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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°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 \Y%
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 -0.3to0 +6.5 V
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 to SEG55 [ 55pacitor split method -0.3 to VDD + 0.3 Note 2 \%
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 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs VDD (HS (high-speed main) mode)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

AC Timing Test Points

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

External System Clock Timing

1/fEX
1/fExs

tEXL | tEXH
tExLs tEXHS

EXCLK/EXCLKS \

TI/TO Timing

tTIL [ tTIH

TIOO to TIO7, TI10 to TIM7

1/fTo
TOO00 to TO07, TO10 to TO17, / J

TKBOO0O, TKBOO01,
TKBO10, TKBO11,
TKBO20, TKBO21

Interrupt Request Input Timing

tINTL || tINTH

INTPO to INTP7
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

Key Interrupt Input Timing

tkR

KRO to KR7

Timer KB2 Input Timing

tiHR

INTPO to INTP7

RESET Input Timing

tRSL
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RL78/L1C

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

(5) During communication at same potential (simplified 12C mode)
(TA =-40 to +85°C, 1.6 VS VDD <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.
SCLr clock fscL 27V<VDD<36V, 1000 400 400 kHz
frequency Cb =50 pF, Rb = 2.7 kQ Note 1 Note 1 Note 1
1.8V=<VDD<36V, 400 400 400 kHz
Cb =100 pF, Rb =3 kQ Note 1 Note 1 Note 1
1.8V<VDD<27YV, 300 300 300 kHz
Cb =100 pF, Rb =5 kQ Note 1 Note 1 Note 1
16V<VbD<18YV, — — 250 kHz
Cb =100 pF, Rb = 5 kQ
Hold time tLow 27V<VDD<36V, 475 1150 1150 ns
when SCLr = “L” Cb =50 pF, Rb = 2.7 kQ
1.8V<VDD<3.6V, 1150 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
1.8V<VDD<27YV, 1550 1550 1550 ns
Cb =100 pF, Rb = 5 kQ
16V<VbDD<18YV, — — 1850 ns
Cb =100 pF, Rb = 5 kQ
Hold time tHIGH 27V<VbD<36V, 475 1150 1150 ns
when SCLr = “H” Cb =50 pF, Rb = 2.7 kQ
1.8V<VDD<3.6V, 1150 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
1.8V=<VDD<27YV, 1550 1550 1550 ns
Cb =100 pF, Rb = 5 kQ
16V=<VbD<18YV, — — 1850 ns
Cb =100 pF, Rb = 5 kQ
Data setup time tsu: DAT |27V <VDD<3.6V, 1/fmcK + 85 1/fmcK + 145 1/fMCK + 145 ns
(reception) Cb =50 pF, Rb = 2.7 kQ Note 2 Note 2 Note 2
1.8V=<VDD<36V, 1/fMCK + 145 1/fMCK + 145 1/fmck + 145 ns
Cb =100 pF, Rb =3 kQ Note 2 Note 2 Note 2
1.8V=<VDD<27YV, 1/fMcK + 230 1/fMcK + 230 1/fmck + 230 ns
Cb =100 pF, Rb = 5 kQ Note 2 Note 2 Note 2
1.6V=<VDD<18YV, — — 1/fmck + 290 ns
Cb =100 pF, Rb =5 kQ Note 2
Data hold time tHD:DAT 2.7V <VDD<3.6V, 0 305 0 305 0 305 ns
(transmission) Cb =50 pF, Rb = 2.7 kQ
1.8V<VDD<36V, 0 355 0 355 0 355 ns
Cb =100 pF, Rb =3 kQ
1.8V<VDD<27YV, 0 405 0 405 0 405 ns
Cb =100 pF, Rb =5 kQ
16V<VbD<18YV, — — 0 405 ns
Cb =100 pF, Rb =5 kQ

Note 1. The value must be equal to or less than fMck/4.
Note 2. Set the fMcK value to keep the hold time of SCLr = “L” and SCLr = “H”.
Caution  Select the normal input buffer and the N-ch open drain output (VDD 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 h
(POMh).

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

Simplified I2C mode connection diagram (during communication at same potential)

VDD

% Rb
SDAr SDA

RL78 microcontroller User's device

SCLr SCL

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

1/fscL

tLow tHIGH

SCLr \ /
N
/_\ L — |
SDAr

|
tHD: DAT tsu: DAT

Remark 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load capacitance
Remark 2. r: 1IC number (r = 00, 10, 20, 30), g: PIM number (g = 0 to 3),

h: POM number (h = 0 to 3)
Remark 3. fMck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number (m =0, 1),

n: Channel number (n =0 to 3), mn = 00 to 03, 10 to 13)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V) (UART mode)
(TA = -40 to +85°C, 1.8 <VDD<3.6 V,Vss=0V)

(2/2)
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 transmission | 2.7V <Vpp < 3.6V, Note 1 Note 1 Note 1 bps
rate Note 2 23V<SVb<27V
Theoretical value of the 1.2 Note 2 1.2 Note 2 1.2 Note 2 | Mbps
maximum transfer rate
Cb =50 pF, Rb = 2.7 kQ,
Vb=23V
1.8V <VbpD <33V, Notes 3, 4 Notes 3, 4 Notes 3, 4 bps
16V=Vbs20V
Theoretical value of the 0.43 Note 5 0.43 Note 5 0.43 Note 5 | Mbps
maximum transfer rate
Cb =50 pF, Rb =5.5kQ,
Vb=1.6V
Note 1. 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 2.7V <Vbb<3.6Vand2.3V<Vb<27V
1
Maximum transfer rate = [bps]
2.0
{CoxRbxIn(1-—— )} x3
Vb
1 2.0
- {-CoxRpxIn(1- »
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
1 .
———— ) x Number of transferred bits
Transfer rate
* This value is the theoretical value of the relative difference between the transmission and reception sides.
Note 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.
Note 3. Use it with VDD 2 Vb.

Note 4. 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<VbD<3.3Vand 1.6 V<Vb<20V
1
Maximum transfer rate = [ops]
1.
{-Cbebxln(1-—5 N x3
Vb
! - {CoxRoxIn(1- 15 »
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
1 .
——— ) x Number of transferred bits
Transfer rate
* This value is the theoretical value of the relative difference between the transmission and reception sides.
Note 5. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 4 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 (VDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and VIL, see the
DC characteristics with TTL input buffer selected.
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RL78/L1C

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

(3) BC option standard
(TA = -40 to +85°C, 4.35V < UVBUS £5.25V,2.4V <VDD < 3.6 V, Vss =0 V, HS (High-speed main) mode only)

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 VDDET7 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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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(3) When reference voltage (+) = AVDD (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM =
0), conversion target: ANIO to ANI6

(TA = -40 to +85°C, 1.6 V< AVDD = VDD < 3.6 V, Vss = 0 V, AVss = 0 V, Reference voltage (+) = AVDD,
Reference voltage (-) = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 24V<AVDD<36V 8 12 bit
1.8V<AVDD<36V 8 10 Note 1
16V<AVDD=<36V 8 Note 2
Overall error Note 3 AINL 12-bit resolution 24V<AVDD<36V 7.5 LSB
10-bit resolution 1.8V<AVDD<36V 5.5
8-bit resolution 16 V=<A/WDD=<36V 3.0
Conversion time tCONV ADTYP =0, 24V <AVDD<36V 3375 us
12-bit resolution
ADTYP =0, 1.8V<AVDD<36V 6.75
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVDD=<36V
8-bit resolution Note 2 135
ADTYP =1, 24V<AVDD=<36V 2.5625
8-bit resolution 1.8V <AVDD<3.6V 5.125
1.6 V<AVDD<3.6V 10.25
Zero-scale error Note 3 Ezs 12-bit resolution 24V<AVDD<3.6V 16.0 LSB
10-bit resolution 1.8V=<AVDD=<36V 5.0
8-bit resolution 16 V<AVDD=<36V 2.5
Full-scale error Note 3 EFs 12-bit resolution 24V<AVDD=<36V 6.0 LSB
10-bit resolution 1.8V<AVDD<36V 5.0
8-bit resolution 16V=<AVDD=<36V 2.5
Integral linearity error ILE 12-bit resolution 24V<AVDD=<36V +3.0 LSB
Note 3 10-bit resolution 1.8V<AVDD<3.6V +2.0
8-bit resolution 16 V<AVDD<36V 1.5
Differential linearity error | DLE 12-bit resolution 24V <AVDD=36V +2.0 LSB
Note 3 10-bit resolution 1.8V<AVDD<3.6V +2.0
8-bit resolution 16V=<AVDD=<36V 1.5
Analog input voltage VAIN ANIO to ANI6 0 AVDD \%

Note 1. Cannot be used for lower 2 bit of ADCR register

Note 2. Cannot be used for lower 4 bit of ADCR register

Note 3. Excludes quantization error (+1/2 LSB).

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

R01DS0192EJ0220 Rev.2.20
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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 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

LVD Detection Voltage of Interrupt & Reset Mode
(TA = -40 to +85°C, VPDR S VDD £ 3.6 V, Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Interrupt and reset | VLvDAo | VPOCO, VPOC1, VPOC2 = 0, 0, 0, falling reset voltage: 1.6 V 160 | 1.63 | 1.66 \%
mode VLVDA1 LVISO, LVIS1=1,0 Rising release reset voltage 174 | 1.77 | 1.81 \%

Falling interrupt voltage 1.70 | 1.73 | 1.77 \%
VLVDA2 LVISO, LVIS1 =0, 1 Rising release reset voltage 1.84 | 1.88 | 1.91 \%
Falling interrupt voltage 180 | 1.84 | 1.87 \%
VLVDA3 LVISO, LVIS1=0,0 Rising release reset voltage 286 | 292 | 2.97 \%
Falling interrupt voltage 280 | 2.86 | 2.91 \%
VwvbBo | VPoco, VPoct, VPoc2 = 0, 0, 1, falling reset voltage: 1.8 V 1.80 | 1.84 | 1.87 \%
VLvDB1 LVISO, LVIS1=1,0 Rising release reset voltage 194 | 1.98 | 2.02 \%
Falling interrupt voltage 190 | 1.94 | 1.98 \%
VLVDB2 LVISO, LVIS1 =0, 1 Rising release reset voltage 2.05 | 2.09 | 2.13 \%
Falling interrupt voltage 2.00 | 2.04 | 2.08 \%
VLvDB3 LVISO, LVIS1=0,0 Rising release reset voltage 3.07 | 313 | 3.19 \%
Falling interrupt voltage 3.00 | 3.06 | 3.12 \%
Vwvbeo | VPoco, VPoct, VpPoc2 = 0, 1, 0, falling reset voltage: 2.4 V 240 | 245 | 2.50 \%
VLVDCH1 LVISO, LVIS1=1,0 Rising release reset voltage 2.56 | 2.61 | 2.66 \%
Falling interrupt voltage 250 | 255 | 2.60 \%
VLvDC2 LVISO, LVIS1 =0, 1 Rising release reset voltage 266 | 271 | 2.76 \
Falling interrupt voltage 260 | 265 | 2.70 \%
Vwvbbo | VPoco, VPoct, VPoc2 = 0, 1, 1, falling reset voltage: 2.7 V 270 | 2.75 | 2.81 \%
VLVDD1 LVISO, LVIS1=1,0 Rising release reset voltage 286 | 292 | 2.97 \%
Falling interrupt voltage 2.80 | 2.86 | 2.91 \%
VLvDD2 LVISO, LVIS1 =0, 1 Rising release reset voltage 296 | 3.02 | 3.08 \%
Falling interrupt voltage 290 | 296 | 3.02 \%
2.7 Power supply voltage rising slope characteristics
(TA = -40 to +85°C, Vss =0 V)
Parameter Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope SVDD 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until VDD reaches the operating
voltage range shown in 2.4 AC Characteristics.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

2.8.2 Internal voltage boosting method

(1) 1/3 bias method
(TA=-40 to +85°C,1.8V<VDD<3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi1 C1to C4 Note1 |VLCD = 04H 0.90 1.00 1.08 \%

=0.47 pF Note 2 1 v €D = 05H 0.95 1.05 1.13 v

VLCD = 06H 1.00 1.10 1.18 \Y

VLCD = 07H 1.05 1.15 1.23 Vv

VLCD = 08H 1.10 1.20 1.28 \Y,

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 \Y,

VLCD = 0DH 1.35 1.45 1.53 \Y

VLCD = 0EH 1.40 1.50 1.58 \Y

VLCD = OFH 1.45 1.55 1.63 \

VLCD = 10H 1.50 1.60 1.68 \Y

VLCD = 11H 1.55 1.65 1.73 \Y

VLCD = 12H 1.60 1.70 1.78 \Y,

VLCD = 13H 1.65 1.75 1.83 \

Doubler output voltage Vi2 C1 to C4Note 1 = 0 47 yF 2VL1-0.1 | 2V 2 VL1 \Y;

Tripler output voltage Vi3 C1 to C4Note 1= 0 47 uF 3VL1-0.15| 3Vt 3 VL1 \Y
Reference voltage setup time Note 2 tVWAIT1 5 ms
Voltage boost wait time Note 3 tyWAIT2 | C1 to C4Note 1= 0.47pF 500 ms

Note 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 VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 yF+30%
Note 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).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

3.2.2  On-chip oscillator characteristics

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

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator fHOCO 1 24 MHz
clock frequency Notes 1, 2
High-speed on-chip oscillator -20 to +85°C -1.0 +1.0 %
clock frequency accuracy -40 to -20°C -1.5 +1.5 %

+85 to +105°C -2.0 +2.0 %
Low-speed on-chip oscillator fiL 15 kHz

clock frequency

Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Note 1. High-speed on-chip oscillator frequency is selected with bits 0 to 4 of the option byte (000C2H) and bits 0 to 2 of the
HOCODIV register.

Note 2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.

3.2.3 PLL oscillator characteristics

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

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
PLL input frequency Note fPLLIN High-speed system clock 6.00 16.00 | MHz
PLL output frequency Note frPLL 48.00 MHz
Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

3.3 DC Characteristics

3.31 Pin characteristics

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

<R> ltems Symbol Conditions MIN. | TYP.| MAX. | Unit
Qutput current, IOH1 | Per pin for POO to P07, P10 to P17, P20 to P27, -3.0Note2 | mA
high Note 1 P30 to P37, P40 to P46, P50 to P57,

P70 to P77, P80 to P83, P125 to P127, P130,
P140 to P143

Total of P00 to P07, P10 to P17, P20 to P27, 27V<VbpD<36V -15.0 mA
P30 to P37, P40 to P46, P50 to P57, 24V<VDD<27V
P70 to P77, P80 to P83, P125 to P127, P130,
-7.0 mA
P140 to P143
(When duty < 70% Note 3)
loH2 | Per pin for P150 to P156 -0.1 Note2 | mA
Total of all pins 24V=<VpD<36V -0.7 mA
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the VDD pin to an output pin.
Note 2. However, do not exceed the total current value.
<R> Note 3. Specification 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%).
« Total output current of pins = (IoH x 0.7)/(n x 0.01)
<Example> Where n =80% and IoH =-10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 % 0.01) = -8.7 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 to P02, P10 to P12, P24 to P26, P33 to P35, and P42 to P44 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/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(5) Communication at different potential (1.8 V, 2.5V) (UART mode)
(TA = -40 to +105°C,2.4<VDD<3.6 V,Vss=0V)

(212)
HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
Transfer rate Note 2 Transmission | 2.7V <VDD<3.6V, Note 1 bps
23V<sVb=<27V
Theoretical value of the maximum transfer rate 1.2 Note 2 Mbps
Cb =50 pF, Rb =2.7 kQ, Vb =2.3V
1.8V<VDD<33YV, Notes 3, 4 bps
16V<sVb<s20V
Theoretical value of the maximum transfer rate 0.43 Note 5 Mbps
Cb=50pF, Rb=55kQ,Vb=1.6V
Note 1.

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 2.7V <VbD<3.6Vand23V<Vb<27V

1
Maximum transfer rate = [bps]

{-CbXRbXIn(1-£)}><3
Vb

! - {-CoxRpxIn(1- 20 %
Transfer rate x 2 Vb

Baud rate error (theoretical value) =

x 100 [%]
_r ) x Number of transferred bits
Transfer rate

* This value is the theoretical value of the relative difference between the transmission and reception sides.

Note 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.
Note 3. Use it with VDD = Vb.

Note 4. 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 2.4V <Vbp<3.3Vand1.6V<Vb<20V
1
Maximum transfer rate = [bps]
{-CbXRbXIn(1-£ N x3
Vb
! - {CoxRoxIn(1- 15 »
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
1
———— ) x Number of transferred bits
Transfer rate
* This value is the theoretical value of the relative difference between the transmission and reception sides.
Note 5. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 4 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 (VDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and VIL, see the
DC characteristics with TTL input buffer selected.
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RL78/L1C

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

(6) Communication at different potential (1.8 V, 2.5 V) (CSI mode) (master mode, SCKp... internal clock

output)
(TA = -40 to +105°C, 24V <VDD<3.6 V,Vss =0 V) (1/2)
HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
SCKp cycle time tkey1 tkcy1 2 fclk/4 |27V <VDD<3.6V,23V<Vb<27V, 1000 Note ns
Cb =30 pF, Rb = 2.7 kQ
24V=sVbD<33V,1.6V=<Vb=<18YV, 2300 Note ns
Cb =30 pF, Rb =5.5kQ
SCKp high-level width tKH1 27V<VDD<3.6V,23V<Vb=<27YV, tkCy1/2 - 340 ns
Cb =30 pF, Rb = 2.7 kQ
24V<VDD<33V,16V=<Vb<20V, tkcy1/2 - 916 ns
Cb =30 pF, Rb = 5.5 kQ
SCKp low-level width tKL1 27V<VDD<36V,23V=sVb<s27YV, tkcy1/2 - 36 ns
Cb =30 pF, Rb = 2.7 kQ
24V<VDD<33V,16V=<Vb=s20V, tkcy1/2 - 100 ns
Cb =30 pF, Rb = 5.5 kQ
Note Use it with VDD = Vb.

Caution  Select the TTL input buffer for the Sip pin and the N-ch open drain output (VDD 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 VIH and
VIL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the page after the next page.)
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RL78/L1C

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

3.8 LCD Characteristics

3.8.1 Resistance division method

(1) Static display mode
(TA = -40 to +105°C, VL4 (MIN.) VDD < 3.6 V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 VDD \Y

(2) 1/2 bias method, 1/4 bias method
(TA = -40 to +105°C, VL4 (MIN.) VDD =3.6 V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Vi 2.7 VDD \Y

(3) 1/3 bias method
(TA = -40 to +105°C, VL4 (MIN.) VDD < 3.6 V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage VL4 2.5 VDD Vv
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

3.8.2 Internal voltage boosting method

(1) 1/3 bias method
(TA=-40 to +105°C,2.4V<VDD<3.6 V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range VL1 C1to C4 Note1 | VLCD = 04H 0.90 1.00 1.08 \%

=0.47 pF Note 2 1y CD = 05H 0.95 1.05 1.13 v

VLCD = 06H 1.00 1.10 1.18 \Y

VLCD = 07H 1.05 1.15 1.23 \

VLCD = 08H 1.10 1.20 1.28 \Y

VLCD = 09H 1.15 1.25 1.33 \Y

VLCD = 0AH 1.20 1.30 1.38 \Y,

VLCD = 0BH 1.25 1.35 1.43 Vv

VLCD = 0CH 1.30 1.40 1.48 \Y,

VLCD = 0DH 1.35 1.45 1.53 \

VLCD = 0EH 1.40 1.50 1.58 \Y

VLCD = OFH 1.45 1.55 1.63 \

VLCD = 10H 1.50 1.60 1.68 \Y

VLCD = 11H 1.55 1.65 1.73 \Y

VLCD = 12H 1.60 1.70 1.78 \Y

VLCD = 13H 1.65 1.75 1.83 \

Doubler output voltage VL2 C1 to C4Note 1 =047 yF 2Vi1-01 | 2Vu1 2 Vi1 \Y

Tripler output voltage Vi3 C1 to C4Note 1= 0. 47 uF 3VL1-0.15| 3Vt 3 VL1 \Y
Reference voltage setup time Note 2 tVWAIT1 5 ms
Voltage boost wait time Note 3 tvwAIT2 C1 to C4Note 1 = 0.47uF 500 ms

Note 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 VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 yF+30%
Note 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).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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