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RL78/G14

1. OUTLINE
(212)
30-pin 32-pin 36-pin 40-pin
Item R5F104Ax R5F104Bx R5F104Cx R5F104Ex
(x=A,CtoE) (x=A,CtoE) (x=A,CtoE) (x=A,CtoE)
Clock output/buzzer output 2 2 2 2

[30-pin, 32-pin, 36-pin products]

* 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fmain = 20 MHz operation)

[40-pin products]

* 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fmain = 20 MHz operation)

» 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/10-bit resolution A/D converter

8 channels 8 channels 8 channels 9 channels

Serial interface

[30-pin, 32-pin products]

+ CSI: 1 channel/UART (UART supporting LIN-bus): 1 channel/simplified 12C: 1 channel
+ CSI: 1 channel/UART: 1 channel/simplified 12C: 1 channel

+ CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel

[36-pin, 40-pin products]

+ CSI: 1 channel/UART (UART supporting LIN-bus): 1 channel/simplified 12C: 1 channel
+ CSI: 1 channel/UART: 1 channel/simplified 12C: 1 channel

+ CSI: 2 channels/UART: 1 channel/simplified I2C: 2 channels

12C bus

1 channel 1 channel 1 channel 1 channel

Data transfer controller (DTC)

28 sources 29 sources

Event link controller (ELC)

Event input: 19
Event trigger output: 7

Event input: 20
Event trigger output: 7

Vectored interrupt | Internal 24 24 24 24
sources External 6 6 6
Key interrupt — — — 4

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
Internal reset by RAM parity error
Internal reset by illegal-memory access

Power-on-reset circuit

Power-on-reset: 1.51 £0.04 V (Ta = 40 to +85°C)
1.51 £0.06 V (TAa = —40 to +105°C)
Power-down-reset: 1.50 +0.04 V (Ta = —40 to +85°C)

1.50 £0.06 V (Ta = -40 to +105°C)

Voltage detector

1.63 V to 4.06 V (14 stages)

On-chip debug function

Provided

Power supply voltage

Vop = 1.6 t0 5.5 V (Ta = —40 to +85°C)
Vop = 2.4 10 5.5 V (Ta = —40 to +105°C)

Operating ambient temperature

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

Note 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.
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RL78/G14

1. OUTLINE

[80-pin, 100-pin products (code flash memory 96 KB to 256 KB)]

Caution

This outline describes the functions at the time when Peripheral I1/O redirection register 0, 1

(PIORO, 1) are set to 00H.

(1/2)
80-pin 100-pin
Item R5F 104Mx R5F104Px
(x=FtoH,J) (x=FtoH,J)
Code flash memory (KB) 96 to 256 96 to 256
Data flash memory (KB) 8 8
RAM (KB) 12 to 24 Note 12 to 24 Note

Address space

1MB

Main system High-speed system

clock clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
1to 20 MHz (Vbb = 2.7 to 5.5 V),

1to 16 MHz (Vbbb = 2.4 to 5.5 V),

1to 8 MHz (Vbp =1.8t0 5.5 V),

1to4 MHz (Vbbb =1.6t0 5.5 V)

HS (high-speed main) mode:
HS (high-speed main) mode:
LS (low-speed main) mode:

LV (low-voltage main) mode:

High-speed on-chip
oscillator clock (fiH)

1to 32 MHz (Vbb = 2.7 to 5.5 V),
1to 16 MHz (Vbb = 2.4 to 5.5 V),
1to 8 MHz (Vbp =1.8t0 5.5 V),
1to4 MHz (Vbbb =1.6t0 5.5 V)

HS (high-speed main) mode:
HS (high-speed main) mode:
LS (low-speed main) mode:

LV (low-voltage main) mode:

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS) 32.768 kHz

Low-speed on-chip oscillator clock

15kHz (TYP.): VbD=1.6t0 5.5V

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.03125 ps (High-speed on-chip oscillator clock: fiH = 32 MHz operation)

0.05 us (High-speed system clock: fux = 20 MHz operation)

30.5 us (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set

« Data transfer (8/16 bits)

» Adder and subtractor/logical operation (8/16 bits)

» Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits = 16 bits, 32 bits + 32 bits)
» Multiplication and Accumulation (16 bits x 16 bits + 32 bits)

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

1/O port Total 74 92
CMOS I/0 64 82
CMOS input 5 5
CMOS output 1 1
N-ch open-drain /O 4 4
(6 V tolerance)
Timer 16-bit timer 12 channels
(TAU: 8 channels, Timer RJ: 1 channel, Timer RD: 2 channels, Timer RG: 1 channel)
Watchdog timer 1 channel
Real-time clock 1 channel
(RTC)
12-bit interval timer | 1 channel
Timer output Timer outputs: 18 channels
PWM outputs: 12 channels
RTC output 1
* 1 Hz (subsystem clock: fsus = 32.768 kHz)
Note In the case of the 24 KB, this is about 23 KB when the self-programming function and data flash function are used (For

details, see CHAPTER 3 in the RL78/G14 User’s Manual).
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RL78/G14 1. OUTLINE

(2/12)
80-pin 100-pin
ltem R5F 104Mx R5F104Px
(x=FtoH,J) (x=FtoH,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
(Main system clock: fmaiN = 20 MHz operation)

+ 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/10-bit resolution A/D converter 17 channels 20 channels
D/A converter 2 channels 2 channels
Comparator 2 channels 2 channels
Serial interface [80-pin, 100-pin products]

+ CSI: 2 channels/UART (UART supporting LIN-bus): 1 channel/simplified I2C: 2 channels
+ CSI: 2 channels/UART: 1 channel/simplified I12C: 2 channels
 CSI: 2 channels/UART: 1 channel/simplified I12C: 2 channels
+ CSI: 2 channels/UART: 1 channel/simplified 12C: 2 channels

12C bus 2 channels 2 channels
Data transfer controller (DTC) 39 sources 39 sources
Event link controller (ELC) Event input: 26

Event trigger output: 9

Vectored inter- Internal 32 32
rupt sources External 13 13
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
« Internal reset by RAM parity error

« Internal reset by illegal-memory access

Power-on-reset circuit » Power-on-reset: 1.51 £0.04 V (TA = -40 to +85°C)
1.51 +0.06 V (Ta = —40 to +105°C)

* Power-down-reset: 1.50 +0.04 V (TA = —40 to +85°C)
1.50 £0.06 V (TAa = —40 to +105°C)

Voltage detector 1.63 V to 4.06 V (14 stages)
On-chip debug function Provided
Power supply voltage Vop = 1.6 to 5.5 V (Ta = -40 to +85°C)

Vop =2.4t0 5.5V (Ta =-40 to +105°C)

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

Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution is not issued by emulation with the in-circuit emulator or on-chip debug
emulator.
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RL78/G14

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

(TA =-40to +85°C, 1.6 V <EVDD0 = EVDD1 < VDD < 5.5V, Vss = EVsso = EVss1 =0 V) (3/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high VIH1 P00 to P06, P10 to P17, P30, Normal input buffer 0.8 EVbDO EVDDo \%
P31, P40 to P47, P50 to P57,
P64 to P67, P70 to P77,
P80 to P87, P100 to P102, P110,
P111, P120, P140 to P147
VIH2 P01, P03, P04, P10, P14 to P17, | TTL input buffer 22 EVbbo \Y
P30, P43, P44, P50, P53 to P55, [4.0 V<EVDD0<5.5V
P80, P81, P142, P143 TTL input buffer 2.0 EVDDo v
3.3V<EVbD0<4.0V
TTL input buffer 1.5 EVDDo \%
1.6 V<EVDDO<3.3V
VIH3 P20 to P27, P150 to P156 0.7 Vbp \VVbD \Y
ViH4 P60 to P63 0.7 EVpbDo 6.0 \Y
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8 Vbp VoD \
Input voltage, low Vi1 P00 to P06, P10 to P17, P30, Normal input buffer 0 0.2 EVbpo \%
P31, P40 to P47, P50 to P57,
P64 to P67, P70 to P77,
P80 to P87, P100 to P102, P110,
P111, P120, P140 to P147
ViL2 P01, P03, P04, P10, P14 to P17, | TTL input buffer 0 0.8 \Y
P30, P43, P44, P50, P53 to P55, 4.0V <EVDD0<5.5V
P80, P81, P142, P143 TTL input buffer 0 0.5 Y
3.3V<EVbD0<4.0V
TTL input buffer 0 0.32 \%
1.6 V<EVDDO<3.3V
ViL3 P20 to P27, P150 to P156 0 0.3 Vbp \Y
ViL4 P60 to P63 0 0.3 EVDDo \%
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2 Vop \

Caution

P74, P80 to P82, and P142 to P144 is EVbbo, even in the N-ch open-drain mode.

Remark

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

The maximum value of ViH of pins P00, P02 to P04, P10, P11, P13 to P15, P17, P30, P43 to P45, P50 to P55, P71,
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RL78/G14

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

(1) Flash ROM: 16 to 64 KB of 30- to 64-pin products
(TA =-40to +85°C, 1.6 V <EVDD0 < VDD < 5.5V, Vss = EVsso = 0 V)(2/2)

Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply current | Ipp2 HALT mode | HS (high-speed main) |fHoco = 64 MHz, Vbbb =5.0V 0.80 3.09 mA
Note 1 Note 2 mode Note 7 fiH = 32 MHz Note 4 Voo = 3.0V 0.80 3.09

fHoco = 32 MHz, Vop=5.0V 0.49 2.40
i = 32 MHz Note 4 Voo =3.0V 049 | 2.40
fHoco = 48 MHz, Vob=5.0V 0.62 2.40
fi = 24 MHz Note 4 VDD =3.0V 062 | 240
fHoco = 24 MHz, Vob=5.0V 04 1.83
fit = 24 MHz Note 4 VoD =3.0V 04 | 183
fHoco = 16 MHz, Vop=5.0V 0.37 1.38
it = 16 MHz Note 4 Voo =3.0V 037 | 138
LS (low-speed main) |fHoco=8 MHz, Vop =3.0V 260 710 UA
mode Nete 7 fie = 8 MHz Note 4 VDD =20V 260 | 710
LV (low-voltage main) |fHoco =4 MHz, Vob =3.0V 420 700 uHA
mode Nete 7 fitt = 4 MHz Note 4 VoD =2.0V 420 | 700
HS (high-speed main) | fux = 20 MHz Note 3, Square wave input 028 | 155 | mA
mode Note 7 Vop = 5.0 V Resonator connection 0.40 1.74
fmx = 20 MHz Note 3, Square wave input 0.28 1.55
Vob =3.0V Resonator connection 0.40 1.74
fwvx = 10 MHz Note 3, Square wave input 0.19 0.86
Vop =5.0V Resonator connection 0.25 | 0.93
fmx = 10 MHz Note 3, Square wave input 0.19 0.86
Vop =3.0 V Resonator connection 0.25 0.93
LS (low-speed main) |fux = 8 MHz Note 3, Square wave input 95 550 uA
mode Note 7 Vob =3.0V Resonator connection 140 590
fmx = 8 MHz Note 3, Square wave input 95 550
Vob =20V Resonator connection 140 590
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.25 0.57 A
operation Ta=-40°C Resonator connection 0.44 0.76
fsus = 32.768 kHz Note 5 | Square wave input 0.30 0.57
Ta=+25°C Resonator connection 049 | 076
fsus = 32.768 kHz Note 5 | Square wave input 0.36 1.17
Ta=+50°C Resonator connection 0.59 1.36
fsus = 32.768 kHz Note 5 | Square wave input 0.49 1.97
Ta=+70°C Resonator connection 0.72 2.16
fsus = 32.768 kHz Note 5 | Square wave input 0.97 3.37
Ta =+85°C Resonator connection 116 | 3.56
Ibp3 STOP mode |Ta=-40°C 0.18 0.51 uHA
Note€ | Noted Ta=+25°C 024 | 051
Ta = +50°C 0.29 1.10
Ta=+70°C 0.41 1.90
Ta = +85°C 0.90 3.30
(Notes and Remarks are listed on the next page.)
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RL78/G14 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

tTuIL tTIH

TRJIO

- tTDIL tTDIH
TRDIOAO, TRDIOA1, TRDIOBO, TRDIOB1,
TRDIOCO, TRDIOC1, TRDIODO, TRDIOD1
trosiL
INTPO
treiL . treiH
TRGIOA, TRGIOB
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RL78/G14 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

Interrupt Request Input Timing

tiNTL . tINTH
INTPO to INTP11
Key Interrupt Input Timing
tkR
KRO to KR7
RESET Input Timing
tRSL
RESET
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RL78/G14 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA =-40to +85°C, 1.6 V < EVDDO = EVDD1 < VDD < 5.5V, VSs = EVSso = EVsSs1 =0 V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | LV (low-voltage main) | Unit
mode mode mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle tkey2 4.0V <EVbpo<5.5V |20 MHz < fmck 8/fmck — — ns
ime Note 5
time Note fmck < 20 MHz 6/fmek 6/fmck 6/fmck ns
2.7V <EVbpo<5.5V | 16 MHz < fmMck 8/fmck — — ns
fmck < 16 MHz 6/fmek 6/fmck 6/fmck ns
24V <EVbpo<55V 6/fmck 6/fmck 6/fmck ns
and 500 and 500 and 500
1.8 V<EVDD0<5.5V 6/fmck 6/fmck 6/fmck ns
and 750 and 750 and 750
1.7V<EVpp0<5.5V 6/fmck 6/fmck 6/fmck ns
and 1500 and 1500 and 1500
1.6 V<EVbbo<55V —_ 6/fmck 6/fmck ns
and 1500 and 1500
SCKp high-/ tkH2, 40V<EVbpo<55V tkey2/2 - 7 tkey2/2 - 7 tkey2/2 - 7 ns
low-levelwidth | bz 2 < EVoro <55V tkev2/2 - 8 tkeval2 - 8 tkev2l2 - 8 ns
1.8 V<EVDD0<55V tkey2/2 - 18 tkey2/2 - 18 tkey2/2 - 18 ns
1.7V<EVppo <55V tkcy2/2 - 66 tkey2/2 - 66 tkcy2/2 - 66 ns
1.6 V<EVDD0<5.5V —_ tkey2/2 - 66 tkcy2/2 - 66 ns
Slp setup time | tsik2 27V<EVbpo<55V 1/fmck + 20 1/fmck + 30 1/fmck + 30 ns
SZQSFKPT) 1.8 V<EVDD0<55V 1/fmck + 30 1/fmck + 30 1/fmck + 30 ns
1.7V<EVbpo <55V 1/fmck + 40 1/fmck + 40 1/fmck + 40 ns
1.6 V<EVDD0<5.5V —_ 1/fmck + 40 1/fmck + 40 ns
Slp hold time tksi2 1.8V <EVbD0 <55V 1/fmck + 31 1/fmck + 31 1/fmck + 31 ns
f K
f\l:')erg SCKp1) 1.7V<EVbopbo<55V 1/fmck + 250 1/fmck + 250 1/fmck + 250 ns
1.6 V<EVbD0 <55V — 1/fmck + 250 1/fmck + 250 ns
Delay time tksoz C =30 pF Note 4 2.7V<EVbpo <55V 2/fmck 2/fmek 2/fmck | ns
from SCKp| to +44 +110 +110
ﬁ?psompm 24V<EVopo <55V 2/fwck 2/fwck 2/fuck | ns
o +75 +110 +110
1.8V<EVbD0 <55V 2/fmck 2/fmck 2/fmck | ns
+100 +110 + 110
1.7V<EVbp0o <55V 2/fmck 2/fmck 2/fmck | ns
+220 +220 +220
1.6 V<EVbDoo<55V —_ 2/fmck 2/fMmck | ns
+220 +220

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp?1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

Note 5. The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

Caution  Select the normal input buffer for the Slp 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).
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RL78/G14 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

Note 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.
Note 5. Use it with EVDDO > Vb.

Note 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 <EVbbo<3.3Vand 1.6 V<Vb<2.0V

1

Maximum transfer rate = [bps]

{-Cbeben(1-1;5)}><3
Vb

1

Transfer rate x 2
Baud rate error (theoretical value) = x 100 [%]

- {-Cbeben(1-£)}
Vb

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 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.

Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance (for the 30- to 52-pin
products)/EVpp tolerance (for the 64- to 100-pin products)) 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.

(Remarks are listed on the next page.)

R01DS0053EJ0330 Rev. 3.30 RENESAS Page 96 of 208

Aug 12, 2016



RL78/G14 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(2) I12C fast mode
(TA =-40to +85°C, 1.6 V < EVDD0O = EVDD1 < VDD < 5.5V, Vss = EVsso = EVss1 =0 V)

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 frequency fscL Fast mode: 2.7V <EVbpo<55V 0 400 0 400 0 400 kHz
fe=3.5MHz I g\ < EVono <55V 0 400 0 400 0 400 | kHz
Setup time of restart condi- | tsu:stA | 2.7 V<EVbD0<5.5V 0.6 0.6 0.6 us
tion 1.8V <EVopo<5.5V 0.6 0.6 0.6 us
Hold time Note 1 tHD:sTA | 2.7V <EVDD0< 5.5V 0.6 0.6 0.6 us
1.8V<EVDD0<55V 0.6 0.6 0.6 us
Hold time when SCLAOQ = “L” | tow 2.7V <EVppo<55V 1.3 1.3 1.3 us
1.8V <EVDD0< 5.5V 1.3 1.3 1.3 us
Hold time when SCLAOQ = “H” | tHigH 27V <EVbpo<55V 0.6 0.6 0.6 us
1.8 V<EVDD0< 55V 0.6 0.6 0.6 us
Data setup time (reception) |tsu:patr [2.7 V<EVbpo<5.5V 100 100 100 ns
1.8V<EVDD0<55V 100 100 100 ns
Data hold time (transmission) | tHp:pat | 2.7 V < EVpbpo < 5.5V 0 0.9 0 0.9 0 0.9 us
Note 2 1.8V <EVooo <55V 0 0.9 0 0.9 0 09 | us
Setup time of stop condition | tsu:sto | 2.7 V<EVbp0<5.5V 0.6 0.6 0.6 us
1.8 V<EVDD0< 55V 0.6 0.6 0.6 us
Bus-free time tBUF 2.7V <EVpp0<55V 1.3 1.3 1.3 us
1.8V<EVDD0<55V 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.
Caution  The values in the above table are applied even when bit 2 (PIOR02) in the peripheral 1/O redirection register 0
(PIORO) is 1. At this time, the pin characteristics (loHz1, loL1, VoH1, VoL1) must satisfy the values in the redirect

destination.

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/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TaA = -40 to +105°C)

Operation of products rated “G: Industrial applications (TA = -40 to + 105°C)” at ambient operating temperatures above
85°C differs from that of products rated “A: Consumer applications” and “D: Industrial applications” in the ways listed
below.

Parameter A: Consumer applications, D: Industrial applications G: Industrial applications

Ta =-40 to +105°C

Operating ambient temperature | Ta = -40 to +85°C

HS (high-speed main) mode:

2.7V <Vbp <55V@1 MHz to 32 MHz

24V <Vbp<55V@1 MHz to 16 MHz
LS (low-speed main) mode:

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

1.6V <Vop<55V@1 MHz to 4 MHz

HS (high-speed main) mode only:
2.7V <Vbb<55V@1 MHz to 32 MHz
24V <Vbp<55V@1 MHz to 16 MHz

Operating mode
Operating voltage range

High-speed on-chip oscillator
clock accuracy

1.8V<VbD<55V:
+1.0% @ TA = -20 to +85°C
+1.5% @ TA = -40 to -20°C
16V<Vbop<18V:

24V <VbpD<55V:
12.0% @ TA = +85 to +105°C
+1.0% @ Ta = -20 to +85°C
+1.5% @ TA = -40 to -20°C

+5.0% @ TA =-20 to +85°C
+5.5% @ TA = -40 to -20°C
Serial array unit UART UART

CSI: fcLk/2 (16 Mbps supported), fcLk/4 CSI: fcLk/4
Simplified 12C communication

IICA Standard mode
Fast mode

Simplified 12C communication

Standard mode
Fast mode
Fast mode plus

* Rising: 1.67 V to 4.06 V (14 stages)
» Falling: 1.63 V to 3.98 V (14 stages)

* Rising: 2.61 V to 4.06 V (8 stages)
» Falling: 2.55 V to 3.98 V (8 stages)

Voltage detector

Remark  The electrical characteristics of products rated “G: Industrial applications (TA = -40 to + 105°C)” at ambient operating
temperatures above 85°C differ from those of products rated “A: Consumer applications” and “D: Industrial applications”.
For details, refer to 3.1 to 3.10.
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RL78/G14

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

(1) Flash ROM: 16 to 64 KB of 30- to 64-pin products
(TA =-40to +105°C, 2.4 V <EVDDO < VDD < 5.5V, Vss = EVsso = 0 V)(2/2)

Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply current | Ipp2 HALT mode | HS (high-speed main) |fHoco = 64 MHz, Vob =5.0V 0.80 4.36 mA
Note 1 Note 2 mode Note 7 fiH = 32 MHz Note 4 Voo = 3.0V 0.80 4.36

fHoco = 32 MHz, Voo =5.0V 0.49 3.67
i = 32 MHz Note 4 Voo =3.0V 049 | 367
fHoco = 48 MHz, Vob=5.0V 0.62 3.42
fi = 24 MHz Note 4 VDD =3.0V 062 | 3.42
fHoco = 24 MHz, Vbob=5.0V 04 2.85
fitt = 24 MHz Note 4 VoD =3.0V 04 | 285
fHoco = 16 MHz, Vop=5.0V 0.37 2.08
firt = 16 MHz Note 4 Voo =3.0V 037 | 2.08
HS (high-speed main) | fux = 20 MHz Note 3, Square wave input 0.28 2.45 mA
mode Note 7 Vop =5.0V Resonator connection 040 | 257
fmx = 20 MHz Note 3, Square wave input 0.28 2.45
Vop =3.0V Resonator connection 0.40 | 257
fmx = 10 MHz Note 3, Square wave input 0.19 1.28
Vop = 5.0 V Resonator connection 0.25 1.36
fmx = 10 MHz Note 3, Square wave input 0.19 1.28
Vob =3.0V Resonator connection 0.25 1.36
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.25 0.57 uHA
operation Ta=-40°C Resonator connection 0.44 | 0.76
fsus = 32.768 kHz Note 5 | Square wave input 0.30 0.57
Ta=+25°C Resonator connection 0.49 0.76
fsus = 32.768 kHz Note 5, | Square wave input 0.36 1.17
Ta =+50°C Resonator connection 0.59 | 1.36
fsus = 32.768 kHz Note 5 | Square wave input 0.49 1.97
Ta=+70°C Resonator connection 072 | 2.16
fsus = 32.768 kHz Note 5 | Square wave input 0.97 3.37
Ta =+85°C Resonator connection 1.16 3.56
fsus = 32.768 kHz Note 5 | Square wave input 3.20 | 17.10
Ta=+105"C Resonator connection 3.40 | 17.50
Ibp3 STOP mode |Ta=-40°C 0.18 0.51 uHA
Note€ | Noted Ta=+25°C 024 | 051
Ta = +50°C 0.29 1.10
Ta=+70°C 0.41 1.90
Ta = +85°C 0.90 3.30
Ta=+105°C 3.10 17.00
(Notes and Remarks are listed on the next page.)
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RL78/G14

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

Note 1. Total current flowing into Vbp and EVbbo, including the input leakage current flowing when the level of the input pin is
fixed to Vbb, EVDDo or Vss, EVsso. The values below the MAX. column include the peripheral operation current.
However, not including the current flowing into the A/D converter, LVD circuit, /0 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 RTC 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 RTC, 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: 2.7 V<Vbp <5.5 V@1 MHz to 32 MHz
24V <Vop<55V@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. fvx: 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 (64 MHz max.)

Remark 3. fiH: High-speed on-chip oscillator clock frequency (32 MHz max.)

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

Remark 5. Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TaA = -40 to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs VDD (HS (high-speed main) mode)
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)

(TA =-40to +105°C, 2.4 V <EVDDO = EVDD1 < VDD £ 5.5V, Vss = EVsso = EVss1 = 0 V)

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

SCKp cycle time tkey1 tkeyt > 4/fclk 2.7V <Evbpo <55V 250 ns
24V <EVbpo <55V 500 ns

SCKp high-/low-level width tkH1, tkL1 40V <EVbbo<55V tkey1/2 - 24 ns
27V<EVboo<55V tkey1/2 - 36 ns

2.4V <EVppo <55V tkey1/2 - 76 ns

Slp setup time (to SCKpt) Note 1 tsik1 4.0V<EVbD0<55V 66 ns
2.7V <EVbopo <55V 66 ns

24V <EVbpo<55V 113 ns

Slp hold time (from SCKp1) Note 2 tKsi 38 ns
Delay time from SCKp| to SOp output Note 3 tkso1 C =30 pF Note 4 50 ns

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when

DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when

DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from

SCKp?” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Note 4. C is the load capacitance of the SCKp and SOp output lines.

Caution  Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin by using

port input mode register g (PIMg) and port output mode register g (POMg).

Remark 1. p: CSI number (p = 00, 01, 10, 11, 20, 21, 30, 31), m: Unit number (m = 0, 1), n: Channel number (n =0 to 3),

g: PIM number (g =0, 1, 3to 5, 14)
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))
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(4) During communication at same potential (simplified I12C mode)
(TA =-40to +105°C, 2.4 V < EVDDO = EVDD1 < VDD < 5.5V, Vss = EVSso = EVSs1 =0 V)

Parameter Symbol Conditions HS (high-speed main) mode Unit
MIN. MAX.
SCLr clock frequency fscL 27V <EVbbo<55YV, 400 Note 1 kHz

Cb =50 pF, Ro = 2.7 kQ

24V <EVooo <55V, 100 Note 1 kHz
Cb = 100 pF, Ro = 3 kQ

Hold time when SCLr = “L” tLow 27V <EVbbo<55YV, 1200 ns
Cb =50 pF, Rb = 2.7 kQ

2.4V <EVooo <55V, 4600 ns
Cb =100 pF, Rb = 3 kQ

Hold time when SCLr = “H” tHIGH 27V <EVbpo<55YV, 1200 ns
Cb =50 pF, Ro = 2.7 kQ

24V <EVopo <55V, 4600 ns
Cb =100 pF, Ro = 3 kQ

Data setup time (reception) tsu: DAT 27V<EVbopo<55V, 1/fmck + 220 Note 2 ns
Cb =50 pF, Ro = 2.7 kQ

2.4V <EVopoo <55V, 1/fmck + 580 Note 2 ns
Cb =100 pF, Rb = 3 kQ

Data hold time (transmission) tHD: DAT 27V <EVbbo<55YV, 0 770 ns
Cb =50 pF, Rb = 2.7 kQ

24V <EVboo<55V, 0 1420 ns
Cb =100 pF, Rb = 3 kQ

Note 1. The value must also 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 (Vop tolerance (for the 30- to 52-pin
products)/EVop tolerance (for the 64- to 100-pin products)) 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).

(Remarks are listed on the next page.)
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(7) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (slave mode, SCKp... external clock

input)
(TA =-40to +105°C, 2.4 V < EVDDO = EVDD1 < VDD < 5.5V, Vss = EVsSso = EVss1 =0 V)
Parameter Symbol Conditions HS (high-speed main) mode Unit
MIN. MAX.
SCKp cycle time Note 1 tkey2 40V <EVDD0<5.5YV, 24 MHz < fmck 28/fmek ns
27V<Vo<40V 20 MHz < fuck < 24 MHz 24/fuck ns
8 MHz < fmck < 20 MHz 20/fmck ns
4 MHz < fuck < 8 MHz 16/fmck ns
fmck < 4 MHz 12/fmck ns
2.7V <EVbpo<4.0V, 24 MHz < fmck 40/fmck ns
23VsVos<27V 20 MHz < fiick < 24 MHz 32/fwck ns
16 MHz < fmck < 20 MHz 28/fmck ns
8 MHz < fmck < 16 MHz 24/fmck ns
4 MHz < fmck < 8 MHz 16/fmck ns
fmck < 4 MHz 12/fmck ns
24V <EVbpo<3.3YV, 24 MHz < fmck 96/fmck ns
16VsVb<20V 20 MHz < fuick < 24 MHz 72/fwck ns
16 MHz < fmck < 20 MHz 64/fmck ns
8 MHz < fmck < 16 MHz 52/fmck ns
4 MHz < fmck < 8 MHz 32/fmek ns
fmck < 4 MHz 20/fmck ns
SCKp high-/low-level tkH2, tkL2 40V <EVbp0<55V,27V<Vb<4.0V tkey2/2 - 24 ns
width 27V <EVppb0<4.0V,23V<Vb<27V tkcy2/2 - 36 ns
24V <EVbp0<33V,1.6V<Vb<20V tkey2/2 - 100 ns
Slp setup time tsik2 40V<EVDD0<55V,27V<Vb<4.0V 1/fmck + 40 ns
(to SCKpT) Nete 2 27V<EVDo0<4.0V,23V<Vo<27V 1ffuck + 40 ns
24V <EVbp0<33V,1.6V<Vb<20V 1/fmck + 60 ns
Slp hold time tksi2 1/fmck + 62 ns
(from SCKp1) Note 3
Delay time from SCKpl | tksoz2 40V<EVDD0<55V,27V<Vb<4.0V, 2/fuck + 240 ns
to SOp output Note 4 Cb=30pF, Ro=1.4kQ
27V <EVbpo<4.0V,23V<Vb<27YV, 2/fmck + 428 ns
Cb =30 pF, Rb = 2.7 kQ
24V <EVbpo<33V,1.6V<Vb<20V, 2/fmeck + 1146 ns
Cb =30 pF, Rv=5.5kQ
(Notes, Caution, and Remarks are listed on the next page.)
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(8) Communication at different potential (1.8 'V, 2.5V, 3 V) (simplified 12C mode)

(TA =-40 to +105°C, 2.4 V <EVDDO = EVDD1 < VDD < 5.5V, Vss = EVsso = EVss1 = 0 V) (2/2)
Parameter Symbol Conditions HS (high-speed main) mode Unit
MIN. MAX.
Data setup time (reception) tsu:DAT 40V <EVDD0<5.5YV, 1/fmMck + 340 Note 2 ns

27V<Vb<4.0V,
Cb = 50 pF, Rb = 2.7 kQ

2.7V <EVppo<4.0V, 1/fmMck + 340 Note 2 ns
23V<\Vbh<27Y,
Cb =50 pF, Rb = 2.7 kQ

40V<EVDbD0<55YV, 1/fmck + 760 Note 2 ns
27V<Vb<40V,
Cb =100 pF, Rb = 2.8 kQ

27V <EVbbo<4.0V, 1/fmck + 760 Note 2 ns
23V<VWb<27V,
Cb = 100 pF, Rb = 2.7 kQ

2.4V <EVppo<3.3V, 1/fmMck + 570 Note 2 ns
16V<Vb<20V,
Cb =100 pF, Rb = 5.5 kQ

Data hold time (transmission) tHD:DAT 40V<EVDbD0<55YV, 0 770 ns
27V<Vb<4.0V,
Cb =50 pF, Rb = 2.7 kQ

2.7V <EVbpo<4.0V, 0 770 ns
23V<Vb<27YV,
Cb = 50 pF, Rb = 2.7 kQ

4.0V<EVbpo<55YV, 0 1420 ns
27V<Vb<40V,
Cb =100 pF, Rp = 2.8 kQ

2.7V <EVbpo<4.0V, 0 1420 ns
23V<sVb<27YV,
Cb =100 pF, Ro = 2.7 kQ

24V <EVbpo<33V, 0 1215 ns
1.6V<Vb<20V,
Cb =100 pF, Rb = 5.5 kQ

Note 1. The value must also be equal to or less than fmMck/4.
Note 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 (for the 30- to 52-pin products)/EVbp
tolerance (for the 64- to 100-pin products)) mode for the SDAr pin and the N-ch open drain output (Vop tolerance
(for the 30- to 52-pin products)/EVop tolerance (for the 64- to 100-pin products)) mode for the SCLr 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 next page.)
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(2) When reference voltage (+) = AVRerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pin: ANI16 to ANI20

(TA =-40to +105°C, 2.4V <EVDD0 =EVDD1<VDD<5.5V,2.4V <AVREFP < VDD < 5.5V,
Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = AVREFP, Reference voltage (-) = AVREFM =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error Note 1 AINL 10-bit resolution 2.4V <AVRerp <55V 1.2 +5.0 LSB
EVbbo < AVRerp = Vpp Notes 3, 4
Conversion time tconv 10-bit resolution 3.6V<Vop<55V 2.125 39 us
Target ANI pin: ANI16 to ANI20 27V<Von<55V 3.1875 39 us
24V <Vop<55V 17 39 us
Zero-scale error Notes 1,2 Ezs 10-bit resolution 24V <AVRerP <55V +0.35 | %FSR
EVbpo < AVRerp = Vpp Notes 3, 4
Full-scale error Notes 1, 2 Ers 10-bit resolution 24V <AVRerp <55V +0.35 | %FSR
EVbbo < AVRerp = VVpp Notes 3, 4
Integral linearity error Note 1 ILE 10-bit resolution 24V <AVRerP <55V +3.5 LSB
EVbbo < AVRerp = Vpp Notes 3, 4
Differential linearity error Note 1 | DLE 10-bit resolution 24V <AVRerP< 5.5V +2.0 LSB
EVbpo < AVRerp = Vpp Notes 3, 4
Analog input voltage VAIN ANI16 to ANI20 0 AVREFP \
and
EVbbo
Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. When EVbbDo < AVREFP < VDD, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVREFP = VDD.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVREFP = VDD.
Integral linearity error/ Differential linearity error: Add +0.5 LSB to the MAX. value when AVReFP = VDD.
Note 4. When AVREFP < EVDDo < VDD, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVREFP = VDD.
Zero-scale error/Full-scale error: Add +0.20%FSR to the MAX. value when AVREFP = VDD.

Integral linearity error/ Differential linearity error: Add +2.0 LSB to the MAX. value when AVReFP = VDD.
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RL78/G14 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = -40 to +105°C)

(3) When reference voltage (+) = Vbb (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin: ANIO to ANI14, ANI16 to ANI20, internal reference voltage, and temperature sensor output volt-
age

(TA =-40to +105°C, 2.4 V < EVDD0 = EVDD1 < VDD < 5.5V, Vss = EVsso = EVss1 = 0 V, Reference voltage (+) = VDD,

Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error Note 1 AINL | 10-bit resolution 24V<Vop<55V 1.2 7.0 LSB
Conversion time tconv | 10-bit resolution 3.6V<Vopb<55V 2125 39 us

Target pin: ANIO to ANI14, ANI16 to ANI20 27V <Von<55V 31875 39 us

24V<Vop<55V 17 39 us

10-bit resolution 36V<Vop<55V 2.375 39 us

s ¢ [2Tvewozsey[samm| | w | s

(HS (high-speed main) mode) 24V<Vop<55V 17 39 us
Zero-scale error Notes 1,2 Ezs 10-bit resolution 24V<Vop<55V +0.60 | %FSR
Full-scale error Notes 1, 2 EFs 10-bit resolution 24V<Vop<55V +0.60 | %FSR
Integral linearity error Note 1 ILE 10-bit resolution 24V<Vop<55V +4.0 LSB
Differential linearity error DLE | 10-bit resolution 24V<Vop<55V +2.0 LSB
Note 1
Analog input voltage VAN | ANIO to ANI14 0 Vbb \

ANI16 to ANI20 0 EVbpo

Internal reference voltage VBGR Note 3 \Y,

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

Temperature sensor output voltage VTmps25 Note 3 \Y

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

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