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1. Introduction
1.1 Features

B Fully integrated battery management solution with
battery capacity measurement and programmable
protection capability.

B Supports up to 10 Li-ion or Li-Polymer battery cells in
series. RAJ240090 supports 3 to 8 series cells,
RAJ240100 supports 3 to 10 series cells.

B Integrated with Renesas Ultra Low Power RL78 CPU core
for multi-function process

H Memory

Code flash memory: 128KB
Data flash memory (up to 100,000 erase/write cycles): 4 KB
SRAM: 7KB
| Clock generator
High speed on-chip oscillator: up to 32 MHz
Low speed on-chip oscillator: 32 KHz
AFE high speed on-chip oscillator: 4.194 MHz
AFE low speed on-chip oscillator: 131.072 KHz
B General Purpose I/O Ports
Total: 31 pins
CMOS input/output: 20
CMOS input: 4
N-ch open drain Input/output [6V tolerance]: 4
High voltage input/output [VCC tolerance]: 3
B Serial interface
CSI (SPI): 2 channels
12C: 1 channel
UART: 2 channels
Simplified 12C: 2 channels
CAN interface (RS-CAN lite): 1 channel
B Timer
MCU 16-bit timer: 6 channels
MCU 12-bit interval timer: 1 channel
MCU Real time clock: 1 channel
AFE timer: 2 channels
- AFE timer A: setting range: 125 ms to 64 s
- AFE timer B: setting range : 30.52 us to 125 ms
B Embedded A/D converter

1.2 Applications

o E-Bike, E-Scooter, Pedal-Assist Bicycle
e Power Tool, Vacuum Cleaner, Drone

e Battery Backup System, Energy Storage System (ESS)

1.3 Description

AFE 15-bit resolution sigma-delta A/D converter
MCU 8/10-bit resolution A/D converter
B Battery cell voltage and temperature (AN port voltage)
detection circuit
Monitoring over/under voltage and temperature by Sigma-
delta AD converter (AFE) without controlling from MCU
B Current integration circuit
18-bit resolution sigma-delta A/D converter
B Impedance measurement circuit
Simultaneous measurement of battery voltage and current
B Over current detection circuit
Short circuit current detection
Charge overcurrent detection
Discharge overcurrent detection
Charge wakeup current detection
Discharge wakeup current detection
B Series regulator
3.3V or 5.0V CREG2
Over 100mA output current by external Nch MOSFET
B Charge and Discharge MOSFET control
High side Nch MOSFET drive circuit embedded
Programmable MOSFET control by 8-bit PWM
B Support RTC function
To connect External crystal resonator (32.768 kHz) and
generate internal clock.
B Voltage and temperature condition
Power supply voltage: VCC = 4.0 to 50 V
Operating ambient temperature
- Ta=-20to 85C (REG2T6 bit = 0)
- Ta=-40to0 85C (REG2T6 bit = 1)
Operating ambient temperature is configurable by REG2T6
bit of REG2T register setting.
B Package Information
64 pin plastic mold LQFP
([Body] 10.0 mm x 10.0 mm, 0.5 mm pitch)

RAJ240090 / RAJ240100 are Renesas Li-ion battery fuel gauge IC (FGIC) which consist of a MCU device and an AFE
device in a single package. Pack with a variety of battery management features and Renesas RL78 CPU core which has
multiple low power modes and capable of achieving high performance in ultra-low power operation. RAJ240090 /
RAJ240100 fuel gauge IC have control firmware stored in embedded flash memory to control attached embedded analog
and digital circuits to execute battery voltage / current / temperature measurement, remaining capacity estimation, over
current / voltage / temperature protection and other battery management operations.

RO1DS0301EJ0203 Rev.2.03
Jan.17, 2020

RENESAS Page 1 of 83



RAJ240090 / RAJ240100

1 Introduction

Table of Contents

1. T i goTo [0 ox 1o o TR PP PP PPPPR PP 1
R R T LU =T PP PPPR 1
O Y o] o [[o= 1o PP PP PP 1
R T I =TTl 4 o] £ o o PSPPSRSO 1

2. (O 10 I I 1 TP PPPP U POPPPPPPPPTIN 3
2.1 OULINE OF FUNCHONS ...ttt ettt et e st e sttt e et e st e e abe e et eebe e e b e e e ne e nee 3
2.2 RAJ240090 Pin CONFIGUIBTION ... .uitiittieeeitiee et st e et e st e e s e e e st et e e st e e e s ne e e e e s b et e e aabe e e e s s ne e e e asrr e e e nanneeesnreeens 5
2.3 RAJ240100 Pin CONFIQUIATION ... ..uetiiiriieiiitiee ettt es et e st e e e e st et e e aas e e e s nr e e e e s b e e e e sabe e e e s nne e e e asnr e e e nnneeesnreee s 6

3. PIN FUNGCTIONS . ...ttt s 7
0 R S 1o (=T 0 1] o= o] T U T PO T TP P PR OTRPPPOTPN 7
I S T S U0 Tox 1o T U TP T T T TP P PP OT R PUPOTPN 9
GG I o I =1 [ Tod Q= To | = o SRR 12

4. ELECTRICAL SPECIFICATIONS . ... ettt s 24
4.1 ADSOIUtE MAXIMUIM RALINGS ....eeeeiiriieiiiiie ettt ettt e ekt e et e e s b et e e et be e e e aabe e e e sbb e e e e asbe e e e abee e e s anneeeeanbreeenan 24
4.2 Power SUPPIY VOIBGE CONAITION........iiiiiiiiiiitiee ettt ettt e e st e e s bt e e bt e e e ee e e s nnne e e e anbreeenae 26
4.3 SUPPIY CUITENE CRATACTEIISTICS ..eeeittiie ettt ettt e e sttt e e ettt e e e ettt e e e abeeeeasbbeeeensaeeesanseeeeanteeeenaes 26
4.4 OSCIllatOr CRATACLETISTICS .. ..eiiutiiiitieiti ettt ettt ettt b e e bt e b e e b et e be e e b st e b e e e be e e nbe e e nne e e nbeeennne s 27
4.5 PIN CRAIACTEIISHICS .. .tiiiii ettt b ettt b e e bt e bt e e bt e bt e bt e bt bt bt b na e nnne s 28
G I N O @1 F= T = o) (= 151 [ of PO O PP PSP PPPPPPPPRP 33
4.7  MCU peripheral CirCUIt CharaCIEIISTICS ... ...ciureieiiiiee ettt e s e e st bt e s sbre e e s snreeeeanbree e e 37
4.8  AFE peripheral CIrCUit ChAraCteriSHCS ........ciiuiiiiiiiee ettt e e e e abr e e e 53
4.9 RAM Data Retention CharaCteriStiCS ..........coueiiiiiiiiiiiiiie et e e e e s s e e e e e s anneeenans 60
4.10 Flash Memory Programming CharaCteriStiCS........c.uuuiiiiieiiiiiiieiee ettt e e e e et e e e e e e e annees 60
411 Dedicated Flash Memory Programmer Communication (UART) .....ooiiiiiiiiiiiiieee et 60
412 Timing of Entry to Flash Memory Programming MOOES............eeiiiiiieiiiiieeiiiee ettt e s 61

5. [D1=y e (=T o (=TS ol ] o) o] o WU O PP P TP OPP PP PPPPP PPN 62
ST R @ 1V V1= P O OO T PP R PPPPPO 62
IV A1 (=] o] [0 Tod [qo [T To | = o FO O PP P TP PPPPPPPPPOt 62
RS B |V (01U o] (o Tod [qe [F=Te | = 1 o EU O PP TP UPPPPPPPPOE 63
I Y o e o] (o Tt o 1= To [ £= 1o DO PP OPPPPPPPPOE 64

6. P Y o] o] Tor= 14[o] g W €U o [=1 1 o =T P PO T PR PPPPR 65
6.1  Typical APPlication SPECITICALION .......c.uuiiiiiiie ittt e et e e s bb e e 65
6.2 TypPiCal APPICALION CIFCUIL......eeeiiiiieiitii ettt ettt et e e et e e s bt e e s e b bt e e e bt et e e eab e e e e st b e e e nnbeeeenanes 66
6.3 CIrCUIt DESION GUIAEIINE.......coiiiiiiiiiieiie ettt e e oottt e e e e s ek bttt e e e e e e e abbte et eeaeeaasnbbbeeeaeeeaasnnbbeeaaaeeaaannnes 67
(S =Y o 11 A €U 1o =1 1 1= TP PPPPPRTO 77

7. PACKAGE DRAWINGS. ...ttt e 82

REVISION HISTORY L.otititiuitiuiuiuitiuiuiuiuiatuiniaeaiaeaaeaaeaesesaesesaeas s s s s 83

R0O1DS0301EJ0203 Rev.2.03 :{EN ESNS Page 2 of 83

Jan.17, 2020



RAJ240090 / RAJ240100 2 OUTLINE
2. OUTLINE
2.1 Outline of Functions
Caution  This outline describes the functions at the time when Peripheral I/O redirection register 0 (PIORO) is set to
“00H".
(112
Item Description
Code flash memory 128 KB
Data Flash memory 4 KB
RAM 7KB
Address size 1MB
Main system clock High speed on-chip HS (high-speed main) mode: 1 to 32 MHz
Oscillator clock(flH) LS (low-speed main) mode: 1 to 8 MHz ,
Subsystem clock XT1 (crystal) oscillation, external subsystem clock input (EXCLKS) 32.768 kHz
Low speed on-chip oscillator clock 15 kHz (TYP.)
General purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution time 0.03125 us(Internal high speed oscillation clock: flH = 32 MHz)
30.5 us (Subsystem clock : fsus = 32.768 kHz operation)
Instruction set » Data transmission (8/16 bits)
» Addition and subtraction/logical operations (8/16 bits)
» Multiplication (8x8 bits,16x16 bits),Division (16+16 bits,32+32 bits)
* Multiplication and Accumulation (16 bits x 16 bits + 32 bits)
* Rotate, barrel shift, bit manipulation (set, reset, test, Boolean operation) etc.
1/O Port CMOS I/0 20
CMOS input 4
N-ch open-drain I/O
[6V tolerance)
High voltage 1/0 3
Timer 16-bit timer 6 channels
(TAU : 4 channels, Timer RD : 2 channels)
Watchdog timer 1 channel
Real time clock 1 channel
12-bit interval timer 1 channel
Timer output Timer outputs: 6 channels
PWM outputs: 3 channels
RTC output 1 channel
8/10-bit resolution A/D converter 4 channels
Serial interface * CSI: 1 channel/UART: 1 channel/simplified I12C: 1 channel
* CSI: 1 channel/UART: 1 channel/simplified I12C: 1 channel
12C bus 1 channel
Can interface (RS-CAN lite) 1 channel
Vector Internal 22
interrupt | External 15 (6 sources is connected to AFE in the chip)
source
Reset - Reset by RESET pin (reset circuit output of AFE connected to RESETOUT)
- Internal reset by watchdog timer
- Internal reset by illegal instruction execution Not
+ internal reset by RAM parity error
+ internal reset by illegal memory access
On-chip debug function Support
Note The illegal instruction execution 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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@12

Item

Description

PWM

8 bits or 10 bits x1 for FET control

Sigma-delta A/D converter

15-bit resolution (sigma-delta method)

« Battery Cell voltage (Cell 1 to 8 in RAJ240090, Cell 1 to 10 in RAJ240100)

« Battery Cell total voltage (VIN8 pin in RAJ240090, VIN10 pin in RAJ240100)
* Charge voltage (PACK pin)

* PON pin input voltage

* Thermistor sensor port with on-chip pull-up 10kohm resistor: 3 channels
» On-chip simple temperature sensor (temperature range: -40 to 85C)

« Internal reference and supply voltage (MCU and AFE)

Battery cell voltage and temperature (AN
port voltage) detection circuit

Battery Cell voltage detection

* Over voltage (Overcharge voltage)

* Under voltage (Overdischarge voltage)
Temperature (AN port voltage) detection
* Over temperature

* Under temperature

Current integrating circuit

1 channel:18-bit resolution

Current integrating circuit for impedance
measurement

1 channel:15-bit resolution

Overcurrent detection circuit and wake up
current detection circuit

» Discharge short-circuit current detection

» Discharge overcurrent detection

» Charge overcurrent detection,

» Wake up current detection (discharge and charge)

Simple temperature sensor

1 channel

Charge/Discharge FET control circuit

NchFET driver for charge control
NCchFET driver for discharge control

Power on reset circuit

Return from power down mode by detecting voltage and connecting charger

Series regulator

VREG2 : power supply for MCU (3.3 V or 5.0V)

Reset circuit

Series regulator output monitoring (VREG2)

Cell balancing circuit

8 series cells support in RAJ240090
10 series cells support in RAJ240100
(On-resistor: 2000hm TYP)

MCU runaway detection circuit

20 bitsx1(2/4/8/16 /32 /64 [s] to be selected)

AFE On-chip oscillator

4.194 MHz (TYP)

AFE low speed On-chip oscillator

131.972KHz(TYP)

AFE timer

2 channels
» AFE timer A (setting range : 125 ms to 64 s)
* AFE timer B (setting range : 30.52 us to 125 ms)

MCU-AFE communication interface(C2C)

AFE ~ MCU communication (Chip to Chip Interface)

Power supply voltage

VCC=4.0to 50V

Operation ambient temperature

-20 to 85C (REG2TS bit (bit6 of REG2T)= 0)
-40 to 85C (REG2TS bit (bit6 of REG2T)= 1)

Package

64 pin plastic mold LQFP([Body] 10.0mm x 10.0mm , 0.5 mm pitch, 1.4 mm thickness)
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RAJ240090 / RAJ240100 2 OUTLINE

2.2 RAJ240090 Pin Configuration

* 64 pin plastic mold LQFP ([Body] 10.0mm x 10.0mm , 0.5 mm pitch)

P62/INTP5/(S100)/(SDACO)/(RXDO)
P63/INTP4/(SI10)/(SDAL0)/(RXD1)
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P15/SO10/TXD1 | 50| | 31| HVP1
P14/INTP1/SI10/SDA10/RXD1 | 51 | 30| HVP2
P13/SCK10/SCL10 | 52| | 29| NC
P12/SO00/TXDO/RTC1HZ | 53 | 28] ISENS1
P11/INTP2/SI00/SDAOO/RXDO | 54| 27 ISENSO
P10/SCK00/SCLOO | 55| | 26| GNDO
P40/TOOLO | 56| RAJ240090 | 25| VINO
RESET | 57 24| VIN1
P124/XT2/EXCLKS | 58 | 23| VIN2
P123/XT1 |59 22| VIN3
P137/INTP3 | 60 21 VIN4
P122/EXCLK | 61 | 20 VINS
REGC | 62 19| VING
Vss | 63 O 18| VIN7
VDD | 64 17|NC
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Caution 1. REGC pin connects to VSS pin through a capacitor (0.47 to 1u F)
Caution 2. CREG2 pin connects to GNDO/GND1 pin through a capacitor (1 to 4.7uF).

Remark 1. Pin name refer to [Section 3.1 pin identification].
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection
register 0 (PIORO).
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HVPO
HVP1
HVP2
NC
ISENS1
ISENSO
GNDO
VINO
VIN1
VIN2
VIN3
VIN4
VINS
VING
VIN7
VIN8

2.3 RAJ240100 Pin Configuration
* 64 pin plastic mold LQFP([Body] 10.0mm x 10.0mm , 0.5 mm pitch)
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PaoTOOLOL RAJ240100 =
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P124/XT2/EXCLKS | 58 23
P123/XT1| 59 22
P137/INTP3| 60| 21]
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Caution 1. REGC pin connects to VSS pin through a capacitor (0.47 to 1p F)
Caution 2. CREG2 pin connects to GNDO/GND1 pin through a capacitor (1 to 4.7uF).
Remark 1. Pin name refer to [Section 3.1 pin identification].
Remark 2.

register 0 (PIORO).

Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0O redirection
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

3. PIN FUNCTIONS

3.1 Pin identification
(1/2)

No. | Name Type Description

1 RESETOUT AO Reset Output

2 AN2 AIN Analog Input

3 AN1 AIN Analog Input

4 ANO AIN Analog Input

5 GND1 P Ground

6 CREG2S Regulator Sense

7 CREG2F P Regulator Force

8 NC NC No connect

9 VCC P Power supply

10 PON HVIN High voltage Port for power on

11 PACK HVIN Charger voltage input

12 DFOUT HVO Discharge MOSFET control

13 CFOUT HVO Charge MOSFET control

14 VBAT AIN Battery voltage input

15 VIN10 for RAJ240100, VIN8 for RAJ240090 | AIN Battery voltage input

16 VIN9 for RAJ240100, NC for RAJ240090 AIN/NC | Battery voltage input (NC for RAJ240090)

17 VINS for RAJ240100, NC for RAJ240090 AIN/NC | Battery voltage input (NC for RAJ240090)

18 VIN7 AIN Battery voltage input

19 VING AIN Battery voltage input

20 VIN5S AIN Battery voltage input

21 VIN4 AIN Battery voltage input

22 VIN3 AIN Battery voltage input

23 VIN2 AIN Battery voltage input

24 VIN1 AIN Battery voltage input

25 VINO AIN Battery voltage input

26 GNDO P Ground

27 ISENSO AIN Analog input for current integration circuit

28 ISENS1 AIN Analog input for current integration circuit

29 NC NC No connect

30 HVP2 HVIO High Voltage Port

31 HVP1 HVIO High Voltage Port

32 HVPO HVIO High Voltage Port

33 P23 / ANIO / AVREFP DIO/AIN Port2 / Analog Input / Analog Reference Voltage Plus

34 P22 / ANI1 / AVREFM DIO/AIN Port2 / Analog Input / Analog Reference Voltage Minus

35 P21/ ANI2 DIO/AIN Port2 / Analog Input

36 P20/ ANI3 DIO/AIN Port2 / Analog Input

37 P07/ TIOO / TOOO DIO Port0 / Timer Input / Timer Output

38 P06/ TIO1/ TOO1 DIO Port0 / Timer Input / Timer Output
R0O1DS0301EJ0203 Rev.2.03 REN ESNS Page 7 of 83
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS

(2/2)
No. | Name Type Description
39 P05/ TI02 / TO02 DIO Port0 / Timer Input / Timer Output
40 P04 / CRXDO DIO Port0 / CAN Receive Data
41 P03/ CTXDO DIO Port0 / CAN Transmit Data
42 P02 / TRDIODO DIO Port0 / Timer Output
43 P01/ TRDIOCO DIO Port0 / Timer Output
44 P00 / TRDIOBO DIO Port0 / Timer Output
45 P63 /INTP4 / (SI10) / DIO PorF6 [ External Interrupt Input /. Serial Data Input /
(SDA10) / (RXD1) Serial Data Input/Output / Receive Data
46 P62 / INTP5 / (SI00) / DIO PorF6 / External Interrupt Input /_ Serial Data Input /
(SDAOQO0) / (RXDO) Serial Data Input/Output / Receive Data
47 P61 /INTP6 / SDAAO DIO Port6 / External Interrupt Input / 12C Bus data 1/0
48 P60 / INTP7 / SCLAO DIO Port6 / External Interrupt Input / 12C Bus clock 1/0
49 P16/ INTPO DIO Portl / External Interrupt Input
50 P15/S010/ TXD1 DIO Portl / Serial Data Output / Transmit Data
1|14 wTerssnossomo/mcon | pio | B Sl ettt Ser Dt
52 P13/ SCK10/SCL10 DIO Portl / Serial Clock Input/Output
53 | P12/S000/ TXDO/ RTCIHZ IO | Reakime Glock Gortecton Clock (1t output
e I L
55 P10/ SCKO00 / SCL00O DIO Portl / Serial Clock Input/Output
56 P40/ TOOLO DIO Port4 / Data Input/Output for Tool
57 RESET DIN Reset Input for MCU
58 P124 / XT2 | EXCLKS DI Port12 / Crystal Oscillator Input / External Clock Input
59 P123/ XT1 DI Port12 / Crystal Oscillator Input
60 P137 / INTP3 DI Port13 / External Interrupt Input
61 P122/EXCLK DI Port12 / External Clock Input
62 REGC P Regulator Capacitance
63 VSS Ground
64 VDD Power Supply

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

0 (PIORO).

HVO: high voltage output

HVIN: high voltage input

HVIO: high voltage input/output

P:

power

DIO: digital /O
DIN: digital input
AIN: analog input
AO: analog output

RO1DS0301EJ0203 Rev.2.03
Jan.17, 2020
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS
3.2 Pin Functions
3.2.1 Pin type and alternate functions
Function Pin Type 110 After Reset Alternate Function Function
name Release
P00 7-1-7 110 Input port TRDIOBO Port 0.
PO1 7-1-7 TRDIOCO 8-bit I/0 port.
P02 7-1-7 TRDIODO Input/output can be specified in 1-bit unit.
Use of an on-chip pull-up resistor can be
P03 8-1-4 CTXDO specified by a software setting at input port.
P04 8-1-4 CRXDO Input of PO3 and P04 can be set to TTL input
P05 7-1-3 T102/TO02 buffer.
P06 7-1-3 TI01/TOO1 Output of P03 and P04 can be set to N-ch open-
P07 713 TI00/TO00 drain output (VDD tolerance).
P10 8-1-4 110 Input port SCKO00/SCL00 Port 1.
P11 8-1-4 INTP2/SI00/SDAOO/RXDO 7-bit /0 port.
P12 7-1-4 SO00/TXDO/RTC1HZ Input/output can be specified in 1-bit unit.
Use of an on-chip pull-up resistor can be
P13 8-1-4 SCK10/5CL10 specified by a software setting at input port.
P14 8-1-4 INTP1/SI10/SDA10/RXD1 Input of P10 to P14 can be set to TTL input
P15 7-1-4 SO10/TXD10 buffer.
P16 7-1-4 INTPO Output of P10 to P16 can be set to N-ch open-
drain output (VDD tolerance).
P20 4-3-3 110 Analog ANI3 Port 2.
P21 4-3-3 function ANI2 4-bit 1/0 port.
P22 4-3-3 ANIL/AVREFM Input/output can be specified in 1-bit unit.
i Note 1.
P23 133 ANIO/AVREFP Can be set to analog input
P30 7-1-3 110 Input port INTP13 Port 3, Note 2.
P31 7-1-3 INTP12 4-bit I/O port.
P32 713 INTP11 Input/output can be specified in 1-bit unit.
Use of an on-chip pull-up resistor can be
P33 713 INTP10 specified by a software setting at input port.
P40 7-1-3 110 Input port TOOLO Port 4.
1-bit I/O port.
Input/output can be specified in 1-bit unit.
Use of an on-chip pull-up resistor can be
specified by a software setting at input port.
P60 12-1-2 110 Input port INTP7/SCLAO Port 6.
P61 12-1-2 INTP6/SDAAQ 4-bit /0 port. S
P62 12-1-2 INTP5/(SI00)/(SDAOO)/(RXDO) Input/output can be specified in 1-bit unit.
Output of P60 to P63 can be set to N-ch open-
P63 12-1-2 INTP4/(SI10)/(SDA10)/(RXD1) drain output (6.0V tolerance).
P70 7-1-3 110 Input port INTP9 Port 7. Note 2.
P71 7-1-3 INTPS 8-bit I/0 port.
P72 7-1-3 EXBSEL Input/output can be specified in 1-bit unit.
Use of an on-chip pull-up resistor can be
P73 7-1-3 EXBCK specified by a software setting at input port.
P74 7-1-3 EXBOO/EXBIO
P75 7-1-3 EXBO1/EXBI1
P76 7-1-3 EXBO2/EXBI2
P77 7-1-3 EXBO3/EXBI3
P122 2-2-2 input | Input port EXCLK Port 12.
P123 2-2-1 XT1 3-bit input-only port.
P124 2-2-1 XT2/EXCLKS
p137 2.1.2 input | Input port INTP3 Por_t _13.
1-bit input-only port.
Input-only pin for external reset.
RESET 2-1-1 input | - - Connect to VDD directly or via a resistor when
external reset is not used.
Note 1.  Each pin can be configured as digital or analog pin by setting the port mode in the control register x (PMCx)
(Can be specified in 1-bit units).
Note 2.  Connected to internal AFE circuit.

RO1DS0301EJ0203 Rev.2.03
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS

3.2.2 External Pin Functions
(1/2)
Category Pin name /0 Function
Power supply VCC - Power supply input
Apply power supply voltage to VCC pin from a charger or battery.
GNDO. GND1 = Device ground input. Connect the negative input terminal of lithium-ion battery
1 to the GNDO and GND1 pins
CREG2F - Series regulator force port
CREG2S - Series regulator sense port
Connect to GNDO and GND1 via a capacitor (1uF to 4.7uF)
VDD - Positive power supply for MCU
Connect to CREG2
VSS - Ground input for MCU
Connect the negative input terminal of lithium-ion battery 1 to the GNDO and
GND1 pins
REGC Note 1. - Pin for connecting regulator output stabilization capacitance for internal
operation. Connect this pin to VSS via a capacitor (0.47 to 1 uF).
Also, use a capacitor with good characteristics, since it is used to stabilize
internal voltage.
RESET RESET Input This is the active-low system reset input pin for MCU.
RESETOUT output | This is the active-low system reset output pin for AFE.
TOOLO TOOLQ Nete 2 input Data I/O for flash memory programmer/debugger.
Connect to the VDD via an external pull-up resistor in the on chip debug mode
Serial interface RxDO0, RxD1 input Serial data input pins of serial interface UARTO to UART1
(UARTO, UART1) TxDO, TxD1 output | Serial data output pins of serial interface UARTO to UART1
Serial interface SCKO00,SCK10 110 Serial clock 1/O pins of serial interface CSIO0 and CSI10
(CsI00, CsI10) SI00, SI10 input Serial data input pins of serial interface CSI00 and CSI10
S000, SO10 output | Serial data output pins of serial interface CSI00 and CSI10
Serial interface SCLOO, SCL10 output | Serial clock output pins of serial interface [1IC00 and 11C10
(€00, 1IC10) SDA0O, SDA10 | 1/O Serial data I/O pins of serial interface 11C00 and 1IC10
Serial interface SCLAO I/0 Serial clock I/O pins of serial interface IICAO
(IICA0) SDAAO 110 Serial data I/O pins of serial interface 1ICAO,
CAN-BUS interface CRXDO input CAN serial data input
CTXDO output | CAN serial data output
A/D converter ANO, AN1, AN2 |input AFE A/D converter analog input
ANIO, ANIZ1, input MCU A/D converter analog input
ANI2, ANI3
AVREFP input A/D converter reference voltage (+ side).
AVREFM input A/D converter reference voltage (- side).
Current integration circuit and | ISENSO. ISENS1 | input Analog input for current integration circuit and over current detection circuit
overcurrent detection circuit
Timer TIOO-TI02 input The pins for inputting an external count clock/capture trigger to 16-bit timers
00 to 02
TOO00-TO02 output | Timer output pins of 16-bit timers 00 to 02
TRDIOBO /0 Timer RD input/output
TRDIOCO
TRDIODO
RTC1HZ output | Real-time clock supports clock (1 Hz) output
RO1DS0301EJ0203 Rev.2.03 RENESAS Page 10 of 83
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

2/12)

Category Pin name 110 Function
High voltage I/O port HVPO, HVP1, 110 High voltage I/O in correspondence with VCC tolerance
HVP2
Subsystem clock XT1, XT2Noes3 — Resonator connection for subsystem clock
External clock EXCLK Input External clock input for main system clock
EXCLKS input External clock input for subsystem clock
External interrupt input INTPO to INTP13 | input Interrupt request input pin. INTP8 to INTP13 connects interrupt request signal
of AFE in the package and do not connect to any pin
Power on circuit PON input Power on input for release from power down state
Charger connection detect PACK Input Charger voltage input and source voltage of discharge FET drive port (DFOUT)
Battery connection detect VBAT input Sense voltage input pin for most positive cell and source voltage for charge
FET drive port (CFOUT)
Battery voltage detection circuit | VIN10 Note 4 input The positive input terminal of lithium-ion battery 10.
VINQ Note 4 Input The negative input terminal of lithium-ion battery 10 and the positive input
terminal of lithium-ion battery 9
VINS Input The negative input terminal of lithium-ion battery 9 and the positive input
terminal of lithium-ion battery 8
VIN7 Input The negative input terminal of lithium-ion battery 8 and the positive input
terminal of lithium-ion battery 7
VING Input The negative input terminal of lithium-ion battery 7 and the positive input
terminal of lithium-ion battery 6
VINS Input The negative input terminal of lithium-ion battery 6 and the positive input
terminal of lithium-ion battery 5
VIN4 Input The negative input terminal of lithium-ion battery 5 and the positive input
terminal of lithium-ion battery 4
VIN3 Input The negative input terminal of lithium-ion battery 4 and the positive input
terminal of lithium-ion battery 3
VIN2 Input The negative input terminal of lithium-ion battery 3 and the positive input
terminal of lithium-ion battery 2
VIN1 Input The negative input terminal of lithium-ion battery 2 and the positive input
terminal of lithium-ion battery 1
VINO Input The negative input terminal of lithium-ion battery 1
FET control output DFOUT Output | ON/OFF signal output pin for discharge FET.
CFOUT Output | ON/OFF signal output pin for charge FET.
Communication between AFE | P72 input Control signal of communication between AFE and MCU with setting to output
and MCU port. P72 is connected to AFE in a package and not external pin.
EXBCK Output | Clock signal of communication between AFE and MCU
EXBDO-3 lfe} Data signal of communication between AFE and MCU
Note 1. REGC is not external power supply pin. (Do not draw current from REGC.)
Note 2.  After reset release, the connection between P40/TOOLO and the operating mode are as follows.
Table 3-1 TOOLO Pin Operation Mode after Reset Release
P40/TOOLO Operation Mode
VDD Normal operation mode
oV Flash memory programming mode
Note 3. Figure 3-1 shows an example of the external circuit for the XT1 oscillator
i_ __________________ Vss
i -—| XT1
i 32.768
7JT—:" ] kHz
1
1
—] XT2
g g Sy
Figure 3-1 Example of External Circuit for XT1 Oscillator
Note 4. VIN10 pin and VIN9 pin are only applicable to RAJ240100.
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS

3.3 Pin Block Diagram

RESET4—O<} O@ O RESET

Figure 3-2 Pin Block Diagram for Pin type 2-1-1

~) Alternate
function
RD
2 J\‘
>
o
g < - o<} o@ @ P137/Altemate function
£
—
Remark Refer to Section 3.2.1 Pin type and alternate function for alternate functions.
Figure 3-3 Pin Block Diagram for Pin type 2-1-2
"
Clock generator «
CcMC
OSCSELS
RD Alternate function |«
o< bia |
9 ©) P124/XT2/EXCLKS/Alternate function
o]
©
c
2 CcMC
£
EXCLKS, OSCSELS
AN
Ak
N-ch | P-ch
RD Alternate function <
o<} < o @ P123/XT1/Alternate function
N
Remark Refer to Section 3.2.1 Pin type and alternate function for alternate functions.
Figure 3-4 Pin Block Diagram for Pin type 2-2-1
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

~—"Y
Clock generator <
CMC
OSCSEL
RD Alternate function
o1
(2]
>
o)
©
c
g CMC {>c
£
EXCLK, OSCSEL
JARN
—EA
N-ch | P-ch
RD Alternate function [«
o
A~ 777
Vss

Remark Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

Figure 3-5 Pin Block Diagram for Pin type 2-2-2

@ P122/X2/EXCLK/Alternate function
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

~""Y
WRADPC
ADPC 0: Analog input
/L 1: Digital I/O
{O—>|ADPC3 to ADPCO *
RDPORT
T | 1
9 0
2 WRPORT ™ VDD
]
c 0
i)
£ | Output latch A
~ (Pmn) P-ch
WRPM
N-ch
.| PMregister
T (PMmn)
Vss
WRpPMS
(l) » PMS register ——
—
L p-ch
A/D converter i
T N-ch
Remark Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

Figure 3-6 Pin Block Diagram for Pin type 4-3-3

P20/Alternate function
P21/Alternate function
P22/Alternate function
P23/Alternate function
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

Alternate function |«

PU register

WRPU
N A

(PUmn)

RDPORT

WRPORT

4—é—<]71 1—T

Output latch

»/

Schmitt2

o F

o

Internal bus

i

N4 d (Pmn)
WRPMsS
O » PMS register
WRpPM
N | PMregister
N d (PMmn)
Alternate function
(SAV)
Alternate function
(other than SAU)
—
Remark

Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

EVDpD

Figure 3-7 Pin Block Diagram for Pin type 7-1-3

PO5/Alternate function
P06/Alternate function
PO7/Alternate function
P40/Alternate function

R01DS0301EJ0203 Rev.2.03

Jan.17, 2020

RENESAS

Page 15 of 83



RAJ240090 / RAJ240100

3 PIN FUNCTIONS

Y
Alternate function |«
WRPU
/I\ PU register
S "l =D
Schmitt2
RDPORT pd
1 @
1
0
N 0
WRPORT
A EVbD
" fl\ Output latch
a ~ (Pmn)
(4]
2 WRPMs
O » PMS register [— _DO_{ N-ch
WRpPM
EVss
M .| PMregister
N (PMmn)
WRPOM
M .| POM register
~J "l (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
—
Remark Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

Figure 3-8 Pin Block Diagram for Pin type 7-1-4

P12/Alternate function
P15/Alternate function
P16/Alternate function
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

~")

Alternate function [«

Lt

WRpPU
N\

PU register

(PUmn)

RDPORT

WRPORT

Schmitt2

T

Output latch

(Pmn)

Internal bus

PMS register [—

A

PM register

(PMmn)

Alternate function

(SAU)

Alternate function

(other than SAU)

Hi-Z control

Y

Remark

Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

EVDpD

Figure 3-9 Pin Block Diagram for Pin type 7-1-7

EVbD

[ S

POO0/Alternate function
P01/Alternate function
P02/Alternate function
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

")

WRPpPU
M .| PU register
~ " (PUmn)
WRPIM
yany .| PIM register
N d (PIMmn)

WRPORT

VbD

A

Alternate function

Internal bus

A 4

y

Output latch

(Pmn)

PMS register

A

PM register

Schmitt2

CMOS
o)

VDD

@o—' TF>-ch

_Do—{ N-ch

(PMmn)

A 4

Y

Remark

POM register

(POMmN)

Alternate function

(SAU)

Alternate function

(other than SAU)

Vss

Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

Figure 3-10 Pin Block Diagram for Pin type 8-1-4

P-ch

PO03/Alternate function
PO04/Alternate function
P10/Alternate function
P11/Alternate function
P13/Alternate function
P14/Alternate function
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

~"Y

RDPORT

Alternate function

A

< ) |
WRPORT
/L Output latch
N 7 (Pmn)
4 WRPMs
o)
©
=
i)
IS O » PMS register
WRPM
yany PM register
- (PMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
—
Remark

® <
4DjD:D®—{ 57 N-ch P63/Alternate function

Schmittl

—O

Vss

Refer to Section 3.2.1 Pin type and alternate function for alternate functions.

Figure 3-11 Pin Block Diagram for Pin type 12-1-2

Internal
Circuit

vcC

Figure 3-12 Pin Block Diagram for VCC Pin

Charge

VBAT O

pump

P60/Alternate function
P61/Alternate function
P62/Alternate function

O CFouT

Figure 3-13 Pin Block Diagram for VBAT and CFOUT Pin
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

PACK O o

Charge

pump

fl—

Mux

o o—

AD
converter

O DFOUT

Figure 3-14 Pin Block Diagram for VPACK and DFOUT Pin

VREG2
Wake up

POWERON
circuit

O PON

i

AD
converter

A

b3
3
e b
b
:
3
3

o

Figure 3-15 Pin Block Diagram for PON Pin
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS

oo

lb—(ﬂ) ® ® O VIN10
)/ P-ch
o— Conditioning
Control

O/C ¢ . O  VIN9
{ - P-ch S
[ Conditioning
Control

O/O L 4 O VINg
0—0/0—T

AD
converter
% * ® O VN2
t—oo] i & %
Control
O/O ® * O VINL
0—0/0—T i %
N-ch
Control
lb—(ﬂ) ? ® O VINO
—O/Zj Mux %
Caution 1. VIN10 pin and VIN9 pin are only applicable to RAJ240100.
Caution 2. For RAJ240090, VIN8 pin is connected to ladder resistors.
Figure 3-16 Pin Block Diagram for VIN10 to VINO Pin
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RAJ240090 / RAJ240100 3 PIN FUNCTIONS

vCC

VCC

Hiside
control

@ QO HVPO,HVP1,HVP2

P-ch
N-ch

Loside
control

Internal .
Circuit levelshift

Figure 3-17 Pin Block Diagram for HVPO, HVP1 and HVP2 Pin

VREG2
control

L 3 O CREG2F

Internal
Circuit

L 4 O CREG2S

Figure 3-18 Pin Block Diagram for CREG2F and CREG2S Pin

Internal powet supply (1.8V)

pull-up _Do_|
enable

AD |
converter Mux | O ANO,AN1,AN2

Figure 3-19 Pin Block Diagram for ANO, AN1 and AN2 Pin
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RAJ240090 / RAJ240100

3 PIN FUNCTIONS

Current
integral
circuit

Current
detection

O ISENSEO,ISENSE1

Figure 3-20 Pin Block Diagram for ISENSO and ISENS1 Pin

VREG2S

RESETOUT

reset_detect

Figure 3-21 Pin Block Diagram for RESETOUT Pin
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RAJ240090 / RAJ240100 4 ELECTRICAL SPECIFICATIONS

4. ELECTRICAL SPECIFICATIONS

Caution This product 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.

Remark 1. Specifications for VIN10 pin and VIN9 pin are only applicable to RAJ240100.
Remark 2. Operating ambient temperature is configurable by REG2T6 bit of REG2T register setting.
In case of setting REG2T6 bit of REG2T register to "0", this device is available in range of TA= -20 to 85C.

In case of setting REG2T6 bit of REG2T register to "1", this device is available in range of TA= -40 to 85C.
However, even if REG2T6 bit of REG2T register set to "1", the electrical characteristics which is guaranteed
in range of TA = -20 to 85C is not changed.

4.1 Absolute Maximum Ratings
Absolute Maximum Ratings
Parameter Symbols Conditions Ratings Unit
Supply voltage Vce VCC -0.5to +60.0 \%
VoD VDD -0.5t0 +6.5 \Y,
GND GNDO, GND1, VSS -0.5t00.3 \%
CREG2 pin input voltage VCREG2 CREG2F -0.5to +60.0 \%
CREG2S -0.3t0 6.5 Note2 \Y,
REGC pin input voltage VIREGC REGC -0.3t0 2.8 and \%
-0.3 to (VDD+0.3) Note 1
Input voltage Vi1 P00 to P07, P10 to P16, P20 to 23, -0.3 to (VDD+0.3) Note 3 \Y,
P40 (TOOLO), P122 to P124, P137, RESET
Viz P60 to P63(N-ch open-drain) -0.3t0 +6.5 \%
VIN-H1 VIN10, VING, VINS, VIN7, VING, VIN5, VIN4, -0.5to +60.0 \%
VIN3, VIN2, VIN1, VBAT, PACK, PON,
VIN-H2 HVPO, HVP1, HVP2 -0.5 to (VDD+0.3) Note V
VIN-B VIN10 to VIN9, VIN9 to VINS, VIN8 to VIN7, -0.5t0 +6.5 \%
VIN7 to VING, VING to VIN5, VIN5 to VIN4,
VIN4 to VIN3, VIN3 to VIN2, VIN2 to VIN1,
VIN1 to VINO
VIN-M VINO -0.5t0 +5.0 \%
VIN-L ANO, AN1, AN2, ISENSO, ISENS1 -0.5t0 +2.0 V
Val ANIOO to ANIO3 -0.3to VDD +0.3 V
and -0.3 to AVREF(+)
+(.3 Notes 3,4
Output voltage Vo1 P00 to P07, P10 to P16, P20 to 23, -0.3 to (VDD+0.3) Note 3 \Y,
P40 (TOOLO), P123, P124, RESETOUT
Vo-H CFOUT, DFOUT, HVPO, HVP1, HVP2 -0.5to +60.0 V
High-level output current loH1 Per pin P00 to P07, P10 to P16, -40 mA
P40 (TOOLO)
Total of P00 to P07, P10 to P16, -70 mA
all pins P40 (TOOLO)
loH2 Per pin P20 to P23 -0.5 mA
Total of P20 to P23 -2.0 mA
all pins
Low-level output current loL1 Per pin P00 to P07, P10 to P16, +40 mA
P40 (TOOLO)
Total of P00 to P07, P10 to P16, +70 mA
all pins P40 (TOOLO), P60 to P63
Power consumption Pd Topr=25C 300 mw
Operating ambient TA REG2T6 bit=0 -20 to +85 C
Temperature TaL REG2T6 bit =1 -40 to +85 C
Storage temperature Tstg - -65 to +150 C
(Note, Caution and Remark are listed on next page.)
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RAJ240090 / RAJ240100 4 ELECTRICAL SPECIFICATIONS

Connect the REGC pin to VSS via a capacitor (0.47 to 1uF). This value regulates the absolute maximum rating of the REGC pin. Do

Note 1.
not use this pin with voltage applied to it.

Note 2. Connect the CREG2 pin to GNDO or GND1 via a capacitor (2.2uF). This value regulates the absolute maximum rating of the CREG2
pin.

Note 3. Must be 6.5V or lower.

Note 4. Do not exceed AVREF (+) + 0.3V in case of A/D conversion target pin.

Note 5. Must be 60V or lower.

Caution  Product quality may degrade if the absolute maximum rating has been exceeded. The absolute maximum ratings are rated
values where the product is on the verge of suffering physical damage, therefore the product must be used within
conditions that ensure 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. Avrer (+): + side reference voltage of the A/D converter.

Remark 3. GND (GNDO, GND1 and VSS): Reference voltage.
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RAJ240090 / RAJ240100

4 ELECTRICAL SPECIFICATIONS

4.2 Power supply voltage condition

Parameter Symbol

Conditions

MIN. TYP. MAX. Unit

Power supply VCC, VBAT

4.0 - 50.0 \%

VDD

2.7 - 5.5 \%

GND

GNDO, GND1, VSS

<R> 4.3

Supply current characteristics

(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, VDD = CREG2, GNDO = GND1 = 0V)

Parameter Symbol

Conditions

MIN. TYP. MAX. Unit

Power down mode IPD
current 1

VCC=35V

2.0 uA

Power down mode IPDL
current 2
(Low voltage)

VCC=4.0v

1.0 UuA

Sleep mode current 1 IsLP1

-20C < Ta < 85C, REG2T6 bit = 0,

MCU operation mode: STOP mode
ALOCO = ON, AOCO = OFF

CD = ALL ON, AFE Timer = ON,

AFE WDT = ON, CFOUT =L, DFOUT =1L,
AD(AFE) = OFF, CC = OFF

25.0 50.0 UA

IsLPiL

-40C < Ta< 85C, REG2T6 bit =1,

MCU operation mode: STOP mode
ALOCO = ON, AOCO = OFF

CD = ALL ON, AFE Timer = ON,

AFE WDT = ON, CFOUT =L, DFOUT =1L,
AD(AFE) = OFF, CC = OFF

35 70.0 UA

Sleep mode current 2 IsLp2

-20C < Ta < 85C, REG2T6 bit = 0,

MCU operation mode: STOP mode
ALOCO = ON, AOCO = OFF

CD = ALL ON, AFE timer = ON,

AFE WDT = ON, CFOUT = H, DFOUT = H,
AD(AFE) = OFF, CC = OFF

50.0 100.0 uA

IsLP2L

-40C < Ta < 85C, REG2T6 bit =1,

MCU operation mode: STOP mode
ALOCO = ON, AOCO = OFF

CD = ALL ON, AFE timer = ON,

AFE WDT = ON, CFOUT = H, DFOUT = H,
AD(AFE) = OFF, CC = OFF

60 120.0 UA

Normal mode current INOM

MCU operation mode: LS (Low-Speed main)
mode, fHoco=8MHz

ALOCO = ON, AOCO =ON

CD = ALL ON, AFE Timer = ON,

AFE WDT = ON, CFOUT = H, DFOUT = H,
AD(AFE) = ON, CC = ON

2.0 3.0 mA

Note. "Sleep mode current 1" is the current consumption when PCON register value is set to "63H".

"Sleep mode current 2" is the current consumption when PCON register value is set to "43H".
For details, see 17.18 Power Control function in RAJ240090 / RAJ240100 User’'s Manual.

Caution After trimming.
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4.4 Oscillator Characteristics
44.1 XT1 Characteristics

Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Resonator Conditions MIN. TYP. MAX. Unit
XT1 clock oscillation frequency (fxt) Nt | Crystal resonator 32 32.768 35 kHz
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.

4.4.2 MCU On-chip oscillator characteristics

Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
High-speed on-chip oscillator clock frequency Noe 1. 2 fiH 1 32 MHz
High-speed on-chip oscillator clock frequency accuracy -20C<Ta<85C -1.0 +1.0 %
-40C <Ta<85C -1.5 +1.5 %
Low-speed on-chip oscillator clock frequency fiL 15 kHz
Low-speed on-chip oscillator clock frequency accuracy -15 +15 %

Note 1.  High-speed on-chip oscillator frequency is selected with bits O 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.

4.4.3 AFE On-chip oscillator characteristics
(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

AFE on-chip oscillator clock frequency faoco - 4.194 - MHz
AFE on-chip oscillator clock frequency accuracy -2 - +2 %
AFE on-chip oscillator clock frequency stabilization wait - - (50) us
time
AFE Low-speed on-chip oscillator clock frequency faLoco - 131.072 - KHz
AFE Low-speed on-chip oscillator clock frequency -5 - +5 %
accuracy
AFE Low-speed on-chip oscillator clock frequency - - (50) us
stabilization wait time

Caution  After trimming.

Remark Values in brackets are design value.

RO1DS0301EJ0203 Rev.2.03 RENESAS Page 27 of 83
Jan.17, 2020




RAJ240090 / RAJ240100 4 ELECTRICAL SPECIFICATIONS

4.5 Pin characteristics

(1/5)
(Ta =-40/-20 to +85C, 4.0V < VCC <50V, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. | TYP. MAX. Unit
Output current, high Nete 1 loH1 Per pin for POO to P07, 2.7V <VDD <5.5V -10.0 mA
P10 to P16, P40 Note 2
Total of POO to P07, 4.0V<VDD <55V -55.0 mA
P10 to P16, P40 2.7V < VDD < 4.0V -10.0 mA
(When duty < 70% Note 3)
Total of all pins 2.7V <VDD <5.5V -100.0 mA
(When duty <70% Nt 3)
loH2 Per pin for P20 to P23 2.7V<VDD 5.5V -0.1 mA
Note 2
Total of all pins 2.7V VDD <5.5V -15 mA
(When duty < 70% Nete3)
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the VDD pins to an output pin.
Note 2. Do not exceed the total current value.
Note 3.  Specification under conditions where duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the following expression
(when changing the duty factor from 70% to n%).
* Total output current from pins = (loH x 0.7)/(n x 0.01)
<Example> Where n = 80% and loH = -10.0 mA
Total output current from pins = (-10.0 x 0.7)/(80 x 0.01) ~ -8.7 mA
However, the allowable current flow into one pin does not change with the duty factor.
A current higher than the absolute maximum rating must not flow into any one pin.
Caution P03, P04, and P10 to P16 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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(2/5)
(Ta =-40/-20 to +85C, 4.0V < VCC <50V, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. | TYP. MAX. Unit
Output current, low Noe 1 loL1 Per pin for P00 to P07, 20.0 mA
P10 to P16, P40 Note 2
Per pin for P60-P63 15.0 mA
Note 2
Total of POO to P07, 4.0V=<VDD<5.5V 70.0 mA
P10to P16, P40 2.7V < VDD <4.0V 15.0 mA
(When duty < 70% Nete 3)
Total of all pins 150.0 mA
(When duty < 70% Nete 3)
loL2 Per pin for P20 to P23 0.4 mA
Note 2
Total of all pins 2.7V <£VDD=< 5.5V 5.0 mA
(When duty < 70% Note 3)
Note 1.  Value of current at which the device operation is guaranteed even if the current flows from an output pin to the VSS pins.
Note 2. Do not exceed the total current value.
Note 3.  Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the following expression
(when changing the duty factor from 70% to n%).
* Total output current of pins = (IOL x 0.7)/(n x 0.01)
<Example> Where n = 80% and IOL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) ~ 8.7 mA
However, the allowable current flow into one pin does not change with the duty factor.
A current higher than the absolute maximum rating must not flow into any 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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(3/5)
(Ta =-40/-20 to +85C, 4.0V < VCC <50V, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 P00 to P02, PO5 to P07, Normal input buffer 0.8 VDD VDD \
P10 to P16, P40
ViH2 P03, P04, P10, P11, P13, P14 | TTL input buffer 2.2 VDD Y,
4.0V<VDD <55V
TTL input buffer 2.0 VDD \%
3.3V <VDD < 4.0V
TTL input buffer 15 VDD \%
2.7V <VDD < 3.3V
VIH3 P20 to P23 0.7 VDD VDD Y,
VIiH4 P60 to P63 0.7 VDD 6.0 Y,
ViH5 P122 to P124, P137, RESET 0.8 VDD VDD \Y,
ViHe P03, P04 0.8 VDD VDD \Y,
Input voltage, low ViL1 P00 to P02, P05 to P07, Normal input buffer 0 0.2 VDD \Y
P10 to P16, P40
ViL2 P03, P04, P10, P11, P13, P14 | TTL input buffer 0 0.8 Y,
4.0V<VDD<5.5V
TTL input buffer 0 0.5 \%
3.3V <VDD < 4.0V
TTL input buffer 0 0.32 \%
2.7V <VDD < 3.3V
ViL3 P20 to P23 0 0.3 VDD \Y
ViL4 P60 to P63 0 0.3 VDD Y,
ViLs P122 to P124, P137, RESET 0 0.2 VDD Y,
ViLe P03, P04 3.0V =<VDD<5.5V 0 0.5 VDD \Y
2.7V <VDD < 3.0V 0 0.4 VDD \Y
Caution  The maximum value of VIH of pins P03, P04, P10 to P16 is VDD, even in the N-ch open-drain mode.
Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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(4/5)
(Ta =-40/-20 to +85C, 4.0V < VCC <50V, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Output voltage, high VoH1 P00 to P07, 4.0V <VDD=<5.5V, VDD - 1.5 \
P10 to P16, P40 IOH1 = -10.0mA
4.0V=sVDD =55V, VDD - 0.7 \%
IOH1 = -3.0mA
27V=sVDD <55V, VDD - 0.5 \%
IOH1 = -1.5mA
VoH2 P20 to P23 2.7V <VDD<5.5V, VDD - 0.5 \Y,
IOH2 = -100uA
Output voltage, low VoL P00 to P07, 4.0V <VDD=<5.5V, 1.3 \
P10 to P16, P40 |OL1 = 20.0mA
4.0V=sVDD =55V, 0.7 \%
IOL1 = 8.5mA
27V=sVDD=<5.5V, 0.6 \%
I0L1 = 3.0mA
2.7V <VDD<5.5V, 0.4 \Y
IOL1 = 1.5mA
2.7V <VDD<5.5V, 0.4 \Y
I0L1 = 0.6mA
27V<sVDD <55V, 0.4 \%
I0L1 = 0.3mA
VoL2 P20 to P23 1.6V <VDD <5.5V, 0.4 \%
I0L2 = 400uA
VoL3 P60 to P63 40vV=<VDD<5.5V, 2.0 \Y
I0L3 = 15.0mA
4.0V<VDD<5.5V, 0.4 \Y
I0L3 = 5.0mA
2.7V<VDD<5.5V, 0.4 \%
I0L3 = 3.0mA
1.8V <VDD <5.5V, 0.4 \%
I0L3 = 2.0mA
1.6V<VDD<5.5V, 0.4 \Y
IOL3 = 1.0mA

Caution P03, P04, P10 to P16 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.

R01DS0301EJ0203 Rev.2.03

Jan.17, 2020

RENESAS

Page 31 of 83




RAJ240090 / RAJ240100

4 ELECTRICAL SPECIFICATIONS

(5/5)
(Ta =-40/-20 to +85C, 4.0V < VCC <50V, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILIHL P00 to P07, VI =VvVDD 1 UA
current, high P10 to P16, P40
ILIH2 P20 to P23, P137, RESET | VI =VDD 1 UuA
ILIH3 P122 to P124 VI = VDD In input port or 1 UuA
external clock input
In resonator connection 10 UuA
Input leakage ILiLe P00 to P07, VI =VSS -1 UA
current, low P10 to P16, P40
ILiL2 P20 to P23, P137, RESET | VI =VSS -1 uA
ILiL3 P122 to P124 VI =VSS In input port or -1 UuA
external clock input
In resonator connection -10 UuA
On-chip pull-up Ru P00 to P07, VI =VSS, In input port 10 20 100 kQ
resistance P10 to P16, P40
Rua ANO, AN1, AN2 7.5 10 125 kQ
RuArR RESETOUT 20 kQ

Remark 1. Unless specified, the characteristics of alternate-function pins are the same as those of the port pins.

Remark 2. Regarding pin characteristics of CFOUT, DFOUT, refer to Section 4.8.6 Charge/discharge FET control circuit characteristics.

Remark 3. Regarding pin characteristics of VIN1 to VIN10 refer to Section 4.8.2 Multiplexer.

Remark 4. Regarding pin characteristics of HVPO to HVP2 refer to Section 4.8.1 High-voltage port characteristics.
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4.6 AC Characteristics
(1/2)
(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle Tcy Main system clock HS (high-speed main) mode 0.03125 1 us
(minimum instruction (fmaIN) operation LS (low-speed main) mode 0.125 1 us
execution time) LV (low-voltage main) mode 0.25 1 us

Subsystem clock (fsus) operation 28.5 30.5 31.3 us
In the self-programming | HS (high-speed main) mode 0.03125 1 us
mode LS (low-speed main) mode 0.125 1 us
LV (low-voltage main) mode 0.25 1 us
External system clock | fexs 32 35 kHz
frequency
External system clock | texts, 13.7 us
input high-level width, | texLs
low-level width
TIOO to TI02 tTIH, tTIL 1/fmck +10 ns

input high-level width,
low-level width

Remark

fmMck : 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, 1),

n: Channel number (n =0 to 3))
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(2/2)
(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Timer RD input high-level width, tTDIH, TRDIOBO, TRDIOCO, TRDIODO 3/fcLk ns
low-level width tToIL
Timer RD forced cutoff signal tTDSIL P16/INTPO 2MHz < fcik < 32MHz 1 us
input low-level width folk < 2 MHz 1ffclk + 1
TOO00 to TOO02, fro HS (high-speed main) mode |4.0V <VDD <5.5V 16 MHz
TRDIOBO, TRDIOCO, TRDIODO 2.7V <VDD < 4.0V MHz
output frequency LS (low-speed main) mode  [2.7V < VDD < 5.5V MHz
LV(low-voltage main) mode 2.7V<VDD <5.5V MHz
Interrupt input high-level width, tINTH, INTPO to INTP13 1.6V <VDD <5.5V 1 us
low-level width tINTL
RESET low-level width trRSL 10 us
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AC Timing Test Points

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

External System Clock Timing

1/fexs

tEXLS [ tEXHS

EXCLKS \

TI/TO Timing

tric | triH
TI0O0 to T102 \ L
1/fro
TOO0O0 to TO02, \ / \
TRDIOBO,
T\_

TRDIOCO,
TRDIODO,

tToIL | tTDIH
TRDIOAO, TRDIOBO, J\ J}

TRDIOCO, TRDIODO

tTDSIL
INTPO L
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Interrupt Request Input Timing

tINTL || tINTH
INTPO to INTP13
RESET Input Timing
tRSL
RESET
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4.7 MCU peripheral circuit characteristics

AC Timing Test Points

VIH/VOH : VIH/VOH
Test points
><V|L/VOL > <

ViL/VoL

4.7.1 Serial array unit

(1) During communication at same potential (UART mode)

Ta = -40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

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

mode mode main) mode
MIN. MAX. MIN. MAX. MIN. MAX.
Transfer rate fmck/6 fMck/6 fmck/6 bps
note Theoretical value of the 5.3 1.3 0.6 Mbps
maximum transfer rate
fmck = feik
Note Transfer rate in the SNOOZE mode is only 4800 bps.
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).
TxDq Rx
RL78 microcontroller User’s device
RxDq Tx
UART mode connection diagram (during communication at same potential)
1/Transfer rate
High-/Low-bit width
Baud rate error tolerance
T
TxDq i |
RxDq
X 7

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

Remark 1. q: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 5, 14)
Remark 2. fuck: 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) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

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

SCKp cycle time tkeyl tkeyl > 4/fcLk 125 500 1000 ns
SCKp high-/low-level tKHL, tKLL 4.0V <VDD 5.5V tkey1/2 - 12 tkcy1/2 - 50 tkey1/2 - 50 ns
width 2.7V <VDD <55V tkeyl/2 - 18 tkev/2 - 50 tkcva/2 - 50 ns
Slp setup time tsik1 4.0V<VDD<55V 44 110 110 ns
(to SCKpt) Neret 2.7V < VDD £ 5.5V 44 110 110 ns
Slp hold time tksi1 19 19 19 ns
(from SCKpt) Note 2

Delay time from SCKp| | tkso1 C =30 pF Note4 25 25 25 ns
to SOp output Note 3

Note 1.

When DAPmMn = 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 DAPmMn = 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 SCKpt” 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.

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

Remark 1. p: CSI number (p = 00, 10), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM number (g =0, 1, 3t0 5, 14)

Remark 2. fuck: 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))

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
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(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed LV (low-voltage Unit
main) mode main) mode main) mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp cycle time tkcy2 4.0V <VDD < 20MHz < fmck 8/fmck — —_ ns
Notes 5.5V fuck < 20MHz | 6/fmck 6/fvck 6/fmcK ns
27V<VDD< 1 MHz < fmck 8/fmck — — ns
5.5V fmck < 16MHz 6/fmck 6/fmck 6/fmck ns
SCKp high-/low-level | tkH2, 4.0V <VDD =55V tkey2/2 tkey2/2 tkey2/2 ns
width tkL2 -7 -7 -7
2.7V =VDD 5.5V tkey2/2 tkey2/2 tkey2/2 ns
-8 -8 -8
Slp setup time tsik2 1/fmck 1/fmck 1/fmek ns
(to SCKpt) Note 1 +20 +30 +30
Slp hold time tksi2 1/fmMck 1/fmMck 1/fmck ns
(from SCKpt) Note 2 +31 +31 +31
Delay time from tkso2 C = 30pF Note4 2/fmek 2/fmek 2/fmek ns
SCKp| to SOp output +44 + 110 + 110
Note 3

Note 1.  When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
The Slp setup time becomes “to SCKp|” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Note 2.  When DAPmn = 0 and CKPmn =0, or DAPmn = 1 and CKPmn = 1.
The Slp hold time becomes “from SCKp|” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Note 3. When DAPmMn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1.
The delay time to SOp output becomes “from SCKpt1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Note 4.  C s the load capacitance of the SCKp and 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 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), m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3),
g: PIM number (g =0, 1, 3to 5, 14)
Remark 2. fmck: Serial array unit operation clock frequency (Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number, n: Channel number (mn = 00, 02))

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

CSI mode connection diagram (during communication at same potential)

Remark 1. p: CSI number (p = 00, 10)
Remark 2. m: Unit number, n: Channel number (mn = 00, 02)
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(When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn =1.)
IKCY1, 2

tKL, 2 | tKH1, 2 |

SCKp \[ \ /

. tsik1, 2 tksI1, 2|

tkso1, 2

b))

T
SOp Output data ><:
b))

(<Y

CSlI mode serial transfer timing (during communication at same potential)

(When DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn = 0.)
tKCY1, 2

tKH1, 2 KL, 2 |

SCKp / I \ \ [_ZH \

ISk, 2 tKSI1, 2,

tKSO1, 2

b))

\<Y
SOp Output data ><:
N

(<Y

CSI mode serial transfer timing (during communication at same potential)

Remark 1. p: CSI number (p = 00, 10)

Remark 2. m: Unit number, n: Channel number (mn = 00, 02)
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(4) During communication at same potential (simplified 12C mode)

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS ( high-speed LS (low-speed LV (low-voltage Unit
main ) mode main ) mode main ) mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 2.7V <VDD <55V, 1000QNote 1 40QNote 400Notet kHz
Cb = 50pF, Rb = 2.7kQ

Hold time tLow 2.7V <VDD <5.5V, 475 1150 1150 ns
when SCLr = “L” Cb = 50pF, Rb = 2.7kQ
Hold time tHIGH 2.7V<VDD <55V, 475 1150 1150 ns
when SCLr = “H” Cb = 50pF, Rb = 2.7kQ
Data setup time tsu: DAT 2.7V <VDD 5.5V, 1/fmck + vk + 1ffmek + ns
(reception) Cb = 50pF, Rb = 2.7kQ 85 Note 2 145 Note 2 145 Note2
Data hold time tHD: DAT | 2.7V <VDD < 5.5V, 0 305 0 305 0 305 ns
(transmission) Cb = 50pF, Rb = 2.7kQ

Note 1.
Note 2.

Caution

The value must also be equal to or less than fmck/4.
Set the fmck value not to over the hold time of SCLr = “L” and SCLr = “H”.

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

mode for the SCLr pin by using port input mode register g (PIMg) and port output mode register h (POMh).

SDAr

VDD

% Rb
. SDA

RL78 microcontroller

SCLr

SCL

User’s device

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

1/fscL

tLow

tHIGH

SCLr

SDAr /_\

I
tHD: DAT

tsu: DAT

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

Remark 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load capacitance
Remark 2. r: [IC number (r = 00, 10), g: PIM number (g = 10, 13), h: POM number (h = 11, 14)
Remark 3. fMCK: Serial array unit operation clock frequency (Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).

m: Unit number (m = 0, 1), n: Channel number (n =0 to 3), mn =00 to 03, 10 to 13)
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4.7.2 Serial interface IICA

(1) I12C standard mode

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | LV (low-voltage main) | Unit
mode mode mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Standard mode: 0 100 0 100 0 100 kHz
fcLk > IMHz

Setup time of restart condition | tsu: STA 4.7 4.7 4.7 us
Hold time Note 1 tHD: STA 4.0 4.0 4.0 us
Hold time when SCLAO = “L” tLow 4.7 4.7 4.7 us
Hold time when SCLAO = “H” tHIGH 4.0 4.0 4.0 us
Data setup time (reception) tsu: DAT 250 250 250 ns
Data hold time (transmission) | tHD: DAT 0 3.45 0 3.45 0 3.45 us
Note 2
Setup time of stop condition tsu: sTo 4.0 4.0 4.0 us
Bus-free time tBUF 4.7 4.7 4.7 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 = 400pF, Rb = 2.7kQ
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(2) I12C fast mode

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | LV (low-voltage main) | Unit
mode mode mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: 0 400 0 400 0 400 kHz
fCLK > 3.5 MHz

Setup time of restart condition tsu: STA 0.6 0.6 0.6 us
Hold timeNotet tHD: STA 0.6 0.6 0.6 us
Hold time when SCLAO = “L” tLow 1.3 1.3 1.3 us
Hold time when SCLAO = “H” tHIGH 0.6 0.6 0.6 us
Data setup time (reception) tsu: DAT 100 100 100 ns
Data hold time (transmission) tHD: DAT 0 0.9 0 0.9 0 0.9 us
Note2
Setup time of stop condition tsu: sTo 0.6 0.6 0.6 us
Bus-free time tBUF 13 1.3 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.

Fast mode: Cb = 320pF, Rb = 1.1kQ
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(3) I2C fast mode plus

(Ta = -40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | LV (low-voltage main) | Unit
mode mode mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 0 1000 kHz
fCLK > 10 MHz

Setup time of restart condition tsu: STA 0.26 us
Hold time Nete 1 tHD: STA 0.26 us
Hold time when SCLAO = “L” tLow 0.5 us
Hold time when SCLAO = “H” tHIGH 0.26 us
Data setup time (reception) tsu: DAT 50 ns
Data hold time (transmission) tHD: DAT 0 0.45 us
Note 2
Setup time of stop condition tsu: sTo 0.26 us
Bus-free time tBUF 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 = 120pF, Rb = 1.1kQ

7777777777 fLow .
SCLAN 3 3
— -
A tHD: DAT tsu: sTA % tHD: STA tSU: STO |
tHD: STA i i
somn ] / ! AN G
1 Utsur] 1 3
sop s Restar stop
condition condition condition condition
IICA serial transfer timing
Remark n=0
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4.7.3 CAN interface

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions HS ( high-speed main ) mode Unit
MIN. MAX.
Transfer rate Theoretical value of the maximum transfer rate 1 Mbps
fcan = feLkr2
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4.7.4 A/D converter characteristics

(1) When reference voltage (+) = AVRerp/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVRerM/ANI1 (ADREFM = 1),

target pin: ANI02, ANIO3, internal reference voltage, and temperature sensor output voltage

(Ta =-40/-20 to +85C, 2.7V < AVRerpP = VDD < 5.5V, GNDO = GND1 = VSS = 0V, Reference voltage (+) = AVREFP, Reference voltage (-)

= AVREFM = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bits
Overall error Notel AINL 10-bit resolution 2.7V < AVREFP £ 5.5V 1.2 +3.5 LSB

AVREerp = VppNote 3
Conversion time tconv 10-bit resolution 3.6V =<VDD <55V 2.125 39 us
Target pin : ANI02-ANIO3 2.7V<VDD £5.5V 3.1875 39 us
10-bit resolution 3.6V =<VDD <55V 2.375 39 us
Target pin : Internal reference voltage, 2.7V<VDD<5.5V 3.5625 39 us
and temperature sensor output voltage
(HS (high-speed main) mode)
Zero-scale error Ezs 10-bit resolution 2.7V < AVREFP < 5.5V +0.25 %FSR
Note 1, 2 AVREEP = VDD Note 3
Full-scale error EFs 10-bit resolution 2.7V < AVREFP < 5.5V +0.25 %FSR
Note 1, 2 AVRerp = VDD Note3
Integral linearity error ILE 10-bit resolution 2.7V < AVREFP < 5.5V +2.5 LSB
Note 1 AVREFP = VDD Note3
Differential linearity DLE 10-bit resolution 2.7V < AVREFP < 5.5V +1.5 LSB
error Notel AVRerp = VDD Note 3
Analog input voltage VAIN ANIO2 to ANIO3 0 AVREFP
Internal reference voltage VeGR Note4 \Y,
(2.7V < VDD < 5.5V, HS (high-speed main) mode)
Temperature sensor output voltage VTmps2s Note4 \Y,
(2.7V = VDD < 5.5V, HS (high-speed main) mode)

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

Note 2.  This value is indicated as a ratio (%FSR) to the full-scale value.

Note 3.  When AVRerp < VDD, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVRrerp = VDD.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVRerpP = VDD.
Integral linearity error/ Differential linearity error: Add +0.5 LSB to the MAX. value when AVRerp = VDD.

Note 4.  Refer to Section 4.7.5 Temperature sensor characteristics/internal reference voltage characteristic.
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(2) When reference voltage (+) = VDD (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = VSS (ADREFM = 0),

target pin: ANIOO to ANIO3, internal reference voltage, and temperature sensor output voltage

Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V, Reference voltage (+) = VDD, Reference voltage (-) = VSS)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bits
Overall error Note1 AINL 10-bit resolution 1.2 +7.0 LSB
Conversion time tconv 10-bit resolution 3.6V <VDD <55V 2.125 39 us

Target pin : ANIOO to ANIO3 2.7V <VDD < 5.5V 3.1875 39 us
10-bit resolution 3.6V =<VDD <55V 2.375 39 us
Target pin : Internal reference voltage, 27V <VDD <5.5V 3.5625 39 us

and temperature sensor output voltage
(HS (high-speed main) mode)

Zero-scale error Ezs 10-bit resolution +0.60 %FSR

Note 1, 2

Full-scale error EFs 10-bit resolution +0.60 %FSR

Note 1, 2

Integral linearity error ILE 10-bit resolution +4.0 LSB

Note 1

Differential linearity DLE 10-bit resolution +2.0 LSB

Note 1

Analog input voltage VAIN ANIO to ANI3 0 Vbp \%
Internal reference voltage VeGRr Note3 \Y,

(2.7V = VDD = 5.5V, HS (high-speed main) mode)

Temperature sensor output voltage VTmps2s Note 3 \Vi
(2.7V < VDD = 5.5V, HS (high-speed main) mode)

Note 1.  Excludes quantization error (+1/2 LSB).
Note 2.  This value is indicated as a ratio (% FSR) to the full-scale value.
Note 3.  Refer to Section 4.7.5 Temperature sensor characteristics/internal reference voltage characteristic.
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(3) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-)

= AVRerm/ANI1 (ADREFM = 1), target pin: ANIOO, ANI02, ANI03

(Ta=-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V, Reference voltage (+) = VBGR N 3, Reference voltage (-) = AVREFM = 0V

Note 4, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES bits
Conversion time tconv 8-bit resolution 17 39 us
Zero-scale error Note 1, 2 Ezs 8-bit resolution +0.60 %FSR
Integral linearity error Note 1 ILE 8-bit resolution +2.0 LSB
Differential linearity error DLE 8-bit resolution +1.0 LSB
Note 1
Analog input voltage VAIN 0 VeGR Note 3 \Y;

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

Note 2.  This value is indicated as a ratio (% FSR) to the full-scale value.

Note 3.  Refer to 4.7.5 Temperature sensor characteristics/internal reference voltage characteristic.

Note 4.  When reference voltage (-) = VSS, the MAX. values are as follows.

Zero-scale error: Add +0.35%FSR to the MAX. value when reference voltage (-) = AVREFM.
Add +0.5 LSB to the MAX. value when reference voltage (-) = AVREFM.
Add +0.2 LSB to the MAX. value when reference voltage (-) = AVREFM.

Integral linearity error:

Differential linearity error:

R01DS0301EJ0203 Rev.2.03
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4.7.5 Temperature sensor characteristics/internal reference voltage characteristic
(Ta = -40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output VTMPS25 | Setting ADS register = 80H, TA = +25C 1.05 \%
Internal reference voltage VBGR Setting ADS register = 81H 1.38 1.45 1.5 \%
Temperature coefficient FVTMPS Temperature sensor that depends on the -3.6 mV/C

temperature
Operation stabilization wait time | tAMP 5 us
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4.7.6 POR circuit characteristics (MCU)

(Ta=-40/-20 to +85 C, GNDO =GND1 =VSS=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power on/down reset VPOR Voltage threshold on VDD rising 1.47 1.51 1.55 \%
threshold VPDR Voltage threshold on VDD falling Note 1 1.46 1.50 1.54 \
Minimum pulse width Note 2 Trw 300 us

Note 1.  However, when operating voltage drops when LVD is off, it enters STOP mode, or enable the reset status using
external reset pin before the voltage drops below the operating voltage range shown in Section 4.6 AC Characteristics.

Note 2.  Minimum time required for POR to reset when VDD is below VPDR. This is also the minimum time required for a POR reset when
VDD exceeds VPOR after VDD is below 0.7 V during STOP mode or while the main system clock is stopped by setting bit 0
(HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register (CSC).

TpPw

<
1
i

Supply voltage (Vbb) !
1
i VPOR
iy S
1
1
i
1

VPDROr 0.7 V ------------------
1
1
1
1
1
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4.7.7 LVD circuit characteristics
(1) Reset Mode and Interrupt Mode

T,=-40/-20 to +85°C, VPDR <VDD <5.5 V, GNDO = GND1 = VSS=0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voltage Supply voltage level Vivio Power supply rise time 3.98 4.06 4.14
detection Power supply fall time 3.90 3.98 4.06
threshold Vivie Power supply rise time 3.68 3.75 3.82 \
Power supply fall time 3.60 3.67 3.74 Y
Viviz Power supply rise time 3.07 3.13 3.19 \
Power supply fall time 3.00 3.06 3.12 Y
Viviz Power supply rise time 2.96 3.02 3.08 \Y
Power supply fall time 2.90 2.96 3.02 \Y
Vivia Power supply rise time 2.86 2.92 2,97 \Y
Power supply fall time 2.80 2.86 291 \Y
Vivis Power supply rise time 2.76 2.81 2.87 \
Power supply fall time 2.70 2.75 2.81 \Y
Vivie Power supply rise time 2.66 271 2.76 \
Power supply fall time 2.60 2.65 2.70 \Y
Viviz Power supply rise time 2.56 2.61 2.66 \Y
Power supply fall time 2.50 2.55 2.60 \Y
Vivis Power supply rise time 2.45 2.50 2.55 \
Power supply fall time 2.40 2.45 2.50 Y,
Vivie Power supply rise time 2.05 2.09 2.13 \%
Power supply fall time 2.00 2.04 2.08 \
Vivito Power supply rise time 1.94 1.98 2.02 \Y
Power supply fall time 1.90 1.94 1.98 \
Viviz Power supply rise time 1.84 1.88 191 \
Power supply fall time 1.80 1.84 1.87 \Y
Vivizz Power supply rise time 1.74 177 181 \
Power supply fall time 1.70 1.73 1.77 \Y
Viviss Power supply rise time 1.64 1.67 1.70 \
Power supply fall time 1.60 1.63 1.66 \Y
Minimum pulse width tLw 300 HUs
Detection delay time to 300 us
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(1) Interrupt & Reset Mode
(Ta= -40/-20 to +85°C, VPDR <VDD <5.5 V, GNDO = GND1 = VSS=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voltage detection | Vivoao VPOC2, VPOC1, VPOC2 =0, 0, 0, falling reset voltage 1.60 1.63 1.66 \%
threshold VLvbal LVISO, LVIS1=1,0 |[Rising release reset voltage 1.74 1.77 181 \%

Falling interrupt voltage 1.70 1.73 177 \
Vivbaz LVISO, LVIS1=0,1 |Rising release reset voltage 1.84 1.88 1.91 \
Falling interrupt voltage 1.80 1.84 1.87 \Y
Vivoas LVISO, LVIS1=0,0 |Rising release reset voltage 2.86 2.92 2.97 \
Falling interrupt voltage 2.80 2.86 291 \
VLvbBo VPOC2, VPOC1, VPOCO =0, 0, 1, falling reset voltage 1.80 1.84 1.87 \%
VivbB1 LVISO, LVIS1=1,0 |Rising release reset voltage 1.94 1.98 2.02 \
Falling interrupt voltage 1.90 1.94 1.98 \Y
Vivoe2 LVISO, LVIS1=0,1 |Rising release reset voltage 2.05 2.09 2.13 \%
Falling interrupt voltage 2.00 2.04 2.08 \Y
Vivoes LVISO, LVIS1=0,0 |Rising release reset voltage 3.07 3.13 3.19 \%
Falling interrupt voltage 3.00 3.06 3.12 \
VLvbco VPOC?2, VPOC1, VPOCO =0, 1, 0, falling reset voltage 2.40 2.45 2.50 \%
Vivbel LVISO, LVIS1=1,0 |[Rising release reset voltage 2.56 2.61 2.66 \Y
Falling interrupt voltage 2.50 2.55 2.60 \
Vivbez LVISO, LVIS1=0,1 |Rising release reset voltage 2.66 2.71 2.76 \%
Falling interrupt voltage 2.60 2.65 2.70 \
Vivbes LVISO, LVIS1=0,0 |Rising release reset voltage 3.68 3.75 3.82 \%
Falling interrupt voltage 3.60 3.67 3.74 \Y
VLvbpo VPOC2, VPOC1, VPOCO0 =0, 1, 1, falling reset voltage 2.70 2.75 2.81 \%
Vivop1 LVISO, LVIS1=1,0 |[Rising release reset voltage 2.86 2.92 2.97 \Y
Falling interrupt voltage 2.80 2.86 291 \
Vivbp2 LVISO, LVIS1=0,1 |Rising release reset voltage 2.96 3.02 3.08 \%
Falling interrupt voltage 2.90 2.96 3.02 \
Vivops LVISO, LVIS1=0,0 [Rising release reset voltage 3.98 4.06 4.14 \Y
Falling interrupt voltage 3.90 3.98 4.06 \Y
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4.8 AFE peripheral circuit characteristics
4.8.1 High-voltage port characteristics

(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high VIH 2.6 \%
Input voltage, low ViL 0.7 \%
Output voltage, high VoH IOH = - 1mA VCC-0.7 VCC \%
Output voltage, low VoL IOL = 1mA 0.7 \%
On resistance, Ronp IOH= - 1ImA 700 Q

high level output
(Pch MOS output)
On resistance, RonNN IOL=1 mA 700 Q
high level output (Nch
MOS output)

Pin leakage current ILk VI=VCC, GND +1 uA
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4.8.2 Multiplexer characteristics
(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Gain GAIN1 VIN10,VIN9,VIN8,VIN7,VING,VIN5>2.0V 1.0 VIV
VIN(n)-VIN(n-1) VIN4,VIN3,VIN2,VIN1,VINO>QV Nete
Gain GAIN2 0.1 VIV
PACK, VIN10, PON
Gain ANO,1,2 GAIN3 1.0 VIV
Input voltage range VRA1 VIN10,VIN9,VIN8,VIN7,VING,VIN5>2.0V -0.1 5.1 \Y
VIN(n)-VIN(n-1) VIN4,VIN3,VIN2,VIN1,VINO>QV Nete
Input voltage range VRA2 0.0 50.0 \%
PACK, VIN10, PON
Input voltage range VRA3 0.0 1.8 \%
ANO, 1, 2
Pin leakage current ILkv1 VIN1=5V 2 uA
VIN2=10V 2 uA
VIN3=15V 2 uA
VIN4=20V 2 uA
VIN5=25V 2 uA
VIN6=30V 2 uA
VIN7=35V 2 uA
VIN8=40V 2 uA
VIN9=45V 2 UuA
VIN10=50V 2 UuA
Note Reference voltage is GNDO and GND1
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4.8.3 Sigma-delta A/D converter characteristics
(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Netet RESAD Conversion time = 8ms 15 bits
Conversion time = 4ms 14 bits
Conversion time = 2ms 13 bits
Conversion time = 1ms 12 bits
Conversion time = 0.5ms 11 bits
Conversion time = 0.25ms 10 bits
Input voltage range VINAD -0.1 5.1 \%
Integral nonlinearity INLAD End fit -27 27 LSB
Conversion result ADZERO VIN=0V 3317 LSB
in zero input Note 2
Temperature dependency dTADZERO VIN=0V -0.24 +0.24 LSB/C
In zero input
Conversion result ADFS VIN=5.1V 24100 LSB
in full-scale input Note 2
Temperature dependency dTADFS VIN=5.1V -0.24 +0.24 LSB/C
in full-scale input
Input resistance RINAD (1.0) MQ
Battery cell voltage ERRCELL1 Ta = +25C After calibration 5 mV
measurement error ERRCELL2 -20C =< Ta < 85C After calibration +10 mvV
ERRCELL2L -40C < Ta < 85C After calibration +12 mV

Note 1. AD conversion result is output in 15-bit.
Note 2.  This value is before subtracting the offset voltage.

Caution 1. Except for Battery cell voltage measurement error (ERRCELL), these parameters are sigma-delta converter circuit
characteristics.

Caution 2. Calibration is needed to keep high accuracy in system.

Remark Values in brackets are design value.

RO1DS0301EJ0203 Rev.2.03 RENESAS Page 55 of 83
Jan.17, 2020



RAJ240090 / RAJ240100 4 ELECTRICAL SPECIFICATIONS

4.8.4 Current integrating circuit characteristics
(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RESCC 18 bits
Conversion time TCC 250 ms
Input voltage range VINCC +50mV mode -50 +50 mVv

ISENS1 to ISENSO

+100mV mode -100 +100 mVv

ISENS1 to ISENSO

+200mV mode -200 +200 mVv

ISENS1 to ISENSO
Integral nonlinearity INLCC End fit 0.02 %FSR
Input resistance RINCC ISENSO, ISENS1 (2.0) MQ
Current measurement ERRCURR +50mV mode, (x25) uVv
error -20C < Ta < 85C After calibration

+50mV mode, (x30) uv

-40C < Ta < 85C After calibration

+100mV mode (x50) uv

-20C < Ta < 85C After calibration

+100mV mode (x60) uv

-40C < Ta < 85C After calibration

+200mV mode (+100) uVv

-20C < Ta < 85C After calibration

Input voltage range : -100mV to 200mV

+200mV mode (x120) uv

-40C < Ta < 85C After calibration

Input voltage range : -100mV to 200mV

Caution 1. Except for Current measurement error (ERRCURR), these parameters are current integration circuit characteristics

Caution 2. Calibration is needed to keep high accuracy in system.

Remark Values in brackets are design value.
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4.8.5

(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)

Overcurrent detection / wakeup current detection circuit characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Discharge short-circuit current detection dsvscC 25mv to 200mV 12.5 mV
setting voltage step 200mV to 300mV 25 mv
Discharge short-circuit current detection dvsc 25mv to 200mV setting +12.5 mVv
voltage error 225mV to 300mV setting +25.0 mv
Discharge overcurrent detection setting dSvDOC 15mV to 100mV 25 mV
voltage step 100mV to 200mV 5 mv
Discharge overcurrent detection voltage dvDOC 15mV to 100mV setting +5.0 mVv
error Mot 105mV to 200mV setting +7.5 mv
Charge overcurrent detection setting voltage dsvCcocC -60mV to -2.5mV 25 mV
step -100mV to -60mV 5 mv
Charge overcurrent detection voltage error dvCcocC -60mV to -2.5mV setting +5.0 mVv
Noe -100mV to -65mV setting +7.5 mv
Discharge wakeup current detection setting dSvDWU OmV to 140mV 1.25 mV
voltage step
Charge wakeup current detection setting dSvCwu -140mV to OmV 1.25 mvV
voltage step
DBPT current detection setting voltage step dSVDBPT OmV to 140mV 1.25 mV
Discharge wakeup current detection voltage dvDwWU 20 times mode -0.10 0.0 +0.25 11\%
error Note ISENSL1 to ISENSO:
0.25mV to 2.5mV
Charge wakeup current detection voltage dvCwu 20 times mode -0.25 0.0 +0.10 mVv
error Nore 1 ISENS1 to ISENSO:
-0.25mV to -2.5mV
DBPT current detection voltage error Noe 1 dVDBPT 20 times mode -0.10 0.0 +0.25 mV
ISENS1 to ISENSO:
0.25mV to 2.5mV
Discharge short-circuit current detection dTSC Ous to 916us 0.0 30.5 us
time error Noe 2 (61us step
Discharge overcurrent detection time error dTDOC 0.488ms to 32s 0.0 122 us
Note 2 (0.488ms step)
Charge overcurrent detection time error dTCoC Ous to 15564us 0.0 30.5 us
(61us step)
Discharge wakeup current detection time dTDWU 3.91ms to 62.56ms 0 3.9 ms
error Note 2 (61us step)
Charge wakeup current detection time error dTCcwu 3.91ms to 62.56ms 0 3.9 ms
Note 2 (61us step)
DBPT current detection time error N2 dTDBPT Ous to 916us 0.0 30.5 us
(61us step)
Note 1.  This is the specification after zero-calibration is executed.
Note 2. The frequency error of On-chip oscillator (AOCO and ALOCO) is excluded from these detection time error.
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4.8.6 Charge/discharge FET control circuit characteristics
(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
High-side Charge FET control CFON1 4.0V <VCC < 6.0V 5.0 9.5 10.0 \%
Output voltage, CFOUT=H Load between CFOUT to VBAT = 50nF/10MQ
Based on VBAT pin
CFON2 6.0V <VCC, -20C = Ta< 85C 8.0 9.5 10.0 \%

Load between CFOUT to VBAT = 50nF/10MQ
Based on VBAT pin

CFON2L 6.0V <VCC, -40C < Ta<85C 6.5 9.5 10.0 \%
Load between CFOUT to VBAT = 50nF/10MQ
Based on VBAT pin

High-side Charge FET control CFOFF Load between CFOUT to VBAT = 50nF/10MQ -0.2 0.0 0.2 \%
Output voltage, CFOUT=L Based on VBAT pin
High-side Charge FET control CFTR1 4.0V <VCC < 6.0V 15 25 ms
CFOUT rise Time Load between CFOUT to VBAT = 50nF/10MQ
Lo(VBAT)—Hi(VBAT+5V)
CFTR2 6.0V <VCC 1.0 15 ms

Load between CFOUT to VBAT = 50nF/10MQ
Lo(VBAT)—Hi(VBAT+5V)

High-side Charge FET control CFTF1 Load between CFOUT to VBAT = 50nF/10MQ 0.5 1.0 ms
CFOUT fall Time Hi(VBAT+CFON1)—Lo(VBAT+1V)
OFF speed acceleration = Disable

CFTF2 Load between CFOUT to VBAT = 50nF/10MQ (0.2) (0.5) ms

Hi(VBAT+CFON1)—Lo(VBAT+1V)
OFF speed acceleration = Enable

High-side Discharge FET control | DFON1 4.0=<VCC<6.0V 5.0 9.5 10.0 \%
Output voltage, DFOUT=H Load between DFOUT to PACK = 50nF/10MQ
Based on PACK pin
DFON2 6.0<VCC, -20C = Ta<85C 8.0 9.5 10.0 \%

Load between DFOUT to PACK = 50nF/10MQ
Based on PACK pin

CFON2L 6.0V <VCC, -40C = Ta<85C 6.5 9.5 10.0 \%
Load between CFOUT to VBAT = 50nF/10MQ
Based on VBAT pin

High-side Discharge FET control | DFOFF Load between DFOUT to PACK = 50nF/10MQ -0.2 0.0 0.2 \%
Output voltage, DFOUT=L Based on PACK pin
High-side Discharge FET control | DFTR1 4.0V =VCC < 6.0V 15 25 ms
DFOUT rise Time Load between DFOUT to PACK = 50nF/10MQ
Lo(PACK)—Hi(PACK+5V)
DFTR2 6.0V =<VCC 1.0 1.5 ms

Load between DFOUT to PACK = 50nF/10MQ
Lo(PACK)—Hi(PACK+5V)

High-side Discharge FET control | DFTF1 Load between DFOUT to PACK = 50nF/10MQ 0.5 1.0 ms
DFOUT fall Time Hi(PACK+DFON1)—Lo(PACK+1V)
OFF speed acceleration = Disable
DFTF2 Load between DFOUT to PACK = 50nF/10MQ (0.2) (0.5) ms

Hi(PACK+DFON1)—Lo(PACK+1V)
OFF speed acceleration = Enable

Low-side Charge FET control CCLPON1 Based on VBAT pin -6.0 -3.0 \%
Clamp voltage 4.0V < VBAT < 7.0V
CCLPON2 Based on VBAT pin -14.0 -10.0 -6.0 \%
7.0V £ VBAT
Low-side Discharge FET control DCLPON1 Based on PACK pin -6.0 -3.0 \%
Clamp voltage 4.0V £ PACK < 7.0V
DCLPON2 Based on PACK pin -14.0 -10.0 -6.0 \%
7.0V £ PACK

Caution  After trimming.

Remark Values in brackets are design value.
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4.8.7 Power on circuit characteristics
(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, High VIH 2.6 VCC \%
Input voltage, Low ViL 0.0 0.7 \%
Pull-down resistance Rdpon 12.4 MQ
Caution To entry power down mode, it is necessary to input power down command while PON portis L.
4.8.8 Series regulator circuit characteristics
(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage VR20 3.3V setting 10=50uA to 20mA, 3.20 3.30 3.40 \%
VR205 5.0V setting 6.0V < VCC =50.0V, 4.85 5.00 5.15 \%
10=50uA to 20mA
Load drive IOMAX 3.3V setting 4.0V=VCC<5.0vV 10.0 mA
capability N 5.0V < VCC < 50.0V 20.0 mA
IOMAX5 5.0V setting 6.0V <VCC < 7.0V 10.0 mA
7.0V <VCC =50.0vV 20.0 mA
Note In case of using load drive, total power consumption must be under the maximum ratings power consumption (Pd).
Caution  After trimming.
4.8.9 AFE reset circuit characteristics
(Ta =-40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
VREG?2 release voltage VREL 2.8 2.9 3.0 \%
VREG?2 detection VDET After timming 2.7 2.8 2.9 \%
voltage
4.8.10 Cell balancing circuit characteristics
(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
1st cell on resistance Rconb1 VIN1 - VINO = 3.5V 100 200 400 Q
2nd cell on resistance Rconb2 VIN2 — VIN1 = 3.5V 100 200 400 Q
3rd cell on resistance RconD3 VIN3 — VIN2 = 3.5V 100 200 400 Q
4th cell on resistance Rconbpa VIN4 — VIN3 = 3.5V 100 200 400 Q
5th cell on resistance Rconbs VIN5 - VIN4 = 3.5V 100 200 400 Q
6th cell on resistance RconDs VING — VIN5 = 3.5V 100 200 400 Q
7th cell on resistance Rconb7 VIN7 — VING = 3.5V 100 200 400 Q
8th cell on resistance Rconps VIN8 — VIN7 = 3.5V 100 200 400 Q
9th cell on resistance RconD9 VIN9 — VIN8 = 3.5V 100 200 400 Q
10th cell on resistance Rconbi1o VIN10 - VIN9 = 3.5V 100 200 400 Q
48.11 VREG2 Voltage Drop Detection Circuit characteristics
(Ta = -40/-20 to +85C, 4.0V < VCC < 50V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
VREG2 Voltage VR2LVD 3.3V setting 2.85 2.90 2.95 \%
detection threshold VR2LVD5 5.0V setting 4.55 4.60 4.65 \%
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4.9 RAM Data Retention Characteristics

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage | Vbbbr 1.46Note 55 \%
Note The value depends on the POR detection voltage. When the voltage drops, the RAM data is retained before a POR reset is effected,

but RAM data is not retained when a POR reset is effected.

U STOP mode Operation mode

RAM data retention ———

VbD

t VDDDR

STOP instruction execution

Standby release signal /
(interrupt request) /

4.10 Flash Memory Programming Characteristics

Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency fcLk 1 32 MHz
Number of code flash rewrites Note 1. 2, 3 Cerwr Retained for 20 years 1,000 Times
TA=85C
Number of data flash rewrites Note 1,2, 3 Retained for 1 year 1,000,000
Ta=25C
Retained for 5 years 100,000
TA=85C
Retained for 20 years 10,000
TA=85C

Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retained years are until next rewrite completion.
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.

4.11 Dedicated Flash Memory Programmer Communication (UART)

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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4.12 Timing of Entry to Flash Memory Programming Modes

(Ta =-40/-20 to +85C, 2.7V < VDD < 5.5V, GNDO = GND1 = VSS = 0V)

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
The time needed when an external reset ends until the initial | tsuiniT POR and LVD reset must end 100 ms
communication settings are specified before the external reset ends.
The time needed from when the TOOLO pin is placed at low level | tsu POR and LVD reset must end 10 us
until an external reset ends before the external reset ends.
The time needed for the TOOLO pin must be kept at low level | tHp POR and LVD reset must end 1 ms
after an external reset ends before the external reset ends.
(excluding the processing time of the firmware to control the
flash memory)
<1>  <2> <3> <4>
RESET § § § §
+
72r?)(tlesssi:1HD 00H reception
Processing | 150 RxD, TOOLTXD mode)
time
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 tSUINIT: The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from
when the external resets end.
tSU: Time needed for the TOOLO pin is placed at low level until the pin reset ends
tHD: Time needed for the TOOLO pin at low level from when the external resets end

(excluding the processing time of the firmware to control the flash memory)
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5. Detailed description

51 Overview

RAJ240090 / RAJ240100 are Renesas fuel gauge ICs which consist of a MCU block and an AFE block in a single package
and accomplish various protection mechanisms. These IC’s incorporates advanced battery management features such as
primary and secondary protection, voltage and current measurement, current integration, host communication interface. By
using the battery management controlled firmware and data are stored in the embedded flash memory to control the
embedded analog and digital hardware circuits, optimum battery management operation including high accuracy remaining
capacity estimation and battery safety can be achieved.

5.2 System block diagram

PACK+

.
ME}

\v4

j PowerOn
g 5 g 5 3 5
)
s 2 = g & &
8 a
HVP2
~r HVP1
T HVPO
Flash Memory
‘ HV-GPIO ‘ ‘ RL78 CPU ‘ ‘ 128KB ‘
VIN1O"*®
I ¥ Data Flash RAM
& VING M MUX FET Control 1KB x4 7KB
& VIN8
WDT
(HVINT C2C interface
(slave)
VING
C2C interface
o
Simple temperature AzAID Converter Simplified 12C x2
(S VINg sensor 15bit — UART 5@ P40/TOOLO
CAN x1 Ext. Interrupt Port
& VIN3 x8
Current Integration
<> VINZ Cell Conditioning 18bit AZe/!;DC
v OnChipOscillator RTC PI23IXTL
P124/XT2
- (5. VINO -
Series Regulator Current Detection T\rr_\er
¥ ‘16bll x6 DTC
CREG2 CREG2F 12bit x1(Interval REGC
CREG2S VDD
Reset AFE 8/10bit SAR ADC MCU VSS 1
RESETOUT 7j,7

CREG2
RESETOUT

RAJ240100

GNDO
% GND1
ANO
AN1
z AN2
3
L ISENSO
(%) I
Y
S ISENS1

—— PACK-

Note VIN10 pin and VIN9 pin are only applicable to RAJ240100.

Caution The example peripheral circuit does not guarantee proper operation. Please perform sufficient
evaluation using the actual application to determine the circuits and peripherals.
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5.3

TAUO (4ch)
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MCU block diagram

TOOLO
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Clock Generator
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i
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Sub OSC
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Low Speed
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XT1  XT2EXCLK:
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o
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PORT7 PI0-PT77
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PORTI13 P137
External INT .
B
RTC —» RTCIHZ
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Caution 1. P30, P31, P32, P33, P70, P72, P73, P74, P75, P76 and P77 are connected to the internal AFE chip and
not connected to the package external pins.
Caution 2. Each interrupt request of AFE are assigned to P30/INTP13, P31/INTP12, P32/INTP11, P33/INTP10
P70/INTP9 and P71/INTPS8.
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5.4 AFE block diagram

>

VIN10"N®
PV Note
VING
VIN7
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VINS
CON
VIN4

VIN3
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VINO
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Note VIN10 pin and VIN9 pin are only applicable to RAJ240100.
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6. Application Guideline
6.1 Typical Application Specification

A typical specification example of Li-ion battery management unit as shown below.

From the next page, the typical application guideline is explained for RAJ240100 (10 series cells application).

Battery cell assembly : 8S1P (8 cells in series and 1 cell in parallel) for RAJ240090
: 10S1P (10 cells in series and 1 cell in parallel) for RAJ240100

Host interface : System Management Bus (SMBus) Specification, version 1.1.
:UART
: CAN

Primary protection : charge FET and discharge FET

Secondary protection : Fuse blow by FGIC (RAJ240090 and RAJ240100) or a secondary protection device.
Connector pins:

Pack+  Positive battery pack terminal

SCL SMBus clock

SDA SMBus data

CANH  CAN high

CANL CAN low

UART  UART communication port

PON High voltage port for battery power on

Pack- Negative battery pack terminal
External reverse charge protection circuit

Battery and charge/discharge MOSFET temperature measurement with three thermistors
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6.2 Typical Application Circuit
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Typical Application Circuit Schematic
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6.3 Circuit Design Guideline
6.3.1 Cell voltage monitor circuit

B Place an input filter between FGIC’s VIN port and each of the cells.
B Place resistors valued around 100Q and capacitors valued around 0.1uF to VIN1 — VIN10 for surge protection. It is

necessary to calculate the cut-off frequency and use correct resistance and capacitance value based on application.
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6.3.2

Battery power on circuit

Place resistors value around 2kQ (1kQ+1kQ), capacitor 0.1uF and zener diode to PON for surge protection. It is

necessary to calculate cut-off frequency and use correct resistance and capacitance value based on application.
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6.3.3 PACK port
B PACK port is source voltage of DFOUT (D-FET gate control signal). R44 plays a role in limiting the current limit when

charger is reverse-charged. 1kQ is recommended, if it is too large, the D-FET turn off speed will becomes too slow.

B C31 helps provide stable D-FET boost operation. 0.01uF is recommended. If it is too large, the D-FET turn off speed
will becomes too slow.
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6.3.4

Current monitor

B Potential difference on the sense resistor is monitored by current integration circuit.

B Place a Low Pass Filter (100 Q, 0.1uF) at input stage.

B Sense lines should be shielded if small voltage difference is detected to ensure high accurate current sensing.
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6.3.5 Fuse control
B Self-control protector (SCP) is used for fuse in reference circuit.
B The fuse will blow when RAJ240100 drives HVP2 (High voltage GPIO) pin high to make Q4 ON.
B The fuse will blow when overcurrent exceeds the limit of SCP.
B R56-R60 are used for battery electrochemical migration short circuit countermeasures.
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6.3.6

C-FET and D-FET control

Q3 is located between gate and source of Q2 to make D-FET turn off when charger is reverse connected.

recommended to prevent voltage drop.

R49 is for Q3 gate protection. (1kQ is recommended.)

R45, R46 and R50, R51 are use as gate protection and C-FET/D-FET noise reduction. (2kQ is recommended.)
R47 and R52 are used to fix C-FET/D-FET gate voltage in order to keep stable off state when FET is turn off. 10MQ is
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6.3.7 Thermistor

B ADC voltage measurement pins (ANO, AN1, AN2) are assigned for thermistor.
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6.3.8 Communication line

B RAJ240090 / RAJ240100 support 3 kinds of communication, SMBus, UART and CAN.

B For electrical over stress countermeasure, input 200 Q , 330 Q resistance, zener diode and capacitance are
recommended in SMBus communication line.

B For UART communication, P14 and P15 pins have VDD output circuit, therefore RXD/TXD line pull up voltage should
be the same as VDD.

B CAN communication is made possible by adding CAN transceiver externally. It is necessary to adapt external power

supply for CAN transceiver.
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6.3.9 Power supply path

B Power is supplied to VCC through the following two paths depending on circumstance.
B Power supplied from battery side when fuse is blown. See power supply line 1.
®  Higher output voltage from battery and charger is used as power supply. See power supply line 2.
B For protection of the VCC pin, it is recommended to add resistor and PTC for current limit.
Power supply line 2
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6.3.10

VCC, CREG2S, VDD and REGC capacitance

B The following decoupling capacitors must be located adjacent to each terminal.
B C21: VCC (1uF is recommended.)
B C20: CREG2 (2.2uF is recommended.)
m  C19: VDD (0.1uF is recommended.)
B C18: REGC (0.47uF is recommended.)
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6.3.11 Crystal oscillators port XT1 and XT2 for RTC

B RAJ240090 / RAJ240100 support RTC (Real time clock).

B XT1 and XT2 are used for an external crystal oscillator’s port. It is recommended to set the XT1 and XT2 line length
as short as possible.

B Shield pattern is necessary to XT1 line.
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6.4

Layout Guidelines

6.4.1 Summary

B Large current patterns must be wide and short to minimize voltage drop and heat generation.
B Bypass capacitors must be mounted as close as possible to the device VCC/ VBAT and GND pins to prevent erroneous
operation due to noise from power supply.
B Capacitors for voltage regulators must be located close to regulator pins to ensure loop stability and ESD tolerance.
m Al IC ground must be connected to the negative terminal of battery cells except ground for communication lines.
B Communication lines must be away from small signal current sense line to prevent the input signal from being disturbed
by the incoming radiation noise.
B FGIC (RAJ240090 and RAJ240100) must be located away from any heat source (FET, current sense resistor and
large current patterns) to minimize the influence of heat.
6.4.2 ESD protections on each terminal (basic policy)
B ESD on Pack+ terminal must be discharged to the top side of the cell or to Pack- terminal through a capacitor.
B ESD on Pack- terminal must be discharged to the GND side of the cell.
B ESD on communication terminals and other GPIOs must be discharged to the GND side of the cell via Pack- terminal.
B The noise from PACK+ or PACK- must be discharged to the battery cells so that it will not interfere with FGIC functions
and measurements.
_ql_
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6.4.3 Pack+, Pack- (Noise protection element)

A bypass capacitor must be placed between Pack+ and Pack-. (Countermeasure against ESD)

A bypass capacitor must be located adjacent to Pack+, Pack-. (Minimize the ESD influence)

Capacitors must be placed in series. (Countermeasure against short-circuit of capacitors)

Don’t use tantalum capacitor. (Tantalum capacitor can end up with short-circuited failure when damaged.)

For the terminal protection against noise and overvoltage, It is recommended that it carries varistor or TVS diode .(RV3)

It is recommended to add Fuse to prevent short circuit.(F2)

C36, C37, RV3, F2 must be placed as short as possible between PACK + and PACK-. However, be careful not to

narrow the distance between Pack + and Pack-.
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6.4.4 GND connection

B Each analog GND of FGIC should be connected to the point (A) of current detection resistor of the cell side by the
pattern with an adequate width. (Prevent potential variation by large current.)
VINO should be connected near point VO (B).
The patterns between AGND, AGND2 and AGND3 must not be divided. (Keeping the GND potential of MCU and AFE

equal)
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<R> 6.4.5 Bypass capacitor between VCC/VDD/CREG2S/REGC and GND1/VSS

B The patterns between VCC/CREG2S pin and GND1 pin, and VDD/REGC pin and VSS pin, a bypass capacitor is
connected and the path must be as short as possible. (Countermeasure for ESD)
The FGIC and bypass capacitor must be placed on the same side of the PCB without through-holes and the maximum
loop length must be about 20mm.

B The lines to bypass capacitor must be wide and short. (To keep bypass capacitor effective in suppressing the potential

variation.)
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6.4.6 Current Monitor (ISENSO, ISENS1)
B Two lines from current sense resistor to ISENSO, ISENS1 must be the same in width and length, and in parallel with
the same space between the two lines. (Prevent erroneous detections due to noise)

B LPF (100 ohm and 0.1 uF) and a shield pattern should be placed to ISENSO0/1 lines. (Countermeasure against noise)
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6.4.7 Communication line (SMBus)

B SMBus lines must be equipped with zener diodes. And it is necessary to mount resistors on the side of FGIC and pack
connecter. (Zener diode and the resistor on the side of connector are for surge countermeasures, the resistor on the

side of FGIC for noise countermeasure.)

B The resistor on the side of the FGIC must be located as close to the FGIC as possible

L RIS 20 T QJ13 SCL
1
SDEN, R14 200 7 /
J12
Sl e 012 5pa
= ~ C13 Cc14
FGIC R98S, ROge D10 . i I Connector
{ cRryez NMT (47pF6v) ~ NMT (47pF 116V
mMe M Sso

6.4.8 Unused Pins

B Unused pins are recommended to be connected to GND via resistors as ESD countermeasure. (Setting low output by

software prevents the terminal from becoming indefinite).
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7. PACKAGE DRAWINGS
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Caution Package outline is tentative version. All parameters are expressed in millimeter.
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General cautions for Handling Microprocessing Unit and Microcontroller Unit
Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For
detailed usage notes on the products covered by this document, refer to the relevant sections of the document as well as

any technical updates that have been issued for the products.

1. Handling of Unused Pins

Handle unused pins in accordance with the directions given under Handling of Unused Pins in the

manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI,
an associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled
as described under Handling of Unused Pins in the manual.

2. Processing at Power-on Processing during Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate undetermined and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the states state of
pins are not guaranteed from the moment when power is supplied until the reset process is
completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for possible future expansion of functions only. Do not
access these addresses; the correct operation of LS| will not guaranteed if they are accessed.

4. Clock Signals

After applying a reset, the reset line will only be released after the operating clock signal has become

stable. When switching the clock signal during program execution, wait until the target clock signal

has stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an
external oscillator) while program execution is in progress, wait until the target clock signal is
stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of Microprocessing unit or Microcontroller unit products in the same group but
having a different part number may differ in terms of internal memory capacity, layout pattern,
and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a
product with a different part number, system-evaluation test needs to be implemented for the
given product.




10.

11
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.
(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)’ means any product developed or manufactured by or for Renesas Electronics.

Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for

the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by

you or third parties arising from the use of these circuits, software, or information

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application

examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by

you or third parties arising from such alteration, modification, copying or reverse engineering.

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

product’s quality grade, as indicated below.

"Standard™ Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are

not intended or 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 damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all

liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or

other Renesas Electronics document.

When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the

reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified

ranges

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas El products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of badily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

Renesas Electronics products and technologies shall 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 shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or
transactions.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics

(Rev.4.0-1 November 2017)
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