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The S-8204B Series includes high-accuracy voltage detection circuits and delay circuits, in single use, makes it possible for
users to monitor the status of 3-series or 4-series cell lithium-ion rechargeable battery. By switching the voltage level which
is applied to the SEL pin, users are able to use the S-8204B Series either for 3-series or 4-series cell pack.

By cascade connection using the S-8204B Series, it is also possible to protect 6-series or more cells™ lithium-ion
rechargeable battery pack.

*1. Refer to the application note for connection examples of protection circuit for 6-series or more cells.
In case of protecting 5-series cell lithium-ion rechargeable battery pack, contact our sales office.

B Features

¢ High-accuracy voltage detection function for each cell
Overcharge detection voltage n (n = 1 to 4) 3.65V to 4.6 V(50 mV step) Accuracy £25 mV
Overcharge release voltage n (n = 1 to 4) 35Vto4.6V" Accuracy 50 mV
Overdischarge detection voltage n (n = 1 to 4) 2.0V to 3.0V (100 mV step) Accuracy 80 mV
Overdischarge release voltage n (n = 1 to 4) 2.0Vto3.4V? Accuracy 100 mV

¢ Discharge overcurrent detection in 3-step
Discharge overcurrent detection voltage 1 0.05V t0 0.30 V (50 mV step) Accuracy 15 mV
Discharge overcurrent detection voltage 2 0.5V (fixed) Accuracy £100 mV
Load short-circuit detection voltage 1.0 V (fixed) Accuracy £300 mV

e Settable by external capacitor; overcharge detection delay time, overdischarge detection delay time, discharge
overcurrent detection delay time 1, discharge overcurrent detection delay time 2
(Load short-circuit detection delay time is internally fixed.)

¢ Switchable between 3-series and 4-series cell by using the SEL pin

¢ Independent charge and discharge control by the control pins

¢ Power-down function "available" / "unavailable" is selectable

¢ High-withstand voltage Absolute maximum rating: 24 V
» Wide operation voltage range 2Vto22V
¢ Wide operation temperature range Ta = -40°C to +85°C
e Low current consumption
During operation 33 LA max. (Ta = +25°C)
During power-down 0.1 LA max. (Ta = +25°C)

¢ Lead-free, Sn 100%, halogen-free*3

*1. Overcharge hysteresis voltage n (n = 1 to 4) is selectable in 0 V, orin 0.1 V to 0.4 V in 50 mV step.
(Overcharge hysteresis voltage = Overcharge detection voltage — Overcharge release voltage)

*2. Overdischarge hysteresis voltage n (n = 1 to 4) is selectable in 0 V, orin 0.2 Vt0 0.7 V in 100 mV step.
(Overdischarge hysteresis voltage = Overdischarge release voltage — Overdischarge detection voltage)

*3. Refer to "W Product Name Structure" for details.

B Application

e Rechargeable lithium-ion battery pack

B Package
* 16-Pin TSSOP
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204B Series Rev.3.9 oo

B Block Diagram
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
Rev.3.9 0o S-8204B Series

B Product Name Structure
1. Product name

S-8204B XX - XXXX X
T— Environmental code
uU: Lead-free (Sn 100%), halogen-free
S: Lead-free, halogen-free

Package name (abbreviation) and packing specifications*1
TCT1: 16-Pin TSSOP, Tape

Serial code™
Sequentially set from AA to ZZ

*1. Refer to the tape drawing.
*2. Referto "3. Product name list".

2. Package
Table 1 Package Drawing Codes
Package Name Dimension Tape Reel
16-Pin TSSOP Environmental code = S FT016-A-P-SD FT016-A-C-SD FT016-A-R-SD
Environmental code = U FT016-A-P-SD FT016-A-C-SD FT016-A-R-S1
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204B Series Rev.3.9 oo
3. Product name list
Table 2
. . Discharge
Overcharge | Overcharge |Overdischarge| Overdischarge
. . Overcurrent | 0V Battery
Product Name Detection Release Detection Release Detection Charge Power-c'iown
Voltage Voltage Voltage Voltage Voltage 1 Function Function
[Veul Vel [Vo] [Voul
[Vbiov1]

S-8204BAB-TCT1y 4.350 V 4.150 V 2.00V 2.70V 0.250 V  |Available Available
S-8204BAC-TCT1y | 4.225V 4.075V 2.30V 3.00V 0.100V__ |Available  |Available
S-8204BAD-TCT1y 3.800 V 3.600 V 2.00V 2.30V 0.300V  |Available Available
S-8204BAE-TCT1y 4.350 V 4.150 V 250V 3.00V 0.250 V  |Available Available
S-8204BAF-TCT1y 4.350 V 4.150 V 2.30V 3.00V 0.100 V  |Available Available
S-8204BAG-TCT1y 4.350 V 4.150 V 2.80V 3.30V 0.100 V  |Available Available
S-8204BAH-TCT1y 4.200 V 4.000 V 2.60V 3.00V 0.100V  |Available Available
S-8204BAI-TCT1y 3.900 V 3.800 V 2.00V 2.00V 0.150 V  |Unavailable |Available
S-8204BAJ-TCT1y 4.300 V 4.100 V 2.50V 290V 0.250 V  |Available Available
S-8204BAK-TCT1y 3.650 V 3.500 V 240V 3.00V 0.100 V  |Available Available
S-8204BAL-TCT1y 4.200 V 4.100 V 270V 290V 0.250V  |Available Available
S-8204BAM-TCT1y 4.400 V 4.200 V 2.00V 270V 0.250V  |Available Available
S-8204BAN-TCT1y 4.100 V 4.100 V 2.00V 250V 0.150 V  |Unavailable |Available
S-8204BAO-TCT1y 3.900V 3.600 V 250V 270V 0.100 V  |Unavailable |Available
S-8204BAP-TCT1y 4.320V 4120 V 240V 3.00V 0.100V  |Unavailable |Available
S-8204BAQ-TCT1y 3.800 V 3.600 V 2.00V 2.30V 0.150 V  |Available Available
S-8204BAR-TCT1y 3.850 V 3.650 V 250V 270V 0.150V  |Available Available
S-8204BAS-TCT1y 4250V 4150V 280V 3.00V 0.150V  |Available Available
S-8204BAT-TCT1y 3.650 V 3.500 V 2.00V 270V 0.100V  |Available Available
S-8204BAU-TCT1y 4.200V 4100V 270V 290V 0.100V  |Available Available
S-8204BAV-TCT1y 3.900 V 3.600 V 2.00V 270V 0.100V |Available Available
S-8204BAW-TCT1y 3.800 V 3.650V 220V 250V 0.100V |Available Available
S-8204BAX-TCT1y 4250V 4250V 2.00V 2.00V 0.100V  |Unavailable |Available
S-8204BAY-TCT1y 3.900 V 3.600 V 230V 250V 0.100V  |Available Available
S-8204BAZ-TCT1y 4250V 4100V 3.00V 3.30V 0.100V |Available Available
S-8204BBA-TCT1y 4250V 4150V 250V 3.00V 0.100V  |Available Available
S-8204BBB-TCT1y 4250V 4150 V 270V 3.00V 0.250V  |Unavailable |Available
S-8204BBC-TCT1y 4250V 4100V 280V 3.20V 0.250V  |Unavailable |Available
S-8204BBD-TCT1y 4.300V 4200V 230V 3.00V 0.100V |Available Available
S-8204BBE-TCT1y 3.800 V 3.600V 2.00V 230V 0.100V  |Available Available
S-8204BBF-TCT1y 3.800 V 3.600 V 2.00V 230V 0.050 V  |Available Available
S-8204BBG-TCT1y 4250V 4100V 280V 3.30V 0.100V  |Unavailable |Available
S-8204BBH-TCT1y 4250V 4150V 270V 3.00V 0.125V |Unavailable |Available
S-8204BBI-TCT1U 4250V 4150V 270V 3.00V 0.125V |Unavailable |Unavailable
S-8204BBJ-TCT1U 4250V 4150 V 270V 3.00V 0.150 V  |Unavailable |Unavailable
S-8204BBK-TCT1U 4250V 4190V 280V 3.00V 0.150V  |Available Available
S-8204BBL-TCT1U 4230V 4230V 280V 3.00V 0.150V  |Available Available
S-8204BBU-TCT1U 4.350 V 4.150 V 2.30V 3.00V 0.100 V  |Unavailable |Available
S-8204BBV-TCT1U 4.450 V 4.300 V 270V 3.00V 0.100 V  |Unavailable |Available

Remark 1.

3. Please select products of environmental code = U for Sn 100%, halogen-free products.
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204B Series

B Pin Configuration

1. 16-Pin TSSOP

Top view
1 16
2 = O 15
3 14
4 13
5 12
6 11
7 10
8 " " 9
Figure 2
Table 3
Pin No. Symbol Description
1 COP Connection pin of charge control FET gate (Pch open-drain output)
2 VMP Voltage detection pin between VDD pin and VMP pin
3 DOP Connection pin of discharge control FET gate (CMOS output)
4 VINI Voltage detection pin between VSS pin and VINI pin,
discharge overcurrent 1 / 2 detection pin, load short-circuit detection pin
o CDT Capacitor connection pin for delay for overdischarge detection
6 CCT Capacitor connection pin for delay for overcharge detection
7 CIT Capacitor connection pin for delay for discharge overcurrent 1/ 2
Pin for switching 3-series or 4-series cell
8 SEL ® Vss level: 3-series cell
¢ Vpp level: 4-series cell
Input pin for negative power supply,
9 VSS . . .
connection pin for negative voltage of battery 4
Connection pin for negative voltage of battery 3,
10 VC4 . . L
connection pin for positive voltage of battery 4
Connection pin for negative voltage of battery 2,
11 VC3 . . .
connection pin for positive voltage of battery 3
Connection pin for negative voltage of battery 1,
12 VC2 . . L
connection pin for positive voltage of battery 2
13 VC1 Connection pin for positive voltage of battery 1
Input pin for positive power supply,
14 VDD . . o
connection pin for positive voltage of battery 1
15 CTLD Discharge FET control pin
16 CTLC Charge FET control pin
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204B Series

Rev.3.9 oo

B Absolute Maximum Ratings

Table 4
(Ta = +25°C unless otherwise specified)
ltem Symbol Applied Pin Absolute Maximum Rating Unit

Input v_oltage between VDD pin and Vos 3 Ves — 0.3 to Vss + 24 v
VSS pin

VC1, VC2, VC3, VC4,
Input pin voltage Vin CTLC, CTLD, SEL, CCT, Vss —0.3to Vpp + 0.3 \Y

CDT, CIT, VINI
VMP pin input voltage Vymp VMP Vss — 0.3 to Vss + 24 V
DOP pin output voltage Vbop DOP Vss — 0.3 to Vpp + 0.3 V
COP pin output voltage Vcor COP Vpp — 24 to Vop + 0.3 \Y
Power dissipation Pp — 1100 mW
Operation ambient temperature Topr — —40 to +85 °C
Storage temperature Tstq — —40 to +125 °C

*1.  When mounted on board
[Mounted board]

(1) Board size:

114.3 mm x 76.2 mm x t1.6 mm

(2) Board 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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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
Rev.3.9 0o S-8204B Series

B Electrical Characteristics

Table 5 (1/2)
(Ta = +25°C unless otherwise specified)

Test
| I iti Min. Typ. Max. i o
tem Symbo Condition in yp ax Unit Circut
Detection Voltage
Overcharge detection voltage n v 3.65V1t04.6V, adjustable, Veun v Veun v 2
(n=1,2,3,4) °n | 50 mV step —0.025 | 4+0.025
V V,
35Vt046V, Ver # Veu et Vein et Y 2
Overcharge release voltage n i —0.05 +0.05
(n=1.23 4) Vein adjustable, v v
= 49 \V; — CLn CLn
50m step VeL = Veu —0.025 Vein +0.025 \Y 2
Overdischarge detection voltage n v 2.0Vto 3.0V, adjustable, Vbin vV VbtLn Vv 5
(n=1,2,3,4) P 1 100 mV step -0.08 P 1 4 0.08
VDUn VDUn
. . VpL#V, V Vv 2
Overdischarge release voltage n 2 0 Vi34V, oL # Vou —-0.10 bun +0.10
(n=1,23,4) Vbun adjustable, v v
] _ DUn DuUn
100 mV Step VD|_ = VDU —0.08 VDUn +0.08 \Y 2
Discharge overcurrent detection . Vbiovi Vbiov1
voltage 1 Vbiov1 0.05V 10 0.30 V, adjustable — 0015 Vbiov1 +0.015 Vv 2
Discharge overcurrent detection Voiovs 3 04 05 06 v 2
voltage 2
Load short-circuit detection Vsrorr 3 07 10 13 v 2
voltage
Temperature coefficient 11 TcoEt Ta =0°C to 50°C™ -1.0 0 1.0 mV/°C 2
Temperature coefficient 22 Tcoez | Ta=0°C to 50°C™ -0.5 0 0.5 mV/°C 2
Delay Time Function™
CCT pin internal resistance Rne  |V1=47V,V2=V3=V4=35V | 6.15 8.31 10.2 MQ 3
CDT pin internal resistance Rino V1=15V,V2=V3=V4=35V 615 831 1020 kQ 3
CIT pin internal resistance 1 Rini1 V1=V2=V3=V4=35V 123 166 204 kQ 3
CIT pin internal resistance 2 Riniz V1=V2=V3=V4=35V 12.3 16.6 204 kQ 3
VDS =15.2 V, VDS VDS VDS
i i V, \Y 3
CCT pin detection voltage T |V1=47V,V2=V3=V4=35V | x068 |x0.70 | x0.72
Vos = 12.0V, Vbs Vbs Vbs
i i V \Y 3
CDT pin detection voltage PT |V1=15V,V2=V3=V4=35V | x068 |x0.70 | x0.72
VDS =14.0 V, VDS VDS VDS
i i V \Y 3
CIT pin detection voltage T Iv1=Vv2=V3=V4=35V x0.68 | x0.70 | x0.72
Load short-circuit detection . _
delay time tshort | FET gate capacitance = 2000 pF 100 300 600 us 3
0V Battery Charge Function
0 V battery charge starting Vocia 0 \% t.>atter|3|/ charge function B 12 20 v 2
voltage available
0 V battery charge inhibition Vo 0 \% bat-tery c"harge function 04 0.7 11 Vv 9
battery voltage unavailable
Internal Resistance
Resistance between
VMP pin and VDD pin Rvwo B 0.5 ! 15 ME 4
Resistance between R With power-down function 450 | 900 | 1800 | ko 4
VMP pin and VSS pin VmS P
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204B Series Rev.3.9 oo

Table 5 (2/ 2)
(Ta = +25°C unless otherwise specified)

" . . Test
Item Symbol Condition Min. Typ. Max. Unit Gircut
Input Voltage
Operation voltage between VDD v Fixed output voltage of DOP pin and 2 B 29 v 5
pin and VSS pin PSOP" | COP pin
CTLC pin input voltage "H" Verien | VI=V2=V3=V4=35V — — 13.2 V 2
CTLC pin input voltage "L" Veriee | V1I=V2=V3=V4=35V 10.1 — — V 2
CTLD pin input voltage "H" Verion | VI=V2=V3=V4=35V — — 13.2 V 2
CTLD pin input voltage "L" Verol | V1=V2=V3=V4=35V 10.1 - - V 2
.. i VDS =14.0 V, VDS
SEL pin input voltage "H VSELH V1=V2=V3=V4=35V 0.8 - - \% 2
.. - VDS =14.0 V, _ _ VDS
SEL pin input voltage "L VseLL V1=V2=V3=V4=35V %02 \% 2
Input Current
Current consumption lore | V1=V2=V3=V4=35V - 15 | 33 WA 1
during operation
Current consumption | With power-down function, B B 01 A 1
during power-down FON V1=V2=V3=V4=15V ' H
Current consumption | Without power-down function, 3 14 32 uA 1
during overdischarge OPED V1=V2=V3=V4=15V
VC1 pin current lvc V1=V2=V3=V4=35V 0.5 1.5 3.0 A 4
VC2 pin current lvez V1=V2=V3=V4=35V -0.3 0 0.3 uA 4
VC3 pin current lves V1=V2=V3=V4=35V -0.3 0 0.3 uA 4
VC4 pin current lvca V1=V2=V3=V4=35V -0.3 0 0.3 uA 4
CTLC pin current "H" leTicH VI=V2=V3=V4=35V, 0.4 0.6 0.8 HA 4
Veric = Voo
V1=V2=V3=V4=35V
i "L" ’ -20.0 | -10.0 | -3.0
CTLC pin current "L leret maximum current flowing from CTLC pin 0 HA 4
CTLD pin current "H" loron | 1= V2=V3=V4A=3.5Y, 04 | 06 | 08 | uA 4
Vet = Vo
V1=V2=V3=V4=35V
i "L" ’ -20.0 | -10.0| -3.0
CTLD pin current "L lemol maximum current flowing from CTLD pin HA 4
SEL pin current "H" IseLH Vi=V2=V3=Va=35V, - - 0.1 HA 4
VseL = Vop
SEL pin current "L" g, | UTEV2=V3=VA=3SY, 0.1 - - LA 4
VseL = Vss
Output Current
COP pin source current lcon Vecor =Vpp - 0.5V 10 - - HA 4
COP pin leakage current lcoL Veor =0V - - 0.1 pA 4
DOP pin source current IpoH Voor =Vpp—0.5V 10 - - HA 4
DOP pin sink current IpoL Vpop =Vss+0.5V 10 - - pA 4

*1. Voltage temperature coefficient 1: Overcharge detection voltage

*2. Voltage temperature coefficient 2: Discharge overcurrent detection voltage 1

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

*4. Details of delay time function is described in "l Operation".
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BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
Rev.3.9 0o S-8204B Series

H Test Circuit

This chapter describes how to test the S-8204B Series. In case of selecting to use it for 4-series cell battery, set SEL pin
= Vpp. For 3-series cell battery, set SEL pin = Vss and short between the VC4 pin and the VSS pin.

1. Current consumption during operation and power-down
(Test circuit 1)

1.1 Current consumption during operation (lopg)

The current at the VSS pin when V1 = V2 =V3 =V4 = 3.5V and Vywr = Vpp is the current consumption during
operation (lopg).

1. 2 Current Consumption during power-down (lppn) (With power-down function)

The current at the VSS pin when V1 = V2 =V3 =V4 =15V and Vywp = Vss is the current consumption during
power-down (lppn).

1. 3 Current consumption during overdischarge (lopep) (without power-down function)

The current at the VSS pin when V1 = V2 =V3 =V4 =15V and Vymp = Vss is the current consumption during
overdischarge (lopep).

2. Overcharge detection voltage, overcharge release voltage, overdischarge detection voltage,
overdischarge release voltage, discharge overcurrent detection voltage 1, discharge overcurrent
detection voltage 2, load short-circuit detection voltage, CTLC pin input voltage "H", CTLC pin
input voltage "L", CTLD pin input voltage "H", CTLD pin input voltage "L", SEL pin input voltage
"H", SEL pin input voltage "L"

(Test circuit 2)

Confirm both the COP pin and the DOP pin are in "H" (its voltage level is Vps x 0.9 V or more) after setting Vywp =
VseL = Verie = Verp = Vob, Vving = Vss, CCT pin = Open, CDT pin = Open, CIT pin = Open, V1=V2=V3=V4=
3.5 V. (This status is referred to as initial status.)

2.1 Overcharge detection voltage (Vcu1), overcharge release voltage (Vci1)
The overcharge detection voltage (Vcu1) is a voltage at V1; when the COP pin's voltage is set to "L" (its voltage
level is Vpp x 0.1 V or less) after increasing a voltage at V1 gradually from the initial status. After that, decreasing
a voltage at V1 gradually, a voltage at V1 when the COP pin's voltage is set to "H"; is the overcharge release
voltage (VcL1).

2. 2 Overdischarge detection voltage (VoL1), overdischarge release voltage (Vpu1)

The overdischarge detection voltage (VpL1) is a voltage at V1; when the DOP pin's voltage is set to "L" after
decreasing a voltage at V1 gradually from the initial status. After that, increasing a voltage at V1 gradually, a
voltage at V1 when the DOP pin’s voltage is set to "H"; is the overdischarge release voltage (Vpu1).

By changing the voltage at Vn (n = 2 to 4), users can define the overcharge detection voltage (Vcun), the
overcharge release voltage (Vcin), the overdischarge detection voltage (Vovrn), the overdischarge release voltage
(Vpoun) as well when n = 1.

2. 3 Discharge overcurrent detection voltage 1 (Vpiov1)

The discharge overcurrent detection voltage 1 (Vpiov1) is the VINI pin's voltage; when the DOP pin's voltage is set
to "L" after increasing the VINI pin’s voltage gradually from the initial status.

2. 4 Discharge overcurrent detection voltage 2 (Vpiov2)

The discharge overcurrent detection voltage 2 (Vpiov2) is a voltage at the VINI pin; when a flowing current from
the CIT pin reaches 500 uA or more after increasing the VINI pin's voltage gradually from the initial status.

2. 5 Load short-circuit detection voltage (VsHorT)

The load short-circuit detection voltage (VsHorr) is the VINI pin's voltage; when the DOP pin's voltage is set to "L"
after increasing the VINI pin's voltage gradually after setting the CIT pin's voltage Vss level from the initial status.

Sl Semiconductor Corporation 9



BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK
S-8204B Series Rev.3.9 oo

2.6 CTLC pin input voltage "H" (VcrLch), CTLC pin input voltage "L" (VcricL)

The CTLC pin input voltage "L" (Vcricr) is the CTLC pin's voltage; when the COP pin's voltage is set to "L" after
decreasing the CTLC pin's voltage gradually from the initial status. After that, increasing the CTLC pin's voltage
gradually, the CTLC pin's voltage when the COP pin's voltage is set to "H"; is the CTLC pin input voltage "H"
(VerLen).

2.7 CTLD pin input voltage "H" (VcTLon), CTLD pin input voltage "L" (VcrioL)

The CTLD pin input voltage "L" (VcrioL) is the CTLD pin's voltage; when the DOP pin's voltage is set to "L" after
decreasing the CTLD pin's voltage gradually from the initial status. After that, increasing the CTLD pin's voltage
gradually, the CTLD pin's voltage when the DOP pin's voltage is set to "H"; is the CTLD pin input voltage "H"
(VerLpn).

2.8 SEL pin input voltage "H" (VseLn), SEL pin input voltage "L" (VseLL)

Start from the initial status, set V4 = 0 V. Confirm the DOP pin is in "L". After that, decreasing the SEL pin's
voltage gradually, the SEL pin's voltage when the DOP pin's voltage is set to "H"; is the SEL pin input voltage "L"
(VseLL). After that, increasing the SEL pin's voltage gradually, the SEL pin's voltage when the DOP pin's voltage is
set to "L"; is the SEL pin input voltage "H" (VseLn).

3. CCT pin internal resistance, CDT pin internal resistance, CIT pin internal resistance 1, CIT pin
internal resistance 2, CCT pin detection voltage, CDT pin detection voltage, CIT pin detection
voltage, load short-circuit detection delay time
(Test circuit 3)

Confirm both the COP pin and the DOP pin are in "H" (its voltage level is Vps x 0.9 V or more) after setting Vvwp =
VseL = Verie = Vero = Vop, Vuini = CCT =CDT =CIT = Vss, VI =V2=V3=V4=35V. (ThiS status is referred to
as initial status.)

3.1 CCT pin internal resistance (Rinc)
The CCT pin internal resistance (Rinc) is Rinc = Vs / lcer, lecr is the current which flows from the CCT pin when
setting V1 = 4.7 V from the initial status.

3.2 CDT pin internal resistance (Rinp)
The CDT pin internal resistance (Rinp) is Rino = Vs / lcpr, lcot is the current which flows from the CDT pin when
setting V1 = 1.5 V from the initial status.

3. 3 CIT pin internal resistance 1 (Rini1)
The CIT pin internal resistance 1 (Rini1) is Rinit = Vs / leiri, leir is the current which flows from the CIT pin when
setting Vvini = Vpiov1 max. + 0.05 V from the initial status.

3.4 CIT pin internal resistance 2 (Rini2)
The CIT pin internal resistance 2 (Rini2) is Riniz = Vs / leir, leirz is the current which flows from the CIT pin when
setting Vvini = Vpiov2 max. + 0.05 V from the initial status.

3.5 CCT pin detection voltage (Vccr)

The CCT pin detection voltage (Vccr) is the voltage at the CCT pin when the COP pin's voltage is set to "L"
(voltage Vps x 0.1 V or less) after increasing the CCT pin's voltage gradually, after setting V1 = 4.7 V from the
initial status.

3. 6 CDT pin detection voltage (Vcpr)

The CDT pin detection voltage (Vcpr) is the voltage at the CDT pin when the DOP pin's voltage is set to "L"
(voltage Vps x 0.1 V or less) after increasing the CDT pin's voltage gradually, after setting V1 = 1.5 V from the
initial status.
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3.7 CIT pin detection voltage (Vcir)

The CIT pin detection voltage (Vcir) is the voltage at the CIT pin when the DOP pin's voltage is set to "L" (voltage
Vps x 0.1 V or less) after increasing the CIT pin's voltage gradually, after setting Vvini = Vpiovt max. + 0.05 V from
the initial status.

3. 8 Load short-circuit detection delay time (tsnorrt)
Load short-circuit detection delay time (tsnort) is a period in which the VINI pin's voltage changes from "H" to "L"

by changing the VINI pin's voltage instantaneously from the initial status to Vsnorr max. + 0.05 V.

4. 0V battery charge starting voltage (0 V battery charge function "available™), 0 V battery charge
inhibition battery voltage (0 V battery charge function "unavailable™)
(Test circuit 2)

Confirm both COP pin and DOP pin are in "H" (its voltage level is Vps x 0.9 V or more) after setting Vymp = VseL =
Verie = Verp = Vob, Vving = Vss, CCT pin = Open, CDT pin = Open, CIT pin = Open, V1=V2=V3=V4=35V.
(This status is referred to as initial status.)

According to user's selection of the function to charge 0 V battery, either function of voltage for start charging 0 V
battery or battery voltage for inhibit charging 0 V battery is applied to each product.

4.1 0V battery charge starting voltage (Vocna) (0 V battery charge function "available")
0 V battery charge starting voltage (VocHa) is a voltage at V1; when a voltage at the COP pin is set to "H" after
increasing a voltage at V1 gradually, after setting V1 = V2 = V3 =V4 = 0 V from the initial status.

4.2 0V battery charge inhibition battery voltage (Vonn) (0 V battery charge function "unavailable™)
0 V battery charge inhibition battery voltage (Vonn) is a voltage at V1; when a voltage at the COP pin is set to "L"

after decreasing a voltage at V1 gradually from the initial status.

5. Resistance between VMP pin and VDD pin, resistance between VMP pin and VSS pin, VC1 pin
current, VC2 pin current, VC3 pin current, VC4 pin current, CTLC pin current "H", CTLC pin
current "L", CTLD pin current "H", CTLD pin current "L", SEL pin current "H", SEL pin current
"L", COP pin source current, COP pin leakage current, DOP pin source current, DOP pin sink
current
(Test circuit 4)

Set Verie = Verp = Vuwe = VseL = Vob, Vving = Vss, V1 =V2=V3=V4 =35V, set other pins open. (ThiS status is
referred to as initial status.)

5.1 Resistance between VMP pin and VDD pin (Rvmp)
The value of resistance between VMP pin and VDD pin (Rymp) can be defined by Rvmp = Vbs / lvwmp by using the
VMP pin's current (lymp) when Vyini = 1.5 V and Vywp = Vss after the initial status.

5.2 Resistance between VMP pin and VSS pin (Ryus)
The value of resistance between VMP pin and VSS pin (Rvms) can be defined by Ryms = Vbs / lvus by using the
VMP pin's current (lyms) when V1 = V2 =V3 = V4 = 1.8 V after the initial status.

5.3 VC1 pin current (lyc1), VC2 pin current (lycz2), VC3 pin current (lycs), VC4 pin current (lvcs)
In the initial status, each current flows in the VC1 pin, VC2 pin, VC3 pin, VC4 pin is the VC1 pin current (lyc1), the
VC2 pin current (lycz2), the VC3 pin current (lycs), the VC4 pin current (lvca), respectively.

5.4 CTLC pin current "H" (Ictcn), CTLC pin current "L" (IcTicL)

In the initial status, a current which flows in the CTLC pin is the CTLC pin current "H" (Ictich). After that,
decreasing a voltage at the CTLC pin gradually, the maximum current which flows in the CTLC pin is; the CTLC
pin current "L" (lcTicL).
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5.5 CTLD pin current "H" (IctLon), CTLD pin current "L" (IctioL)

In the initial status, a current which flows in the CTLD pin is the CTLD pin current "H" (Iction). After that,

decreasing a voltage at the CTLD pin gradually, the maximum current which flows in the CTLD pin is; the CTLD
pin current "L" (lcTioL).

5.6 SEL pin current "H" (IseLn), SEL pin current "L" (IsgLL)

In the initial status, a current which flows in the SEL pin is the SEL pin current "H" (IseLn). After that, a current
which flows in the SEL pin when setting Vse = Vss is; the SEL pin current "L" (IsgLL).

5.7 COP pin source current (Icon), COP pin leakage current (Ico.)

Start from the initial status, set Vcor = Vop — 0.5 V, a current which flows in the COP pin is the COP pin source

current (Icon). After that, a current which flows in the COP pin when setting V1 = V2 =V3 =V4 =55V, Vcop =
Vss is; the COP pin leakage current (lcoL).

5. 8 DOP pin source current (Ipon), DOP pin sink current (IpoL)

Start from the initial status, set Vpop = Vop — 0.5 V, a current which flows in the DOP pin is the DOP pin source

current (Ipon). After that, a current which flows in the DOP pin when setting V1 = V2 =V3 =V4 = 1.8 V, Vpop =
Vss + 0.5 V is; the DOP pin sink current (Ipot).
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S-8204B
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Figure 4 Test Circuit 1
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Figure 5 Test Circuit 2
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Figure 6 Test Circuit 3
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Figure 7 Test Circuit 4
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B Operation
Remark Refer to "M Connection Examples of Battery Protection IC".

1. Normal status

In the S-8204B Series, both of the COP pin and the DOP pin get the Vpp level; when the voltage of each of the
batteries is in the range of overdischarge detection voltage (Vp.n) to overcharge detection voltage (Vcun), and due to
the discharge current, the VINI pin's voltage is discharge overcurrent detection voltage (Vpiov1) or less. This is the
normal status. At this time, the charge FET and discharge FET are on.

2. Overcharge status

In the S-8204B Series, the voltage of one of the batteries increases to the level of more than Vcyn, the COP pin is set
in high impedance. This is the overcharge status. The COP pin is pulled down to EB- by an external resistor so that
the charge FET is turned off and it stops charging.

This overcharge status is released if either condition mentioned below is satisfied;
(1) In case that the VMP pin voltage is 39 / 40 x Vps or more; the voltage of each of the batteries is in the level of
overcharge release voltage (Vcin) or less.
(2) In case that the VMP pin voltage is 39 / 40 x Vps or less; the voltage of each of the batteries is in the level of
Vcun or less.

3. Overdischarge status
In the S-8204B Series, when the voltage of one of the batteries decreases to the level of less than Vp,, the DOP pin

voltage gets the Vss level. This is the overdischarge status. The discharge FET is turned off and it stops discharging.

This overcharge status is released if either condition mentioned below is satisfied;
(1) To release; the VMP pin voltage is in the level of more than Vpp, the voltage of each of the batteries is in the
Vprn level or more.
(2) To release; the VMP pin voltage is Vps / 2 or more and the VMP pin voltage is in the level of less than Vpp,
the voltage of each of the batteries is in the level of overdischarge release voltage (Vpun) or more.

3.1 Power-down function
In the S-8204B Series, power-down function "available" / "unavailable" is selectable.
3. 1.1 With power-down function

When the S-8204B Series reaches the overdischarge status, the VMP pin is pulled down to the Vss level by
a resistor between the VMP pin and the VSS pin (Rywms). If the VMP pin voltage decreases to the level of
Vps / 2 or less, the power-down function starts to operate and almost every circuit in the S-8204B Series
stops working.

The power-down function is released if the following condition is satisfied.
(1) The VMP pin voltage gets Vps / 2 or more.
3. 1. 2 Without power-down function

The VMP pin is not pulled down even when the S-8204B Series reaches the overdischarge status. The
overdischarge status is maintained even If the VMP pin voltage decreases to the level of Vps / 2 or less, and
the current consumption decreases to the level of current consumption during overdischarge (lopep) or less.
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4. Discharge overcurrent status

In the S-8204B Series, in batteries in the normal status, the discharging current increases more than a certain value.
As a result, if the status in which the VINI pin voltage increases to the level of Vpiov1 or more, the DOP pin gets the
Vss level. This is the discharge overcurrent status. At this time, the discharge control FET is turned off and it stops
discharging.

The S-8204B Series has three levels for discharge overcurrent detection (Vpiov1, Vbiov2, Vshort). In the status of
discharge overcurrent, the COP pin is set in high impedance. The VMP pin is pulled up to the Vpp level by a resistor
between the VMP pin and the VDD pin (Rvmp).
The S-8204B Series' operations against discharge overcurrent detection voltage 2 (Vpiov2) and load short-circuit
detection voltage (Vsrorr) are as well in Vpioy1.

The discharge overcurrent status is released if the following condition is satisfied.
(1) The VMP pin voltage gets Vps —1.2 V (typ.) or more.

5. 0V battery charge function

In the S-8204B Series, regarding how to charge a discharged battery (0 V battery), users are able to select either
function mentioned below.
(1) Allow to charge a 0 V battery (enable to charge a 0 V battery)
A 0V battery is charged when the voltage between the VDD pin and the VSS pin (Vps) is 0 V battery charge
starting voltage (Vocha) or more.
(2) Inhibit charging a 0 V battery (unable to charge a 0 V battery)
A 0V battery is not charged when the battery voltage is 0 V battery charge inhibition battery voltage (Voinn) or
less.

Caution When the VDD pin voltage is less than the minimum value of operation voltage between the VDD
pin and the VSS pin (Vpsop), the operation of the S-8204B Series is not assured.
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6. Delay time setting

In the S-8204B Series, users are able to set delay time for the period; from detecting the voltage of one of the
batteries or detecting changes in the voltage at the VINI pin, to the output to the COP pin and the DOP pin. Each
delay time is determined by a resistor in the S-8204B Series and an external capacitor.

In the overchage detection, when the voltage of one of the batteries gets Vcun or more, the S-8204B Series starts
charging to the CCT pin's capacitor (Cccr) via the CCT pin's internal resistor (Rinc). After a certain period, the COP
pin is set in high impedance if the voltage at the CCT pin reaches the CCT pin detection voltage (Vccr). This period is
overcharge detection delay time (tcu).

tcu is calculated using the following equation (Vps = V1 + V2 + V3 + V4).
tcu [s] = —In (1 = Vcer / Vos ) X Ceer [UF] X Rine [MQ]

=—In (1-10.7 (typ.)) X Cccr [UF] x 8.31 [MQ] (typ.)
=10.0 [MQ] (typ.) x Cccr [1F]

Overdischarge detection delay time (ip.), discharge overcurrent detection delay time 1 (ipiov1), discharge overcurrent
detection delay time 2 (tpiov2) are calculated using the following equations as well.

toL [ms] = —In (1 = Vepr / Vbs) X Ceot [UF] X Rinp [kQ]
toiovt [ms] = —In (1 — Ve / Vbs) x Cerr [UF] x Rinie [k€2]
toiovz [ms] = —In (1 — Ve / Vbs) x Cerr [UF] x Riniz [k€2]

In case Cccr = Cepr = Cerr = 0.1 [uF], each delay time tcu, toL, toiov1, toiovz is calculated as follows.

tcu [s] = 10.0 [MQ] (typ.) x 0.1 [uF] = 1.0 [s] (typ.)

to [ms] = 1000 [kQ] (typ.) x 0.1 [uF] = 100 [ms] (typ.)
toiov1 [ms] = 200 [kQ] (typ.) x 0.1 [uF] = 20 [ms] (typ.)
toiovz [ms] = 20 [kQ] (typ.) x 0.1 [uF] = 2.0 [ms] (typ.)

Load short-circuit detection delay time (tsHorr) is fixed internally.
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7. CTLC pin and CTLD pin

The S-8204B Series has two pins to control.
The CTLC pin controls the output voltage from the COP pin, the CTLD pin controls the output voltage from the DOP

pin. Thus it is possible for users to control the output voltages from the COP pin and DOP pin independently. These
controls precede the battery protection circuit.

Table 6 Conditions Set by CTLC Pin

CTLC Pin COP Pin
g Normal status™
Open’ "High-Z"

||L||*3 “High-Z"

*1. "H"; CTLC > Vcrich

*2. Pulled down by lcTicH

*3."L"; CTLC < VericL

*4. The status is controlled by the voltage detection circuit.

Table 7 Conditions Set by CTLD Pin

CTLD Pin DOP Pin
g Normal status *
Open*2 Vss level
uLu*3 Vss level

*1. "H"; CTLD > Vcripn

*2. Pulled down by lctioH

*3."L"; CTLD < VerioL

*4. The status is controlled by the voltage detection circuit.

Caution Note that when the power supply fluctuates, unexpected behavior might occur if an electrical

potential is generated between the potentials of "H" level input to the CTLC pin / the CTLD pin and
IC's Vpp by external filters Rypp1 and Cypp1.
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8. SEL pin

The S-8204B Series has a pin to switch-control the protection for 3-cell or 4-cell battery.

The overdischarge detection for V4-cell is inhibited by setting the SEL pin "L", so that short-circuiting the V4 cell does
not allow the overdischarge detection. This setting makes it possible to use the S-8204B Series for 3-cell protection.
The control by this SEL pin precedes the battery protection circuit. Be sure to use the SEL pin in "H" or "L".

Table 8 Conditions Set by SEL Pin

SEL Pin Condition
et 4-cell protection
Open Indefinite
n "2 3-cell protection

*1. "H"; SEL = VseLH
*2. "L"; SEL £ VsewL

In cascade connection, it is possible to use the S-8204B Series for protecting 6-cell, 7-cell or 8-cell battery by
combining the electrical level of the SEL pin.

Table 9 Conditions Set by SEL Pin in Cascade Connection

SEL pin in S-8204B (1)

SEL pin in S-8204B (2)

Condition

uLu"1

uLu*1

6-series cell protection

uLu"1

uHu*Z

7-series cell protection

llHll*z

"H2 8-series cell protection

*1. "L"; SEL £ VsewL
*2. "H"; SEL = VsgLH

Sl Semiconductor Corporation 19



BATTERY PROTECTION IC FOR 3-SERIES OR 4-SERIES CELL PACK

S-8204B Series

Rev.3.9 oo

B Timing Chart (Circuit in Figure 11)

1. Overcharge detection and overdischarge detection (with power-down function)
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Remark The charger is assumed to charge with a constant current. Vgg. indicates the open voltage of the charger.
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2. Overcharge detection and overdischarge detection (without power-down function)
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(2): Discharge overcurrent status

(1): Normal status
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3. Discharge overcurrent detection

*1.

Remark The chargeris assumed to charge with a constant current. Vgg. indicates the open voltage of the charger.
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B Connection Examples of Battery Protection IC

1. 4-series cell (with overcurrent protection function)
EB+

|\_/||1
R Retie
Ran 2 il —{ 1 cop CTLC 16| F———W———9
—2vvp CTLD 15— Wo——4 .
VDD
—] 3 poP VDD 14— M—e
R
H + ] AVING e VC1 13 * M o
M2 - Cve1= Rvca ==
—5coT VC2 12| —2 H
.. r_c 6 CCT ve3 11 . V_%_Z“ Ngvca__?_
o1 VC3 T VC4
L - —]7cT VC4 10— . W——3
J Cves == =
Ccert Cerr ’—: 8 SEL VSS 91—
WA = Cvop
RseL I

Nch FET1 Nch FET2
(Charge FET) (Discharge FET)

Figure 11
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Table 10 Constants for External Components (Circuit in Figure 11)

Symbol Min. Typ. Max. Unit
Rvct ' 0.51 1 1 kQ
Rvez | 0.51 1 1 kQ
Rvcs ' 0.51 1 1 kQ
Rvca ' 0.51 1 1 kQ
Rpor 2 5.1 10 kQ
Rcop 0.1 1 1 MQ
Rvwmp 1 5.1 10 kQ
Reric 1 1 10 kQ
Rerip 1 1 10 kQ
Ruvini 1 1 10 kQ
RsEL 1 1 100 kQ
Rvop | 22 47 100 Q
Cvet ! 0 47 100 nF
Cvca ! 0 47 100 nF
Cvca ' 0 47 100 nF
Cveca ' 0 47 100 nF
Ccc‘r 0.01 0.1 - ],lF
Ccot 0.01 0.1 — p.F
Cvop | 0 1 2.2 uF
Ccrr - 0.1 - HF
Rsense = - - -
M1 - - - -
M2 - - - -
Zp1 - - - -
Ree - 1 - MQ
RatL - 20 - MQ
Nch FET1 - - - -
Nch FET2 - - - -

*1. Set up a filter constant to be Rypp x Cvpp = 47 UF e Q or more, and to be Ryct X Cvct = Rvez X Cvez =
Rves X Cves = Rves X Cvesa = Rvpp x Cyop.

Caution 1. The above constants may be changed without notice.
2. It is recommended that filter constants between the VDD pin

approximately 47 pF o Q.

e.g., Cvop X Rypp = 1.0 uF x 47 Q =47 UF ¢ Q
Sufficient evaluation of transient power supply fluctuation and overcurrent protection function with
the actual application is needed to determine the proper constants. Contact our sales office in case

the constants should be set to other than 47 uF ¢ Q.

and the VSS pin should be set to

3. It has not been confirmed whether the operation is normal in circuits other than the above example
of connection. In addition, the example of connection shown above and the constants do not
guarantee proper operation. Perform thorough evaluation using an actual application to set the
constant.
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2. 7-series cell (cascade connection without overcurrent protection function)

EB+

O

R
% Ruer —] 1 cop CTLC 16 :_g\}\“’—‘,
—{ 2vvp CTLD 15 i b
R
—] 3DoP VDD 14} voo!
Rvei
4Vl VC1 13 * W——s
S-8204B Cver & Rvcs
[]5CDT (1) VC212[T . H
Rvini1 Cvez == Rves
c 6 CCT VC3 1] — H
N CDT1 7 ClT VC4 10 VC3 —| VC4 —
Rirc % T Ccct1 1 M—— o
8 SEL VSS 9
YW :\F Cvpp1
RsEL1
% Ruwpa — 1 cop CTLC 16—
—]2vwvP CTLD 15[
Rvbp2
—] 3DoP VDD 14|} ‘,&v\_.,
— 4 VINI vC1 13 . Y S §
-8204B Cvos == Ryes —=—
[]5CDT (2) VC212[] * H
Rumiz 6CCT VC3 11 Cvoo T ARAVH
ECDTZ - VC4 10 — Cvc7:TZ Rvcs
- Cce2 ] c _T_ \N\/‘{“
’_: 8 SEL VSS 91— T
Deor s = Cvop2
Rair2 RstLs —[

EB-

Charge FET Discharge FET

Caution 1.

Figure 12

It is recommended that filter constants between the VDD pin and the VSS pin should be set to
approximately 47 pF o Q.

e.g., Cvob X Rvpp =1.0 uF x 47 Q =47 I.LF (X0}
Sufficient evaluation of transient power supply fluctuation and overcurrent protection function with
the actual application is needed to determine the proper constants. Contact our sales office in case
the constants should be set to other than 47 puF « Q.
It has not been confirmed whether the operation is normal in circuits other than the above example
of connection. In addition, the example of connection shown above and the constants do not
guarantee proper operation. Perform thorough evaluation using an actual application to set the
constant.

Remark Refer to the application note for constants of each external component.
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