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The S-8232 series is a lithium-ion / lithium-polymer rechargeable battery protection 4C incorporating high-
accuracy voltage detection circuit and delay circuit.
The S-8232 series is suitable for 2-cell serial lithium-ion / lithium-polymer battery packs.

B Features

(1) Internal high-accuracy voltage detection circuit
e Overcharge detection voltage 3.85V+25mVto4.60V +£25mV. .. Applicable in 5 mV step
e Overcharge release voltage 3.60V+50mVto4.60V+50m\V. . Applicable in 5 mV step
(The overcharge release voltage can be selected within the range where a difference from overcharge
detection voltage is 0 V1o 0.3 V.)
¢ Overdischarge detection voltage 1.70V +80 mV t0 2.60 V&80 mV  Applicable in 50 mV step
e Overdischarge release voltage 1.70V + 100 mV to 3.80 V £ 100 mV Applicable in 50 mV step
(The overdischarge release voltage can be selected within the range where a difference from
overdischarge detection voltage is0 Vto 1.2 V.)
e Overcurrent detection voltage 1 0.07V +20mV t00.30 V20 mV  Applicable in 5 mV step
(2) High input-voltage device : Absolute maximum ratings. 18 V:
(3) Wide operating voltage range : 2.0V to 16 V
(4) The delay time for every detection can be set via:an external capacitor.
(Each delay time for Overcharge detection, Overdischarge detection, Overcurrent detection are
“Proportion of hundred to ten to one”.)
(5) Two overcurrent detection levels (Protection for short-circuiting)
(6) Internal auxiliary over voltage detection circuit (Fail-safe for overcharge detection voltage)
(7) Internal charge circuit for 0 V battery (Unavailable is option)
(8) Low current consumption
e Operation mode 7.5 uA typ. 142 uA’'max. (- 40°C to + 85°C)
e Power-down mode 0.2 nA typ.© 0:1 tA max. (—40°C to + 85°C)
(9) Lead-free, Sn100%, halogen-free

*1. Refer to “@ Product Name Structure” for details.

B Applications

¢ Lithium-ion rechargeable battery packs
¢ Lithium- polymer rechargeable battery packs

B Package
e 8-Pin TSSOP
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B Block Diagram
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Remark Resistor (RCOL) is connected to the Nch transistor although CO pin serves as a CMOS output.
For this, impedance becomes high when outputting “L” from CO pin. Refer to the “B Electrical
Characteristics” for the impedance value.
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B Product Name Structure

1. Product Name

$-8232 xx FT - T2 - x
= Environmental code
U: Lead-free (Sn 100%), halogen-free
S: Lead-free, halogen-free

G: Lead-free (for details, please contact our sales office)

IC direction in tape specifications

Package code
FT : 8-Pin TSSOP

Serial code
Sequentially set from AA to ZZ

*1. Refer to the tape specifications.

2. Package

Drawing Code

Package Name

Package Tape Reel

8-Pin TSSOP FT008-A-P-SD FT008-E-C-SD FT008-E-R-SD

Seiko Instruments Inc.



BATTERY PROTECTION IC FOR 2-SERIAL-CELL PACK

S$8232 Series Rev.6.2 oo
3. Product Name List
Table 1 (1/2)
Overcharge Overdischarge | Overdischarge Overcurrent Overcharge
detection Overcharge detection release detection detection 0V battery
Product name release voltage 1, 2 delay time charging
voltage 1, 2 voltage 1, 2 voltage1, 2 voltage 1 .
Vel [Veol Vool Voul Novi [tcu] function
CuU DD, DU Iov1 (C3 —022 “-F)
S-8232AAFT-T2-x | 425V+25mV | 4.05V+50mV | 240V+80mV [ 3.00V£100 mV | 0.150 V£20 mV 10s Available
S-8232ABFT-T2-x | 435V+25mV | 415V+50mV [ 230V+80mV | 3.00V£100mV | 0.300V+20mV 10s Available
S-8232ACFT-T2-x | 435V+25mV | 415V+50mV [ 230V+80mV | 3.00V£100mV | 0.300V £ 20 mV 10s Unavailable
S-8232AEFT-T2-x | 435V+25mV | 428V+50mV [ 215V+80mV | 280V £100mV | 0.100V+20 mV 10s Available
S-8232AFFT-T2-x | 425V+25mV | 405V£50mV [ 230V+80mV | 270 V100 mV | 0.300 V+20mV 10s Available
S-8232AGFT-T2-x | 425V+25mV | 405V50mV [ 220V+80mV | 240V 100 mV | 0:200V £20 mV 10s Available
S-8232AHFT-T2-x | 425V+25mV | 4.05V50mV [ 220V+80mV | 240V £100 mV {0300 V+20 mV 10s Available
S-8232AIFT-T2-x  |4325V+25mV|4.325V+25mV™ 2| 240V+80mV | 3.00 V100 mV-| 0.300 V +20 mvV 10s Unavailable
S-8232AJFT-T2-x | 425V+25mV | 4.05V+50mV [ 240V+80mV | 3.00V£100mV | 0150 V20 mV 10s Unavailable
S-8232AKFT-T2-x |420V+25mV | 400V50mV [ 230V+80mV | 290V +100mV, 0.200V +20 mV 10s Available
S-8232ALFT-T2-x |430V+25mV | 4.05V+50mV [ 200V+80mV | 3.00V/£100mV | 0.200 V+20 mV 10s Available
S-8232AMFT-T2-x | 419V+25mV [ 419V+25mV"' | 200V+80mV | 3.00 V£100mV | 0.190 V+20 mV 10s Available
S-8232ANFT-T2-x |4.325V+25mV|4.325V+25mV™ ™| 240V+80mV |/3.00 V100 mV | 0.300 V+20 mV 10s Unavailable
S-8232A0FT-T2-x | 430V+25mV | 405V£50mV [ 200V+80mV |:3.00V£100mV | 0.230V+20 mV 10s Available
S-8232APFT-T2-x | 428V+25mV | 405V50mV [ 230V+80mV [ 2:90V£100mV | 0.100 V20 mV 10s Unavailable
S-8232ARFT-T2-x |4.325V+25mV|4.325V+25mV™ ™| 2.00V+£80mV | 250 V+100mV | 0.300 V+20 mV 10s Unavailable
S-8232ASFT-T2-x* |4205V+25mV| 420V+50mV? | 2.30 V480 mV/| 3.00V+100 mV | 0.300 V +20 mV 10s Unavailable
S-8232ATFT-T2x |4.125V+25mV| 4.125V+25mV"' | 200V +80mV | 3.00V+100mV | 0.190 V+20 mV 10s Available
S-8232AUFT-T2-x | 430V+25mV | 410V50mV (. 240V+80mV | 3.00V£100mV | 0.200 V20 mV 10s Unavailable
S-8232AVFT-T2-x | 430V+25mV | 4.05V+50mV [ 200V480mV | 3.00V£100mV | 0.300V +20mV 10s Available
S-8232AWFT-T2-x | 435V+25mV | 415V£50mV [ 230V+80mV | 3.00V£100mV | 0.150 V20 mV 10s Unavailable
S-8232AXFT-T2-x |4.325V+£25mV| 4200V+50mV | 230V+80mV | 3.00V£100mV | 020V 20 mV 10s Unavailable
S-8232AYFT-T2-x | 430V+25mV | 4.05V£50mV [ 200V+80mV [ 200V+80mV | 020V+£20 mV 10s Available
S-8232AZFT-T2-x | 430V+25mV | 405V+£50mV" | 230V+80mV | 230V+80mV | 020V+20 mV 10s Available
S-8232NAFT-T2-x |4.325V+25mV [4.325V+25mV"' | 240V+80mV |3.00V +100mV | 0.15V+20 mV 10s Unavailable
S-8232NBFT-T2-x | 435V+25mV | 425V+£50mV | 3.00V+80mV | 3.70V+£100mV | 0.30V+£20 mV 10s Unavailable
S-8232NCFT-T2-x (4.275V+£25mV| 4.05V+50mV | 220V+80mV | 3.00V+£100mV | 0.20V+20 mV 10s Unavailable
S-8232NDFT-T2-x | 435V+25mV | 4.15V£50mV | 230V+80mV | 230V+80mV | 0.15V+£20 mV 10s Available
S-8232NEFT-T2-x | 435V+25mV | 4.15V£50mV | 230V+80mV | 3.00V£100mV | 023V 20 mV 10s Available
S-8232NFFT-T2-x |4325V+£25mV|  41V+50mV? | 230V+80mV | 290 V+100mV | 0.21V+20 mV 10s Unavailable
S-8232NGFT-T2-x | 435V+25mV | 4.15V+50mV | 260V+80mV | 3.00V+£100mV | 0.30V+£20 mV 10s Available
S-8232NHFT-T2-x | 428V+25mV | 405V+50mV | 230V+80mV [ 290V+£100mV | 0.11V+20 mV 10s Unavailable
S-8232NIFT-T2x | 425V+25mV | 4.05V+50mV° | 250V+80mV | 3.00V+100mV | 0.15V+20 mV 10s Unavailable
S-8232NJFT-T2x [ 428V+25mV | 405V£50mV | 230V+80mV [ 290V£100mV | 0.11V£20 mV 10s Available
S-8232NKFT-T2-x [4.35V+25mV | 4.15V£50mV | 230V+80mV | 230V+80mV | 0.12V+£20 mV 10s Available
S-8232NLFT-T2-x. [430V+25mV | 405V+£50mV | 230V+80mV | 3.00V+£100mV | 023V+£20 mV 10s Available
S-8232NMFT-T2x | 428V+25mV | 4.05V+£50mV | 230V+80mV [ 290V+100mV | 0.08 V20 mV 10s Available

Seiko Instruments Inc.




BATTERY PROTECTION IC FOR 2-SERIAL-CELL PACK

Rev6.2 oo S-8232 Series
Table 1(2/2)
Overcharge Overdischarge | Overdischarge Overcurrent Overch?rge

. Overcharge . ) detection | OV battery

Product name detection release voltage 1, 2 detection release detection delay time charging

voltage 1, 2 voltage 1, 2 voltage1, 2 voltage 1 .
[Veul [Veol [Voo] [Vou] Miovi] fc] function
(C3=0.22uF)

S-8232NNFT-T2x | 428V+25mV | 408V+50mV® | 220V+80mV | 240V+100mV | 0.13V+20 mV 1.0s Unavailable
S-8232NOFT-T2-x | 4.295V+25mV | 4.045V+50mV> | 220V+80mV | 240V+100mV | 0.13V+20 mV 10s Unavailable
S-8232NPFT-T2-x | 425V+25mV [ 4.05V+50mV | 230V+80mV [ 3.00V+100mV | 0.30V+20mV. 10s Unavailable
S-8232NQFT-T2-x | 425V+25mV [ 4.05V+50mV | 260V+80mV [ 3.00V+100mV | 0.30 V+20mV 10s Unavailable
S-8232NRFT-T2-x | 415V+25mV [ 3.95V+50mV | 260V+80mV | 3.00V+100mV | 0.30V+20 mV 10s Unavailable
S-8232NSFT-T2-x | 415V+25mV [ 3.95V+50mV | 230V+80mV | 3.00V+100mV |.0.30V +20 mV 10s Unavailable
S-8232NTFT-T2-x | 4.225V+25mV | 415V+50mV | 2.00V+£80mV | 2.00V 80 mV+}.0.09 V420 mV 10s Unavailable

S-8232NUFT-T2-x | 3.85V+25mV [ 3.75V+50mV | 223V+80mV | 223V+80mV.4| 0.15V +20 mV 10s Available
S-8232NWFT-T2-x | 421V+25mV | 4.125V+50mV | 200V £80mV | 2.00V+80mV. | 0:09V+20 mV 1.0s Unavailable
S-8232NXFT-T2-x | 425V£25mV [ 4.05V+50mV | 280V£80mV |[3.10V+100mV| 0.30V+20mV 1.0s Unavailable
S-8232NYFT-T2-x | 425V£25mV [ 4.15V+50mV | 290V£80mV |3.10V+100mV | 0.30V+20mV 1.0s Unavailable
S-8232NZFT-T2-x | 421V£25mV [ 398V+50mV | 230V£80mV [2.90V+100mV | 0.11V+20mV 1.0s Unavailable
S-8232PAFT-T2-x | 4305V £25mV | 4.125V+50mV | 200V £80mV |2.00V+80mV | 0.09V+20mV 1.0s Unavailable
S-8232PBFT-T2-y | 435V+25mV | 415V+£50mV | 230V £80mV.|3.00V£100mV | 0.20V+20 mV 1.0s Unavailable
S-8232PCFT-T2-x | 421V+25mV | 400V+£50mV | 240V £80mV | 3.00V£100mV | 0.20V+20 mV 1.0s Unavailable
S-8232PFFT-T2-U | 4.225V+25mV | 4.025V+50mv? | 270V +£80mV | 340V £100mV | 0.15V +20 mv 1.0s Unavailable

*4. No overcharge detection / release hysteresis

*2.
*3.
*4.

The magnification of final overcharge is 1.11; the others are 1.25.
No final overcharging function
Refer to the *2 in the “® Operation”.

n

(Overcharge detection/release hysteresis”,
function)

no final overcharge function”, and “0 V battery charge inhibiting

Remark 1. Please contact our sales office for the products with detection voltage value other than those

specified above.

2.x:GorU
y:SorU

3. Please select products of environmental code = U for Sn 100%, halogen-free products.

4. The overdischarge detection voltage can be selected within the range from 1.7 to 3.0 V. When the
overdischarge detection voltage is higher than 2.6 V, the overcharge detection voltage and the
overcharge release voltage are limited as “Table 2”.

Table 2
Overdischarge Overcharge Voltage difference between overcharge detection
detection voltage 1, 2 | detection voltage 1, 2 voltage and overcharge release voltage
[Vpo] [Veul [Veu — Vool
1.70Vto 2,60V 3.85Vt04.60V 0Vt 0.30V
1.70Vt02.80V 3.85Vt04.60V 0Vto0.20V
1.70V to0 3.00 V 3.85Vt04.50V 0Vto0.10V

Seiko Instruments Inc. 5
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B Pin Configuration

8-Pin TSSOP
Top view
SENS ™M1 @) 8@ vCC
DO M2 7@ Ve
cormMs3 6 ICT
VM 1] 4 5[M VSS
Figure 2

Table 3
Pin No. | Symbol Description
Detection pin for voltage between VC and
1 SENS | SENS (Detection pin for overcharge and
overdischarge)
2 DO FET gate connection.pin for discharge
control (CMOS output)
3 co FET gate connection pin/for charge control
(CMOS output)
4 VM Detection pin for voltage between VSS and
VM (Overcurrent detection pin)
5 VSS Input pin for negative power supply
6 ICT Capacitor.connection pin for detection delay
7 VC Input‘pin for middle voltage
8 VCC | Input pin for positive power supply

Seiko Instruments Inc.




BATTERY PROTECTION IC FOR 2-SERIAL-CELL PACK
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B Absolute Maximum Ratings

Table 4
(Ta = 25°C unless otherwise specified)
ltem Symbol | Applied Pin Absolute Maximum Rating Unit
Input voltage between VCC and VSS | Vps VCC Vss — 0.3to Vgs +18 \%
SENS input pin voltage Vsens SENS Vgs — 0.3t0 Ve + 0.3 V
ICT input pin voltage VicT ICT Vss — 0.3 to Ve + 0.3 \Y
VM input pin voltage Vum VM Vee — 18 to'Vee + 0.3 V
DO output pin voltage Vbo DO Vss — 0.3t0.Vee + 0.3 \Y
CO output pin voltage Vco CcO Vym — 0.3.10 Vgc + 0.3 V
Power dissipation Po o 300 (When not mognted on board) [ mW
700 mw
Operating ambient temperature Topr — —40'to + 85 °C
Storage temperature Tetg — —A40to + 125 °C

*1. When mounted on board
[Mounted board]
(1) Board size : 114.3 mm x 76.2 mm x t1.6 mm
(2) Name : JEDEC STANDARD51-7

Caution The absolute maximum ratings are rated values exceeding which the product could suffer
physical damage. These values must therefore not'be exceeded under any conditions.
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Figure 3_Power Dissipation of Package (When Mounted on Board)
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B Electrical Characteristics

Table 5
(Ta = 25°C unless otherwise specified)
[tem Symbol Condition Min. | Typ. | Max. | Unit c o-rrsjiStEon CTi;SJi

[DETECTION VOLTAGE
Overcharge detection voltage 1, 2 Veur,2 3'8231(1};:5?3 v, _Vgud,zzs Veur.2 +V8L8225 Vv 1,2 1
Auxiliary overcharge detection voltage 1,2 Va2 Ve 2x1.25 ;/ 54 ;/ he >\</ F 1 DA 1,2 | 1
Veuawd, Veuawe = Veut, Veuz X 1.25 or Vour 3 [ Veur o1 Ve,

cuauxts Veuawe = Veur, Vo x 1.11 Vevaud, 2 Vour, 2 x 1.1 XQIUE)% X(;]U1112 XC1U11§ \Y 1,2 1
Overcharge release voltage 1, 2 Vepi 2 3'62 (}1 Jgtgb?g v, _V(% 520 Veor.2 +V8%~520 v 1,2 1
Overdischarge detection voltage 1, 2 Vop1,2 1723“&55?3 v, _Vg%gzo Voo, 2 +V([))DO1820 \Y 1,2 1
Overdischarge release voltage 1, 2 Vout,2 f 723{ utgt Sb?g v, _V8u11020 Vour.2 +V8U11020 v 1,2 1
Overcurrent detection voltage 1 Viov1 0.0;31( utgtgb?g v, _\(/)'%’210 Viow +\6'%’§0 Vv 3 1

. Load short circuit,

Overcurrent detection voltage 2 Viov2 Vi reference -157(-120(-083( V 3 1
Temperature coefficient 1 for detection voltage 2 [Tcogr  [Ta=-40°Cto + 85°C *| - 0.6 0 06 [mviC| — —
Temperature coefficient 2 for detection voltage ®  [Tcozz  [Ta=-40°C to +85°C *| - 0.24 | - 0.05 0 |mvlfC| — —
DELAY TIME (C3=0.22 uF)
Overcharge detection delay time 1, 2 tout2 1.0s 0.73 | 1.00 | 1.35 S 8,9 5
Overdischarge detection delay time 1, 2 too1 2 0.1s 68 100 138 ms 8,9 5
Overcurrent detection delay time 1 tiovt 0.01s 6.7 10 13.9 ms 10 5
INPUT VOLTAGE
Input voltage between VCC and VSS Vos Abs°'“$§t{ﬁgx'm“m 03| — | 18] v | — | —
OPERATING VOLTAGE
Operating voltage between VCC and VSS ™ [Vosop .| Outputlogicfixed [ 20 | — [ 16 [ V — —
CURRENT CONSUMPTION
Current consumption during normal operation lope V1=V2=36V 2.1 75 12.7 | pA 4 2
Current consumption at power down lpoN V1i=V2=15V 0 10.0002( 0.04 UA 4 2
OUTPUT VOLTAGE
DO voltage “H’ Voo ow=10pA | wee | Jee ] Vee |y e | 3
DO voltage ‘" Voou lour= 10 pA Vo | Ul sl v 6 | 3
CO voltage “H’ Voo or=10pA | wee | gee ] Vee |y 7|y
CO PIN INTERNAL RESISTANCE
Resistance between VM and CO [Recoo | Veo-Vw=94V J029] 06 J144 [ MQ] 7 T 4
INTERNAL RESISTANCE
Resistance between VCC .and VM Rvem Vec - V=05V 105 240 575 kQ 5 2
Resistance between VSS and VM Rvsm V- Vss=1.1V 511 597 | 977 kQ 5 2
0 VBATTERY CHARGE FUNCTION .
0V battery charge starting charger voltage Vocha %\é Et?étne%f;?ﬂgfgg 038 | 0.75 | 112 \ 11 6
0V battery charge inhibiion battery voltage 1,2 [Vows,2 | s IO | 035 | 088 | 144 | V | 12,13 | 6

*4. Auxiliary overcharge detection voltage is equal to the overcharge detection voltage times 1.11 for the
products without overcharge hysteresis, and times 1.25 for other products.

*2. Temperature coefficient 1 for detection voltage should be applied to overcharge detection voltage,
overcharge release voltage, overdischarge detection voltage, and overdischarge release voltage.

*3. Temperature coefficient 2 for detection voltage should be applied to overcurrent detection voltage.

*4. Since products are not screened at high and low temperature, the specification for this temperature range is
guaranteed by design, not tested in production.

*5. The DO and CO pin logic are established at the operating voltage.

8 Seiko Instruments Inc.
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Table 6
(Ta=-20°C to + 70°C unless otherwise specified ")
i . . Test | Test
ltem Symbol Condition Min. | Typ. | Max. | Unit (Condition CircuitI
DETECTION VOLTAGE
Overcharge detection voltage 1, 2 Vet 2 S'Bf\(}ﬁgt:b?g v _V(‘)’Ud 425 Vout,2 +V8L8~420 V 1,2 1
Auxiliary overcharge detection voltage 1, 2 Ve, 2 Veur, 2x 1.25 l/ Vhé >\</ i2 >\</ VIV 1,2 | 1
Vevauds Vevawe = Veu, Ve X 1.25 or V, ' V . V .
Veuauts Veuawe = Vout, Veuz x 1.1 Veuawd, 2 Vout, 2 x 1.1 ><C1UE)§ XC1U1112 XC1U11% \% 1,2 1
Overcharge release voltage 1, 2 Vept,2 3'62\31 J(s)t:b?g v, _Vgtg?% Veosy2 +V(():D(;625 V 1,2 1
Overdischarge detection voltage 1, 2 Vop1,2 1'72\(}11}&55?? v, _V8D11020 Voo, 2 +V8%925 v 1,2 1
Overdischarge release voltage 1, 2 Vout,2 1 72\(}1 J(s)t:b?g v, _V8U1122() Vour,2 +V8U11 ~125 \Y 1,2 1
Overcurrent detection voltage 1 Viov1 ODZ\S{J&SB?S v, _\6'%’%9 Viovr +\6'%V§9 v 3 1
. Load short circuit,
Overcurrent detection voltage 2 Viovo Ve reference -1661-120]1-074| V 3 1
Temperature coefficient 1 for detection voltage ® [Tcosr  [Ta=-40°Cto+85°C™"| —0.6 0 06 |mvec] — _
Temperature coefficient 2 for detection voltage * [Tcoes  [Ta=-40°Cto+85°C | -0.24 |-0.05| 0 [mvrCc| — —
DELAY TIME (C3=0.22 uF)
Overcharge detection delay time 1, 2 tout o 1.0's 0.60 | 1.00 | 1.84 S 8,9 5
Overdischarge detection delay time 1, 2 top1. 2 0.1s 67 100 140 ms 8,9 5
Overcurrent detection delay time 1 tiovt 0.01s 6.5 10 14.5 ms 10 5
INPUT VOLTAGE .
Input voltage between VCC and VSS Vbs Absoluﬁgtmgxmum -03 | — 18 \Y, — —
OPERATING VOLTAGE
Operating voltage between VCC and VSS ™ [Vosop” | | Outputlogicfixed | 20 | — | 16 | V — —
CURRENT CONSUMPTION
Current consumption during normal operation lope VIi=V2=36V 1.9 75 1 138 | YA 4 2
Current consumption at power down lepn V1=V2=15V 0 [0.0002| 0.06 UA 4 2
OUTPUT VOLTAGE
DO voltage “H’ Vol ow=10pA | Vg, | Yoo b Vee |y s |3
DO voltage “L” Voou lour= 10 LA Vss . (\)/,Sf)SO ) +\(/)S? 4V 6 3
CO voltage “‘H” VCO(H) lour= 10 ]J.A _\(/)054 _ \O/%C,I 9 Vee V 7 4
CO PIN INTERNAL RESISTANCE
Resistance between VM and CO [Recot | Veo-Vw=94V [ 024 ] 06 [196 | MQ | 7 | 4
INTERNAL RESISTANCE
Resistance between VCC and VM Rvem Vee - Vyy=05V 86 240 785 kQ 5 2
Resistance between VSS and VM Rvsm Vyy = Vgs=1.1V 418 597 | 1332 | kQ 5 2
0 VBATTERY CHARGE FUNCTION .
0V battery charge starting charger voltage Voca Ofu\{] g?gf%\f;gg;gg 029 | 0.75 | 1.21 \ 11 6
0V battery charge inhibition battery voltage 1,2 |Vongs 2 fgr}{:tti):rgt?% :\t‘;{gibr;g” 023 | 0.88 | 1.53 \Y 12,13 | 6

.

guaranteed by design, not tested in production.

*2.

products without overcharge hysteresis, and times 1.25 for other products.

*3.

Since products are not screened at high and low temperature, the specification for this temperature range is
Auxiliary overcharge detection voltage is equal to the overcharge detection voltage times 1.11 for the

Temperature coefficient 1 for detection voltage should be applied to overcharge detection voltage,

overcharge release voltage, overdischarge detection voltage, and overdischarge release voltage.

*4.
*5.

Seiko Instruments Inc.
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BATTERY PROTECTION IC FOR 2-SERIAL-CELL PACK
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Table 7
(Ta=-40°C to +85°C unless otherwise specified ™)
o . . Test | Test
ltem Symbol Condition Min. | Typ. Max. | Unit ConditionCircui
DETECTION VOLTAGE
. 3.85Vt04.60 V, ch1y 2 ch1'2 VCU1, 2
Overcharge detection voltage 1, 2 Veut,2 Adjustable ~0.055 +0.045 V 1,2 1
Auxiliary overcharge detection voltage 1, 2 VeUaud, 2 Veur, 2% 1.25 Veurz | Veura | Veuranl y 1,2 1
“ x1.19| x1.25 | x1.31
Vevauds Vevawe = Veu, Ve X 1.25 or v v :
Veuauts Veuawe = Vout, Veuz x 1.1 Veuawd, 2 Vout, 2 x 1.11 ><C1UE)§ XC1U1112 Xﬁmﬁ \Y 1,2 1
Overcharge release voltage 1, 2 Vept,2 3'6231(1}&:5?3 v, —V(():%SZO Veor,2 +V(():!301'720 V 1,2 1
. . 1.70 Vt0 2.60 V, VDD1, 2 VDD1, 2 VDD1 2
Overdischarge detection voltage 1, 2 V1,2 Adjustable ~0.110 £0.160 V 1,2 1
Overdischarge release voltage 1, 2 Vout,2 1723“&:5?3 v, _V8911’320 Vour.2 +V8.U11,220 v 1,2 1
. 0.07 V10 0.30 V, V|0V1 V|o\/1 V|o\/1
Overcurrent detection voltage 1 Viovt Adjustable ~0.033 +0.033 V 3 1
. Load short circuit,
Overcurrent detection voltage 2 Viovo Ve reference -1.70) -1.20 | -0.71 V 3 1
Temperature coefficient 1 for detection voltage 3 [Teoer  [Ta=-40°Cto+85°C"| - 06 0 06 |mvrec]l — _
Temperature coefficient 2 for detection voltage  [Tcoe,  [Ta=—40°Cto+85°C 1| —0.24 | - 0.05 0 mvV/°’C| — —
DELAY TIME (C3=0.22 uF)
Overcharge detection delay time 1, 2 tout o 1.0s 0.55 1.00 2.06 S 8,9 5
Overdischarge detection delay time 1, 2 top1. 2 0.1s 67 100 141 ms 8,9 5
Overcurrent detection delay time 1 tiovt 0.01s 6.3 10 14.7 ms 10 5
INPUT VOLTAGE .
Input voltage between VCC and VSS Vbs Absolu:gtmsxmum -0.3 — 18 V — —
OPERATING VOLTAGE
Operating voltage between VCC and VSS ™ [Vosor < [ Outputlogicfixed | 20 | — | 16 | V — —
CURRENT CONSUMPTION
Current consumption during normal operation  |lopg V1=V2=36V 1.8 75 14.2 uA 4 2
Current consumption at power down leon V1=V2=15V 0 0.0002 | 0.10 uA 4 2
OUTPUT VOLTAGE
(.,, V V V
DO voltage H VDO(H) IQUT: 10 }lA _ 00%7 _ O%CO?) cc V 6 3
“wen V V V
DO voltage L VDO(L) lour= 10 ].lA 88 + O%)SO3 + 03?7 Vv 6 3
w V V V
CcO VOItage H VCO(H) IOUT: 10 ].lA _ 0057 _ 0%019 cc V 7 4
CO PIN INTERNAL RESISTANCE
Resistance between VM and CO [Reot | Veo-Vw=94V [ 02 ] 06 | 220 | MQ | 7 | 4
INTERNAL RESISTANCE
Resistance between VCC and VM Rvem Vee - V=05V 79 240 878 kQ 5 2
Resistance between VSS and VM Rvsm Vyw = Vgs=1.1V 387 597 1491 kQ 5 2
0 VBATTERY CHARGE FUNCTION .
0V battery charge starting charger voltage Vocha %\ag?;ffé\f;?;gl'gg 0.26 0.75 1.25 V 11 6
0V battery charge inhibition’battery voltage 1,2 |Vongs 2 fgn\ét?ggtﬁ% g\?:?ilrgi)rllg” 0.20 | 0.88 1.57 \Y 12,13 | 6

*1. Since products are not screened at high and low temperature, the specification for this temperature range is
guaranteed by/design, not tested in production.

*2. Auxiliary overcharge detection voltage is equal to the overcharge detection voltage times 1.11 for the
products without overcharge hysteresis, and times 1.25 for other products.

*3. Temperature coefficient 1 for detection voltage should be applied to overcharge detection voltage,
overcharge release voltage, overdischarge detection voltage, and overdischarge release voltage.

*4. Temperature coefficient 2 for detection voltage should be applied to overcurrent detection voltage.

*5. The DO pin and CO pin logic are established at the operating voltage.
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B Test Circuits

(1) Test Condition 1, Test Circuit 1

Set S1 = OFF, V1 =V2 =3.6 V, and V3 = 0 V under normal status. Increase V1 from 3.6 V gradually.
The V1 voltage when CO = “L” is overcharge detection voltage 1 (Vcy1). Decrease V1 gradually. The V1
voltage when CO = “H” is overcharge release voltage 1 (Vcp1). Further decrease V1.. The V1 voltage
when DO = “L” is overdischarge voltage 1 (Vpp+). Increase V1 gradually. The V1 voltage when DO = “H”
is overdischarge release voltage 1 (Vpys). Set S1=0N, and V1 =V2=3.6 V and'V3 =0’V under normal
status. Increase V1 from 3.6 V gradually. The V1 voltage when CO = “L” is auxiliary:overcharge detection
VOItage 1 (VCUaux1)-

(2) Test Condition 2, Test Circuit 1

Set S1 = OFF, V1 =V2 =3.6 V, and V3 = 0 V under normal status. Increase V2 from 3.6 V gradually.
The V2 voltage when CO = “L” is overcharge detection voltage 2 (V¢y2)-=Decrease V2 gradually. The V2
voltage when CO = “H” is overcharge release voltage 2 (V¢p2). Further decrease V2. The V2 voltage
when DO = “L” is overdischarge voltage 2 (Vpp,). Increase V2 gradually. The V2 voltage when DO = “H”
is overdischarge release voltage 2 (Vpy2). Set S1=0N, and V1 =V2=3.6 V and V3 =0 V under normal
status. Increase V2 from 3.6 V gradually. The V2 voltage when CO = “L” is auxiliary overcharge
detection voltage 2 (Vcyaux2)-

(3) Test Condition 3, Test Circuit 1

Set S1=0FF,V1=V2=3.6V, and V3 =0 V under normal status. Increase V3 from 0 V gradually. The
V3 voltage when DO = “L” is overcurrent detection voltage’1 (Viov1). SetS1=0N,V1=V2=36V, V3=
0 under normal status. Increase V3 from 0 V gradually.(The voltage change rate < 1.0 V/ ms) V3 — (V1
+ V2) voltage when DO = “L” is overcurrent detection voltage 2 (Viov2).

(4) Test Condition 4, Test Circuit 2

Set S1=0N, V1 =V2 = 3.6 V, and V3. = 0V /under normal status and measure current consumption.
Current consumption I1 is the normal status current consumption (Iopg). Set S1 = OFF, V1 = V2 =
1.5 V under overdischarge status and measure current consumption. Current consumption 11 is the
power-down current consumption (Ippy)-

(5) Test Condition 5, Test Circuit 2

SetS1=0N, V1=V2=V3=1.5V/and V3 = 2.5 V under overdischarge status. (V1 + V2 -V3) /12 is the
internal resistance between VCC and VM (RVCM).

Set S1=0N, V1=V2=3.6V, and V3 = 1.1V under overcurrent status. V3 / 12 is the internal resistance
between VSS and VM (RVSM).

(6) Test Condition 6, Test Circuit 3

Set S1 = ON, 82 = OFF, V1 =V2 =36V, and V3 = 0 V under normal status. Increase V4 from 0 V
gradually. The V4 voltage when |1 =10 pA is DO voltage “H” (Vpog))-

Set S1=0FF,; S2=0N, V1=V2=3.6 V, and V3 = 0.5V under overcurrent status. Increase V5 from 0 V
gradually.The V5 voltage when 12 = 10 pA is the DO voltage “L” (Vpo(,))-
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(7) Test Condition 7, Test Circuit 4

Set S1 = ON, S2 = OFF, V1 =V2 = 3.6 V and V3 = 0 V under normal status. Increase V4 from 0 V
gradually. The V4 voltage when 11 =10 pA is the CO “H” voltage (Vco))-

Set S1=0FF, S2=0N,V1=V2=47,V3=0V, and V5 = 9.4 V under overcharge status. (V5) /12 is
the internal resistance between VM and CO (RCOL).

(8) Test Condition 8, Test Circuit 5

Set V1 =V2 =3.6 V, and V3 = 0 V under normal status. Increase V1 from (Vcys = 0.2 V) to (Vcu1 +
0.2 V) immediately (within 10 us). The time after V1 becomes (Vcy1 + 0.2¢V) until CO goes “L” is the
overcharge detection delay time 1 (tcu1).

SetV1=V2 =36V, and V3 =0 V under normal status. Decrease V1 from (Vpp1 + 0.2 V) to (Vpp1 — 0.2
V) immediately (within 10 us). The time after V1 becomes (Vpp:s —0.2 V) until DO goes “L” is the
overdischarge detection delay time 1 (tpp+).

(9) Test Condition 9, Test Circuit 5

Set V1 =V2 =3.6 V, and V3 = 0 V under normal status. Increase V2 from (Vcy, — 0.2 V) to (Vcuz +
0.2 V) immediately (within 10 us). The time after V2 becomes (Véy2 + 0.2 V) until CO goes “L” is the
overcharge detection delay time 2 (tcyz).

Set V1 =V2=3.6"V, and V3 =0 V under normal status. 'Decrease V2 from (Vppz + 0.2 V) to (Vpp2 — 0.2
V) immediately (within 10 us). The time after V2 becomes’ (Vpp, — 0.2 V) until DO goes “L” is the
overdischarge detection delay time 2 (tppy).

(10) Test Condition 10, Test Circuit 5
Set V1 =V2 =36V, and V3 = 0 V under normal status. Increase V3 from 0 V to 0.5 V immediately
(within 10 us). The time after V3 becomes 0:5V until DO goes “L” is the overcurrent detection delay time
1 (tiovs)-

(11) Test Condition 11, Test Circuit 6
SetV1=V2=0V,and V3 =0V, and increase V3 gradually. The V3 voltage when CO =“L" (Vyy+ 0.3V
or higher) is the 0 V charge starting. voltage (Vocpa)-

(12) Test Condition 12, Test Circuit 6
SetV1=0V,V2=3.6V, and V3 =12V, and increase V1 gradually. The V1 voltage when CO = “H" (Vym
+ 0.3 V or higher) is the 0.V.charge inhibiting voltage 1 (Voinn1)-

(13) Test Condition 13, Test Circuit 6

SetV1=3.6V,V2=0V, and V3 =12V, and increase V2 gradually. The V2 voltage when CO = “H”" (Vym
+ 0.3 V or higher).is the 0 V charge inhibiting voltage 2 (Vonm2)-
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V3 .,
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|
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Test Circuit 5

Test Circuit 6

Figure 4
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Operation

Remark Refer to “@ Battery Protection IC Connection Example”.
Normal Status "

This IC monitors the voltages of the two serially connected batteries and the discharge current to‘control charging and
discharging. When the voltages of two batteries are more than the overdischarge detection voltage (Vpp+, ), less than
the overcharge detection voltage (Vcy1, 2), and the current flowing through the batteries becomes‘equal or lower than a
specified value (the VM pin voltage is equal or lower than overcurrent detection voltage 1),/the charging and
discharging FETs are turned on. In this status, charging and discharging can be carried out freely. This is normal
status. In this status, the VM and VSS pins are shorted by the RVSM resistor.

Overcurrent Status

When the discharging current becomes equal to or higher than a specified value (the VM pin voltage is equal to or
higher than the overcurrent detection voltage1) during discharging under the normal/status and it continues for the
overcurrent detection delay time (tov1) or longer, the discharging FET is turned off to stop discharging. This is
overcurrent status. The VM and VSS pins are shorted by the RVSM resistorin this status. The charging FET is also
turned off. While the discharging FET is off and a load is connected, the VM pin voltage is equal to the V¢ potential.
The overcurrent status returns to the normal status when impedance between the EB- and EB+ pins (refer to Figure
8) is 200 MQ or higher, by action such as releasing the load. When the load/is released, the VM pin, which is shorted
to the VSS pin by the RVSM resistor, goes back to the Vsg potential. The IC detects that the VM pin potential returns
to overcurrent detection voltage 1 (V\ov4) or lower and returns to the normal status.

Overcharge Status

Following two cases are detected as overcharge status :

(1) If any of the battery voltages becomes higher than the overcharge detection voltage (Vcus, 2) during charging
under the normal status and it continues for the.overcharge detection delay time (tcys, 2) or longer, the charging
FET turns off to stop charging. This is overcharge status. In this status, the VM and VSS pins are shorted by
the RVSM resistor.

(2) Although the status is shorter than the overcharge detection delay time (tcus, 2), if any of the battery voltages
becomes higher than the auxiliary overcharge detection voltage (Vcuaua, 2), the charging FET turns off to stop
charging. This is also overcharge status. In this status, the VM and VSS pins are shorted by the RVSM
resistor.

The auxiliary overcharge detection voltages (Vcuaux, 2) are correlated with the overcharge detection voltages (Vcus, 2)
and are defined by following equations :

Vevauxt, 2 [V] = 1.25 X Veys, 2 [V]

or Veuauxt, 2 [V] = 1.11 X Veys 2 [V]

The overcharge status is released.in two cases :

(1) The battery voltage which exceeded the overcharge detection voltage (Vcus, 2) falls below the overcharge
release voltage (Vcp1, 2), the charging FET turns on and the IC returns to the normal status.

(2) If the battery voltage which” exceeded the overcharge detection voltage (Vcus, 2) is equal or higher than the
overcharge release voltage (Vcps, 2), however, discharging starts with removing the charger and connecting the
load, the charging FET turns on and the IC returns to the normal status.

The mechanism to release is as follows: the discharge current flows via an internal parasitic diode of the charging
FET, immediately after connecting the load and discharging starts. Therefore the VM pin’s voltage momentarily
increases about 0.6 V- (voltage as much as V¢ voltage of the diode has) plus the VSS pin’s voltage. The IC detects this
voltage by using overcurrent detection voltage 1 (Viov4) so that the IC releases the overcharge status and returns to
the normal status.

Overdischarge Status

If any of the battery voltages falls below the overdischarge detection voltage (Vpp+, 2) during discharging under the
normal status and it continues for the overdischarge detection delay time (ipps, 2) or longer, the discharging FET turns
off and discharging stops. This is overdischarge status. When the discharging FET turns off, the VM pin voltage
becomes equal to the V¢ voltage and the IC’s current consumption falls below the power-down current consumption
(Iron)- This is power-down status. The VM and VCC pins are shorted by the RVCM resistor in the overdischarge and
power-down statuses.

The power-down status is released when the charger is connected and the voltage between VM and VCC is
overcurrent detection voltage 2 or higher. In this status, When all the battery voltages becomes equal to or higher
than the overdischarge release voltage (Vpus, 2) in this status, The IC returns to the normal status from the
overdischarge status.
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Delay Circuit

The overcharge detection delay time (tcyq, 2), the overdischarge detection delay time (tpps, 2), and the overcurrent
detection delay time 1 (tov1) change with an external capacitor (C3). Since one capacitor determine each delay time,
delay times are correlated as seen in the following ratio :
Overcharge delay time : Overdischarge delay time : Overcurrent delay time =100 : 10 : 1
The delay times are calculated by the following equations : (Ta =—40°C to + 85°C)
Min., Typ., Max.

Overcharge detection delay time tcy [s] = Delay factor (2.500, 4.545, 9.364/)x C3 [uF]
Overdischarge detection delay time tpp [s] = Delay factor (0.3045, 0.4545, 0.6409)x C3 [uF]
Overcurrent detection delay time toy4 [s] = Delay factor (0.02864, 0.04545,70.06682 ) x C3 [uF]

Remark The overcurrent detection delay time 2 is not set Overcurrent detection voltage 2.(Viovs).

0 V Battery Charging Function 3

0 V Battery Charge Inhibiting Function ’

1.

*2.

*3.

This function is used to recharge both of two serially-connected batteries after they self-discharge to 0 V. When the 0
V charging start voltage (Vqcha) Or higher is applied to between VM and VCC by connecting the charger, the charging
FET gate is fixed to V¢ potential.

When the voltage between the gate and the source of the charging FET becomes equal to or higher than the turn-on
voltage by the charger voltage, the charging FET turns on to start charging. At this time, the discharging FET turns
off and the charging current flows through the internal parasitic diode in the discharging FET. If all the battery
voltages become equal to or higher than the overdischarge release voltage (Vpys 2), the IC returns to the normal
status.

3

This function is used for inhibiting charging after either of the connected batteries goes 0 V due to its self-discharge.
When the voltage of either of the connected batteries goes below the 0 V charge inhibit voltage 1 and 2 (Voins, 2), the
charging FET gate is fixed to "EB-" to inhibit charging.-Charging is possible only when the voltage of both connected
batteries goes 0 V charge inhibit voltage 1 and 2 (Vqjnps, 2) Or/more.

Note that charging may be possible when the totalvoltage of both connected batteries is less than the minimum value
(Vosormin) Of the operating voltage between VCC.and VSS even if the voltage of either of the connected batteries is
the 0 V charge inhibit voltage 1 and 2 (Vo1 2) or/less. Charging is inhibited when the total voltage of both
connected batteries reaches the minimum value (Vpsopmin) Of the operating voltage between VCC and VSS.

When using this optional function, a resistor-of 4.7 MQ is needed between the gate and the source of the charging
control FET (refer to Figure 8).

When connecting batteries for the first time, the IC may fail to enter the normal status (is not in the status to charge).
If so, once set the VM pin to VSS voltage (short between VM and VSS or connect a charger) to return to the nor