’{ENESAS Datasheet

RL78/L1C RO1DS0192EJ0200

RENESAS MCU Rev. 2.00
Feb 21, 2014

Integrated LCD controller/driver, 12-bit resolution A/D Converter, USB 2.0 controller (function), True Low Power Platform (as low as 112.5
pA/MHz, and 0.68 pA for RTC2 + LVD), 1.6 V to 3.6 V operation, 64 to 256 Kbyte Flash, 33 DMIPS at 24 MHz, for All LCD Based Applications

1. OUTLINE

1.1 Features

Ultra-Low Power Technology

* 1.6 V to 3.6 V operation from a single supply

 Stop (RAM retained): 0.25 pA, (LVD enabled):
0.31 pA

* Halt (RTC2 + LVD): 0.68 pA

* Supports snooze

* Operating: 112.5 pA/MHz

16-bit RL78 CPU Core

« Delivers 33 DMIPS at maximum operating frequency of 24 MHz

« Instruction Execution: 86% of instructions can be executed in 1 to 2
clock cycles

» CISC Architecture (Harvard) with 3-stage pipeline

* Multiply Signed & Unsigned: 16 x 16 to 32-bit result in 1 clock cycle

* MAC: 16 x 16 to 32-bit result in 2 clock cycles

 16-bit barrel shifter for shift & rotate in 1 clock cycle

« 1-wire on-chip debug function

Code Flash Memory

 Density: 64 to 256 KB

* Block size: 1 KB

* On-chip single voltage flash memory with protection from block
erase/writing

« Self-programming with secure boot swap function and flash shield
window function

Data Flash Memory

« Data Flash with background operation

« Data flash size: 8 KB

« Erase Cycles: 1 Million (typ.)

« Erase/programming voltage: 1.8 Vto0 3.6 V

RAM

* 8 KB to 16 KB size options

« Supports operands or instructions
« Back-up retention in all modes

High-speed On-chip Oscillator

24 MHz with +/- 1% accuracy over voltage (1.8 V to 3.6 V) and
temperature (-20°C to +85°C)

Pre-configured settings: 48 MHz, 24 MHz, 16 MHz, 12 MHz, 8 MHz,
6 MHz, 4 MHz, 3 MHz, 2 MHz, 1 MHz (TYP.)

* 48 MHz for USB, 48 MHz for timer KB2

Reset and Supply Management

* Power-on reset (POR) monitor/generator

« Low voltage detection (LVD) with 12 setting options (Interrupt and/or
reset function)

LCD Controller/Driver

» Up to 56 seg x 4 com or 52 seg x 8 com

« Supports capacitor split method, internal voltage boost method and
resistance division method

« Supports waveform types A and B

« Supports LCD contrast adjustment (18 steps)

* Supports LCD blinking

usB

« Complying with USB 2.0

« Corresponding to full-speed transfer (12 Mbps) and low-speed
(1.5 Mbps)

« Complying with Battery Charging Specification Revision 1.2

« Supports USB function controller

Data Transfer Controller (DTC)

« 33 sources & 24 different settings
« Transfer data: 8 bits/16 bits

* Normal mode and repeat mode

Event Link Controller (ELC)
« Reduce interrupt intervention
« Link 31 events to specified peripheral function

Multiple Communication Interfaces
» Up to 4 x 12C master

* Upto 1 x I2C multi-master

« Up to 4 x CSI (7-, 8-bit)

« Up to 4 x UART (7-, 8-, 9-bit)

e UptolxLIN

Extended-Function Timers

» Multi-function 16-bit timer TAU: Up to 8 channels (remote control
output available)

* Multi-function 16-bit timer KB2: 3 channels

« Real-time clock 2 (RTC2): 1 channel (full calendar and alarm function
with watch correction function)

« 12-bit interval timer: 1 channel

» 15 kHz watchdog timer: 1 channel (window function)

Rich Analog

« ADC: Up to 13 channels, 8/12-bit resolution, 3.375 ps minimum
conversion time

« Supports 1.6 V

« D/A converter: 2 channels, 8-bit resolution

« 2 x window comparators, with ELC connection

« Internal voltage reference (1.45 V)

« On-chip temperature sensor

Safety Features (IEC or UL 60730 compliance)
 Flash memory CRC calculation

* RAM parity error check

* RAM write protection

« SFR write protection

« lllegal memory access detection

« Clock stop/ frequency detection

» ADC self-test

« |/O port read back function (echo)

General Purpose I/O
* High-current (up to 20 mA per pin)
« Open-Drain, Internal Pull-up support

Operating Ambient Temperature
e Ta: -40 to +85 °C (A: Consumer applications)
« TA: -40 to +105 °C (G: Industrial applications)

Package Type and Pin Count

 80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)
« 85-pin plastic VFLGA (7 x 7 mm, 0.65 mm pitch)

» 100-pin plastic LFQFP (14 x 14 mm, 0.5 mm pitch)
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RL78/L1C 1. OUTLINE
O ROM, RAM capacities
Products with USB
RL78/L1C
Flash ROM Data Flash RAM
80 pins 85 pins 100 pins
256 KB 8 KB 16 KB Note R5F110MJ R5F110NJ R5F110PJ
192 KB 8 KB 16 KB Note R5F110MH R5F110NH R5F110PH
128 KB 8 KB 12 KB R5F110MG R5F110NG R5F110PG
96 KB 8 KB 10 KB R5F110MF R5F110NF R5F110PF
64 KB 8 KB 8 KB R5F110ME R5F110NE R5F110PE
Products without USB
RL78/L1C
Flash ROM Data Flash RAM -
80 pins 85 pins 100 pins
256 KB 8 KB 16 KB Note R5F111MJ R5F111NJ R5F111PJ
192 KB 8 KB 16 KB Note R5F111MH R5F111NH R5F111PH
128 KB 8 KB 12 KB R5F111MG R5F111ING R5F111PG
96 KB 8 KB 10 KB R5F111MF R5F111NF R5F111PF
64 KB 8 KB 8 KB R5F111ME R5F111NE R5F111PE
Note This is about 15 KB when the self-programming function and data flash function are used.
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RL78/L1C 1. OUTLINE

1.2 Ordering Information

Products with USB

C?L:’lt Package A’;Elli?::xt?(:n Orderable Part Number
80 pins 80-pin plastic A R5F110MEAFB#30, R5F110MFAFB#30, R5F110MGAFB#30, R5F110MHAFB#30, R5F110MJAFB#30
LFQFP R5F110MEAFB#50, R5F110MFAFB#50, R5F110MGAFB#50, R5SF110MHAFB#50, R5F110MJAFB#50
(12 x 12 mm,
0.5 mm pitch) G R5F110MEGFB#30, R5F110MFGFB#30, R5F110MGGFB#30, R5F110MHGFB#30, R5F110MJGFB#30
R5F110MEGFB#50, R5F110MFGFB#50, R5F110MGGFB#50, R5F110MHGFB#50, R5F110MJGFB#50
85 pins 85-pin plastic A R5F110NEALA#UO, R5F110NFALA#UO, R5F110NGALA#UO, R5F110NHALA#UO, R5F110NJALA#UO
VFLGA R5F110NEALA#WO0, R5F110NFALA#WO0, R5F110NGALA#WO0, R5F110NHALA#WO0, R5F110NJALA#WO
(7 x 7 mm,
0.65 mm pitch) G R5F110NEGLA#UO, R5F110NFGLA#UO, R5F110NGGLA#UO, R5F110NHGLA#UO, R5F110NJGLA#UO
R5F110NEGLA#WO0, R5F110NFGLA#WO0, R5F110NGGLA#WO0, R5F110NHGLA#WO0, R5F110NJGLA#WO
100 pins | 100-pin plastic A R5F110PEAFB#30, R5F110PFAFB#30, R5F110PGAFB#30, R5F110PHAFB#30, R5F110PJAFB#30
LFQFP R5F110PEAFB#50, R5F110PFAFB#50, R5F110PGAFB#50, R5F110PHAFB#50, R5F110PJAFB#50
(14 x 14 mm,
0.5 mm pitch) G R5F110PEGFB#30, R5F110PFGFB#30, R5F110PGGFB#30, R5F110PHGFB#30, R5F110PJGFB#30
R5F110PEGFB#50, R5F110PFGFB#50, R5F110PGGFB#50, R5F110PHGFB#50, R5F110PJGFB#50

Products without USB

Pin Package Fie!ds 9f Orderable Part Number
Count Application
80 pins | 80-pin plastic A R5F111MEAFB#30, R5F111MFAFB#30, R5F111MGAFB#30, R5F111MHAFB#30, R5F111MJAFB#30
LFQFP R5F111MEAFB#50, R5F111MFAFB#50, R5F111MGAFB#50, R5F111MHAFB#50, R5F111MJAFB#50
(12 x 12 mm,
0.5 mm pitch) G R5F111MEGFB#30, R5F111MFGFB#30, R5F111MGGFB#30, R5F111MHGFB#30, R5F111MJGFB#30
R5F111MEGFB#50, R5F111MFGFB#50, R5F111MGGFB#50, R5F111MHGFB#50, R5F111MJGFB#50
85 pins | 85-pin plastic A R5F111INEALA#UO, R5F111NFALA#UO, R5F111INGALA#UO, R5F111NHALA#UO, R5F111INJALA#UO
VFLGA R5F111INEALA#WO, R5F111INFALA#WO, R5F111INGALA#WO, R5F111INHALA#WO, R5F111NJALA#WO
(7 x 7 mm,
0.65 mm pitch) G R5F111INEGLA#UO, R5F111INFGLA#UO, R5F111INGGLA#UO, R5F111INHGLA#UO, R5F111INJGLA#UO
R5F111INEGLA#WO, R5F111INFGLA#WO, R5F111INGGLA#WO0, R5F111INHGLA#WO0, R5F111NJGLA#WO
100 pins | 100-pin plastic A R5F111PEAFB#30, R5F111PFAFB#30, R5F111PGAFB#30, R5F111PHAFB#30, R5F111PJAFB#30
LFQFP R5F111PEAFB#50, R5F111PFAFB#50, R5F111PGAFB#50, R5F111PHAFB#50, R5F111PJAFB#50
(14 x 14 mm,
0.5 mm pitch) G R5F111PEGFB#30, R5F111PFGFB#30, R5F111PGGFB#30, R5F111PHGFB#30, R5F111PJGFB#30
R5F111PEGFB#50, R5F111PFGFB#50, R5F111PGGFB#50, R5F111PHGFB#50, R5F111PJGFB#50
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RL78/L1C 1. OUTLINE

Figure 1 - 1 Part Number, Memory Size, and Package of RL78/L1C

PartNo. RSF110PEAXxXxFB#30

Packaging specification:
#30: Tray (LFQFP)
#UO: Tray (VFLGA)
#50: Embossed Tape (LFQFP)
#WO0: Embossed Tape (VFLGA)

Package type:
FB: LFQFP, 0.50 mm pitch
LA: VFLGA, 0.65 mm pitch

ROM number (Omitted with blank products)

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

ROM capacity:
E: 64 KB

F: 96 KB

G: 128 KB

H: 192 KB

J: 256 KB

Pin count:
M: 80-pin
N: 85-pin
P: 100-pin

RL78/L1C Group
110: Products with USB
111: Products without USB

Memory type:
F: Flash memory

Renesas MCU

Renesas semiconductor product

Caution  Orderable part numbers are current as of when this manual was published.
Please make sure to refer to the relevant product page on the Renesas website for the latest part numbers.
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RL78/L1C 1. OUTLINE

1.3 Pin Configuration (Top View)

1.3.1  80-pin products (with USB)

* 80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)
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P11/RxD2/SI120/SDA20/SEG41/VCOUTO O=—+1 61 40 O P70/KR7/SEG12
P10/INTP7/PCLBUZ0/SCK20/SCL20/SEG40 O~—| 62 39 O P71/KR6/SEG13
P27/TI05/TO05/(INTP5)/PCLBUZ1/SEG39 O+—*1 63 38 O P72/KR5/TKBO20/SEG14
P26/SO00/TxDO/TOOLTXD/SEG38 O~— 64 37 O P73/KR4/TKBO21/SEG15
P25/S100/RxDO/TOOLRXD/SDAO0/SEG37 O~——| 65 36 O P74/KR3/TKBO10/SEG16
P24/SCKO00/SCLO0/SEG36 O~ 66 35 O P75/KR2/TKBO11/SEG17
P23/TI07/TO07/SEG35 O=~—1 67 34 O P76/KR1/TKBOOO/SEG18
P22/TI04/TO04/SEG34 O=~—| 68 33 O P77/KRO/TKBOO1/SEG19
P21/ANI21/SEG33 O~—={ 69 32 O P30/TI03/TO03/REMOOUT/SEG20
P20/ANI20/SEG32 O~—={ 70 31 O P31/INTP3/RTC1HZ/SEG21
P143/ANI19/SEG31 O~— 71 30 O P32/TI01/TO01/SEG22
P142/ANI18/SEG30 O~—{ 72 29 O P33/INTP4/SCK30/SCL30/SEG23
P141/ANI17/SEG29 O~— 73 28 O P34/SI30/RxD3/SDA30/SEG24
P140/ANI16/SEG28 C~— 74 27 O P35/SO30/TxD3/SEG25
Uresc O——— 75 26 O P125/Vi3/(TI06)/(TO06)
UVeus O——| 76 25F—0O Vu
UDM C~— 77 24—0O Vi
upp O=~—+1 78 23—0O Vu
AVop O———— 79 22 O P126/CAPL/(TI04)/(TO04)
AVss O— 80 O 21 O P127/CAPH/(TI03)/(TO03)/(REMOOUT)
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Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 uF).
Caution 2. Connect the UReGc pin to Vss pin via a capacitor (0.33 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).
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RL78/L1C

1. OUTLINE

1.3.2

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

P11/RxD2/SI20/SDA20/SEG41/VCOUTO O~
P10/INTP7/PCLBUZ0/SCK20/SCL20/SEG40 O~—+
P27/TI05/TO05/(INTP5)/PCLBUZ1/SEG39 O~
P26/SO00/TXxDO/TOOLTXD/SEG38 O
P25/SI100/RxDO/TOOLRXD/SDAO0/SEG37 O+
P24/SCK00/SCLO0/SEG36 O+
P23/TI07/TO07/SEG35 O+—
P22/TI04/TO04/SEG34 O~

Caution

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

80-pin products (without USB)

P21/ANI21/SEG33 O~—=1
P20/ANI20/SEG32 O

P143/ANI19/SEG31 C~—"

P142/ANI18/SEG30 O=—+

P141/ANI17/SEG29 C~—"

P140/ANI16/SEG28 C~—"1

P82 O—

P83 O+

P156/ANI6 O~

P155/ANI5 C~—"1

AVop O———

AVss O—
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& [=——0O P50/SEG4/INTP6

al .o como
al— -0 comi

2 ——0 com7/seGs
& l~—~0 P51/SEGS
& |0 P52/SEG6

9} |«——=O P02/SO10/TXD1/(PCLBUZ0)/SEG50
D f«—O PO3/TI00/TOO0/INTPL/SEG51

& |+——=0O P01/SI10/RXxD1/SDA10/SEG49
S [=—0O PO4/INTP2/SEG52

S |+——=O P12/TXD2/SO20/SEG42
@ [«——O PO0/SCK10/SCL10/SEG48
& [«——O PO5/TI02/TO02/SEGE3

& [=—O PO6/INTP5/SEG54
& [+——O PO7/TI06/TO06/SEG55

5|——0 com2
&|——o0 coms

& [——+O COM4/SEGO
& —O COMS/SEG1
& F——0O come/sSEG2

O
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=

40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O

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

Vsso O— 5
Voo O——— &

PBO/SCLAO/(TIOL)/(TOOL) Cu—n] 13
P61/SDAAO/(TI02)/(TO02) O—r| N

P130 O=—— »
P46/ANO1 O=—+ 01
P45/ANOO0 O=—~ @

P44/IVREFO O~—» ~

P43/(INTP7)/IVCMPO Oe—+{ o
P40/TOOLO/(TI00)/(TO00) Oe— | ©

P152/ANI2 O]

RESET O— | &

P124/XT2/EXCLKS O——| B
P121/X1 O—

REGC O— &

P151/ANI1/AVREFM Om—n| N
P150/ANIO/AVRerp O—| W

P123/XT1 O——| &

P137/INTPO O—— &

P122/X2/EXCLK O——

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/TKBOO01/SEG19
P30/TI03/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/V13/(TI08)/(TO06)

P126/CAPL/(TI0A4)/(TO04)
P127/CAPH/(TI03)/(TO03)/(REMOOUT)

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

(PIOR).
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RL78/L1C 1. OUTLINE

1.3.3  85-pin products (with USB)
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Pin Name Pin Name Pin Name Pin Name Pin Name
Al | COM7/SEG3 Cl | COM2 E1 | PO4/INTP2/SEG52 G1 | POO/SCK10/SCL10/ J1 | Vsso
SEG48
A2 | P51/SEG5 C2 | COM5/SEG1 E2 | PO5/TI02/TO02/SEG53 G2 | Vsso J2 | P11/RxD2/SI120/SDA20/
SEG41/VCOUTO
A3 | P70/KR7/SEG12 C3 | COM6/SEG2 E3 | PO6/INTP5/SEG54 G3 | P12/TxD2/SO20/SEG42/ J3 | P26/SO00/TxDO/
VCOUT1 TOOLTXD/SEG38
A4 | P73/KR4/TKBO21/SEG15 | C4 | P71/KR6/SEG13 E4 — G4 — J4 | P23/TI07/TO07/SEG35
A5 | P74/KR3/TKBO10/SEG16 | C5 | P76/KR1/TKBOOO/SEG18 | E5 — G5 — J5 | P20/ANI20/SEG32
A6 | P3L/INTP3/RTC1HZ/ C6 | P77/KRO/TKBOO1/SEG19 | E6 — G6 — J6 | P141/ANI17/SEG29
SEG21
A7 | P33/INTP4/SCK30/SCL30/ | C7 | P34/SI30/RxD3/SDA30/ E7 — G7 — J7 | Uresc
SEG23 SEG24
A8 | P35/SO30/TxD3/SEG25 C8 | Vu E8 | P40/TOOLO/(TI00)/(TO00) | G8 | P44/(SCK10)/(SCL10)/ J8 | UVeus
IVREFO
A9 | Vis C9 | P61/SDAAO/(TI02)/(TO02) | E9 | P137/INTPO G9 | P45/ANOO J9 | AVop
A10 | P126/CAPL/(TI04)/(TO04) | C10 | Vooo E10 | P122/X2/EXCLK G10 | P123/XT1 J10 | P150/ANIO/AVREFP
Bl | COM4/SEGO D1 | COMO F1 [ PO3/TIO0/TO00/INTP1/ H1 | Vsso K1 | Vsso
SEG51
B2 | PS0/SEG4/INTP6 D2 | COM1 F2 | P02/SO10/TxD1/ H2 | Vsso K2 | P27/TI05/TO05/(INTP5)/
(PCLBUZ0)/SEG50 PCLBUZ1/SEG39
B3 | P52/SEG6 D3 | PO7/TI06/TO06/SEG55 F3 | PO1/SI10/RxD1/SDA10/ H3 | P10/INTP7/PCLBUZO/ K3 | P25/S100/RxDO/
SEG49 SCK20/SCL20/SEG40 TOOLRXD/SDAOO/SEG37
B4 | P72/KR5/TKBO20/SEG14 | D4 | COM3 F4 — H4 | P24/SCKO0/SCLOO/ K4 | P22/TI04/TO04/SEG34
SEG36
B5 | P75/KR2/TKBO11/SEG17 | D5 — F5 — H5 | P21/ANI21/SEG33 K5 | P143/ANI19/SEG31
B6 | P30/TI03/TO03/ D6 — F6 — H6 | P140/ANI16/SEG28 K6 | P142/ANI18/SEG30
REMOOUT/SEG20
B7 | P32/TI01/TO01/SEG22 D7 — F7 — H7 | P152/ANI2 K7 | UDM
B8 | P125/VLa/(TI06)/(TO06) D8 | P60/SCLAO/(TIOL)/(TOOL) | F8 | P43/(INTP7)/(SI10)/ H8 | P46/ANO1 K8 | ubP
(RxD1)/(SDA10)/IVCMPO
B9 | Vi2 D9 | REGC F9 | RESET H9 | P130 K9 | AVss
B10 | P127/CAPH/(TI03)/ D10 | P121/X1 F10 | Vsso H10 | P124/XT2/EXCLKS K10 | P151/ANI1/AVREFM
(TO03)/(REMOOUT)
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RL78/L1C 1. OUTLINE

1.3.4  85-pin products (without USB)
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Pin Name Pin Name Pin Name Pin Name Pin Name
Al | COM7/SEG3 Cl | COM2 E1 | PO4/INTP2/SEG52 G1 | POO/SCK10/SCL10/ J1 | Vsso
SEG48
A2 | P51/SEG5 C2 | COM5/SEG1 E2 | PO5/TI02/TO02/SEG53 G2 | Vsso J2 | P11/RxD2/SI120/SDA20/
SEG41/VCOUTO
A3 | P70/KR7/SEG12 C3 | COM6/SEG2 E3 | PO6/INTP5/SEG54 G3 | P12/TxD2/SO20/SEG42/ J3 | P26/SO00/TxDO/
VCOUT1 TOOLTXD/SEG38
A4 | P73/KR4/TKBO21/SEG15 | C4 | P71/KR6/SEG13 E4 — G4 — J4 | P23/TI07/TO07/SEG35
A5 | P74/KR3/TKBO10/SEG16 | C5 | P76/KR1/TKBOOO/SEG18 | E5 — G5 — J5 | P20/ANI20/SEG32
A6 | P3L/INTP3/RTC1HZ/ C6 | P77/KRO/TKBOO1/ E6 — G6 —_ J6 | P141/ANI17/SEG29
SEG21 SEG19
A7 | P33/INTP4/SCK30/ C7 | P34/SI30/RxD3/SDA30/ E7 — G7 — J7 | P82
SCL30/SEG23 SEG24
A8 | P35/SO30/TxD3/SEG25 C8 | Vi E8 | P40/TOOLO/(TI00)/(TO00) | G8 | P44/(SCK10)/(SCL10)/ Jg | P83
IVREFO
A9 | Vis C9 | P61/SDAAO/(TI02)/(TO02) | E9 | P137/INTPO G9 | P45/ANOO J9 | AVop
A10 | P126/CAPL/(TI04)/(TO04) | C10 | Vooo E10 | P122/X2/EXCLK G10 | P123/XT1 J10 | P150/ANIO/AVREFP
Bl | COM4/SEGO D1 | COMO F1 [ PO3/TIO0/TO00/INTP1/ H1 | Vsso K1 | Vsso
SEG51
B2 | PS0/SEG4/INTP6 D2 | COM1 F2 | P02/SO10/TxD1/ H2 | Vsso K2 | P27/TI05/TO05/(INTP5)/
(PCLBUZ0)/SEG50 PCLBUZ1/SEG39
B3 | P52/SEG6 D3 | PO7/TI06/TO06/SEG55 F3 | PO1/SI10/RxD1/SDA10/ H3 | P10/INTP7/PCLBUZO/ K3 | P25/S100/RxDO/
SEG49 SCK20/SCL20/SEG40 TOOLRXD/SDAOO/SEG37
B4 | P72/KR5/TKBO20/SEG14 | D4 | COM3 F4 — H4 | P24/SCKO0/SCLOO/ K4 | P22/TI04/TO04/SEG34
SEG36
B5 | P75/KR2/TKBO11/SEG17 | D5 — F5 — H5 | P21/ANI21/SEG33 K5 | P143/ANI19/SEG31
B6 | P30/TI03/TO03/ D6 — F6 — H6 | P140/ANI16/SEG28 K6 | P142/ANI18/SEG30
REMOOUT/SEG20
B7 | P32/TI01/TO01/SEG22 D7 — F7 — H7 | P152/ANI2 K7 | P156/ANI6
B8 | P125/VLa/(TI06)/(TO06) D8 | P60/SCLAO/(TIOL)/(TOOL) | F8 | P43/(INTP7)/(SI10)/ H8 | P46/ANO1 K8 | P155/ANI5
(RxD1)/(SDA10)/IVCMPO
B9 | Vi2 D9 | REGC F9 | RESET H9 | P130 K9 | AVss
B10 | P127/CAPH/(TI03)/ D10 | P121/X1 F10 | Vsso H10 | P124/XT2/EXCLKS K10 | P151/ANI1/AVREFM
(TO03)/(REMOOUT)
R0O1DS0192EJ0200 Rev. 2.00 LENESAS Page 8 of 149
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RL78/L1C 1. OUTLINE

1.35 100-pin products (with USB)

* 100-pin plastic LFQFP (fine pitch) (14 x 14 mm, 0.5 mm pitch)
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P143/ANI19/SEG31 O=—| gg 40 O P75/KR2/TKBO11/SEG17
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Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 uF).
Caution 2. Connect the UReGc pin to Vss pin via a capacitor (0.33 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).
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RL78/L1C 1. OUTLINE

1.3.6 100-pin products (without USB)

* 100-pin plastic LFQFP (fine pitch) (14 x 14 mm, 0.5 mm pitch)
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P10/INTP7/PCLBUZ0/SCK20/SCL20/SEGA40 Os—| 77 49 O P54/SEG8
P27/(TI05)/(TOO5)/(INTP5)/PCLBUZ1/SEG39 O+—| 78 48 O P55/SEG9
P26/SO00/TXDO/TOOLTXD/SEG38 Oe—| 79 47 O P56/SEG10
P25/SI00/RXDO/TOOLRXD/SDAOO/SEG37 O~—| 80 46 O P57/SEG11
P24/SCK00/SCLOO/SEG36 O~ =] 81 45 O P70/KR7/SEG12
P23/TI07/TO07/SEG35 O=——| g2 44 O P71/KR6/SEG13
P22/TI04/TO04/SEG34 O+—| g3 43 O P72/KR5/TKBO20/SEG14
P21/ANI2L/SEG33 O=—{ g4 42 O P73/KR4/TKBO21/SEG15
P20/ANI20/SEG32 O=—| g5 il O P74/KR3/TKBO10/SEG16
P143/ANI19/SEG31 C~—+| gg 40 O P75/KR2/TKBO11/SEG17
P142/ANI18/SEG30 O~—| g7 39 O P76/KR1/TKBOOO/SEG18
P141/ANI17/SEG29 C=—~| gg 38 O P77/KRO/TKBOO1/SEG19
P140/ANI16/SEG28 O~——| g9 37 O P30/TI03/TO03/REMOOUT/SEG20
Voo O—— g0 36 O P31/INTP3/RTCIHZ/SEG21
Vsst O——— 91 35 f«——(O P32/TI01/TO01/SEG22
P80 Ow—n{ g2 34 O P33/INTP4/SCK30/SCL30/SEG23
P81 O=— | 93 33 O P34/SI30/RxD3/SDA30/SEG24
P82 O+ 04 32 [« +O P35/SO30/TXD3/SEG25
P83 O=— 95 31 © P36/SEG26
P156/ANI6 O~—| gg 30 O P37/SEG27
P155/ANI5 Om—| g7 29 O P125/VLa/(TI06)/(TO06)
AVoo O——| 98 28 —0O Vuu
AVss O—— 99 27 —0O V2
P154/ANI4 O~——| 100 26 [——0 vu
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Caution  Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).

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

R0O1DS0192EJ0200 Rev. 2.00 RENESAS Page 10 of 149
Feb 21, 2014



RL78/L1C

1. OUTLINE

1.4 Pin Identification

ANIO to ANIG6,
ANI16 to ANI21
ANOO, ANO1
AVDD

AVREFM

AVREFP

AVss

CAPH, CAPL
COMO to COM7
EXCLK

EXCLKS

INTPO to INTP7

IVCMPO, IVCMP1
IVREFO, IVREF1

: Analog Input

: Analog Output
: Analog Power Supply

: Analog Reference Voltage

Minus

: Analog Reference Voltage

Plus

. Analog Ground
. Capacitor for LCD
: LCD Common Output

. External Clock Input

(Main System Clock)

. External Clock Input

(Subsystem Clock)

: External Interrupt Input
: Comparator Input

. Comparator Reference Input

SCLOO, SCL10, SCL20, SCL30
SDAAOQ, SDA0O, SDA10,
SDA20, SDA30

SEGO to SEG55

SI00, SI10, SI20, SI30
S000, SO10, SO20, SO30
TIOO to TIO7

TOO0O0 to TOO7

TKBOO00, TKBOO01, TKBO10,
TKBO11, TKBO20, TKBO21
TOOLO

TOOLRXD, TOOLTxD

UDM, UDP

UREGC

UVBus

TxDO to TxD3
VCOUTO, VCOUT1

: Serial Clock Output
. Serial Data Input/Output

: LCD Segment Output
: Serial Data Input

. Serial Data Output

: Timer Input

. Timer Output

: Data Input/Output for Tool
. Data Input/Output for

External Device

: USB Input/Output

: USB Regulator Capacitance

: USB Input/USB Power Supply
: Transmit Data

: Comparator Output

Feb 21, 2014

KRO to KR7 . Key Return VDDo, VDD1 : Power Supply
P00 to PO7 : Port0 VL1 to Via : LCD Power Supply
P10 to P17 : Portl Vsso, Vss1 : Ground
P20 to P27 . Port 2 X1, X2 . Crystal Oscillator
P30 to P37 : Port3 (Main System Clock)
P40 to P46 . Port 4 XT1, XT2 . Crystal Oscillator
P50 to P57 : Port5 (Subsystem Clock)
P60 to P62 : Port 6
P70 to P77 : Port7
P80 to P83 1 Port 8
P121 to P127 . Port 12
P130, P137 : Port 13
P140 to P143 . Port 14
P150 to P156 : Port 15
PCLBUZO0, PCLBUZ1 : Programmable Clock Output/
Buzzer Output
REGC . Regulator Capacitance
REMOOUT : Remote Control Output
RESET . Reset
RTC1HZ . Real-time Clock Correction
Clock (1 Hz) Output
RxDO to RxD3 . Receive Data
SCKO00, SCK10, : Serial Clock Input/Output
SCK20, SCK30
SCLAO . Serial Clock Input/Output
R0O1DS0192EJ0200 Rev. 2.00 RENESAS Page 11 of 149



RL78/L1C

1. OUTLINE

1.5

151

Block Diagram

TIMER ARRAY

UNITO (8 ch)
TIO1/TO01 =—r7 ch1
TI02/TO02 =—1

TIO3/TO03 =—

TI04/TO04 =—

TI05/TO05 ~—

TI06/TO06 =—

TI07/TO07 —=—

REMOOUT ==—— REMOTE CARRIER

o o o [} [} o
> > > > > >
~ =) o IS w N

g

80/85-pin products (with USB)

[—— ANI2

(T ANI6 to ANI2L

[«—— AV&rerr/ANIO

A/D CONVERTER

[+—— AVrern/ANI1

E : CODE FLASH MEMORY |

RL78 CPU CORE

0

PORT 0

K 8> P00 to PO7

i

PORT 1

K 3> P10to P12

i

PORT 2 K 8> P20to P27

U

PORT 3

KT > P30to P35

PORT 4

K 5> P40, P43 to P46

i

PORT 5

K 3> P50to P52

i

PORT 6

K Z_> P60, P61

U

PORT 7

K B> P701to P77

(3> P125t0 P127
{Z ] P121toP124

i

PORT 12

MULTIPLIER &
DIVIDER,
MULITIPLY- %
ACCUMULATOR DATA FLASH MEMORY

g ¢ ¢

g

TKBO0O ::| @
TKBOOL TIMER KB2_0
TKBO10
TKBO11
TKBO20
TKBO21 TIMER KB2_2 -
WINDOW
WATCHDOG
TIMER
LOW-SPEED
ON-CHIP 12- BIL:\%;’ERVAL
OSCILLATOR
REAL-TIME
RTC1HZ «— CLOCK
SERIAL ARRAY
UNITO (4 ch)
RXDO ——1 o] UARTO
TXDO =——
RxD1 —
TXOL UART1
SCKO0 <—1
5100 —=| csloo
S000
SCK10 <—1+]
SI110 — =] csli0
S010
SCL0O =—
SDA00 =— Icoo
SCL10=—
SDA10 =— IIC10
SERIAL ARRAY
UNITL (4 ch)
RxD2 ——
e I
RXD3 —
et
SCK20 <+—+]
5120 —— =] csl20
$020
SCK30 <—1+]
S130 —— ] CsI30
S030
SCL20 -—1
SDA20 =] 11c20
SCL30 =—
SDA30 «— lIc30
SEGO to SEG6, SEG12 to SEG25, LcD
SEG27 to SEG42, SEG48 to SEG55 CONTROLLER/
como to com7 CEJ DRIVER
Vi1 t0 Vi —— RAM SPACE
CAPH — FOR LCD DATA
CAPL —

g

P130
P137

2> P140to P143

PORT 13

PORT 14

g

RAM

AVop, AVss, TOOLRXD,
Vooo  Vsso  TOOLTXD

SDAAO
SCLAO

<:> SERIAL
INTERFACE IICAQ |q—»

BUZZER OUTPUT
PCLBUZO,
PCLBUZ1

: : CLOCK OUTPUT :
CONTROL

DATA TRANSFER
CONTROL
EVENT LINK
CONTROLLER

BCD
K~ ADJUSTMENT
USB VOLTAGE
REGULATOR

Urecc

{

]

UDP
UDM

[e—— UVaus

[——

UsB

|——

PORT 15 P150 to P152

i

KEY RETURN K B_] KRO to KR7

i

POWER ON RESET/
VOLTAGE
DETECTOR

RESET CONTROL
= EEa e

POR/LVD
CONTROL

SYSTEM
CONTROL le—— RESET
HIGH-SPEED X1
ON-CHIP [e—— X2/EXCLK
OSCILLATOR XT1
XT2/EXCLKS
REGC

VOLTAGE
REGULATOR
INTERRUPT
- CONTROL (8] INTPO to INTP7

ANOO
K| DIA CONVERTER
COMPARATOR
(1 ch)

g

—= VCOUTO
COMPARATORO IVCMPO
IVREFO

R01DS0192EJ0200 Rev. 2.00

Feb 21

, 2014
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RL78/L1C

1. OUTLINE

15.2

TIMER ARRAY
UNITO (8 ch)
TI00/TO00 =— cho
TI01/TO01 =— ch1l
TI02/T002 =— ch2
TI03/TO03 =— ch3
TI04/TO04 ~—rt cha <:>
TI05/TO05 =— chs
TI06/TO06 =— ch6
TIO7/TO07 =— ch7

80/85-pin products (without USB)

-

A/D CONVERTER

(3 ANz, ANIS, ANIS
(T Ani6 o ANI2

[+—— AVrerr/ANIO

[e———— AVrern/ANI1

RL78 CPU CORE

MULTIPLIER &
DIVIDER,
MULITIPLY-
ACCUMULATOR

g CODE FLASH MEMORY

PORT 0

i

il

PORT 1

PORT 2

i

PORT 3

i

PORT 4

U

PORT 5

PORT 6

U

PORT 7

i

PORT 8

i

K 8> P00 to PO7
K3 > P10to P12
K B> P20to P27

K T_> P30to P35
S P40, P43 to P46
K 3> P50to P52
K2 > P60, P61
8> P70t0 P77

2> P82, P83

5 DATA FLASH MEMORY

g

P125to P127

PORT 12
P121 to P124
P130
PORT 13
SL_ore [

TKBOOO ::| @
TKBOOL TIMER KB2_0
TKBO10
TKBOLL TIMER KB2_1 K>
TKBOZD::I :
TKRO21 TIMER KB2_2
WINDOW
WATCHDOG K2
TIMER
LOW-SPEED
12- BIT INTERVAL
ON-CHIP <:>
OSCILLATOR TIMER
REAL-TIME
RTC1HZ =— CLocK <:>
SERIAL ARRAY
UNITO (4 ch)
RxD0 —— 1] UARTO
TxDO -—1—
RxD1 —
s I
SCKO0 =—=
S100 —1»| csloo <:>
S000
SCK10 <—+]
S110 — = csl10
5010
SCLOO =—
SoAo——]
SCL10~—
o]
SERIAL ARRAY
UNIT1 (4 ch)
RxD2 —
b2 UART2
RXD3 —
TXD3 =——] UART3
SCK20 =—*
5120 ——o] cslI20
5020 <:>
SCK30 <—1»]
5130 ——o] CsI30
S030
SCL20 =—
Soaz0 ]
SCL30 =—
Sos0
SEGO to SEG6, SEG12 to SEG25, LCD
SEG27 to SEG42, SEG48 to SEG55 CONTROLLER/
COMO to COM7 <x DRIVER <:>
Via 10 Vie — RAM SPACE
CAPH— | FOR LCD DATA
capL —

g

RAM

AVop,
Vooo

SERIAL
INTERFACE IICAO

BUZZER OUTPUT
: : CLOCK OUTPUT
CONTROL

DATA TRANSFER
CONTROL
EVENT LINK
CONTROLLER
BCD
K~ ADJUSTMENT

(

(

AVss, TOOLRXxD,
Vsso  TOOLTXD

SDAAO
SCLAO

 —

PCLBUZO,
PCLBUZ1

=

PORT 14

|

P140to P143

P150 to P152,

- PORT 15 (5D P155, P156
C_ ) KEYRETURN K B ] KROto KR7
POWER ON RESET/ PORILVD
VOLTAGE CONTROL

DETECTOR

RESET CONTROL
{_ > ON-CHIP DEBUG TOOLO
SYSTEM e e
CONTROL RESET
X1

HIGH-SPEED |  |a—— X2/EXCLK
ON-CHIP XT1

OSCILLATOR XT2/EXCLKS
VOLTAGE

REGULATOR REGC

INTERRUPT
K> 8] INTPO to INTP7
ANOO
K _D| D/A CONVERTER
COMPARATOR
(1 ch)
K= — vcouTo
COMPARATORO IVCMPO
IVREFO

R01DS0192EJ0200 Rev. 2.00
Feb 21, 2014
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RL78/L1C

1. OUTLINE

153

100-pin products (with USB)

TIMER ARRAY .
- PORT 0 KB P00 to PO7
e | rorro KEpeow
TI00/TO00 =— ch 0 - PORT 1 KB P10to P17
TIOL/TOO01 =— ch1
= B
TI02/T002 =— ch2
- PORT 3 K B> P30to P37
TI03/TO03 ~— ch3
- PORT 4 7> P40 to P46
TI04/TO04 ~— cha -
<II ANI2 to ANIG - PORT 5 K B> P50to P57
TI05/TO05 =— chs
()] AID CONVERTER < AnsroAN2L - ” P60, P61
TI06/TO06 =— ch6 - AVeers/ANIO
le——— AVrerw/ANIL - (B P70t P77
TI07/TO07 =— ch7
P125 to P127
REMOOUT =—— REMOTE CARRIER CODE FLASH MEMORY (T P12t 1o P124
MULTIPLIER &
DIVIDER, PORT 13 P130
MULITIPLY- p137
mggg? TIMER KB2_0 N ACCUMULATOR DATA FLASH MEMORY
5 o ez nanen
TKBO10
TKBO11 TIMER KB2_1 K->
TKBO% W P150 to P156
KoL ::I TIMER KB2_2 |<:> @
KEY RETURN E] KROto KR7
oo e I =
WATCHDOG K2 RAM
TIMER POWER ON RESET/|
OLTAG POR/LVD
SPEED VOLTAGE CONTROL
LOW-S 12- BIT INTERVAL DETECTOR
ON-CHIP TIMER <:>
OSCILLATOR | | |
REAL-TIME AVoo, AVss, TOOLRXD
: : . RESET CONTROL
RTC1HZ <— cLocK - Vooo, Vsso, TOOLTXD K~
Voor  Vssi
SERIAL ARRAY (> ON-CHIP DEBUG TOOLO
UNITO (4 ch)
UARTO SYSTEM
RXDg ™ CONTROL  |e—— RESET
TxDO -—1—
HIGH-SPEED X1
RxD1 —| ON-CHIP | [e—— X2/EXCLK
SCKO00 +—=f INTERFACE ICAO la—s- sCLAO XT2/EXCLKS
100 —t»] Cs100 K=
SO00 BUZZER OUTPUT oLTAGE
SCK10 =—1 > PCLBUZO,
___________ = : REGC
110 —t=f csl10 CLOCK OUTPUT PCLBUZ1 REGULATOR
S010 CONTROL
INTERRUPT
SCLOQ =— el
licoo ~-“ INTPO 1o INTP?
SDA0D <— (| DATA TRANSFER CONTROL
SCL10 =—] o1 CONTROL NGO
SDA10 =— C_>| DIA CONVERTER ANOL
¢ EvenTunk
SERIAL ARRAY CONTROLLER COMPARATOR
UNIT1 (4 ch) (2 ch)
RxD2 —| - BCD = vcouTo
TXD2 =—] UART2 ADJUSTMENT I vempo
RxD3 — - I IVREFO
TXD3 -— USB VOLTAGE I » VCOUTL
REGULATOR COMPARATOR1 — IVCMP1
SCK20 =—T+f CRC - - - IVREFL
120 —=] csI20
$020 - Urece
SCK30 *+—*
130 —»] CSI30 le—— uDP
S030=—71 <:> usB le——» UDM
SCL20= 11c20 le—— UV
SDA20 =— ous
SCL30=—1
Soa0 ]
SEGO to SEGS5 55 LCD
CONTROLLER/
COMO to COM7 B DRIVER

Vi1 1o Via
CAPH
CAPL

RAM SPACE
FOR LCD DATA

R01DS0192EJ0200 Rev. 2.00

Feb 21, 2014
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RL78/L1C

1. OUTLINE

154

100-pin products (without USB)

C 880888 LU

U

PORT 0

PORT 1

PORT 2

PORT 3

PORT 4

PORT 5

PORT 6

PORT 7

PORT 8

K 8> P00 to PO7
K8 > P10to P17
K B> P20 to P27
K B> P30to P37
7> P40 to P46
K 8> P50to P57
K 2> P60, P61
B> P70to P77

4 4

4 P80 to P83

U

PORT 12

E

PORT 13

P125 to P127
P121to P124
P130
P137

TIMER ARRAY
UNITO (8 ch)
TI00/TO00 ~—1 cho
TIO1/TO0L =—1 ch1
TI02/TO02 =—1 ch2
TIO3/TO03 =—1 ch3
TIOA/TO04 ~— ch4 : :
<E ANizto ANI6
TIOS/TO05 =—1 chs
()] AID CONVERTER T ANtswAN2L
TIO6/TO06 ~=—1 ch6 e AVeere/ANIO
|e———— AVrer/ANIL
TI07/TO07 =—1 ch7
RL78 CPU CORE é‘g‘
REMOOUT =—— REMOTE CARRIER CODE FLASH MEMORY
MULTIPLIER &
DIVIDER,
MULITIPLY-
TRB000 TIMERKB2.0 K= ACCUMULATOR DATA FLASH MEMORY
TKBO10 @
TKBOLL TIMER KB2_1 K->
TKBO20
TKRO21 ::' TIMER KB2_2 |<:> @
WINDOW
WATCHDOG
TIMER =) RAM
LOW-SPEED
12- BIT INTERVAL
ON-CHIP |—v -
OSCILLATOR TIMER | | |
REAL-TIME C> AVoo, AVss, TOOLRXD,
RTC1HZ -—] CLOCK Vooo,  Vsso, TOOLTXD
Vooi Vst
SERIAL ARRAY
UNITO (4 ch)
RXDO ——1ul UARTO
TxDO -—1—
RxD1 —
DAA
o AL | PO i
SCKO00 =—t+f SCLAO
S100 — = CslI00 <:>
S000 BUZZER OUTPUT
SCK10 =—+ PCLBUZO0,
SI110 — = csli10 C> CLOCK OUTPUT |1> PCLBUZ1
S010 CONTROL
o
SDAQ0 =— - DATA TRANSFER
SCL10 =— CONTROL
SDA10=— lic10
EVENT LINK
-
SERIAL ARRAY CONTROLLER
UNIT1 (4 ch)
RXD2 —— BCD
TXD2 <—o UART2 K~ ADIUSTMENT
RxD3 —
D3 UART3
SCK20 =—1+]
S120 —=] csI20
5020 <:>
SCK30 +—1+]
S130 —=| CsI30
S030=—
SCL20 =—]
SoAz0—
SCL30 =—]
Soan—]
SEGO to SEGS5 55 LCD
CONTROLLER/
COMO to COM7 B DRIVER : :
Vi 1o Vis —— RAM SPACE
CAPH —— FOR LCD DATA
CAPL —

8 4

PORT 14

|

PORT 15

KEY RETURN

P140 to P143

K 7> P150 to P156

{ 8] KRO to KR7

POWER ON RESET/
VOLTAGE
DETECTOR

POR/LVD
CONTROL

{1 RESET CONTROL

ON-CHIP DEBUG

TOOLO

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR

[*— RESET

X1

le—— X2/EXCLK
XT1
XT2/EXCLKS

U

U

VOLTAGE
REGULATOR

INTERRUPT
contROL KB

D/A CONVERTER

REGC

NTPO to INTP7

ANOO
ANO1

g

COMPARATOR
(2ch)

COMPARATORO

COMPARATOR1

—— VCOUTO
IVCMPO
IVREFO

VCOUT1
IVCMP1
IVREF1

I
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RL78/L1C

1. OUTLINE

1.6 Outline of Functions

[80/85-pin, 100-pin products (with USB)]

80/85-pin 100-pin
Item
R5F110Mx/R5F110NX (x = E to H, J) R5F110Px (x = E to H, J)
Code flash memory (KB) 64 to 256 64 to 256
Data flash memory (KB) 8 8
RAM (KB) 8 to 16 Note 1 8to 16 Note 1

Memory space

1MB

Main system clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)

1to 20 MHz: Vbb=2.7t03.6 V, 1to 8 MHz: Vbp =1.8t0 2.7V, 1t0 4 MHz: Vbp =1.6t0 1.8 V

High-speed on-chip
oscillator clock

HS (high-speed main) operation mode: 1 to 24 MHz (Vop = 2.7 to 3.6 V),
HS (high-speed main) operation mode: 1 to 16 MHz (Vop = 2.4 to 3.6 V),
LS (low-speed main) operation mode: 1 to 8 MHz (Vop = 1.8 to 3.6 V),
LV (low-voltage main) operation mode: 1 to 4 MHz (Vob = 1.6 to 3.6 V)

PLL clock

6, 12, 24 MHz Note 2: \/pp = 2.4 t0 3.6 V

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Vop = 1.6 t0 3.6 V

Low-speed on-chip oscillator clock

15 kHz (TYP): Vop = 1.6 t0 3.6 VV

General-purpose register

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

Minimum instruction execution time

0.04167 ps (High-speed on-chip oscillator clock: fHoco = fiH = 24 MHz operation)

0.04167 pus (PLL clock: frLL = 48 MHz/fin = 24 MHz Note 2 gperation)

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

30.5 ps (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.

1/0O port Total 59 7
CMOS I/O 51 69
CMOS input 5 5
CMOS output 1 1
N-ch open-drain I1/O 2 2
(6 V tolerance)

Timer 16-bit timer TAU

8 channels (with 1 channel remote control output function) (Timer outputs: 8, PWM outputs: 7 Note 3)

16-bit timer KB2

3 channels (PWM outputs: 6)

Watchdog timer 1 channel

12-bit interval timer 1 channel

Real-time clock 2 1 channel

RTC output 1

1 Hz (subsystem clock: fsus = 32.768 kHz)

Note 1. In the case of the 16 KB, this is about 15 KB when the self-programming function and data flash function are used.
Note 2. In the PLL clock 48 MHz operation, the system clock is 2/4/8 dividing ratio.
Note 3. The number of outputs varies, depending on the setting of channels in use and the number of the master.
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RL78/L1C 1. OUTLINE

(212)
80/85-pin 100-pin
Item
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
(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)
8/12-bit resolution A/D converter 9 channels 13 channels
D/A converter 2 channels 2 channels
Comparator 1 channel 2 channels
Serial interface « CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 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 Vob =1.610 3.6 V
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.
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RL78/L1C

1. OUTLINE

[80/85-pin, 100-pin products (without USB)] (1/2)

Item

80/85-pin 100-pin

R5F111Mx/R5F111Nx (x = E to H, J) R5F111Px (x =E to H, J)

Code flash memory (KB)

64 to 256 64 to 256

Data flash memory (KB)

8 8

RAM (KB)

8to 16 Note 1 8to 16 Note 1

Memory space

1MB

Main system clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
1to20 MHz: Vop=2.7t03.6 V,1to 8 MHz: Vbp =1.8t02.7V,1t0 4 MHz: Vbp = 1.6 t0 1.8 V

High-speed on-chip
oscillator clock

HS (high-speed main) operation mode: 1 to 24 MHz (Vop = 2.7 to 3.6 V),
HS (high-speed main) operation mode: 1 to 16 MHz (Vbbb = 2.4t0 3.6 V,
LS (low-speed main) operation mode: 1 to 8 MHz (Vop = 1.8 to 3.6 V),
LV (low-voltage main) operation mode: 1 to 4 MHz (Vob = 1.6 to 3.6 V)

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Vbb = 1.6 t0 3.6 V

Low-speed on-chip oscillator clock

15 kHz (TYP.): Vop = 1.6 t0 3.6 VV

General-purpose register

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

Minimum instruction execution time

0.04167 pus (High-speed on-chip oscillator clock: fHoco = fiH = 24 MHz operation)

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

30.5 ps (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.

1/0O port Total 63 81
CMOS I/0 55 73
CMOS input 5 5
CMOS output 1 1
N-ch open-drain I1/O 2 >
(6 V tolerance)

Timer 16-bit timer TAU

8 channels (with 1 channel remote control output function) (Timer outputs: 8, PWM outputs: 7 Note 2)

16-bit timer KB2

3 channels (PWM outputs: 6)

Watchdog timer 1 channel
12-bit interval timer 1 channel
Real-time clock 2 1 channel
RTC output 1
1 Hz (subsystem clock: fsus = 32.768 kHz)
Note 1. In the case of the 16 KB, this is about 15 KB when the self-programming function and data flash function are used.
Note 2. The number of outputs varies, depending on the setting of channels in use and the number of the master.
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RL78/L1C 1. OUTLINE

(212)
80/85-pin 100-pin
Item
R5F111Mx/R5F111Nx (x = E to H, J) R5F111Px (x = Eto 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
(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)
8/12-bit resolution A/D converter 11 channels 13 channels
D/A converter 2 channels 2 channels
Comparator 1 channel 2 channels
Serial interface « CSI: 1 channel/lUART (UART supporting LIN-bus): 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
« CSI: 1 channel/lUART: 1 channel/simplified 12C: 1 channel
12C bus 1 channel ’ 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) 30 sources 31 sources
Event link controller (ELC) Event input: 30, Event trigger output: 22 Event input: 31, Event trigger output: 22
Vectored interrupt Internal 32 33
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 Vop =1.610 3.6 V
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.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

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

This chapter describes the electrical specifications for the products A: Consumer applications (TA = -40 to +85 °C) and
G: Industrial applications (when used in the range of TA = -40 to +85 °C).

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 1.3.1 80-pin products (with USB) to 1.3.6 100-pin
products (without USB).

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 20 of 149
Feb 21, 2014



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

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (TA = 25°C) (1/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage VbD -0.5t0+6.5 \%
UVBus -0.5t0+6.5 \
AVDD AVDD < VDD -0.5t0+4.6 \%
REGC pin input voltage VIREGc | REGC -0.3t0 +2.8 \Y
and -0.3to Vop + 0.3 Note 1
UREGC pin input voltage | VIUREGC | UREGC -0.3 to UVBus + 0.3 Note 2
Input voltage Via P00 to P07, P10 to P17, P20 to P27, P30 to P37, -0.3to VoD + 0.3 Note 3

P40 to P46, P50 to P57, P70 to P77, P80 to P83,
P125 to P127, P137, P140 to P143, EXCLK,
EXCLKS, RESET

Viz P60, P61 (N-ch open-drain) -0.3to +6.5 \%
Vi3 UDP, UDM -0.3to+6.5 \%
Vi4 P150 to P156 -0.3to AVpD + 0.3 Note 4 \Y
Output voltage Vo1 P00 to P07, P10 to P17, P20 to P27, P30 to P37, -0.3to Vpp + 0.3 Note 3 \%
P40 to P46, P50 to P57, P60, P61, P70 to P77,
P80 to P83, P125 to P127, P140 to P143
Vo2 P130, P150 to P156 -0.3 to AVDD + 0.3 Note 3 \Y;
Vo3 UDP, UDM -0.3to + 3.8
Analog input voltage VAI1 ANI16 to ANI21 -0.3to Vbop + 0.3
and AVREF(+) + 0.3 Notes 3,5
VA2 ANIO to ANI6 -0.3to Avpp + 0.3 \%

and AVREF(+) + 0.3 Notes 3,5

Note 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF). This value regulates the absolute maximum rating of the
REGC pin. Do not use this pin with voltage applied to it.

Note 2. Connect the UReGc pin to Vss via a capacitor (0.33 pF). This value regulates the absolute maximum rating of the UReGc
pin. Do not use this pin with voltage applied to it.

Note 3. Must be 6.5 V or lower.

Note 4. Must be 4.6 V or lower.

Note 5. Do not exceed AVREF(+) + 0.3 V in case of A/D conversion target pin.

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 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
Remark 2. AVREF (+): + side reference voltage of the A/D converter.
Remark 3. Vss: Reference voltage
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

Absolute Maximum Ratings (TAa = 25°C) (213)
Parameter Symbols Conditions Ratings Unit
LCD voltage  |Vin VL1 input voltage Note 1 -0.3to0 +2.8
Vi VL2 input voltage Note 1 -0.3to +6.5 \
Vi3 VL3 input voltage Note 1 -0.3t0 +6.5 \%
Viia V4 input voltage Note 1 -0.3t0 +6.5 \
Viis CAPL, CAPH input voltage Note 1 -0.3t0 +6.5 Vv
Vio1 VL1 output voltage -0.3t0 +2.8 \%
VLo2 VL2 output voltage -0.3to +6.5 \%
VLo3 VL3 output voltage -0.3t0 +6.5 \%
VLo4 VL4 output voltage -0.3to +6.5 \%
VLos CAPL, CAPH output voltage -0.3to0 +6.5 \%
VLo6 COMO to COM7 | External resistance division method -0.3to VpbD + 0.3 Note 2 \%
SEGO10 SEGSS | capacitor split method -0.3 to VDD + 0.3 Note 2 v
output voltage
Internal voltage boosting method -0.3to 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 (A: TA = -40 to +85 °C)

Absolute Maximum Ratings (TA = 25°C) (3/3)
Parameter Symbols Conditions Ratings Unit
QOutput current, high loH1 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, P140 to P143

Total of all | P40 to P46 -70 mA

pins POO 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, P140 to P143

loH2 Per pin P130, P150 to P156 -0.1 mA
Total of all -0.8 mA
pins
loH3 Per pin UDP, UDM -3 mA
Output 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, 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 1 p5 to P57, P70 to P77, P80 to P83,
P125 to P127, P140 to P143

loL2 Per pin P130, P150 to P156 0.4 mA
Total of all 3.2 mA
pins
loLs Per pin UDP, UDM 3 mA
Operating ambient TA In normal operation mode -40 to +85 °C
temperature In flash memory programming mode
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 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

2.2 Oscillator Characteristics

221 X1 and XT1 oscillator characteristics

(TA=-40to +85°C,1.6 V<VDDL3.6 V,Vss=0V)

Parameter Resonator Conditions MIN. TYP. | MAX. | Unit
X1 clock oscillation frequency (fx) | Ceramic resonator/crystal resonator | 2.7V <Vbp < 3.6 V 1.0 20.0 | MHz
note 24V<Vob<27V 1.0 16.0
18V<Vbp<24V 1.0 8.0
16V<Vop<1l8V 1.0 4.0
XT1 clock oscillation frequency Crystal resonator 32 32.768 35 kHz
(fxT) Note
Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution  Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1 clock
oscillation stabilization time using the oscillation stabilization time counter status register (OSTC) by the user.
Determine the oscillation stabilization time of the OSTC register and the oscillation stabilization time select
register (OSTS) after sufficiently evaluating the oscillation stabilization time with the resonator to be used.

Remark  When using the X1 and XT1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/L1C User’s Manual.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

2.2.2  On-chip oscillator characteristics

(TA=-40t0o +85°C, 1.6 V<VDD<3.6 V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator fHoco 1 48 MHz
clock frequency Notes 1, 2
High-speed on-chip oscillator -20 to +85°C 1.8V<Vbp<3.6V -1.0 +1.0 %
clock frequency accuracy 1.6V<Vbp<18V -5.0 +5.0 %

-40 to -20°C 1.8V<VbD<36V -1.5 +1.5 %
16V<Vbp<1l8V -5.5 +5.5 %
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.

2.2.3 PLL oscillator characteristics

(TA=-40to +85°C,24V <VDD<3.6V,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 frLL 48.00 MHz
Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

2.3 DC Characteristics

2.3.1 Pin characteristics

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

Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, loH1 | Per pin for POO to P07, P10 to P17, P20 to P27, -10.0 | mA
high Note 1 P30 to P37, P40 to P46, P50 to P57, Note 2

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

Total of POO to P07, P10 to P17, P20 to P27, 27V<Vbp<3.6V -15.0 | mA

P30 to P37, P40 to P46, P50 to P57, 1.8V <Vbp<27V 70 | mA

P70 to P77, P80 to P83, P125 to P127,

P140 to P143 1.6V<Vbop<18V 3 | mA

(When duty = 70% Note 3)

loHz | Per pin for P130, P150 to P156 1.6V<Vbpb<3.6V -0.1 | mA
Note 2

Total of all pins 16V<Vbp<3.6V -0.8 | mA
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the Vbp pin to an output pin.
Note 2. However, do not exceed the total current value.
Note 3. Specification under conditions where the duty factor is 70%.

The output current value that has changed the duty ratio can be calculated with the following expression (when changing
the duty factor from 70% to n%).
« Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where n =50% and loH = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(50 x 0.01) = -14.0 mA

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

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.

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 26 of 149
Feb 21, 2014



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

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

Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, | loL1 Per pin for POO to P07, P10 to P17, P20 to P27, 20.0 mA
low Note 1 P30 to P37, P40 to P46, P50 to P57, Note 2

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

Per pin for P60 and P61 15.0 mA
Note 2

Total of P40 to P46 27V<Vppb<3.6V 15.0 mA

(When duty = 70% Note 3) 1.8V <Vop<2.7V 9.0 | mA

1.6V<Vbpb<18V 45 mA

Total of POO to P07, P10 to P17, P20 to P27, 27V<Vpbp<36V 35.0 mA

P30 to P37, P50 to P57, PBO, P61, 18V<Vbp<27V 20.0 mA

P70 to P77, P80 to P83, P125 to P127,

16V<Vbop<1l8V 10.0 | mA
P140 to P143
(When duty = 70% Note 3)
Total of all pins 50.0 mA
(When duty = 70% Note 3)
loL2 Per pin for P130, P150 to P156 0.4 mA
Note 2
Total of all pins 1.6V<Vbpb<3.6V 3.2 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.
Note 3. Specification under conditions where the duty factor is 70%.
The output current value that has changed 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 =50% and loL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(50 x 0.01) = 14.0 mA

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

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/L1C

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

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

ltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high | ViH1 P00 to P07, P10 to P17, P20 to P27, Normal input buffer | 0.8 Vbp VbD \Y
P30 to P37, P40 to P46, P50 to P57,
P70 to P77, P80 to P83, P125 to P127,
P140 to P143
ViH2 P00, PO1, P10, P11, P24, P25, TTL input buffer 2.0 VbD \Y
P33, P34, P43, P44 3.3V<Vbpb<3.6V
TTL input buffer 1.50 VDD \%
1.6V<Vpbpb<33V
VIH3 P150 to P156 0.7 AVbD AVDD \Y
VIH4 P60, P61 0.7 Vbb 6.0 \%
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8 Voo VoD \
Input voltage, low | ViL1 P00 to P07, P10 to P17, P20 to P27, Normal input buffer 0 0.2 Vbp \%
P30 to P37, P40 to P46, P50 to P57,
P70 to P77, P80 to P83, P125 to P127,
P140 to P143
ViL2 P00, P01, P10, P11, P24, P25, TTL input buffer 0 0.5 \%
P33, P34, P43, P44 3.3V<VbDb<36V
TTL input buffer 0 0.32 \%
1.6V<Vbp<33V
Vi3 P150 to P156 0 0.3 AVbD \Y
ViL4 P60, P61 0 0.3 VbD \Y
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 02Vopo | V

Caution

the N-ch open-drain mode.

Remark

The maximum value of ViH of pins P00 to P02, P10 to P12, P24 to P26, P33 to P35, and P42 to P44 is Vbb, even in

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/L1C

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

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

ltems Symbol Conditions MIN. TYP. | MAX. | Unit
Output voltage, high | VoH1 P00 to P07, P10 to P17, P20 to P27, 27V<Vbp<3.6V, | Vbp-0.6 \Y
P30 to P37, P40 to P46, P50 to P57, loH1 =-2.0 mA
P140 to P143 IoH1 = -1.5 mA
1.6V<Vbpb<36V, | VbD-0.5 \%
loH1 =-1.0 mA
VOH2 P130, P150 to P156 1.6V<Vbpb<36V, |[AVDD-0.5 \%
loH2 = -100 pA
Output voltage, low | VoL1 P00 to P07, P10 to P17, P20 to P27, |27V <VDD<3.6V, 0.6 \
P30 to P37, P40 to P46, P50 to P57, loL1 =3.0 mA
P140 to P143 loL1 = 1.5 mA
1.8V<Vbp<3.6V, 0.4 \%
loL1 = 0.6 mA
1.6V<Vbpb<18YV, 0.4 V
loL1 =0.3 mA
VoL2 P130, P150 to P156 16V<VbD<3.6YV, 0.4 \%
loL2 = 400 pA
VoL3 P60, P61 27V<VbpD<3.6YV, 0.4 V
loL3 = 3.0 mA
1.8V<Vbp<3.6V, 0.4 \%
loL3 =2.0 mA
1.6V<Vbpb<18YV, 0.4 V
loL3=1.0 mA

Caution

Remark

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.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

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

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILiHL P00 to P07, P10 to P17, P20 to P27, |ViI=VbD 1 pA
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 Vi1 =VbD 1 pA
ILIH3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi= VoD | In input port or 1 pA
XT2, EXCLKS) external clock input
In resonator 10 HA
connection
ILIH4 P150 to P156 VI = AVDD 1 LA
Input leakage ILiLy P00 to P07, P10 to P17, P20 to P27, |Vi=Vss -1 HA
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 LA
ILIL3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi=Vss |Ininput port or -1 pA
XT2, EXCLKS) external clock input
In resonator -10 LA
connection
ILiL4 P150 to P156 Vi = AVss -1 HA
On-chip pull-up | Ru1 P00 to P07, P10 to P17, P20 to P27, |Vi=Vss [24V <Vbp<3.6V 10 20 100 kQ
resistance P30 to P37, P50 to P57, P70 to P77, 16V <Vop<24V 10 30 100
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.
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RL78/L1C

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

2.3.2

Supply current characteristics

(TA=-401t0 +85°C,1.6 V<VDD<3.6 V,Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ibp1 Operating | HS fHoco = 48 MHz Note 3 | Basic Vob = 3.6 V 2.2 2.8 mA
current Note 1 mode (high-speed main) | iy = 24 MHz Note 3 operation [\, ,-'— 30y 22 28
mode Note 5
Normal Vob = 3.6 V 4.4 8.5
operation Iy =30V 44 | 85
fHoco = 24 MHz Note 3| | Basic Vop = 3.6 V 2.0 2.6
fiH = 24 MHz Note 3 operation Vob = 3.0 V 20 26
Normal Vop = 3.6 V 4.2 6.8
operation  [yp5 =30V 42 | 68
fHoco = 16 MHz Note 3. | Normal Vob=3.6V 3.1 4.9
fiH = 16 MHz Note 3 operation [y = 30V 31 4.9
LS fHoco = 8 MHz Note 3, Normal Vob =3.0V 1.4 2.2 mA
(low-speed main) |fy = 8 MHz Note 3 operation [\,on'—5 v 14 22
mode Note 5
Lv frHoco = 4 MHz Note 3, Normal Vopb =3.0V 1.3 1.8 mA
(low-voltage main) | fiy = 4 MHz Note 3 operation [\,on'— 5oy 13 1.8
mode Note 5
HS fmx = 20 MHz Note 2, Normal Square wave input 35 55 mA
(high-speed main) | Voo = 3.6 V operation [ gegonator connection 3.6 5.7
mode Note 5
fMx = 20 MHz Note 2, Normal Square wave input 35 5.5
Vop =3.0V operation [ pesonator connection 3.6 5.7
fmx = 16 MHz Note 2, Normal Square wave input 2.9 4.5
Vop =3.6V operation [ pesonator connection 3.1 4.6
fmx = 16 MHz Note 2, Normal Square wave input 2.9 4.5
Voo =3.0V operation [ gesonator connection 3.1 4.6
fux = 10 MHz Note 2, Normal Square wave input 2.1 3.2
Vop =3.6V operation [ pesonator connection 2.2 3.2
fmx = 10 MHz Note 2/ Normal Square wave input 2.1 3.2
Voo =3.0V operation [ pesonator connection 2.2 3.2
LS fmx = 8 MHz Note 2, Normal Square wave input 1.2 2.0 mA
(low-speed main) | Voo =3.6 V operation [ gegonator connection 1.3 2.0
mode Note 5
fux = 8 MHz Note 2, Normal Square wave input 1.2 2.1
Vop =3.0V operation [ pesonator connection 1.3 2.2
HS frLL = 48 MHz, Normal Vob=3.6V 4.7 75 mA
(High-speed main) | fcLk = 24 MHz Note 2 operation [y,,-'— 30y 47 75
mode frLL = 48 MH N | Vop = \% 1 1
(PLL operation) PLL = 48 z, orma\_ pp = 3.6 3. 5.
fetk =12 MHz Note 2| operation | yp, = 3.0 v 31 | 51
fPLL = 48 MHz, Normal Vop =3.6 V 2.3 3.9
fok =6 MHz Note 2 operation ypp =30y 23 | 39
Subsystem clock | fsug = 32.768 kHz Note 4 | Normal Square wave input 4.6 6.9 pA
operation Ta=-40°C operation [ pesonator connection 47 6.9
fsus = 32.768 kHzNote 4 | Normal Square wave input 4.9 7.0
Ta=+25°C operation [ gegonator connection 5.0 7.2
fsus = 32.768 kHzNote 4 | Normal Square wave input 5.2 7.6
Ta=+50°C operation [ pesonator connection 5.2 7.7
fsus = 32.768 kHzNote 4 | Normal Square wave input 5.5 9.3
Ta=+70°C operation [ pesonator connection 5.6 9.4
fsus = 32.768 kHzNote 4 | Normal Square wave input 6.2 13.3
Ta=+85°C operation [ gegonator connection 6.2 13.4

(Notes and Remarks are listed on the next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vbb, 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,
1/0 port, and on-chip pull-up/pull-down resistors and the current flowing during data flash rewrite.

Note 2. When high-speed on-chip oscillator and subsystem clock are stopped.

Note 3. When high-speed system clock and subsystem clock are stopped.

Note 4. When high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (Ultra-low power
consumption oscillation). However, not including the current flowing into the real-time clock 2, 12-bit interval timer, and
watchdog timer.

Note 5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7V <Vbp <3.6 V@1 MHz to 24 MHz
24V <Vpop<3.6 V@1 MHz to 16 MHz

LS (low-speed main) mode: 1.8V <VbDp<3.6 V@1 MHz to 8 MHz

LV (low-voltage main) mode 1.6 V<VDbD<3.6 V@1 MHz to 4 MHz

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 (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. fsus:  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

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

(TA=-40to +85°C, 1.6 V<VDD<3.6 V,Vss=0V) (212)
Parameter Symbol | Conditions MIN. TYP. MAX. Unit
Supply Iop2 HALT mode HS (high-speed main) | frHoco = 48 MHz Note4 | Vpp = 3.6 V 0.77 2.70 mA
current Note 2 mode Nete 7 fin = 24 MHz Note 4 VDD =3.0V 077 | 270
roet fHoco = 24 MHz Note 4 | Vpp = 3.6 V 0.55 1.91

fin = 24 MHz Note 4 Voo =3.0V 0.55 | 1.90
frHoco = 16 MHz Note 4 [Vpp = 3.6 V 0.48 1.41
fin = 16 MHz Note 4 Vop = 3.0 V 047 | 1.41
LS (low-speed main) |froco = 8 MHz Note 4, Vop =3.0V 300 770 pA
mode Note 7 fin = 8 MHz Note 4 Vop = 2.0V 300 | 770
LV (low-voltage main) | froco = 4 MHz Note 4, Vob=3.0V 440 770 pA
mode Nete 7 fin = 4 MHz Note 4 Voo =20V 440 | 770
HS (high-speed main) | fux = 20 MHz Note 3, Square wave input 0.35 1.63 mA
mode Note 7 Voo =3.6V Resonator connection 0.51 | 1.68
fmx = 20 MHz Note 3, Square wave input 0.34 1.63
Voo =3.0V Resonator connection 0.51 1.68
fux = 16 MHz Note 3, Square wave input 0.30 1.22
Vop = 3.6 V Resonator connection 0.45 1.39
fux = 16 MHz Note 3, Square wave input 0.29 1.20
Voo =3.0V Resonator connection 0.45 1.38
fmx = 10 MHz Note 3, Square wave input 0.23 0.82
Voo =3.6V Resonator connection 0.30 0.90
fux = 10 MHz Note 3, Square wave input 0.22 0.81
Vop = 3.0V Resonator connection 0.30 0.89
LS (low-speed main) | fux = 8 MHz Note 3, Square wave input 120 510 pA
mode Note 7 Voo =3.0V Resonator connection 170 560
fmx = 8 MHz Note 3, Square wave input 130 520
Vop =2.0V Resonator connection 170 570
HS fmx = 48 MHz, Vop = 3.6 V 0.99 2.89 mA
(High-speed main) | feik =24 MHz Note 3y — 39y 099 | 2.88
mode
(PLL operation) fiax = 48 MHz, Vop = 3.6V 0.89 | 248
fcik = 12 MHz Note 3 Vob=3.0V 0.89 2.47
fmx = 48 MHz, Vop = 3.6 V 0.84 2.27
fetk = 6 MHz Note 3 Voo = 3.0V 084 | 227
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.32 0.61 pA
operation Ta=-40°C Resonator connection 0.51 0.80
fsus = 32.768 kHz Note 5 | Square wave input 0.41 0.74
Ta=+25°C Resonator connection 0.62 0.91
fsus = 32.768 kHz Note 5 | Square wave input 0.52 2.30
Ta=+50°C Resonator connection 0.75 2.49
fsus = 32.768 kHz Note 5 | Square wave input 0.82 4.03
Ta=+70°C Resonator connection 1.08 | 4.22
fsus = 32.768 kHz Note 5 | Square wave input 1.38 8.04
Ta=+85°C Resonator connection 1.62 8.23
Iop3 STOP mode |Ta =-40°C 0.18 0.52 pA
Noeé o Ta=+25°C 025 | 052
Ta = +50°C 0.34 2.21
Ta=+70°C 0.64 3.94
Ta =+85°C 1.18 7.95

(Notes and Remarks are listed on the next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vo 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,
1/0 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 (AMPHSL1 = 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 <Vbp <3.6 V@1 MHz to 24 MHz
24V <Vpop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vbp<3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode 1.6 V<VDbD<3.6 V@1 MHz to 4 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 (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. fsus:  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 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

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

Parameter Symbol Conditions MIN. | TYP. MAX. Unit

Low-speed |FiL Note 1 0.20 pA
on-chip oscillator
operating current

RTC2 operating IrRTC 0.02 pA
current Notes 1, 3
12-bit interval ITMKA 0.02 pA
timer operating Notes 1,2, 4
current
Watchdog timer lwbT fiL = 15 kHz 0.22 pA
operating current | Notes1,4
A/D converter lanc AVpp = 3.0 V, when conversion at maximum speed 422 720 pA
operating current Notes 6, 7
AVREF (+) current lavrer Note 8 | AVpp = 3.0 V, ADREFP1 = 0, ADREFPQ = 0 Note 7 14.0 25.0 pA
AVRerp = 3.0 V, ADREFP1 = 0, ADREFPOQ = 1 Note 10 14.0 25.0
ADREFP1 = 1, ADREFPQ = 0 Note 1 14.0 25.0
A/D converter |ADREF Vob =3.0V 75.0 pA
reference voltage | Notes 1,9
current
Temperature ITmps Note 1 78 pA
sensor operating
current
D/A converter Ibac Per D/A converter channel 0.53 15 mA
operating current | Notes 1, 11
Comparator lcmp Vob = 3.6V, Window mode 125 pA
i Notes 1, 12 -
operating current | Notes Regulator output Comparator high-speed mode 45 uA
voltage = 2.1V
Comparator low-speed mode 1.2 uA
Vop = 3.6V, Window mode 7.05 pA
Regulator output Comparator high-speed mode 2.2 pA
voltage =1.8V
Comparator low-speed mode 0.9 pA
LVD operating Ivi 0.06 pA
current Notes 1, 13
Self-programming | Irsp 2.50 12.20 mA
operating current | Notes 1,14
BGO operating [[Elele) 1.68 12.20 mA
current Notes 1, 15
SNOOZE Isnoz Note 1 | ADC operation The mode is performed Note 16 0.34 1.10 mA
operating current - -
The A/D conversion operations are performed, Low voltage 0.53 2.04

mode, AVRerp = Vopb = 3.0 V

CSI/UART operation 0.70 1.54 mA
LCD operating ILcp External fLep = fsus 1/3 bias Vop = 3.6V, 0.14 pA
current Notes 17, 18 | resistance LCD clock = 128 Hz 4-time slice | Lva=3.6 V

division method

ILcp2 Internal voltage fLep = fsus 1/3 bias Vop =3.0V, 0.61 pA
Note 17 boosting method | LCD clock = 128 Hz 4-time slice | Lva=3.0V
(VLCD = 04H)
ILcos Capacitor split fLep = fsus 1/3 bias Vob =3.0V, 0.12 pA
Note 17 method LCD clock = 128 Hz 4-time slice | Lva=3.0V
USB current lusg Note 20 | Operating current during USB communication 4.88 mA
Note 19
Jusg Note 21 | Operating current in the USB suspended state 0.04 mA

(Notes and Remarks are listed on the next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

Note 1. Current flowing to Vop.

Note 2. When high speed on-chip oscillator and high-speed system clock are stopped.

Note 3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ibp1 or Ipb2, and IRTC,
when the real-time clock 2 operates in operation mode or HALT mode. When the low-speed on-chip oscillator is selected,
IFiL should be added. Ibp2 subsystem clock operation includes the operational current of the real-time clock 2.

Note 4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and
the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ipp1 or Ipp2, and
ITMkA, when the 12-bit interval timer operates in operation mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFiL should be added. Ipp2 subsystem clock operation includes the operational current of the 12-bit interval
timer.

Note 5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator). The
current value of the RL78 microcontrollers is the sum of Ibpz, Ippb2 or Ibp3 and IwpT when the watchdog timer operates in
STOP mode.

Note 6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of Ipb1 or Ibp2 and
labc, IavREF, |IADREF When the A/D converter operates in an operation mode or the HALT mode.

Note 7. Current flowing to the AVpp.

Note 8. Current flowing from the reference voltage source of A/D converter.

Note 9. Operation current flowing to the internal reference voltage.

Note 10.  Current flowing to the AVREFP.

Note 11.  Current flowing only to the D/A converter. The current value of the RL78 microcontrollers is the sum of Ibpz or Ibp2 and
Iba when the D/A converter operates in an operation mode or the HALT mode.

Note 12.  Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of Ipp1, Ibp2 or
Ibp3 and Icmp when the comparator circuit operates in the Operating, HALT or STOP mode.

Note 13.  Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Ippz, Ipp2 or Ipbp3 and
ILvi when the LVD circuit operates in the Operating, HALT or STOP mode.

Note 14.  Current flowing only during self-programming.

Note 15.  Current flowing only during data flash rewrite.

Note 16.  For shift time to the SNOOZE mode, see 23.3.3 SNOOZE mode in the RL78/L1C User’s Manual.

Note 17.  Current flowing only to the LCD controller/driver (Vpp pin). The current value of the RL78 microcontrollers is the sum of
the LCD operating current (lLcpz, lLcp2 or ILcp3) to the supply current (Ibpi, or Ipbp2) when the LCD controller/driver
operates in an operation mode or HALT mode. Not including the current that flows through the LCD panel.

Note 18.  Not including the current that flows through the external divider resistor divider resistor.

Note 19.  Current flowing to the UVBus.

Note 20. Including the operating current when frLL = 48 MHz.

Note 21. Including the current supplied from the pull-up resistor of the UDP pin to the pull-down resistor of the host device, in
addition to the current consumed by this MCU during the suspended state.

Remark 1. fiL: Low-speed on-chip oscillator clock frequency

Remark 2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
Remark 3. fcLk: CPU/peripheral hardware clock frequency

Remark 4. Temperature condition of the TYP. value is Ta = 25°C
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

2.4 AC Characteristics

2.4.1 Basic operation

(TA=-40to +85°C, 1.6 V<AVDD =VDD < 3.6 V, Vss =0 V) (1/2)
Items Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle Tcy Main system | HS (high-speed main) | 2.7V <Vbb <3.6 V 0.0417 1 us
(minimum instruction clock (fwain) | mode 24V <VbDD<2.7V 0.0625 1 1S
execution time) operation -
LS (low-speed main) | 1.8V <Vbp<3.6V 0.125 1 us
mode
LV (low-voltage main) | 1.6 V<Vbpb<3.6 V 0.25 1 us
mode
Subsystem clock (fsu) operation 1.8V<Vbpb<3.6V 28.5 30.5 | 31.3 us
In the self- HS (high-speed main) | 2.7V <Vbb <3.6 V 0.0417 1 us
programming | mode 24V<Vop<27V | 0.0625 1 us
mode
LS (low-speed main) | 1.8V <Vbb<3.6V 0.125 1 us
mode
LV (low-voltage main) | 1.8V <Vbp<3.6 V 0.25 1 us
mode
External main system | fex 27V<Vpbp<36V 1.0 20.0 | MHz
clock frequency 24V<Vbp<27V 1.0 16.0 | MHz
18V<Vbp<24V 1.0 8.0 | MHz
16V<Vbop<1l8V 1.0 40 | MHz
fexT 32 35 kHz
External main system | texH, 27V<Vpbb<36V 24 ns
clock input high-level | tex. 24V <Vbb<27V 30 ns
width, low-level width
18V<Vbpb<24V 60 ns
16V<Vbop<1l8V 120 ns
tEXHS,
13.7 us
tEXLs
TIOO to TIO7 input tTIH, tTiL 1/fmck + ns
high-level width, 10
low-level width

Remark  fmck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0),
n: Channel number (n = 0 to 7))
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

(TA=-40to +85°C, 1.6 V<AVDD =VDD < 3.6 V, Vss =0 V) (212)
Items Symbol Conditions MIN. | TYP. | MAX. | Unit

TOO0O0 to TO07, TKBOOO, fro HS (high-speed main) mode |2.7V<Vbp<3.6V 8 MHz
TKBOO01, TKBO10, TKBO11, 24V <VDD<27V 8 MHz
TKBO20, TKBO21 -

LS (low-speed main) mode 1.8V<Vbp<3.6V 4 MHz
output frequency

LV (low-voltage main) mode 1.6V<Vbp<3.6V 2 MHz
PCLBUZO0, PCLBUZ1 output frcL HS (high-speed main) mode [2.7V <Vbb<3.6V 8 MHz
frequency 24V<VbD<27V 8 | MHz

LS (low-speed main) mode 1.8V<Vbp<3.6V 4 MHz

LV (low-voltage main) mode 1.8V<Vbp<3.6V 2 MHz
Interrupt input high-level width, | tiNTH, INTPO to INTP7 1.6 V<VbD<3.6V 1 us
low-level width tINTL
Key interrupt input low-level tkR 1.8V<Vbpb<3.6V 250 ns
width 1.6V<Vop< 18V 1 us
TMKB2 forced output stop input | tiHR INTPO to INTP7 fcLk > 16 MHz 125 ns
high-level width folk < 16 MHz 2 foLk
RESET low-level width tRSL 10 ps
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs VDD (HS (high-speed main) mode)

10
1.0 - e ) . . )
_ i ¥ — When the high-speed on-chip oscillator clock is selected
& A
3 ; i
E‘ i E — — — During self programming
{l .
RE 4
0E> : ; ————— When high-speed system clock is selected
= I
o ; i
S |
> i 1
o 1 )
0.1 i H
i i
0.0625 =2 J
0.05 : !
= .
0.01
0 10 20 : i30 3640
2427
Supply voltage Vop [V]
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2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Tcy vs VDD (LS (low-speed main) mode)

10
—— When the high-speed on-chip oscillator clock is selected
1.0 e e Y e e For |
I} 1y
g i j: — — — During self programming
E 1 .; ————— When high-speed system clock is selected
e ; i
£ i i
o I 1
S I i
O ! !
0.125 freeeernerfennennnns g'ér-—'-'—";' boos i domer i mdoc
0.1 : :
0.01 : :
0 10 20 30 3640
1.8
Supply voltage Vop [V]
Tcy vs VDD (LV (low-voltage main) mode)
10
1.0 B il b g gy . ) ) )
_ : 0 — When the high-speed on-chip oscillator clock is selected
%) t !
3 ul
g : :: — — — During self programming
'_
0E> : :: ———— When high-speed system clock is selected
= 1
© 0.25 [--ereeendnenn. L!.—-.=.=_—. == =‘=.v.=—.=li.
[S] T b
> : :
O
0.1
0.01 i
0 10 20 30 i 40
1618 36
Supply voltage Vop [V]
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

AC Timing Test Points

VIH/VOH > Test points < VIH/VOH
Viu/VoL Viu/VoL

External System Clock Timing

1/fex
1/fexs

tEXL [ tEXH

tEXLS tEXHS

EXCLK/EXCLKS \
\ ) N
TI/TO Timing
-~ tTL W% tTHT\—
TIOO to TI07, TI10 to TI17

1/fto

TOO00 to TOO7, TO10 to TO17, /

TKBOO00, TKBOO01,
TKBO10, TKBO11,
TKBO20, TKBO21

Interrupt Request Input Timing

tINTL [ | tINTH
INTPO to INTP7
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Key Interrupt Input Timing

KR

KRO to KR7

Timer KB2 Input Timing

tUHR

INTPO to INTP7

RESET Input Timing

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

2.5 Peripheral Functions Characteristics
AC Timing Test Points

VIH/VOH > Test points < VIH/VOH
Viu/VoL Viu/VoL

2.5.1  Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +85°C, 1.6 V<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.
Transfer 27V<Vppb<3.6V fmck/6 Note 2 fMck/6 fmck/6 bps
rate Note 1 Theoretical value of the 4.0 1.3 0.6 Mbps

maximum transfer rate

fmck = fcLk Note 3

24V<VpD<3.6V fmck/6 Note 2 fmMck/6 fmck/6 bps

Theoretical value of the 2.6 13 0.6 Mbps
maximum transfer rate

fmck = fcLk Note 3

1.8V<Vbp<36V — fmck/6 Note 2 fmck/6 bps

Theoretical value of the — 1.3 0.6 Mbps
maximum transfer rate
fmck = fcik Note 3

1.6V<Vbp<3.6V — — fmck/6 bps

Theoretical value of the — — 0.6 Mbps
maximum transfer rate

fmck = fcLk Note 3

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

Caution  Select the normal input buffer for the RxDq pin and the normal output mode for the TxDq pin by using port input
mode register g (PIMg) and port output mode register g (POMg).
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

UART mode connection diagram (during communication at same potential)

TxDq RX

RL78 microcontroller User’s device

RxDq Tx

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

1/Transfer rate
High-/Low-bit width

Baud rate error tolerance
b

TxDq
RxDq

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

Remark 2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13))
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2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

(2) During communication at same potential (CSI mode) (master mode, SCKp...
corresponding CSIO0 only)

(TA=-40t0 +85°C, 2.7V <VDD<3.6V,Vss=0V)

internal clock output,

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 tkeyl tkeyr 2 fek/2 | 2.7V <Vop < 3.6 V 167 250 500 ns
SCKp high-/ tKLL 27V<Vpp<36V tkev1/2 - 10 tkcy1/2 - 50 tkey1/2 - 50 ns
low-level width
Slp setup time tsik1 27V<Vob<36V 33 110 110 ns
(to SCKp1) Note 1
Slp hold time tksi1 27V<Vop <36V 10 10 10 ns
(from SCKpt) Note 2
Delay time from tkso1 C =20 pF Note 4 10 10 10 ns
SCKp| to SOp
output Note 3

Note 1.

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

Note 2.

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

Note 3.

SCKp1” when DAPmn = 0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.

Note 4.

Caution

C is the load capacitance of the SCKp and SOp output lines.

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))

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

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

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

Select the normal input buffer for the Slp pin and the normal output mode for the SOp pin and SCKp pin by using
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RL78/L1C

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

(3) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40t0o +85°C, 1.6 V<VDD<3.6 V,Vss=0V)

HS (high-speed main) | LS (low-speed main) | LV (low-voltage main)
Parameter Sl:));T Conditions Mode Mode Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time YL | teeyr > fok/d | 27V <VDD<3.6V 167 500 1000 ns
24V<Vop<36V 250 500 1000 ns
1.8V<Vop<3.6V — 500 1000 ns
1.6V<Vop<3.6V — — 1000 ns
SCKp high-/ tkH1, [2.7V <VDD<3.6V tkey1/2 - 18 tkey1/2 - 50 tkey1/2 - 50 ns
low-level width tus 24V <Vop<36V tkey1/2 - 38 tkey1/2 - 50 tkey1/2 - 50 ns
18V<Vop<36V — tkcy1/2 - 50 tkcy1/2 - 50 ns
1.6V<Vop<3.6V — — tkey1/2 - 100 ns
Slp setup time tsiki [2.7V<Vbp<3.6V 44 110 110 ns
(to SCKpt) Note 1 24V <VbD<36V 75 110 110 ns
18V<Vbpb<36V — 110 110 ns
1.6V<Vop<3.6V — — 220 ns
Slp hold time tksit [2.4V<VpD<3.6V 19 19 19 ns
(from SCKpt) Nete 2 18V<Vop<36V — 19 19 ns
1.6V<Vop<3.6V — — 19 ns
Delay time from tkso1 | C = 30 pF 27V<Vop<36V 25 50 50 ns
SCKpy to SOp output Note 4 24V<Vop<36V 25 50 50 | ns
Note 3
1.8V<Vop<3.6V — 50 50 ns
1.6V<Vop<3.6V — — 50 ns
Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when

Note 2.

Note 3.

Note 4.

Caution

Remark 1.

Remark 2.

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

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

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

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.

C is the load capacitance of the SCKp and SOp output lines.

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).

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 =0to 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,

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

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40t0o +85°C, 1.6 V<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 tkey2 27V<Vop<36V |fmck> 16 MHz 8/fmck — — ns
ime Note 5
time Note fmck < 16 MHz 6/fmck 6/fmck 6/fmck ns
24V <Vbp<36V 6/fmck 6/fmck 6/fmck ns
and 500 and 500 and 500
18V<Vopb<36V — 6/fmck 6/fmck ns
and 750 and 750
16V<Vopb<36V — — 6/fmck ns
and 1500
SCKp high-/ tkH2, tkiz | 2.7V <VpD<3.6 V tkcy2/2 - 8 tkev2/2 - 8 tkev2/2 - 8 ns
low-level width 1.8V<Vbp<36V — tkeyz/2 - 18 tkeyz/2 - 18 ns
1.6V<Vop<3.6V — — tkey1/2 - 66 ns
Slp setup time | tsik2 27V<Vbp<36V 1/fmck + 20 1/fmck + 30 1/fmck + 30 ns
’(\:OtS(l:KPT) 24V <Vop<36V 1wk + 30 Lfwck + 30 1wk + 30 ns
ote
1.8V<Vopb<3.6V — 1/fmck + 30 1/fmck + 30 ns
16V<Vopb<36V — — 1/fmck + 40 ns
Slp hold time tksi2 24V <Vop<3.6V 1/fmek + 31 1/fmek + 31 1/fmek + 31 ns
S“t’”; SCKp1) 1.8V <Vop<3.6V — L/fwck + 31 L/fmek + 31 ns
ote
16V<Vopb<36V — — 1/fmck + 250 ns
Delay time tkso2 C =30 pF Note 4 27V<Vpbp<3.6V 2/fmck 2/fmck 2/fmck | ns
from SCKp| to +44 + 110 + 110
ﬁO{p:utput 24V <Vbp<3.6V 2/fmck 2/fmck 2/fmck | ns
oe +75 +110 +110
1.8V<Vpob<3.6V — 2/fmck 2/fmck | ns
+ 110 + 110
1.6V<Vpob<3.6V — — 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 =0to 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))
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CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 microcontroller
Slp SO  User's device
SOp Sl

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

tKCY1, 2

KL, 2 | tKH1, 2 |

SCKp \

_ tsIk1, 2 tksI1, 2,

b))

—

Slp

Input data

tkso1, 2

A$Y

b))}

SOp

Output data

T«

b))

X

(€S

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

tKCY1, 2
KH1, 2 | tKLL, 2
y Y ® \
SCKp /
R
. 1SIK1, 2 tKSI1, 2,
Sip Input data R
tkso1, 2
b))
A<Y
SOp Output data

b))

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)

1§
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2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

(5) During communication at same potential (simplified I12C mode)
(TA=-40to +85°C, 1.6 V<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.
SCLr clock fscL 27V<Vpop<36V, 1000 400 400 kHz
frequency Cb =50 pF, Rb = 2.7 kQ Note 1 Note 1 Note 1
1.8V<Vbop<3.6V, 400 400 400 kHz
Cb =100 pF, Rb = 3 kQ Note 1 Note 1 Note 1
1.8V<Vbopb<27V, 300 300 300 kHz
Cb =100 pF, Rb = 5 kQ Note 1 Note 1 Note 1
1.6V<Vop<1.8YV, — — 250 kHz
Cb =100 pF, Rb =5 kQ
Hold time tLow 27V<Vop<36V, 475 1150 1150 ns
when SCLr =“L" Cb =50 pF, Rb = 2.7 kQ
1.8V<Vbp<36V, 1150 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
1.8V<Vbopb<27V, 1550 1550 1550 ns
Cb =100 pF, Rb =5 kQ
1.6V<Vop<1.8YV, — — 1850 ns
Cb =100 pF, Rb =5 kQ
Hold time tHIGH 27V<Vpop<36V, 475 1150 1150 ns
when SCLr = “H" Cb =50 pF, Rb = 2.7 kQ
1.8V<Vbop<36V, 1150 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
1.8V<Vop<27V, 1550 1550 1550 ns
Cb =100 pF, Rb =5 kQ
16V<Vop<1.8YV, — — 1850 ns
Cb =100 pF, Rb =5 kQ
Data setup time tsu: DAT [2.7V<VbD<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
18V<Vopb<36YV, 1/fmck + 145 1/fmck + 145 1/fmck + 145 ns
Cb =100 pF, Rb = 3 kQ Note 2 Note 2 Note 2
18V<Vbob<27V, 1/fmck + 230 1/fmck + 230 1/fmck + 230 ns
Cb =100 pF, Rb = 5 kQ Note 2 Note 2 Note 2
16V<Vopb<18YV, — — 1/fmck + 290 ns
Cb =100 pF, Rb =5 kQ Note 2
Data hold time tHp: DAT [2.7V <VpD<3.6V, 0 305 0 305 0 305 ns
(transmission) Cb =50 pF, Rb = 2.7 kQ
1.8V<Vbp<3.6YV, 0 355 0 355 0 355 ns
Cb =100 pF, Rb = 3 kQ
1.8V<Vbp<2.7V, 0 405 0 405 0 405 ns
Cb =100 pF, Rb =5 kQ
1.6V<Vbp<1.8YV, — — 0 405 ns
Cb =100 pF, Rb =5 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 (Vbp 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).
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Simplified I12C mode connection diagram (during communication at same potential)

VbD

% Rb
SDAr

RL78 microcontroller

SCLr

SDA

User’s device

SCL

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: IIC 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, 2), mn =00 to 03, 10 to 13)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

(6) Communication at different potential (1.8 'V, 2.5 V) (UART mode)

(TA=-40to +85°C, 1.8V <VDD<3.6V,Vss=0V) (1/2)
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 rate reception [2.7V<Vbp<3.6YV, fwmck/6 Note 1 fvck/6 Note 1 fuck/e Note 1 | bps
Notes 1, 2 23V<Vb<27V
Theoretical value of the 4.0 1.3 0.6 Mbps

maximum transfer rate
fmek = feuk Note 4

1.8V <Vbp<33YV, fmek/6 fmek/6 fmck/6 bps
16V<Vpb<20V Notes 1, 2, 3 Notes 1, 2, 3 Notes 1, 2, 3
Theoretical value of the 4.0 13 0.6 Mbps

maximum transfer rate
fmek = ferk Note 4

Note 1. Transfer rate in the SNOOZE mode is 4,800 bps only.
Note 2. Use it with Vbp > Vb.

Note 3. The following conditions are required for low voltage interface.
24V <Vpp<27V: MAX. 2.6 Mbps
18V<Vbp<24V: MAX. 1.3 Mbps
16V<Vbp<18YV: MAX. 0.6 Mbps
Note 4. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:

HS (high-speed main) mode: 24 MHz (2.7 V <Vbb £3.6 V)
16 MHz (2.4V <VbD < 3.6 V)

LS (low-speed main) mode: 8 MHz (1.8 V<VDD £ 3.6 V)

LV (low-voltage main) mode: 4 MHz (1.6 V<Vbp <3.6 V)

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

Remark 1. Vb[V]: Communication line voltage

Remark 2. g: UART number (q = 0 to 3), g: PIM and POM number (g = 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,
n: Channel number (mn = 00 to 03, 10 to 13)
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RL78/L1C

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

(6) Communication at different potential (1.8 V, 2.5V) (UART mode)

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

(212)
HS (high-speed main) | LS (low-speed main) | LV (low-voltage main)
Symbo " ;
Parameter | | Conditions Mode Mode Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
Transfer transmission | 2.7V <Vop < 3.6V, Note 1 Note 1 Note 1 bps
rate Note 2 23V<Ww<27V
Theoretical value of the 1.2 Note 2 1.2 Note 2 1.2 Note 2 | Mbp
maximum transfer rate s
Cb =50 pF, Rb = 2.7 kQ,
Vb=23V
1.8V <Vbp <33V, Notes 3, 4 Notes 3, 4 Notes 3, 4 bps
16V<Vp<20V
Theoretical value of the 0.43 Note 5 0.43 Note 5 0.43 Note 5 | Mbp
maximum transfer rate s
Cb =50 pF, Rb = 5.5 kQ,
Vb=1.6V
Note 1.

The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum transfer rate.
Expression for calculating the transfer rate when 2.7V <Vpp<3.6 Vand 2.3V <Vb<2.7V

1
Maximum transfer rate = [bps]

{-Cbeben(l-ﬂ)}XS
Vb

1
Transfer rate x 2

2.

- {-Cbeben(l-—O )}
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 VbD > 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<Vbp<3.3Vand 1.6 V<Vb<2.0V
1
Maximum transfer rate = [bps]
{-Cbeben(l-i)}x3
Vb
1 - {CoxRbxIn(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 (Vpp tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi, see the
DC characteristics with TTL input buffer selected.
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

UART mode connection diagram (during communication at different potential)

Vb

% Rb
TxDq Rx

RL78 microcontroller

User’s device

RxDq Tx

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

1/Transfer rate
Low-bit width

High-bit width
Baud rate error tolerance
hd

\

TxDqg

\ /1

1/Transfer rate
High-/Low-bit width
Baud rate ergor tolerance
T

RxDq <

Remark 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Cb[F]: Communication line (TxDq) load capacitance,
Vb[V]: Communication line voltage

Remark 2. g: UART number (q = 0 to 3), g: PIM and POM number (g = 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,
n: Channel number (mn = 00 to 03, 10 to 13))

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 54 of 149
Feb 21, 2014



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

(7) Communication at different potential (2.5 V) (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSIO0 only)
(TA=-40to +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 tkeva tkevl > folk/2 | 2.7V < Vop < 3.6 V, 300 1150 1150 ns

23V <Vb<27V,
Cb =20 pF, Rb = 2.7 kQ

SCKp high-level tkHL 27V <Vbp<36YV, tkey1/2 - 120 tkey1/2 - 120 tkey1/2 - 120 ns
width 23V<Vb<27V,

Cb =20 pF, Rb = 2.7 kQ
SCKp low-level tkLL 27V<Vbp<36YV, tkey1/2 - 10 tkey1/2 - 50 tkcy1/2 - 50 ns
width 23V<Vb<27V,

Cb =20 pF, Rb = 1.4 kQ
Slp setup time tsik1 27V<Vbp<36YV, 121 479 479 ns
(to SCKpt) Note 1 23V<Vph<27YV,

Cb =20 pF, Rb = 2.7 kQ
Slp hold time tksi 27V<Vbp<36YV, 10 10 10 ns
(from SCKpt) Note 1 23V<Vb<27YV,

Cb =20 pF, Rb = 1.4 kQ
Delay time from tkso1 27V<Vop<36YV, 130 130 130 ns
SCKp| to SOp 23V<Vb<27V,
output Note 1 Cb =20 pF, Rb = 1.4 kQ
Slp setup time tsik1 27V<Vop<3.6YV, 33 110 110 ns
(to SCKp|) Note 2 23V<Ww<27V,

Cb =20 pF, Ro = 2.7 kQ
Slp hold time tksi1 2.7V <Vop<3.6V, 10 10 10 ns
(from SCKp|) Note 2 23V<Ww<27V,

Cb =20 pF, Ro = 2.7 kQ
Delay time from tkso1 27V<Vop<3.6YV, 10 10 10 | ns
SCKp1? to SOp 23Vswh<27V,
output Note 2 Cb =20 pF, Ro = 2.7 kQ

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
Note 2. When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vbobp 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
Vi, see the DC characteristics with TTL input buffer selected.

Remark 1. Rob[i]: Communication line (SCKp, SOp) pull-up resistance, Cb[F]: Communication line (SCKp, SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00), m: Unit number (m = 0),
n: Channel number (n = 0), g: PIM and POM number (g = 2)
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,
n: Channel number (mn = 00))
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

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

output)
(TA=-40to +85°C,1.8V<VDD<3.6V,Vss=0V) (2/2)
HS (high-speed LS (low-speed LV (low-voltage
Parameter | Symbol Conditions main) Mode main) Mode main) Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCKpcycle | tkcyi tkeyl > fek/4 | 2.7V <Vob <3.6V,2.3V<Vb<2.7V, 500 Note 1150 1150 ns
time Cb =30 pF, Rb = 2.7 kQ
1.8V<Vop<33V,1.6V<Vb<1.8YV,| 1150 Note 1150 1150 ns
Cb =30 pF, Rb = 5.5 kQ
SCKp high- | tkH1 27V<Vop<36V,23V<Vh<27V, tkev1/2 - tkev1/2 - tkev/2 - ns
level width Cb =30 pF, Rb = 2.7 kQ 170 170 170
1.8V<Vop<33V,1.6V<Vb<20V, tkey1/2 - tkey1/2 - tkev/2 - ns
Cb =30 pF, Rb =5.5 kQ 458 458 458
SCKp low- | ke 27V<Vop<36V,23V<Vb<27V, tkev1/2 - tkev1/2 - tkey1/2 - ns
level width Cb =30 pF, Ro = 2.7 kQ 18 50 50
1.8V<Vbp<33V,1.6V<Vb<20V, tkey1/2 - tkcy1/2 - tkeya/2 - ns
Cb =30 pF, Rb = 5.5 kQ 50 50 50
Note Use it with VDD > Vb.

Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop 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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2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

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

output)
(TA=-40to0 +85°C, 1.8V <VDD<3.6 V,Vss =0 V) (212)
HS (high-speed LS (low-speed LV (low-voltage
Parameter Symbol Conditions main) Mode main) Mode main) Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
Slp setup time tsik1 27V<Vop<36V,23V<Vb<27V, 177 479 479 ns
(to SCKp?) Note 1 Cb =30 pF, Rb = 2.7 kQ
1.8V<Vop<33V,1.6V<Vp<20VNote3 479 479 479 ns
Cb =30 pF, Rb =5.5 kQ
Slp hold time tksi 27V<VoD<36V,23V<Vb<27YV, 19 19 19 ns
(from SCKpt) Note 1 Cb=30pF, Rb=2.7kQ
1.8V<Vbp<3.3V,1.6V<Vp<2,0VNote3 19 19 19 ns
Cb = 30 pF, Rb =5.5 kQ
Delay time from tkso1 27V<Vop<36V,23V<Vb<27V, 195 195 195 ns
SCKp| to SOp Cb =30 pF, Rb = 2.7 kQ
output Note 1
1.8V<Vop<33V,1.6V<Vp<20VNote3 483 483 483 ns
Cb =30 pF, Rb =5.5 kQ
Slp setup time tsik1 27V<Vop<36V,23V<Vb<27V, 44 110 110 ns
(to SCKp|) Note 2 Cb =30 pF, Rb = 2.7 kQ
1.8V<Vop<33V,1.6V<Vp<20VNote3 110 110 110 ns
Cb =30 pF, Rb =5.5 kQ
Slp hold time tksi 27V<VpoD<36V,23V<Vb<27YV, 19 19 19 ns
(from SCKp|) Note 2 Cb =30 pF, Rb = 2.7 kQ
1.8V<Vbop<3.3V,1.6V<Vp<2,0VNote3 19 19 19 ns
Cb =30 pF, Rb =5.5 kQ
Delay time from tkso1 27V<Vop<36V,23V<Vb<27V, 25 25 25 ns
SCKp1 to SOp Cb =30 pF, Rb = 2.7 kQ
output Note 2
1.8V<Vop<33V,1.6V<Vp<20VNote3 25 25 25 ns
Cb =30 pF, Rb =5.5 kQ

Note 1.
Note 2.
Note 3.

Caution

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Use it with Vbp > Vb.

Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop 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 next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

CSI mode connection diagram (during communication at different potential)
<Master> Vb Vb

éRb %Rb
SCKp SCK

RL78 microcontroller
Slp SO User's device

SOp S|

Remark 1. Rb[Q]: Communication line (SCKp, SOp) pull-up resistance, Cb[F]: Communication line (SCKp, SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM number (g =0 to 3)
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,
n: Channel number (mn = 00))
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: 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.)

tkecy1
KL tKH1
SCKp \
\ \
tsik1 tksi1
Sip 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.)

tkeyl
tkH1 kL1
f
SCKp / /
N\
tsik1 tksiL
Slp Input data
tkso1
SOp Output data
Remark  p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM number (g = 0 to 3)
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2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

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

(TA=-40t0 +85°C,1.8V <VDD<3.6V,Vss=0V)

HS (high-speed

LS (low-speed

LV (low-voltage

Parameter Symbol Conditions main) Mode main) Mode main) Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle tkey2 27V<Vbop<3.6YV, 20 MHz < fmck < 24 MHz 16/fmck — — ns
ime Note 1
time Note 23V<Vb<27V 16 MHz < fvck < 20 MHz | 14/fmck — — ns
8 MHz < fmck < 16 MHz 12/fmek — — ns
4 MHz < fmck £ 8 MHz 8/fmck 16/fmck — ns
fmck < 4 MHz 6/fmck 10/fmek 10/fmck ns
1.8V<Vbp<33YV, 20 MHz < fmck < 24 MHz 36/fmck — — ns
L6VSVb<20VNI2 [y < fuck < 20 MHz | 32/fuick — — ns
8 MHz < fmck < 16 MHz 26/fmek — — ns
4 MHz < fmck < 8 MHz 16/fmck 16/fmck — ns
fmck < 4 MHz 10/fmck 10/fmck 10/fmck ns
SCKp high-/ tKH2, 27V<Vpp<36V,23V<Vb<27V tkcy2/2 tkey2/2 tkey2/2 ns
low-level width | tkL2 -18 -50 -50
1.8V<Vop<3.3V,1.6V<Vh<20VNote2 tkey2/2 tkey2/2 tkey2/2 ns
-50 -50 - 50
Slp setup time | tsik2 27V<Vbp<36V 1/fmck 1/fmck 1/fmck ns
(to SCKpt1) +20 +30 +30
Note 3
18V<Vbpb<33V 1/fmck 1/fmck 1/fmck ns
+ 30 + 30 + 30
Slp hold time tksi2 1/fmck 1/fmck 1/fmck ns
(from SCKp1) +31 +31 +31
Note 4
Delay time from | tkso2 27V<Vpp<36V,23V<Vb<27V 2/fmck 2/fmck 2/fmck ns
SCKp| to SOp Cb =30 pF, Rb = 2.7 kQ +214 +573 +573
Note 5
output Note 1.8V <Vop<33V, 1.6V <Vh<2.0V Note2 2/fuck 2/fuck 2ffuck | ns
Cb =30 pF, Rb = 5.5 kQ +573 +573 +573

(Notes and Caution are listed on the next page. Remarks are listed on the page after the next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Note 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps

Note 2. Use it with VDD > Vb.

Note 3. 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 4. 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 5. 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.

Caution  Select the TTL input buffer for the SIp pin and SCKp pin and the N-ch open drain output (Vbp tolerance) mode for
the SOp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi,

see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

CSI mode connection diagram (during communication at different potential)

<Slave> Vb
é Rb
SCKp SCK
RL78 microcontroller
Slp SO User’s device
SOp Sl

Remark 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb[F]: Communication line (SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n =0 to 3),
g: PIM and POM number (g =0 to 3)
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,
n: Channel number (mn = 00, 02, 10, 12))
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2.

ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

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

tkcy2
tkL2 tkH2
/
SCKp
N\ N__
tsik2 tksi2
Sip Input data
tKs02
SOp Output data

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

tKCY2

tKH2

tkL2

SCKp /

Sip

tsik2

tksI2

Input data

tkso2

SOp

Output data

Remark  p: CSI number (p = 00, 10, 20, 30), m: Unit number (m =0, 1),
n: Channel number (n = 0 to 3), g: PIM and POM number (g = 0 to 3)
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

(10) Communication at different potential (1.8 V, 2.5 V) (simplified I2C mode)
(TA=-40to +85°C, 1.8V <VDD< 3.6 V,Vss=0V)

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

Parameter | Symbol Conditions Mode Mode Mode Unit
MIN. MAX. MIN. MAX. MIN. MAX.
SCLrclock | fsct 27V<Vop<36V,23V<Vb<2.7V, 1000 300 Note 1 300 Note 1| kHz
frequency Cb =50 pF, Rb = 2.7 kQ Note 1
27V<VoD<36V,23V<Vh<2.7V, 400 Note 1 300 Note 1 300 Note 1 | kHz
Cb = 100 pF, Rb = 2.7 kQ
1.8V<Vop<33V,1.6V<Vh<2.0VNote2 400 Note 1 300 Note 1 300 Note 1 | kHz
Cb =100 pF, Rb = 5.5 kQ
Hold time tLow 27V<Vpp<36V,23V<Vb<27YV, 475 1550 1550 ns
when SCLr Cb =50 pF, Rb = 2.7 kQ
=1 27V<Vpp<36V,23V<Vb<27YV, 1150 1550 1550 ns
Cb =100 pF, Rb = 2.7 kQ
1.8V<Vop<33V,1.6V<Vp<2.0VNote2 1550 1550 1550 ns
Cb = 100 pF, Rb = 5.5 kQ
Hold time tHIGH 27V<Vop<36V,23V<Vb<27YV, 200 610 610 ns
when SCLr Cb =50 pF, Rb = 2.7 kQ
= 27V<Vop<36V,23V<Vb<2.7V, 600 610 610 ns

Cb =100 pF, Rb = 2.7 kQ

1.8V<Vop<33V,1.6V<Vp<2.0VNote2 610 610 610 ns
Cb =100 pF, Rb = 5.5 kQ
Data setup tsupAaT |27V<VDD<3.6V,23V<Vh<27V, 1/fmck + 1/fmck + 1/fmck + ns
time Cb =50 pF, Rb = 2.7 kQ 135 Note 3 190 Note 3 190 Note 3
"

(reception) 27V<Vop<36V,23VVb<2.7V, Lk + Lifuck + Lfck + ns
Cb = 100 pF, Rb = 2.7 kQ 190 Note 3 190 Note 3 190 Note 3
1.8V<Vpop<33V,1.6V<Vh<20VNote2 | 1/fuck + 1/fmek + 1/fmek + ns
Cb =100 pF, Rb = 5.5 kQ 190 Note 3 190 Note 3 190 Note 3

Data hold tHD:DAT | 2.7V <VDD<3.6V,23V<Vb<27V, 0 305 0 305 0 305 ns

time Cb =50 pF, Rb = 2.7 kQ

(transmission) 27V<Vop<36V,23VVb<27V, 0 355 0 355 0 355 ns

Cb = 100 pF, Rb = 2.7 kQ

1.8V<Vop<3.3V,1.6V<Vp<20VNote2 0 405 0 405 0 405 ns
Cb =100 pF, Rb = 5.5 kQ

Note 1. The value must also be equal to or less than fmck/4.
Note 2. Use it with VDD 2> Vb.
Note 3. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution  Select the TTL input buffer and the N-ch open drain output (Vop tolerance) mode for the SDAr pin and the N-ch
open drain output (Vop tolerance) 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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2. ELECTRICAL SPECIFICATIONS (A: TA =-40 to +85 °C)

Simplified 12C mode connection diagram (during communication at different potential)

SDAr

Vb V

RL78 microcontroller

SCLr

SDA

SCL

User’s device

Simplified 12C mode serial transfer timing (during communication at different potential)

1/fscL

tLow

SCLr \

SDAr /_\

tHIGH

|
tHD: DAT

tSu: DAT

Remark 1. Rb[Q2]: Communication line (SDAr, SCLr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load capacitance,

Vb[V]: Communication line voltage

Remark 2. r: IIC number (r = 00, 10, 20, 30), g: PIM, POM number (g = 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, 2), mn =00, 02, 10, 12)
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2.5.2 Serial interface IICA
(1) 12C standard mode
(TA=-40t0 +85°C,1.6 V<VDD<3.6 V,Vss=0V)

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

SCLAO clock fscL Standard mode: [ 2.7V <Vbop<3.6V 0 100 0 100 0 100 kHz
frequency fek=1MHz 8\ cvop<3.6V — — 0 100 0 100 kHz
1.6 V<Vop<3.6V — — — — 0 100 kHz

Setup time of tsu: sTA 27V<Vop<3.6V 4.7 4.7 4.7 us
restart condition 18V<Vop<3.6V — 47 47 us
1.6V <Vop<3.6V — — 47 us

Hold time Note 1 | thp:sTA | 2.7 V< VoD <3.6 V 4.0 ‘ 4.0 4.0 us
1.8V<Vop<36V — 4.0 4.0 ps

1.6V<Vop<3.6V — — 4.0 us

Hold ime when | tuow 27V<Vop<3.6V 47 ‘ 47 47 us
SCLAO="L" 1.8V<Vop<36V — 4.7 47 us
1.6V <Vop<3.6V — — 47 us

Hold time when | ticH 27V<Vop<3.6V 4.0 ‘ 4.0 4.0 us
SCLAQ ="H" 1.8V<Vop<36V — 4.0 4.0 us
1.6V<Vop<3.6V — — 4.0 us

Data setup time tsu: DAT 27V<Vop<3.6V 250 ‘ 250 250 ns
(reception) 1.8V <Vop<3.6V — 250 250 ns
1.6V <Vop<3.6V — — 250 ns

Data hold time tHD:DAT [ 2.7V <VDD<3.6V 0 3.45 0 3.45 0 3.45 us
S;Z”;missmn) 1.8V<Vop<3.6V — — 0 3.45 0 3.45 us
1.6V<Vop<3.6V — — — — 0 3.45 us

Setup time of stop | tsu:sto [2.7V<Vpp<3.6V 4.0 4.0 4.0 us
condition 18V<Vop<3.6V — 40 40 us
1.6V<Vop<3.6V — — 4.0 us

Bus-free time tBUF 27V<Vop<3.6V 4.7 4.7 4.7 us
1.8V<Vop<36V — 47 47 ps

1.6V <Vop<3.6V — — 47 us

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

Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows.
Standard mode: Cb = 400 pF, Rb = 2.7 kQ
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(2) 12C fast mode
(TA=-40to +85°C, 1.8V <VDD<3.6 V,Vss=0V)

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

SCLAO clock fscL Fast mode: 27V<Vop<3.6V 0 400 0 400 0 400 kHz

frequency fe=3.5MHz ') gy < vop <3.6 v 0 400 0 400 0 400 | kHz

Setup time of restart | tsu:stA [2.7V <VDD<3.6V 0.6 0.6 0.6 us

condition 18V <Vop<3.6V 06 06 06 us

Hold time Note 1 tHD:sTA [2.7V<VDD<3.6V 0.6 0.6 0.6 us

1.8V<Vop<3.6V 0.6 0.6 0.6 us

Hold time when tLow 27V<Vop<36V 1.3 13 1.3 us

SCLAO ="L” 18V <Vop<3.6V 13 13 13 us

Hold time when tHIGH 27V<Vop<3.6V 0.6 0.6 0.6 us

SCLAO ="H" 1.8V <Vop<36V 0.6 0.6 0.6 us

Data setup time tsu:pAT [2.7V<VDD<3.6V 100 100 100 ns

(reception) 18V <Vop<36V 100 100 100 ns

Data hold time thD:DAT [ 2.7V <VDD<3.6V 0 0.9 0 0.9 0 0.9 us

(transmission) Note 2 18V<Vop<3.6V 0 0.9 0 0.9 0 0.9 us

Setup time of stop tsu:sto [2.7V<VDD<3.6V 0.6 0.6 0.6 us

condition 18V <Vop<3.6V 06 06 06 us

Bus-free time tBUF 27V<Vpop<36V 1.3 1.3 13 us

1.8V<Vop<36V 1.3 1.3 1.3 us

Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.

Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)

timing.

Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows.
Fast mode: Cb = 320 pF, Rb = 1.1 kQ
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(3) I12C fast mode plus
(TA=-40to +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.
SCLAO clock fscL Fast mode plus: [ 2.7V <Vbp<3.6V 0 1000 — — kHz
frequency fcik > 10 MHz
Setup time of restart |tsu:sta [2.7V<Vop<3.6V 0.26 — — us
condition
Hold time Note 1 tHD:STA [2.7V<VDD<3.6V 0.26 — — us
Hold time tLow 27V<Vop<36V 0.5 — — us
when SCLAQ = “L”
Hold time tHIGH 27V<Vop<36V 0.26 — — us
when SCLAQ = “H”
Data setup time tsu:paT | 2.7V <VDoD<3.6V 50 — — ns
(reception)
Data hold time tHD:DAT | 2.7V <VDD<3.6V 0 0.45 — — us
(transmission) Note 2
Setup time of stop tsu:sto |27V <VDD<3.6V 0.26 — — us
condition
Bus-free time tBUF 27V<Vop<36V 0.5 — — us
Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)
timing.

Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at
that time in each mode are as follows.
Fast mode plus: Cb = 120 pF, Rb = 1.1 kQ

IICA serial transfer timing

tLow

SCLn

tSuU: STA —» #— tHD: STA tsu: sTo

SDANn ﬁ
I I

tBUF i
sop St Restart sop
condition condition condition condition
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2.5.3 USB

(1) Electrical specifications
(TA=-40to +85°C, 2.4V <VDD< 3.6 V,Vss =0V, HS (High-speed main) mode only)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit

UREGC output voltage characteristic UVBus =4.0t0 5.5V, 3.0 3.3 3.6 \%

UREGC UREGC
PXXCON = VDDUSBE =1

UVBus input voltage characteristic Function 4.35 5.00 5.25 \%

UVsus UVsus
(4.02 Note)
Note Value of instantaneous voltage

(TA=-40to +85 °C, 4.35V<UVBUS<5.25V,24V<VDD<3.6V,Vss =0V, HS (High-speed main) mode only)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input Input voltage VIH 2.0 \%
characteristic ViL 0.8 v
(FS/LS - -
receiver) Difference input VoI | UDP voltage - UDM voltage | 0.2 \%
sensitivity
Difference common Vem 0.8 2.5 \Y
mode range
Output Output voltage VoH loH = -200 pA 2.8 3.6 \%
characteristic VoL loL = 2 mA 0 03 | Vv
(FS driver) — — — -
Transition | Rising tFR Rising: From 10% to 90% of amplitude, 4 20 ns
time Falling . Falling: From 90% to 10% of amplitude, 4 20 ns
- CL =50 pF
Matching (TFR/TFF) VFRFM 90 111.1 %
Crossover voltage VFCRS 13 2.0 \Y
Output Impedance ZDRV 28 44 Q
Output Output voltage VoH 2.8 3.6 \%
characteristic VoL 0 03 Vv
(LS driver) — — — -
Transition | Rising LR Rising: From 10% to 90% of amplitude, 75 300 ns
time Falling iLE Falling: From 90% to 10% of amplitude, 75 300 ns
- CL = 250 pF to 750 pF
Matching (TFR/TFF) VLTFM 80 125 %
Note
The UDP and UDM pins are individually pulled
Crossover voltage Note | VL.CRs down via 15 kQ 1.3 2.0 \%
Pull-up, Pull-down resistor RpPD 14.25 2480 | kQ
Pull-down — Ipyjup | Idle RPUI 0.9 1575 | kQ
resistor | Reception | RpuA 1.425 3.09 | kQ
UVBus UVeus pull-down RvBUS UVBus voltage =5.5V 1000 kQ
resistor
UVsus input voltage VIH 3.20 \%
ViL 0.8 \%
Note Excludes the first signal transition from the idle state.
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Timing of UDP and UDM

UDP
/ 90% 90%
VcRrs (Crossover voltage)
10% 10%
UDM
R tF
™~ — -

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UsB UDP sink current IDP_SINK 25 100 175 pA
standard | ypM sink current IDM_SINK 25 100 175 WA
BC1.2 DCD source current IbP_SRC 7 10 13 pA

Data detection voltage VDAT_REF 0.25 0.325 0.4

UDP source voltage Vpp_srRC | Output current 250 pA 0.5 0.6 0.7

UDM source voltage VbM_src | Output current 250 pA 0.5 0.6 0.7 \%

R0O1DS0192EJ0200 Rev. 2.00 RENESAS Page 70 of 149

Feb 21, 2014



RL78/L1C

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

(3) BC option standard

(TA = -40 to +85 °C, 4.35 V < UVBUS £ 5.25 V, 2.4 V < 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
(UVeus divider ratio) 0010 | VopET2 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 VDDET8 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 71 76 81 %UVBUS
1110 VDDET14 75 80 85 %UVBUS
1111 VDDET15 79 84 89 %UVBUS
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2.6 Analog Characteristics

2.6.1

A/D converter characteristics

Classification of A/D converter characteristics

Reference Voltage
Input Channel

Reference voltage (+) = AVREFP
Reference voltage (-) = AVREFM

Reference voltage (+) = AVbb
Reference voltage (-) = AVss

Reference voltage (+) = Internal reference
voltage
Reference voltage (-) = AVss

High-accuracy channel; ANIO to ANI6

Refer to 2.6.1 (1).

Refer to 2.6.1 (3).

Refer to 2.6.1 (6).

(input buffer power supply: AVbp) Refer to 2.6.1 (2).

Standard channel; ANI16 to ANI21
(input buffer power supply: Vob)

Refer to 2.6.1 (4). Refer to 2.6.1 (5).

Internal reference voltage,
Temperature sensor output voltage

Refer to 2.6.1 (4). Refer to 2.6.1 (5).

(1) When reference voltage (+) = AVRerrP/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVREFM/ANIL1 (ADREFM = 1), target for conversion: ANI2 to ANI6

(TA =-40to +85 °C, 2.7 V< AVRErP < AVDD = VDD £ 3.6 V, Vss =0 V, AVss = 0 V, reference voltage (+) = AVREFP,
reference voltage (-) = AVRerM = 0 V, HALT mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 12 bit
Overall error Notes 1, 2,3 AINL 12-bit resolution +1.7 +3.3 LSB
Conversion time tconv ADTYP = 0, 12-bit resolution 3.375 us
Zero-scale error Notes 1,2, 3 Ezs 12-bit resolution +1.3 +3.2 LSB
Full-scale error Notes 1, 2,3 EFs 12-bit resolution +0.7 +2.9 LSB
Integral linearity error Notes 1, 2,3 ILE 12-bit resolution 1.0 +1.4 LSB
Differential linearity error Notes 1, 2,3 DLE 12-bit resolution +0.9 +1.2 LSB
Analog input voltage VAIN 0 AVREFP \%

Note 1. TYP. Value is the average value at AVbp = AVRerP = 3 V and Ta = 25 °C. MAX. value is the average value +30 at
normalized distribution.

Note 2. These values are the results of characteristic evaluation and are not checked for shipment.

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

Caution 1. Route the wiring so that noise will not be superimposed on each power line and ground line, and insert a
capacitor to suppress noise.
In addition, separate the reference voltage line of AVRerp from the other power lines to keep it free from the
influences of noise.

Caution 2. During A/D conversion, keep a pulse, such as a digital signal, that abruptly changes its level from being input to

or output from the pins adjacent to the converter pins and P150 to P156.
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(2) When reference voltage (+) = AVRerp/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =

AVREFM/ANI1 (ADREFM = 1), conversion target: ANI2 to ANI6

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 2.4V < AVREFP < AVDD < 3.6 V 8 12 bit
1.8V <AVRErP <AVDD < 3.6 V 8 10 Note 1
1.6 V< AVReErP<AVDD 3.6 V 8 Note 2
Overall error Note 3 AINL 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V 6.0 LSB
10-bit resolution 1.8V <AVREFP <AVDD< 3.6 V 5.0
8-bit resolution 1.6 V<AVRerP<AVDD < 3.6 V +2.5
Conversion time tconv ADTYP =0, 2.4V < AVRerP < AVDD < 3.6 V 3.375 us
12-bit resolution
ADTYP =0, 1.8V < AVRErP <AVDD < 3.6 V 6.75
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVReErP<AVDD 3.6 V 13.5
8-bit resolution Note 2
ADTYP =1, 2.4V < AVRerpP < AVDD < 3.6 V 2.5625
8-bit resolution 1.8V <AVREFP <AVDD<3.6V | 5.125
1.6 V<AVRerP <AVDD < 3.6 V 10.25
Zero-scale error Note 3 Ezs 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V +4.5 LSB
10-bit resolution 1.8V <AVRerP<AVDD < 3.6 V +4.5
8-bit resolution 1.6 V<AVREFP <AVDD < 3.6 V +2.0
Eull-scale error Note 3 Ers 12-bit resolution 2.4V < AVRErP < AVDD < 3.6 V +4.5 LSB
10-bit resolution 1.8V <AVRErP <AVDD < 3.6 V 4.5
8-bit resolution 1.6 V<AVReErP<AVDD 3.6 V +2.0
Integral linearity error ILE 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V +2.0 LSB
Note 3 10-bit resolution 1.8V < AVReFP < AVDD < 3.6 V +1.5
8-bit resolution 1.6 V<AVReFP <AVDD < 3.6 V +1.0
Differential linearity error | DLE 12-bit resolution 2.4V < AVRerP < AVDD £ 3.6 V +1.5 LSB
Note 3 10-bit resolution 1.8V < AVREFP < AVDD < 3.6 V +1.5
8-bit resolution 1.6 V<AVRerP<AVDD 3.6 V +1.0
Analog input voltage VAIN 0 AVREFP \%

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

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 24V<AVDDL3.6V 8 12 bit
1.8V <AVDD<3.6V 8 10 Note 1
1.6 V<AVDDL36V 8 Note 2
Overall error Note 3 AINL 12-bit resolution 24V <AVDD<L3.6V +7.5 LSB
10-bit resolution 18V<AVDD<36V 5.5
8-bit resolution 1.6 V<AVDD<3.6V +3.0
Conversion time tconv ADTYP =0, 24V <AVDD<3.6V 3375 us
12-bit resolution
ADTYP =0, 1.8V<AVDD<3.6V 6.75
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVDD<36V 135
8-bit resolution Note 2
ADTYP =1, 24V <AVDD<3.6V 2.5625
8-bit resolution 1.8V <AVDD < 3.6 V 5.125
1.6 V<AVDDL<36V 10.25
Zero-scale error Note 3 Ezs 12-bit resolution 24V <AVDD<L3.6V +6.0 LSB
10-bit resolution 1.8V<AVDD<3.6V +5.0
8-bit resolution 16V<AVDD<3.6V +2.5
Eull-scale error Note 3 EFs 12-bit resolution 24V<AVDDL3.6V 6.0 LSB
10-bit resolution 1.8V<AVDD<3.6V +5.0
8-bit resolution 1.6 V<SAVDD<3.6 V +2.5
Integral linearity error ILE 12-bit resolution 24V<AVDDL3.6V +3.0 LSB
Note 3 10-bit resolution 1.8V <AVDD<3.6V +2.0
8-bit resolution 16V<AVDD<3.6V +1.5
Differential linearity error | DLE 12-bit resolution 24V <AVDDL3.6V +2.0 LSB
Note 3 10-bit resolution 1.8V <AVDD < 3.6 V +2.0
8-bit resolution 1.6 V<AVDD< 3.6V +15
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 Vbp pin.
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(4) When reference voltage (+) = AVRerp/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVrerm/ANI1 (ADREFM = 1), conversion target: ANI16 to ANI21, internal reference voltage, temperature

sensor output voltage

(TA=-40t0 +85°C,1.6 V<VDD<3.6V,1.6 VSAVREFP<AVDD=VDD<3.6 V,Vss=0V, AVss=0,
Reference voltage (+) = AVREFP, Reference voltage (-) = AVREFM = 0 V)

Parameter Symbol Conditions MIN. | TYP. MAX. Unit
Resolution REs 2.4V < AVReErP < AVDD £ 3.6 V 8 12 bit
1.8V <AVRerP<AVDD 3.6 V 8 10 Note 1
1.6 V<AVREFP <AVDD < 3.6 V g Note 2
Overall error Note 3 AINL 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V +7.0 LSB
10-bit resolution 1.8V <AVRerP<AVDD < 3.6 V 5.5
8-bit resolution 1.6 V<AVRErP <AVDD < 3.6 V +3.0
Conversion time tconv ADTYP =0, 2.4V < AVRerP < AVDD £ 3.6 V 4.125 us
12-bit resolution
ADTYP =0, 1.8V < AVRErFP < AVDD < 3.6 V 9.5
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVREFP <AVDD < 3.6 V 57.5
8-bit resolution Note 2
ADTYP =1, 24V <AVREFP<AVDD<3.6V |3.3125
8-bit resolution 1.8V <AVREFP<AVDD <36V | 7.875
1.6 V<AVRErFP <AVDD < 3.6 V 54.25
Zero-scale error Note 3 Ezs 12-bit resolution 2.4V < AVREFP < AVDD < 3.6 V 5.0 LSB
10-bit resolution 1.8 V< AVRErP <AVDD < 3.6 V 5.0
8-bit resolution 1.6 V<AVReErP<AVDD < 3.6 V +2.5
Full-scale error Note 3 EFs 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V +5.0 LSB
10-bit resolution 1.8V <AVRerP<AVDD < 3.6 V 5.0
8-bit resolution 1.6 V<AVREFP <AVDD < 3.6 V +2.5
Integral linearity error ILE 12-bit resolution 2.4V < AVRerP < AVDD £ 3.6 V +3.0 LSB
Note 3 10-bit resolution 1.8V < AVReFP < AVDD < 3.6 V +2.0
8-bit resolution 1.6 V<AVReErP<AVDD 3.6 V 15
Differential linearity error | DLE 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V 2.0 LSB
Note 3 10-bit resolution 1.8V < AVReFP < AVDD < 3.6 V +2.0
8-bit resolution 1.6 V<AVReFP <AVDD < 3.6 V +1.5
Analog input voltage VAIN 0 AVREFP \%
Internal reference voltage VBGR Note 4
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage V/TMmp2s Note 4
(2.4V <VpD £ 3.6V, 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 Vbop pin.
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(5) When reference voltage (+) = AVbb (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM =

0), conversion target: ANI16 to ANI21, internal reference voltage, temperature sensor output voltage

(TA=-40t0 +85°C,1.6 V<VDD<3.6V,1.6 VSAVDD=VDD<3.6V,Vss=0V, AVss =0V, Reference voltage (+) =

AVDD, Reference voltage (-) = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 24V<AVDDL3.6V 8 12 bit
1.8V <AVDD<3.6V 8 10 Note 1
1.6 V<AVDDL36V 8 Note 2
Overall error Note 3 AINL 12-bit resolution 24V <AVDD<L3.6V +8.5 LSB
10-bit resolution 18V<AVDD<36V 6.0
8-bit resolution 1.6 V<AVDD<3.6V +3.5
Conversion time tconv ADTYP =0, 24V <AVDD<3.6V 4.125 us
12-bit resolution
ADTYP =0, 1.8V<AVDD<3.6V 9.5
10-bit resolution Note 1
ADTYP =0, 1.6 V<AVDDL36V 57.5
8-bit resolution Note 2
ADTYP =1, 24V <AVDDL3.6V 3.3125
8-bit resolution 1.8V <AVDD < 3.6 V 7.875
1.6 V<AVDDL<36V 54.25
Zero-scale error Note 3 Ezs 12-bit resolution 24V <AVDD<L3.6V +8.0 LSB
10-bit resolution 1.8V<AVDD<3.6V 5.5
8-bit resolution 16V<AVDD<3.6V +3.0
Eull-scale error Note 3 EFs 12-bit resolution 24V<AVDDL3.6V +8.0 LSB
10-bit resolution 1.8V<AVDD<3.6V +5.5
8-bit resolution 1.6 V<SAVDD<3.6 V +3.0
Integral linearity error ILE 12-bit resolution 24V<AVDDL3.6V +3.5 LSB
Note 3 10-bit resolution 1.8V <AVDD<3.6V +2.5
8-bit resolution 16V<AVDD<3.6V +1.5
Differential linearity error | DLE 12-bit resolution 24V <AVDDL3.6V +2.5 LSB
Note 3 10-bit resolution 1.8V <AVDD < 3.6 V +2.5
8-bit resolution 1.6 V<AVDD< 3.6V +2.0
Analog input voltage VAIN 0 AVDD \%
Internal reference voltage \/BGR Note 4
(2.4 V <VpD £ 3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage VTmp2s Note 4
(2.4 V < VoD £ 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 Vbp pin.
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2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

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

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

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

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 16 us
Zero-scale error Note Ezs 8-bit resolution +4.0 LSB
Integral linearity error Note ILE 8-bit resolution +2.0 LSB
Differential linearity error Note | DLE 8-bit resolution 2.5 LSB
Reference voltage (+) AVREF(+) | = Internal reference voltage (VBGR) 1.38 1.45 15 \%
Analog input voltage VAIN 0 VBGR \%

Note

Caution

2.6.2

Excludes quantization error (+1/2 LSB).

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

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

Temperature sensor, internal reference voltage output characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTmps2s | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fvrmps | Temperature sensor output voltage that 36 VG

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 8 bit
Overall error AINL Rload = 4 MQ 18V<Vbp<36V +2.5 LSB

Rload = 8 MQ 18V<Vbp<36V 2.5 LSB
Settling time tseT Cload = 20 pF 27V<Vbp<36V 3 us
16V<Vbb<27V 6 us
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RL78/L1C 2. ELECTRICAL SPECIFICATIONS (A: TA = -40 to +85 °C)

2.6.4  Comparator

(TA=-40t0o +85°C, 1.6 V<VDD<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input voltage range Ivref 0 Vob-14 | V
lvemp -0.3 Vbp+03 | V

Output delay td Vop =3.0V High-speed comparator mode, 1.2 us

Input slew rate > 50 mV/us | standard mode

High-speed comparator mode, 2.0 us
window mode

Low-speed comparator mode, 3 5.0 us
standard mode

High-electric-potential | VTW+ | High-speed comparator mode, window mode 0.76 Vbp \
judgment voltage

Low-electric-potential | VTW- | High-speed comparator mode, window mode 0.24 Vbp \
judgment voltage

Operation stabilization | tcmp 100 us
wait time

Internal reference VBGR 1.38 1.45 1.50 \%
voltage Note

Note Not usable in LS (low-speed main) mode, LV (low-voltage main) mode, sub-clock operation, or STOP mode.

2.6.5 POR circuit characteristics

(TA = -40 to +85 °C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPOR Power supply rise time 1.47 151 1.55 \%
VPDR Power supply fall time Note 1.46 1.50 154 \
Minimum pulse width Tpw 300 us
Note Minimum time required for a POR reset when Vbp exceeds below VpPDpR. This is also the minimum time required for a

POR reset from when Vbp exceeds below 0.7 V to when Vbb exceeds VPor while STOP mode is entered or the main
system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register
(CSQ).

TPw
e
Supply voltage (Vob) i
i VPOR
VPDROr 0.7V ===-=---=---------19 '
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2.6.6 LVD circuit characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level | Vivb2 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 Vv

VLvD4 Power supply rise time 2.86 2.92 2.97 \%

Power supply fall time 2.80 2.86 291 Vv

VLvDs Power supply rise time 2.76 281 2.87 \%

Power supply fall time 2.70 2.75 2.81 Vv

VLvD6 Power supply rise time 2.66 2.71 2.76 \%

Power supply fall time 2.60 2.65 2.70 Vv

VD7 Power supply rise time 2.56 2.61 2.66 \%

Power supply fall time 2.50 2.55 2.60 Vv

VLvD8 Power supply rise time 2.45 2.50 2.55 \%

Power supply fall time 2.40 2.45 2.50 Vv

VLvD9 Power supply rise time 2.05 2.09 2.13 \%

Power supply fall time 2.00 2.04 2.08 Vv

VLvD10 Power supply rise time 1.94 1.98 2.02 \%

Power supply fall time 1.90 1.94 1.98 Vv

VLivD11 Power supply rise time 1.84 1.88 1.91 \%

Power supply fall time 1.80 1.84 1.87 Vv

VLvD12 Power supply rise time 1.74 1.77 1.81 \%

Power supply fall time 1.70 1.73 1.77 Vv

VLvD13 Power supply rise time 1.64 1.67 1.70 \%

Power supply fall time 1.60 1.63 1.66 Vv

Minimum pulse width tLw 300 us

Detection delay time 300 us

Caution  Set the detection voltage (VLvbp) 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: Vbbb =2.7to 3.6 V at 1 MHz to 24 MHz
Vop =2.4t0 3.6 Vat1lMHzto 16 MHz
LS (low-speed main) mode: Vbpb=1.8t0 3.6V at1 MHzto 8 MHz
LV (low-voltage main) mode: Vbbb =1.6t0 3.6 V at 1 MHz to 4 MHz
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LVD Detection Voltage of Interrupt & Reset Mode
(TA=-40to +85 °C, VPDR < VDD < 3.6 V, Vss=0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Interrupt and reset | Vivbao | VPoco, VpPoci, Vpocz = 0, 0, 0, falling reset voltage: 1.6 V 1.60 | 1.63 | 1.66 \%
mode VLvDAL LVISO, LVIS1=1,0 Rising release reset voltage 1.74 | 1.77 | 1.81 \%

Falling interrupt voltage 1.70 | .73 | 1.77 \
VLVDA2 LVISO, LVIS1=0, 1 Rising release reset voltage 1.84 | 1.88 | 1.91 \%
Falling interrupt voltage 1.80 | 1.84 | 1.87 \
VLVDA3 LVISO, LVIS1 =0, 0 Rising release reset voltage 286 | 2.92 | 2.97 \%
Falling interrupt voltage 280 | 286 | 291 \
Vwvbeo | VpPoco, Vpoct, VPocz = 0, 0, 1, falling reset voltage: 1.8 V 1.80 | 1.84 | 1.87 \%
VLvDB1 LVISO, LVIS1=1,0 Rising release reset voltage 1.94 | 1.98 | 2.02 \
Falling interrupt voltage 1.90 | 1.94 | 1.98 \%
VLvDB2 LVISO, LVIS1=0, 1 Rising release reset voltage 2.05 | 209 | 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 \%
Vwbco | Vpoco, VpPoct, Vpoc2 =0, 1, 0, falling reset voltage: 2.4 V 240 | 245 | 250 \%
Vivbel LVISO, LVIS1=1,0 Rising release reset voltage 256 | 2.61 | 2.66 \%
Falling interrupt voltage 250 | 255 | 2.60 \
VivDc2 LVISO, LVIS1=0, 1 Rising release reset voltage 266 | 2.71 | 2.76 \%
Falling interrupt voltage 2.60 | 265 | 2.70 \
Vwvbbo | VpPoco, Vpoct, VPocz = 0, 1, 1, falling reset voltage: 2.7 V 270 | 275 | 2.81 \%
VLvDD1 LVISO, LVIS1=1,0 Rising release reset voltage 286 | 292 | 2.97 \
Falling interrupt voltage 280 | 2.86 | 291 \%
VLvDD2 LVISO, LVIS1=0, 1 Rising release reset voltage 2.96 | 3.02 | 3.08 \
Falling interrupt voltage 290 | 296 | 3.02 \%
2.7 Power supply voltage rising slope characteristics
(TA=-40to +85°C,Vss=0V)
Parameter Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope SVbbp 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until Vop reaches the operating
voltage range shown in 2.4 AC Characteristics.
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2.8 LCD Characteristics

2.8.1 Resistance division method

(1) Static display mode
(TA =-40to +85 °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 =-40to +85 °C, VL4 (MIN.) <VDD<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vi4 2.7 Vbbp \
(3) 1/3 bias method
(TA=-40to +85 °C, VL4 (MIN.)<VDD< 3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vi4 25 VbD Vv
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2.8.2 Internal voltage boosting method

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi Clto C4Notel |VLCD =04H 0.90 1.00 1.08 \%

=0.47 uFNote 2 |y €D = 05H 0.95 1.05 1.13

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 \%

VLCD = ODH 1.35 1.45 153 \%

VLCD = OEH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 \%

VLCD = 11H 1.55 1.65 1.73 \%

VLCD = 12H 1.60 1.70 1.78 \%

VLCD = 13H 1.65 1.75 1.83 \%

Doubler output voltage V2 Clto C4Note1 =047 uF 2Vi1-01 | 2Vu 2Vu \Y

Tripler output voltage Vis Clto C4Notel =047 uF 3Vi1-0.15| 3V 3Vl \%
Reference voltage setup time Note 2 tywAITL 5 ms
Voltage boost wait time Note 3 tywAIT2 C1to C4Note 1l = 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 uF+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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(2) 1/4 bias method
(TA=-40t0o +85°C, 1.8V <VDD<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range Vil Clto C4Notel |VLCD =04H 0.90 1.00 1.08 \%
=0.47 pF Note 2 | v D = 05H 0.95 1.05 1.13
VLCD = 06H 1.00 1.10 1.18 \%
VLCD = 07H 1.05 1.15 1.23 \%
VLCD = 08H 1.10 1.20 1.28 \%
VLCD = 09H 1.15 1.25 1.33 \%
VLCD = OAH 1.20 1.30 1.38 \%
Doubler output voltage VL2 Clto C4 Notel =047 uF 2V11-0.08| 2V 2 Vi1 Vv
Tripler output voltage Vi3 Clto C4 Notel =047 uF 3Vw1-0.12| 3V 3Vu \Y
Quadruply output voltage Vi4 Clto C5Notel =047 uF 4Vi1-0.16| 4V 4 Vi1 \
Reference voltage setup time Note 2 tvwAITL 5 ms
Voltage boost wait time Note 3 tywAIT2 Clto C5Notel=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 VL3 and GND
C5: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 uF+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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2.8.3  Capacitor split method

(1) 1/3 bias method
(TA=-40t0 +85°C, 2.2V <VDD<3.6V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
VL4 voltage Via C1to C4 = 0.47 puF Note 2 5 v
VL2 voltage Vi2 Clto C4 =0.47 puF Note 2 2/3Vis-0.1 | 2/3Via | 2/3Via+0.1 \
Vi1 voltage Vi C1to C4 =0.47 pF Note 2 1/3Vwa-0.1 | 1/3Vi4 | 1/3Via+0.1 \
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 uF+30%
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2.9 Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics

(TA = -40 to +85 °C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention suppl
PRy VDDDR 1.46 Note 3.6 \%
voltage
Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR reset is
effected, but data is not retained when a POR reset is effected.
U STOP mode Operation mode
-— Data retention mode ———
))
1
VbD
T VDDDR
STOP instruction execution
Standby release signal /
(interrupt request) /
)
{

2.10 Flash Memory Programming Characteristics

(TA=-40t0o +85°C, 1.8V <VDD<3.6V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
CPUl/peripheral hardware fcik 24V <Vbop<3.6V
1 24 MHz

clock frequency
Number of code flash rewrites | Cerwr Retained for 20 years Ta =85°C 1000 Times
Notes 1, 2, 3 !
Number of data flash rewrites Retained for 1 year Ta =25°C 1,000,000
Notes1,2,3 Retained for 5 years Ta=85°C 100,000

Retained for 20 years Ta =85°C 10,000

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.

2.11 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40t0 +85°C, 1.8V <VDD< 3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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2.12 Timing Specs for Switching Modes

(TA=-40t0 +85°C, 1.8V <VDD< 3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
How long from when an external reset ends until the |tsuint | POR and LVD reset must end 100 ms
initial communication settings are specified before the external reset ends.
How long from when the TOOLO pin is placed at the |tsu POR and LVD reset must end 10 us
low level until an external reset ends before the external reset ends.
Time to hold the TOOLO pin at the low level after an | tHD POR and LVD reset must end 1 ms
external reset is released (excluding the processing before the external reset ends.
time of the firmware to control the flash memory)

<1>  <2> <3> <4>
RESET
723 ps + tHD
processing OOH reception
time (TOOLRxD, TOOLTXD mode)
TOOLO \ [ ...
tsu tSUINIT

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (POR and LVD reset must end before the external reset ends.).

<3> The TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud rate setting.

Remark  tsuini: The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from
when the resets end.
tsu: How long from when the TOOLO pin is placed at the low level until a external reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external and internal resets end (except soft
processing time)
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3. ELECTRICAL SPECIFICATIONS (G: TA =-40 to +105 °C)

This chapter describes the electrical specifications for the products “G: Industrial applications (TA = -40 to +105 °C)".

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 1.3.1 80-pin products (with USB) to 1.3.6 100-pin
products (without USB).

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 (A: 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

G: Industrial applications

Operating ambient temperature

TA=-4010 +85 °C

TA =-40to +105 °C

Operating mode
Operating voltage range

HS (high-speed main) mode:
2.7V <Vop <3.6 V@1 MHz to 24 MHz
2.4V <Vop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode:
1.8V<Vbp<3.6 V@1l MHz to 8 MHz
LV (low-voltage main) mode:
1.6V<Vbp<3.6 V@1l MHz to 4 MHz

HS (high-speed main) mode only:
2.7V <VpD<3.6 V@1 MHz to 24 MHz
2.4V <VpD<3.6 V@1 MHz to 16 MHz

High-speed on-chip oscillator
clock accuracy

1.8V<VDDL3.6V:
+1.0% @ Ta=-20to +85 °C
+1.5% @ Ta=-40to0 -20 °C
1.6V<VbD<18V:
+5.0% @ Ta=-20to +85 °C
+5.5% @ Ta=-40to0 -20 °C

24V<VDD<3.6V:
+2.0% @ Ta =+85to +105 °C
+1.0% @ Ta=-20to +85 °C
+1.5% @ Ta=-40t0 -20 °C

Serial array unit

UART
CSlI: fcLk/4
Simplified 12C communication

UART
CSlI: fcuk/4
Simplified 12C communication

IICA

Normal mode
Fast mode
Fast mode plus

Normal mode
Fast mode

Voltage detector

* Rise detection voltage: 1.67 V t0 3.13 V
(12 levels)

« Fall detection voltage: 1.63 V to 3.06 V
(12 levels)

 Rise detection voltage: 2.61 V t0 3.13 V
(6 levels)

« Fall detection voltage: 2.55 V to 3.06 V
(6 levels)

The electrical characteristics of the products G: Industrial applications (TA = -40 to +105 °C) are different from those of
the products “A: Consumer applications”. For details, refer to 3.1 to 3.12.

Remark
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (TAa = 25°C) (1/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage VbD -0.5t0+6.5 \%
UVBus -0.5t0+6.5 \Y
AVDD AVDD < VDD -0.5t0+4.6 \%
REGC pin input voltage | VIReGc |REGC -0.3t0+2.8 \
and -0.3 to Vop + 0.3 Note 1
UREGC pin input voltage | VIUREGC | UREGC -0.3 to UVBus + 0.3 Note 2
Input voltage Vi1 P00 to PO7, P10 to P17, P20 to P27, P30 to P37, -0.3to Vop + 0.3 Note 3

P40 to P46, P50 to P57, P70 to P77, P80 to P83,
P125 to P127, P137, P140 to P143, EXCLK,
EXCLKS, RESET

Vi2 P60, P61 (N-ch open-drain) -0.3to +6.5 \
Vi3 UDP, UDM -0.3to+6.5 \%
Vi4 P150 to P156 -0.3to AVpD + 0.3 Note 4 \Y
Output voltage Vo1 P00 to P07, P10 to P17, P20 to P27, P30 to P37, -0.3to Vop + 0.3 Note 3 \%
P40 to P46, P50 to P57, P60, P61, P70 to P77,
P80 to P83, P125 to P127, P140 to P143
Vo2 P130, P150 to P156 -0.3 t0 AVDD + 0.3 Note 3 Y,
Vo3 UDP, UDM -0.3to + 3.8
Analog input voltage VAI1 ANI16 to ANI21 -0.3to Voo + 0.3
and AVREF(+) + 0.3 Notes 3,5
VA2 ANIO to ANI6 -0.3to Avpp + 0.3 \%

and AVREF(+) + 0.3 Notes 3,5

Note 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF). This value regulates the absolute maximum rating of the
REGC pin. Do not use this pin with voltage applied to it.

Note 2. Connect the UReGc pin to Vss via a capacitor (0.33 pF). This value regulates the absolute maximum rating of the UReGc
pin. Do not use this pin with voltage applied to it.

Note 3. Must be 6.5 V or lower.

Note 4. Must be 4.6 V or lower.

Note 5. Do not exceed AVREF(+) + 0.3 V in case of A/D conversion target pin.

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 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
Remark 2. AVREF (+): + side reference voltage of the A/D converter.
Remark 3. Vss: Reference voltage
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Absolute Maximum Ratings (TAa = 25°C) (213)
Parameter Symbols Conditions Ratings Unit
LCD voltage |Vin VL1 input voltage Note 1 -0.3to0 +2.8
Vi VL2 input voltage Note 1 -0.3to +6.5 \
Vi3 VL3 input voltage Note 1 -0.3t0 +6.5 \%
Viia V4 input voltage Note 1 -0.3t0 +6.5 \
Viis CAPL, CAPH input voltage Note 1 -0.3t0 +6.5 \
Vio1 VL1 output voltage -0.3t0 +2.8 \%
VLo2 VL2 output voltage -0.3to +6.5 \%
VLo3 VL3 output voltage -0.3to0 +6.5 \%
VLo4 VL4 output voltage -0.3to +6.5 \%
VLos CAPL, CAPH output voltage -0.3t0 +6.5 \%
VLo6 COMO to COM7 | External resistance division method -0.3to VpbD + 0.3 Note 2 \%
SEGO10 SEGSS | capacitor split method -0.3to VDD + 0.3 Note 2 v
output voltage
Internal voltage boosting method -0.3to 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.

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 89 of 149
Feb 21, 2014
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Absolute Maximum Ratings (TA = 25 °C) (3/3)
Parameter Symbols Conditions Ratings Unit
Output current, high loH1 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, 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 1 p50 to P57, P70 to P77, P8O0 to P83,
P125 to P127, P140 to P143

loH2 Per pin P130, P150 to P156 -0.1 mA
Total of all -0.8 mA
pins
loH3 Per pin UDP, UDM -3 mA
Output 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, 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
170 mA | p5g o P57, P70 to P77, P8O to P83,
P125 to P127, P140 to P143

loL2 Per pin P130, P150 to P156 0.4 mA
Total of all 3.2 mA
pins
loLs Per pin UDP, UDM 3 mA
Operating ambient TA In normal operation mode -40 to +105 °C
temperature In flash memory programming mode -40 to +85
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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3.2 Oscillator Characteristics

3.21 X1 and XT1 oscillator characteristics

(TA=-40to0 +105°C,2.4V<VDD<3.6V,Vss=0V)

Parameter Resonator Conditions MIN. TYP. | MAX. | Unit
X1 clock oscillation frequency (fx) | Ceramic resonator/crystal resonator | 2.7V <Vpp< 3.6 V 1.0 20.0 | MHz
note 24V <Vpbp<27V 1.0 16.0
XT1 clock oscillation frequency Crystal resonator 32 32.768 35 kHz
(fx) Note
Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.

Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution  Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1 clock
oscillation stabilization time using the oscillation stabilization time counter status register (OSTC) by the user.
Determine the oscillation stabilization time of the OSTC register and the oscillation stabilization time select
register (OSTS) after sufficiently evaluating the oscillation stabilization time with the resonator to be used.

Remark  When using the X1 and XT1 oscillator, refer to 5.4 System Clock Oscillator in the RL78/L1C User’s Manual.
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

3.2.2  On-chip oscillator characteristics

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

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=-40t0 +105°C,2.4V<VDD<3.6V,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 frLL 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: TA = -40 to +105 °C)

3.3 DC Characteristics

3.31 Pin characteristics

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

Items Symbol Conditions MIN. | TYP. MAX. Unit
Output current, loH1 | Per pin for POO to P07, P10 to P17, P20 to P27, -10.0 Note 2| mA
high Note 1 P30 to P37, P40 to P46, P50 to P57,

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

Total of POO to P07, P10 to P17, P20 to P27, 27V <Vpop<3.6V -15.0 mA

P30 to P37, P40 to P46, P50 to P57, 24V<Vop<27V

P70 to P77, P80 to P83, P125 to P127,

P140 to P143 10| mA

(When duty = 70% Note 3)

loHz | Per pin for P130, P150 to P156 -0.1 Note 2 | mA

Total of all pins 24V <Vpp<36V -0.8 mA
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the Vbp pin to an output pin.
Note 2. However, do not exceed the total current value.
Note 3. Specification under conditions where the duty factor is 70%.

The output current value that has changed the duty ratio can be calculated with the following expression (when changing
the duty factor from 70% to n%).
« Total output current of pins = (loH x 0.7)/(n x 0.01)
<Example> Where n =50% and loH = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(50 x 0.01) = -14.0 mA

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

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

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, | loL1 Per pin for POO to P07, P10 to P17, P20 to P27, 20.0 mA
low Note 1 P30 to P37, P40 to P46, P50 to P57, Note 2

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

Per pin for P60 and P61 15.0 mA
Note 2

Total of P40 to P46 27V<Vopb<3.6V 15.0 | mA

(When duty = 70% Nete 3) 24V<Vop <27V 90 | mA

Total of POO to PO7, P10 to P17, P20 to P27, 27V<Vbob<3.6V 350 | mA

P30 to P37, P50 to P57, P60, P61, 24V <Vbp<27V 200 | 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 P130, P150 to P156 0.4 mA
Note 2

Total of all pins 24V <Vppb<36V 3.2 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.
Note 3. Specification under conditions where the duty factor is 70%.

The output current value that has changed 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 =50% and loL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(50 x 0.01) = 14.0 mA

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

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(TA=-40to +105°C, 2.4V <AVDD =VDD< 3.6 V,Vss=0V)

Iltems Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high | ViH1 P00 to P07, P10 to P17, P20 to P27, Normal input buffer | 0.8 Vbp VbD \Y
P30 to P37, P40 to P46, P50 to P57,
P70 to P77, P80 to P83, P125 to P127,
P140 to P143
ViH2 P00, PO1, P10, P11, P24, P25, TTL input buffer 2.0 VbD \%
P33, P34, P43, P44 33V<Vbpb<3.6V
TTL input buffer 1.50 VDD \%
24V <Vbb<3.3V
VIH3 P150 to P156 0.7 AVbD AVDD \Y
VIH4 P60, P61 0.7 Vbb 6.0 \%
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8 Vop VoD \
Input voltage, low | ViL1 P00 to P07, P10 to P17, P20 to P27, Normal input buffer 0 0.2 Vbp \%
P30 to P37, P40 to P46, P50 to P57,
P70 to P77, P80 to P83, P125 to P127,
P140 to P143
ViL2 P00, P01, P10, P11, P24, P25, TTL input buffer 0 0.5 \%
P33, P34, P43, P44 33V<Vop<3.6V
TTL input buffer 0 0.32 \%
24V <Vpbb<33V
Vi3 P150 to P156 0 0.3 AVbD \%
ViL4 P60, P61 0 0.3 VbD \Y
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 02Vopo | V

Caution

the N-ch open-drain mode.

Remark

The maximum value of ViH of pins P00 to P02, P10 to P12, P24 to P26, P33 to P35, and P42 to P44 is Vbb, even in

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

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

ltems Symbol Conditions MIN. TYP. | MAX. | Unit
Output voltage, high | VoH1 P00 to P07, P10 to P17, P20 to P27, 27V<Vbpb<36V, | Vbp-0.6 \%
P30 to P37, P40 to P46, P50 to P57, loH1 =-2.0 mA
P140 to P143 IoH1 = -1.5 mA
VoH2 P130, P150 to P156 24V <Vppb<3.6V, |AVDbD-0.5 \%
loH2 = -100 pA
Output voltage, low | VoL1 P00 to P07, P10 to P17, P20 to P27, 27V<VbpD<36YV, 0.6 \%
P30 to P37, P40 to P46, P50 to P57, loL1 = 3.0 mA
P70to P77, P80 to P83, P125t0 P127, |5 4 vy <\Vpp < 3.6 V 0.4 Vv
P140 to P143 loL1 = 1.5 mA
24V <VbD<36V, 0.4 \%
loL1 = 0.6 mA
VoL2 P130, P150 to P156 24V<VpD<L36YV, 0.4 \%
loL2 = 400 pA
VoLs P60, P61 27V<VbDb<36V, 0.4 \%
loL3 = 3.0 mA
24V<VbpD<3.6V, 0.4 \%
oLz = 2.0 mA

Caution

Remark

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.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(TA=-40to +105°C, 2.4V <AVDD =VDD< 3.6 V,Vss=0V)

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILIHL P00 to P07, P10 to P17, P20 to P27, |Vi=VbD 1 pA
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 V1 =VbD 1 pA
ILIH3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi= VoD | In input port or 1 uA
XT2, EXCLKS) external clock input
In resonator 10 HA
connection
ILIH4 P150 to P156 VI = AVDD 1 LA
Input leakage ILiLa P00 to P07, P10 to P17, P20 to P27, |Vi=Vss -1 HA
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 LA
ILiL3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi=Vss |Ininput port or -1 HA
XT2, EXCLKS) external clock input
In resonator -10 LA
connection
ILiL4 P150 to P156 Vi = AVss -1 HA
On-chip pull-up | Ru1 P00 to P07, P10 to P17, P20 to P27, |Vi=Vss [24V <Vbp<3.6V 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.

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 97 of 149
Feb 21, 2014



RL78/L1C

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

3.3.2

Supply current characteristics

(TA=-40t0 +105°C, 2.4V <VDD<3.6 V,Vss =0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Ibp1 Operating | HS fHoco = 48 MHz Note 3| | Basic Vob = 3.6 V 2.2 2.9 mA
current Note 1 mode (high-speed main) | iy = 24 MHz Note 3 operation [\, ,-'— 30y 20 29
mode Note 5
Normal Vop = 3.6 V 4.4 9.2
operation  [ypp =30V 44 | 92
fHoco = 24 MHz Note 3 | Basic Vop =3.6 V 2.0 2.6
fiH = 24 MHz Note 3 operation [\, ;- 30v 20 26
Normal Vop =3.6 V 4.2 7.0
operation  [yp =30V 42 | 70
froco = 16 MHz Note 3, | Normal Vob=3.6V 3.1 5.0
fiH = 16 MHz Note 3 operation [\;;n—30v 31 5.0
HS fmx = 20 MHz Note 2, Normal Square wave input 35 5.9 mA
(high-speed main) | Voo = 3.6 V operation | Resonator connection 3.6 6.0
mode Note 5
fux = 20 MHz Note 2, Normal Square wave input 35 5.9
Vop = 3.0V operation | gesonator connection 3.6 6.0
fmx = 16 MHz Note 2, Normal Square wave input 2.9 4.5
Vop = 3.6V operation | Resonator connection 3.1 4.6
fmx = 16 MHz Note 2, Normal Square wave input 2.9 45
Vop = 3.0V operation | Resonator connection 31 4.6
fux = 10 MHz Note 2, Normal Square wave input 2.1 35
Vop = 3.6 V operation | gesonator connection 2.2 35
fmx = 10 MHz Note 2, Normal Square wave input 2.1 35
Vop = 3.0V operation | gegonator connection 2.2 3.5
HS frLL = 48 MHz, Normal Vob =3.6 V 4.7 7.6 mA
(High-speed main) |fcik = 24 MHz Note 2 | operation  [\,0 "3 5y 47 | 76
mode
(PLL operation) frLL = 48 MHz, Norma‘I Vop =3.6 V 31 5.2
feuk =12 MHz Note 2| operation  fyp, = 30y 31 | 51
frLL = 48 MHz, Normal Vob = 3.6 V 2.3 39
feti =6 MHz Note 2 operation  [yp, =30V 23 | 39
Subsystem clock | fsug = 32.768 kHz Note 4 | Normal Square wave input 4.6 6.9 pA
operation Ta=-40°C operation | gesonator connection 4.7 6.9
fsus = 32.768 kHz Note 4 | Normal Square wave input 4.9 7.0
Ta=+25°C operation | Resonator connection 50 | 7.2
fsus = 32.768 kHz Note 4 | Normal Square wave input 5.2 7.6
Ta=+50°C operation | Resonator connection 52 7.7
fsus = 32.768 kHz Note 4 | Normal Square wave input 55 9.3
Ta=+70°C operation | Resonator connection 5.6 9.4
fsus = 32.768 kHz Note 4 | Normal Square wave input 6.2 13.3
Ta=+85°C operation | Resonator connection 6.2 | 13.4
fsus = 32.768 kHz Note 4 | Normal Square wave input 8.3 46.0
Ta=+105°C operation | gesonator connection 8.4 | 46.0

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

Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vbb, 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. When high-speed on-chip oscillator and subsystem clock are stopped.

Note 3. When high-speed system clock and subsystem clock are stopped.

Note 4. When high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (Ultra-low power
consumption oscillation). However, not including the current flowing into the real-time clock 2, 12-bit interval timer, and
watchdog timer.

Note 5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

HS (high-speed main) mode: 2.7V <Vop < 3.6 V@1 MHz to 24 MHz

2.4V <Vpp<3.6 V@1 MHz to 16 MHz

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

Remark 2. froco: 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. fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

Remark 5. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C

RO1DS0192EJ0200 Rev. 2.00 RENESAS Page 99 of 149
Feb 21, 2014



RL78/L1C

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

(TA=-40to +105°C,2.4V<VDD< 3.6 V,Vss=0V) (212)
Parameter Symbol | Conditions MIN. TYP. MAX. Unit
Supply Iop2 HALT mode HS (high-speed main) | fHoco = 48 MHz Note4 | Vpp = 3.6 V 0.77 3.4 mA
current Note 2 mode Nete 7 fin = 24 MHz Note 4 VDD =3.0V 077 | 34
roet froco = 24 MHz Note 4 [Vpp = 3.6 V 055 | 27

fin = 24 MHz Note 4 Voo =3.0V 055 | 2.7
fHoco = 16 MHz Note 4 | Vpp = 3.6 V 0.48 1.9
fin = 16 MHz Note 4 Vop = 3.0 V 047 | 1.9
HS (high-speed main) | fux = 20 MHz Note 3, Square wave input 0.35 2.10 mA
mode Note 7 Voo =3.6V Resonator connection 051 | 220
fMx = 20 MHz Note 3, Square wave input 0.34 2.10
Voo = 3.0V Resonator connection 0.51 2.20
fux = 16 MHz Note 3, Square wave input 0.30 1.25
Voo =3.6V Resonator connection 0.45 1.41
fmx = 16 MHz Note 3, Square wave input 0.29 1.23
Voo =3.0V Resonator connection 0.45 1.41
fux = 10 MHz Note 3, Square wave input 0.23 1.10
Vop = 3.6 V Resonator connection 0.30 1.20
fux = 10 MHz Note 3, Square wave input 0.22 1.10
Voo =3.0V Resonator connection 0.30 1.20
HS fmx = 48 MHz, Vop = 3.6 V 0.99 2.93 mA
(High-speed main) fcik = 24 MHz Note 3 Vob =3.0V 0.99 2.92
mode
(PLL operation) fmx = 48 MHz, Vop = 3.6 V 0.89 251
fouk =12 MHz Note 3 Hypn — 39y 089 | 250
fmx = 48 MHz, Vob = 3.6 V 0.84 2.30
feuk = 6 MHz Note 3 VoD = 3.0V 084 | 229
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.32 0.61 pA
operation Ta=-40°C Resonator connection 0.51 0.80
fsus = 32.768 kHz Note 5 | Square wave input 0.41 0.74
Ta=+25°C Resonator connection 0.62 0.91
fsus = 32.768 kHz Note 5 | Square wave input 0.52 2.30
Ta=+50°C Resonator connection 0.75 2.49
fsus = 32.768 kHz Note 5 | Square wave input 0.82 4.03
Ta=+70°C Resonator connection 1.08 4.22
fsus = 32.768 kHz Note 5 | Square wave input 1.38 8.04
Ta=+85°C Resonator connection 162 | 8.23
fsus = 32.768 kHz Note 5 | Square wave input 3.29 41.00
Ta=+105°C Resonator connection 3.63 | 41.00
Iop3 STOP mode |Ta =-40°C 0.18 0.52 pA
Noeé o Ta=+25°C 025 | 052
Ta = +50°C 0.34 2.21
Ta=+70°C 0.64 3.94
Ta =+85°C 1.18 7.95
Ta = +105°C 2.92 40.00

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

Note 1. Total current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to Vo 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 (AMPHSL1 = 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 <Vbp <3.6 V@1 MHz to 24 MHz
24V <Vpop<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. 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 (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. fsus:  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: TA = -40 to +105 °C)

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

Parameter Symbol Conditions MIN. | TYP. MAX. Unit

Low-speed |FiL Note 1 0.20 pA
on-chip oscillator
operating current

RTC2 operating IrRTC 0.02 pA
current Notes 1, 3
12-bit interval ITMKA 0.02 pA
timer operating Notes 1,2, 4
current
Watchdog timer lwbT fiL = 15 kHz 0.22 pA
operating current | Notes1,4
A/D converter lanc AVpp = 3.0 V, when conversion at maximum speed 422 720 pA
operating current Notes 6, 7
AVREF (+) current lavrer Note 8 | AVpp = 3.0 V, ADREFP1 = 0, ADREFPQ = 0 Note 7 14.0 25.0 pA
AVRerp = 3.0 V, ADREFP1 = 0, ADREFPOQ = 1 Note 10 14.0 25.0
ADREFP1 = 1, ADREFPQ = 0 Note 1 14.0 25.0
A/D converter |ADREF Vob =3.0V 75.0 pA
reference voltage | Notes 1,9
current
Temperature ITmps Note 1 78 pA
sensor operating
current
D/A converter Ibac Per D/A converter channel 0.53 15 mA
operating current | Notes 1, 11
Comparator lcmp Vob = 3.6V, Window mode 125 pA
i Notes 1, 12 -
operating current | Notes Regulator output Comparator high-speed mode 15 VA
voltage = 2.1V
Comparator low-speed mode 1.2 uA
LVD operating Ivi 0.06 pA
current Notes 1, 13
Self-programming | Irsp 2.50 12.20 mA
operating current | Notes 1,14
BGO operating [[Elele) 1.68 12.20 mA
current Notes 1, 15
SNOOZE Isnoz Note 1 | ADC operation The mode is performed Note 16 0.34 1.10 mA
operating current - -
The A/D conversion operations are performed, Low voltage 0.53 2.04

mode, AVRerp = Vop = 3.0 V

CSI/UART operation 0.70 1.54 mA
LCD operating ILcp External fuep = fsus 1/3 bias Vop = 3.6V, 0.14 pA
current Notes 17, 18 | resistance LCD clock = 128 Hz 4-time slice | Lva=3.6 V

division method

ILco2 Internal voltage fLep = fsus 1/3 bias Vob =3.0V, 0.61 pA
Note 17 boosting method | LCD clock = 128 Hz 4-time slice | Lva=3.0V
(VLCD = 04H)
ILcos Capacitor split fLep = fsus 1/3 bias Vob =3.0V, 0.12 pA
Note 17 method LCD clock = 128 Hz 4-time slice | Lva=3.0V
USB current Jusg Note 20 | Operating current during USB communication 4.88 mA
Note 19 - -
Jlusg Note 21 | Operating current in the USB suspended state 0.04 mA

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

Note 1. Current flowing to Vop.

Note 2. When high speed on-chip oscillator and high-speed system clock are stopped.

Note 3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ipp1 or Ipp2, and IRTC,
when the real-time clock 2 operates in operation mode or HALT mode. When the low-speed on-chip oscillator is selected,
IFiL should be added. Ibp2 subsystem clock operation includes the operational current of the real-time clock 2.

Note 4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and
the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ipp1 or Ipp2, and
ITMkA, when the 12-bit interval timer operates in operation mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFiL should be added. Ipp2 subsystem clock operation includes the operational current of the 12-bit interval
timer.

Note 5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator). The
current value of the RL78 microcontrollers is the sum of Ibpz, Ippb2 or Ibp3 and IwpT when the watchdog timer operates in
STOP mode.

Note 6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of Ipb1 or Ibp2 and
labc, IavREF, |IADREF When the A/D converter operates in an operation mode or the HALT mode.

Note 7. Current flowing to the AVpp.

Note 8. Current flowing from the reference voltage source of A/D converter.

Note 9. Operation current flowing to the internal reference voltage.

Note 10.  Current flowing to the AVREFP.

Note 11.  Current flowing only to the D/A converter. The current value of the RL78 microcontrollers is the sum of Ibpz or Ibp2 and
Iba when the D/A converter operates in an operation mode or the HALT mode.

Note 12.  Current flowing only to the comparator circuit. The current value of the RL78 microcontrollers is the sum of Ipp1, Ibp2 or
Ibp3 and Icmp when the comparator circuit operates in the Operating, HALT or STOP mode.

Note 13.  Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of Ippz, Ipp2 or Ipbb3 and
ILvi when the LVD circuit operates in the Operating, HALT or STOP mode.

Note 14.  Current flowing only during self-programming.

Note 15.  Current flowing only during data flash rewrite.

Note 16.  For shift time to the SNOOZE mode, see 23.3.3 SNOOZE mode in the RL78/L1C User’s Manual.

Note 17.  Current flowing only to the LCD controller/driver (Vbp pin). The current value of the RL78 microcontrollers is the sum of
the LCD operating current (lLcpz, lLcp2 or ILcp3) to the supply current (Ibpi, or Ibb2) when the LCD controller/driver
operates in an operation mode or HALT mode. Not including the current that flows through the LCD panel.

Note 18.  Not including the current that flows through the external divider resistor divider resistor.

Note 19.  Current flowing to the UVBus.

Note 20. Including the operating current when frLL = 48 MHz.

Note 21. Including the current supplied from the pull-up resistor of the UDP pin to the pull-down resistor of the host device, in
addition to the current consumed by this MCU during the suspended state.

Remark 1. fiL: Low-speed on-chip oscillator clock frequency

Remark 2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
Remark 3. fcLk: CPU/peripheral hardware clock frequency

Remark 4. Temperature condition of the TYP. value is Ta = 25°C
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RL78/L1C

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

3.4 AC Characteristics
3.4.1 Basic operation
(TA=-40to +105°C, 2.4V <AVDD =VDD< 3.6 V,Vss=0V) (1/2)
ltems Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle Tcy Main system | HS (high-speed main) | 2.7V <Vbb <3.6 V 0.0417 1 us
(minimum instruction clock (fwaiN) | mode 24V <VbD<2.7V 0.0625 1
execution time) operation HS
Subsystem clock (fsus) operation 24V <Vpbp<36V 28,5 30.5 | 31.3 us
In the self- HS (high-speed main) | 2.7V <Vbb<3.6 V 0.0417 1 us
programming | mode 24V<Vpop<27V | 0.0625 1
mode HS
External main system | fex 27V<Vbp<36V 1.0 20.0 | MHz
clock frequency 24V<Vbp<27V 1.0 16.0 | MHz
fexT 32 35 kHz
External main system | texH, 27V<Vpbb<36V 24 ns
clock input high-level | tex. 24V <Vbb<27V 30 ns
width, low-level width
tEXHS, 13.7
us
tEXLs
TIOO to TIO7 input tTIH, tTiL 1/fmck + ns
high-level width, 10
low-level width

Remark

fmck: Timer array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0),
n: Channel number (n = 0 to 7))
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

(TA=-40to +105°C, 2.4V <AVDD =VDD< 3.6 V,Vss=0V) (2/2)
Items Symbol Conditions MIN. | TYP. | MAX. | Unit

TOO0O0 to TO07, TKBOOO, fro HS (high-speed main) mode |2.7V<Vbp<3.6V 8 MHz

TKBOO01, TKBO10, TKBO11, 24V <VDD<27V 8 MHz

TKBO20, TKBO21

output frequency

PCLBUZ0, PCLBUZ1 output frcL HS (high-speed main) mode |2.7V<Vbp<3.6V 8 MHz

frequency 24V<VoD<27V 8 | MHz

Interrupt input high-level width, | tiNTH, INTPO to INTP7 24V <Vpp<36V 1 us

low-level width tINTL

Key interrupt input low-level tkR 24V <Vpp<36V 250 ns

width

TMKB2 forced output stop input | tiHR INTPO to INTP7 fcLk > 16 MHz 125 ns

high-level width folk < 16 MHz 2 foLk

RESET low-level width trsL 10 ps
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs VDD (HS (high-speed main) mode)

10
1.0 - e ) . . )
_ i ¥ — When the high-speed on-chip oscillator clock is selected
@ A
3 ; i
E‘ i E — — — During self programming
{l .
RS 4
aEa : ; —————— When high-speed system clock is selected
= I
@ ; i
S |
> i 1
o 1 )
0.1 i H
L i
0.0625 =2 J
0.05 : !
= .
0.01
0 1.0 20 : i30 36 40
2427
Supply voltage Vop [V]
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

AC Timing Test Points

VIH/VOH > Test points < VIH/VOH
Viu/VoL Viu/VoL

External System Clock Timing

1/fex
1/fexs

tEXL [ tEXH

tEXLS tEXHS

EXCLK/EXCLKS \
\ ) N
TI/TO Timing
-~ tTL W% tTHT\—
TIOO to TI07, TI10 to TI17

1/fto

TOO00 to TOO7, TO10 to TO17, /

TKBOO00, TKBOO1,
TKBO10, TKBO11,
TKBO20, TKBO21

Interrupt Request Input Timing

tINTL [ | tINTH
INTPO to INTP7
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

Key Interrupt Input Timing

KR

KRO to KR7

Timer KB2 Input Timing

tHR

INTPO to INTP7

RESET Input Timing

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

3.5 Peripheral Functions Characteristics

VIH/VOH . VIH/VOH
Test points
><VIL/VOL > <

Viu/VoL

3.5.1  Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40t0 +105°C,2.4V<VDD< 3.6 V,Vss=0V)

-~ HS (high-speed main) Mode ]
Parameter Symbol Conditions Unit
MIN. MAX.
Transfer rate Note 1 24V <Vpb<36V fmck/12 Note 2 bps
Theoretical value of the maximum transfer rate 2.0 Mbps
fmek = fcLk Note 3

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.

Note 2. The following conditions are required for low voltage interface.
2.4V <VbD < 2.7 V: MAX. 1.3 Mbps
Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:

HS (high-speed main) mode: 24 MHz (2.7 V <Vbp < 3.6 V)
16 MHz (2.4V <Vpp <3.6 V)

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

UART mode connection diagram (during communication at same potential)

TxDq RX
RL78 microcontroller User’s device
RxDq Tx

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

1/Transfer rate
High-/Low-bit width

Baud rate error tolerance
hd

TxDq
RxDq

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

Remark 2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13))

R01DS0192EJ0200 Rev. 2.00 RENESAS Page 109 of 149
Feb 21, 2014



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

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40to +105°C,2.4V<VDD< 3.6 V,Vss=0V)

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

SCKp cycle time tkeyl tkeyl > folk/4 27V<Vpb<36V 250 ns
24V<Vop<36V 500 ns

SCKp high-/low-level width tKH1, tkLl 27V<Vop<36V tkey1/2 - 36 ns
24V <Vopb<36V tkey1/2 - 76 ns

Slp setup time (to SCKpt) Note 1 tsiK1 27V<Vop<36V 66 ns
24V <Vop<3.6V 133 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
DAPmMn = 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
DAPmMn = 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, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM number (g =0to 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))

R01DS0192EJ0200 Rev. 2.00 RENESAS Page 110 of 149
Feb 21, 2014
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

(3) During communication at same potential (CSI mode) (slave mode, SCKp
(TA=-40to +105°C,2.4V<VDD< 3.6 V,Vss=0V)

... external clock input)

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

SCKp cycle time Note 5 tkeyz 27V<Vpop<36V |[fmck>16 MHz 16/fmck ns
fmck < 16 MHz 12/fmek ns

24V<Vbop<36V 12/fmck and 1000 ns

SCKp high-/low-level width tkH2, tkL2 27V<Vop<36V tkey2/2 - 16 ns
24V<Vop<3.6V tkey2/2 - 36 ns

Slp setup time (to SCKpt) Note 1 tsik2 27V<Vbop<36V 1/fmck + 40 ns
24V<Vopb<36V 1/fmck + 60 ns

Slp hold time (from SCKpt) Note 2 tKsi2 1/fmck + 62 ns
Delay time from SCKp| to SOp output Note 3 | tkso2 C =30 pF Note 4 27V<Vopb<3.6V 2/fmck + 66 ns
24V<Vpp<36V 2/fmek + 113 ns

Note 1.

Note 2.

Note 3.

Note 4.
Note 5.

Caution

Remark 1.

Remark 2.

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.

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.

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.
C is the load capacitance of the SOp output lines.
The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

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).

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 =0to 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,

n: Channel number (mn = 00 to 03, 10 to 13))
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 microcontroller
Slp SO  User's device
SOp Sl

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

KL, 2 | tKH1, 2 |

SCKp \

_ tsIk1, 2 ks, 2,

b))

—

Slp

Input data

tksoz1, 2

A$Y

b))}

SOp

Output data

T«

b))

X

(€S

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

tKCY1, 2
KH1, 2 | tKLL, 2
y Y ® \
SCKp /
R
. 1SIK1, 2 tKSI1, 2,
Sip Input data R
tkso1, 2
b))
A<Y
SOp Output data

b))

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)

1§
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RL78/L1C

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

(4) During communication at same potential (simplified I12C mode)
(TA=-40to +105°C,2.4V<VDD< 3.6 V,Vss=0V)

HS (high-speed main) Mode

Cb = 100 pF, Ro = 3 kQ

Parameter Symbol Conditions Unit
MIN. MAX.
SCLr clock frequency fscL 27V<VbD<36YV, 400 Note 1 kHz
Cb =50 pF, Rb = 2.7 kQ
24V <Vop<3.6V, 100 Note 1 kHz
Cb =100 pF, Rb = 3 kQ
Hold time when SCLr = “L” tLow 27V<Vbb<36YV, 1200 ns
Cb =50 pF, Rb = 2.7 kQ
24V<VbD<36YV, 4600 ns
Cb =100 pF, Rb = 3 kQ
Hold time when SCLr = “H” tHIGH 27V<Vbb<36YV, 1200 ns
Cb =50 pF, Rb = 2.7 kQ
24V<VbD<36YV, 4600 ns
Cb =100 pF, Rb = 3 kQ
Data setup time (reception) tsu: DAT 27V<VbD<36YV, 1/fmvck + 200 Note 2 ns
Cb =50 pF, Rb = 2.7 kQ
24V<VbD<36YV, 1/fmck + 580 Note 2 ns
Cb =100 pF, Rb = 3 kQ
Data hold time (transmission) tHD: DAT 27V<VbD<36YV, 0 770 ns
Cb =50 pF, Rb = 2.7 kQ
24V<VbD<36YV, 0 1420 ns

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 (Vbp 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

(POM).

Simplified 12C mode connection diagram (during communication at same potential)

VbD

% Rb
SDAr

RL78 microcontroller

SCLr

SDA

SCL

User’s device
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

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

1/fscL

tLow tHIGH

\
SCLr |
SDAr /_\

E—

I
tHD: DAT tsu: DAT

Remark 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cbo[F]: Communication line (SDAr, SCLr) load capacitance
Remark 2. r: IIC 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, 2), mn = 00 to 03, 10 to 13)
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

(5) Communication at different potential (1.8 'V, 2.5 V) (UART mode)

(TA=-40to +105°C, 2.4V <VDD<3.6 V,Vss=0V) (1/2)
HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
Transfer rate Notes 1, 2 Reception | 2.7V <Vbb<3.6V, fmek/12 Note 1 bps

23V<Vb<27V

Theoretical value of the maximum transfer rate 2.0 Mbps
fmek = ferk Note 4

18V<Vbpb<33V, fmck/12 Notes 1, 2,3 bps
1.6V<Vb<2.0V

Theoretical value of the maximum transfer rate 1.3 Mbps
fmek = ferk Note 4

Note 1.
Note 2.
Note 3.

Note 4.

Transfer rate in the SNOOZE mode is 4,800 bps only.
Use it with Vbp > Vb.
The following conditions are required for low voltage interface.
24V <Vpop<27V: MAX. 2.6 Mbps
The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vbbp £3.6 V)
16 MHz (2.4V <VbD < 3.6 V)

Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance) mode for the TxDq

pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi, see the
DC characteristics with TTL input buffer selected.

Remark 1. Vb[V]: Communication line voltage
Remark 2. g: UART number (q = 0 to 3), g: PIM and POM number (g = 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,
n: Channel number (mn = 00 to 03, 10 to 13)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

(5) Communication at different potential (1.8 V, 2.5V) (UART mode)
(TA=-40t0 +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 < Vop < 3.6V, Note 1 bps
23V<Vh<27V
Theoretical value of the maximum transfer rate 1.2 Note 2 Mbps
Cb =50 pF, Ro=2.7kQ, Vb =2.3V
1.8V <Vbp<33YV, Notes 3, 4 bps
16V<Vb<20V
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 <Vbp<3.6 Vand 2.3V <Vh<2.7V

1
Maximum transfer rate =

[bps]
(ChbxRoxIn(1-—=22 Y3
Vo

1 -{-Cbeben(l-ﬂ)}
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 Vbp > Vb.

Note 4. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid maximum transfer rate.
Expression for calculating the transfer rate when 2.4V <Vpp<3.3Vand 1.6 V<Vb<20V
1
Maximum transfer rate = [bps]
1.5
{CoxRboxIn(1l-——)}x3
Vb
1 .
- {CoxRoxIn(1-—2y
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 (Vop tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and VL, see the
DC characteristics with TTL input buffer selected.
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

UART mode connection diagram (during communication at different potential)

TxDq

RL78 microcontroller

RxDq

Vb

% Rb
Rx

Tx

User’s device

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

1/Transfer rate

Low-bit width

TxDqg

High-bit width

Baud rate error tolerance
hd

1/Transfer rate

High-/Low-bit width

Baud rate ergor tolerance
T

RxDq <

Remark 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Cb[F]: Communication line (TxDq) load capacitance,

Vb[V]: Communication line voltage

Remark 2. g: UART number (q = 0 to 3), g: PIM and POM number (g = 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,
n: Channel number (mn = 00 to 03, 10 to 13))
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RL78/L1C

3. ELECTRICAL SPECIFICATIONS (G: 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 =-40to +105 °C, 2.4V <VbD<3.6 V,Vss =0 V) (1/2)
HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
SCKp cycle time tkevl tkeyr > fek/4 | 2.7V <Vop<3.6V,23V<Vb<2.7V, 1000 Note ns
Cb =30 pF, Rb = 2.7 kQ
24V <Vpopb<33V,16V<Vph<18Y, 2300 Note ns
Cb =30 pF, Rb = 5.5 kQ
SCKp high-level width tkH1 27V<Vop<36V,23V<Vb<27V, tkeya/2 - 340 ns
Cb =30 pF, Rb = 2.7 kQ
24V<Vop<33V,1.6V<Vb<20V, tkey1/2 - 916 ns
Cb = 30 pF, Rb = 5.5 kQ
SCKp low-level width kL1 27V<Vop<36V,23V<Vb<27V, tkey1/2 - 36 ns
Cb =30 pF, Rb = 2.7 kQ
24V <Vbp<33V,16V<Vb<20V, tkcy1/2 - 100 ns
Cb =30 pF, Rb = 5.5 kQ
Note Use it with VbD > Vb.

Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vpp 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: 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=-40to +105°C,2.4V<VDD<3.6V,Vss=0V) (212)
HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.

Slp setup time (to SCKpft) Note 1 tsik1 27V <Vop<36V,23V<Vb<27V, 354 ns
Cb =30 pF, Ro = 2.7 kQ

24V <Vop<3.3V,1.6V<Vp<20VNote3 958 ns
Cb =30 pF, Ro =5.5 kQ

Slp hold time (from SCKpt) Note 1 tksi 27V<Vop<36V,23V<Vb<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ

24V <Vpp<3.3V,1.6V<Vp<20YVNote3 38 ns
Cb =30 pF, Ro =5.5 kQ

Delay time from SCKp| to SOp output Note 1 tkso1 27V<Vop<36V,23V<Vb<27V, 390 ns
Cb =30 pF, Rb = 2.7 kQ

24V <Vop<3.3V,1.6V<Vp<2.0VNote3 966 ns
Cb =30 pF, Ro =5.5 kQ

Slp setup time (to SCKp|) Note 2 tsik1 27V<Vop<36V,23V<Vb<27V, 88 ns
Cb =30 pF, Rb = 2.7 kQ

24V <Vop<3.3V,1.6V<Vp<20VNote3 220 ns
Cb =30 pF, Ro=5.5 kQ

Slp hold time (from SCKp|) Note 2 tksiz 27V<Vop<36V,23V<Vb<27YV, 38 ns
Cb =30 pF, Rb = 2.7 kQ

24V <Vpop<3.3V,1.6V<Vp<20VNote3 38 ns
Cb =30 pF, Ro =5.5 kQ

Delay time from SCKp1 to SOp output Note 2 tkso1 27V<Vbb<3.6V,23V<Vb<27V, 50 ns
Cb =30 pF, Rb = 2.7 kQ

24V <Vop<33V,1.6V<Vp<20V Note3 50 ns
Cb =30 pF, Ro=5.5 kQ

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
Note 2. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Note 3. Use it with Vbp > Vb.

Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop 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 next page.)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

CSI mode connection diagram (during communication at different potential)
<Master> Vb Vb

éRb %Rb
SCKp SCK

RL78 microcontroller
Slp SO User's device

SOp S|

Remark 1. Rb[Q]: Communication line (SCKp, SOp) pull-up resistance, Cb[F]: Communication line (SCKp, SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM number (g =0 to 3)
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,
n: Channel number (mn = 00))
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °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
KL tKH1
SCKp \
\ \
tsik1 tksi1
Sip 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.)

tkeyl
tkH1 tKL1
f
SCKp / /
\
tsik1 tksIL
Slp Input data
tKkso1
SOp Output data
Remark  p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM and POM number (g =0 to 3)
R01DS0192EJ0200 Rev. 2.00 RENESAS Page 122 of 149

Feb 21, 2014
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

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

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

HS (high-speed main) Mode

Cb =30 pF, Ro = 2.7 kQ

Parameter Symbol Conditions Unit
MIN. MAX.

SCKp cycle time Note 1 tkeyz2 27V<Vbp<36YV, 20 MHz < fmek < 24 MHz 32/fmck ns
23VsVbs2.1V 16 MHz < fuck <20 MHz | 28/fck ns

8 MHz < fmck < 16 MHz 24/fmck ns

4 MHz < fmck < 8 MHz 16/fmck ns

fmek < 4 MHz 12/fmek ns

24V <Vpbp<33YV, 20 MHz < fmck < 24 MHz 72/fmck ns

16V <Vb<2.0VNote2 16 MHz < fmck < 20 MHz 64/fmck ns

8 MHz < fmck < 16 MHz 52/fmek ns

4 MHz < fmck < 8 MHz 32/fmek ns

fmck < 4 MHz 20/fmek ns

SCKp high-/low-level width tkH2, tk2 |27V <VDD<3.6V,23V<Vb<27V tkey2/2 - 36 ns
24V<Vop<3.3V,16V<Vh<20YVNote2 tkey2/2 - 100 ns

Slp setup time (to SCKp?) Note 3 tsik2 27V<Vop<36V 1/fmek + 40 ns
2.4V <Vob<33V 1/fmck + 60 ns

Slp hold time (from SCKp1) Note 4 tksi2 1/fmMck + 62 ns
Delay time from SCKp| to SOp output Note 5 | tkso2 27V<Vop<36V,23V<Vb<27V 2/fmeck + 428 ns

24V<Vop<3.3V,1.6V<Vp<2.0V Note2

Cb =30 pF, Rb = 5.5 kQ

2/fmck + 1146 ns

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

Note 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps

Note 2. Use it with VDD > Vb.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmMn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmMn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 5. 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.

Caution  Select the TTL input buffer for the SIp pin and SCKp pin and the N-ch open drain output (Vbp tolerance) mode for
the SOp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi,

see the DC characteristics with TTL input buffer selected.

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

CSI mode connection diagram (during communication at different potential)

<Slave> Vb
é Rb
SCKp SCK
RL78 microcontroller
Slp SO User's device
SOp Sl

Remark 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb[F]: Communication line (SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00, 10, 20, 30), m: Unit number (m = 0, 1), n: Channel number (n =0 to 3),
g: PIM and POM number (g =0 to 3)
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,
n: Channel number (mn = 00, 02, 10, 12))
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

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

tkcy2
tkL2 tkH2
/
SCKp
N\ N__
tsik2 tksI2
Sip Input data
tKs02
SOp Output data

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

tKCY2

tKH2

kL2

SCKp /

Slp

tsik2

tksI2

Input data

tkso2

SOp

Output data

Remark  p: CSI number (p = 00, 10, 20, 30), m: Unit number (m =0, 1),
n: Channel number (n = 0 to 3), g: PIM and POM number (g = 0 to 3)
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RL78/L1C

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

(8) Communication at different potential (1.8 V, 2.5 V) (simplified I2C mode)
(TA=-40to +105°C,2.4V<VDD< 3.6 V,Vss=0V)

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

SCLr clock frequency fscL 27V<Vop<36V,23V<Vb<27V, 400 Note 1 kHz
Cb =50 pF, Rb = 2.7 kQ
27V<Vbp<36V,23V<Vb<27V, 100 Note 1 kHz
Cb =100 pF, Rb = 2.7 kQ)
24V<Vop<33V,1.6V<Vp<20VNote2 100 Note 1 kHz
Cb =100 pF, Rb = 5.5 kQ

Hold time when SCLr = “L" tLow 27V<Vbpp<3.6V,23V<Vb<27V, 1200 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vop<3.6V,23V<Vb<2.7V, 4600 ns
Cb =100 pF, Rb = 2.7 kQ
24V<Vop<33V,1.6V<Vp<20VNote2 4650 ns
Cb =100 pF, Rb = 5.5 kQ

Hold time when SCLr = “H” tHIGH 27V<Vop<36V,23V<Vb<27YV, 500 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vop<3.6V,23V<Vb<27V, 2400 ns
Cb =100 pF, Rb = 2.7 kQ
24V <Vpp<3.3V,1.6V<Vb<2.0V Note2 1830 ns
Cb =100 pF, Rb = 5.5 kQ2

Data setup time (reception) tsupAT [2.7V<VDD<36V,23V<Vb<27YV, 1/fmck + 340 Note 3 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vop<36V,23V<Vb<27V, 1/fmck + 760 Note 3 ns
Cb =100 pF, Rb = 2.7 kQ
24V<Vop<3.3V,1.6V<Vp<20VNote2 | 1/fuck + 570 Note 3 ns
Cb =100 pF, Rb = 5.5 kQ

Data hold time (transmission) thopAT [ 2.7V <VDD<36V,23V<Vb<27YV, 0 770 ns
Cb =50 pF, Rb = 2.7 kQ
27V<Vop<36V,23V<Vb<27YV, 0 1420 ns
Cb =100 pF, Rb = 2.7 kQ
24V<Vop<33V,1.6V<Vp<20VNote2 0 1215 ns
Cb =100 pF, Rb = 5.5 kQ2

Note 1.
Note 2.
Note 3.

Use it with Vbp > Vb.

Caution

The value must also be equal to or less than fmck/4.

Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".

Select the TTL input buffer and the N-ch open drain output (Vpp tolerance) mode for the SDAr pin and the N-ch

open drain output (Vop tolerance) 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/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

Simplified 12C mode connection diagram (during communication at different potential)

Vb Vb
é Rb % Rb
SDAr L SDA
RL78 microcontroller User's device
SCLr SCL

Simplified 12C mode serial transfer timing (during communication at different potential)

1/fscL

tLow tHIGH

SCLr \ L

/_
SDAr

|
tHD: DAT tSu: DAT

Remark 1. Rb[Q2]: Communication line (SDAr, SCLr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load capacitance,
Vb[V]: Communication line voltage

Remark 2. r: 1IC number (r = 00, 10, 20, 30), g: PIM, POM number (g = 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, 2), mn =00, 02, 10, 12)
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

3.5.2 Serial interface IICA

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

HS (high-speed main) Mode
Parameter Symbol Conditions Standard mode Fast mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fcik > 3.5 MHz — — 0 400 kHz
Standard mode: fcik > 1 MHz 0 100 — — kHz
Setup time of restart condition tsu: sTA 4.7 0.6 us
Hold time Note 1 tHD: STA 4.0 0.6 us
Hold time when SCLAOQ = “L” tLow 4.7 1.3 us
Hold time when SCLAQ = “H” tHIGH 4.0 0.6 us
Data setup time (reception) tsu: DAT 250 100 ns
Data hold time (transmission) Note 2 tHD: DAT 0 3.45 0 0.9 us
Setup time of stop condition tsu: sTO 4.0 0.6 us
Bus-free time tBUF 4.7 13 us
Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD:DAT is during normal transfer and a wait state is inserted in the ACK (acknowledge)
timing.

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

IICA serial transfer timing

tLow

S

tSu: STA — = {HD: STA tsu: sTo

SCLn

et

on ] TN
1 tsur|
sop st Restar sop
condition condition condition condition
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

3.5.3

USB

(1) Electrical specifications
(TA=-40to +105°C, 2.4V <VDD<3.6V,Vss =0V, HS (High-speed main) mode only)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Urecc | UReGc output voltage characteristic | UrRecc |UVBus =4.0t0 5.5V, 3.0 3.3 3.6 \%
PXXCON = VDDUSBE =1
UVBus | UVBus input voltage characteristic UVBus | Function 4.35 5.00 5.25 \%
(4.02 Note)
Note Value of instantaneous voltage

(TA=-40to +105°C, 4.35 V <UVBUS<5.25V,24V<VDD<3.6V,Vss =0V, HS (High-speed main) mode only)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input Input voltage VIH 2.0 \%
characteristic VIL 0.8 v
(FSILS - -
receiver) Difference input VoI | UDP voltage - UDM voltage | 0.2 \%
sensitivity
Difference common Vcm 0.8 2.5 \%
mode range
Output Output voltage VoH loH = -200 pA 2.8 3.6 \%
characteristic VoL loL = 2 mA 0.3 Vi
(FS driver) — — — -
Transition | Rising tFR Rising: From 10% to 90% of amplitude, 4 20 ns
time Falling . Falling: From 90% to 10% of amplitude, 20 ns
- CL =50 pF
Matching (TFR/TFF) VFRFM 90 111.1 %
Crossover voltage VFCRS 1.3 2.0 \%
Output Impedance ZDRV 28 44 Q
Output Output voltage VoH 2.8 3.6 \%
characteristic VoL 0 03 Vv
(LS driver) — — — -
Transition | Rising LR Rising: From 10% to 90% of amplitude, 75 300 ns
time Falling iLE Falling: From 90% to 10% of amplitude, 75 300 ns
- CL = 250 pF to 750 pF
Matching (TFR/TFF) VLTFM 80 125 %
Note
The UDP and UDM pins are individually pulled
Crossover voltage Note | VL.CRs down via 15 kQ 1.3 2.0 \%
Pull-up, Pull-down resistor RpPD 14.25 2480 | kQ
Pull-down Pull-up | Idle RpUI 0.9 1575 | kQ
resistor | Reception | RpuA 1.425 3.09 | kQ
UVBus UVeus pull-down RvBUS UVBus voltage =5.5V 1000 kQ
resistor
UVaus input voltage VIH 3.20 \%
ViL 0.8 \%
Note Excludes the first signal transition from the idle state.
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

Timing of UDP and UDM

UDP
/ 90% 90%
VcRrs (Crossover voltage)
10% 10%
UDM
R tF
™~ — -

(2) BC standard
(TA=-40to +105°C, 4.35V<UVBUS <525V, 24V <VbD<3.6V, Vss =0V, HS (High-speed main) mode only)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UsB UDP sink current IDP_SINK 25 100 175 pA
standard | ypM sink current IDM_SINK 25 100 175 WA
BC1.2 DCD source current IbP_SRC 7 10 13 pA

Data detection voltage VDAT_REF 0.25 0.325 0.4

UDP source voltage Vpp_srRC | Output current 250 pA 0.5 0.6 0.7 \%

UDM source voltage VbM_src | Output current 250 pA 0.5 0.6 0.7 \%
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3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

(3) BC option standard

(TA =-40to +105°C,4.35V <UVBUS<5.25V,2.4V <VDD<3.6,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
UDP/UDM input reference | VDSELI [3: 0] | 0000 VDDETO 27 32 37 %UVBUS
voltage (i=0.1) 0001 VDDET1 29 34 39 | %UVBUS
(UVeus divider ratio) 0010 | VooET2 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 VDDET8 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 71 76 81 %UVBUS
1110 VDDET14 75 80 85 %UVBUS
1111 VDDET15 79 84 89 %UVBUS
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RL78/L1C 3. ELECTRICAL SPECIFICATIONS (G: TA = -40 to +105 °C)

3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Reference voltage (+) = Internal

Reference Voltage | Reference voltage (+) = AVREFP Reference voltage (+) = AVbp
reference voltage
Input Channel Reference voltage (-) = AVREFM Reference voltage (-) = AVss
Reference voltage (-) = AVss
High-accuracy channel; ANIO to ANI6 | Refer to 3.6.1 (1). Refer to 3.6.1 (2). Refer to 3.6.1 (5).

(input buffer power supply: AVbp)

Standard channel; ANI16 to ANI21 Refer to 3.6.1 (3). Refer to 3.6.1 (4).
(input buffer power supply: Vob)

Internal reference voltage, Refer to 3.6.1 (3). Refer to 3.6.1 (4). —
Temperature sensor output voltage

(1) When reference voltage (+) = AVRerrP/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVREFM/ANIL1 (ADREFM = 1), conversion target: ANI2 to ANI6

(TA=-40t0 +105 °C, 2.4V < AVREFP < AVDD = VDD £ 3.6 V, Vss =0V, AVss = 0 V, Reference voltage (+) = AVREFP,
Reference voltage (-) = AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 2.4V <AVREFP < AVDD 3.6 V 8 12 bit
Overall error Note AINL 12-bit resolution | 2.4V < AVRerP <AVDD < 3.6 V 16.0 LSB
Conversion time tconv ADTYP =0, 2.4V < AVRerP < AVDD< 3.6 V| 3.375 us
12-bit resolution
Zero-scale error Note Ezs 12-bit resolution | 2.4V < AVRerP < AVDD < 3.6 V 4.5 LSB
Full-scale error Note EFs 12-bit resolution |2.4V < AVRerP <AVDD< 3.6 V +4.5 LSB
Integral linearity error Note ILE 12-bit resolution | 2.4V < AVRerp < AVDD < 3.6 V 2.0 LSB
Differential linearity error Note DLE 12-bit resolution | 2.4V < AVRerp < AVDD < 3.6 V 1.5 LSB
Analog input voltage VAIN 0 AVREFP \%
Note Excludes quantization error (£1/2 LSB).

Caution  Always use AVpp pin with the same potential as the Vop pin.
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(2) When reference voltage (+) = AVbb (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM =
0), conversion target: ANIO to ANI6

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVDD<3.6 V 8 12 bit
Overall error Note AINL 12-bit resolution 24V <AVDD<3.6V +7.5 LSB
Conversion time tconv |ADTYP =0, 24V<AVDD<36V 3.375

12-bit resolution Ks
Zero-scale error Note Ezs 12-bit resolution 24V <AVDDL3.6V +6.0 LSB
Full-scale error Note EFs 12-bit resolution 24V<AVDD<36V 16.0 LSB
Integral linearity error Note ILE 12-bit resolution 24V <AVDD<36V +3.0 LSB
Differential linearity error Note | DLE 12-bit resolution 24V<AVDD<3.6V 2.0 LSB
Analog input voltage VAIN 0 AVDD \%
Note Excludes quantization error (+1/2 LSB).

Caution  Always use AVDD pin with the same potential as the Vbp pin.
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(3) When reference voltage (+) = AVRerp/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVrerm/ANI1 (ADREFM = 1), conversion target ANI16 to ANI21, internal reference voltage, temperature
sensor output voltage

(TA=-40to0 +105°C, 2.4V <VDD<3.6V,2.4V <AVREFP<AVDD=VDD< 3.6 V,Vss=0V,AVss=0V,
Reference voltage (+) = AVREFP, Reference voltage (-) = AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 2.4V < AVREFP < AVDD < 3.6 V 8 12 bit
Overall error Note 1 AINL 12-bit resolution 2.4V < AVREFP < AVDD < 3.6 V 7.0 LSB
Conversion time tconv ADTYP =0, 2.4V < AVRerP < AVDD < 3.6 V 4.125 us

12-bit resolution
Zero-scale error Note 1 Ezs 12-bit resolution 2.4V < AVREFP < AVDD < 3.6 V 5.0 LSB
Full-scale error Note 1 EFs 12-bit resolution 2.4V < AVRerp < AVDD < 3.6 V +5.0 LSB
Integral linearity error Note 1 | [LE 12-bit resolution 2.4V < AVREFP < AVDD £ 3.6 V +3.0 LSB
Differential linearity error DLE 12-bit resolution | 2.4 V < AVRerp < AVDD < 3.6 V 20 LSB
Note 1
Analog input voltage VAIN 0 AVREFP \%
Internal reference voltage VBGR Note 2

(2.4 V <Vpp £ 3.6 V, HS (high-speed main) mode)

Temperature sensor output voltage \/Tmp2s Note 2
(2.4 V <VbD < 3.6 V, HS (high-speed main) mode)

Note 1. Excludes quantization error (£1/2 LSB).
Note 2. Refer to 3.6.2 Temperature sensor, internal reference voltage output characteristics.

Caution  Always use AVpp pin with the same potential as the Vop pin.
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(4) When reference voltage (+) = AVbb (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM =
0), conversion target: ANI16 to ANI21, internal reference voltage, temperature sensor output voltage

(TA=-40to +105 °C, 2.4V <VDD<3.6V,24V<AVDD=VDD<3.6V,Vss=0V, AVss =0V, Reference voltage (+)
= AVDD, Reference voltage (-) = AVss = 0)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution REs 24V <AVDD<3.6V 8 12 bit
Overall error Note 1 AINL 12-bit resolution 24V <AVDD<3.6V +8.5 LSB
Conversion time tconv ADTYP =0, 24V <AVDD<3.6V 4.125 us

12-bit resolution
Zero-scale error Note 1 Ezs 12-bit resolution 24V <AVDD<3.6V +8.0 LSB
Full-scale error Note 1 EFs 12-bit resolution 24V<AVDD<3.6V 8.0 LSB
Integral linearity error Note 1 | [LE 12-bit resolution 24V<AVDD<3.6V 3.5 LSB
Differential linearity error DLE 12-bit resolution 24V<AVDDL3.6V +2.5 LSB
Note 1
Analog input voltage VAIN 0 AVDD \%
Internal reference voltage \VBGR Note 2

(2.4 V < VoD £ 3.6 V, HS (high-speed main) mode)

Temperature sensor output voltage \/Tmp2s Note 2
(2.4 V <VbD < 3.6 V, HS (high-speed main) mode)

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. Refer to 3.6.2 Temperature sensor, internal reference voltage output characteristics.

Caution  Always use AVDD pin with the same potential as the Vbop pin.
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(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=-40to +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 15 \%
Analog input voltage VAIN 0 VBGR \%

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

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

3.6.2  Temperature sensor, internal reference voltage output characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTmps2s | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 15 \%
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=-40to +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 <Vbpb<36V +2.5 LSB
Rload = 8 MQ 24V<VboD<3.6V 2.5 LSB
Settling time tsET Cload = 20 pF 27V<Vbp<36V 3 us
24V<VpD<2.7V 6 us
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3.6.4 Comparator

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage range Ivref 0 Vob-14 | V
lvemp -0.3 Vbb+03 | V

Output delay td Vop =3.0V High-speed comparator 1.2 us

Input slew rate > 50 mV/us | mode, standard mode

High-speed comparator 2.0 us
mode, window mode

Low-speed comparator mode, 3 5.0 us
standard mode

High-electric-potential | VTW+ | High-speed comparator mode, window mode 0.76 Vbp \%
judgment voltage

Low-electric-potential | VTW- | High-speed comparator mode, window mode 0.24 Vbp \
judgment voltage

Operation stabilization | tcmp 100 us
wait time

Internal reference VBGR 2.4V <VpD £ 3.6 V, HS (high-speed main) mode 1.38 1.45 1.50 \%
voltage Note

Note Not usable in sub-clock operation or STOP mode.

3.6.5 POR circuit characteristics

(TA =-40to +105 °C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPOR Power supply rise time 1.45 151 1.57 \%
VPDR Power supply fall time Note 1.44 1.50 1.56 \
Minimum pulse width Tpw 300 us
Note Minimum time required for a POR reset when Vbp exceeds below VpPpR. This is also the minimum time required for a

POR reset from when Vbp exceeds below 0.7 V to when Vbb exceeds VrPor while STOP mode is entered or the main
system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register
(CSsQ).

TrPw
rt
Supply voltage (Vob) i
i VPOR
VPDROr 0.7V ===-=-------—------19 '
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3.6.6 LVD circuit characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage | Supply voltage level | Vivb2 Power supply rise time 3.01 3.13 3.25 \%
Power supply fall time 2.94 3.06 3.18

VLvD3 Power supply rise time 2.90 3.02 3.14 \%

Power supply fall time 2.85 2.96 3.07 \%

VLvD4 Power supply rise time 2.81 2.92 3.03 \%

Power supply fall time 2.75 2.86 2.97 \%

VLvDs Power supply rise time 271 281 2.92 \%

Power supply fall time 2.64 2.75 2.86 \%

VLvD6 Power supply rise time 2.61 2.71 281 \%

Power supply fall time 2.55 2.65 2.75 \%

VLvD7 Power supply rise time 251 2.61 271 \%

Power supply fall time 2.45 2.55 2.65 \%

Minimum pulse width tLw 300 us

Detection delay time 300 us

Caution  Set the detection voltage (VLvbp) 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: Vbbb =2.7to 3.6 V at 1 MHz to 24 MHz
Vop =2.4t0 3.6 Vat1lMHzto 16 MHz
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LVD Detection Voltage of Interrupt & Reset Mode
(TA=-40to +105 °C, VPDR< VDD < 3.6 V, Vss=0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit

Interrupt and reset mode | Vwvbbo | VPoco, Vpoct, Vpocz = 0, 1, 1, falling reset voltage: 2.7 V 264 | 275 | 2.86 \%

VLvDD1 LVISO, LVIS1 =1, 0 | Rising release reset voltage 2.81 | 292 | 3.03 \%

Falling interrupt voltage 275 | 2.86 | 2.97 \

VLvDD2 LVISO, LVIS1 =0, 1 | Rising release reset voltage 290 | 3.02 | 3.14 \%

Falling interrupt voltage 2.85 | 296 | 3.07 \

3.7 Power supply voltage rising slope characteristics

(TA =-40to +105 °C, Vss =0 V)

Parameter Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope SVbp 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until Vbop reaches the operating
voltage range shown in 3.4 AC Characteristics.
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3.8 LCD Characteristics

3.8.1 Resistance division method

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

LCD drive voltage Vi4 2.0 VbD \%

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

LCD drive voltage Vi4 2.7 VbD \%

(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 25 VbD Vv
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3.8.2 Internal voltage boosting method

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi CltoC4Notel |VLCD =04H 0.90 1.00 1.08 \%

=0.47 uFNote 2 |y €D = 05H 0.95 1.05 1.13

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 \%

VLCD = ODH 1.35 1.45 153 \%

VLCD = OEH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 \%

VLCD = 11H 1.55 1.65 1.73 \%

VLCD = 12H 1.60 1.70 1.78 \%

VLCD = 13H 1.65 1.75 1.83 \%

Doubler output voltage Vi2 Clto C4Note1 =047 uF 2Vi1-01 | 2Vu 2V \Y

Tripler output voltage Vis Clto C4Notel =047 uF 3Vi1-0.15| 3V 3Vl \%
Reference voltage setup time Note 2 tywAITL 5 ms
Voltage boost wait time Note 3 tywAIT2 C1to C4Notel = 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 uF+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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(2) 1/4 bias method
(TA=-40t0 +105°C, 2.4V <VDD<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range Vil CltoC4Notel |VLCD =04H 0.90 1.00 1.08 \%
=0.47 pF Note 2 | ) Cp = 05H 0.95 1.05 1.13
VLCD = 06H 1.00 1.10 1.18 \%
VLCD = 07H 1.05 1.15 1.23 \%
VLCD = 08H 1.10 1.20 1.28 \%
VLCD = 09H 1.15 1.25 1.33 \%
VLCD = 0AH 1.20 1.30 1.38 \%
Doubler output voltage Vi2 Clto C4 Notel =047 uF 2V11-0.08| 2V 2 Vi1 Vv
Tripler output voltage Vi3 Clto C4 Notel =047 uF 3Vw1-0.12| 3V 3Vu \Y
Quadruply output voltage Vi4 Clto C5Notel =047 uF 4Vi1-0.16| 4V 4V \
Reference voltage setup time Note 2 tvwAITL 5 ms
Voltage boost wait time Note 3 tywAIT2 Clto C5Notel=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 VL3 and GND
C5: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 uF+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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3.8.3 Capacitor split method

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
VL4 voltage Via C1to C4 = 0.47 uF Note 2 VoD v
VL2 voltage Viz C1to C4 =0.47 pF Note 2 2/3 V14 -0.07 | 2/3Via | 2/3 Via +0.07 \
Vi1 voltage Vi C1to C4 =0.47 uF Note 2 1/3Vw4-0.08 | 1/3 VL4 | 1/3 Via + 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 uF+30%
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3.9 Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics

(TA = -40 to +105 °C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention suppl
PRy VDDDR 1.44 Note 3.6 \%
voltage
Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR reset is
effected, but data is not retained when a POR reset is effected.
U STOP mode Operation mode
-— Data retention mode ———
))
1
VbD
T VDDDR
STOP instruction execution
Standby release signal /
(interrupt request) /
)
{

3.10 Flash Memory Programming Characteristics

(TA=-40to0 +105°C, 2.4V <VDD< 3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
CPU/peripheral hardware fcik 24V <Vbop<3.6V
1 24 MHz

clock frequency
Number of code flash rewrites | Cerwr Retained for 20 years Ta =85°C 1000 Times
Notes 1, 2, 3 !
Number of data flash rewrites Retained for 1 year Ta =25°C 1,000,000
Notes1,2,3 Retained for 5 years Ta=85°C 100,000

Retained for 20 years Ta =85°C 10,000

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.

3.11 Dedicated Flash Memory Programmer Communication (UART)

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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3.12 Timing Specs for Switching Modes

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

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
How long from when an external reset ends until the |tsuinit | POR and LVD reset must end 100 ms
initial communication settings are specified before the external reset ends.
How long from when the TOOLO pin is placed at the |tsu POR and LVD reset must end 10 us
low level until an external reset ends before the external reset ends.
Time to hold the TOOLO pin at the low level after an | tHD POR and LVD reset must end 1 ms
external reset is released (excluding the processing before the external reset ends.
time of the firmware to control the flash memory)

<1> <2> <3> <4>
RESET
723 ps + tHD
processing OOH reception
time (TOOLRxD, TOOLTXD mode)
TOOLO \ [ ...
tsu tSUINIT

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (POR and LVD reset must end before the external reset ends.).

<3> The TOOLDO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and complete the baud rate setting.

Remark  tsuini: The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from
when the resets end.
tsu: How long from when the TOOLO pin is placed at the low level until a external reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external and internal resets end (except soft
processing time)
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4. PACKAGE DRAWINGS

4.1 80-pin products

R5F110MEAFB, R5F110MFAFB, R5F110MGAFB, R5F110MHAFB, R5F110MJAFB
R5F111MEAFB, R5F111MFAFB, R5F111MGAFB, R5F111MHAFB, R5F111MJAFB
R5F110MEGFB, R5F110MFGFB, R5F110MGGFB, R5F110MHGFB, R5F110MJGFB
R5F111MEGFB, R5F111MFGFB, R5F111MGGFB, R5F111MHGFB, R5F111MJGFB

JEITA Package Code [ RENESAS Code |  Previous Code | MASS[Typ] |
P-LFQFP80-12x12-0.50 PLQP0080KB-A 80P6Q-A 0.59
Hop
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60 41
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= == b,
= E=
== =
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=< = S| o
=== = wl
== = #
= E= & Dimension in Millimeters
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% % . M- Min | Nom | Max
= == E [11.9] 12.0] 121
L= Q 5 A | — |14 —
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RLECLEELELREELELEL]: S — Fe 1138 4.0 142
% Index mark Al —]—117
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RL78/L1C

4. PACKAGE DRAWINGS

4.2 85-pin products

R5F110NEALA, R5F110NFALA, R5F110NGALA, R5F110NHALA, RSF110NJALA
R5F111NEALA, RSF111INFALA, R5F111INGALA, R5F111INHALA, RSF111INJALA
R5F110NEGLA, R5F110NFGLA, R5F110NGGLA, R5F110NHGLA, R5F110NJGLA
R5F111INEGLA, R5F111NFGLA, R5F111INGGLA, R5F111NHGLA, R5F111NJGLA

JEITA Package code RENESAS code Previous code MASS(TYP.)[g]
P-VFLGA85-7x7-0.65 PVLGO085JA-A P85FC-65-BN4 0.1
E Dlw[s]s]
DETAIL (A)
N
L] D
A
9b
(LAND SIZE)
¢0.45+0.05
(SR OPENING SIZE)
“~—— INDEX AREA
A
1
R } f
Referance| Dimension in Millimeters
E Symbol Min Nom Max
D 6.90 | 7.00 | 7.10
@\ Ze E 6.90 | 7.00 | 7.10
. A — | — 1.00
K| 000000000 D- e | — | 065 | —
J]OOOOOOOO0O Zp b 030 | 035 | 040
HIOOOOOOOOOO x I 0.08
G| OOO 00O y I 0.10
, FIOOO . 00O Vi — — 0.20
E[OOO 00O Zp — 0575 —
D|OOOO O 06 Ze — 0575 —
ClOO0OO0O00000 0O w — | — 0.20
B[OOOOOOOOOO
AlOOOOOO0OOO0O0
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RL78/L1C 4. PACKAGE DRAWINGS

4.3 100-pin products

R5F110PEAFB, R5F110PFAFB, R5F110PGAFB, R5F110PHAFB, RSF110PJAFB
RS5F111PEAFB, R5F111PFAFB, R5F111PGAFB, R5F111PHAFB, RSF111PJAFB
R5F110PEGFB, R5F110PFGFB, R5F110PGGFB, R5F110PHGFB, R5F110PJGFB
R5F111PEGFB, R5F111PFGFB, R5F111PGGFB, R5F111PHGFB, R5F111PJGFB

JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ.] |
P-LFQFP100-14x14-0.50 | PLQPO100KB-A [100P6Q-A/FP-100U / FP-100UV | 069 |
Hp
‘0
75 51
ARAARARARRARARRAAARAARAAA NoTE)
1. DIMENSIONS "*1" AND "*2"
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REVISION HISTORY

RL78/L1C Datasheet

Rev. Date Description
Page Summary
0.01 Oct 15, 2012 — First Edition issued
1.00 | Nov 18, 2013 1,2 Modification of 1.1 Features
3,4 Modification of 1.2 Ordering Information
5t08 Modification of package type in 1.3 Pin Configuration (Top View)
14 to 17 | Modification of vectored interrupt sources in 1.6 Outline of Functions
14to 17 |Modification of operating ambient temperature in 1.6 Outline of Functions
19to 21 | Modification of description in tables in 2.1 Absolute Maximum Ratings
22,23 Modification of description in 2.2 Oscillator Characteristics
25 Modification of low-level output current in 2.3.1 Pin characteristics
26 Modification of error of high-level input voltage conditions in 2.3.1 Pin
characteristics
26 Modification of error of low-level input voltage conditions in 2.3.1 Pin
characteristics
27 Modification of low-level output voltage in 2.3.1 Pin characteristics
28 Modification of error of internal pull-up resistor conditions in 2.3.1 Pin
characteristics
29to 34 | Modification of 2.3.2 Supply current characteristics
35, 36 Modification of 2.4 AC Characteristics
37,38 Addition of minimum instruction execution time during main system clock
operation
41to 63 |Addition of LS mode and LV mode characteristics in 2.5.1 Serial array unit
64 to 66 | Addition of LS mode and LV mode characteristics in 2.5.2 Serial interface [ICA
67, 68 Modification of conditions in 2.5.3 USB
69 Addition of (3) BC option standard in 2.5.3 USB
70to 75 | Addition of characteristics about conversion of internal reference voltage and
temperature sensor in 2.6.1 A/D converter characteristics
76 Addition of characteristic in 2.6.4 Comparator
76 Deletion of detection delay in 2.6.5 POR circuit characteristics
78 Modification of 2.7 Power supply voltage rising slope characteristics
79to 82 | Modification of 2.8 LCD Characteristics
83 Modification of 2.9 Data Memory STOP Mode Low Supply Voltage Data
Retention Characteristics
83 Modification of 2.10 Flash Memory Programming Characteristics
84 Addition of 2.12 Timing Specs for Switching Modes
8510 144 | Addition of 3. ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)
2.00 | Feb 21,2014 All Addition of 85-pin product information
All Modification from 80-pin to 80/85-pin
All Modification fromx =M, Ptox =M, N, P
All Modification from high-accuracy real-time clock to real-time clock 2
All Modification from RTC to RTC2
1 Modification of 1.1 Features
3 Modification of 1.2 Ordering Information




REVISION HISTORY RL78/L1C Datasheet

Description
Rev. Date
Page Summary
2.00 | Feb21, 2014 4 Modification of Figure 1 - 1 Part Number, Memory Size, and Package of
RL78/L1C
69 Modification of (1) Electrical specifications in 2.5.3 USB
82 Modification of note 1 in (1) 1/3 bias method in 2.8.2 Internal voltage boosting
method
130 Modification of (1) Electrical specifications in 3.5.3 USB
142 Modification of note 1 in (1) 1/3 bias method in 3.8.2 Internal voltage boosting
method

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries
including the United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

All trademarks and registered trademarks are the property of their respective owners.




NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

(2) HANDLING OF UNUSED INPUT PINS: Unconnected CMOS device inputs can be cause of malfunction.
If an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc.,
causing malfunction. CMOS devices behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry.  Each unused pin should be
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin. All handling
related to unused pins must be judged separately for each device and according to related specifications
governing the device.

(3) PRECAUTION AGAINST ESD: A strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation. Steps must be taken to stop
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.
Environmental control must be adequate. When it is dry, a humidifier should be used. It is recommended
to avoid using insulators that easily build up static electricity. Semiconductor devices must be stored and
transported in an anti-static container, static shielding bag or conductive material.  All test and measurement
tools including work benches and floors should be grounded. The operator should be grounded using a
wrist strap.  Semiconductor devices must not be touched with bare hands. Similar precautions need to be
taken for PW boards with mounted semiconductor devices.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

(5) POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately
for each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an I/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or I/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of

use of these circuits, software, or information.

others.

third parties arising from such alteration, ication, copy or otherwise mi: iation of Renesas Electronics product.

the product's quality grade, as indicated below.

equipment; and industrial robots etc.

use of Renesas Electronics products beyond such specified ranges.

redundancy, fire control and malfunction prevention, appropriate for aging ion or any other iate measure:

ictor products and You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.
3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or

technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality”. The recommended applications for each Renesas Electronics product depends on

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.
Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the

possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

please evaluate the safety of the final products or systems manufactured by you.

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

regulations and follow the procedures required by such laws and regulations.
10.

IS

products.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

Because the evaluation of software alone is very difficult,

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the

development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and

Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics

11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.
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rapaHTmsa 6ecnepeboiMHOCTM NPOM3BOACTBA U
KauecTBa BbIMyCKAaeMOWN MPOAyKLMUK

O KkoMnNaHumn

000 "TpenadnekTpoHMKC" - 3TO onepaTuMBHbIE MOCTaBKM LLUMPOKOro
CNeKTpa 3/IEKTPOHHbIX KOMMOHEHTOB OTEYECTBEHHOr0 W  MMMOPTHOro
NpOM3BOACTBA HanNpsIMyk OT MpoM3BOAMTENIEN W C KPYMHEUWUX MUPOBbIX
CknagoB. Peanusyemas Hawen KOMMaHuWen npoAayKuMs HacuuTbiBaeT 6onee
NOJYMUNTNOHA HAaMMEHOBAHUMN.

Bnarogaps 3ToMy Halla KOMMaHWsA NpeasaraeT K NocTaBKe NMpakKTUUYecKu
He OrpaHUYEeHHbIN aCCOPTUMEHT KOMMOHEHTOB KakK OMTOBbIMW, MENKOONTOBLIMU
napTUAMK, TaK U B PO3HULLY.

Hanunune cobctBeHHOMN 3(hPeKTUBHON CUCTEMbI NOTMCTMKKM obecrneumnBaeT
HaAEeXHYI NOCTaBKy NPOoAYKUMU MO KOHKYPEHTHbIM LleHaM B TOYHO yKa3aHHble
CPOKM.

Cpok nocTtaBku co ctokoB B EBpone n AMepuke - ot 3 Ao 14 gHen.
Cpok noctaBku 13 Aaum — ot 10 gHeM.

Bnarogaps pa3BuMTOM CETM NOCTaBLIMKOB, MNOMOraeM B TOWUCKE U
NpMobpeTeHMN IK30TUUYHbBIX UM CHATbIX C MPOM3BOACTBA KOMIMOHEHTOB.

MpenocrtaBndeM cneu UeHbl Ha 3/1eMeHTbl 4S9 CO34aHUSA UHXXEHEPHbIX
COMIMOB.

YNOpHbIA TPYA, KaUeCTBEHHbIA pe3ynbTaT AalOT HaM NpaBo 6bITb
yBepeHHbiMU B cebe U HageXXHbIMU AJIS HAalWUX KJINEeHTOB.

Hawa koMnaHusa 3T0:

. MapaHTUa KadecTBa NOCTaBASIEMON NPOAYKLMMK
. LLInpoknin accopTMMeHT

. MMHMManbHble CPOKM MOCTAaBOK

. TexHn4eckaa noaaepxka

. Monbop KoMnnekTaumm

. NHaMBMAyanbHbIA Noaxon

. M'mbkoe ueHoobpazoBaHme

Hawa opraHmsaumsa ocobeHHO cunbHa B MNOCTaBkax Moaynen,
MUKPOCXEeM, NAaCCUBHbIX KOMMNOHEHTOB, KcanneHcax (XC), EPF, EPM n cunosomn
3/1IEKTPOHUKMU.

Bonbwon BbIbOp NpegnaraeMon NpoAyKUMKU, pasfinyHbie BUAbl OnaaTbl U
AOCTaBKW, NO3BONAT BaM COKOHOMUTbL BpeMSA U MOJIYYNUTb MAaKCUMYM BbIroabl OT
coTpyAaHuyecTsa ¢ Hamu!
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rapaHTua 6ecnepeboiMHOCTM NPOM3BOACTBA U
KayecTBa BbIMyCKAaeMON MpPoAyKL MUK

C vyapoBonbCcTBMEM 6yaeM npopabaTtbiBaTb AN Bac nocrtaBku
HEO6XOANMbIX KOMMOHEHTOB MO TEKYLMM 3anpocaM [Ans CKOopewlle
BbISIBNIEHMUS TPYNMN 3/1IEMEHTOB, MO KOTOPbIM COTPYAHUYECTBO MMEHHO C HalleW
KoMnaHuen 6yaeT ans Bac MakcMManbHO BbIroAHbIM!

C yBaxeHunem,

Menemxep otgena npogax OO0
«Tpeng DNeKTPOHUKC»
Lnwnakos EBreHni

8 (495)668-30-28 nob 169
manager28@tradeelectronics.ru

http://www.tradeelectronics.ru/
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