40 mA

P40 to P46, P50 to P57, P70 to P77, P80 to P83,
P125 to P127, P130, P140 to P143

Total of all | P40 to P46 -70 mA

pins P00 to P07, P10 to P17, P20 to P27, P30 to P37, -100 mA
-170mA | p50 to P57, P70 to P77, P80 to P83,
P125 to P127, P130, P140 to P143

IoH2 Per pin P150 to P156 -0.1 mA
Total of all -0.7 mA
pins
IOH3 Per pin UDP, UDM -3 mA
Qutput current, low loL1 Per pin P00 to P07, P10 to P17, P20 to P27, P30 to P37, 40 mA

P40 to P46, P50 to P57, P60, P61, P70 to P77,
P80 to P83, P125 to P127, P130, P140 to P143

Total of all | P40 to P46 70 mA

pins P00 to P07, P10 to P17, P20 to P27, P30 to P37, 100 mA
170mA | p5g to P57, P70 to P77, P8O to P83,
P125 to P127, P130, P140 to P143

loL2 Per pin P150 to P156 0.4 mA
Total of all 2.8 mA
pins
loLs Per pin UDP, UDM 3 mA
Operating ambient TA In normal operation mode -40 to +105 °C
<R> temperature In flash memory programming mode -40 to +105
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/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(TA = -40 to +105°C, 2.4V <AVDD =VDD 3.6 V,Vss =0 V)

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILIH1 P00 to P07, P10 to P17, P20 to P27, | VI= VDD 1 MA
current, high P30 to P37, P40 to P46, P50 to P57,

P60, P61, P70 to P77, P80 to P83,
P125 to P127, P137,
P140 to P143, RESET

ILIH2 P20, P21, P140 to P143 VI =VDD 1 HA
ILIH3 P121 to P124 (X1, X2, EXCLK, XT1, [VI=VDD | In input port or 1 uA
XT2, EXCLKS) external clock input
In resonator 10 uA
connection
ILIH4 P150 to P156 VI = AVDD 1 MA
Input leakage ILiLt P00 to P07, P10 to P17, P20 to P27, |Vi=Vss -1 uA
current, low P30 to P37, P40 to P46, P50 to P57,

P60, P61, P70 to P77, P80 to P83,
P125 to P127, P137,
P140 to P143, RESET

ILiL2 P20, P21, P140 to P143 VI=Vss -1 WA
ILIL3 P121 to P124 (X1, X2, EXCLK, XT1, |VI=Vss |Ininput port or -1 MA
XT2, EXCLKS) external clock input
In resonator -10 MA
connection
ILIL4 P150 to P156 VI = AVss -1 uA
On-chip pull-up | Ru1 P00 to P07, P10 to P17, P20 to P27, [VI=Vss [24V<VpD<36V | 10 20 100 kQ
resistance P30 to P37, P50 to P57, P70 to P77,
P140 to P143, P125 to P127
Ru2 P40 to P46, P80 to P83 Vi=Vss 10 20 100 kQ

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

RO1DS0192EJ0220 Rev.2.20 RENESAS Page 96 of 147
Dec 28, 2017



RL78/L1C

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

3.3.2

Supply current characteristics

(TA = -40 to +105°C, 2.4 V< VDD < 3.6 V, Vss = 0 V) (112)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IDD1 Operating | HS fHoCO = 48 MHz Note 3 | Basic VDD =3.6 V 2.2 29 mA
current Note 1 mode (high-speed main) | fiq = 24 MHz Note 3 operation [ypp =30V 22 29
mode fote® Normal | VDD =36V 44 | 92
operation [ypp =30V 44 | 92
fHoco = 24 MHz Note 3 | Basic VDD =3.6V 2.0 2.6
fiH = 24 MHz Note 3 operation VDD = 3.0V 20 26
Normal VDD =3.6 V 4.2 7.0
operation ypp =30V 42 | 70
fHOCO = 16 MHz Note 3, | Normal VbD=3.6V 3.1 5.0
fiH = 16 MHz Note 3 operation [y\np =30V 31 50
HS fmMx = 20 MHz Note 2, Normal Square wave input 3.5 5.9 mA
(high-speed main) | Vop = 3.6 V operation | Resonator connection 36 6.0
mode Note 5
fMx = 20 MHz Note 2, Normal Square wave input 3.5 59
VDD =3.0V operation | Resonator connection 36 6.0
fMXx = 16 MHz Note 2, Normal Square wave input 2.9 4.5
VoD =3.6V operation | Resonator connection 3.1 46
fmMx = 16 MHz Note 2, Normal Square wave input 29 4.5
VoD =3.0V operation | Resonator connection 3.1 46
fMX = 10 MHz Note 2, Normal Square wave input 2.1 3.5
VDD =36V operation | Resonator connection 2.2 35
fMx = 10 MHz Note 2, Normal Square wave input 2.1 3.5
VoD =3.0V operation | Resonator connection 2.2 35
HS fPLL = 48 MHz, Normal VoD =3.6 V 4.7 7.6 mA
(High-speed main) | fcLk = 24 MHz Note 2 operation VDD = 3.0V 4.7 76
mode
(PLL operation) fPLL = 48 MHz, Normal VbD=3.6 V 3.1 52
folk =12 MHz Note2 | operation  fypp =30y 31 | 5.1
fPLL = 48 MHz, Normal VbD=3.6V 2.3 3.9
foLk = 6 MHz Note 2 operation [ypp =30V 23 | 39
Subsystem clock | fsus = 32.768 kHz Note 4 | Normal Square wave input 4.6 6.9 A
operation TA=-40°C operation | Resonator connection 47 6.9
fsuB = 32.768 kHz Note 4 | Normal Square wave input 4.9 7.0
Ta=+25°C operation | Resonator connection 5.0 7.2
fsu = 32.768 kHz Note 4 | Normal Square wave input 5.2 7.6
TA=+50°C operation | Resonator connection 5.2 7.7
fsus = 32.768 kHz Note 4 | Normal Square wave input 55 9.3
TA=+70°C operation | Resonator connection 5.6 9.4
fsus = 32.768 kHz Note 4 | Normal Square wave input 6.2 13.3
Ta = +85°C operation | Resonator connection 62 | 134
fsuB = 32.768 kHz Note 4 | Normal Square wave input 8.3 46.0
TA =+105°C operation | Resonator connection 8.4 46.0

(Notes and Remarks are listed on the next page.)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

Note 1. Total current flowing into VDD, including the input leakage current flowing when the level of the input pin is fixed to VDD 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, D/A converter, comparator, LVD circuit, USB 2.0 function module,
I/O port, and on-chip pull-up/pull-down resistors and the current flowing during data flash rewrite.

Note 2. During HALT instruction execution by flash memory.
Note 3. When high-speed on-chip oscillator and subsystem clock are stopped.
Note 4. When high-speed system clock and subsystem clock are stopped.

Note 5. When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and setting ultra-low
current consumption (AMPHS1 = 1). The current flowing into the real-time clock 2 is included. However, not including the
current flowing into the 12-bit interval timer and watchdog timer.

Note 6. Not including the current flowing into the real-time clock 2, 12-bit interval timer, and watchdog timer.

Note 7. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7V <VDD < 3.6 V@1 MHz to 24 MHz
2.4V <VpD < 3.6 V@1 MHz to 16 MHz
Note 8. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)

Remark 2. fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)

Remark 3. fiH: Main system clock source frequency when the high-speed on-chip oscillator clock divided 1, 2, 4, or 8, or the PLL
clock divided by 2, 4, or 8 is selected (24 MHz max.)

Remark 4. fsuB: Subsystem clock frequency (XT1 clock oscillation frequency)

Remark 5. Except subsystem clock operation, temperature condition of the TYP. value is TA = 25°C
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(TA = -40 to +105°C, 2.4V =VDD=3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. MAX. Unit
Low-speed |FIL Note 1 0.20 uA
on-chip oscillator
operating current
RTC2 operating IRTC 0.02 A
current Notes 1, 3
12-bit interval ITMKA 0.02 uA
timer operating Notes 1,2, 4
current
Watchdog timer IwDT fiL =15 kHz 0.22 uA
operating current | Notes1,2,5
A/D converter IADC AVDD = 3.0 V, when conversion at maximum speed 422 720 uA
operating current Notes 6, 7
AVREF (+) current | |avRer Note 8 | AVpp = 3.0 V, ADREFP1 = 0, ADREFPQ = ( Note 7 14.0 25.0 uA

AVREFP = 3.0 V, ADREFP1 = 0, ADREFPQ = 1 Note 10 14.0 25.0
ADREFP1 = 1, ADREFPQ = 0 Note 1 14.0 25.0
A/D converter |ADREF VbD=3.0V 75.0 A
reference voltage | Notes 1,9
current
Temperature ITmPs Note 1 78 UA
sensor operating
current
D/A converter IDAC Per D/A converter channel 0.53 1.5 mA
operating current | Notes 1, 11
Comparator IcmpP VDD =3.6V, Window mode 12.5 A
operating current | Notes 1, 12 Regulator output Comparator high-speed mode 45 A
voltage = 2.1V
Comparator low-speed mode 1.2 uA
LVD operating ILvD 0.06 A
current Notes 1, 13
Self-programming | IFsP 2.50 12.20 mA
operating current | Notes 1, 14
BGO operating IBGO 1.68 12.20 mA
current Notes 1, 15
SNOOZE Isnoz Note 1 [ ADC operation The mode is performed Note 16 0.34 1.10 mA
operating current
The A/D conversion operations are performed, Low voltage 0.53 2.04
mode, AVREFP = VDD = 3.0 V
CSI/UART operation 0.70 1.54 mA
LCD operating ILCD1 External fLcp = fsuB 1/3 bias VDD =3.6V, 0.14 HA
current Notes 17, 18 | resistance LCD clock = 128 Hz 4-time slice |Lv4=3.6V
division method
ILcD2 Internal voltage fLep = fsus 1/3 bias VbD =3.0V, 0.61 HA
Note 17 boosting method | LCD clock = 128 Hz | 4-time slice |Lv4=3.0V
(VLCD = 04H)
ILcD3 Capacitor split fLcb = fsuB 1/3 bias VDD =3.0V, 0.12 A
Note 17 method LCD clock =128 Hz | 4-time slice |Lv4=3.0V
USB current Juss Note 20 | Operating current during USB communication 4.88 mA
Note 19
Jusg Note 21 | Operating current in the USB suspended state 0.04 mA

(Notes and Remarks are listed on the next page.)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

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

tkcy2
tKL2 tkH2
/
SCKp
\ N
tsik2 tksI2
Slp Input data
tkso2
T
SOp Output data

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

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

Remark  p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1),
n: Channel number (n = 0 to 3), g: PIM and POM number (g = 0 to 3)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

3.5.2 Serial interface lICA

(TA = -40 to +105°C,2.4V =VDD=<3.6 V,Vss =0 V)

HS (high-speed main) Mode
Parameter Symbol Conditions Standard mode Fast mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fcLk 2 3.5 MHz — — 0 400 kHz
Standard mode: fcLK = 1 MHz 0 100 — — kHz
Setup time of restart condition tsu: STA 4.7 0.6 us
Hold time Note 1 tHD: STA 4.0 0.6 us
Hold time when SCLAO = “L” tLow 4.7 1.3 us
Hold time when SCLAO = “H” tHIGH 4.0 0.6 us
Data setup time (reception) tsu: DAT 250 100 ns
Data hold time (transmission) Note 2 tHD: DAT 0 3.45 0 0.9 us
Setup time of stop condition tsu: sTO 4.0 0.6 us
Bus-free time tBUF 4.7 1.3 us
Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD:DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)
timing.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows.
Standard mode: Cb =400 pF, Rb = 2.7 kQ
Fast mode: Cb =320 pF, Rb = 1.1 kQ

lICA serial transfer timing

tLow

SCLn
—

tsu: sTA *— tHD: STA tsu: sTo

o IEAAS G
& Ttaur]
Sop  Start Restart Stop
condition condition condition condition
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(3) BC option standard

(TA = -40 to +105°C, 4.35V=UVBUS £5.25V,24V =VDD<3.6,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UDP/UDM input reference | VDSELI [3: 0] | 0000 VDDETO 27 32 37 %UVBUS
voltage (i=0,1) 0001 VDDET1 29 34 39 | %UVBUS
(UVBUS divider ratio) 0010 VDDET2 32 37 42 | %UVBUS
(Function) 0011 VDDET3 35 40 45 %UVBUS
0100 VDDET4 38 43 48 %UVBUS
0101 VDDET5 41 46 51 %UVBUS
0110 VDDET6 44 49 54 %UVBUS
0111 VDDET?7 47 52 57 %UVBUS
1000 VDDETS8 51 56 61 %UVBUS
1001 VDDET9 55 60 65 %UVBUS
1010 VDDET10 59 64 69 %UVBUS
1011 VDDET11 63 68 73 %UVBUS
1100 VDDET12 67 72 73 %UVBUS
1101 VDDET13 7 76 81 %UVBUS
1110 VDDET14 75 80 85 %UVBUS
1111 VDDET15 79 84 89 %UVBUS
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(5) When reference voltage (+) = Internal reference voltage (1.45 V) (ADREFP1 = 1, ADREFPO = 0), reference

voltage (-) = AVss (ADREFM = 0), conversion target: ANIO to ANI6, ANI16 to ANI21

(TA = -40 to +105°C,2.4V<VDD<3.6V,2.4V <VDD, 2.4V <AVDD =VDD, Vss=0V, AVss =0V,
Reference voltage (+) = internal reference voltage, Reference voltage (-) = AVss = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution REs 8 bit
Conversion time tconv 8-bit resolution 16.0 us
Zero-scale error Note Ezs 8-bit resolution +4.0 LSB
Integral linearity error Note ILE 8-bit resolution +2.0 LSB
Differential linearity error Note | DLE 8-bit resolution 2.5 LSB
Reference voltage (+) AVREF(+) | = Internal reference voltage (VBGR) 1.38 1.45 1.5 Vv
Analog input voltage VAIN 0 VBGR \Y

Note

Caution

3.6.2

Excludes quantization error (+1/2 LSB).

Always use AVDD pin with the same potential as the VDD pin.

(TA = -40 to +105°C,2.4V <VDD £ 3.6 V, Vss =0 V (HS (high-speed main) mode))

Temperature sensor, internal reference voltage output characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTMPS25 | Setting ADS register = 80H, TA = +25°C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 1.5 \Y
Temperature coefficient FvTMPs | Temperature sensor output voltage that 36 mV/C

depends on the temperature
Operation stabilization wait time tamp 10 us
3.6.3  D/A converter characteristics
(TA =-40 to +105°C,2.4V<VDD<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 8 bit
Overall error AINL Rload =4 MQ 24V<VpD<36V +2.5 LSB

Rload = 8 MQ 24V<VDD<36V 2.5 LSB
Settling time tSET Cload = 20 pF 27V<VpD<36V 3 us
24V <\VDD<27V 6 us
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