ROHM

SEMICONDUCTOR

Datasheet

Analog Front-end IC for Protecting 4- to 10-
series Lithium-ion Secondary Batteries

ML5262

* General Description
The ML5262 is an analog front-end IC designed for
protection systems in 4- to 10-series lithium-ion
rechargeable battery packs. It provides automatic
monitoring of individual cell voltages, charge/discharge
current, and temperature, and incorporates a wide range
of protection functions. By using an external control
MCU, the LSI also enables state-of-charge (SoC)
management and supports protection against
overcharge, over-discharge, and overcurrent conditions
for each cell.

* Features
B High-accuracy cell voltage measurement using a
12-bit SAR ADC
B 16-bit AZX ADC for charge/discharge current (ISP-
ISM) with selectable gain 1x/4x
®  Auto cell balancing based on cell voltage difference
(balance FET RON =25 Q typ.)
B Temperature sensor measurement function
B Primary protection: overcharge, overdischarge,
charge/discharge overcurrent, short-circuit, high/low
temperature
B Secondary protection: overcharge/overdischarge/
overcurrent, high temperature, FET fault detection
m  External fuse blow control
(FUSE = 3.3 V typ. at secondary protection)
B Wake-up detection in sleep mode
(interrupt to MCU when preset discharge current
flows in sleep mode)
B SPI/12C serial interface
B Built-in regulators for external MCU:
5V (external NPN drive, 65 mA)
3.3V (30 mA)

* Product Name

m ML5262-001TBZ

MCU interface: SPI, Factory default for 10-cell apps
m ML5262-101TBZ

MCU interface: 12C, Factory default for 10-cell apps
B ML5262-102TBZ

MCU interface: I12C, Factory default for 4-cell apps
Please refer to the code list for other setting values.

« Package

« Applications

B Power tools.”Gardening tools
B Cordless vacuum cleaners
B E-Bike~Electric-assist bicycles

» Key Specifications

+4.5V to +58V
Normal 300pA (typ.)
Power-save 285pA (typ.)
Sleep 20pA (typ.)
Power down  1pA (typ.)
B Operating temperature : -40°C to +85°C
m Cell voltage measurement accuracy :
+5mV (typ.) @4V

B Input voltage range :
® Current consumption :

W (typ.) x D (typ.) x H (max.)
P-TQFP48-0707-0.50-ZK6 9.0 mm x 9.0 mm x 1.20 mm

P-TQFP48-0707-0.50-ZK6

= Basic application circuit

T CHG (+)

{(* PACK (+)

PACKI-)

OProduct structure : Silicon integrated circuit

OThis product has no designed protection against radioactive rays.
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ML5262 Datasheet

= Pin Configuration
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Datasheet

= Pin Description

Pin No. Pin Name 1/0 Description

1 VDD ) This is the power supply voltage input pin.

Remove noise by configuring a CR filter using an external resistor and capacitor.
V10 | Cell 10 positive input. If unused, connect to the highest cell via RceLL.
N.C. - Unused pin. Leave it open.

4 Vo | Cell 10 negative input and Cell 9 positive input.
If unused, connect to the highest cell via RceLL.

5 N.C. - Unused pin. Leave it open.

6 V8 | Cell 9 negative input and Cell 8 positive input.
If unused, connect to the highest cell via RceLL.

7 N.C. - Unused pin. Leave it open.

8 V7 | Cell 8 negative input and Cell 7 positive input.
If unused, connect to the highest cell via RceLL.

9 N.C. - Unused pin. Leave it open.

10 V6 | Cell 7 negative input and Cell 6 positive input.
If unused, connect to the highest cell via RceLL.

11 N.C. - Unused pin. Leave it open.

12 V5 | Cell 6 negative input and Cell 5 positive input.
If unused, connect to the highest cell via RceLL.

13 \Z! | Cell 5 negative input and Cell 4 positive input.

14 V3 I Cell 4 negative input and Cell 3 positive input.

15 V2 I Cell 3 negative input and Cell 2 positive input.

16 V1 I Cell 2 negative input and Cell 1 positive input.

17 Y I Cell 1 negative input.

18 GND - Ground

19 ISM | This is a current sense resistor connection pin. Connect to the negative terminal of the
lowest battery cell. If unused, connect to GND pin.

20 ISP | This is a current sense resistor connection pin. Connect so that the voltage is higher
than the ISM pin during discharge (ISP>ISM). If unused, connect to GND pin.
This is a thermistor connection pin for temperature measurement. Connect an NTC

21 TEMP4 I thermistor between the TEMP4 pin and GND. A 10kQ resistor is built in between the
VREF25 and the TEMP4 pins. If unused, connect to VREF25 pin.
This is a thermistor connection pin for temperature measurement. Connect an NTC

22 TEMP3 | thermistor between the TEMP3 pin and GND. A 10kQ resistor is built in between the
VREF25 and the TEMP3 pins. If unused, connect to VREF25 pin.
This is a thermistor connection pin for temperature measurement. Connect an NTC

23 TEMP2 I thermistor between the TEMP2 pin and GND. A 10kQ resistor is built in between the
VREF25 and the TEMP2 pins. If unused, connect to VREF25 pin.
This is a thermistor connection pin for temperature measurement. Connect an NTC

24 TEMP1 I thermistor between the TEMPL1 pin and GND. A 10kQ resistor is built in between the
VREF25 and the TEMP1 pins. If unused, connect to VREF25 pin.

25 TEST I This is an IC testing pin. Fix to GND.

26 INTO 0 !nterrupt signal ou.tput_ pin to an ex}e’fnal MCU. NMOS opeq-drain output. When an
interrupt occurs, this pin outputs an "L” level. If unused, leave it open.

27 SDO 0 This is trle ferial dat_a om_Jtput pin when t_he _SPI interface is selected. Wh_en the /CS pin
is at the "H" level, this pin becomes a high impedance. If unused, leave it open.
When the SPI interface is selected, this is the serial data input pin, when the 12C

28 SDA/SDI o interface is selected, this is the serial data input/output pin.

When the I12C interface is selected, an external pull-up resistor must be connected.

If unused, connect to VREG33 pin.
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Pin No. Pin Name 1/0 Description

2g SCL/SCK | This |s. the serial clock input pin. When the 12C interface is select.ed, an external pull-
up resistor must be connected. If unused, connect to VREG33 pin.

30 /S | This is the chip select input pin when the SPI interface is selected. The SPI interface
is enabled when an "L" level is input on this pin. If unused, connect to VREG33 pin.
Control signal output pin to the Nch-FET for cutting off the external fuse. Connect it to

31 FUSE O |the gate terminal of the Nch-FET. When the LS| cuts off a fuse, it outputs 3.3V (typ.)
from this pin. If unused, leave it open.

32 VDDL 0 Built-in 1.5V regulator output pin. Use as an external power source is prohibited.
Connect a 1uF capacitor between this pin and GND.

33 VREF12 o This is the 1.2V referenf:e voltage outp.ut p.)ln for the AZ ADC.
Connect a 3.3uF capacitor between this pin and GND.

a4 VREF25 o This |§ a2.5Vv referer?ce Yoltage output pin for the SAR ADC. Connect a 3.3uF
capacitor between this pin and GND.

35 VREG33 o Built-in 3:3V regulator output pin. Connect a 4.7uF capacitor betweeh this pin and
GND. This output can be used to power an external MCU and MCU interface.
Current supply input pin for the VREG33 pin. Connect to the emitter terminal of an

36 VREG50 | external NPN transistor. Connect a 10uF capacitor between this pin and GND.
This power line can be used as a 5V regulator output.
This is the base control output pin for the NPN transistor of the 5V regulator

37 NPNB o configured with an external NPN transistor. Connect it to the base terminal of the
external NPN transistor.

38 GND - Ground.

39 PSNS | This is an input terminal for detecting the connection/release of a charger. 1/32-ratio
voltage measurement available. If unused, connect to VDD pin.(Note 1)

40 RSNS | This is an input terminal for detecting the connection/release of a load. 1/32-ratio
voltage measurement available. If unused, connect to VDD pin.
This is the control signal output pin for the charging Nch-FET. Connect to the gate

41 C_FET (0] terminal of the charging Nch-FET. Outputs FETS + 11.4 V (typ.) when ON setting, and
outputs FETS Voltage when OFF setting. If unused, leave it open.
This is an input terminal for the Charge-pump capacitor node. Connect it to the source

42 FETS | terminal of the charging and discharging Nch-FET. Connect a 470nF capacitor between
this pin and FETG pin. If unused, leave it open.
This is the control signal output pin for the discharge Nch-FET. Connect to the gate

43 D_FET 0 terminal of the discharge Nch-FET. Outputs FETS + 11.4 V (typ.) when ON setting,
and outputs FETS Voltage when OFF setting. If unused, leave it open.
This is the control signal output pin for the pre-discharge Nch-FET. Connect to the

44 PRD_FET 0 gate terminal of the pre-discharging Nch-FET. Outputs FETS + 11.4 V (typ.) when ON
setting, and outputs FETS Voltage when OFF setting. If unused, leave it open.

45 FETG 0 This is an input terminal for the Charge-pump capacitor node. Connect a 470nF
capacitor between this pin and FETS pin. If unused, leave it open.

46 CPH 0 This is an input terminal for the Charge-pump capacitor node. Connect a 20nF
capacitor between this pin and CPL pin. If unused, leave it open.

47 CPL o This is an input terminal for the Charge-pump capacitor node. Connect a 20nF
capacitor between this pin and CPH pin. If unused, leave it open.
This is the power-up trigger signal input pin. By inputting an "L" level to this pin, if the

8 /PUPIN | LSl is in a power-down state, it will transition to a power-up state. Also, if the LSl is in

a sleep state, it will transition to a normal state. A 1MQ pull-up resistor is built in
between this pin and the VDD pin.

(Note 1) If fixed to VDD, the LSI cannot enter sleep or power-down state. When putting the LSI into the sleep or power-down

state, control this pin by switching it to Open/VDD using an external circuit.
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- Block Diagram Description

CPL CPH FETG FETS PRD_FET D_FET C_FET RSNS PSNS
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Datasheet

= Absolute Maximum Ratings

GND=0V, Ta=25°C

Item Symbol Condition Rating Unit
Power supply voltage Vop Applied to VDD pin -0.3 to +60 \%
Applied to V10~V0 pins
ViN1 The potential difference between Vn+1 and -0.3to +36 \
Vn pins *1
ViN2 Applied to FETS, PSNS,RSNS pins -0.3 to +60 \
Input voltage Vin3 Applied to /PUPIN pin -0.3 to Vpp+0.3
ViNg ?Eﬂlgg’t_ﬁé\i‘ﬂl\g’:iisTEMpl’ TEMP2, -0.3 to Vrec+0.3 \Y
Ve | APDIEA 0 VREGED, V0, [CS, SCLISCK 0310465 y
o[ AGi0C FELOFER PROFETAN | yvoswwo | v
Vour2 Applied to CPH, CPL, FETG pins -0.3 to +60 \
Vours Applied to VREG33 pin - 0.3 t0 VRecs50+0.3 Y,
Output voltage Voura A_pplied to SDO, VREF25, VREF12, FUSE -0.310 Vreat0.3 v
pins
Vours Applied to VDDL pin -0.3to+2.1 \Y,
Vouts Applied to /INTO, SDA/SDI pins -0.3t0 +6.5 \%
Vourt? Applied to NPNB pin -0.3to Vpbp+0.3 \Y,
Applied to NPNB, VDDL, VREF25,
Output short-circuit los VREF12, SDO, /INTO, C_FET, D_FET, 10 mA
current PRD_FET, FUSE, SDA/SDI pins
losr Applied to VREGS3 pin 100 mA
Cell balancing current Ics Per cell balancing switch 95.5 mA
Power dissipation Po Ta=25°C 25 w
Junction temperature Tjmax - 125 °C
feasti::;gnecéhermal Bja When mounted on a JEDEC2-layer board 40 °C /W
Storage temperature Tste - -55to +150 °C

*1: When connecting or disconnecting battery cells, the voltage between the Vn+1 and Vn pins may exceed the rated voltage
and cause destruction, so please evaluate thoroughly before use.

Package power dissipation
characterisics
3
25
Z 2 \ As the ambient temperature (Ta) increases, the
g \ package power dissipation decreases.
c \ If the VREG33 pin output current is large, make
-S 1.5 sure that the power dissipation listed on the left is
3 not exceeded.
[%)]
g 1
o
S
L£05
0 i i i i i i i i i i i i
=50 0 50 100 150
Ambient temperatureTa [°C]
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* Recommended Operating Conditions
(GND=0V)
Item Symbol Condition Range Unit
Applied to VDD pin
Voor FET Driver Disable Setting 451058 v
Power supply voltage - -
v Applied to VDD pin 451045 Vv
ppz FET Driver Enable Setting '
Operating temperature Ta No output load -40 to +85 °C
www.rohm.com
© 2026 ROHM Co., Ltd. Al rights reserved. 71124 FEDL5262

2026.07.30 Rev.002


http://www.rohm.com/

ML5262

Datasheet

- Electrical Characteristics
» DC Characteristics

Vop= 4.5 to 58V, GND= 0V,

Ta= -40 to +85°C, No output load

Item Symbol Condition Min. Typ. Max. Unit
Digital “H” input voltage (*1) ViH - 0.8xVReG — VReG \
Digital “L” input voltage (*1) Vi - 0 — 0.2xVReG \
/PUPIN pin “H” input voltage ViHp - 2 — Vbb \Y,
/PUPIN pin “L” input voltage Vip - 0 — 0.6 V
Digital “H” input current (*1) I Vin =Vrec — — 2 HA
Digital “L” input current (*1) I ViL =GND -2 — — HA
/PUPIN pin “H” input current libp ViH =Vbbp - - 2 HA
/PUPIN pin “L” input current liLe Vpp=58V, ViL=GND -98 -58 -25 HA
Digital “H” output voltage (*2) VoH lon=-100pA VRrec-0.2 - VREG \%
Digital “L” output voltage (*3) VoL lo.=1TmA 0 - 0.2 \%
Digital output leakage current
(*3% P 9 loLk Von=VRrec, VoL=0V -2 - 2 HA
Cell monitor pin input current When measuring battery cell
linve -5 - 15 HA
(*4) voltage
Cell monitor pin input When not measuring battery cell ) )
leakage current (*4) e yoltage 5 5 KA
lon=-1pA
VoHF1 Vop=Vrs=12.5V to 45V VEs+9 VEs+11 VFs+13 \%
VEs: voltage of FETS pin
g * lon=-1pA
FET “H” output voltage (*5) VoHr2 Vop=Vs= 4.5V to 12.5V Vs+2.5 — Vs+12.5 \Y,
lon=-1pA
Vonrs Vop=Vs= 4.5 to 12.5V Vs+5 — Vs+12.5 \Y,
When the charger is connected
“ » * Ves=0V to 45V
FET “L” output voltage (*6) VoLr Vrs: voltage of FETS pin Vs - Vrs+0.3 V
Normal state
lIHFs1 Ves=0V to 45V -2 - 300 WA
FETS pin input current Vrs: voltage of FETS pin
Sleep state
lins2 Ves=0V t0 45V 2 - 30 WA
Vpp=8.0V to 58V
VReGS0_1 load current < 65mA (*7) 4.5 5.0 5.5 v
VREG50 output voltage
VReeso_2 Voo=4.5V t0 8.0V 35 5.0 5.5 v
- load current < 5mA ' ) ’
Vop=8V to 58V
VREG_1 load current < 30mA 3.267 3.3 3.333 \%
Ta=25° C
Vop=8V to 58V
VREG33 output voltage VREG_2 load current < 30mA 3.1 3.3 3.5 \%
Ta=-401t085° C
Vop=4.5V to 8V
VREG_L load current < 5mA 3.0 3.3 3.5 \%
Ta=-401t0 85° C
Ta=-401t0 85° C
VDDL output voltage VbbpL No output load 1.35 15 1.65 \%
Ta=-40~85" C
VREF25 output voltage VREF25 load current < 500pA 2.48 2.50 2.54 V
Ta=-40~85" C
VREF12 output voltage VREF12 No output load 1.21 1.24 1.28 \Y,
Cell balancing switch ON Built-in balancing FET Vbs=0.1V
resistance ReL Cell voltage = 3V or more 12 25 50 Q
INPNB1 (VR_EG50=4V) 0.5 2.9 5 mA
. Vpp=8V to 58V
NPNB pin output current
INPNB2 (VREGS0=4V)) 0.18 - 5 mA
Vpp=4.5V to 8V )
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© 2026 ROHM Co., Ltd. All rights reserved.

8/124

2026.07.30 Rev.002


http://www.rohm.com/

ML5262 Datasheet

*

(* 1): Applied to /CS,SCL/SCK,SDA/SDI pins

(* 2): Applied to SDO,FUSE pins

(* 3): Applied to SDA/SDI, SDO,/INTO,FUSE pins
(* 4): Applied to V10 toVO pins
(* 5):
(* 6):
*7):

*

*

* 5): Applied to C_FET, D_FET, PRD_FET pins
Applied to D_FET, PRD_FET pins
This is peak current, not DC current. Be aware of the allowable loss of the external NPN transistor.

*

*

* Current Consumption
Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C, No output load

Iltem Symbol condition Min. Typ. Max. Unit
Normal state current Cell voltage measurement cycle = 200ms
Iop 1 Number of connected cells = 10 cells - 300 504 A

consumption When measuring with TEMP1 to TEMP4 pins

Cell voltage measurement cycle = 1s

Power-save state

current consumption Iop2 Number of connected cells = 10 cells - 285 450 MA
P When measuring with TEMP1 to TEMP4 pins

Sleep state current Iops WKUP bit ="0" - 20 50 MA

consumption Ipb4 WKUP bit ="1" 34 70 MA

Power-down state s ) ) 1 2 uA

current consumption
* The above current consumption is specified by the current flowing through VDD and VREGS50 pins.

www.rohm.com
© 2026 ROHM Co., Ltd. Al rights reserved. 9/124 FEDL5262
2026.07.30 Rev.002


http://www.rohm.com/

ML5262 Datasheet

- Cell Voltage Measurement Characteristics

Vop= 8 to 58V, GND= 0V, Ta=-40to +85°C, No outputload, ENCC bit="1"
Item Symbol Condition Min. Typ. Max. Unit
Cell voltage measurement VR *1) 01 i 5 Vv
range
Cell vo!tage measurement Viss i i 5000/4095 i mv
resolution
Cell voltage = 4V
VEr1 Ta = 25°C -5 - 5 mV
Cell voltage measurement Cell voltage = 1.6V to 4.3V
error (*2) Ver2 Ta = 0°C to 60°C 10 i 10 mv
Cell voltage = 1.6V to 4.3V
VER3 Ta = -40°C to 85°C -20 - 20 mV
Cell voltage measurement Cell voltage = 1.6V to 4.3V
error (*3) Ver2 Ta = 0°C to 60°C 10 i 7.2 mv
tmoNo When TVC[1:0] bits = 0x0 32 40 48 ms
Cell voltage measurement tMoN1 When TVC[1:0] bits = 0x1 160 200 240 ms
interval time tmonz When TVC[1:0] bits = 0x2 240 300 360 ms
tmons When TVCI[1:0] bits = 0x3 320 400 480 ms

(*1) This does not apply when the power supply voltage VDD is lower than 8V.
(*2) The characteristics described herein are applicable at shipment.
(*3) The characteristics remain within the specified limits for up to 10 years at an average temperature of 60°C.
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- Current Measurement Characteristics
Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C, Shunt resist = 0.5mQ, No output load

Item Symbol Condition Min. Typ. Max. Unit
Current measurement IMR1 When IGAIN bit = “0” -600 - 100 A
range (*1) IMR2 When IGAIN bit = “1” -150 - 25 A
Current measurement Gimo When IGAIN bit = “0” 0.94 1 1.06 Gain
amplifier gain (*2) Gim1 When IGAIN bit = “1” 3.76 4 4.24 Gain
Current measurement ILsB1 When IGAIN bit = “0” - 18.92 - mA
resolution ILsB2 When IGAIN bit = “1” - 4.73 - mA
Current measurement Ta =0°Cto 60°C
error ler When measuring -50A 05 i 0.5 A
Measured value at zero Izr ISP-ISM = OV -0.05 - 0.05 A
current
CFurrent measurement t . 16 5 24 ms
time
Defined based on the time
ticvaLr | from the QVM output. 3.2 4 4.8 ms
When TVC[1:0] bits = 0x0
Defined based on the time
Cell voltage synchronized ticvaz | from the QVM output. 131 164 197 ms
current measurement When TVC[1:0] bits = 0x1
Effective gain switching Defined based on the time
time ticvas | from the QVM output. 211 264 317 ms
When TVC[1:0] bits = 0x2
Defined based on the time
ticvaa | from the QVM output. 291 364 437 ms
When TVC[1:0] bits = 0x3
Ta=0°C to 60°C
Coulomb counter error Ccer When measuring -50A -5 - 5 %
tcco When CCJ[1:0] bits = 0x0 200 250 300 ms
Coulomb counter time tccl When CCJ[1:0] bits = 0x1 400 500 600 ms
tccz When CCJ1:0] bits = 0x2 800 1000 1200 ms
tces When CCJ1:0] bits = 0x3 1600 2000 2400 ms
ISP, ISM pins input lis Input voltage = -50mV to 0.3V -2 - 2 PA
current

(*1) The charging current is positive, and the discharge current is negative.
(*2) This applies when 1 kQ resistors are connected to the ISP and ISM pins, respectively.
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- Temperature Sensor Measurement Characteristics
Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C, No output load

Iltem Symbol Condition Min. Typ. Max. | Unit
. . Between TEMPn and VREF25 pins
TEMPn pin pull-up resistor Rrue Temperature measurement with TEMPn pin ! 10 13 kQ
TEMPnN pi Il- ist Qr°
N pin pui-ip resistor Tectup - -5.3 -3.6 -1.5 /
temperature coefficient C
TEMPnN pin input volt L
N pin Input vottage Vier TEMPn pin iput voltage = 0.3V to 2.3V -15 ; 15 | mv
measurement error
Temperature sensor. Viriss - - | 25004095 | - | mv
measurement resolution
Temperature sensor 0.75 0.94 1.13
- . twrT - ms
measurement waiting time
- When not measuring
TEMPnN pin input current Itemp Input voltage = 0V to VREF25 -2 - 2 HA

- PSNS and RSNS and VDD Pins Voltage Measurement, Charger Detection Voltage Characteristics
Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C, No output load

Item Symbol Condition Min. Typ. Max. Unit
o VERS50 Input voltage = 58V -2.5 - 2.5 V
RSNS pin input voltage Versaz Input voltage = 32V 25 - 25 v
measurement error
VEeRrs1 Input voltage = 1V -0.5 - 0.5 V
- VEPS50 Input voltage = 58V -2.5 - 2.5 V
rii:ssuzrrygstu;r\;glrtage VEps32 Input voltage = 32V -2.5 - 2.5 V
VEeps1 Input voltage = 1V -0.5 - 0.5 V
VDD voltage measurement VEvD50 Vop=58V -2.5 - 2.5 V
error VEvD4ps Vpp=4.5V -0.5 - 0.5 V
PSNS and RSNS and VDD 19.53
pins input voltage VsisB - - 6 - mV
measurement resolution
PSNS and RSNS and VDD
pins voltage measurement twTvr - 0.75 0.94 1.13 ms
waiting time
Charger connection When in the sleep state (WKUP ="0").
detecgtion PSNS pin voltage Veer When in the :))ower-d(own state. ) 1.6 3.0 4.4 v
Charger release detection VoLt When charging overcurrent is detected. ) 5 i LSB
voltage Code difference (VDD_reg — PSNS_req) (97.7) (mV)
RSNS pin voltage when VaL When discharge overcurrentl,2 is detected. ) 102 i LSB
load release is detected When a short-circuit current is detected. (1.99) (V)
Wait time after load release When discharge overcurrentl,2 is detected.
detection TR When a sho?t-circuit current is detected. 40 50 60 ms

When in the sleep state.
When in the power-down state.
PSNS pull-down resistance Rep When over-discharge is detected. 200 500 1000 kQ

When charging overcurrent is detected.

When PSNSPD bit = “1”.

When discharge overcurrentl,2 is detected.

RSNS pull-up resistance Reu When a short-circuit current is detected. 0.5 2 4 MQ

When RSNSPU bit = “1”.

. When in the normal state.

RSNS input leakage current Iirs When the RSNS pin voltage is not measured. 2 i 2 WA
When in the normal state.

PSNS input leakage current | . . -2 - 2 A
npu gecu tPs When the PSNS pin voltage is not measured. H
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* Detection Voltage Characteristics
Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C, Shunt resistor= 0.5mQ, No output load

Iltem Symbol Condition Min. Typ. Max. Unit
Overvoltage/undervoltage Cell voltage = 1V to 4.3V
detection accuracy Vev Ta = 0°C to 60°C 10 i 10 mv
Overcurrent detection accuracy Agl Shunt resistor = 0.5mQ -10 - 10 %
. TEMPnN pin input voltage =
Temperature detection accuracy Vet 0.3V t0 2.3V -15 - 15 mV
Vso SC[2:0] bits = 0x0 20 25 30 mV
Vsi1 SC[2:0] bits = 0x1 40 50 60 mV
Vs2 SC[2:0] bits = 0x2 60 75 90 mV
Short-circuit current detection Vss SCJ[2:0] bits = 0x3 80 100 120 mV
voltage Vs SCJ[2:0] bits = 0x4 100 125 150 mV
Vss SCJ2:0] bits = 0x5 120 150 180 mV
Vse SCJ2:0] bits = 0x6 140 175 210 mV
Vs7 SC[2:0] bits = 0x7 160 200 240 mV
tsHRTO TSC[1:0] bits = 0x0 40 50 60 us
Short-circuit current detection tsHRTL TSC[1:0] bits = 0x1 80 100 120 us
delay time {sHRT2 TSC[1:0] bits = 0x2 120 150 180 Us
tsHRT3 TSC[1:0] bits = 0x3 160 200 240 us
Wakeup detection voltage Vwki When in the sleep state. 2 5 8 mV
Wakeup detection delay time twk - 1.6 2 2.4 ms
VREG50 drop detection voltage VRD50 - 2.6 2.9 3.2 \%
VREGH50 recovery detection Virso ) 29 32 35 v
voltage
VREG33 drop detection voltage VRD33 - 2.3 2.45 2.6 \%
VREG33 recovery detection Viras ) 5 275 29 v
voltage
VDDL drop detection voltage VRD15 - 1.1 1.2 1.3 \Y;
VDDL recovery detection voltage VRR15 - 1.2 1.3 1.4 \%
www.rohm.com
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= AC Characteristics

1. SPI Interface Characteristics

Vop= 4.5 to 58V, GND= 0V, Ta= -40 to +85°C,

No output load

Iltem Symbol Condition Min. Typ. Max. Unit
/CS-SCK setup time tcss - 100 - - ns
SCK-/CS hold time tcsH - 100 - - ns
SCK “H” pulse width twH - 500 - - ns
SCK “L” pulse width twi - 500 - - ns
SCK-SDI setup time tois - 50 - - ns
SCK-SDI hold time toiH - 50 - - ns
SCK-SDO output delay time toob - - - 400 ns
/CS “H” pulse width tcs - 500 - - ns
tcss tcs
> >
/ICS i -
5 itWH e ! tcsH | i
P e : ;
SCK i | L | | i |
tois:, (tOH i E
ol X X XX X X XC
\ toop |
P ———e—— L
SDO Hi-Z ! ' :—:: C————:X X ::: Hi-Z :

www.rohm.com
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2. 12C Interface Characteristics

Vop= 4.5 t0 58V, GND= 0V,

Ta=-40 to +85°C, No output load

Item Symbol Condition Min. Typ. Max. Unit
SCL clock frequency fscL - - - 400 kHz
SCL hold time to 06 S

(start / repeated start condition) AD:STA ) W
SCL “L” level time tLow - 1.3 - - us
SCL “H” level time tHiIGH - 0.6 - - us
SDA holt time tHD:DAT - 0 - - us

SDA setup time

" tsu: - 0.1 - - S

(repeated start condition) SUDAT K

SDA setup time

", tsu: - 0.6 - - S

(stop condition) SUSTO K
Bus free time tsur - 1.3 - - us

Start condition Repeat start condition Stop condition
SDA \ / X / 4&( / )f J\ /. !
ScCL O [\ Lo , E ﬂ | f H ;
tosTa tow thicn tsusta thp:sTa tsuoar  thooar tsusto teur
www.rohm.com
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3. FET Driver Characteristics

Vpp= 12.5 to 45V, GND= 0V, Ta=-40to +85°C, No output load
ltem Symbol Condition Min. Typ. Max. | Unit
C_FET, D_FET, PRD_FET pins Gate capacitance = 20nF
output rise time trFET Gate protection resistance = 100Q 100 170 HS
C_FET, D_FET, PRD_FET pins t Gate capacitance = 20nF 50 85 S
output fall time FrET Gate protection resistance = 100Q H
\Y/
C_FET i
D_FET ‘
PRD_FET oV
_ = VOLF
trreT t

FFET

4. Power-up, Wake from Sleep Characteristics

Vop= 4.5 to 58V, GND= 0V,

Iltem

Ta=-40 to +85°C, No output load

Symbol Condition Min. Typ. Max. | Unit
/PUPIN “L” pulse width trup - 1 - - ms

Waltlng_tlmg for the initialization tRoY i 47 57 67 ms
completion interrupt to occur(*1)

. . Crc=470nF, Ccp=20nF

* -
FETG pin output time(*2) treTG VDD=12 5V~ 45V 25 50 ms

Sleep release stabilization time tsLpr - 22 28 34 ms

(*1) trov starts when all of the recovery-detection voltages of VREG50. VREG33. and VDDL are exceeded.

(*2) This output time is also required when returning from a state where DFET/PRDFET are OFF and RSNS is pulled up.

At power-up
/PUPIN
tPUF 5.0V
\Y,
VREG50 RRS0
oV
3.3V
\Y,
VREG33 RR33
ov 1.5V
VDDL Vrris
ov
A 9V
FETG-FETS o
12C/SPI treTe ROV 2 H Any
QRDY bit
Operating |« O -C >
Power down \ Normal state
state —Initializing
Resetting
At sleep release
-V
PSNS |~ PC1 -
2V
VREF25
QSLPR bif] tsipr
Operating ™ Sleep state g \ i Normal state "

www.rohm.com
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* Functional Description
MCU Interface

The ML5262 has SPI and 12C serial interfaces, and the SPI serial interface is enabled by the initial setting. It is also possible
to set the 12C serial interface at the time of shipment.

Various settings are made by reading and writing data to each address in the control register. Data is written in units of

1 word (2 bytes). When writing data, set the R/W bit following the target address to “0”; when reading data, set the R/IW
bit to “1”. The initial value of the target address is set to 0x64.

A CRC (Cycle Redundancy Code) generated by the polynomial X8+X2+X+1 is added to each word, and the initial value

of the CRC calculation is 0x00. A data write operation to the specified register is performed only if the CRC calculation
result and the received

CRC code match. If they do not match, the data write operation is not performed and a NACK is returned.
It is also possible to set it so that the CRC is not added. For details, refer to the MCUIF register description.

1.SPI Serial Interface

Setting the /CS pin to the "L" level enables the SPI interface and input data on the SDI pin is taken into the LS| with MSB
first, synchronized with the rising edge of the input clock to the SCK pink. Reading data is output to the SDO pin with MSB

first, synchronized with the falling edge of the input clock to the SCK pin. Setting the /CS pin to the "H" level disables the
SPI interface and returns to the initial state.

1-1.Communication format when writing data (with CRC)

cs |
seck L AL LU LLAL AL

: MSB LSB MSB LSB

SDI i

Hi-z : Target address R/W="0" Register address
SDO —
/CS
sck S LA L L L L L L
SDI
3D0 Write data (2bytes)

/ICS
s _FUALFLASLAFLf. L

]
MSB 1 1

SV 2 €0 G 3 CA CA GO C
SDO CRC " F\ITA_C_K_ Hi-z

NACK(High) is output if a CRC error ccurs.

The address is automatically incremented, so continuous data can be written by repeatedly sending 1 word of writing
data and the CRC.

The CRC added first is calculated from the target address + R/W bit, register address, and 1 word of write data.
However, when writing continuous data, the CRC is calculated from only the 1 word of writing data.
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1-2. Communication format when writing data (without CRC)

Hi-z Target address R/W="0" Register address

Write data (2bytes) | Hi-z

The address is automatically incremented, so continuous data can be written by repeatedly sending one word of writing data.

1-3. Communication format when reading data (with CRC)

SDI ; :
MSB | LSB 1
s00 _C7 e
CRC

The address is automatically incremented, so by continuing to input SCK, one word of read data and CRC will be repeatedly
output. The CRC added first is calculated from the target address + R/W bit, register address, and 1 word of read data. However,
when reading continuous data, the CRC is calculated from only the 1 word of read data.
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1-4. Communication format when reading data (without CRC)

ics |

: Target address R/W="1" Register address '

Read data (2bytes)

The address is automatically incremented, so by continuing to input SCK, one word of read data is repeatedly output.

2.12C Serial Interface
Input data on the SDA pin is taken into the LSI with MSB first, synchronized with the rising edge of the input clock to

the SCL pin. Output data is output to the SDA pin with MSB first, synchronized with the falling edge of the input clock
to the SCL pin.

2-1. Communication format when writing data (with CRC)

SCL

SDA

see. __FUFLFLFLSLSALALRLTL

MSB LsSB

N G 5 €3 G (69 € ) G0

NACK (High) is output /  Stop condition
if a CRC error occurs.

The address is automatically incremented, so continuous data can be written by repeatedly sending 1 word of writing data

and the CRC.
The CRC added first is calculated from the target address + R/W bit, register address, and 1 word of write data. However,

when writing continuous data, the CRC is calculated from only the 1 word of writing data.
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2-2. Communication format when writing data (without CRC)

L Target address

Stop condition

The address is automatically incremented, so continuous data can be written by repeatedly sending one word of writing data.

2-3. Communication format when reading data (with CRC)

Repeated start R/w="1"
condition

Stop condition

The address is automatically incremented, so continuous reading data can be performed.

The CRC added initially is calculated from the target address + R/W bit after the start condition, the register address,
the target address + R/W bit after the restarted start condition, and 1 word of read data, but the CRC when reading
continuous data is calculated from only 1 word of read data.
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2-4. Communication format when reading data (without CRC)

Repeated start R/W="1"
condition

LSB

MSB
SN 10 G5 G2 G0 B G 1 GO

Stop condition

The address is automatically incremented, so continuous reading data can be performed.
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« Control Registers
The control register map is shown below.

Address | Register name | R/W \I/ne'lﬂ?é Register Overview

0x00 NOOP R/W | 0x0000 |User register

0x01 MCUIF R/W | 0x6400 |MCU interface option / Target address register
Number of connected cells, TEMP pin for measurement,

0x02 SEL R/W | 0x0000 |Current measurement gain, Coulomb counter operation setting
register

0x03 PERIOD R/W | 0x0000 |Measurement interval time setting register

0x04 INT_EN1 R/W | 0x0001 |Interrupt enable 1 register

0x05 INT_EN2 R/W | 0x0000 |Interrupt enable 2 register

0x06 INT_EN3 R/W | 0x0000 |Interrupt enable 3 register

0x07 INT_REQ1 R/W | 0x0001 |Interrupt request 1 register

0x08 INT_REQ2 R/W | 0x0000 |Interrupt request 2 register

0x09 INT_REQ3 R/W | 0x0000 |Interrupt request 3 register

0x0A POWER R/W | OXOA2A | Power control register

0x0B FETCBAL R/W | 0x0081 |FET/ Cell balancing setting register

0x0C CBAL R/W | 0x0000 |Cell balancing execution/monitor register 1

0x0D - R - Reserved register

O0xO0E STATUS1 R 0x8041 | Status register 1

0x0F STATUS2 R 0x0000 | Status register 2

ox10 LOCK RW | 0x0000 ,réécgcigfesr permission register for protection function setting

0x11 SETOV R/W | 0x0000 |Overvoltage detection operation setting register

0x12 OVDET R/W | 0x0000 |Overvoltage detection threshold setting register

0x13 OVRCV R/W | 0x0000 |Overvoltage release threshold setting register

0x14 SETUV R/W | 0x0000 |Undervoltage detection operation setting register

0x15 UVDET R/W | 0x0000 |Undervoltage detection threshold setting register

0x16 UVRCV R/W | 0x0000 |Undervoltage release threshold setting register

0x17 SETOCC R/W | 0x0000 |Charging overcurrent detection operation setting register

0x18 SETOCD1 R/W | 0x0000 |Discharge overcurrent detection operation setting register 1

0x19 SETOCD2 R/W | 0x0000 |Discharge overcurrent detection operation setting register 2

0x1A SCWDT R/W | 0x0000 |Short-circuit current detection operation/WDT setting register

0x1B CHG R/W | 0x0000 |Charging condition detection operation setting register

0x1C DSG R/W | 0x0000 |Discharge condition detection operation setting register

0x1D CCMASK R/W | 0x0000 |Coulomb counter mask current control register

Ox1E PWRDLY R/W | 0x0000 |Power status transition delay timer setting register

Ox1F SETOTUT R/W | 0x0000 | Temperature detection operation setting register

0x20 OTD1 RW | 0x0000 TEMP1 dlscharge pr_ohlbmon overtemperature detection
threshold setting register

ox21 OTD2 RW | 0x0000 TEMP2 dlschgrge pr_ohlbmon overtemperature detection
threshold setting register

0x22 OTD3 RW | 0x0000 TEMP3 dlschgrge pr_ohlbltlon overtemperature detection
threshold setting register

0x23 OTD4 RW | 0x0000 TEMP4 dlschgrge pr_ohlbmon overtemperature detection
threshold setting register

Ox24 OTDR1 RW | 0x0000 TEMPl d|§charge prohibition overtemperature release threshold
setting register

0x25 OTDR2 RW | 0x0000 TEMPZ dls_,charge prohibition overtemperature release threshold
setting register

0x26 OTDR3 RW | 0x0000 TEMPS dlscharge prohibition overtemperature release threshold
setting register

0x27 OTDR4 RW | 0x0000 TEMP4 d|§charge prohibition overtemperature release threshold
setting register

0x28 UTD1 RW | 0x0000 TEMP1 dlscharge pr_ohlbltlon undertemperature detection
threshold setting register

0x29 UTD2 rRW | 0x0000 TEMP2 dlscharge pr_oh|b|t|on undertemperature detection
threshold setting register

OX2A UTD3 RW | 0x0000 TEMP3 dlscharge pr_ohlbltlon undertemperature detection
threshold setting register

Ox2B UTD4 RW | 0x0000 TEMP4 dlscharge pr_ohlbltlon undertemperature detection
threshold setting register

0x2C UTDR1 rRW | 0x0000 TEMP1 dlscharge pr_ohlbmon undertemperature release
threshold setting register
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Address | Register name | R/IW \I/n&'lﬂ?é Register Overview

0x2D UTDR2 R/W | 0x0000

TEMP2 discharge prohibition undertemperature release
threshold setting register

TEMP3 discharge prohibition undertemperature release
threshold setting register

TEMP4 discharge prohibition undertemperature release
threshold setting register

TEMP1 charging prohibition overtemperature detection
threshold setting register

TEMP2 charging prohibition overtemperature detection
threshold setting register

TEMP3 charging prohibition overtemperature detection
threshold setting register

TEMP4 charging prohibition overtemperature detection
threshold setting register

TEMP1 charging prohibition overtemperature release threshold
setting register

TEMP2 charging prohibition overtemperature release threshold
setting register

TEMP3 charging prohibition overtemperature release threshold
setting register

TEMP4 charging prohibition overtemperature release threshold
setting register

TEMP1 charging prohibition undertemperature detection
threshold setting register

TEMP2 charging prohibition undertemperature detection
threshold setting register

TEMP3 charging prohibition undertemperature detection
threshold setting register

TEMP4 charging prohibition undertemperature detection
threshold setting register

TEMP1 charging prohibition undertemperature release threshold
setting register

TEMP2 charging prohibition undertemperature release threshold
setting register

TEMP3 charging prohibition undertemperature release threshold
setting register

TEMP4 charging prohibition undertemperature release threshold

O0x2E UTDR3 R/W | 0x0000

Ox2F UTDR4 R/W | 0x0000

0x30 OTC1 R/W | 0x0000

0x31 oTC2 R/W | 0x0000

0x32 OTC3 R/W | 0x0000

0x33 OTC4 R/W | 0x0000

0x34 OTCR1 R/W | 0x0000

0x35 OTCR2 R/W | 0x0000

0x36 OTCR3 R/W | 0x0000

0x37 OTCR4 R/W | 0x0000

0x38 UTC1 R/W | 0x0000

0x39 UTC2 R/W | 0x0000

O0x3A UTC3 R/W | 0x0000

0x3B UTC4 R/W | 0x0000

0x3C UTCR1 R/W | 0x0000

0x3D UTCR2 R/W | 0x0000

Ox3E UTCR3 R/W | 0x0000

O0x3F UTCR4 R/W | 0x0000 . ;
setting register
0x40 CBALEN R/W | 0x0000 |Cell balancing permission voltage setting register
0x41 CBALST R/W | 0x0000 |Cell balancing start potential difference setting register
0x42 CBALSP R/W | 0x0000 |Cell balancing end potential difference setting register
0x43 PREDSG R/W | 0x0000 |Pre-discharge setting register
0x44 SETSOV R/W | 0x0000 |Secondary overvoltage detection operation setting register
0x45 SOVDET R/W | 0x0000 |Secondary overvoltage detection threshold setting register
0x46 SETSUV R/W | 0x0000 |Secondary undervoltage detection operation setting register
0x47 SUVDET R/W | 0x0000 |Secondary undervoltage detection threshold setting register
0x48 SOCC R/W | 0x0000 |Secondary charging overcurrent operation setting register
0x49 SOCD R/W | 0x0000 |Secondary discharge overcurrent operation setting register
0x4A SETSOT R/W | 0x0000 |Secondary overtemperature detection operation setting register
0x4B SOT R/W | 0x0000 |Secondary overtemperature detection threshold setting register
0x4C SCFET R/W | 0x0000 |CFET failure detection operation setting register
0x4D SDFET R/W | 0x0000 |DFET failure detection operation setting register
0x4E FUSE R/W | 0x0000 |Fuse pin output operation setting register
Ox4F VCELL1 R 0x0*** | Cell 1 measurement result register
0x50 VCELL2 R 0x0*** | Cell 2 measurement result register
0x51 VCELL3 R 0x0*** | Cell 3 measurement result register
0x52 VCELL4 R 0x0*** | Cell 4 measurement result register
0x53 VCELL5 R 0x0*** | Cell 5 measurement result register
0x54 VCELL6 R 0x0*** | Cell 6 measurement result register
0x55 VCELL7 R 0x0*** | Cell 7 measurement result register
0x56 VCELLS R 0x0*** | Cell 8 measurement result register
0x57 VCELL9 R 0x0*** | Cell 9 measurement result register
0x58 VCELL10 R 0x0*** | Cell 10 measurement result register
0x59 - R - Reserved register
O0x5A G1_ICELL1 R Ox7FFF | Current measurement result register for cell 1 (Gainx1)
www.rohm.com
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: Initial . .
Address | Register name | R/IW Value Register Overview
0x5B G1_ICELL2 R Ox7FFF | Current measurement result register for cell 2 (Gainx1)
0x5C G1_ICELL3 R Ox7FFF | Current measurement result register for cell 3 (Gainx1)
0x5D G1_ICELL4 R | OX7FFF |Current measurement result register for cell 4 (Gainx1)
Ox5E G1_ICELL5 R Ox7FFF | Current measurement result register for cell 5 (Gainx1)
Ox5F G1_ICELL6 R Ox7FFF | Current measurement result register for cell 6 (Gainx1)
0x60 G1_ICELLY R | OX7FFF |Current measurement result register for cell 7 (Gainx1)
0x61 G1_ICELL8 R Ox7FFF | Current measurement result register for cell 8 (Gainx1)
0x62 G1_ICELL9 R Ox7FFF | Current measurement result register for cell 9 (Gainx1)
0x63 G1_ICELL10 R Ox7FFF | Current measurement result register for cell 10 (Gainx1)
0x64 G4 _ICELL1 R | OX7FFF |Current measurement result register for cell 1 (Gainx4)
0x65 G4_ICELL2 R Ox7FFF | Current measurement result register for cell 2 (Gainx4)
0x66 G4_ICELL3 R Ox7FFF | Current measurement result register for cell 3 (Gainx4)
0x67 G4_ICELL4 R Ox7FFF | Current measurement result register for cell 4 (Gainx4)
0x68 G4_ICELL5 R Ox7FFF | Current measurement result register for cell 5 (Gainx4)
0x69 G4_ICELL6 R Ox7FFF | Current measurement result register for cell 6 (Gainx4)
Ox6A G4_ICELLY R Ox7FFF | Current measurement result register for cell 7 (Gainx4)
0x6B G4_ICELLS8 R | OX7FFF | Current measurement result register for cell 8 (Gainx4)
0x6C G4 _ICELL9 R | OX7FFF | Current measurement result register for cell 9 (Gainx4)
0x6D G4_ICELL10 R Ox7FFF | Current measurement result register for cell 10 (Gainx4)
0x6E G1 CURR R 0x7FFF | Current measurement result register (Gainx1)
0x6F G4 CURR R 0x7FFF | Current measurement result register (Gainx4)
0x70 CCL R 0x**** | Coulomb counter result register (lower 16 bits)
0x71 CCH R Ox**** | Coulomb counter result register (upper 16 bits)
0x72 INTEGCL R/W | 0x0000 |Current integration result register (lower 16 bits)
0x73 INTEGCH R/W | 0x0000 |Current integration result register (upper 16 bits)
0x74 TEMP1 R 0x0*** | TEMP1 pin voltage measurement result register
0x75 TEMP2 R 0x0*** | TEMP?2 pin voltage measurement result register
0x76 TEMP3 R 0x0*** | TEMP3 pin voltage measurement result register
0x77 TEMP4 R 0x0*** | TEMP4 pin voltage measurement result register
0x78 PSNS R 0x0*** | PSNS pin voltage measurement result register
0x79 RSNS R 0x0*** | RSNS pin voltage measurement result register
0x7A VDD R 0x0*** | VDD pin voltage measurement result register
OX7B VGAIN RIW (*1) \Claoalllgggorrectlon value setting register when measuring cell
OX7C VOEST RIW (*1) \C/)glff;secorrection value setting register when measuring cell
0x7D CC_CAL R/W | 0x0000 |Coulomb counter calibration setting register
OXTE G1_CC_GAIN | RIW (*1) %a;riwn():(cl);rectlon value setting register when measuring current
OXTE G1_CC_OFST | RIW (*1) %ﬁ;(raltx(i;)rrection value setting register when measuring current
0x80 G4_CC_GAIN | RIW (*1) EBGaéi‘?n():((A)f;rection value setting register when measuring current
Ox81 G4_CC_OFST | RIW (*1) %ﬁ;(raltxz;)rrection value setting register when measuring current
0x82 RTEMP12 R/W (*1) | Built-in 10kQ correction resistor for TEMP1 and TEMP2 pins
0x83 RTEMP34 R/W (*1) | Built-in 10kQ correction resistor for TEMP3 and TEMP4 pins
0x84 OTPACPT R/W | 0x0000 |OTP register access permission register
0x85 OTP R/W | 0x0000 |OTP load control register
ngg; <Reserve> R - Reserved register

(*1) The initial value is the correction value obtained during the LSI manufacturing process.

For the OTP setting values, please refer to the attached document "ML5262_Code_list".
Please note that OTP programming operation is not guaranteed for mass-production units (OTP programming for mass-
production devices is performed within the LS| manufacturing process).
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1. NOORP register (Adrs = 0x00)

15 ] 14 [ 13] 121w o] s [ 7]e6e [ 5] a3 ]21]17]o0o0

Bit name NOP[15:0]
R/IW RW | RW | RW | RW | RW | R'W | RW | RIW | RW | RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

No function is assigned to the NOOP register, so read/write access to this register does not change the LSI state.
Written data can be read as is.

2. MCUIF register (Adrs = 0x01)

15 [ 14 [ 13 [ 12 11 ]10] 9 [ 8 7 6 5 4 3 2 1 0

Bit name - SADRS[6:0] - - - - - - | CRC | 12C
R/W R | RW |RW |RW | RW | RW | RW | RW | R R R R R R RW | RW
Initial Value 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0

The MCUIF register is used to set the MCU serial interface, the presence/absence of CRC, and the target address.

1) The I2C bit selects the MCU interface.
Even if the 12C bit is changed, it does not take effect immediately and becomes valid only when it is loaded
from the OTP memory.

12C MCU interface
0 SPI interface (initial value)
1 12C interface

2) The CRC bit sets whether or not to include of CRC.
If the CRC bit is set to “1”, the CRC will be added from the next communication.

CRC with/without CRC
0 without CRC (initial Value)
1 with CRC

3) The SADRS[6:0] bits set the target address. The initial value is set to Ox64.
The serial interface is enabled when the received target address data matches SADRS[6:0].
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3. SEL register (Adrs = 0x02)

7 6 5 4 3 2 | 1 | 0 |
Bit name - - - - - CSEL[2:0] |
R/W R R R R R R/W R/W R/W
Initial Value 0 0 0
15 14 13 12 11 | 10 ] 9 | 8
Bit name ENCC IGAIN - - TSEL[3:0]
R/W R/W R/W R R R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0

The SEL register is used to set the number of connected battery cells, the TEMP pin for measurement, the current
measurement gain factor, and the coulomb counter operation.

1) The CSEL[2:0] hits set the nhumber of connected battery cells.

CSEL[2:0] Number of battery cells
0x0 10 cells (initial value)
0x1 9 cells
0x2 8 cells
0x3 7 cells
0x4 6 cells
0x5 5 cells
0x6 4 cells
Others 10 cells

2) The TSEL[3:0] bits set the TEMP pin for temperature measurement.

TSEL[0] TEMP1 pin TSEL[1] TEMP2 pin
0 Do not measure (initial value) 0 Do not measure (initial value)
1 Measure 1 Measure

TSEL[2] TEMP3 pin TSEL[3] TEMP4 pin
0 Do not measure (initial value) 0 Do not measure (initial value)
1 Measure 1 Measure

3) The IGAIN bit set the gain factor for current measurement.

IGAIN Gain factor
0 1x (initial value)
1 4x

4) The ENCC bit set the coulomb counter operation.

ENCC Coulomb counter operation
0 Stop (initial value)
1 Activate
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4. PERIOD register (Adrs = 0x03)

7 6 5 | 4 3 | 2 1 | 0
Bit name - - CCl1:0] TTP[L:0] TVC[1:0]
R/W R R R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 ] 14 13 12 1 ] 10 9 | 8
Bit name - - - - TTPP[1:0] TVCP[L:0]
R/W R R R R R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The PERIOD register is used to set the measurement cycle in the normal state and power-save state.
Bits 15 to 12 shall be fixed at 0.

1) The TVC[1:0] bits set the cell voltage measurement cycle in the normal state.

TVCI[1:0] Cell voltage measurement cycle in the normal state
0x0 40ms (initial value)
0x1 200ms
0x2 300ms
0x3 400ms

2) The TTP[1:0] bits set the temperature measurement cycle in the normal state.

TTP[1:0] Temperature measurement cycle in the normal state
0x0 Measured after every cell voltage measurement cycle(initial
value)
0x1 Measured once every two cell voltage measurements cycles
0x2 Measured once every four cell voltage measurements cycles
0x3 Me?sured once every eight cell voltage measurements
cycles

3) The CCJ1:0] bits set the coulomb counter interrupt generation period.

CCJ[1:0] Coulomb counter interrupt generation cycle
0x0 250ms (initial value)
0x1 500ms
0x2 1000ms
0x3 2000ms

4) TVCP[1:0] bits set the cell voltage measurement cycle in the power-save state.

TVCP[1:0] Cell voltage measurement cycle in the power-save state
0x0 1s (initial value)
0x1 2s
0x2 4s
0x3 8s

5) TTPP[1:0] bits set the temperature measurement cycle in the power-save state.

TTPP[1:0] Temperature measurement cycle in the power-save state
0x0 Measured after every cell voltage measurement cycle(initial
value)
0x1 Measured once every two cell voltage measurements cycles
0x2 Measured once every four cell voltage measurements cycles
0x3 Measured once every eight cell voltage measurements cycles
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5. INT_ENT1 register (Adrs = 0x04)

7 6 5 4 3 2 1 0
Bit name ESLPR ESLP EPSR EPSD EPRDSG ECC EVM ERDY
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
Bit name EOCDR1 EOCD1 EOCCR EOCC EUVR EUV EOVR EOV
R/W R/W R/W R/W R/W R/W R/IW R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The INT_ENL1 register is used to set whether or not to enable the output of interrupt signals to the /INTO pin. Setting each
bit to "1" enables the interrupt signal output of the INT_REQZ1 register, and setting each bit to "0" disables it.
The interrupt signals that each bit enables are as follows:

Bit name Interrupt signal name
ERDY Initialization completion interrupt
EVM Various voltage measurement completion interrupt
ECC Coulomb counter integration completion interrupt
EPRDSG Pre-discharge completion interrupt
EPSD Power-save state transition interrupt
EPSR Returning from power-save mode to normal mode interrupt
ESLP Sleep state transition interrupt
ESLPR Returning from sleep mode to normal mode interrupt
EQV Overvoltage detection interrupt
EOVR Overvoltage release interrupt
EUV Undervoltage detection interrupt
EUVR Undervoltage release interrupt
EOCC Charging overcurrent detection interrupt
EOCCR Charging overcurrent release (charger release detection) interrupt
EOCD1 Discharge overcurrent 1 detection interrupt
EOCDR1 Discharge overcurrent 1 release (load release detection) interrupt
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6. INT_EN2 register (Adrs = 0x05)

7 6 5 4 3 2 1 0
Bit name EOTDR EOTD EOTCR EOTC ESCR ESC EOCDR2 EOCD2
R/W R/IW R/W R/IW R/W R/W R/IW R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8

Bit name EWKUP | ECCCAL EOTP EWDT EUTDR EUTD EUTCR EUTC

R/W R/IW R/W R/IW R/W R/W R/W R/W R/W

Initial Value 0 0 0 0 0 0 0 0

The INT_ENZ2 register is used to set whether or not to enable the output of interrupt signals to the /INTO pin. Setting each
bit to "1" enables the interrupt signal output of the INT_REQ?2 register, and setting each bit to "0" disables it.
The interrupt signals that each bit enables are as follows:

Bit name Interrupt signal name
EOCD2 Discharge overcurrent 2 detection interrupt
EOCDR2 Discharge overcurrent 2 release (load release detection) interrupt
ESC Short-circuit current detection interrupt
Short-circuit current detection release (load release detection)
ESCR ;
interrupt
EOTC Charging prohibition overtemperature detection interrupt
EOTCR Charging prohibition overtemperature detection release interrupt
EOTD Discharge prohibition overtemperature detection interrupt
EOTDR Discharge prohibition overtemperature detection release interrupt
EUTC Charging prohibition undertemperature detection interrupt
EUTCR Charging prohibition undertemperature detection release interrupt
EUTD Discharge prohibition undertemperature detection interrupt
EUTDR Discharge prohibition undertemperature detection release interrupt
EWDT WDT detection interrupt
EOTP OTP memory access completion interrupt
ECCCAL Coulomb counter calibration completion interrupt
EWKUP WKUP detection interrupt
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7. INT_ENBS register (Adrs = 0x06)

7 6 5 4 3 2 1 0
Bit name EFUSE ESDFET | ESCFET ESOT ESOCD ESOCC ESUV ESOV
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit name - - - - - EORG EUVLO3 | EUVLO5
R/W R R R R R R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The INT_EN3 register is used to set whether or not to enable the output of interrupt signals to the /INTO pin.
Setting each bit to "1" enables the interrupt signal output of the INT_REQ3 register, and setting each bit to "0"
disables it.

The interrupt signals that each bit enables are as follows:

Bit name Interrupt signal name
ESOV Secondary overvoltage detection interrupt
ESUV Secondary undervoltage detection interrupt
ESOCC Secondary charging overcurrent detection interrupt
ESOCD Secondary discharge overcurrent detection interrupt
ESOT Secondary overtemperature detection interrupt

ESCFET Charging control FET failure detection interrupt
ESDFET Discharge control FET failure detection interrupt
EFUSE Fuse cut completion interrupt
EUVLO5 VREG50 output voltage drop detection interrupt
EUVLO3 VREG33 output voltage drop detection interrupt
EORG Current-measurment result over-range detection interrupt
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8. INT_REQ1 register (Adrs = 0x07)

7 6 5 4 3 2 1 0
Bit name QSLPR QSLP QPSR QPSD QPRDSG QCC QVM QRDY
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
Bit name QOCDR1 QOCD1 QOCCR QOCC QUVR QUV QOVR QOoVv
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The INT_REQLI register is an interrupt request flag register. Each interrupt request flag is set to "1" when an interrupt

occurs, regardless of the setting of the INT_ENL1 register. An "L" level is output to the /INTO pin only when an interrupt
enabled in the INT_EN1 register occurs.
The interrupt is cleared by writing data "1". When clear only one interrupt, write "0" to the other bits. When all enabled
interrupt request flags are cleared to “0”, the /INTO pin output goes to the “Hi-Z” level.

Bit name Interrupt signal name
QRDY Initialization completion interrupt
QVM Voltage measurement completion interrupt
QCC Coulomb counter integration completion interrupt
QPRDSG | Pre-discharge completion interrupt
QPSD Power-save state transition interrupt
QPSR Returning from power-save mode to normal mode interrupt
QSLP Sleep state transition interrupt
QSLPR Returning from sleep mode to normal mode interrupt
QOV Overvoltage detection interrupt
QOVR Overvoltage release interrupt
QUV Undervoltage detection interrupt
QUVR Undervoltage release interrupt
QOCC Charging overcurrent detection interrupt
QOCCR | Charging overcurrent release (charger release detection) interrupt
QOCD1 Discharge overcurrent 1 detection interrupt
QOCDR1 | Discharge overcurrent 1 release (load release detection) interrupt
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9. INT_REQ2 register (Adrs = 0x08)

7 6 5 4 3 2 1 0
Bit name QOTDR QOTD QOTCR QOTC QSCR QSC QOCDR2 | QOCD2
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit name QWKUP | QCCCAL | QOTP QWDT QUTDR QUTD QUTCR QUTC
R/W R/W RIW R/W RIW R/W RIW R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The INT_REQ2 register is an interrupt request flag register. Each interrupt request flag is set to "1" when an interrupt
occurs, regardless of the setting of the INT_EN2 register. An "L" level is output to the /INTO pin only when an
interrupt enabled in the INT_ENZ2 register occurs.

The interrupt is cleared by writing data "1". When clear only one interrupt, write "0" to the other bits. When all enabled
interrupt request flags are cleared to “0”, the /INTO pin output goes to the “Hi-Z" level.

Bit name Interrupt signal name

QOCD2 Discharge overcurrent 2 detection interrupt

QOCDR2 Discharge overcurrent 2 release (load release detection) interrupt

QscC Short-circuit current detection interrupt
QSCR _Short-circuit current detection release (load release detection)
interrupt

QOTC Charging prohibition overtemperature detection interrupt

QOTCR Charging prohibition overtemperature detection release interrupt
QOTD Discharge prohibition overtemperature detection interrupt
QOTDR Discharge prohibition overtemperature detection release interrupt
QUTC Charging prohibition undertemperature detection interrupt
QUTCR Charging prohibition undertemperature detection release interrupt
QUTD Discharge prohibition undertemperature detection interrupt
QUTDR Discharge prohibition undertemperature detection release interrupt
QWDT WDT detection interrupt
QOTP OTP memory access completion interrupt

QCCCAL Coulomb counter calibration completion interrupt

QWKUP WKUP detection interrupt
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10. INT_REQS3 register (Adrs = 0x09)

7 6 5 4 3 2 1 0
Bit name QFUSE QSDFET | QSCFET QSOT QSOCD QSOCC QSuv QSov
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit name - - - - - QORG QUVLO3 | QUVLO5
R/W R R R R R R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The INT_REQS register is an interrupt request flag register. Each interrupt request flag is set to "1" when an interrupt
occurs, regardless of the setting of the INT_ENS3 register. An "L" level is output to the /INTO pin only when an
interrupt enabled in the INT_ENS3 register occurs.

The interrupt is cleared by writing data "1". When clear only one interrupt, write "0" to the other bits. When all enabled
interrupt request flags are cleared to “0”, the /INTO pin output goes to the “Hi-Z” level.

Bit name Interrupt signal name

Qsov Secondary overvoltage detection interrupt

QSuvV Secondary undervoltage detection interrupt
Qsocc Secondary charging overcurrent detection interrupt
QSOCD Secondary discharge overcurrent detection interrupt

QSOT Secondary overtemperature detection interrupt

QSCFET Charging control FET failure detection interrupt
QSDFET Discharge control FET failure detection interrupt
QFUSE Fuse cut completion interrupt
QUVLO5 VREG50 output voltage drop detection interrupt
QUVLO3 VREG33 output voltage drop detection interrupt
QORG Current-measurment result over-range detection interrupt
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ML5262
11.POWER register (Adrs = 0x0A)
7 6 5 4 3 2 1 0
Bit name PUPIN PSNS ENPD PD ENSLP SLP ENPSV PSV
R/W R R R/W R/W R/W RIW R/W R/W
Initial Value - - 1 0 1 0 1 0
15 14 13 12 11 10 9 8
Bit name - - - WKUP | ENRSNS | RSNSPU | ENPSNS | PSNSPD
R/W R R R R/W R/W RIW R/W RIW
Initial Value 0 0 0 0 1 0 1 0

The POWER register controls various power controls, the connection of the PSNS pin pull-down resistor, and the
RSNS pin pull-up resistor.

1) The ENPSV and PSYV bits are used to set the transition to the power-save state (the measurement cycle becomes
slower, whitch reduces current consumption).

ENPSV PSV Tranbsition to power-save state
0 - Standalone control
1 0 Normal state (initial value)
1 1 Power-save state

When the ENPSV bit is “1”, the PSV bit setting is valid.
- When "1" is written to the PSV bit, the LSI will enter the power-save state from the next measurement cycle.
- When "0" is written to the PSV bit, then return to the normal state at any time within 1 second.

When "0" is written to the ENPSV bit, the LSI will set the standalone control.
In the standalone control, if no charging/discharge current flows for the time specified in the PWRDLY register,
the LS| automatically enters the power-save state and automatically returns to the normal state when the
charging/discharge current flows. For details, refer to the CHG, DSG, and PWRDLY register.

2) The ENSLP and SLP bits are used to set the transition to the sleep state (all measurement functions are halted,
whitch reduces current consumption. Only control-register access is allowed).

ENSLP SLP Tranbsition tosleep state
0 - Standalone control
1 0 Normal state (initial value)
1 1 Sleep state

When the ENSLP bit is "1”, the SLP bit setting is valid.
- When "1" is written to the SLP bit, the LSI will enter the sleep-save state from the next measurement cycle.

= When "0" is written to the SLP bit, the LSI returns to the normal state after the 28ms stabilization time has

elapsed.
When the LSI returns from the sleep state due to the WKUP detection function during the sleep state,

the SLP bit is reset to “0”.

There are two conditions required to transition to the sleep state: the PSNS pin state and the /PUPIN pin
State.
- The LSI will not enter the sleep state until the PSNS pin voltage becomes equal to or lower than the
charger connection detection PSNS pin voltage (Vrc1). Before setting the SLP bit to "1", verify using the
“PSNS Pin State Check Method” that the PSNS pin is not at the "H" level.

[PSNS Pin State Check Method]
The PSNS pin condition can be read using the PSNS bit. Set the C_FET and D_FET pins to the OFF
condition, connect a 500kQ pull-up resistor to the PSNS pin, and then check that the PSNS pin
condition.
PSNS PSNS pin condition
0 “L” level
1 “H” level
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- The LSI will not enter the sleep state until the /PUPIN pin goes to the "H" level. Before setting the
SLP bit to "1", verify using the “/PUPIN Pin State Check Method” that the /PUPIN pin is not at the "L" level.

[/PUPIN Pin State Check Method]
The /PUPIN pin condition can be read using the /PUPIN bit. Check that the /PUPIN pin condition.

PUPIN /PUPIN pin condition
0 “H” level
1 “L” level

Writing “0” is written to the ENSLP bit, the LSI is set to standalone control mode.
In the standalone control, after the power-save state has continued for the time set in the PWRDLY
register, the subsequent operation is determined by the WKUP bit status as shown below._

WKUP C_FET pin condition D_FET pin condition
0 OFF OFF
1 OFF Previous state retention
[WKUP bit = "0"]

The C_FET and D_FET pins are automatically set to the OFF state, a 500 kQ pull-down resistor is applied
to the PSNS pin, and the LSI enters the sleep state. Upon entry into sleep, if a charger is connected and
the PSNS pin and the PSNS pin voltage becomes equal to or higher than the charger-connection
detection voltage Vecy, or if an “L” level is input to the /PUPIN pin, the LSI returns to the normal state
after a stabilization period of 28 ms.

[WKUP bit = ”17]
Only the C_FET pin is automatically turned OFF, and the LSI transitions to the sleep state. After
entering the sleep state, if a charger is connected, return the LSI to the normal state by applying an “L”
level to the /PUPIN pin.

3) The ENPD and PD bits are used to configure the transition to the power-down state (in which most circuit
operation are halted, the LSI enters a low-current consumption state. And access to the control registers becomes

unavailable).
ENPD PD Transition to the power-down state
0 * Standalone control
1 0 Normal state or power-save state or sleep state (initial value)
1 1 Power-down state

When the ENPD bit is “1”, the PD bit setting is valid.
- When "1" is written to the PD bit, the LSI will transition to the power-down state.

There are two conditions required to transition to the power-down state: the PSNS pin state and the /PUPIN pin
state.

- The LSI will not enter the power-down state until the PSNS pin voltage becomes equal to or lower than the
charger connection detection PSNS pin voltage (Vec1). Before setting the PD bit to "1", verify using the
“PSNS Pin State Check Method” that the PSNS pin is not at the "H" level.

- The LSI will not enter the power-down state until the /PUPIN pin goes to the "H" level. Before setting the
PD bit to "1", verify using the “/PUPIN Pin State Check Method” that the /PUPIN pin is not at the "L" level.

When "0" is written to the ENPD bit, the LSI will set the standalone control.
In standalone control, after transitioning to the over-discharge detection state, the LSI enters the power-down
state once the time specified in the PWRDLY register has elapsed.
However, if the PSNS pin input is at the “H” level or the /PUPIN pin input is at the “L” level, the LSI will not
transition to the power-down state.

4) The ENPSNS and PSNSPD bits control the connection of a pull-down resistor to the PSNS pin.

ENPSNS | PSNSPD PSNS pin condition
0 * Pull-down resistor not connected
1 0 Pull-down resistor not connected (initial value)
1 1 500kQ pull-down resistor connected

When the ENPSNS bit is “17, the PSNSPD bit setting is valid.
- When "1" is written to the PSNSPD bit, connects a pull-down resistor.
- When "0" is written to the PSNSPD bit, the pull-down resistor is disconnected.
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5) The ENRSNS and RSNSPU bits control the connection of a pull-up resistor to the RSNS pin.

ENRSNS | RSNSPU RSNS pin condition
0 * Pull-up resistor not connected
1 0 Pull-up resistor not connected (initial value)
1 1 2MQ pull-up resistor connected

When the ENRSNS bit is “1”, the RSNSPU bit setting is valid.

- When "1" is written to the RSNSPU bit, connects a pull-up resistor.

- When "0" is written to the RSNSPU bit, the pull-up resistor is disconnected.

6) The WKUP bit control whether the WKUP detection circuit for discharge current is enabled or disabled.

WKUP WKUP detection operation
0 Stop (initial value)
1 Activate

When this function is enabled, the discharge control FET will not turn off when the LSI transitions to the sleep
state under standalone control.
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12.FETCBAL re

ister (Adrs = 0x0B)
7 6

5 4 3 2 1 0
Bit name ENCB PSVCB ENPRDF PRDF ENDF DF ENCF CF
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 1 0 0 0 0 0 0 1
15 14 13 12 11 10 9 8
Bit name - - - - - - ENFUS FUS
R/W R R R R R R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The FETCBAL register controls the output of the C_FET, PRD_FET, D_FET, and FUSE pins, as well as cell balancing.
When using the FET function, the operating voltage range is 4.5 to 45V.

1) The ENCF and CF bits control the C_FET pin output.
ENCF CF Charging control FET status | C_FET pin output voltage
0 * Standalone control (initial value)
1 0 OFF FETS pin voltage : Vs
1 1 ON Vs+13V
When the ENCF bit is “1”, the CF bit setting is valid.
2) The ENDF and DF bits control the D_FET pin output.
ENDF DF Discharge control FET status | D_FET pin output voltage
0 * Standalone control (initial value)
1 0 OFF FETS pin voltage : Vs
1 1 ON Vs+13V
When the ENDF bit is “1”, the DF bit setting is valid.
3) The ENPRDF and PRDF bits control the PRD_FET pin output.
ENPRDF PRDF Pre-discharge control FETstatus | PRD_FET pin output voltage
0 * Standalone control (initial value)
1 0 OFF FETS pin voltage : Vs
1 1 ON Vs+13V
When the ENPRDF bit is “1”, the PRDF bit setting is valid.
4) The PSVCB bit sets the cell balancing operation in the power-save state.
The ENCB bit sets the cell balancing operation using the CBAL register, which is described later.
ENCB PSVCB Cell balancing operation in the power-save state
0 0 Prohibited
0 1 Permitted
1 * CBAL register settings are valid (initial value)
When the ENCB bit is “0”, the PSVCB bit setting is valid.
When the ENCB bit is “1”, the CBAL register setting is valid.
When changing the ENCB bit from “1” to “0”, set the CBAL register to 0b000000000 after the QVM bit in the

INT_REQ1 register is set to “1”, and then set the ENCB bit to “0”.
There are no restrictions on changing the ENCB bit from "0" to "1".

5)

The ENFUS and FUS bits control the FUSE pin output.

ENFUS FUS FUSE pin output
0 * FUSE register setting is valid (initial value)
1 0 ov
1 1 VREG33

When the ENFUS bit is “1”, the FUS bit setting is valid, and the FUSE register setting is invalid.
Also, the fuse cut completion interrupt QFUSE will not be generated.
The FUSE bit in the STATUS2 register is not set even if both the ENFUS bit and FUS bit are “1”.
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13.CBAL register (Adrs = 0x0C)
15 14 13 | 12 11 10 9 [ 8 ] 7] 6] 5 [ a3 21170

Bit name - - - - - - CBAL[9:0]

R/W R R R R R R RW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The CBAL register is used to set the cell balancing switch on/off. The CBAL[9:0] bits control each cell on/off.

The cell balancing execution period is the time other than the cell voltage measurement period, and the specified cell

balancing switch is turned ON after completing the cell voltage measurement. If the setting is changed while

executing cell balancing, it takes effect immediately.

Also, when reading the CBAL register, any bit in the cell-balancing switch-ON permitted state will read as "1",
regardless of the cell-balancing execution period.

CBAL[9:0] Switch ON/OFF
0b0000000000 | OFF (initial value)
0b0000000001 | V1-VO switch turned ON
0b0000000010 | V2-V1 switch turned ON
0b0000000100 | V3-V2 switch turned ON
0b0000001000 | V4-V3 switch turned ON
0b0000010000 | V5-V4 switch turned ON
0b0000100000 | V6-V5 switch turned ON
0b0001000000 | V7-V6 switch turned ON
0b0010000000 | V8-V7 switch turned ON
0b0100000000 | V9-V8 switch turned ON
0b1000000000 | V10-V9 switch turned ON

It is possible to turn on multiple switches at the same time, but turning on adjacent cell balance switches is prohibited
because this may cause damage to the built-in cell balance switch FETs. However, it is possible to turn on the cell
balance switches for only the odd cells or only the even cells.

OFF I_ ON

|- oN - oFF

|- OFF |- OFF

When switching the cell balance switch ON/OFF, be sure to set all cell balancing switches to OFF for 1 ms or more
before turning them ON.

Also, heat is generated by the cell balancing current and the ON resistance of the cell balancing switches, so set
restrictions on the number of switches that are turned on and the ON time so that the power loss in the cell balancing
switches does not exceed the allowable power dissipation.
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14.STATUSH1 register (Adrs = 0x0E)
7 6 5 4 3 2 1 0
Bit name occ uv oV SLP PSV PRDF DF CF
R/W R R R R R R R R
Initial Value 0 1 0 0 0 0 0 1
15 14 13 12 11 10 9 8
Bit name INTO PSNS PUPIN DSG CHG sC 0oCD2 oCD1
R/W R R R R R R R R
Initial Value 1 - - 0 0 0 0 0

The STATUSLI register indicates various conditions.

1) The CF bit indicates the C_FET pin status.

CF C_FET pin output status
0 OFF
1 ON (initial value)
2) The DF bit indicates the D_FET pin status.
DF D_FET pin output status
0 OFF (initial value)
1 ON

3) The PRDF bit indicates the PRD_FET pin status.

PRDF PRD_FET pin output status
0 OFF (initial value)
1 ON

4) The PSV bit indicates whether the LSl is in the power-save state.

PSV LSI state
0 Normal state (initial value)
1 Power-save state

5) The SLP bit indicates whether the LSl is in the sleep state.

SLP LSI state
0 Normal state (initial value)
1 Sleep state

6) The OV bitindicates the overvoltage detection status.

(0)Y] Overvoltage detection status
0 Undetected (initial value)
1 Detected

7) The UV bit indicates the undervoltage detection status.

uv Undervoltage detection status
0 Undetected
1 Detected (initial value)

8) The OCC hit indicates the charging overcurrent detection status.

occC Charging overcurrent detection status
0 Undetected (initial value)
1 Detected

9) The OCD1 hit indicates the discharge overcurrent 1 detection status.
OCD1 Discharge overcurrent 1 detection status

0 Undetected (initial value)
1 Detected
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10) The OCD2 hit indicates the discharge overcurrent 2 detection status.

0oCD2 Discharge overcurrent 2 detection status
0 Undetected (initial value)
1 Detected

11) The SC bit indicates the short-circuit current detection status.

SC Short-circuit current detection status
0 Undetected (initial value)
1 Detected

12) The CHG bit indicates the charging condition detection status.

13) The DSG bit indicates the discharge condition detection status.

CHG Charging condition detection status
0 Undetected (initial value)
1 Detected

DSG Discharge condition detection status
0 Undetected (initial value)
1 Detected

14) The PUPIN bit indicates the /PUPIN pin status.

PUPIN /PUPIN pin output status
0 “H” level
1 “L” level

15) The PSNS bit indicates the PSNS pin status.

PSNS PSNS pin output status
0 “L” level
1 “H” level

16) The INTO bit indicates the /INTO pin status.

INTO /INTO pin output status
0 OFF
1 ON (initial value)
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15.STATUSZ register (Adrs = 0x0OF)
7 6 5 4 3 2 1 0
Bit name SOCD soccC Suv sov UTD uTC OTD oTC
R/W R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
Bit name - - UVLO3 UVLO5 FUSE SDFET SCFET SOT
R/W R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0

The STATUS2 register indicates various conditions.

1) The OTC bit indicates the charging prohibition overtemperature detection status.

oTC Charging prohibition overtemperature detection status
0 Undetected (initial value)
1 Detected

2) The OTD bit indicates the discharge prohibition overtemperature detection status.

OTD Discharge prohibition overtemperature detection status
0 Undetected (initial value)
1 Detected

3) The UTC bit indicates the charging prohibition undertemperature detection status.

uTC Charging prohibition undertemperature detection status
0 Undetected (initial value)
1 Detected

4) The UTD bit indicates the discharge prohibition undertemperature detection status.

UTD Discharge prohibition undertemperature detection status
0 Undetected (initial value)
1 Detected

5) The SOV bit indicates the secondary overvoltage detection status.

SOV Secondary overvoltage detection status
0 Undetected (initial value)
1 Detected

6) The SUV bit indicates the secondary undervoltage detection status.

SuUv Secondary undervoltage detection status
0 Undetected (initial value)
1 Detected

7) The SOCC bit indicates the secondary charging overcurrent detection status.

SOCC Secondary charging overcurrent detection status
0 Undetected (initial value)
1 Detected

8) The SOCD bit indicates the secondary discharge overcurrent detection status.

SOCD Secondary discharge overcurrent detection status
0 Undetected (initial value)
1 Detected

9) The SOT bhit indicates the secondary overtemperature detection status.

SOT Secondary overtemperature detection status
0 UnDetected (initial value)
1 Detected
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10) The SCFET bit indicates the charging control FET failure detection status.

11) The SDFET bit indicates the discharge control FET failure detection status.

SCFET Charging control FET failure detection status
0 Undetected (initial value)
1 Detected

SDFET Discharge control FET failure detection status
0 Undetected (initial value)
1 Detected

12) The FUSE bit indi

13) The UVLOS hit indicates the VREG50 output voltage drop detection status.

14) The UVLO3 bit indicates the VREG33 output voltage drop detection status.

cates the fuse status.

FUSE Fuse status
0 Not cut-off (initial value)
1 Cut-off

UVLO5 VREGS50 output voltage drop detection status
0 Undetected (initial value)
1 Detected

UVLO3 VREG33 output voltage drop detection status
0 Undetected (initial value)
1 Detected
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16.LOCK register (Adrs = 0x10)

15 [ 14 [ 13 [ 12 [ 11 ] 10 9 8 7 | 6 | 5 ] a3 ] 211710
Bit name - - - - - - - - LOCK][7:0]
R/W R R R R R R R R |RW | RW | RW | RW | RW | RIW | RW | RIW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The LOCK register is used to allow writing to the registers that set various protection functions.
Before writing to the registers listed below, set the LOCK]7:0] bits to 0x69. To prohibit writing to a register, set data
other than 0x69.

Address | Register name | R/W | Initial Value Register Overview

0x11 SETOV R/W 0x0000 Overvoltage detection operation setting register

0x12 OVDET R/W 0x0000 Overvoltage detection threshold setting register

0x13 OVRCV R/W 0x0000 Overvoltage release threshold setting register

0x14 SETUV R/W 0x0000 Undervoltage detection operation setting register

0x15 UVDET R/W 0x0000 Undervoltage detection threshold setting register

0x16 UVRCV R/W 0x0000 Undervoltage release threshold setting register

0x17 SETOCC R/W 0x0000 Charging overcurrent detection operation setting register

0x18 SETOCD1 R/W 0x0000 Discharge overcurrent detection operation setting register 1

0x19 SETOCD2 R/W 0x0000 Discharge overcurrent detection operation setting register 2

Ox1A SCWDT R/W 0x0000 Short-circuit current detection operation/WDT setting register

0x1B CHG R/W 0x0000 Charging condition detection operation setting register

0x1C DSG R/W 0x0000 Discharge condition detection operation setting register

0x1D CCMASK R/W 0x0000 Coulomb counter mask current control register

Ox1E PWRDLY R/W 0x0000 Power status transition delay timer setting register

Ox1F SETOTUT R/W 0x0000 Temperature detection operation setting register
TEMP1 discharge prohibition overtemperature detection

0x20 OTD1 RIW 0x0000 threshold setting register

0x21 OTD2 RIW 0x0000 TEMP2 dlscharge pr_ohlbltlon overtemperature detection
threshold setting register

0x22 OTD3 RIW 0x0000 TEMP3 dlscharge pr_ohlbltlon overtemperature detection
threshold setting register
TEMP4 discharge prohibition overtemperature detection

0x23 oTD4 RIW 0x0000 threshold setting register

0x24 OTDR1 RIW 0x0000 TEMP1 dlscharge pr_ohlbmon overtemperature release
threshold setting register

0X25 OTDR2 RIW 0X0000 TEMP2 dlschgrge pr_ohlbmon overtemperature release
threshold setting register

0x26 OTDR3 RIW 0X0000 TEMP3 dlschgrge pr_ohlbltlon overtemperature release
threshold setting register

0x27 OTDR4 RIW 0x0000 TEMP4 dlschgrge pr_ohlbltlon overtemperature release
threshold setting register

0x28 UTD1 RIW 0x0000 TEMP1 dlscharge pr_ohlbmon undertemperature detection
threshold setting register

0x29 UTD2 RIW 0X0000 TEMP2 dlschgrge pr_ohlbltlon undertemperature detection
threshold setting register

0X2A UTD3 RIW 0X0000 TEMP3 dlschgrge pr_ohlbltlon undertemperature detection
threshold setting register

0x2B UTD4 RIW 0x0000 TEMP4 dlschgrge pr_ohlbmon undertemperature detection
threshold setting register

0x2C UTDR1 RIW 0X0000 TEMP1 dlschgrge pr_ohlbltlon undertemperature release
threshold setting register

0x2D UTDR2 RIW 0x0000 TEMP2 dlscharge pr_ohlbltlon undertemperature release
threshold setting register

OX2E UTDR3 RIW 0x0000 TEMP3 dlscharge pr_ohlbmon undertemperature release
threshold setting register

OX2F UTDR4 RIW 0X0000 TEMP4 dlscharge pr_ohlbltlon undertemperature release
threshold setting register

0x30 oTC1 RIW 0X0000 TEMP1 charg_lng pro_hlbltlon overtemperature detection
threshold setting register

0x31 oTC2 RIW 0x0000 TEMP2 charg_lng pro_h|b|t|on overtemperature detection
threshold setting register

0x32 oTC3 RIW 0x0000 TEMP3 charg_lng pro_hlbltlon overtemperature detection
threshold setting register
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Address | Register name | R/W | Initial Value Register Overview

0x33 oTCa RIW 0x0000 TEMP4 chargllng pro.h|b|t|on overtemperature detection
threshold setting register

0x34 OTCR1 RIW 0x0000 TEMP1 charg_lng pro_hlbltlon overtemperature release
threshold setting register

0x35 OTCR2 RIW 0x0000 TEMP2 chargllng prO.thItIOI’l overtemperature release
threshold setting register

0x36 OTCR3 RIW 0x0000 TEMP3 chargllng pro.hlbmon overtemperature release
threshold setting register

0x37 OTCR4 RIW 0X0000 TEMP4 charg_lng pro_hlbltlon overtemperature release
threshold setting register

0x38 uTC1 RIW 0X0000 TEMP1 chargllng pro.hlbltlon undertemperature detection
threshold setting register

0x39 UTC2 RIW 0x0000 TEMP2 chargllng pro.hlbmon undertemperature detection
threshold setting register

Ox3A uTC3 RIW 0X0000 TEMP3 charg_lng pro_hlbltlon undertemperature detection
threshold setting register

0x3B uTCA RIW 0x0000 TEMP4 chargllng prO.thItIOI’l undertemperature detection
threshold setting register

0X3C UTCR1 RIW 0x0000 TEMP1 chargllng pro.hlbltlon undertemperature release
threshold setting register

0x3D UTCR2 RIW 0x0000 TEMP2 charg_lng pro_hlbltlon undertemperature release
threshold setting register

OX3E UTCR3 RIW 0x0000 TEMP3 cha_rglng _prohlbmon undertemperature release
threshold setting register
TEMP4 charging prohibition undertemperature release

Ox3F UTCR4 RIW 0x0000 threshold setting register

0x40 CBALEN R/W 0x0000 Cell balancing permission voltage setting register

0x41 CBALST R/W 0x0000 Cell balancing start potential difference setting register

0x42 CBALSP R/W 0x0000 Cell balancing end potential difference setting register

0x43 PREDSG R/W 0x0000 Pre-discharge setting register

0x44 SETSOV R/W 0x0000 Secondary overvoltage detection operation setting register

0x45 SOVDET R/W 0x0000 Secondary overvoltage detection threshold setting register

0x46 SETSUV R/W 0x0000 Secondary undervoltage detection operation setting register

0x47 SUVDET R/W 0x0000 Secondary undervoltage detection threshold setting register

0x48 SOCC R/W 0x0000 Secondary charging overcurrent operation setting register

0x49 SOCD R/W 0x0000 Secondary discharge overcurrent operation setting register

OxdA SETSOT RIW 0x0000 rsezﬁgtr;orlary overtemperature detection operation setting

Ox4B SoT RIW 0x0000 rsezci:tsatr;c:ary overtemperature detection threshold setting

0x4C SCFET R/W 0x0000 C_FET failure detection operation setting register

0x4D SDFET R/W 0x0000 D_FET failure detection operation setting register

Ox4E FUSE R/W 0x0000 Fuse cut-off operation setting register
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17.SETOV register (Adrs = 0x11) Note: Unlocking the LOCK register is required before writing.
8 7

15 14131211 ]10] 9 6 [ 5 [ 4 [ 3] 21110
Bit name - - - - - - - - | ENOV OVDLY[6:0]
R/W R R R R R R R R RIW RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETOV register is used to enable the overvoltage detection and set the detection delay time.

1) The OVDLY][6:0] bits set the number of cell voltage measurements as the overvoltage detection delay time.
The detection delay time is calculated as "cell voltage measurement period x the number of cell voltage

measurements".
OVDLY[6:0] Number of cell voltage measurements
0x00 0 (initial value)
0x01 1
0x02 2
0x7D 125
OX7E 126
OX7F 127
2) The ENOV bit sets whether the overvoltage detection operation is activated or stopped.
ENOV Overvoltage detection operation
0 Stop (initial value)
1 Activate

18.0OVDET register (Adrs = 0x12) Note: Unlocking the LOCK register is required before writing.

15 | 14 | 13 | 12 11 [ 10] o9 s8] 765 [ a]s3]27T]T17]o
Bit name - - - - OV[11:0]
R/W R R R R |RW | RW | RW | RW | RW|RW/|RW|RW|RW|RW|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
The OVDET register is used to set the overvoltage detection threshold.
The OV[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.
When changing the settings, perform the operation when the ENOV bit is "0”.
19.0VRCV register (Adrs = 0x13) Note: Unlocking the LOCK register is required before writing.
15 [ 14 [13 1211w ][ o[ s8] 7 s 5 4 3 2 [ 1 ] o
Bit name - - - - OVR[11:0]
R/W R R R R |RW |RW |RW|RW/|RW/|RW|RW|RW|RW]|RW]|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
The OVRCV register is used to set the overvoltage release threshold.
The OVR[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.
When changing the settings, perform the operation when the ENO bit is 0.
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20.SETUV register (Adrs = 0x14) Note: Unlocking the LOCK register is required before writing.

15 14131211 ]10] 9 [ 8 7 6 | 5 | 4 [ 3 ] 2 ] 171 o
Bit name - - - - - - - - | ENUV UVDLY[6:0]
R/W R R R R R R R R R/W RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETUV register is used to enable the undervoltage detection operation and set the detection delay time.

1) The UVDLY[6:0] bits set the number of cell voltage measurements as the undervoltage detection delay time.
The detection delay time is calculated as "cell voltage measurement period x the number of cell voltage

measurements".
UVDLY[6:0] | Number of cell voltage measurements
0x00 0 (initial value)
0x01 1
0x02 2
0x7D 125
Ox7E 126
Ox7F 127
2) The ENUV bit sets whether the undervoltage detection operation is activated or stopped.
ENUV Undervoltage detection operation
0 Stop (initial value)
1 Activate

21.UVDET register (Adrs = 0x15) Note: Unlocking the LOCK register is required before writing.

15 [ 14 13 [12] 111w o 8] 7165 [ 4] 3] 2711170
Bit name - - - - UV[11:0]
R/W R R R R |RW |RW |RW|RW|RW|RW|RW|RW|RW]|RW]|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UVDET register is used to set the undervoltage detection operation or stop, the detection threshold, and the
detection delay time.
The UV[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.

When changing the settings, perform the operation when the ENUV bit is "0”.

(Adrs = 0x16) Note: Unlocking the LOCK register is required before writing.

22.UVRCYV register
15

14 [ 1312 ] 11 ] 10 9 [ 8 | 7 1] s 5 | 4 [ 3] 2 1 ] o
Bit name - - - - UVR[11:0]
R/W R R R R |RW |RW |RW | RW | RW | RW | RW | RW | RW | RIW | RW | RIW

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
The UVRCV register is used to set the undervoltage release threshold.
The UVR[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.
When changing the settings, perform the operation when the ENOV bit is "0”.
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23.SETOCC re

ister (Adrs = 0x17)

Note: Unlocking the LOCK

register is required before writing.
15 14 [13]12] 112 [ 10 [ 9 [ 8 7 | 6 5 | 4 [ 3 [ 2] 1o
Bit name ENOCC | - | - | - OCCDLY[3:0] - - 0CC[5:0]
RIW RW R|R|R|RW|RW|RW|RW| R | R |RW|RW|RW|RW/|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETOCC register is used to enable the charging overcurrent detection operation and set the charging
overcurrent detection threshold and detection delay time.

1

2)

3)

The OCC[5:0] bits set the charging overcurrent detection threshold.
[When the shunt resistor = 0.5mQ]
A unit value of 2.422A (128 x the current-measurement resolution of 18.9212mA) is used for the setting.
Setting range : OA to about 152A
[When the shunt resistor =1.0mQ]
A unit value of 1.211A (128 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : OA to about 76A
When changing the settings, perform the operation when the ENOCC bit is "0”.

The OCCDLY[3:0] bits set the charging overcurrent detection delay time in 25ms steps.

The E

OCCDLY[3:0] | Charging overcurrent detection delay time
0x0 25ms (initial value)
Ox1 50ms
0x2 75ms
0xD 350ms
OxE 375ms
OxF 400ms

NOCC bit sets whether the charging overcurrent detection ope

ENOCC Charging overcurrent detection operation
0 Stop (initial value)
1 Activate

ration is activated or stopped.
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24 SETOCD1.SETOCD2 register (Adrs =0x18,19) Note: Unlocking the LOCK register is required before writing.
SETOCD1 (Adrs=18H)

15 141312 112 [ 10 ] 9 [ 8 [7]6] 5 [ 4 ]3] 2111710
Bit name ENOCD1 | - | - | - OCDDLY1[3:0] - - 0OCD1[5:0]
R/W RW R|R|R|RW|RW|RW|RW|R|R|RW]|RW/|RW]/|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0|0 0 0 0 0 0 0

SETOCD2 (Adrs=19H)

15 14]3]12] 11 J10] 9 8 J7]6] 5 [ 4] 3] 2111710
Bit name ENOCD2 | - | - | - OCDDLY2[3:0] -] - 0CD2[5:0]
R/W RW R|R|R|RW|RW/|RW|RW|R|R|RW|RW/|RW/|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETOCD1 and SETOCD?2 registers are used to enable two types of discharge overcurrent detection operation
and set the discharge overcurrent detection threshold and the detection delay time.

1) The OCD1[5:0] and OCD2[5:0] bits set the discharge overcurrent detection threshold.

[When the shunt resistor = 0.5mQ]
A unit value of 9.688A (512 x the current-measurement resolution of 18.9212mA) is used for the setting.
Setting range : OA to about 610A

[When the shunt resistor = 1.0mQ]
A unit value of 4.844A (512 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : 0OA to about 305A

When changing the settings, perform the operation when the ENOCD1 and ENOCD?2 bits are "0”.

2) The OCDDLY1[3:0] and OCDDLY?2[3:0] bits set the discharge overcurrent detection delay time in 25ms steps.

OCDDLY1[3:0] Dlscharge overcurrent 1 OCDDLY2[3:0] Dlscharge overcurrent 2
detection delay time detection delay time
0x0 25ms (initial value) 0x0 25ms (initial value)
0x1 50ms 0x1 50ms
0x2 75ms 0x2 75ms
0xD 350ms 0xD 350ms
OxE 375ms OxE 375ms
OxF 400ms OxF 400ms
3) The ENOCD1 and ENOCD?2 bits set whether the discharge overcurrent detection operation is activated or
stopped.
ENOCD1 Dlscharg_e overcurr_ent 1 ENOCD2 Dlscharge overcurr.ent 2
detection operation detection operation
0 Stop (initial value) 0 Stop (initial value)
1 Activate 1 Activate
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25.SCWDT register (Adrs = 0x1A) Note: Unlocking the LOCK register is required before writing.
6

7 5 | 4 3 2 | 1 | 0
Bit name ENSC - TSC[1:0] - SC[2:0]
R/W RIW R RIW RIW R RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 | 8
Bit name - - - - ENWDT - WDT[1:0]
R/W R R R R R/W R R/W R/W
Initial Value 0 0 0 0 0 0 0 0

The SCWODT register is used to enable the short current detection circuit operation and set the threshold voltage, and
also to enable the watchdog timer operation and set the overflow time.

1) The SC[2:0] bits select the short-circuit current detection threshold voltage according to the shunt resistance.
When changing the settings, perform the operation when the ENSC bit is "0".

SC[2:0] Short-circuit current detection v_oltage When_shgnt resis_tance is 0.5mQ
(Voltage between ISP-ISM pins) Short-circuit detection current value
0x0 25mV(initial value) 50A
0x1 50mV 100A
0x2 75mV 150A
0x3 100mVv 200A
0x4 125mVv 250A
0x5 150mV 300A
0x6 175mvV 350A
0x7 200mVv 400A
2) The TSC[1:0] bits select the short-circuit current detection delay time.
TSCI[1:0] Short-circuit current detection delay time
0x0 50us (initial value)
0x1 100us
0x2 150ps
0x3 200us
3) The ENSC bit sets whether the short-circuit detection operation is activated or stopped.
ENSC Short-circuit detection operation
0 Stop (initial value)
1 Activate

4) The WDT[1:0] bits select the watchdog timer’s overflow time.
When changing the settings, perform the operation when the ENWDT bit is "0”.

WDT[1:0] Overflow time
0x0 2 s (initial value)
0x1 4s
0x2 8s
0x3 16s

5) The ENWDT bit sets whether the watchdog timer operation is activated or stopped.

ENWDT Watchdog timer operation
0 Stop (initial value)
1 Activate

In standalone mode, the watchdog timer may generate false detections, so set ENWDT bit to “0” to stop.
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26.CHG register (Adrs = 0x1B) Note: Unlocking the LOCK register is required before writing.

15 14[13]12]11] 10 [ 9 [ 8 7 e | 5 ] 4] 3] 211710
Bit name ENCHG | - | - | - | - CHGDLY[2:0] CHG[7:0]
R/W RIW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW]|RW/|RW
Initial Value 0 0|l0]|]0]O0 0 0 0 0 0 0 0 0 0 0 0

The CHG register is used to set the current threshold for charging condition detection and the charging condition
release delay time.

1) The CHG[7:0] bits set the current threshold for charging condition detection.
[When the shunt resistor = 0.5mQ]
A unit value of 18.9212mA is used for the setting.
Setting range : OA to about 4.8A
[When the shunt resistor = 1.0mQ]
A unit value of 9.4606mA is used for the setting.
Setting range : 0A to about 2.4A
When changing the settings, perform the operation when the ENCHG bit is "0”.

2) The CHGDLY[2:0] bits set the charging condition release delay time in the 25ms steps.
During the charge-state detection delay time, if the charge-state detection current threshold is exceeded, the LSI
immediately enters the charging state.

CHGDLY[2:0] | Charging condition release delay time
0x0 25ms (initial value)
0x1 50ms
0x2 75ms
0x3 100ms
0x4 125ms
0x5 150ms
0x6 175ms
0x7 200ms
3) The ENCHG bit sets whether the charging condition detection operation is activated or stopped.
ENCHG Charging condition detection operation
0 Stop (initial value)
1 Activate

If the charging condition is detected when an undervoltage condition or a discharge prohibition
over/undertemperature condition is detected, the D_FET pin output automatically changes to the "H" level, and the
discharge is permitted. At this time, the pre-discharge function does not work.

Also, in the power-save state, if the ENPSV bit in the POWER register is "0", the LSI automatically returns to the
normal state if the charging condition is detected.
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27.DSG register (Adrs = 0x1C) Note: Unlocking the LOCK register is required before writing.
15 14]13]12]11] 10 [ 9 | 8 7 | 6 | 5] 4] 3 ]2 1 0
Bit name ENDSG | - | - | - | - DSGDLY[2:0] DSGI[7:0]
R/W RIW R|R|R|R|RW|RW/|RW/|RW|RW|RW]|RW,|RW]|RW|RW|RW
Initial Value 0 0|j0j0|O 0 0 0 0 0 0 0 0 0 0 0

The DSG register is used to set the current threshold for discharge condition detection and the discharge condition
release delay time.

1) The DSG[7:0] bits set the current threshold for discharge condition detection.
[When the shunt resistor = 0.5mQ]
A unit value of 18.9212mA is used for the setting.
Setting range : OA to about 4.8A
[When the shunt resistor = 1.0mQ]
A unit value of 9.4606mA is used for the setting.
Setting range : 0A to about 2.4A
When changing the settings, perform the operation when the ENDSG bit is "0”.

2) The DSGDLY[2:0] bits set the discharge condition release delay time in the 25ms steps.
During the discharge-state detection delay time, if the discharge-state detection current threshold is exceeded,
the LSI immediately enters the discharging state.

DSGDLY[2:0] | Discharge condition release delay time

0x0 25ms (initial value)

0x1 50ms

0x2 75ms

0x3 100ms

0x4 125ms

0x5 150ms

0x6 175ms

0x7 200ms

3) The ENDSG bit sets whether the discharge condition detection operation is activated or stopped.

ENDSG Discharge condition detection operation
0 Stop (initial value)
1 Activate

If the discharge condition is detected while detecting an overvoltage condition or a charging prohibition
over/undertemperature condition, the C_FET pin output automatically changes to the "H" level, and the charging is
permitted.

Also, in the power-save state, if the ENPSV bit in the POWER register is "0", the LSI automatically returns to the
normal state if the discharge condition is detected.

28.CCMASK register (Adrs = 0x1D) Note: Unlocking the LOCK register is required before writing.
7

15 ] 14 131211 10] 9] s 6 | 5 | 4 [ 3] 211710
Bit name - DSGMASKI6:0] - CHGMASKI6:0]
R/IW R |RW |RW |RW|RW|RW|RW|RW| R |RW|RW|RW|RW|RW|RW|RW

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The CCMASK register masks the minute current region to prevent the no-load current measurement offset error from
being added to the coulomb counter.

1) The CHGMASK][6:0] bits set the mask current for the charging current.
2) The DSGMASK]|6:0] bits set the mask current for the discharge current.
When the shunt resistor = 0.5mQ
[When the current gain is x1]
A unit value of 18.9212mA is used for the setting.
Setting range : 0OA to about 2.4A
[When the current gain is x4]
A unit value of 4.7304mA is used for the setting.
Setting range : OA to about 0.6A
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29.PWRDLY re

ister (Adrs = Ox1E)

Note: Unlocking the LOCK register is required before writing.

15 141312 112 ] 10] 9 ] 8 7 [ 6 | 5 | 4 3 [ 2] 110
Bit name N PDDLY([3:0] SLPDLY[3:0] PSVDLY[3:0]
RIW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW/|RW]|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The PWRDLY register is used to set the delay time for transition to the power-save state, sleep state, and power-

down state.
1) The PSVDLY[3:0] bits set the power-save transition delay time in the 1s step.
Power-save state Power-save state

PSVDLY[3:0] transition delay time PSVDLY[3:0] transition delay time
0x0 0Os (initial value) 0x8 8s
0x1 1s 0x9 9s
0x2 2s OxA 10s
0x3 3s 0xB 11s
0x4 4s 0xC 12s
0x5 5s 0xD 13s
0x6 6s OxE 14s
0x7 7s OxF 15s

2) The SLPDLY[3:0] and PDDLY[3:0] bits set the delay time for transition to the sleep state and power down state
in 16s step.

SLPDLY[3:0] Sleep/Power-down state SLPDLY[3:0] Sleep/Power-down state

PDDLY[3:0] transition delay time PDDLY[3:0] transition delay time
0x0 16s (initial value) 0x8 144s
0x1 32s 0x9 160s
0x2 48s OxA 176s
0x3 64s 0xB 192s
0x4 80s 0xC 208s
0x5 96s 0xD 224s
0x6 112s OxE 240s
0x7 128s OxF 256s

When the ENPSYV bit, or ENSLP bit, ENPD bit in the POWER register is set to “1”, the transition delay time settings

are invalid.
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30.SETOTUT register (Adrs = 0x1F)

Note: Unlocking the LOCK register is required before writing.

15 141312 112 [ 10 ] 9 | 8 7 6 | 5 [ 4 ] 3] 2] 17]o
Bit name - - - - RPUP[3:0] ENOTUT OTUTDLY[6:0]
R/W R|R|R|R|RW|RW]|RW]|RW RIW RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETOTUT register is used to enable the temperature detection operation, set the detection delay time and the

TEMP pin pull-

up resistor.

1) The OTUTDLY[6:0] bits set the number of temperature measurements as the detection delay time.

OTUTDLYI[6:0]

Number of temperature
measurements for detection delay

0x00 0 (initial value)
0x01 1

0x02 2

0x03 3

0x7D 125

OX7E 126

Ox7F 127

2) The ENOTUT bit sets whether the temperature detection operation is activated or stopped.

ENOTUT Temperature detection operation
0 Stop (initial value)
1 Activate

3) The RPUP[3:0] bits configure whether or not a pull-up resistor is connected to the TEMPn pin.

RPUPJ[3:0] TEMP pin pull-up resistor
0x0 Not connected all TEMP pins (initial value)
Ox1 TEMP1 pin measurement
0x2 TEMP2 pin measurement
0x4 TEMP3 pin measurement
0x8 TEMP4 pin measurement
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31.0TD1 register (Adrs = 0x20) Note: Unlocking the LOCK register is required before writing.

15 1431211 ]J1w] 9[8[ 76 5 | 4] 3] 211710
Bit name - - - - OTD1[11:0]
R/W R|R|R|R|RW|RW|RW|RW | RW | RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTDL1 register is used to set the discharge prohibition overtemperature detection threshold for the TEMP1 pin.
The OTD1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

32.0TD2 register (Adrs = 0x21) Note: Unlocking the LOCK register is required before writing.

15 14 1312 112 J1w0o] 9 [ 87 [ e 5 ] a4 ]3] 21T1T1o0o0
Bit name - - - - OTD2[11:0]
R/W R R R R |RW |RW | RW|RW/|RW]|RW]|RW]|RW/|RW/|RW/|RW /| RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTD2 register is used to set the discharge prohibition overtemperature detection threshold for the TEMP2 pin.
The OTD2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

33.0TD3 register (Adrs = 0x22) Note: Unlocking the LOCK register is required before writing.

1514 [ 13[12 ] 112 [ 10 ] 9 [ 8 [ 7 6 5 [ 4 3 2 1 0
Bit name - - - - OTD3[11:0]
RIW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTD3 register is used to set the discharge prohibition overtemperature detection threshold for the TEMP3 pin.
The OTD3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

34.0TD4 register (Adrs = 0x23) Note: Unlocking the LOCK register is required before writing.
15 14

13[12] 11 [ 10 ] o [ 8 [ 7 [ 6 [ 5 [ a4 ]3] 21]1T]o
Bit name - - - - OTD4[11:0]
R/W R R R R | RW | RW | RW | RWW | RIW | RIW | RIW | RIW | RIW | R/IW | RIW | R/W
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTD4 register is used to set the discharge prohibition overtemperature detection threshold for the TEMP4 pin.
The OTDA4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

35.0TDR1 register (Adrs = 0x24) Note: Unlocking the LOCK register is required before writing.
1

5 14 [13[12] 112 [ 10] 9 [ 8] 7 [ 6 [ 5 ] 4] 3] 21T171o
Bit name - - - - OTDR1[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTDR1 register is used to set the discharge prohibition overtemperature release threshold for the TEMP1 pin.
The OTDR1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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36.0TDR2 registe
1

r (Adrs = 0x25) Note: Unlocking the LOCK register is required before writing.
5 141312 ] 112 J10] o [ 8 ] 7 [ 6 ] 5 ] a ]3] 21T1T7o0
Bit name - - - - OTDR2[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value | 0 | 0 | 0 | O 0 0 0 0 0 0 0 0 0 0 0 0

The OTDR2 register is used to set the discharge prohibition overtemperature release threshold for the TEMP2 pin.
The OTDR2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

37.0TDR3 register (Adrs =
15 14 1

0x26) Note: Unlocking the LOCK register is required before writing.
312 11 J1w0o] 9] 8] 7165 [ 4] 3] 21T1T71Sodo
Bit name - - - - OTDR3[11:0]
R/W R R R R |RW |RW | RW|RW/|RW]|RW]|RW]|RW/|RW/|RW/|RW /| RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTDR3 register is used to set the discharge prohibition overtemperature release threshold for the TEMP3 pin.
The OTDR3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

38.0TDR4 register (Adrs = 0x2
15 14 13

7) Note: Unlocking the LOCK register is required before writing.
12 [ 11 10 [ 9 [ 8 ] 7 6 5 [ 4 ] 3] 21 11]o
Bit name - - - - OTDR4[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW/|RW|RW|RW
Initial Value | 0 | 0 | O | O | O 0 0 0 0 0 0 0 0 0 0 0

The OTDR4 register is used to set the discharge prohibition overtemperature release threshold for the TEMP4 pin.
The OTDR4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

39.UTD1 register (Adrs = 0x28) Note: Unlocking the LOCK register is required before writing.

5[4 11 Jw] o[8[ 7] 65 ] a]3]z271]T1]o0
Bit name - - - - UTD1[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW/|RW|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTD1 register is used to set the discharge prohibition undertemperature detection threshold for the TEMP1 pin.
The UTD1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

40.UTD2 register (Adrs = 0x29) Note: Unlocking the LOCK register is required before writing.

15 14131211 1w ] 9 [ 8] 7 [ e 5] a4 ]3] 21171Ho90
Bit name - - - - UTD2[11:0]
R/W R R R R |RW |RW |RW/|RW/|RW|RW]|RW/|RW/|RW/|RW/|RW /| RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTD2 register is used to set the discharge prohibition undertemperature detection threshold for the TEMP2 pin.
The UTD2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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41.UTD3 register (Adrs = 0x2A) Note: Unlocking the LOCK register is required before writing.

15 141312 11 100 ] 9 [ 8 ] 7 [ 6 5] 4] 3] 2117]o0o
Bit name - - - - UTD3[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTD3 register is used to set the discharge prohibition undertemperature detection threshold for the TEMP 3 pin.
The UTD3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

42.UTD4 register (Adrs = 0x2B) Note: Unlocking the LOCK register is required before writing.

15 14131211 Jw ] 9o [ 8] 7 [ e ] 5] 4] 3] 271T1171H0o0
Bit name - - - - UTDA4[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW | RW
Initial Value | 0 | 0 | O | O 0 0 0 0 0 0 0 0 0 0 0 0

The UTD4 register is used to set the discharge prohibition undertemperature detection threshold for the TEMP4 pin.
The UTD4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

43.UTDR1 register (Adrs = 0x2C) Note: Unlocking the LOCK register is required before writing.

51432 1uJw] o[8[ 7] 65 ] a]3]z27TT1T]o
Bit name - - - - UTDR1[11:0]
R/W R R R R |RW | RW|RW|RW/|RW]|RW/|RW]|RW/|RW]|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTDRL1 register is used to set the discharge prohibition undertemperature release threshold for the TEMP1 pin.
The UTDR1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

44 UTDR2 register (Adrs = 0x2D) Note: Unlocking the LOCK register is required before writing.

15 141312112 J1w] 9 [ 8] 7 e 5] a4 ]3] 21T1171Ho0
Bit name T UTDR2[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTDR2 register is used to set the discharge prohibition undertemperature release threshold for the TEMP2 pin.
The UTDR2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

45.UTDRa3 register (Adrs = 0x2E) Note: Unlocking the LOCK register is required before writing.

55 [1aJ3]12] 11 Jw ] 9[8[ 7 [6 5 [ 43 [27T]T17T0o
Bit name - - - - UTDR3[11:0]
R/W R R R R |RW | RW|RW|RW/|RW]|RW/|RW]|RW/|RW]|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTDRS register is used to set the discharge prohibition undertemperature release threshold for the TEMP3 pin.
The UTDR3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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46.UTDR4 register (Adrs = 0x2F) Note: Unlocking the LOCK register is required before writing.

15 1413122 11 [10] 9 [ 8] 7 ] 5] a4 ]33 ]]z21]T17]o0o
Bit name - - - - UTDRA4[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTDRA4 register is used to set the discharge prohibition undertemperature release threshold for the TEMP4 pin.
The UTDRA4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

47.0TC1 register (Adrs = 0x30) Note: Unlocking the LOCK register is required before writing.

15 141312112 Jw ] 9 [ 8] 7 [ e ] 5] 4] 3] 21T1171p0o
Bit name - - - - OTC1[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW | RW
Initial Value | 0 | 0 | O | O 0 0 0 0 0 0 0 0 0 0 0 0

The OTCL1 register is used to set the charging prohibition overtemperature detection threshold for the TEMPL1 pin.
The OTC1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

48.0TC2 register (Adrs = 0x31) Note: Unlocking the LOCK register is required before writing.

5[4 1nJw] o[8[ 7] 65 ] a]3]z27TJT1TJo
Bit name - - - - OTC2[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTC2 register is used to set the charging prohibition overtemperature detection threshold for the TEMP2 pin.
The OTC2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

49.0TCS3 register (Adrs = 0x32) Note: Unlocking the LOCK register is required before writing.

15 141312112 1w ] 9 [ 8] 7 [ e 5] a4 ]3] 21T1171Ho0
Bit name - - - - OTC3[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTC3 register is used to set the charging prohibition overtemperature detection threshold for the TEMP3 pin.
The OTC3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

50.0TCA4 register (Adrs = 0x33) Note: Unlocking the LOCK register is required before writing.

15 [14[13]12] 11 J1w0] o8 7 6 5 [ 4 3 2 1 0
Bit name - - - - OTC4[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTCA4 register is used to set the charging prohibition overtemperature detection threshold for the TEMP4 pin.
The OTCA4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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0x34) Note: Unlocking the LOCK register is required before writing.

51.0TCR1 register (Adrs =
1 14

5 13[12] 112 [ 10 ] o9 [ 8] 7 [ 6 [ 5 [ a4 ]3] 21]17]o
Bit name - - - - OTCR1[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTCR1 register is used to set the charging prohibition overtemperature release threshold for the TEMP1 pin.

The OTCR1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.

When changing the settings, perform the operation when the ENOTUT bit is "0”.

0x35) Note: Unlocking the LOCK register is required before writing.

52.0TCR2 register (Adrs =
1 14

5 1312 11 J1wo ] 9] 8] 7] 6] 5 ] 4] 3] 2111710
Bit name - - - - OTCR2[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW | RW
Initial Value | 0 | 0 | O | © 0 0 0 0 0 0 0 0 0 0 0 0

The OTCR2 register is used to set the charging prohibition overtemperature release threshold for the TEMP2 pin.
The OTCR2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

0x36) Note: Unlocking the LOCK register is required before writing.

53.0TCR3 register (Adrs =
1 14

5 B[] 1wl o s [ 76 [ 5] a3 ]21]T17Jo
Bit name - - - - OTCR3[11:0]
R/W R R R R |RW | RW|RW|RW/|RW]|RW/|RW]|RW/|RW]|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTCRS register is used to set the charging prohibition overtemperature release threshold for the TEMP3 pin.
The OTCR3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

54.0TCR4 registe
1

r (Adrs = 0x37) Note: Unlocking the LOCK register is required before writing.

5 141312 112 J10] 9 [ 8] 7 []8e6e 5] a4 3] 21T171o0
Bit name - - - - OTCR4[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTCRA4 register is used to set the charging prohibition overtemperature release threshold for the TEMP4 pin.
The OTCR4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

55.UTC1 register (Adrs = 0x38) Note: Unlocking the LOCK register is required before writing.

15141312 11 10 ] 9 [ 8] 7 [ s 5 [ 4 | 3 2 1 [ o
Bit name - - - - UTC1[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTC1 register is used to set the charging prohibition undertemperature detection threshold for the TEMP1 pin.
The UTC1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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56.UTC2 register (Adrs = 0x39) Note: Unlocking the LOCK register is required before writing.

15 1413122 11 o] 9 [ 8] 7 [ e 5] a4 ]33 ]]z21]17]o0o
Bit name - - - - UTC2[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTC2 register is used to set the charging prohibition undertemperature detection threshold for the TEMP2 pin.
The UTC2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

57.UTC3 register (Adrs = 0x3A) Note: Unlocking the LOCK register is required before writing.

15 14131211 Jw ] 9o [ 8] 7 [ e ] 5] 4] 3] 271T1171H0o0
Bit name - - - - UTC3[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW | RW
Initial Value | 0 | 0 | O | O 0 0 0 0 0 0 0 0 0 0 0 0

The UTC3 register is used to set the charging prohibition undertemperature detection threshold for the TEMP3 pin.
The UTC3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0".

58.UTC4 register (Adrs = 0x3B) Note: Unlocking the LOCK register is required before writing.

5[4 1uJw] o[8[ 7] 65 ] a]3]27TJT1T]o
Bit name - - - - UTC4[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTC4 register is used to set the charging prohibition undertemperature detection threshold for the TEMP4 pin.
The UTC4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

59.UTCRH1 register (Adrs = 0x3C) Note: Unlocking the LOCK register is required before writing.

15 141312112 J1w] 9 [ 8] 7 e 5] a4 ]3] 21T1171Ho0
Bit name T UTCR1[11:0]
R/IW R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTCRL1 register is used to set the charging prohibition undertemperature release threshold for the TEMP1 pin.
The UTCR1[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

60.UTCR2 register (Adrs = 0x3D) Note: Unlocking the LOCK register is required before writing.

5[4 11 Jw] o[8[ 7] 65 ] a]3]z27TT1TJo
Bit name - - - - UTCR2[11:0]
R/W R R R R |RW | RW|RW|RW/|RW]|RW/|RW]|RW/|RW]|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTCR2 register is used to set the charging prohibition undertemperature release threshold for the TEMP2 pin.
The UTCRZ2[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.
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61.UTCRS3 register (Adrs = 0x3E) Note: Unlocking the LOCK register is required before writing.
15141312112 J1w0] 9 [ 8] 76 5] 4] 3] 21T1171Hdo0
Bit name - - - - UTCR3[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW/|RW|RW|RW|RW|RW | RW | RW
Initial Value | 0 | 0 | O | O 0 0 0 0 0 0 0 0 0 0 0 0

The UTCR3 register is used to set the charging prohibition undertemperature release threshold for the TEMP3 pin.
The UTCR3[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

62.UTCRA4 register (Adrs = 0x3F) Note: Unlocking the LOCK register is required before writing.

15 [14[13]12] 11 [10] o9 [ 8 ] 7 6 5 | 4 3 [ 2 [ 1o
Bit name - - - - UTCR4[11:0]
R/W R R R R |RW |RW|RW|RW]|RW]|RW]|RW]|RW/|RW/|RW/|RW /| RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The UTCRA4 register is used to set the charging prohibition undertemperature release threshold for the TEMP4 pin.
The UTCR4[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENOTUT bit is "0”.

63.CBALEN register (Adrs
15 14

= 0x40) Note: Unlocking the LOCK register is required before writing.
1312 11 J1w0o] 9 | 8 ] 7 6 5 [ 4 ] 3] 21110
Bit name - - - - CBALEN[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW/|RW|RW/|RW
Initial Value | 0 | 0 | 0 | O | © 0 0 0 0 0 0 0 0 0 0 0

The CBALEN register is used to set the cell balancing permission voltage.
The CBALEN[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.

Cell balancing is not performed for cells below the cell balancing permission voltage, even if the difference with the
minimum cell voltage is large.

64.CBALST register (Adrs
4

=0x41) Note: Unlocking the LOCK register is required before writing.
15 [14 [13]12] 11 [ 10 9 [ 8 | 7 6 5 | 4 | 3 2 1 [ o
Bit name - - - - CBALST[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW/|RW|RW,|RW,|RW|RW|RW | RW
Initial Value | 0 | 0 | O | O 0 0 0 0 0 0 0 0 0 0 0 0

The CBALST register is used to set the cell balancing start potential difference.
The CBALST[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.

Cell balancing is performed on cells that are equal to or higher than the cell balancing permission voltage and whose

potential difference from the minimum cell voltage is equal to or higher than the cell balancing start potential
difference.

Note that even if the minimum cell voltage is equal to or less than the cell balancing permission voltage, the cell
balancing operation is determined based on the potential difference from the minimum cell voltage.

65.CBALSP register (Adrs = 0x42) Note: Unlocking the LOCK register is required before writing.

5 [14[13J12] 11 Jw] o [ 8] 765 ] 4] 3]27TT1TJo
Bit name - - - - CBALSP[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW,|RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The CBALSP register is used to set the cell balancing end potential difference.
The CBALSP[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.

The cell balancing operation ends when the potential difference between the cell voltage being balanced and the
minimum cell voltage is equal to or lower than the cell balancing end potential difference.

Note that the cell balancing operation also ends if the cell voltage falls below the cell balancing permission voltage.
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66.PREDSG register (Adrs = 0x43)

Note: Unlocking the LOCK re

ister is required before writing.

15 14131211 ]10] 9 s 7 6 | 5 ] 4] 3] 2] 170

Bit name ENTPRD TPRDSG[6:0] ENVPRD VPRDSGJ[6:0]
R/W R/W R/W | RIW | RIW | RIW | R/W | RIW | RIW R/W R/W | RW | R\W | RIW | RIW | RIW | RIW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The PREDSG register is used to set the pre-discharge function.
The pre-discharge function prevents inrush current when the discharge control FET is changed from OFF to ON by
passing a small discharge current until the battery pack output rises above a specified voltage or until a specified time
has elapsed. When the ENPRDF bit in the FETCBAL register is "1", this register setting is invalid.

1) The VPRDSG]J6:0] bits set the pre-discharge completion voltage in the 64LSB step (1LSB = 2500/4095mV).
If the difference between the VDD terminal voltage measurement value and the RSNS terminal voltage
measurement value falls below the pre-discharge completion voltage, the pre-discharge ends.

led or disabled.

VPRDSG[6:0] Pre-discharge completion voltage
0x00 320LSB,195mV (initial value)
0x01~0x04 320LSB,195mV
0x05 384LSB,234mV
0x06 448LSB,274mV
0x7D 8064LSB,4.92V
OX7E 8128LSB,4.96V
OX7F 8192LSB,5.00V
2) The ENVPRD bit sets whether the pre-discharge completion voltage setting is enabled or disabled. When the
ENVPRD bit is set to "1", if the difference between the VDD terminal voltage measurement result and the RSNS
terminal voltage measurement result falls below the pre-discharge completion voltage, the pre-discharge ends,
the PRD_FET terminal output changes from 13V to 0V, and a pre-discharge interrupt (QPRDSG) is generated.
ENVPRD Pre-discharge completion voltage setting
0 Disabled (initial value)
1 Enable
3) The TPRDSG[6:0] bits set the pre-discharge time in the range of 25 to 3200 ms in the 25ms steps.
When the pre-discharge time has elapsed, the pre-discharge ends, the PRD_FET terminal output changes from
Vs+11V(Typ.) to OV, and a pre-discharge interrupt (QPRDSG) is generated.
TPRDSGI[6:0] Pre-discharge time
0x00 25ms (initial value)
0x01 50ms
0x02 75ms
0x03 100ms
0x7D 3150ms
OX7E 3175ms
OX7F 3200ms
4) The ENTPRD bit sets whether the pre-discharge time setting is enab
ENTPRD Pre-discharge time setting
0 Disabled (initial value)
1 Enable
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67.SETSOV register (Adrs = 0x44) Note: Unlocking the LOCK register is required before writing.
15 1413 [12] 11 [ 10 9 8 7 6 [ 5 [ 4 [ 3] 211710
Bit name - - - - - - - - ENSOV SOVDLY[6:0]
R/W R|R|R]|R R R R R RIW RW | RW | RW | RIW | RIW | RIW | RIW
Initial Value | 0 | 0 | 0| 0| O 0 0 0 0 0 0 0 0 0 0 0

The SETSOV register is used to set the secondary overvoltage detection operation.

1) The SOVDLY]6:0] bits set the number of cell voltage measurements as the secondary overvoltage detection
delay time. The detection delay time is calculated as "cell voltage measurement period x the number of cell
voltage measurements".

SOVDLYI[6:0]

Number of cell voltage measurements

0x00 0 (initial value)
0x01 4

0x02 8

0x03 12

0x7D 500

OX7E 504

Ox7F 508

2) The ENSOV bit sets whether the secondary overvoltage detection operation is activated or stopped.

ENSOV Secondary overvoltage detection operation
0 Stop (initial value)
1 Activate

68.SOVDET register (Adrs = 0x45) Note: Unlocking the LOCK register is required before writing.
15 141312 11 [10] o [ 8 [ 7 6 5 | 4 ] 3] 21110
Bit name -l -] - - SOV[11:0]
R/W R R R R |RW |RW | RW |RW|RW|RW]|RW]|RW/|RW/|RW/|RW /| RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SOVDET register is used to set the secondary overvoltage detection threshold.

The SOV[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.
When changing the settings, perform the operation when the ENSOV bit is 0.

The SOV[11:0] bits must be set to a value higher than the overvoltage detection threshold set by the OV[11:0] bits in

the OVDET register.
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69.SETSUV register (Adrs = 0x46) Note: Unlocking the LOCK register is required before writing.
9

15 [14]13]12]11]10 8 7 6 | 5 | 4 | 3 ] 2 ] 1] o
Bit name -l -1 -1-1-1-1-1-1 ENSUV SUVDLYI[6:0]
R/W R|R|R|R|R|R|R|R RIW RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETSUV register is used to set the secondary undervoltage detection operation and detection delay time.

1) The SUVDLY[6:0] bits set the number of cell voltage measurements as the secondary undervoltage detection
delay time. The detection delay time is calculated as "cell voltage measurement period x the number of cell
voltage measurements".

SUVDLY[6:0] Number of cell voltage measurements

0x00 0 (initial value)

0x01 4

0x02 8

0x7D 500

Ox7E 504

Ox7F 508

2) The ENSUV bit sets whether the secondary undervoltage detection operation is activated or stopped.
ENSUV Secondary undervoltage detection operation

0 Stop(initial value)
1 Activate

70.SUVDET register (Adrs = 0x47) Note: Unlocking the LOCK register is required before writing.
2

15 [ 14131 11 w9 [ 8] 7 [6 55 [ a3 2]T17To
Bit name e SUV[11:0]
R/W R|R|R|R|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW|RW,|RW

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SUVDET register is used to set the secondary undervoltage detection threshold.

The SUVI[11:0] bits are defined with a cell voltage measurement resolution of 5000/4095mV.

When changing the settings, perform the operation when the ENSUV bit is "0”.

The SUV[11:0] bits must be set to a value lower than the undervoltage detection threshold set by the UV[11:0] bits in
the UVDET register.

www.rohm.com
© 2026 ROHM Co., Ltd. Al rights reserved. 63/124 FEDL5262
2026.07.30 Rev.002


http://www.rohm.com/

ML5262

Datasheet

71.SOCC register (Adrs = 0x48

Note: Unlocking the LOCK register is required before writing.

15 141312 112 [ 10 [ 9 | 8 7] s 5 [ 4 ] 3] 2] 1o
Bit name ENSOCC | - | - | - SOCCDLY([3:0] - - SOCC[5:0]
R/W RIW R|R|R|RW|RW|RW|RW|R|R|RW|RW/|RW/|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 0|0 0 0 0 0 0 0

The SOCC register is used to set the secondary charging overcurrent detection operation, and the secondary
detection threshold, detection delay time.

1) The SOCC]I5:0] bits set the secondary charging overcurrent detection threshold.

[When the shunt resistor = 0.5mQ]
A unit value of 2.422A (128 x the current-measurement resolution of 18.9212mA) is used for the setting.

Setting range : OA to about 152A

[When the shunt resistor = 1.0mQ]
A unit value of 1.211A (128 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : 0A to about 76A

When changing the settings, perform the operation when the ENSOCC bit is ”0”.

2) The SOCCDLY[3:0] bits set the secondary charging overcurrent detection delay time in the 1s step.

SOCCDLY[3:0] Secondary charging overcurrent detection delay time
0x0 0Os (initial value)
Ox1 Osto 1s
0x2 1sto 2s
0xD 12sto 13s
OxE 13s to 14s
OxF 14s to 15s

3) The ENSOCC bit sets wh

ENSOCC

0

1

Activate

ether the secondary charging overcurrent detection operation is activated or stopped.
Secondary charging overcurrent detection operation
Stop (initial value)
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72.SOCD register (Adrs = 0x49) Note: Unlocking the LOCK register is required before writing.
15

14 [13]12] 112 [ 10 ] o [ 8 [7]6] 5 [ 4 [ 3] 21]11]o
Bitname |ENSOCD | - | - | - SOCDDLY([3:0] - - SOCD[5:0]
R/W RIW R R|R|RW/|RW/|RW|RW|RIR|RW]|RW]|RW/|RW/|RW/|RW
Initial Value 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0

The SOCD register is used to set the secondary discharge overcurrent detection enable, and detection threshold,
detection delay time.

1) The SOCD[5:0] bits set the secondary discharge overcurrent detection threshold.

[When the shunt resistor = 0.5mQ]
A unit value of 9.688A (512 x the current-measurement resolution of 18.9212mA) is used for the setting.
Setting range : OA to about 610A

[When the shunt resistor = 1.0mQ]
A unit value of 4.844A (512 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : OA to about 305A

When changing the settings, perform the operation when the ENSOCD bit is "0”.

2) The SOCDDLY[3:0] bits set the secondary discharge overcurrent detection delay time in the 1s step.

SOCDDLY[3:0] | Secondary discharge overcurrent detection delay time
0x0 0Os (initial value)
Ox1 Os to 1s
0x2 1sto 2s
0xD 12sto 13s
OxE 13s to 14s
OxF 14s to 15s

3) The ENSOCD bit sets whether the secondary discharge overcurrent detection operation is activated or stopped.

ENSOCD Secondary discharge overcurrent detection operation
0 Stop (initial value)
1 Activate

73.SETSOT register (Adrs = 0x4A) Note: Unlocking the LOCK register is required before writing.

15 [ 14 [13]12] 112 [ 10 [ 9 | 8 7 6 | 5 | 4 [ 3] 21 11]o
Bit name I e ENSOT[3:0] - SOTDLY[6:0]
R/W R|R|R|R|RW|RW|RW|RW|R |RW|RW|RW|RW|RW|RW|RW

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SETSOT register is used to set the secondary overtemperature detection using the TEMP pin and its delay time.

1) The SOTDLY][6:0] bits set the detection delay time by the number of temperature measurements.

SOTDLY[6:0] Number of temperature measurements for detection delay
0x00 0 (initial value)
0x01 4
0x02 8
0x7D 500
OX7E 504
OX7F 508

2) The ENSOTJ[3:0] bits set the TEMP pin to which the secondary overtemperature detection operation is applied.

ENSOTIO0] TEMP1 pin ENSOT[1] TEMP2 pin
0 Not applied (initial value) 0 Not applied (initial value)
1 Applied 1 Applied

ENSOT[2] TEMP3 pin ENSOTI[3] TEMP4 pin
0 Not applied (initial value) 0 Not applied (initial value)
1 Applied 1 Applied
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74.S0T register (Adrs = 0x4B) Note: Unlocking the LOCK register is required before writing.

15 [ 14 [ 1312112 Jw ]| 9 [ 8] 7 [ 6 ]5 ] 4]3]21]1T7]o0o
Bit name - - - - SOT[11:0]
R/W R R R R |RW |RW | RW | RW | RW | RW | RW | RIW | RW | RIW | RIW | R/W

Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SOT register is used to set the secondary overtemperature detection threshold.
The SOT[11:0] bits are defined with a voltage measurement resolution of 2500/4095mV at the TEMP pin.
When changing the settings, perform the operation when the ENSOT bit is "0”.

75.SCFET register (Adrs = 0x4C) Note: Unlocking the LOCK register is required before writing.
6 5 4

15 14 1312 11 [ 10 9o [ 8 7 3 [ 2] 1] o
Bit name ENSCF | - | - | - SCFDLY([3:0] - - - SCFET[3:0]
R/W R/W R R R | RW | RW | RW | RW | R R R R | RW | RW | RW | RW
Initial Value 0 o|o|oO 0 0 0 o |olo|oOo]|oO 0 0 0 0

The SCFET register is used to set the charging control FET failure detection operation, detection threshold, and
detection delay time.

When C_FET is in the OFF state, an abnormality is detected if a current equal to or higher than the threshold flows
for a longer time than the detection delay time.

1) The SCFET[3:0] bits set the charging current detection threshold.

[When the shunt resistor = 0.5mQ]
A unit value of 0.302A (16 x the current-measurement resolution of 18.9212mA) is used for the setting.
Setting range : OA to about 4.5A

[When the shunt resistor = 1.0mQ]
A unit value of 0.151A (16 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : OA to about 2.2A

When changing the settings, perform the operation when the ENSCF bit is "0”.

2) The SCFDLY[3:0] bits set the detection delay time in the 1s step.

SCFDLY[3:0] Detection delay time

0x0 0Os (initial value)

Ox1 Osto 1s

0x2 1sto 2s

0xD 12sto 13s

OxE 13sto 14s

OxF 14s to 15s

3) The ENSCEF bit sets whether the charging control FET failure detection operation is activated or stopped.
ENSCF Charging control FET failure detection operation

0 Stop (initial value)
1 Activate
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76.SDFET register (Adrs = 0x4D) Note: Unlocking the LOCK register is required before writing.
6 5

15 14 [13[12] 112 [ 10 [ 9 [ 8 7 4] 3 [ 2] 1] o
Bit name ENSDF - - - SDFDLY[3:0] - - - - SDFET[3:0]
R/W RIW R R R RW | RW | RW | RW | R | R | R | R | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The SDFET register is used to set the discharge control FET failure detection operation, failure detection threshold,
and detection delay time.

When D_FET is in the OFF state, an abnormality is detected if a current equal to or higher than the threshold flows
for a longer time than the detection delay time.

1) The SDFETI[3:0] bits set the discharge current detection threshold.

[When the shunt resistor = 0.5mQ]
A unit value of 1.21A (64 x the current-measurement resolution of 18.9212mA) is used for the setting.
Setting range : 0A to about 18.1A

[When the shunt resistor = 1.0mQ]
A unit value of 0.605A (64 x the current-measurement resolution of 9.4606mA) is used for the setting.
Setting range : 0A to about 9.0A

When changing the settings, perform the operation when the ENSDF bit is "0”.

2) The SDFDLY[3:0] bits set the detection delay time in the 1s step.

SDFDLY[3:0] Detection delay time

0x0 0Os (initial value)

0x1 Osto 1s

0x2 1sto 2s

0xD 12sto 13s

OxE 13s to 14s

OxF 14s to 15s

3) The ENSDF bit sets whether the discharge control FET failure detection operation is activated or stopped.
ENSDF Discharge control FET failure detection operation

0 Stop (initial value)
1 Activate
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77.FUSE register (Adrs = 0x4E) Note: Unlocking the LOCK register is required before writing.
7 5 4 3 2 1 0

6
Bit name ENFUSE | FSDFET | FSCFET FSOT FSOCD FsSoccC FSUV FSoV
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
15 | 14 | 13 | 12 | 11 | 10 | 9 | 8
Bit name TBLOW[7:0]
R/W R/W RIW RIW RIW RIW R/W RIW RIW
Initial Value 0 0 0 0 0 0 0 0

The FUSE register is used to set the external fuse cut-off operation, secondary abnormality detection selection, and
fuse cut time.

1) The ENFUSE bit sets whether the external fuse cut-off operation is activated or stopped.

ENFUSE External fuse cut-off operation
0 Stop (initial value)
1 Activate

By setting the following each bits to "1", an "H" level is output to the FUSE pin when a secondary abnormality is
detected, and the external fuse is cut off. If set to "0", the external fuse will not be cut off even if the
corresponding secondary abnormality is detected.

Bits Secondary abnormality detection that cut-off fuse
FSOV Secondary overvoltage detection
FSUV Secondary undervoltage detection
FSOCC Secondary charging overcurrent detection
FSOCD Secondary discharge overcurrent detection
FSOT Secondary overtemperature detection
FSCFET Charging control FET failure detection
FSDFET Discharge control FET failure detection
2) The TBLOWI[7:0] bits set the fuse cut-off time.
TBLOW][7:0] Fuse cut-off time
0x00 Infinity (initial value)
0x01 Osto 1s
0x02 1sto 2s
0x03 2sto 3s
OxFE 253s to 254s
OxFF 254s to 255s

After the fuse cut-off time has elapsed, a fuse cut completion interrupt (QFUSE) of the INT_REQ3 register will
be generated, and the LSI enters into the sleep state from the next voltage measurement cycle. However, the
LSI will not enter the sleep state until the PSNS pin voltage becomes equal to or lower than the charger
connection detection PSNS pin voltage (Vec1) and the /PUPIN pin becomes an "H" level.

When the TBLOW([7:0] bits are 0x00, the LSI continues to output an "H" level to the FUSE pin, an interrupt is
generated immediately, and the LSI enters the sleep state from the next voltage measurement cycle. Even
after entering the sleep state, the LSI continuously outputs an "H" level to the FUSE pin.

Also, the FUSE bit in the STATUS2 register is set to "1" and retains set until the ENFUSE bit is set to "0".

78.VCELLn register (Adrs = 0x4F ~0x58)

15 [ 1431211 J1ww] o] 876 ][5 [ 4a[3]z2T]T17To

Bit name - - - - VCELLN[11:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 0 0 0 * * * * * * * * * * * *

The VCELLRn registers (n = 1 to 10) store the measurement results of each cell voltage.
The cell voltage measurement resolution is 5000/4095mV.
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79.G1_ICELLn register (Adrs = 0x5A~0x63)

15 | 14 [ 13 ] 12 1n]1w] o8 [ 76 ][5 ] a4]3]21]17]o0o

Bit name G1_ICELLN[15:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The G1_ICELLn registers (n =1 to 10) store the current measurement results when measuring each cell voltage at
current gain is 1x.

The G1_ICELLN [15] bit is the sign bit. It is “0” for charging current and “1” for discharging current. The value is
represented in 2’s complement binary format.
[When the shunt resistor = 0.5mQ]
The current measurement resolution is 18.9212mA.
[When the shunt resistor = 1.0mQ]
The current measurement resolution is 9.4606mA.
If the current gain is not set to 1x in the IGAIN bit of the SEL register, this register stores OxX7FFF.

80.G4_ICELLN register (Adrs = 0x64~0x6D)

15 [ 14 1312 1n]1w] o[8[ 76 [5 ] a]3]27T1T7o0o

Bit name G4_|CELLN[15:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The G4_ICELLnN registers (n = 1 to 10) store the current measurement results when measuring each cell voltage at
current gain is 4x.

The G4_ICELLn [15] bit is the sign bit. It is “0” for charging current and “1” for discharging current. The value is
represented in 2’'s complement binary format.
[When the shunt resistor = 0.5mQ]
The current measurement resolution is 4.7304mA.
[When the shunt resistor = 1.0mQ]
The current measurement resolution is 2.3652mA.
If the current gain is not set to 4x in the IGAIN bit of the SEL register, this register stores 0x7FFF.

81.G1_CURR register (Adrs = Ox6E)

15 | 14 1312 1n]1w00] o9 8 [ 76 5] a3 27T]T17]o0

Bit name G1_CURR[15:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The G1_CURR register store the current measurement result at current gain is 1x. It is updated every 2ms.
The G1_CURRJ[15] hit is the sign bit. It is “0” for charging current and “1” for discharging current. The value is
represented in 2’s complement binary format.
[When the shunt resistor = 0.5mQ]

The current measurement resolution is 18.9212mA.
[When the shunt resistor = 1.0mQ]

The current measurement resolution is 9.4606mA.
If the current gain is not set to 1x in the IGAIN bit of the SEL register, this register stores Ox7FFF.
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82.G4 CURR register (Adrs = 0x6F)

15 [ 14 [ 13 [ 12 [ 11 10 ] 9 [ 8 ] 7 [ 6 5 ] a]3]21]17]o0o

Bit name G4_CURR([15:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

The G4_CURR register store the current measurement result at current gain is 4x. It is updated every 2ms.
The G4_CURRJ[15] bit is the sign bit. It is “0” for charging current and “1” for discharging current. The value is
represented in 2’s complement binary format.
[When the shunt resistor = 0.5mQ]

The current measurement resolution is 4.7304mA.
[When the shunt resistor = 1.0mQ]

The current measurement resolution is 2.3652mA.
If the current gain is not set to 4x in the IGAIN bit of the SEL register, this register stores Ox7FFF.

83.CCL register (Adrs = 0x70)

15 [ 14 [ 13 [ 12 J11 10 ] 9 [ 8] 7 6 5 ] a3 21]17]o0o

Bit name CCL[15:0]
R/W R R R R R R R R R R R R R R R R
Inltlal Value * * * * * * * * * * * * * * * *

The CCL register stores the lower 16 bits of the coulomb counter. It is updated every cycle set by the CC[1:0] bits in
the PERIOD register.

The current integration unit is expressed by the following formula.
"Current measurement resolution” * 0.002(CURR measurement period) / 3600[Ah]
When the shunt resistance is 0.5mQ, the current measurement integration unit is 10.5118nAh.

84.CCH register (Adrs = 0x71)

155 [ 141312 ]uuJw]o[ss 7 [ee s [ a]3]2]1]Jo

Bit name CCH[15:0]
R/W R R R R R R R R R R R R R R R R
Inltlal Value * * * * * * * * * * * * * * * *

The CCH register stores the upper 16 bits of the coulomb counter. It is updated every cycle set by the CC[1:0] bits in
the PERIOD register.

The CCHI15] bit is the sign bit. It is “0” for charging current and “1” for discharging current. The value is represented
in 2’s complement binary format.

The CCH register value is updated when the CCL register, which holds the lower data, is read, so read the two
registers consecutively in the order of the CCL and CCH.

85.INTEGCL vregister (Adrs = 0x72)

15 14312 unfJw]o[s]7[ee 5 [ a]3]2]1]Jo
Bit name INTEGCL[15:0]
R/W RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The INTEGCL register stores the lower 16 bits of the coulomb counter. The G1_CURR register value or G4_CURR
register value is integrated every 2 ms against the value set in the INTEGCL register.
The current integration unit is expressed by the following formula.
"Current measurement resolution” * 0.002(CURR measurement period) / 3600 * 4[Ah]
When the shunt resistance is 0.5mQ, the current measurement integration unit is 42.048nAh.
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86.INTEGCH register (Adrs = 0x73)

15 [ 14 [ 1312 11]J1w] 9] s8] 76 5] 4] 3 2 1 0

Bit name INTEGCH[15:0]
R/W RW | RW | RW | RW | RW | RW | RW | RW | RIW | RIW | RIW | RIW | RW | RW | RW | RIW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The INTEGCH register stores the upper 16 bits of the coulomb counter. It is updated every 2ms.
The INTEGCH]I15] bit is not a sign bit. The remaining battery capacity is displayed in straight binary format.
[Notes on Register Read and Write Operations]
The INTEGCH register value is updated when the INTEGCL register, which holds the lower data, is read, so
read and write the two registers consecutively in the order of the INTEGCL and INTEGCH.

87.TEMPn register (Adrs = O0x74~0x77)

15 [ 14 [ 13 [ 12 111w 9 [ 8] 7 []s6[5[4a4]3]21]17Jo
Bit name - - - - TEMPN[11:0]
R/W R R R R R R R R R R R R R R R R

Initial Value 0 0 0

0 * * * * * * * * * * * *

The TEMPn register (n = 1 to 4) stores the voltage measurement result of the TEMPn pin (n = 1 to 4).
The voltage measurement resolution of the TEMPn pin is 2500/4095mV.

88.PSNS register (Adrs = 0x78)

15 | 14 | 131211 J10] o] 8] 7 ]s6 55 [ 4] 3] 21]T117]o0o

Bit name - - - - PSNS[11:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 0 0 0 * * * * * * * * * * * *

The PSNS register stores the measurement result of the PSNS pin voltage scaled down to 1/32.
The voltage measurement resolution of the PSNS pin is 32*2500/4095mV.

89.RSNS register (Adrs = 0x79)

15 [ 14 1312 uuJw] ][ o[8[ 7[]ee 5[ a4]3][2]1]o

Bit name - - - - RSNS[11:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 0 0 0 * * * * * * * * * * * *

The RSNS register stores the measurement result of the RSNS pin voltage scaled down to 1/32.
The voltage measurement resolution of the RSNS pin is 32*2500/4095mV.

90.VDD register (Adrs = 0x7A)

15 | 14 | 13 [ 12 [ 11 [ 10 ] o [ 8 [ 7 [ 6 | 5 [ 4] 3] 21110

Bit name - - - - VDD[11:0]
R/W R R R R R R R R R R R R R R R R
Initial Value 0 0 0 0 * * * * * * * * * * * *

The VDD register stores the measurement result of the VDD pin voltage scaled down to 1/32.
The voltage measurement resolution of the VDD pin is 32*2500/4095mV.
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91.VGAIN register (Adrs = 0x7B)

15 [ 14131211 ]10] 9] 8 7 6 | 5 4 [ 3 ] 2 ] 1] o
Bit name - - - - - - - - - VGAIN[6:0]
R/W R R R R R R R R R | RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The VGAIN register is used to set the gain correction value of the cell voltage measurement result.
The relationship between the VGAIN[6:0] bits and the gain correction value is shown below.

Gain correction value = 1 + 2°(-11) * VGAIN (2’s complement binary)

The initial value stores a correction value obtained during the LSI manufacturing process.

VGAIN[6:0] Gain correction value VGAIN[6:0] Gain correction value
0x00 1.0000 0x40 0.9688
0x01 1.0005 0x41 0.9692
0x02 1.0010 0x42 0.9697
0x03 1.0015 0x43 0.9702
0x3C 1.0293 0x7C 0.9981
0x3D 1.0298 0x7D 0.9985
0x3E 1.0303 OX7E 0.9990
0x3F 1.0308 Ox7F 0.9995
92.VOFST register (Adrs = 0x7C)
15 14131211 ]10] 9 8 7 | 6 | 5 4 [ 3] 21T 1o
Bit name - - - - - - - - VOFST[7:0]
R/W R R R R R R R R | RW | RW | RW | RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The VOFST register is used to set the offset correction value of the cell voltage measurement result.

The relationship between the VOFST[7:0] bits and the offset correction value when the cell voltage measurement
resolution LSB = 5000/409mV is shown in the table below.
The initial value stores a correction value obtained during the LSI manufacturing process.

VOFST[7:0] | Offset correction value VOFSTI[7:0] Offset correction value
0x00 0 0x80 -128LSB
0x01 +1L.SB 0x81 -127LSB
0x02 +2L.SB 0x82 -126LSB
0x03 +3LSB 0x83 -125LSB
0x7D +125LSB OxFD -3LSB
OX7E +126L.SB OxFE -2LSB
OX7F +127L.SB OxFF -1L.SB

The VGAIN and VOFST registers store correction values obtained during the LSl manufacturing process. When
performing recalibration, it is recommended to first rewrite the VGAIN and VOFST registers to 0x00, then measure the
cell voltage at an arbitrary cell voltage, calculate the correction values, store them in an MCU or equivalent the LSI,
and finally set those values to the VGAIN and VOFST registers.
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93.CC_CAL register (Adrs = 0x7D)

15 | 14 131211 ]10] 9 [ 8] 7 6 5 4 3211 0

Bit name CAL_FS[8:0] - - |zscAL| - | - | - | FS_CAL
R/W RW | RW | RIW | RW | RIW | RW | RIW | RW | RW | R R RIW R|R|R RIW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The CC_CAL register is used to set the calibration of the coulomb counter.

1) The FS_CAL bitinitiates full-scale calibration.
Input the potential difference across the shunt resister when the maximum discharge current flows through it
between the ISP-ISM pins from outside. After the calibration is completed, the QCCCAL bit in the INT_REQ2
register is set.

FS_CAL Full-scale calibration
0 Completed (initial value)
1 Execute

2) The ZS_CAL bit initiates zero-scale calibration.
After the calibration is completed, the QCCCAL bit in the INT_REQ2 register is set.

ZS_CAL Zero-scale calibration
0 Completed (initial value)
1 Execute

3) The CAL_FS[8:0] bits set the input full scale when full-scale calibration is executed.
When the current gain is set to 1x,
[When the shunt resistor = 0.5mQ)]
Set CAL_FS[8:0] to a value in the range of 0x003 to 0x136 (-6A to -620A).
[When the shunt resistor = 1.0mQ]
Set CAL_FS[8:0] to a value in the range of 0x003 to 0x136 (-3A to -310A).
When the current gain is set to 4x,
[When the shunt resistor = 0.5mQ)]
Set CAL_FS[8:0] to a value in the range of 0x003 to 0x136 (-1.5A to -155A)
[When the shunt resistor = 1.0mQ]
Set CAL_FS[8:0] to a value in the range of 0x003 to 0x136 (-0.75A to -77.5A)

Xif the set full-scale current is insufficient, the calibration accuracy may decrease.
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The flow chart for executing the coulomb counter calibration is shown below. Calculate the calibration values
following the flowchart corresponding to each current-gain multiplier.

register

v

Write to CC_CAL
register

v

current

v

Write to CC_CAL
register

v

QCCCAL
bit = "1"?

Write to INT_REQ2
register

v

Zero current

v

Write to CC_CAL
register

v

QCCCAL
bit = "1"?

Write to INT_REQ2
register

v

Writeto SEL | ...

Apply discharge | ___________

Read
G1_CC_GAIN and
G1_CC_OFST register
or
G4_CC_GAIN and
G4_CC_OFST register

A 4

( pone )

Set the gain multiplier in the IGAIN bit.

Set the discharge current value in the CAL_FS[8:0] bits.

Apply the discharge current set in the CAL_FS[8:0] bits.

Set the FS_CAL bit to "1” and execute the full-scale calibration.

Wait until the coulomb counter calibration completion interrupt
(QCCCAL) in the INT_REQ2 register occurs.

Set the QCCCAL bit in the INT_REQ2 register to "1" and clear
the QCCCAL interrupt.

Stop applying the discharge current and stop current flow.

Setthe ZS_CAL bit to "1" and execute the zero-scale calibration.

Wait until the coulomb counter calibration completion interrupt
(QCCCAL) in the INT_REQ2 register occurs.

Set the QCCCAL bit in the INT_REQ2 register to "1" to clear the
QCCCAL interrupt.

When the gain multiplier preset by the IGAIN bit is 1x, the
calibration results are stored in the G1_CC_GAIN and
G1_CC_OFST registers. When it is 4x, the results are stored in
the G4_CC_GAIN and G4_CC_OFST registers. Store each
register value in the external MCU.

After the initialization from power-up is completed, the
G1_CC_GAIN and G1_CC_OFST, G4_CC_GAIN and
G4_CC_OFST register values are initialized to the values stored
in the OTP memory, so set each register value saved in the
MCU.
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94.G1_CC_GAIN register (Adrs = OX7E)

15 [ 14 [ 3 [ 12 11 [ 10] o] 8] 7 [5s6]5s5 ] a]3]21]17]]o
Bit name G1_CC_GAIN[15:0]
R/W RW | RW | RW | RW | RW | RW | RIW | RIW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RW

Initial Value 01|01 |01 | 01|01 |01 |O01]|O01]|01]|O01]|O01]|01]|01]|O01]01] 01

The G1_CC_GAIN register is used to set the gain correction value for the current measurement result when the gain
is 1x. The initial value is the correction value determined during the LSI manufacturing process.
The relationship between the G1_CCGAIN[15:0] bits and the gain correction value is as follows:

Gain correction value = 1 + 27(-13) * 3* G1_CC_GAIN (2's complement binary)

G1_CC_GAIN[15:0] | Gain correction value G1_CC_GAIN[15:0] | Gain correction value
0x0000 1.0000 0x8000-0xF555 Setting prohibited
0x0001 1.0004 0xF556 0.0002
0x0002 1.0007 0xF557 0.0006
0x0003 1.0011 0xF558 0.0010
OX7FFC 12.9985 OXFFFC 0.9985
0X7FFD 12.9989 OXFFFD 0.9989
OX7FFE 12.9993 OXFFFE 0.9993
OX7FFF 12.9996 OXFFFF 0.9996

95.G1_CC_OFST register (Adrs = 0x7F)

15 | 14 [ 13] 1211 ]1w] o] 8 [7]e6e 5] a3 21]T17]o0o
Bit name G1_CC_OFST[15:0]
R/IW RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RIW | RW | RW | RW | RW | RIW

Initial Value 01|01 |01 |01 )|01)|01)|01)|01|01)|01]|01)|01]|01]|01]|01]| 01

The G1_CC_OFST register is used to set the offset correction value for the current measurement result when the
gain is 1x. The initial value is the correction value determined during the LS| manufacturing process.

The relationship between the G1_CC_OFST[15:0] bits and the offset correction value at the current measurement
resolution LSB = 18.9212mA when the shunt resister is 0.5 mQ.

G1_CC_OFST[15:0] | Offset correction value G1_CC_OFST[15:0] | Offset correction value

0x0000 0 0x8000 -32768LSB

0x0001 +1LSB 0x8001 -32767LSB

0x0002 +2L.SB 0x8002 -32766LSB

0x0003 +3LSB 0x8003 -32765LSB

OX7FFC +32765LSB OXFFFD -3LSB

OX7FFD +32766LSB OXFFFE -2LSB

OX7FFE +32767LSB OXFFFF -1LSB
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96.G4 CC_GAIN register (Adrs = 0x80)

15 14 [ 13 12]1mJ1w] 9] s 765 ] 4] 3] 21]1T7o0o0
Bit name G4_CC_GAIN [15:0]
R/W RW | RW | RW | RW | RIW | RW | RIW | RIW | RW | RIW | RIW | RW | RIW | RIW | RIW | R/W

Initial Value | 0/1 | 0/1 | O/1 | O/1 | O/1 | O/1 | O/1 | O/1 | O/ | O/1 | O/1 | O/ | O/1 | O/1 | O/1 | O1

The G4_CC_GAIN register is used to set the gain correction value for the current measurement result when the gain
is 4x. The initial value is the correction value determined during the LSI manufacturing process.
The relationship between the G4_CCGAIN[15:0] bits and the gain correction value is as follows:

Gain correction value = 1 + 27(-13) * 3 * G4_CC_GAIN (2’s complement binary)

G4_CC_GAIN [15:0] | Gain correction value G4_CC_GAIN [15:0] | Gain correction value
0x0000 1.0000 0x8000-0xF555 Setting prohibited
0x0001 1.0004 0xF556 0.0002
0x0002 1.0007 OxF557 0.0006
0x0003 1.0011 0xF558 0.0010
0X7FFC 12.9985 OXFFFC 0.9985
Ox7FFD 12.9989 OXFFFD 0.9989
OX7FFE 12.9993 OXFFFE 0.9993
OX7FFF 12.9996 OXFFFF 0.9996

97.G4 CC_OFST register (Adrs = 0x81)

15 [ 14 [ 13 [ 12 11 J10] o] 8] 7 [5s6 ][5 ] a]3]2]17]o
Bit name G4_CC_OFST [15:0]
R/W RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW | RW

Initial Value 01|01 |01 |01]|01|01|O01]|01]|01]|01]|01]|01]01]|01]01] 01

The G4_CC_OFST register is used to set the offset correction value for the current measurement result when the
gain is 4x. The initial value is the correction value determined during the LS| manufacturing process.

The relationship between the G4_CC_OFST[15:0] bits and the offset correction value at the current measurement
resolution LSB = 4.7304mA when the shunt resister is 0.5 mQ.

G4_CC_OFST [15:0] | Offset correction value G4_CC_OFST [15:0] | Offset correction value

0x0000 0 0x8000 -32768LSB

0x0001 +1L.SB 0x8001 -32767LSB

0x0002 +2L.SB 0x8002 -32766LSB

0x0003 +3LSB 0x8003 -32765LSB

OX7FFC +32765LSB Oxléi:.FD -3I'_“SB

Ox7FFD +32766LSB OXFFFE -2L.SB

OxX7FFE +32767L.SB OxFFFF -1L.SB
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98.RTEMP12 register (Adrs = 0x82)

15 [ 14 [ 13 J12 [ 11 [10] 9 | 8 7 | 6 ] 5 ] a 3] 21]11]o
Bit name RTEMP2[7:0] RTEMP1[7:0]
R/W RW | RW | RW | RW | RW | RW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | R/W
Initial Value 0101 |01 |01)|01]|01|01]|01)|01]|01]01]|01]|01]|01]|01]| 01

The RTEMP12 register sets the correction value for the 10kQ pull-up resistors on the TEMP1 and TEMP2 pins.
The initial value is the correction value determined during the LSI manufacturing process.

The relationship between the RTEMP1[7:0] bits and correction values is shown in the table below. The LSB is set to

20Q. RTEMP2[7:0] has the same format.
The RTEMP12 register value can be rewritten, but it does not affect the temperature detection operation.

RTEMP1[7:0] Correction value RTEMP1[7:0] Correction value
0x00 0 0x80 -128LSB (-2560Q)
0x01 +1LSB (+20Q) 0x81 -127LSB (-2540Q)
0x02 +2LSB (+40Q) 0x82 -126LSB (-2520Q)
0x03 +3LSB (+60Q) 0x83 -125LSB (-2500Q)
0x7D +125LSB (+2500Q) OxFD -3LSB (-60Q)
OX7E +126LSB (+2520Q) OXFE -2LSB (-40Q)
OX7F +127LSB (+2540Q) OXFF -1LSB (-20Q)
99.RTEMP34 register (Adrs = 0x83)
15 [ 14 [ 13 12 11 [10] 9 ] 8 7 | 6 [ 5 ] a[3]21]T11]o0o
Bit name RTEMPA4[7:0] RTEMP3[7:0]
R/W RW | RW | RW | RW | RW | RIW | RW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW | RIW
Initial Value 01|01 |01 |01]|01]|01]01]O01)|01|01|01]|01]|01]|01]|01]001

The RTEMP34 register sets the correction value for the 10kQ pull-up resistors on the TEMP3 and TEMP4 pins.
The initial value is the correction value determined during the LSI manufacturing process.

The relationship between the RTEMP3[7:0] bits and correction values is shown in the table below. The LSB is set to

20Q. RTEMPA4([7:0] has the same format.
The RTEMP34 register value can be rewritten, but it does not affect the temperature detection operation.

RTEMP3[7:0] Correction value RTEMP3[7:0] Correction value
0x00 0 0x80 -128LSB (-2560Q)
0x01 +1LSB (+20Q) 0x81 -127LSB (-2540Q)
0x02 +2LSB (+40Q) 0x82 -126LSB (-2520Q)
0x03 +3LSB (+60Q) 0x83 -125LSB (-2500Q)
0x7D +125LSB (+2500Q) OxFD -3LSB (-60Q)
OX7E +126LSB (+2520Q) OxFE -2LSB (-40Q)
OX7F +127LSB (+2540Q) OxFF -1LSB (-20Q)
100.0TPACPT register (Adrs = 0x84)
15 [ 14 [ 13 [ 1211 [100] 9 [ 8 [ 7] [5]a[3]2T]17]o
Bit name - OTPACPTI[7:0]
R/W R R R R R R R R | RW | RW | RW |RW | RW | RW | RW | RW
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
The OTPACPT register is used to set the access permission for the OTP register.
Setting the OTPACPT[7:0] bits to OxC3 permits access to the OTP register. The access permission for the OTP
register will remain enabled unless the setting is changed from 0xC3.
Note that when the OTPACPT[7:0] bits are set to OxC3, the INTEGCL and INTEGCH register values will not be
updated.
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101.0OTP register (Adrs = 0x85)

15 (14 ({13 |12 |11 |10 9 | 8 | 7 6 5 4 3 2 1 0
Bit name - - - - - - - - - | LDWA | LDER | LOAD - - - -
R/W R|R|R|R|R|R|R|RI|R R R RIW R R R R
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The OTP register is used to set the load operation of the OTP memory.
Before accessing the OTP register, set the OTPACPT register to 0xC3.

When the LOAD bit is set to "1”
[Operation]
 The contents of the OTP memory are loaded into each register.
- When the load operation is completed, the LOAD bit is reset to "0", and the QOTP bit in the INT_REQ2
register is set to "1".

[When an error is detected during the load operation]
- The LDER bit is set to "1", an "H" level is output to the FUSE pin regardless of the FUSE register and
POWER register settings, and the LSI enters the sleep state.
- At this time, the FUSE bit in the STATUS2 register is set to "1".
- Even after entering the sleep state, the LSI outputs an "H" level continuously to the FUSE pin.

[Note]
- If a load error is detected, the LSI cannot return to the normal state from the sleep state.
- If a load operation is performed after a power-supply comparator abnormality is detected, the LDWA bit is
setto "1”.

That all register access is prohibited during the load operation of the OTP memory. Therefore, before accessing
each register, set the EOTP bit in the INT_EN2 register to "1" and detect the occurrence of a QOTP interrupt on the
/INTO pin output.
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+ Cell Connection Method
When the number of connected cells is 9 or less, connect the Vn pin from the lower cell, and connect the unused Vn pin
to the top cell via a resistor.

When connecting 9 cells When connecting 4 cells
+—W——¢—— VDD "—’W\/'T VDD
o 2
—W—— V10 1 V10
V9
"—'W\/’T V9 V8
“mm V7
E/,M+. V8 V6
V5
p S
fp R
p ST
W
T T .
: | 3w
1 1
1 1
\ | E‘WV‘+ V2
1 € Rl
I e e A v
- J— - j—
I GND 1_ GND
77 777
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- Power-on/off Sequence
At power-up, it is recommended to connect the battery
VDD terminals. If this connection order is not followed,

cells in order from the lower cells after connecting the GND and
the voltage between the cell connection terminals Vn+1 and Vn

may exceed the absolute maximum rating, which can result in the LSI destruction.

At power-off, remove the cell connections starting from
in that order.

the highest cell, and disconnect the VDD and GND terminals last,

Also, when evaluating or inspecting using a battery simulator or similar, pay careful attention to the procedures for
connecting and disconnecting the power supply so that the voltage between the cell connection terminals Vn+1 and Vn

does not exceed the absolute maximum rating.

For terminal protection, it is recommended to add external TVS diodes as illustrated below. Ensure adequate evaluation is
performed when using the LS| with the added TVS diodes.

ML5262

Cell selection
Cell balancing

Connect the battery cells to each cell-connection termi
advance.

nal Vn after the battery cells have been connected in series in

Connecting battery cells one by one when they are not already connected in series is prohibited, as the voltage between
the Vn+1 and Vn terminals may exceed the absolute maximum rating and cause the LSI destruction.

At power-up, ensure that the power-supply voltage rises to 4.5V or higher within 5ms.

Note that the initial state after power-up starts from the over-discharge detection state. Therefore, until the LSI transitions
to the over-discharge release state, apply a voltage equal to or higher than the PSNS charger-connection detection
threshold Vpc1 to the PSNS terminal, or input an “L” level to the /PUPIN terminal.

For details, refer to the Power-Up and Sleep-Release

Characteristics section.

After power-on and after a power-up operation, an initialization sequence is executed. Therefore, perform all initial
settings only after the QRDY bit in the INT_REQL1 register is set. Accessing any register before the QRDY bit is set is

prohibited.

The operation timing chart during power-up after power-on is shown below.

When power up

/PUPIN
tPUF 5.0V
V
VREG50 RRs0
oV
3.3V
VRR33
VREG33
o 1.5V
VDDL Vrris
ov
A Vv
FETG-FETS
oV
12C/SPI IreTe o Hawy Haw ——
QRDY bit
tRDY
QUVR bit
Operating status | >4+—>< > < >
P d FPower down state \ Normal state
— Initializing
Resetting
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- Measurement Sequence
The ML5262 repeatedly measures cell voltage, temperature, and PSNS, RSNS, VDD pin voltage and current in a
specified sequence.
The sequences of various voltage and current measurements are shown below.

[Number of connected cells = 10cells, with all TEMP pins measurements]

Voltage measurement | Wait Cell-1 Cell-2 - Cell-10| T1 | T2 | T3 | T4 | PS| RS |VDD Wait
Current measurement [ CURR | CURR | CURR | i | CURR | CURR | CURR | CURR CU?RR ---- CURR
2ms><5: 2ms 2ms 2ms 2ms 2ms 2ms 2nf‘ls W
37ms
400ms@TVC[1:0]1=0x3. Normal state !

The current measurement results when measuring each cell voltage, are stored in the G1_ICELLn or G4_ICELLn
registers and the G1_CURR or G4_CURR registers. The resistance value of the battery cell can be
obtained from the simultaneous measurement results of each cell's voltage and current.

[Number of connected cells = 4cells, with onlyl measuring TEMP1 pin]

Voltage measurement | Wait Cell-1 Cell-2 Cell-3 Cell-4 [ T1 | PS| RS |VvDD Wait
Current measurement | CURR | CURR | CURR | CURRI CURR | CURR | CURR ---- CURRE
2msx5; 2ms 2ms 2ms 2ms 2ms 2ms W
22ms :
400ms@TVC[1:0]=0x3. Normal state i

The unmeasured voltage measurement sequence will be deleted according to the number of connected battery cells
and the measurement TEMP pin set in the SEL register, but the cell voltage measurement cycle set in the PERIOD
register will not change.
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* Cell Voltage Measurement Function
The cell voltages are measured starting from the lowest cell up to the number of connected cells specified by the
CELL[3:0] bits in the SEL register. The measurement time for each cell voltage is 2ms (typ.), and the result is stored in
the VCELLn registers. The cell voltage measurement results should be read after the voltage measurement completion
interrupt (QVM) bit set. Each VCELLn register is updated with the new measurement result for every cell voltage
measurement cycle set by the TVC[1:0] bit in the PERIOD register.

The following is a timing chart showing cell voltage (number of connected battery cells = 10 cells) and temperature
measurements at all TEMPn pins.

Voltage measurement| Wait Cell-1 Cell-2 ---- | Cell-10 | T1 [ T2 | T3 | T4 | PS | RS |VDD

VCELLA1 register X

VCELL2 register X

[ : : : : : : : oo

i i i i i i i R

VCELL10 register § § : i i i IR

QUM bit i i i i i i L]

PR SRS S U N PR N A I

2msx5' 2ms ' 2ms ' "' 2ms ' 2ms ' 2ms  '1ms'1ms 1ms
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+ Temperature Sensor Measurement

Connect a thermistor to each TEMPn pin as shown below. A pull-up resistor of 10 kQ (typ.) is built in between each
TEMP pin and the VREF25 pin, and the pull-up resistor is automatically connected when measuring the voltage at each
TEMP pin according to the setting of the RPUP[3:0] bits in the SETOTUT register. The pull-up resistor correction value is
stored in the RTEMP12 and RTEMP34 registers, so use them when calculating the temperature.

ML5262
2.5V o ,JWVREF25
3 T
10kQ
o )| [ EMP1

(\

%mm
1 L TEMP2

S allay

(\

D—/C
ADC Y4
- %10"0 LTEMPS

Srulllay

oWT-

% 10kQ
—o ol []TEM P4

Cell voltage 40—'

Y

The TEMP pin voltage is measured in order, starting from TEMP1, for the TEMP pin specified by the TSEL[3:0] bits in the
SEL register.

The measurement time for each TEMP pin voltage is 1ms (typ.), and the measurement result is stored in the TEMPn
register. The TEMP pin voltage measurement result should be read after the voltage measurement completion interrupt
(QVM) bit has been set. Each TEMPn register is updated with a new measurement result for every cell voltage
measurement cycle set by the TVC[1:0] bits in the PERIOD register.

The following is a timing chart showing temperature measurements at all TEMP pins when the number of connected
battery cells is 10.

Voltage measurement Cell-10 TEMP1 | TEMP2 | TEMP3 | TEMP4 PS RS VDD
TEMP1 register X
TEMP2 register X

1 1 1 1 1 1 1 i 1

: I
TEMP4 register : : § i X | i |
QVM bit i i i 5 i i i '
e e e e e S

2ms "1ms ' 1ms ' 1ms ' 1ms ' 1ms ' 1ms 1ims '
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Voltage measurement for each TEMP pin begins after a stabilization time of 0.94ms (typ.) has elapsed since the built-in
pull-up resistor was connected. If connect a capacitor to each TEMPn pin, select a capacitance value that will allow the
TEMP pin voltage to stabilize within this time.

Voltage measurement TEMP1 TEMP2 TEMP3 TEMP4

TEMP1 pin voltage | _| RN P P P

TEMP2 pin voltage : : 5 ' ;

| ; i P P P
| i ! | H H H '
TEMP4 pin voltage | | § P P 5 L

TWTT=O-94“:1S : Torr 00 Twrr 0 Ty

AD conversion 0.06ms
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* PSNS / RSNS / VDD Pin Voltage Measurement

The voltage measured is the input voltage at the PSNS, RSNS, and VDD pins divided by 1/32.
The measurement circuit inside the LS| is shown below.

VDD RSNS PSNS
T by
A A
1—0/0
RSNSPU >——> ‘O\
2MQ(Typ)
‘\ R1:R2=31:1
R1+R2 = 20MQ(typ) —L1VREF25
500kQ(Typ) R1
+
PSNSPD >—>
7_]7 R2 — ADC
Cell voltage
TEMP

The measurement time for each of the voltages at the PSNS, RSNS, and VDD pins is 1ms (typ.), and each measurement
result is stored in the PSNS, RSNS, and VDD registers. Read the measurement results of PSNS, RSNS, and VDD pin
voltages after the voltage measurement completion interrupt (QVM) bit has been set.

The PSNS, RSNS, and VDD registers are updated with a new measurement result for every cell voltage measurement
cycle set by the TVCJ[1:0] bits in the PERIOD register.

The voltage measurements at the PSNS, RSNS, and VDD pins start after the internal 1/32-divider resistors are connected
and a setting time of 0.94 ms (typ.) has elapsed, similar to the TEMP pin.

The pull-down resistor of the PSNS pin and the pull-up resistor of the RSNS pin are automatically connected depending on
the abnormal-detection status. However, when controlling the connection from the MCU, control it using the ENRSNS,
PSNSPD, and ENPSNS, RSNSPU bits in the POWER register.

By measuring the voltage at the RSNS and PSNS pins, the load connection status of the battery pack output can be
determined.

[When in a discharge over-current or short-circuit detection state]
A 2 MQ pull-up resistor is connected to the RSNS pin (to detect load disconnection at the battery-pack output).

When the RSNS pin voltage becomes the voltage Vri, which is close to the VDD voltage, the LSI recognizes a
load-disconnect condition.

[When in a charge over-current or over-discharge detection state]
A 500 kQ pull-down resistor is connected to the PSNS pin (to detect charger disconnection at the battery - pack
output).
When the PSNS pin voltage becomes the voltage VeLu, which is lower than the VDD pin voltage, the LSI
recognizes a charger-disconnect condition.

The charger-disconnect detection during charge over-current is performed by comparing the voltage difference VeLu
between the VDD-pin voltage-measurement result (VDD register value) and the PSNS-pin voltage-measurement result
(PSNS register value).

Similarly, pre-discharge-completion detection is performed by comparing the voltage difference between the VDD -pin
voltage-measurement result (VDD register value) and the RSNS-pin voltage-measurement result (RSNS register value).
In addition, the voltages at the PSNS, RSNS, and VDD pins are not measured in the power-save state.
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* Current Measurement
The voltage between the ISP pin and ISM pin is measured every 2 ms using a 16-bit /I ADC, and the result is stored in
the G1_CURR register or C4_CURR register.
[Current-gain of 1x]
When shunt resistor is 0.5mQ, the current measurement resolution is 18.9212mA.
When shunt resistor is 1.0mQ, the current measurement resolution is 9.4606mA.
[Current-gain of 4x]
When shunt resistor is 0.5mQ, the current measurement resolution is 4.7304mA.
When shunt resistor is 1.0mQ, the current measurement resolution is 2.3652mA.
In addition, the current measurement results are stored in the G1_ICELLn or G4_ICELLnN registers synchronized with the
cell voltage measurement cycle of each cell, making it possible to calculate the resistance value of each cell.
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* Current-gain Adjustment Function
The current gain for the voltage between the ISP and ISM pins can be changed to 1x or 4% by using the IGAIN bit in the
SEL register. The recommended operations for switching between 1x and 4x are shown below.

[When switching from 1x to 4x]

After reading the G1_CURR register and confirming that no current abnormality is present, perform the gain

switching.

[When switching from 4x to 1x]

After detecting the QORG interrupt output, perform the gain switching.

During the AZ-ADC settling time after the gain switching, the various current-measurement result registers store the
invalid value Ox7FFF. After the settling time has elapsed, the measurement results are stored in the G1_CURR and
G4_CURR registers and the G1_ICELLn and G4_ICELLn registers according to the current-gain setting.

If the gain is switched during a voltage -measurement sequence, the G1_ICELLn and G4_ICELLnN registers will store the
invalid value 0x7FFF for that measurement sequence, and valid measurement results will be stored starting from the next
measurement sequence. If you need valid results starting from that next measurement sequence, the timing of the gain
switching triggered by the QVM interrupt output depends on the setting of the TVC[1:0] bits in the PERIOD register.

TVC[L:0] bit

The timing of the gain switching triggered by the QVM interrupt output

0x0

Within ticvaL1

Ox1

Within ticvaL2

0x2

Within ticvais

0x3

Within ticvaLs

The differences in the sequences when switching the current gain at tICVAL1, tICVAL2, tICVALS3, and tICVAL4,
compared with switching at other timings, are shown below.

[Switching the IGAIN bit within the ticvaL1,2,3.4]

Voltage measurement

Wait | Cell-1 | Cell-2 | ---- [Cell-10| Other voltages |Wait

G1 or G4_ICELL1 register

0x7FFFé |

R S

G1 or G4_ICELL2 register
1

OX7FFF|

1
G1 or G4_ICELL10 registe

OXTFFF.

| - =} - -~ fo——=]

QVM bit | it

IGAIN bit

v
ICVAL1,2,3,4

When the IGAIN bit is switched within the ticvaL1,2,34 interval after the rising edge of the QVM bit, the measurement
results are stored in the G1_ICELLn or G4_ICELLn registers starting from that measurement sequence.

[Switching the IGAIN bit outside the ticvaL1,2,3.4]

Voltage measurement

) L
| Wait |Ce||-1HOther voltages|

| Wait |CeII-1 |Ce||—2! --- |Ce||-1dOther voltages

G1 or G4_ICELL1 register

{ OX7FFF

—

G1 or G4_ICELL2 register
1

1L

G1 or G4_ICELL10 register

i

—

OX7FFF :
Ox7FFF |

I

~~L_ L
~— T—

QVM bit | t

ICVAL12,3,4

GAINbitL &+ |

When the IGAIN bit is switched outside the ticvaLi,2,34 time windows after the rising edge of the QVM bit, the
measurement results are stored in the G1_ICELLn or G4_ICELLn registers starting from the next measurement

sequence.
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* Coulomb Counter
The LSI has a coulomb counter that integrates the current measurement results.
The results of integration over the cycle specified by the CC[1:0] bits of the PERIOD register are stored in the CCL and
CCH registers, and the results of continuous integration are stored in the INTEGCL and INTEGCH registers.
The CCL and CCH registers are updated at the specified cycle, so read the register values each time the coulomb
counter integration completion interrupt (QCC) in the INT_REQZ1 register occurs and have the MCU accumulate the
values. The remaining battery capacity can be calculated considering the battery cell's self-discharge amount.
By simply setting the battery capacity value when the battery is fully charged, the remaining battery capacity can be
determined using the INTEGCL and INTEGCH registers, eliminating the need for integration by the MCU.

The setting unit of the CCL register is as follows:
Current measurement resolution * 0.002 (CURR measurement period) / 3600 [Ah]
*When the shunt resistance is 0.5mQ, it is 10.5118nAh.

The setting unit of the INTEGCL register is as follows:
Current measurement resolution * 0.002(CURR measurement cycle) / 3600 * 4 [Ah]
*When the shunt resistance is 0.5mQ, it is 42.048nAh.

» Cell Balancing Function
If the difference between the cell voltage measurement result and the lowest cell voltage is equal to or higher than the cell
balancing start potential difference set in the CBALST[11:0] bits in the CBALST register and the cell voltage is equal to or
higher than the cell balancing permission voltage set in the CBALEN[11:0] bits in the CBALEN register, cell balancing is
performed outside the cell voltage measurement period.
If the highest cell voltage is an even cell, cell balancing will be performed on the even cells that satisfy the cell balancing
conditions. Similarly, if the highest cell voltage is an odd cell, cell balancing will be performed on the odd cells that satisfy
the cell balancing conditions.
Cell balancing ends when the potential difference between the cells being balanced falls below the cell balancing end
potential difference set by the CBALSP[11:0] bits in the CBALSP register, or when the cell voltage being balanced falls
below the cell balancing permission voltage.

The cell balancing execution period is shown below. The cell balancing execution time varies depending on the cell voltage
measurement cycle.

Voltage | [cell voltage TEMP1| PSNS | RSNS | VDD Ii Cell voltage TEMP1| PSNS | RSNS | VDD Ii‘(:ell voltage

measurement

< » < »
<« » <« >

Cell balancing period Cell balancing period

\ 4
\ 4

< <
<« <

Cell voltage measurement cycle Cell voltage measurement cycle

Please select the external resistance value RceLL and capacitance value Ccew for each Vn pin so that the Vn pin input
voltage stabilizes within the 2ms (typ.) waiting time from the end of the cell balancing execution period to the start of cell
voltage measurement.
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- Pre-Discharge Function

The pre-discharge function prevents inrush current when the discharge control FET is changed from off to on by passing a
small discharge current until the battery pack output falls below a specified voltage or until a specified time has elapsed.

This function can be used at operating voltages up to 45 V.
The VPRDSG[6:0] bits in the PREDSG register set the pre-discharge completion voltage, and the TPRDSG[6:0] bits set

the pre-discharge time. For details, refer to the PREDSG register.

Below is a timing chart for returning from the sleep state to the normal state by inputting the /PUPIN pin. This shows the

case where the battery pack output drops below the specified voltage.

/PUPIN pin

AVEERY;

IHP

Voltage measurement

Battery pack output
RSNS pin

QSLPR bit

QPRDSG bit

PRDF bit

DF bit

CF bit

2ms

Stabilization time:
28ms

Discharge enaled

< »
<« >

Operating status

[Operation Description]

* Input an “L” level to the /PUPIN pin.

L Sleep state

A

»

—

Pre-discharging

- After a settling time of 28 ms, the CF bit and PRDF bit in the FETCBA register are set to “1”, and pre-discharge starts.
- The QSLPR bit, the interrupt indicating the return from the sleep state to the normal state in the INT_REQ1 register, is

set to “1”.

- The battery-pack output voltage (RSNS pin voltage) rises.
- When the difference between the VDD -pin voltage-measurement result and the RSNS-pin voltage-measurement
result becomes less than or equal to the voltage set by the VPRDSGJ6:0] bits in the PREDSG register, the DF bit in the

FETCBAL register is set to “1”.

- After 2 ms, the PRDF bit is reset to “0”, and the QPRDSG bit, the pre-discharge-completion interrupt, is set to “1”.
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- Power-save Function
The LSI has a power-save function that slows down the measurement cycle to reduce current consumption.

The TVCP[1:0] bits in the PERIOD register set the cell voltage measurement cycle, and the TTPP[1:0] bits set the TEMPn
pin measurement cycle.

In standalone control, the LS| automatically enters the power-save state when a specified time has elapsed without any
charging or discharge current flowing. When a charging/discharge current starts flowing, the LSI will automatically return
to the normal state.

For details, refer to the CHG, DSG, and PWRDLY registers.

It also automatically returns to the normal state if the LS| detects an abnormality in the cell voltage, temperature, or current
and starts measuring the detection delay time. The power-save state will be maintained if an abnormality is detected in the
watchdog timer or the built-in regulator's voltage drop detection.

To control the transition to the power-save state with the MCU, set the ENPSV bit in the POWER register to "1". When the
PSV bit is “1”, the LS| unconditionally enters the power-save state from the next measurement cycle and continues until
the PSV bit becomes “0”. However, if the sleep function is under a standalone control, i.e. the ENSLP bit in the POWER
register is "0", the LS| automatically enters the sleep state after the time specified by SLPDLY[3:0] bits in the PWRDLY
register has elapsed.

Note that in the power-save state, the PSNS, RSNS, and VDD pins voltage are not measured.
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+ Sleep Function
The LSI has a sleep function that reduces current consumption even further than the power-save function. In the sleep
state, all measurement operations are stopped and become the low current consumption condition and only access to the
control register is enabled.

In standalone control, when the power-save state has elapsed for the time specified by the PWRDLY register, the C_FET
pin automatically turn off and the LSI enters the sleep state. The operation of the D_FET pin depends on the WKUP bit.
When WKUP = ‘0’, the pin is in the OFF state, and when WKUP = ‘1", it turns ON to perform discharge -current detection.
The operation of the PSNS pin also depends on the WKUP bit. When WKUP = ‘0’, a 500 kQ pull-down resistor is connected
and the LSI enters the sleep state. When WKUP = ‘1’, the 500 kQ pull-down resistor is not connected, and the LSI enters
the sleep state. At this time, the sleep state transition interrupt (QSLP) bit in the INT_REQL register and the SLP bit of the
STATUSLI register are set to "1".

To control the transition to the sleep state with the MCU, set the ENSLP bit in the POWER register to "1". When the SLP
bitis "1", the LSI enters the sleep state from the next measurement cycle, all measurement operations stop, the low current
consumption condition, and only access to the control register is enabled. However, when the PSNS pin input is at “H”
level, even if the SLP bit is set to “1” the LSI will not enter the sleep state until the PSNS pin voltage is equal to or lower
than the charger connection detection PSNS pin voltage (Vect1).

The PSNS pin condition can be read using the PSNS bit. Before setting the SLP bit to "1", set the C_FET and D_FET pins
to the OFF condition, connect a 500kQ pull-down resistor to the PSNS pin, and then check that the PSNS pin condition is
not at the "H" level.

Similarly, even if the SLP bit is set to "1" when the /PUPIN pin input is at the "L" level, the LSI will not enter the sleep state
until the /PUPIN pin goes to the "H" level. The /PUPIN pin condition can be read using the PUPIN bit, so before setting the
SLP bit to "1", ensure that the /PUPIN pin condition is not at the "L" level.

The following table shows the output condition of each pin after the LSI enters the sleep state.

Pin name Pin condition during the sleep state
NPNB, VREG50, VREG33, Same as the normal operation condition
VDDL, /INTO, SDO, FUSE
VREF12 Vv
VREF25 2V
D_FET, PRD_FET,C_FET FETS pin voltage
When WKUP="0" : 500kQ pull-down
PSNS When WKUP="1": Hi-Z P
RSNS Hi-Z

To return from the sleep state, use one of the following methods.

(1) When the WKUP bit is “0” and a voltage equal to or higher than the charger connection detection voltage (Vec1) is
detected at the PSNS pin.
(2) Inputan"L" level to the /PUPIN pin.
(3) Setthe ENSLP bit in the POWER register to "1" and the SLP bit to "0".
(4) When the WKUP bit is “1” and discharge current is detected.
* When the WKUP bit is “1”, recovery from the sleep state by charger connection detection must be performed using
method (2) or (3).

When any of the above conditions are met, the LSI will return to the normal state after a stabilization time of 28ms has
elapsed.

Note that if the ENSLP and SLP bits are "1", the LSI will enter the sleep state again if the PSNS pin or /PUPIN pin meets
the sleep transition conditions before the stabilization time of 28 ms has elapsed.
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- Power-down Function
The LSI has a power-down function that stops most circuit operations and minimizes current consumption.

In standalone control, if the time specified by the PDDLY[3:0] bits in the PWRDLY register has elapsed after entering the
undervoltage condition and the PSNS pin voltage is equal to or lower than the charger connection detection PSNS pin
voltage (Vrcu), the LSI enters the power-down state.

To control the transition to the power-down state with the MCU, set the ENPD bit in the POWER register to "1". After that,
setting the PD bit to “1” will stop most circuit operations. However, when the PSNS pin input is at “H” level, even if the PD
bit is set to “1” the LSI will not enter the power-down state until the PSNS pin voltage is equal to or lower than the charger
connection detection PSNS pin voltage (Vrc1).

The PSNS pin condition can be read using the PSNS bit in the POWER register. Before setting the PD bit to "1", set the
C_FET and D_FET pins to the OFF condition, connect a 500kQ pull-down resistor to the PSNS pin, and then check that
the PSNS pin condition is not at the "H" level.

Similarly, even if the PD bit is set to "1" when the /PUPIN pin input is at the "L" level, the LSI will not enter the power-down
state until the /PUPIN pin goes to the "H" level. The /PUPIN pin condition can be read using the PUPIN bit in the POWER
register, so before setting the PD bit to "1", ensure that the /PUPIN pin condition is not at the "L" level.

Below is an example of the control flow for transitioning to the power-down state.

Writetothe | __.________ Write "1" to the ENCF and ENDF bits, and "0" to the CF and DF
FETCBAL register bits to set the charging/discharge control FET to OFF.
¢ Write "1" to the ENPSNS and PSNSPD bits and connect a
Writetothe [ ______.____ 500kQ (typ.) pull-down resistor to the PSNS pin to detect a
POWER register charger release.

----------- Wait until the PSNS pin voltage reaches the "L" level.

v

Read fromthe | __________ Confirm the PSNS bit is “0” and the PUPIN bit is “0".
POWER register

v

Write to the Write the ENPD and PD bits to "1" to transition to the power-

POWER register down state.

Even after transitioning to the power-down state, the 500kQ
( Power-down state ) ----------- (typ.) pull-down resistor to the PSNS pin remains connected and
waits for charger connection detection.

The following table shows the output condition of each pin after the LSI enters the power-down state.

Pin name Pin condition during the power-down state
NPNB, VREG50, VREG33, oV
VDDL, VREF25, VREF12
/INTO, SDO Hi-Z

D_FET, PRD_FET,C_FET FETS pin voltage

FUSE ov

PSNS 500kQ pull-down

RSNS Hi-Z

The LSI will return from the power-down state when a charger connection is detected at the PSNS pin, or when an "L" level
is input to the /PUPIN pin. When returning from the power-down state, each control register is initialized with the data stored
in the OTP memory. Therefore, perform the various initial settings after the QRDY bit in the INT_REQ1 register has been
set.
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- Wakeup Detection Function

When the LSl is in the sleep state, it detects that discharge current is flowing by monitoring the potential difference
between the ISP and ISM pins, and then wakes up to the normal state. The operating/stop setting of the wake -up
detection circuit is controlled by the WKUP bit in the POWER register.

When using this function, make sure that discharge current can flow while the LSl is in the sleep state.

Read the QWKUP bit in the INT_REQ2
v register and then clear it.

SCL lm'___]m

Potential difference
Between ISP and ISM

/INTO

Operating status Sleep state. Discharge current detected state.

After setting the wake-up detection circuit to the operating state, if the voltage between the ISP and ISM pins becomes
equal to or higher than the wake -up detection voltage VWK and this condition continues for a period longer than the wake
-up detection delay time tWK, an ‘L’ level is output to the /INTO pin to notify the MCU. When the INT_REQ?2 register is
read, the QWKUP bit is set to ‘1’, allowing the MCU to recognize that discharge current has started to flow.

Note that during the sleep state, the short-circuit current detection function is disabled.
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- Watchdog Timer Function
The LSI has a watchdog timer function that detects an abnormality if no data write/read operation to the control register is
performed for a certain period. The watchdog timer is configured using the SCWDT register. For details, refer to the SCWDT
register.

An example of a watchdog timer operation is shown below.

12C / SPI —{SCWDT—FETCBAL Any

ENWDT bit

WDT counter

QWDT bit

DF. CF bit

WDT start. f / Overflow time. Overflow time.

Charging/discharge enabled. . f . .
WDT counter clear An interrupt _/ Charging/discharge
occurs disabled

A

WDT counter clear

If a data write/read operation to the control register is not performed for the overflow time or longer, the QWDT bit in the
INT_REQ2 register is set to "1". The watchdog timer counter is not cleared by a data write/read operation that includes a
CRC error.

In addition, if the ENCF, ENDF, and ENPRDF bits in the FETCBAL register are set to “1”, when two consecutive overflows
are detected, the DF, CF, and PRDF bits are automatically reset to “0” and charging and discharging are prohibited.

Also, if the ENCB bit in the FETCBAL register is set to "1", the CBAL[9:0] bits in the CBAL register are all automatically
reset to "0" and the cell balance operation is stopped.

Even if the LSI returns to the normal state, these bits do not automatically return to their original setting, so they must be
set again by the external MCU.

If the ENCF, ENDF, and ENPRDF bits in the FETCBAL register are set to “0”, even if two consecutive overflows are
detected, the DF, CF, and PRDF bits will not be reset and will retain the current setting.
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+ Standalone Primary Protection Function
The LSI has a standalone protection function that prohibits charging and discharging by comparing the measurement
results of cell voltage, temperature, and current as shown below with various abnormality detection thresholds.

Overvoltage detection function

Undervoltage detection function

Charging overcurrent detection function

Discharge overcurrent detection function

Short-circuit current detection function

Discharge prohibition overtemperature detection function
Discharge prohibition undertemperature detection function
Charging prohibition overtemperature detection function
Charging prohibition undertemperature detection function
0. FET overheating protection function

BOoNooAMLONE

The following describes the various standalone primary protection functions.

1. Overvoltage Detection Function

When the value of the cell voltage measurement result register (VCELLnN register) exceeds the value of the over charge
detection threshold register (OVDET register), and this condition continues for the number of cell voltage measurement
cycles specified by the OV[6:0] bits in the SETOV register, the LSI enters the over charge state. In this state, the CF
bit in the FETCBAL register is reset to “0”, and charging is prohibited.

After configuring the OVDET register and OVDLY bit, set the ENOV bit in the SETOV register to "1" to enable the
overvoltage detection function.

When changing the setting, be sure to set the ENOV bit to “0” before changing the settings.

When powering on or power-up state, the LSI starts in the undervoltage and charging permission condition. Therefore,
input a voltage equal to or higher than the charger connection detection PSNS pin voltage (Vpc1) to the PSNS pin, or
input an “L” level to the /PUPIN pin to maintain the power-up condition.

Below is a timing chart for the initializing operation.

5.0V
~
VREG50 o / Vrrso
3.3V
B
VREG33 RR33
ov
1.5V
-
voDL | 7/ Vewis
12C/SPI | SEL {PERIOD}H OVDET H OVRCV H SETOV
QRDY bit
Voltage measurement Cell voltage | T1 | PS | RS [vDD}] Cell voltage | T1 [Ps[RS [vDOl——
ENOV bit
CF bit
0] ti diti frox
perating condition «—> < > >
Initializin Initial setting Overvoltage detection
9 . . . )
(Overvoltage detection operation disabled) operation enabled.

After the QRDY bit has been set, set the number of connected cells, cell voltage measurement cycle, overvoltage
detection/release threshold, and overvoltage detection delay time.

Access to each register is prohibited before the QRDY bit has been set.

After setting the ENQOV bit to “1”, the overvoltage detection operation is enabled from the first voltage measurement
sequence, and the cell voltage measurement result is compared with the overvoltage detection/release threshold when
the voltage measurement is completed.
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Below is a timing chart for the overvoltage detection/release operation.
The detection delay time is when the number of cell voltage measurements count is set to 1, and no other abnormalities
are detected.

Overyoltage o -
Cell voltage | __—1 detection threshold vervoltage
gel — release threshold.
Voltage measurement —|VoltageI IVoItag IVoItag I Voltag I IVoItaguI IVoItaguI IVoItagu IVoItage |—
QV bit
CF bit
Qov QOVR
12C / SPI Clear Clear |~
QOV bit
QOVR bit L
Charging
Operating condition|< Charging permitted P Charging prohibited .| permitted

Detection delay time

When one or more battery cells become equal to or higher than the overvoltage detection threshold and this condition
continues for the overvoltage detection delay time, the LSI enters the overvoltage state. In this state, the OV bit in the
STATUSLI register is set to "1", the CF bit in the FETCBAL register is reset to "0", and charging is prohibited. At the
same time, the QOV bit in the INT_REQL1 register is also set to "1", notifying the MCU that an overvoltage condition
has been detected.

In addition, if the number of cell voltage measurements as the overvoltage detection delay time is three or more, and
one or more battery cells are equal to or higher than the overvoltage detection threshold and the overvoltage detection
delay time is waiting to elapse, the detection delay time will be reset if the measurement results of all battery cells fall
below the overvoltage detection threshold two consecutive times.

After entering the overvoltage condition, if all battery cells become equal to or lower than the overvoltage release
threshold, the overvoltage condition will be released and the OV bit in the STATUS1 register will be reset to "0". In
addition, the CF bit in the FETCBAL register is set to "1" and charging is permitted. At the same time, the QOVR bit of
the INT_REQL register is also set to “1”, notifying the MCU that the overvoltage has been released.
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2. Undervoltage Detection Function

When the value of the cell voltage measurement result register (VCELLN register) becomes equal to or lower than the
value of the under voltage detection threshold register (UVDET register) , and this condition continues for the number
of cell voltage measurement cycles specified by the UVDLY[6:0] bits in the SETUV register, the LSI enters the under
voltage state. In this state, the DF bit in the FETCBAL register is reset to “0”, and discharging is prohibited.

After configuring the UVDET register and UVDLY bit, set the ENUV bit in the SETUV register to "1" to enable the
undervoltage detection function.

When changing the setting, be sure to reset the ENUV bit to “0” before changing the settings.

When powering on or power-up state, the LSI starts in the undervoltage and charging permission condition. Therefore,
input a voltage equal to or higher than the charger connection detection PSNS pin voltage (Vpc1) to the PSNS pin, or
input an “L” level to the /PUPIN pin to maintain the power-up condition.

Below is a timing chart for the initializing operation.

5.0V

S~
VREG50 o 7_VRR50
-
VREG33 0\/7 Vrr3s
-
VDDL 0\/7 Virris

3.3V

1.5V

12C/SPI | seL {PERIODH UVDET H uvRCV H SETUV
QRDY bit
Voltage measurement Cell voltage | T1 [PS | RS [vDD| Cell voltage | T1 [ Ps [Rs [vDDl—
ENUV bit
UV bit
PSNSPD bit
DF bit
Initializin Initial setting Undervoltage detection
g(Undervoltage detection operation disabled) operatior?enabled.
Discharge prohibited (Undervoltage condition) Bgcha?ge
permitted.

After the QRDY bit has been set, set the number of connected cells, cell voltage measurement cycle, undervoltage
detection/release threshold, and undervoltage detection delay time.
Access to each register is prohibited before the QRDY bit has been set.
After setting the ENUV bit to “1”, the undervoltage detection operation is enabled from the first voltage measurement
sequence, and the cell voltage measurement result is compared with the undervoltage detection/release threshold
when the voltage measurement is completed.
If all cell voltages are equal to or higher than the undervoltage release threshold,
[When the pre-discharge function is disabled]
- The DF bit in the FETCBAL register is set to "1", discharging is permitted, and the undervoltage condition is
released.
- The QUVR bit of the INT_REQ1 register becomes “1” to notify the MCU that the discharge is permitted.
[When the pre-discharge function is enabled]
- The PRDF bit is set to "1".
- After pre-discharge is completed, the DF bit is set to "1" and the PRDF bit is reset to "0", discharging is
permitted, and the undervoltage condition is released.
- the QUVR bit of the INT_REQ1 register becomes “1” to notify the MCU that the discharge is permitted.
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Next is a timing chart for undervoltage detection and transition to the power-down state. The detection delay time is
when the number of cell voltage measurement counts is set to 2, and no other abnormalities are detected.

Undervoltage
Cell voltage T detection threshold
Voltage measurement Votage | | voltage | voltage | | voltage

UV bit

PSNSPD bit \

QUV bit \
DF bit

PSNS pin Vob,
VDDL pin

ov
Operatiing condition| Discharge permitted. __ Discharge prohibited.
< b ¢——> ———»
/ Power-down state

Undervoltage detection

delay time Power-down transition delay time

When one or more battery cells become equal to or lower than the undervoltage detection threshold and this condition
continues for the undervoltage detection delay time, the LS| enters the undervoltage state. In this state, the UV bit in
the STATUSI register is set to "1", the DF bit in the FETCBAL register is reset to “0”, and discharge is prohibited. At
the same time, the QUV bit in the INT_REQL register is also set to "1", notifying the MCU that undervoltage condition
has been detected.

In addition, if the number of cell voltage measurements as the undervoltage detection delay time is three or more, and
one or more battery cells are equal to or lower than the undervoltage detection threshold and the undervoltage detection
delay time is waiting to elapse, the detection delay time will be reset if the measurement results of all battery cells
exceed the undervoltage detection threshold two consecutive times.

When an undervoltage is detected, a 500kQ (typ.) pull-down resistor is automatically connected to the PSNS pin, and
after the delay time set by the PDDLY[3:0] bits in the PWRDLY register has elapsed, if the PSNS pin voltage is equal
to or lower than the charger connection detection PSNS pin voltage (Vec1), the LSI enters the power-down state.
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Next is a timing chart of the power-up and undervoltage release operation due to charger connection when the pre-
discharge function and FET overheat protection function are disabled. Also, no other abnormalities are detected.

5.0V

3.3V

1.5V

PSNS pin| = Veer
VREG50 o Virso
/
VREG33 o Vir3s
V
vDDL| ,, RR15
Cell voltage

Undervoltage 3
release threshold -

Voltage measurement

QRDY bit
ENUV bit

{Voltage |—| Voltage |——| Voltage —| Voltage |7

UV bit
PSNSPD bit

QUVR bit

QPRDSG bit

PRDF bit

DF bit

CF bit

2ms

Operating conditiont

>

»d

Pre-discharging

Initializing
d »
al

Charger is connected.

Discharge
permitted

>
< <

vy

\

Power-down state

When a charger is connected, the PSNS pin voltage rise, and when it becomes equal to or higher than the charger
connection detection PSNS pin voltage (Vrcy), the LS| powers up and starts initialization and the initial value stored in
the OTP memory is set to each register.

After initialization, voltage measurement starts, and when voltage measurement is completed, the cell voltage
measurement result is compared with the undervoltage detection/release threshold. If all cell voltages are equal to or
higher than the undervoltage release threshold, the PRDF bit is set to “1”. In addition, when the pre-discharge
completion condition set in the PREDSG register is satisfied, the DF bit is set to "1", discharge is permitted, and the
undervoltage condition is released.

At this time, the QUVR bit in the INT_REQL register is set to "1", notifying the MCU that discharge is permitted. After
2ms, the PRDF bitis reset to "0", and the QPRDSG hit is set to "1", notifying the MCU that the pre-discharge is complete.

If the charger is disconnected before the undervoltage detection condition is released, the PSNS pin voltage will drops
due to the internal 500kQ pull-down resistor, and when it falls below the charger connection detection PSNS pin voltage

(Veci), the LSI will enter the power-down state again.
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Next is a timing chart of the power-up and undervoltage release operation due to charger connection when the pre-
discharge function and FET overheat protection function are disabled. Also, no other abnormalities are detected.

PSNS pin

VPC1

VREG50

5.0V

ov

VREG33

RR50

3.3V

ov

VDDL

oV

RR33

1.5V

R

Cell voltage

R15

Undervoltage
release threshold

Voltage measurement

QRDY bit

Voltage — Voltage—— Voltage —— Voltage—————

ENUV bit

UV bit
PSNSPU bit

QUVR bit

DF bit

CF bit

Operating condition

Initial
dl »
-

»

izing

Charger is connected.

Discharge
permitted

—>

»
»

<
L

\_

Power-down state

When a charger is connected, the PSNS pin voltage rise, and when it becomes equal to or higher than the charger
connection detection PSNS pin voltage (Vec1), the LS| powers up and starts initialization and the initial value stored in
the OTP memory is set to each register.
After initialization, voltage measurement starts, and when voltage measurement is completed, the cell voltage
measurement result is compared with the undervoltage detection/release threshold. If all cell voltages are equal to or
higher than the undervoltage release threshold, the DF bit is set to “1”, discharge is permitted, and the undervoltage
condition is released.
At this time, the QUVR bit in the INT_REQL1 register is set to "1", notifying the MCU that discharge is permitted.
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3. Charging Overcurrent Detection Function

When the value of the current measurement result register (G1_CURR or G4_CURR register) becomes equal to or
higher than the OCCJ3:0] bit value of the charging overcurrent detection operation setting register (SETOCC register) ,
and this condition continues for the time specified by the OCCDLY[3:0] bits in the SETOCC register, the LSI enters the
charging overcurrent state. In this state, the CF bit in the FETCBAL register is reset to “0”, and charging is prohibited.
Below is a timing chart for the initializing operation.

5.0V
-
VREG50 |,/ Vrrso
3.3V
-
VREG33| .,/ Vrras
1.5V
-
vDbDL | , / Vrris
12C/SPI | PERIOD |- SETOCC
QRDY bit
Voltage measurement CRR | cuRR | CURR | CURR |
ENOCC bit
CF bit
tRDY
I » i T N i T Charging overcurrent detection
nitializing _Initial setting operation enabled.

(charging overcurrent detection
operation disabled)

Next is a timing chart for the charging overcurrent detection/release operation.

Charging overcurrent
Charge current detection threshold
Current measurement |[CURR][CURR]CURR]- - - - - [CURR|CURR|CURR|CURR|CURR[CURR]CURR|CURR]
Voltage measurement VoItagelVoItage Voltagel _____ |Vo|tage|VOItage|VOItage|VoItage Voltage|Vo|tage|VoItage|VOItage|
OCC bit
PSNSPD bit
CF bit
PSNS pin
P VpeLu
PSNS bit
P " Detection delay time g P -~
Operating condition Charger is connected. o Charger is released.
< : +——>
Charging permitted Charging Charging permitted

prohibited

When a charging overcurrent is detected, a 500kQ (typ.) pull-down resistor is automatically connected to the PSNS pin
to detect charger release.

When the charger is released, the PSNS pin voltage drops, and when it falls below the charger release detection PSNS
pin voltage (VeLu), the charging overcurrent condition is released, and charging is permitted. If the current measurement
result register value falls below the charging overcurrent detection threshold two consecutive times, the detection delay
time is reset. In addition, after entering the charging overcurrent state, the PSNS bits in the POWER register and
STATUSLI register switch their threshold to the charger-disconnection detection voltage VeLu. When the LSI returns
from the charging overcurrent state, the threshold switches back to the charger-connection detection voltage Vpc1 at
the PSNS pin.
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Discharge current

Current measurement

Voltage measurement

RSNSPU bit

Operating condition

4. Discharge Overcurrent Detection Function

When the value of the current measurement result register becomes equal to or higher than the OCD1[3:0] bit value of
the discharge overcurrent detection operation setting register (SET1 register) , and this condition continues for the time
specified by the OCDDLY1[3:0] bits in the SETOCD1 register, the LSI enters the discharge overcurrent state. In this
state, the DF bit and the CF bit in the FETCBAL register are reset to “0”, and charging and discharging are prohibited.
The SETOCD?2 register has the same function.

Below is a timing chart for the initializing operation. It assumes that the pre-discharge function is disabled.

5.0V

VREG50

3.3V

VREG33

1.5V

vDDL | , / Vrris
12C/SPI | PERIOD HSETOCD
QRDY bit
Voltage measurement CURR | CURR | CURR | CURR |
ENOCD1 bit
DF bit
\— Undervoltage
. ", tRDY raleaced
Operating condition «—> < >e >
Initializing Initial setting Discharge overcurrent detection

(discharge overcurrent detection
operation disabled)

operation enabled

Next is a timing chart for the discharge overcurrent detection/release operation. It also assumes that the pre-discharge
function is disabled.

Discharge overcurrent
detection threshold

CURR|CURR|CURR|----- [CURR]CURR|CURR|CURR|CURR|CURR|CURR|CURR]

Voltage |Voltage Voltage | _____ | Voltage | Voltage |VOItage | Voltage | Voltage |VOItage | Voltage |VOItage |

OCD1 bit

DF, CF bit

RSNS pi
pin VRL

»
<& » >

Detection delay time

T

RL

> | »
Lt ] R »
Load is released.
» d |- »
> >

‘Discharge prohibited ‘Discharge permﬁted

A

Load is connected.

A

Discharge permitted

When the LSI enters the discharge overcurrent state, a 2MQ (typ.) pull-down resistor is automatically connected to the
RSNS pin to detect load release. When the load is released, the RSNS pin voltage rises, and when the voltage at the
RSNS pin exceeds the load-release detection threshold VgL, and this condition continues for the load -release detection
delay time Tru, the discharge overcurrent state is cleared and the LSI returns to the discharge-enabled state.

If the discharge current value of current measurement result register falls below the discharge overcurrent detection
threshold two consecutive times, the detection delay time is reset.
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5. Short-circuit Current Detection Function

Short-circuit current detection uses a comparator to compare the voltage between the ISP-ISM pins with the short-
circuit current detection threshold voltage specified by the SC[2:0] bits in the SCWDT register. When the voltage
between the ISP-ISM pins remains equal to or higher than the short-circuit current detection threshold for the time
specified by the TSC[1:0] bits in the SCWDT register, the LSI enters the short-circuit current detection state, and the
DF and CF bits in the FETCBAL register are reset to “0”, prohibiting both charging and discharging.

Below is a timing chart for the initializing operation. It assumes that the pre-discharge function is disabled.

5.0V

~

VREG50 o 7_VRR50

VREG33 o 7_VRR33
-

voDL |/ Veeis

3.3V

1.5V

12C/SPI SCWDT |
QRDY bit
ENSC bit
DF bit
N\ Undervoltage
t released
Operating condition oY P R
Initializing Initial setting Short-circuit current detection
(short-circuit current operation enabled
detection operation
disabled)

Next is a timing chart for the short-circuit current detection/release operation. It also assumes that the pre-discharge
function is disabled.

S - Short-circuit current
Voltage between ISP-ISM pins——— detection threshold
SC bit
RSNSPU bit
DF, CF bit
RSNS pin
P VRL L
Operating condition P Detection delay time P TrL o
A Load is connected. o Load is released.'
h Discharge permitted " ‘Discharge prohibited V‘Discharge permﬁted

When a short-circuit current is detected, a 2MQ (typ.) pull-up resistor is automatically connected to the RSNS pin to
detect load release. When the load is released, the RSNS pin voltage rises, and when the voltage at the RSNS pin
exceeds the load-release detection threshold VrL and this condition continues for the load-release detection delay time
Tru, the short-circuit current detection state is cleared, and the LSI returns to the discharge-enabled state.

If the voltage between the ISP-ISM pins falls below the short-circuit current detection threshold, the detection delay
time is reset.
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Voltage measurement

TEMPn pin voltage

6. Discharge Prohibition Overtemperature Detection Function

When the value of the temperature measurement result register (TEMPn register) becomes equal to or lower than the
OTDn[11:0] bits value of the discharge prohibition high temperature detection threshold register (OTDn register), and
this condition continues for the number of temperature monitoring cycles specified by the OTUTDLY1[6:0] bits in the
temperature detection operation setting register (SETOTUT register) , the LSI enters the discharge overtemperature
detection state. In this state, the DF bit in the FETCBAL register is reset to “0”, and discharge is prohibited.

Below is a timing chart for the initializing operation.

5.0V

-

VREG50| Virso
-

VREG33| '/ Vrr3s

3.3V

1.5V

~
VDDL o / Veris
12C/SPI | seL {pERIODH OTDn HseToTuT
QRDY bit
ENOTUT bit |
Cell voltage | T1 [ PS[RS vDD————— cell voltage | T1 [ PS|RS [vDD|
t
Operating condition :RDY < < >
Initializing Initial setting Temperature detection

(temperature detection operation disabled) operation enabled

After setting the ENOTUT bit to "1", the temperature detection operation is enabled from the first voltage measurement
sequence. When the voltage measurement is completed, the temperature measurement result is compared with the
discharge prohibition overtemperature detection threshold.

Next is a timing chart for the discharge prohibition overtemperature detection/release operation. It assumes that no
other abnormalities are detected, and the pre-discharge function is disabled.

Overtemperature
release threshold

\ 77777777777777777777777 Overtemperature

detection threshold

————————— —|VOItage -—|VOItage |—|Vo|tage I—HVoltage I—|Voltage |—

Voltage measurement {{Voltage |—{Voltage
OTD bit
DF bit
QOTD QOTDR
12C / SPI Clear Clear
QOTD bit
QOTDR bit
h hibited Discharge
Discharge permitted Discharge prohibite i
Operating condition |« gep >« gep > permitted >
Detection delay time
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When the TEMPn pin voltage becomes equal to or lower than the discharge prohibition overtemperature detection
threshold and the detection time has elapsed, the discharge prohibition overtemperature is detected and the OTD bit
in the STATUS2 register is set to "1" and the DF bit in the FETCBAL register is reset to “0” prohibiting discharge. At
the same time, the QOTD bit in the INT_REQ?2 register is set to "1", notifying the MCU that a discharge prohibition
overtemperature has been detected.

Note that if all of the TEMPn pin voltage measurement results exceed the detection threshold two consecutive times,
the detection delay time is reset.

After detecting a discharge prohibition overtemperature, when all of the TEMPn pin measurement results become equal
to or higher than the OTDRnN[11:0] bits in the discharge prohibition high temperature release threshold register (OTDRn
register), the discharge prohibition overtemperature detection condition is released and the OTD bit in the STATUS2
register is reset to "0". In addition, the DF bit in the FETCBAL register is set to “1” permitting discharge. At the same
time, the QOTDR bit in the INT_REQ2 register is set to "1", notifying the MCU that a discharge prohibition
overtemperature detection condition has been released.
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7. Discharge Prohibition Undertemperature Detection Function

When the value of the temperature measurement result register (TEMPn register) becomes equal to or higher than the
UTDn[11:0] bits value of the discharge prohibition undertemperature detection threshold register (UTDn register), and
this condition continues for the number of temperature monitoring cycles specified by the OTUTDLY1[6:0] bits in the
temperature detection operation setting register (SETOTUT register) , the LSI enters the discharge prohibition
undertemperature detection state. In this state, the DF bit in the FETCBAL register is reset to “0”, and discharge is

prohibited.

Below is a timing chart for the initializing operation.

VREG50

VREG33

VDDL

12C/SPI

QRDY bit

ENOTUT bit

Voltage measurement

Operating condition

5.0V

(temperature detection operation disabled)

-
; VRRSO
ov
3.3V
~
; VRRSS
ov
1.5V
-
; VRR15
ov
| SEL HPERIODH UTDn HsETOTUT
Cell voltage | T1 [ PS]RS [vDD————— cCell voltage | T1 [ PS|Rs [vDD]
tRDY
Initializing Initial setting Temperature detection

operation enabled

After setting the ENOTUT bit to "1", the temperature detection operation is enabled from the first voltage measurement
sequence. When the voltage measurement is completed, the temperature measurement result is compared with the
discharge prohibition undertemperature detection threshold.

Next is a timing chart for the discharge prohibition undertemperature detection/release operation. It assumes that no
other abnormalities are detected and the pre-discharge function is disabled.

TEMPnN pin voltage

—Undertemperature

Voltage measurement

Operating condition

detection threshold Undertemperature 5
release threshold i

-| Voltage |——| Voltage —--------- —| Voltage —| Voltage |—| Voltage |—| Voltage |—| Voltage |—
UTD bit
DF bit
QUTD QUTDR
12C / SPI Clear Clear [
QUTD bit
QUTDR bit L
Discharge
P Discharge permitted L Discharge prohibited .| permitted

Detection delay time
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When the TEMPn pin voltage becomes equal to or higher than the discharge prohibition undertemperature detection
threshold and the detection time has elapsed, the discharge prohibition undertemperature is detected and the UTD bit
in the STATUS2 register is set to "1". Also, the DF bit in the FETCBAL register is reset to “0” prohibiting discharge. At
the same time, the QUTD bit in the INT_REQ?2 register is set to "1", notifying the MCU that a discharge prohibition
undertemperature has been detected.

Note that if all of the TEMPn pin voltage measurement results fall below the detection threshold two consecutive times,
the detection delay time is reset.

After detecting a discharge prohibition undertemperature, when all of the TEMPn pin measurement results become
equal to or lower than the UTDRnN[11:0] bits in the discharge prohibition undertemperature release threshold register
(UTDRn register), the discharge prohibition undertemperature detection condition is released and the UTD bit in the
STATUS?2 register is reset to "0". In addition, the DF bit is set to “1” permitting discharge. At the same time, the QUTDR
bit in the INT_REQ2 register is set to "1", notifying the MCU that a discharge prohibition undertemperature detection
condition has been released.
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8. Charging Prohibition Overtemperature Detection Function

When the value of the temperature measurement result register (TEMPn register) becomes equal to or lower than the
OTCn[11:0] bits value of the charging prohibition overtemperature detection threshold register (OTCn register), and
this condition continues for the number of temperature monitoring cycles specified by the OTUTDLY[6:0] bits in the
temperature detection operation setting register (SETOTUT register), the LSI enters the charging prohibition
overtemperature detection state. In this state, the CF bit in the FETCBAL register is reset to “0”, and charging is

prohibited.

Below is a timing chart for the initializing operation.

5.0v

VREG50 RR50

-
OV;

3.3V

-
VREG33| 7 Vrras
1.5V
~
—V
VDDL 0V7 RR15
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ENOTUT bit |
Voltage measurement Cell voltage | T1 [ PS [RS vDD————— Cell voltage | T1 | PS|RS [vDD|
t
Operating condition <RDY < > < >
Initializing Initial setting Temperature detection

(temperature detection operation disabled)

operation enabled

After setting the ENOTUT bit to "1", the temperature detection operation is enabled from the first voltage
measurement sequence. When the voltage measurement is completed, the temperature measurement result is
compared with the charging prohibition overtemperature detection threshold.

Next is a timing chart for the charging prohibition overtemperature detection/release operation. It assumes that no
other abnormalities are detected.

TEMPn Voltage

Overtemperature
detection threshold

Overtemperature

release threshold
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When the TEMPn pin voltage becomes equal to or lower than the charging prohibition overtemperature detection
threshold and the detection time has elapsed, the charging prohibition overtemperature is detected and the OTC bit
in the STATUS2 register is set to "1". Also, the CF bit in the FETCBAL register is reset to “0” prohibiting charging. At
the same time, the QOTC bit in the INT_REQL1 register is set to "1", notifying the MCU that a charging prohibition
overtemperature has been detected.

Note that if all of the TEMPn pin voltage measurement results fall below the detection threshold two consecutive times,
the detection delay time is reset.

After detecting a charging prohibition overtemperature, when all of the TEMPn pin measurement results become
equal to or higher than the OTCRn[11:0] bits in the charging prohibition overtemperature release threshold register
(OTCRn register), the charging prohibition overtemperature detection condition is released and the OTC bit in the
STATUS?2 register is reset to "0". In addition, the CF bit in the FETCBAL register is set to “1” permitting charging. At the
same time, the QOTCR bit in the INT_REQ?2 register is set to "1", notifying the MCU that a charging prohibition
overtemperature detection condition has been released.
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9.

Charging Prohibition Undertemperature Detection Function

When the value of the temperature measurement result register (TEMPn register) becomes equal to or higher than the
UTCn[11:0] bits value of the charging prohibition undertemperature detection threshold register (UTCn register), and
this condition continues for the number of temperature monitoring cycles specified by the OTUTDLY[6:0] bits in the
temperature detection operation setting register (SETOTUT register), the LSI enters the charging prohibition
undertemperature detection state. In this state, the CF bit in the FETCBAL register is reset to “0”, and charging is

prohibited.

Below is a timing chart for the initializing operation.
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After setting the ENOTUT bit to "1", the temperature detection operation is enabled from the first voltage
measurement sequence. When the voltage measurement is completed, the temperature measurement result is
compared with the charging prohibition undertemperature detection threshold.

Next is a timing chart for the charging prohibition undertemperature detection/release operation. It assumes that no
other abnormalities are detected.
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When the TEMPn pin voltage becomes equal to or lower than the charging prohibition undertemperature detection
threshold and the detection time has elapsed, the charging prohibition undertemperature is detected and the UTC bit
in the STATUS2 register is set to "1". Also, the CF bit in the FETCBAL register is reset to “0” prohibiting charging. At
the same time, the QUTC bit in the INT_REQL register is set to "1", notifying the MCU that a charging prohibition
undertemperature has been detected.

Note that if all of the TEMPn pin voltage measurement results fall below the detection threshold two consecutive times,
the detection delay time is reset.

After detecting a charging prohibition undertemperature, when all of the TEMPn pin measurement results become
equal to or lower than the UTCRnN[11:0] bits in the charging prohibition undertemperature release threshold register
(UTCRn register), the charging prohibition undertemperature detection condition is released and the UTC bit in the
STATUS?2 register is reset to "0". In addition, the CF bit in the FETCBAL register is set to “1” permitting charging. At the
same time, the QUTCR bit in the INT_REQ?2 register is set to "1", notifying the MCU that a charging prohibition
undertemperature detection condition has been released.
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10. FET Overheating Protection Function

When one of the charge/discharge control FETs is OFF, the charging or discharge current flows through the body
diode of the turned-off FET. If the current is large at this time, the FET will heat up and may be destroyed.

Even in the case of overvoltage, undervoltage, overtemperature, or undertemperature detection, if a charging or
discharging condition is detected, the charge/discharge control FET is turned on to prevent charging or discharging
current from flowing through the FET's body diode.

[a charging condition is detected]
The charging condition detection operation is set by the charging condition detection operation setting register
(CHG register). If a charging condition is detected during the undervoltage detection condition, the DF bit in the
FETCBAL register is set to "1" and the discharge control FET is turned on. At this time, the undervoltage condition
is maintained.
Similarly, if the charging condition is detected during the discharge prohibition overtemperature/undertemperature
detection condition, the discharge control FET is turned on and each detection condition is maintained. At this time,

the pre-discharge function is disabled.

[a discharge condition is detected]
The discharge condition detection operation is set by the discharge condition detection operation setting register
(DSG register). If a discharge condition is detected during the overvoltage detection condition, the CF bit in the
FETCBAL register is set to "1" and the charging control FET is turned on. At this time, the overvoltage condition is
maintained.
Similarly, if the discharging condition is detected during the charging prohibition overtemperature/undertemperature
detection condition, the charging control FET is turned on and each detection condition is maintained.

Below is a timing chart for the discharge condition detected after overvoltage detection.

ge detection threshold

Cell Voltage | —— Overvolta

Voltage measurement {{Voltage|—— Voltage — Voltage|— Voltage|—| Voltage|—— Voltage— Voltage|—

Discharge condition
detection current threshold

Discharge current

URR (update every 2ms) |

o

Current measurement

OV bit
CF bit
Operating condition | Charging permitted .. . Charging prohibited Charging permitted
»
Detection delay time " Load is connected.

The same applies when a discharging condition is detected during the charging overcurrent detection condition, and
when a charging condition is detected during the discharge overcurrent detection condition, or the short-circuit

current detection condition.

The FET overheating protection is also applied during secondary protection detection conditions.
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+ Standalone Secondary Protection Function
In addition to the primary protection function, the LSI has secondary protection functions, as shown below. When an
abnormality is detected in the secondary protection, an external fuse can be cut off.

NGO ~wNE

Secondary overvoltage detection function
Secondary undervoltage detection function

Secondary charging overcurrent detection function
Secondary discharge overcurrent detection function

Secondary overtemperature detection function
Charging control FET failure detection function
Discharge control FET failure detection function
External fuse cut-off function

The flowchart below illustrates the internal operation of the ML5262 from secondary protection abnormality detection to

the transition to sleep mode after the external fuse is cut-off.

Each of the above abnormality detections

v

Transition to each abnormality detection state,
interrupt detection, and setting “1” to the
registers that represent each status.

v

Determination of
the ENFUSE bit
setting in the FUSE
reaister

Enabled

Disabled

No external fuse cut-off

After the external fuse cut-off time has elapsed,
the fuse cut-off completion interrupt in the
INT_REQS register is generated, and the
QFUSE bitis setto “1” .

v

A pull-down resistor is automatically connected

to the PSNS pin.

If the charger connection detection PSNS pin
voltage is below VPC1 and the /PUPIN pin is at
the “H” level, the LSI transitions to sleep
mode.
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The various standalone secondary protection features are described below.

1. Secondary Overvoltage Detection Function
When the value of the cell voltage measurement result register (VCELLN register) remains equal to or higher than the
secondary overcharge detection threshold register (SOVDET register) for the number of cell voltage measurements
specified by the SOVDLY[6:0] bits in the SETSOV register, the LSI detects a secondary overvoltage and charging is
prohibited.

After configuring the SOVDET register and SOVDLY bit, set the ENSQOV bit in the SETSOV register to "1" to enable
the secondary overvoltage detection function. When changing the setting, be sure to reset the ENSQOV bit to “0” before
changing the settings.

The secondary overvoltage detection operation is the same as the primary overvoltage detection operation.

If a secondary overvoltage condition is detected, the SOV bit in the STATUS2 register is set to "1", and the CF bit in
the FETCBAL register is unconditionally reset to "0" even when the ENCF bit is "1", prohibiting charging. At the same
time, the QSOV bit in the INT_REQ3 register is set to "1", notifying the MCU that a secondary overvoltage has been
detected.

The secondary overvoltage condition can be cleared by resetting the ENSOV bit in the SETSOV register to "0".

2. Secondary Undervoltage Detection Function
When the value of the cell voltage measurement result register (VCELLn register) becomes equal to or lower than the
secondary overdischarge detection threshold register (SUVDET register) for the number of cell voltage measurements
specified by the SUVDLY[6:0] bits in the SETSUV register, the LSI detects a secondary undervoltage and discharging
is prohibited.

After configuring the SUVDET register and SUVDLY bit, set the ENSUV bit in the SETSUV register to "1" to enable the
secondary undervoltage detection function. When changing the setting, be sure to reset the ENSUV bit to “0” before
changing the settings.

The secondary undervoltage detection operation is the same as the primary undervoltage detection operation.

If a secondary undervoltage condition is detected, the SUV bit in the STATUS2 register is set to "1", and the DF bit in

the FETCBAL register is unconditionally reset to "0" even when the ENDF bit is "1", prohibiting discharge. At the same
time, the QSUV bit in the INT_REQS register is set to "1", notifying the MCU that a secondary undervoltage has been

detected.

Note that even if a secondary undervoltage condition is detected, the LSI does not transit to the power-down state, and
the pull-down resistor is not connected to the PSNS pin.

The secondary undervoltage condition can be cleared by resetting the ENSUV bit in the SETSUV register to "0".

3. Secondary Charging Overcurrent Detection Function
When the value of the current measurement result register becomes equal to or higher than the SOCC[3:0] bit value in
the secondary charging overcurrent detection operation setting register (SOCC register) for the time specified by the
SOCCDLY[3:0] bit in the SOCC register, the LSI detects a charging overcurrent and the CF bit in the FETCBAL register
reset to "0" and charging is prohibited.

The secondary charging overcurrent detection operation is the same as the primary charging overcurrent detection
operation.

If a secondary charging overcurrent condition is detected, the SOCC bit in the STATUS2 register is set to "1", and the
CF bit in the FETCBAL register is unconditionally reset to "0" even when the ENCF bit is "1", and prohibiting charging.
At the same time, the QSOCC bit in the INT_REQ3 register is set to "1", notifying the MCU that a secondary charging
overcurrent has been detected.

Note that once a secondary charging overcurrent condition is detected, this condition will be maintained even if the
charger is released. The pull-down resistor will not be connected to the PSNS pin.

The secondary charging overcurrent condition can be cleared by resetting the ENSOCC bit in the SOCC register to "0".
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4. Secondary Discharge Overcurrent Detection Function
When the value of the current measurement result register becomes equal to or higher than the SOCD[3:0] bit value in
the secondary discharging overcurrent detection operation setting register (SOCD register) for the time specified by
the SOCDDLY[3:0] bit in the SOCD register, the LSI detects a charging overcurrent and the DF bit in the FETCBAL
register reset to "0" and discharging is prohibited.

The secondary discharge overcurrent detection operation is the same as the primary discharge overcurrent detection
operation.

If a secondary discharge overcurrent condition is detected, the SOCD bit in the STATUS2 register is set to "1", and the
DF bhitin the FETCBAL register is unconditionally reset to "0" even when the ENDF bit is "1", and prohibiting discharging.
At the same time, the QSOCD bit in the INT_REQ3 register is also set to "1", notifying the MCU that a secondary
discharge overcurrent has been detected.

Note that once a secondary discharge overcurrent condition is detected, this condition will be maintained even if the
load is released. The pull-up resistor will not be connected to the RSNS pin.

The secondary discharge overcurrent state can be cleared by setting the ENSOCD bit in the SOCD register to "0".

5. Secondary Overtemperature Detection Function
When the value of the temperature measurement result register (TEMPn register) becomes equal to or lower than the
SOT[11:0] bit value in the secondary overtemperature detection threshold register (SOT register) for the number of
temperature monitering specified by the SOTDLY[6:0] bits in the secondary overtemperature detection operation setting
register (SETSOT register), the LSI detects a secondary overtemperature condition and the CF bit and DF bit in the
FETCBAL register reset to "0" and charging and discharging are prohibited.

The secondary overtemperature detection operation is the same as the primary discharge prohibition overtemperature
detection operation.

If a secondary overtemperature condition is detected, the SOT bit in the STATUS2 register is set to "1", and the CF bit
and DF bit in the FETCBAL register are unconditionally reset to "0" even when the ENCF bit is "1" or the ENDF bit is
"1", and prohibiting charging and discharging. At the same time, the QSOT bit in the INT_REQ3 register is also set to
"1", notifying the MCU that a secondary overtemperature has been detected.

The secondary overtemperature detection condition can be cleared by setting all of the ENSOT[3:0] bits in the SETSOT
register to "0".

6. Charging Control FET Failure Detection Function
When C_FET is off, if a charging current equal to or higher than the SCFET[[3:0] bit value in the SCFET register
flows for equal to or longer than the detection delay time specified by the SCFDLY[3:0] bits, the LSI detects a
charging control FET failure.

If a charging control FET failure is detected, the QSCFET bit in the INT_REQ3 register and the SCFET bit in the
STATUS? register are set to "1", notifying the MCU that a charging control FET failure has been detected.

The charging control FET failure detection condition can be cleared by setting the ENSCF bit in the SCFET register to
"0".

7. Discharge Control FET Failure Detection Function
When PRD_FET and D_FET are off, if a discharge current equal to or higher than the SDFET[3:0] bit value in the
SDFET register flows for equal to or longer than the detection delay time specified by the SDFDLY[3:0] bits, the LSI
detects a discharge control FET failure.

If a discharge control FET failure is detected, the QSDFET bit in the INT_REQ3 register and the SDFET bit in the
STATUS? register are set to "1", notifying the MCU that a discharge control FET failure has been detected.

The discharge control FET failure detection condition can be cleared by setting the ENSDF bit in the SDFET register
to "0".
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8. External Fuse Cut-Off Function

This function outputs a signal from the FUSE pin to cut off the external fuse if an abnormality is detected in any of the
secondary protection functions.

The secondary abnormality detection condition for cutting off the external fuse and the fuse cut time are selected in the
FUSE register.

If the external fuse cut time has elapsed, the QFUSE bit in the INT_REQS3 register and the FUSE bit in the STATUS2
register are set to "1", notifying the MCU that the fuse has been cut off.

In addition, the 500kQ (typ.) pull-down resistor is automatically connected to the PSNS pin, and if the PSNS pin voltage
is equal to or lower than the charger connection detection PSNS pin voltage (Vec1) and the /PUPIN pin is at an "H"
level, the LSI will enter the sleep state.

The fuse cut completion detection condition is cleared by resetting the ENFUSE bit in the FUSE register to "0".

For details on waking the LSI from the sleep state, refer to the sleep function description.
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* Interrupt Notification Function
An interrupt signal is output from the /INTO pin to notify an external MCU of the completion of various measurements and
the occurrence of errors.
The INT_ENL, INT_EN2, and INT_EN3 registers are used to enable various interrupts, and interrupts that have occurred
can be confirmed and cleared by reading/writing the INT_REQ1, INT_REQ?2, and INT_REQS3 registers.
The table below shows the interrupt sources, conditions for occurrence, and the condition after occurrence. However, this
applies to the case of standalone control.

Interrupt source

Interrupt occurrence conditions

Condition after interrupt occurs

Initialization completion
QRDY

After power-up, when data loading from the
OTP memory to each register is complete.

The contents of the OTP memory are set in
each register.

Each voltage
measurement completion
QVM

When the measurement of cell voltage,
current during cell voltage measurement,
TEMPnR pin, PSNS pin, RSNS pin, and
VDD pin voltage is completed.

The measurement results are stored in the
VCELLnN, G1_ICELLNn or G4_ICELLn,
TEMPnN, PSNS, RSNS, and VDD registers.

Coulomb counter
integration completion
QCC

When the integration of the current
measurement result register value for the
period set by the CC[2:0] bits in the
PERIOD register is completed.

The accumulated result is stored in the
CCL/CCH registers.

Pre-discharge completion
QPDSG

When the time set by the TPRDSG[6:0] bits
in the PREDSG register has elapsed, or
when the voltage difference between the
VDD and RSNS pins becomes equal to or
lower than the voltage set by the
VPRDSG[6:0] bits.

The PRDF bit in the FETCBAL register is
reset to “0”, and the pre-discharge
operation is completed.

Power-save state
transition
QPSD

When the charging or discharging currents
remain below the thresholds set in the CHG
and DSG registers for a duration equal to
or longer than the time set in the PWRDLY
register.

The cell-voltage and temperature
measurement intervals change to the
power-save period specified in the
PERIOD register. Measurements of the
PSNS pin voltage, RSNS pin voltage, and
VDD pin voltage are not performed.

Return from power-save
state
QPSR

After any of the following conditions are

detected:

(1) The charging or discharging currents
exceeds the thresholds set in the
CHG and DSG registers

(2) The abnormal detection delay time
measurement has started.

Although the results of abnormality

detection are reflected in the STATUS

register after a delay time has elapsed, the

interrupt is generated immediately after the

abnormality is detected.

The cell-voltage and temperature
measurement intervals change to the
normal-mode period specified in the
PERIOD register.

Sleep state transition
QSLP

When the power-save state continues for a
duration equal to or longer than the time set
in the PWRDLY register.

All measurement operations are stopped,
the LSI enters a low-power consumption
state, and only access to the control
registers remains enabled.

Return from sleep state
QSLPR

After any of the following conditions are
detected and a stabilization time of 28 ms
has elapsed:

(1) The voltage at the PSNS pin becomes
equal to or higher than the charger-
connection detection PSNS pin voltage
(Vec1) while the discharge-control FET
is OFF.

(2) /PUPIN pin is at the “L” level.

(3) When the WKUP bit is “1” and a
discharge current is detected

The cell-voltage and temperature
measurement intervals change to the
normal-mode period specified in the
PERIOD register.

Overvoltage detection
Qov

When the value of any one of the VCELLn
registers remains higher than the OVDET
register value for the duration of the
detection delay time.

The CF bit in the FETCBAL register is reset
to “0”, and charging is prohibited.
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Interrupt source

Interrupt occurrence conditions

Condition after interrupt occurs

Overvoltage release
QOVR

When all VCELLRN register values become
equal to or lower than the value set in the
OVRC register.

The CF bit in the FETCBAL register is set
to “1”, and charging is enabled.

Undervoltage detection
QuUV

When the value of any one of the VCELLn
registers remains equal to or lower than the
UVDET register value for the duration of
the detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited. When
a 500 kQ pull-down resistor is connected to
the PSNS pin and the PSNS pin voltage
becomes equal to or lower than the charger
-connection detection PSNS pin voltage
(Vrc1), and the time specified in the
PWRDLY register has elapsed, the LSI
transitions to the power-down state.

Undervoltage release
QUVR

When all VCELLRn register values become
higher than the value set in the UVRCV
register.

When the pre-discharge function is
enabled, the PRDF bit in the FETCBAL
register is set to “1”, and once the pre-
discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.

Charging overcurrent
detection
QocCC

When the current measurement result
register value remains equal to or higher
than the value set in the SETOCC register
for the duration of the detection delay time.

The CF bit in the FETCBAL register is reset
to “0”, and charging is prohibited. A 500 kQ
pull-down resistor is connected to the
PSNS pin.

Charging overcurrent
release
QOCCR

When the difference between the VDD pin
voltage and the PSNS pin voltage becomes
equal to or lower than the charger-
disconnection detection voltage (VrLu).

The CF bit in the FETCBAL register is set
to “1”, and charging is enabled.

Discharge overcurrent 1
detection
QOCD1

When the current measurement result
register value remains equal to or higher
than the value set in the SETOCDL1 register
for the duration of the detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited. A 2
MQ pull-up resistor is connected to the
RSNS pin.

Discharge overcurrent 1
release
QOCDR1

When the RSNS pin voltage becomes
equal to or higher than the load-
disconnection RSNS pin voltage (VRL).

When the pre-discharge function is
enabled, the PRDF bit in the FETCBAL
register is set to “1”, and once the pre-
discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.

Discharge overcurrent 2
detection
QOCD2

When the current measurement result
register value remains equal to or higher
than the value set in the SETOCD?2 register
for the duration of the detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited. A 2
MQ pull-up resistor is connected to the
RSNS pin.

Discharge overcurrent 2
release
QOCDR2

When the RSNS pin voltage becomes
equal to or higher than the load-
disconnection detection RSNS pin voltage
(VRL).

When the pre-discharge function is
enabled, the PRDF bit in the FETCBAL
register is set to “1”, and once the pre-
discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.

www.rohm.com

© 2026 ROHM Co., Ltd. Al rights reserved. FEDL5262

118/124 2026.07.30 Rev.002


http://www.rohm.com/

ML5262

Datasheet

Interrupt source

Interrupt occurrence conditions

Condition after interrupt occurs

Short-circuit current
detection
QSC

When the voltage between the ISP and
ISM pins remains equal to or higher than
the value set in the SCWDT register for the
duration of the detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited. A 2
MQ pull-up resistor is connected to the
RSNS pin.

Short-circuit current
detection release
QSCR

When the PSNS pin voltage becomes
equal to or higher than the charger-
connection detection PSNS pin voltage
(Veca).

When the pre-discharge function is
enabled, the PRDF bit in the FETCBAL
register is set to “1”, and once the pre-
discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.

Charging prohibition
overtemperature detection
QOTC

When the TEMPn register value remains
equal to or lower than the value set in the
OTCn register for the duration of the
detection delay time.

The CF bit in the FETCBAL register is reset
to “0”, and charging is prohibited.

Charging prohibition
overtemperature detection
release

QOTCR

When the TEMPn register value becomes
equal to or higher than the value set in the
OTCRn register.

The CF bit in the FETCBAL register is set
to “1”, and charging is enabled.

Discharge prohibition
overtemperature detection
QOTD

When the TEMPn register value remains
equal to or lower than the value set in the
OTDn register for the duration of the
detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited.

Discharge prohibition
overtemperature detection
release

QOTDR

When the TEMPn register value becomes
equal to or higher than the value set in the
OTDRn register.

When the pre-discharge function is
enabled, the PRDF bit in the FETCBAL
register is set to “1”, and once the pre-
discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.

Charging prohibition

When the TEMPn register value remains

The CF bit in the FETCBAL register is reset

undertemperature equal to or higher than the value set in the | to “0”, and charging is prohibited.
detection UTCn register for the duration of the

QuUTC detection delay time.

Charging prohibition When the TEMPn register value becomes The CF bit in the FETCBAL register is set
undertemperature equal to or lower than the value set in the to “1”, and charging is enabled.

detection release UTCRn register.

QUTCR

Discharge prohibition When the TEMPn register value remains The DF bit in the FETCBAL register is reset
undertemperature equal to or higher than the value set inthe | to “0”, and discharging is prohibited.
detection UTDn register for the duration of the

QUTD detection delay time.

Discharge prohibition When the TEMPn register value becomes When the pre-discharge function is
undertemperature equal to or lower than the value set in the enabled, the PRDF bit in the FETCBAL
detection release UTDRn register. register is set to “1”, and once the pre-
QUTDR

discharge completion conditions specified
in the PREDSG register are satisfied, the
DF bit in the FETCBAL register is set to “1”,
enabling discharging.

When the pre-discharge function is
disabled, the DF bit in the FETCBAL
register is set to “1”, and discharging is
enabled.
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Interrupt source

Interrupt occurrence conditions

Condition after interrupt occurs

WDT detection
QWDT

When no data write or read operation to the
control registers is performed for a duration
equal to or longer than the overflow time.

In standalone-control mode, no state
changes occur.

When the ENDF and ENCF bits are set to
“1”, if an overflow is detected twice
consecutively, the DF and CF bits are reset
to “0”, and charging and discharging are
prohibited.

When the ENCB bhit is set to “1”, all
CBAL[9:0] bits in the CBAL register are
reset to “0”, and the cell-balancing
operation is stopped.

OTP memory access

When the data-loading operation of the

The contents of the OTP memory are

completion OTP memory is completed. loaded into each register.

QOTP

CC calibration completion | When the CC calibration operation is The calibration results are stored in the
QCCCAL completed. G1_CC_GAIN and G1_CC_OFST

registers, or in the G4_CC_GAIN and
G4_CC_OFST registers.

WKUP detection
QWKUP

When the voltage between the ISP and
ISM pins becomes equal to or higher than
the wake-up detection voltage (Vwk) and
this condition continues for a duration equal
to or longer than the wake-up detection
delay time (twk).

The LSl transitions from the sleep state to
the normal state.

Secondary overvoltage
detection
QSoVv

When the value of any one of the VCELLN
registers remains higher than the SOVDET
register value for the duration of the
detection delay time.

The CF bit in the FETCBAL register is reset
to “0”, and charging is prohibited.

If the secondary overcharge -detection
state is selected in the FUSE register, an
“H” level is output to the FUSE pin.

Secondary undervoltage
detection
QSuv

When the value of any one of the VCELLnN
registers remains equal to or lower than the
SUVDET register value for the duration of
the detection delay time.

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited.

If the secondary overdischarge -detection
state is selected in the FUSE register, an
“H” level is output to the FUSE pin.

Secondary charging
overcurrent detection
QSOCC

When the current measurement result
register value remains equal to or higher
than the value set in the SOCC register for
the duration of the detection delay time.

The CF bit in the FETCBAL register is reset
to “0”, and charging is prohibited.

If the secondary overcharge-detection
state is selected in the FUSE register, an
“H” level is output to the FUSE pin.

Secondary discharge
overcurrent detection

When the current measurement result
register value remains equal to or higher

The DF bit in the FETCBAL register is reset
to “0”, and discharging is prohibited.

QSOCD than the value set in the SOCD register for | If the secondary overdischarge -detection
the duration of the detection delay time. state is selected in the FUSE register, an
“H” level is output to the FUSE pin.
Secondary When the TEMPn register value remains The CF and DF bits in the FETCBAL
overtemperature detection | equal to or lower than the value set in the register are reset to “0”, and both charging
QSOT SOT register for the duration of the and discharging are prohibited.

detection delay time.

If the secondary overtemperature -detection
state is selected in the FUSE register, an
“H” level is output to the FUSE pin.

Charging control FET
failure detection
QSCFET

When the C_FET is set to OFF and the
current measurement result register value
remains equal to or higher than the SCFET
register value for the duration of the
detection delay time.

If the charging-control FET failure-
detection state is selected in the FUSE
register, an “H” level is output to the FUSE
pin.

Discharge control FET
failure detection
QSDFET

When both the PRD_FET and D_FET are
set to OFF and the current measurement
result register value remains equal to or
higher than the SDFET register value for
the duration of the detection delay time.

If the discharging-control FET failure-
detection state is selected in the FUSE
register, an “H” level is output to the FUSE
pin.

www.rohm.com

© 2026 ROHM Co., Ltd. All rights reserved.

120/124

FEDL5262
2026.07.30 Rev.002


http://www.rohm.com/

ML5262

Datasheet

Interrupt source

Interrupt occurrence conditions

Condition after interrupt occurs

Fuse cut completion
QFUSE

When the time set in the FUSE register
haselapsed.

The LSI transitions to the sleep state, and a
sleep-transition QSLP interrupt is
generated.

VREGS50 output voltage When the VREG50 output voltage drops to | No change.
drop detection a level equal to or lower than the VREG50

QUVLOS5 drop-detection voltage (VRD50).

VREG33 output voltage When the VREG33 output voltage drops to | No change.
drop detection a level equal to or lower than the VREG33

QUVLO3 drop-detection voltage (VRD33).

Current measurement When the current measurement result is No change.

result
Over-Range detection
QORG

less than 0x8000 or greater than Ox7FFE.
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= Application Circuit Example (7 cells connect)
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Recommended External Components Values
Component Recommended value Component | Recommended value Component | Recommended value
Rvop (*1) 510Q~1.5kQ CreGs0 10uF RerD 4.7kQ
Cvpbp 2.2uF~10uF Cr 4.7uF Rps, Rrs 1kQ
RceLL 10Q~1kQ CL 1uF Rnc 10Q
CceLL (*3) 0.1uF~1pF Cr 3.3uF Rruse 10kQ
Rs 0.5mQ Crc 0.47pF (*2) Crup 0.1uF
Ris 1kQ Cer 20nF (*2) Reup 100Q
Cis 10nF Rac 100Q Res TMQ

(*1) When Rvopis 1.5kQ, Cvop is recommended to be 2.2uF. When Rvop is 510Q, Cvop is recommended to be 4.7uF.
(*2) Adjust it according to the load of the external N-channel FET.
(*3) To prevent the VO pin connected to the lowest battery cell from falling below the GND level due to a sudden change in cell
voltage, the CceLL capacitor of the V1 pin connected to the lowest battery cell should be connected to GND.
* The circuit examples and recommended values for external components do not guarantee operation under all operating
conditions, so select the optimum circuit configuration and component values after thorough evaluation in the actual

application.
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* Package Dimensions

\
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NOTES:

1. LEAD WIDTH DOES NOT INGLUDE TRIM OFFSET

2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPPORT
PROTRUSION AND CAVITY OFFSET BETWEEN TOP AND BOTTOM CAVITY.

3. THE SEATING PLANE 1S THE SURFACE WHICH THE PACKAGE
IS MOUNTED ON AND GETS IN CONTACT WITH
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PACKAGE CODE

1. 20MAX.

1.00+0. 05

100015 _

0.05~0.15

P-TQFP48-0707-0. 50-ZK6

0.60=0. 15

PACKAGE MATERIAL EPOXY RESIN UNIT mm
LEAD FLAME MATERIAL Cu ALLOY DWG No. QSL-69142
LEAD FINISH Sn 100% REVISION 4
PLATING THICKNESS MORE THAN 5um 1st ISSUE Jul/28/2014
PACKAGE MASS (g) 0. 13TYP REVISED 0Oct/12/2020

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, when considering reflow mounting, contact a ROHM sales office for the product name, package name, number of
pins, package code, and desired mounting conditions (reflow method, temperature, and number of times).
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Revision History

Revision N

Page Details

2026.05.15 Rev001 - Initial version

PA Add Product name

P10 Correction: Cell Voltage Measurement Characteristics condition
P.34 Typo Correction: ENSLP, SLP bits
P42 Typo Correction: UVLO3 bit
P47 Typo Correction: OCC bit
P.64 Typo Correction: SOCC bit
P.66 Typo Correction: SCFET bit

2026.07.30 Rev002 P.67 Typo Correction: SDFET bit
P77 Typo Correction: RTEMP34
P.85 Typo Correction: PSNS/ RSNS/ VDD pin voltage measurement
P.117 Typo Correction: QPSR
P.118 Typo Correction: QSLP
P.118 Typo Correction: QOCD2
P.122 Correction: Application circuit example
P.125 Notice replacement
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Notice

Precaution on using ROHM Products

1.

If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (Note 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Note1) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIIb
CLASSNV CLASSII CLASSII CLASSII

ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety

[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:
[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents
[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust
[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Cl2,
H2S, NH3, SO2, and NO2
[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves
[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items
[f] Sealing or coating our Products with resin or other coating materials
[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering
[h] Use of the Products in places subject to dew condensation

The Products are not subject to radiation-proof design.

Please verify and confirm characteristics of the final or mounted products in using the Products.

In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse. is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

Confirm that operation temperature is within the specified range described in the product specification.

ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design

1.

When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice-PAA-E Rev.005
© 2015 ROHM Co., Ltd. All rights reserved.



Datasheet

Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application examples, their constants, software, and associated data and information contained in this
document are presented only as guidance for Products use. Therefore, in case you use such information, you are
solely responsible for it and you must exercise your own independent verification and judgment in the use of such
information contained in this document. ROHM shall not be in any way responsible or liable for any damages,
expenses or losses incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including CI2, H2S, NH3, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act
Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.
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General Precaution
1. All information contained in this document is current as of the issuing date and subject to change without any prior

notice. Before purchasing or using ROHM’s Products, please confirm the latest information with a ROHM sales
representative.

2. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.
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