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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

RL78

16-Bit

24MHz

CSl, I2C, LINbus, UART/USART, USB
LCD, LVD, POR, PWM, WDT
51

192KB (192K x 8)

FLASH

8K x 8

16K x 8

1.6V ~ 3.6V

A/D 9x8/12b; D/A 2x8b
Internal

-40°C ~ 85°C (TA)

Surface Mount

80-LQFP

80-LQFP (12x12)
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RL78/L1C

1. OUTLINE

1.3.2

80-pin products (without USB)

* 80-pin plastic LFQFP (fine pitch) (12 x 12 mm, 0.5 mm pitch)

P11/RxD2/S120/SDA20/SEG41/VCOUTO O=—+
P10/INTP7/PCLBUZ0/SCK20/SCL20/SEG40 O—+]
P27/TI05/TO05/(INTP5)/PCLBUZ1/SEG39 O~
P26/S000/TxDO/TOOLTXD/SEG38 O+
P25/S100/RxD0/TOOLRXD/SDA00/SEG37 C+—

Caution

P24/SCK00/SCLO0/SEG36 O+
P23/TI07/TO07/SEG35 O~—"]
P22/TI04/TO04/SEG34 O=+—"

P21/ANI21/SEG33 O=—+]
P20/ANI20/SEG32 O]
P143/ANI19/SEG31 O~—
P142/ANI18/SEG30 O+—
P141/ANI17/SEG29 O+
P140/ANI16/SEG28 C~—
P82 O

P83 O

P156/ANI6 O]
P155/ANI5 O~—=

AVop O—

AVss O—
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P152/ANI2 Ou—nf =

P151/ANI1/AVREFM Ce—n| N
P150/ANIO/AVRerp O—r] @

P130 O=—— &
P46/ANO1 O=——r{ o0
P45/ANO0 O=—+ @

P44/IVREFO O=—— ~

PA43/(INTP7)/IVCMPO O] o
P40/TOOLO/(TIO0)(TO00) Ce— | ©

ESET

R
P124/XT2/EXCLKS O——

P123/XT1 O—
P137/INTPO O——}

P122/X2/[EXCLK O——

Vsso O—
Voo O——| &

PBO/SCLAO/(TIO)(TO0T) O~ 3
P61/SDAAO/(TI02)/(TO02) O—r| 3

P121/X1 O—+]
REGC O——]

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).

P70/KR7/SEG12

P71/KR6/SEG13
P72/KR5/TKBO20/SEG14
P73/KR4/TKBO21/SEG15
P74/KR3/TKBO10/SEG16
P75/KR2/TKBO11/SEG17
P76/KR1/TKBOOO/SEG18
P77/KRO/TKBOO1/SEG19
P30/T103/TO03/REMOOUT/SEG20
P31/INTP3/RTC1HZ/SEG21
P32/TI01/TO01/SEG22
P33/INTP4/SCK30/SCL30/SEG23
P34/SI30/RxD3/SDA30/SEG24
P35/SO30/TxD3/SEG25
P125/VL3/(TI06)/(TO06)

Via

Viz

Vit

P126/CAPL/(TI04)/(TO04)
P127/CAPH/(TI03)/(TO03)/(REMOOUT)
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RL78/L1C 1. OUTLINE

<R> 1.5.2 80/85-pin products (without USB)

TIMER ARRAY

U

KEY RETURN KB ] KRO to KR7

UNITO (8 ch) - PORT 0 K 8> P00 to PO7
oo —_ Y porTi KD Protopi2
TIO1/TO01 ~—1 ch1
K> PORT 2 K B> P20to P27
TI02/TO02 ~=—1 ch2
- PORT 3 K B> P30to P35
TI03/TO03 =—1 ch3
C> - PORT 4 5> P40, P43 to P46
TI04/TO04 =—1 ch4
<Z| ANI2, ANI5, ANIG - PORT 5 K3 P50 to P52
TIO5/TO05 =—1 ch5
K| AID CONVERTER CE ANIte o ANI21 - PORT 6 K7 Peo, P61
TI0B/TO06 =— ché e AVrere/ANIO
le—— AVrerw/ANI1 - PORT 7 (B> P70to P77
TIO7/TO07 =—1 ch7
RL78 CPU CORE PORT 8 P82, P83
REMOOUT ~—— REMOTE CARRIER % CODE FLASH MEMORY | -_”
MULTIPLIER & T
DIVIDER, PORT 12 o
TKBOOO ::| = MULITIPLY- P1211t0 P124
TKBOO1 TIMER KB2_0 ACCUMULATOR DATA FLASH MEMORY o130
- PORT 13
TKBO10 TIMER KB2 1 [ 0 P137
TKBO11 —
TKBO20 K >| PORT 14 |<Z> P140 to P143
TKBO21 TIMER KB2_2 - 0
P150 to P152,
WINDOW K=~ PORT15 K5 p1ss, p1s6
WATCHDOG

LOW-SPEED

12- BIT INTERVAL

g8 88

ON-CHIP
OSCILLATOR TIMER POWER ON RESET/| PORILVD
VOLTAGE CONTROL
DETECTOR
REAL-TIME AVoo, AVss, TOOLRXD,
RTC1HZ =— CLOCK Vooo  Vsso  TOOLTXD
SERIAL ARRAY (| RESET CONTROL
UNITO (4 ch)
RXDO —— = UARTO M oN-cHIP DEBUG TOOLO
TXDO <—
SYSTEM I
— RESET
$§ED)1 - UART1 <:> SERIAL le— sDAAD CONTROL 0
oo INTERFACE IICAQ |e— = SCLAO HIGH-SPEED | fe—— X2/EXCLK
ON-CHIP
SIUO—— ese = OSCILLATOR iE/EXCLKs
5000 B BUZZER OUTPUT PCLBUZO
SCK10=—+ )
5110 — o] csio - CLOCK OUTPUT CZ> rotsuzn VOLTAGE REGC
S010 CONTROL REGULATOR

SCLO0 =—
% o m I | I AN e - A
SCL10=—] CONTROL CONTROL
SoAtoa] oo
SERIAL ARRAY CONTROLLER
UNIT1 (4 ch) COMPARATOR
RxD2 —| BCD (1 ch)
moz ] AT | oo | - — veouro
RxD3 —| IVCMPO
SCK20
S120 — 1= cslI20
S020 K2
SCK30
S130 —= CsI30
S030
SCL20 =—1
S __tem ]
SCL30 =—1
SDA30 <— 1IC30
SEGO to SEG6, SEG12 to SEG25, LcD
SEG27 to SEG42, SEG48 to SEG55 CONTROLLER/
COMO to COM7 {8 DRIVER : :
Viito Vis RAM SPACE
CAPH—— | FORLCD DATA
CAPL —
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<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) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSI00 only)
(TA =-40 to +85°C,2.7V<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.

SCKp cycle time tkey1 tkey12fclk/2 | 27V <Vbb <36V 167 250 500 ns

SCKp high-/ tKL1 27V<VbD<36V tkey1/2 - 10 tkcy1/2 - 50 tkcy1/2 - 50 ns

low-level width

Slp setup time tsIK1 27V<VbD<36V 33 110 110 ns
(to SCKp1) Note 1

Slp hold time tksI1 27V<VpD<36V 10 10 10 ns
(from SCKp?) Note 2

Delay time from tKso1 C =20 pF Note 4 10 10 10 ns
SCKp| to SOp
output Note 3

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
SCKp1” 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 Sip 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), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM number (g = 2)
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))

RO1DS0192EJ0220 Rev.2.20 RENESAS Page 45 of 147
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA = -40 to +85°C,1.6 V=VDD<3.6 V,Vss=0V)

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

Parameter Symbol Conditions main) Mode Mode Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle tkcy2 27V<VDD<3.6V |fMCK> 16 MHz 8/fmMcK — — ns
time Note 5 fMCK < 16 MHz B/fmcK B/fMck B/MCK ns
24V<VDD<36V 6/fMCK 6/fMCK 6/fMCK ns
and 500 and 500 and 500
1.8V=<VDD<36V — 6/fMCK 6/fMCK ns
and 750 and 750
16V=<VDD<36V — — 6/fMCK ns
and 1500
SCKp high-/ tkH2, tkL2 | 2.7V <VDD<3.6 V tkcy2/2 - 8 tkcy2/2 - 8 tkcyz2/2 - 8 ns
low-level width 1.8V<VDD<3.6V — tkcy2/2 - 18 tkcy2/2 - 18 ns
16V<VDD<36V — — tkcy1/2 - 66 ns
Slp setup time | tsik2 27V<VDD<36V 1/fmcK + 20 1/fmck + 30 1/fmMcK + 30 ns
(;otS?KpT) 24V<VDD<36V 1/fMCK + 30 1/fMCK + 30 1/fMcK + 30 ns
ote
1.8V<VDD<36V — 1/fmMcK + 30 1/fmMcK + 30 ns
16V=<VDD<36V — — 1/fMCK + 40 ns
Slp hold time tksI2 24V <VDD<36V 1/fMCK + 31 1/fmMcK + 31 1/fMcK + 31 ns
gr?rrzl SCKpt1) 1.8V<VDD<36V — 1/fMcK + 31 1/fMCK + 31 ns
ote
16V=<VDD<36V — — 1/fmMmCK + 250 ns
Delay time tks02 C =30 pF Note 4 27V<VbD<36V 2/fMCK 2/fMcK 2/fMCK | ns
from SCKp| to + 44 + 110 + 110
i?p;mp”t 24V<VDD<36V 2/fMcK 2/fMcK 2/imek | ns
e +75 +110 +110
1.8V=<VDD<36V — 2/fmcK 2/fMCK | ns
+110 +110
1.6V=<VDD<36V — — 2/fMCK | ns
+ 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
SCKp1” 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 the normal output mode for the SOp pin by using port input
mode register g (PIMg) and port output mode register g (POMg).

Remark 1. p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM 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 Page 47 of 147
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RL78/L1C

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

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

tKcy1, 2

tKL1, 2 | tKH1, 2

SCKp \

. tsik1,2 | tksi1, 2,

b)]

—

Slp

Input data

tkso1, 2

1$Y

b))

SOp

Output data

W

b)]

X

1Y

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

SCKp /

Slp

tkCy1, 2
tkH1, 2 kL1, 2
y N
_ tsiK1,2 tKsI1, 2,

7

N

Input data

tkso1, 2

[€§

»N

SOp

Output data

W

N

Remark 1. p: CSI number (p = 00, 10, 20, 30)
Remark 2. m: Unit number, n: Channel number (mn = 00 to 03, 10 to 13)

19

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

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

tkey1
tKL1 tKH1
SCKp \
X X
tsik1 tksi
Slp Input data
tkso1
SOp Output data

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

tkey1
tKH1 tKL1
SCKp / /
N\
tsIK1 tksi1
Slp Input data
tkso1
SOp Output data
Remark p: CSl 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)
R01DS0192EJ0220 Rev.2.20 -IENESAS Page 59 of 147
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

Timing of UDP and UDM

UDP
/ 90% 90% Y
VcRrs (Crossover voltage)
10% 10%
ubM
tR |, tF

(2) BC 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
UsSB UDP sink current IDP_SINK 25 100 175 MA
standard UDM sink current IDM_SINK 25 100 175 pA
BC12 DCD source current IDP_SRC 7 10 13 MA
Data detection voltage VDAT_REF 0.25 0.325 0.4 \%
UDP source voltage VDP_SRC | Output current 250 pA 0.5 0.6 0.7 \%
UDM source voltage VDM_SRC | Output current 250 pA 0.5 0.6 0.7 \%
R01DS0192EJ0220 Rev.2.20 RENESAS Page 69 of 147
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (TA = -40 to +85°C)

(5) When reference voltage (+) = AVDD (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM =
0), conversion target: ANI16 to ANI21, internal reference voltage, temperature sensor output voltage

(TA=-40 to +85°C,1.6 V=VDD<3.6 V,1.6 V=S 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 18.5 LSB
10-bit resolution 1.8V<AVDD=<36V +6.0
8-bit resolution 16V=<AVDD=<36V 3.5
Conversion time tCONV ADTYP =0, 24V <AVDD<36V 4,125 us
12-bit resolution
ADTYP =0, 1.8V<AVDD<36V 9.5
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVDD=<36V 57.5
8-bit resolution Note 2
ADTYP =1, 24V<AVDD=<36V 3.3125
8-bit resolution 1.8V <AVDD<3.6V 7.875
1.6 V<AVDD<3.6V 54.25
Zero-scale error Note 3 Ezs 12-bit resolution 24V<AVDD<3.6V 8.0 LSB
10-bit resolution 1.8V=<AVDD=<36V 55
8-bit resolution 16 V<AVDD=<36V +3.0
Full-scale error Note 3 EFs 12-bit resolution 24V<AVDD=<36V +8.0 LSB
10-bit resolution 1.8V<AVDD<36V 5.5
8-bit resolution 16V=<AVDD=<36V +3.0
Integral linearity error ILE 12-bit resolution 24V<AVDD=<36V +3.5 LSB
Note 3 10-bit resolution 1.8V<AVDD<3.6V +2.5
8-bit resolution 16 V<AVDD<36V 1.5
Differential linearity error | DLE 12-bit resolution 24V <AVDD=36V +2.5 LSB
Note 3 10-bit resolution 1.8V<AVDD<3.6V 2.5
8-bit resolution 16V=<AVDD=<36V 2.0
Analog input voltage VAIN 0 AVDD \%
Internal reference voltage VBGR Note 4
(2.4V <VDD < 3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage VTMP25 Note 4
(2.4V <VDD £ 3.6 V, HS (high-speed main) mode)

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

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

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

Note 4. Refer to 2.6.2 Temperature sensor, internal reference voltage output characteristics.
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)

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

This chapter describes the following electrical specifications.
Target products G: Industrial applications TA = -40 to +105°C
R5F110xxGxx, R5F111xxGxx

Caution 1. The RL78 microcontroller has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

Caution 2. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2.1 With functions for each
product in the RL78/L1C User’s Manual.

Caution 3. Please contact Renesas Electronics sales office for derating of operation under TA = +85°C to
+105°C. Derating is the systematic reduction of load for the sake of improved reliability.

Remark When the RL78 microcontroller is used in the range of TA = -40 to +85°C, see 2. ELECTRICAL

SPECIFICATIONS (TA = -40 to +85°C).

The following functions differ between the products “G: Industrial applications (TA = -40 to +105°C)” and the products “A:

Consumer applications and G: Industrial applications (when used in the range of TA = -40 to +85°C)

Parameter A: Consumer applications

TA =-40 to +85°C

G: Industrial applications

TA =-40 to +105°C

Operating ambient temperature

Operating mode
Operating voltage range

HS (high-speed main) mode:
2.7V <VDD < 3.6 V@1 MHz to 24 MHz
24V <VDD<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode:
1.8V <VbD<3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode:
1.6V<VbD<3.6 V@1 MHz to 4 MHz

HS (high-speed main) mode only:
2.7V <VDD £ 3.6 V@1 MHz to 24 MHz
24V <VDD<3.6 V@1 MHzto 16 MHz

High-speed on-chip oscillator
clock accuracy

1.8V<VpD<36V:
+1.0% @ TA =-20 to +85°C
+1.5% @ TA = -40 to -20°C
16V<VDD<18V:
+5.0% @ TA =-20 to +85°C
+5.5% @ TA =-40 to -20°C

24V<sVDD<36V:
+2.0% @ TA = +85 to +105°C
#1.0% @ TA =-20 to +85°C
*¥1.5% @ TA = -40 to -20°C

Serial array unit

UART
CSI: fcLk/4
Simplified 12C communication

UART
CSl: fcLk/4
Simplified 12C communication

IICA

Normal mode
Fast mode
Fast mode plus

Normal mode
Fast mode

Voltage detector

* Rise detection: 1.67 V to 3.13 V (12 levels)
* Fall detection: 1.63 V to 3.06 V (12 levels)

* Rise detection: 2.61 V to 3.13 V (6 levels)
» Fall detection: 2.55 V to 3.06 V (6 levels)

Remark

products “A: Consumer applications”. For details, refer to 3.1 to 3.12.

The electrical characteristics of the products G: Industrial applications (TA = -40 to +105°C) are different from those of the
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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)

<R> Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, | loL1 Per pin for P00 to P07, P10 to P17, P20 to P27, 8.5 mA
low Note 1 P30 to P37, P40 to P46, P50 to P57, Note 2
P70 to P77, P80 to P83,
P125 to P127, P130, P140 to P143
Per pin for P60 and P61 15.0 mA
Note 2
Total of P40 to P46, P130 27V<sVbpD<36V 15.0 | mA
(When duty < 70% Note 3) 24V<SVDD<27V 9.0 | mA
Total of P00 to P07, P10 to P17, P20 to P27, 27V<sVbpD<36V 350 | mA
P70 to P77, P80 to P83, P125 to P127,
P140 to P143
(When duty < 70% Note 3)
Total of all pins 50.0 mA
(When duty < 70% Note 3)
loL2 Per pin for P150 to P156 0.4 mA
Note 2
Total of all pins 24V <sVDD<36V 2.8 mA
Note 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to the Vss 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 = (loL x 0.7)/(n x 0.01)
<Example> Where n =80% and loL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 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.

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)

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

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

1/fscL

tLow tHIGH

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

Timing of UDP and UDM

UDP
£ 90% 90% Y
V/cRrs (Crossover voltage)
10% 10%
ubMm
R tF

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UsB UDP sink current IDP_SINK 25 100 175 MA
standard UDM sink current IDM_SINK 25 100 175 pA
BC12 DCD source current IDP_SRC 7 10 13 MA
Data detection voltage VDAT_REF 0.25 0.325 0.4 \%
UDP source voltage VDP_SRC | Output current 250 pA 0.5 0.6 0.7 \%
UDM source voltage VDM_SRC | Output current 250 pA 0.5 0.6 0.7 \%
R01DS0192EJ0220 Rev.2.20 RENESAS Page 129 of 147

Dec 28, 2017



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)

3.8.3 Capacitor split 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
VL4 voltage VL4 C1to C4 = 0.47 uF Note 2 VDD \V;
VL2 voltage VL2 C1to C4 = 0.47 pF Note 2 2/3Vi4-0.07 | 2/3VL4 | 2/3 VL4 +0.07 \
VL1 voltage Vi1 C1to C4 = 0.47 pF Note 2 1/3VL4-0.08 | 1/3VL4 [1/3 VL4 +0.08 \Y
Capacitor split wait time Note 1 tVWAIT 100 ms

Note 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
Note 2. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL

C2: A capacitor connected between 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%

3.9 RAM Data Retention Characteristics

(TA = -40 to +105°C, Vss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply

VDDDR 1.44 Note 3.6 \
voltage

Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage reaches the
level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

-~ STOP mode - Operation mode

-—— RAM data retention mode —

VDD

T VDDDR

STOP instruction execution

Standby release signal /
(interrupt request) /
d
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3.10 Flash Memory Programming Characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
CPU/peripheral hardware clock fcLk 24V <\VDD<36V
1 24 MHz
frequency
Number of code flash rewrites Cerwr Retained for 20 years Times
1,000
Notes 1, 2, 3 TA = 85°CNote 4
Number of data flash rewrites Retained for 1 year
y 1,000,000
Notes 1, 2, 3 TAa =25°C
Retained for 5 years
100,000
TA = 85°CNote 4
Retained for 20 years 10,000
TA = 85°CNote 4
Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the rewrite.
Note 2. When using flash memory programmer and Renesas Electronics self programming library
Note 3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas Electronics
Corporation.
Note 4. This temperature is the average value at which data are retained.

3.11 Dedicated Flash Memory Programmer Communication (UART)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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