Rev.1.1

BATTERY PROTECTION IC for SINGLE-CELL PACK S-8261 Series

The S-8261 series are lithium-ion/lithium polymer rechargeable
battery protection ICs incorporating high-accuracy voltage detection
circuit and delay circuit.

The S-8261 series are suitable for protection of single-cell lithium
ion/lithium polymer battery packs from overcharge, overdischarge and
overcurrent.

B [eatures

1)

)

Internal high accuracy voltage detection circuit
¢ Overcharge detection voltage 3.9V to 4.4V (applicable in 5mV step)

Accuracy : +25mV (+25°C) and +30mV (-5°C to +55°C)
« Overcharge hysteresis voltage 0.0V to 0.4V (*1) Accuracy : +25mV

The overcharge hysteresis voltage can be selected from the range 0.0V to 0.4V in 50mV step.
*1: Overcharge release voltage = Overcharge detection voltage - Overcharge hysteresis voltage
(where overcharge release voltage<3.8V is prohibited.)

¢ Overdischarge detection voltage 2.0Vto 3.0V  (10mV step)  Accuracy : £50mV
e Overdischarge hysteresis voltage 0.0V to 0.7 V (*2) Accuracy : £50mV

The overdischarge hysteresis voltage can be selected from the range 0.0V to 0.7V in 100mV step.
*2: Overdischarge release voltage = Overdischarge detection voltage + Overdischarge hysteresis voltage
(where overdischarge release voltage>3.4V is prohibited.)

« Overcurrent 1 detection voltage 0.05Vto 0.3V (10mV step)  Accuracy : +15mV
e Overcurrent 2 detection voltage 0. 5V (fixed) Accuracy : £100mV
High voltage device is used for charger connection pins

VM and CO pins: absolute maximum rating = 28V

(3) Delay times (overcharge: tcy, overdischarge: tp, overcurrent 1: tioyq, Overcurrent 2: toy,) are
generated by an internal circuit. No external capacitor is necessary. Accuracy : +20%

(4) Three-step overcurrent detection circuit is included. (overcurrent 1, overcurrent 2, and load short-
circuiting)

(5) Either charge function or charge inhibition function for OV battery can be selected.

(6) Charger detection function and abnormal charge current detection function

e The overdischarge hysteresis is released by detecting negative voltage at the VM pin (-0.7V
typ.). (Charger detection function)

« When the output voltage of the DO pin is high and the voltage at the VM pin is equal to or lower
than the charger detection voltage (-0.7V typ.), the output voltage of the CO pin goes low.
(Abnormal charge current detection function)

(7) Low current consumption
e Operation 3.5 pA typ. 7.0 pA max.
e Power-down 0.1 pA max.
(8) Wide operating temperature range: -40°C to +85°C
(9) Small package SOT-23-6 (6-pin) SNB(B) (6-pin)
B Applications m Package
e Lithium-ion rechargeable battery packs * 6-Pin SOT-23-6 (PKG drawing code : MP006-A)

Lithium polymer rechargeable battery packs <« 6-Pin SNB(B) (PKG drawing code : BD0O06-A)
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BATTERY PROTECTION IC for SINGLE-CELL PACK Rev.1.1
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B Block Diagram
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Note: Diodes in the figure are parasitic diodes.

Figure 1 Block Diagram
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Rev.1.1 BATTERY PROTECTION IC for SINGLE-CELL PACK
S-8261 Series

B Selection Guide
Naming of product model number

Model number: S-8261Axxyy — abbreviation code (3 letters) —zz

Symbol Meaning Description
XX Serial code Assigned from AA to ZZ in alphabetical order.
vy Package form MD:SOT-23-6 BD:SNB
4 Tape direction T2:SOT-23-6 TF:SNB
Over- Over- Over- Over- Over- 0V battery
Model No. charge charge dlscharge discharge current 1 charge
detection release detection release detection function
voltage voltage voltage voltage voltage
S-8261AAGMD-G2G -T2 428V 0.2V 23V 23V 0.16 V Yes
S-8261AAHMD-G2H -T2 428V 0.2V 2.3V 2.3V 0.08 V Yes
S-8261AAIMD-G2J -T2 4.325V 0.25Vv 2.5V 0.4v 0.15Vv None
Over- Over- Over-
charge discharge current 1
Model No. detection detection detection
delay time delay time delay time
S-8261AAGMD-G2G -T2 12s 144 ms 9ms
S-8261AAHMD-G2H -T2 12s 144 ms 9ms
S-8261AAIMD-G2J -T2 12s 144 ms 9ms

It is possible to change the detection voltages of the product other than above. The delay times can also be changed within the
range listed bellow. For details, please contact our sales office.

Delay time Symbol Selection range Remarks
Overcharge detection delay time tcu 0.15s 1.2s 46s Choose from the left.
Overdischarge detection delay time oL 36 ms 144 ms | 290 ms Choose from the left.
Qvercurrent 1 detection delay time tiovi 4.5 ms 9 ms 18 ms Choose from the left.

* Values surrounded by bold lines are used in standard products.
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BATTERY PROTECTION IC for SINGLE-CELL PACK Rev.1.1
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B Pin Assignment

Pin No. | Symbol Description
FET gate control pin for
FGI |:5| EI 1 DO discharge (CMOS output)
Voltage detection pin between
S0T-236 2 VM | VM and vSS
opview (Overcurrent detection pin)
HHd FET gate control pin for charge
1 2 3 3 Co (CMOS output)
. Test pin for delay time
Figure 2 4 bP measurement
5 VDD Positive power input pin
6 VSS Negative power input pin
Pin No. | Symbol Description
FET gate control pin for charge
1 co (CMOS output)
Voltage detection pin between
VM
éﬂ 5 4 2 VM and VSS
(Overcurrent detection pin)
6-Pin SNB(B) FET gat rol bin f
. Q. DO gate control pin for
Top view = 3 discharge (CMOS output)
1 2 3
. 4 VSS Negative power input pin
Figure 3
5 DP Test pin for delay time
measurement
6 VDD Positive power input pin

B Absolute Maximum Ratings

(Ta = 25°C unless otherwise specified)

Parameter Symbol Applied pin Rating Unit
g‘npd”vgos'tige between VDD Vbs VDD Vss -0.3 0 Vgg +12 v
Input pin voltage for VM Vym VM Vop -28 to Vpp +0.3 \
Output pin voltage for CO Vco CcoO Vu -0.3 to Vpp +0.3 Vv
Output pin voltage for DO Voo DO Vss -0.3 to Vpp +0.3 \
Power SOT-23-6 Po O 250 mw
dissipation SNB(B) Po a 90 mw
Operating temperature range Topr O -40 to +85 °C
Storage temperature range Tstg O -55 to +125 °C

Note: Aithough the IC contains protection circuit against static electricity, excessive static electricity or voltage which exceeds the
limit of the protection circuit should not be applied to.

* Do not apply pulse-like noise of us order exceeding the above input voltage (Vss + 12 V). The noise causes damage to
the IC.
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BATTERY PROTECTION IC for SINGLE-CELL PACK
S-8261 Series

B Electrical Characteristics (1) Except detection delay time (25

OC)

(Ta = 25°C unless otherwise specified)

" . | Measure-
Parameter Symbol | Condition Remark Min. Typ. Max. | Unit ment,t
circui
DETECTION VOLTAGE
- VCU VCU VCU
Overcharge detection voltage -0.025 +0.025
Veu=3.9V to 4.4V Veu 1 vV V. \% 1
5mV Step Ta=-5°C to 55°C(*1) _0.850 Veu +0.8%0
Overcharge hysteresis voltage
Vuc=0.0V to 0.4V Ve 1 Ve Ve Ve \% 1
50mV Step - -0.025 +0.025
Overdischarge detection voltage VoL VoL
Vp =2.0V to 3.0V VoL 2 - -0.050 VoL +0.050 \ 2
10mV Step
Overdischarge hysteresis voltage
Vip=0.0V t0 0.7V Vip 2 - Vip Vo Vip |V 2
100mV Step -0.050 +0.050
Overcurrent 1 detection voltage v v
1ov1 1ov1
Viov1=0.05V to 0.3V Viovt 3 - 0015 | Viou | +0015| V 2
10mV Step
Overcurrent 2 detection voltage Viove 3 - 0.4 0.5 0.6 2
Load short-circuiting detection voltage VsHorT 3 - 0.9 1.2 1.5 \% 2
Charger detection voltage Vecha 4 - -1.0 -0.7 -0.4 \% 2
INPUT VOLTAGE, OPERATION VOLTAGE
Operation voltage between VDD and VSS Vbsop1 - Internal circuit operating voltage 1.5 - 8 \% -
Operation voltage between VDD and VM Vbsop2 - Internal circuit operating voltage 1.5 - 28 \% -
CURRENT CONSUMPTION
Current consumption in normal operation | ope 5 Vpp=3.5V, V=0V 1.0 35 70 HA 2
Current consumption at power down | PN 5 Vpp=Vn =1.5V _ _ 01 pA 2
OUTPUT RESISTANCE
CO pin H resistance Rcon 7 Vco=3.0V,Vpp=3.5V,Vy=0V 25 5 10 kQ 4
CO pin L resistance RcoL 7 Vc0=0.5V,Vpp=4.5V,Vy=0V 25 5 10 kQ 4
DO pin H resistance Rpon 8 Vpo=3.0V,Vpp=3.5V,Vy=0V 25 5 10 kQ 4
DO pin L resistance RpoL 8 Vpo=0.5V,Vpp=Vy=1.8V 25 5 10 kQ 4
VM INTERNAL RESISTANCE
Internal resistance between VM and VDD Rwvo 6 Vop=1.8V, Vy =0V 100 300 900 kQ 3
Internal resistance between VM and VSS Rvms 6 Vop= 3.5V, Vy =1.0V 10 20 40 kQ 3
0V BATTERY CHARGING FUNCTION
0V battery charge starting 11 Applied for OV battery charge \Y2 2
VocHa : 12 - -
charger voltage function
0V battery charge inhibition v, 12 Applied for OV battery charge B B 05 \Y2 2
battery voltage OINH inhibition function :

(*1) : Since products are not screened at low and high temperature, the specification for this temperature range is guaranteened by

design, not tested in production.
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BATTERY PROTECTION IC for SINGLE-CELL PACK Rev.1.1
S-8261 Series

B Electrical Characteristics (2) Except detection delay time ( —40 to 85°C*")
(Ta = —40 to 85°C*" unless otherwise specified)

- . .| Measure-
Parameter Symbol | Condition Remark Min. Typ. Max. | Unit ment_t
circui
DETECTION VOLTAGE
Overcharge detection voltage Veu Veu
Veu=3.9V to 4.4V Veu 1 - 0055 | Y | 10010 | VY !
5mV Step ) )
Overcharge hysteresis voltage V. V.
Vie=0.0V 0 0.4V Ve ! B 0025 | ' | 40025 | ¥ .
50mV Step ) )
Overdlscha_rge detection voltage VoL 2 VoL VoL VoL 2
Vp =2.0V to 3.0V - -0.080 +0.080 \Yj
10mV Step
Overdischarge hysteresis voltage
Vip =0.0V to 0.7V Vio 2 ~ Vip Vo Vio Y 2
100mVv Step -0.050 +0.050
Overcurrent 1 detection voltage V. 3 V. V, V. 2
Viov1=0.05V to 0.3V 1ovi _ -O_l(c))\él]_ ov1 +O|.%v211 v
10mV Step
Overcurrent 2 detection voltage Viov2 3 B 0.37 0.5 0.63 v 2
Load short-circuiting detection voltage Vstort 3 B 0.7 12 17 v 2
Charger detection voltage Vera 4 B 12 0.7 0.2 v 2
INPUT VOLTAGE, OPERATION VOLTAGE
Operation voltage between VDD and VSS Vbsop1 - Internal circuit operating voltage 1.5 - 8 \ -
Operation voltage between VDD and VM Vpsop2 - Internal circuit operating voltage 1.5 - 28 \ -
CURRENT CONSUMPTION
Current consumption in normal operation | opE 5 Vpp=3.5V, Vy=0V 0.7 3.5 8.0 HA 2
Current consumption at power down | pON 5 Vpp=Vnm =1.5V - - 0.1 HA 2
OUTPUT RESISTANCE
CO pin H resistance Rcon 7 Vco=3.0V,Vpp=3.5V,Vy=0V 1.2 5 15 kQ 4
CO pin L resistance RcoL 7 Vc0=0.5V,Vpp=4.5V,Vy=0V 1.2 5 15 kQ 4
DO pin H resistance Rpon 8 Vpo=3.0V,Vpp=3.5V,Vy=0V 1.2 5 15 kQ 4
DO pin L resistance RpoL 8 Vpo=0.5V,Vpp=Vy=1.8V 1.2 5 15 kQ 4
VM INTERNAL RESISTANCE
Internal resistance between VM and VDD Rvvp 6 Vpp=1.8V, V=0V 78 300 1310 kQ 3
Internal resistance between VM and VSS Ryms 6 Vpp=3.5V, Vu=1.0V 7.2 20 44 kQ 3
0V BATTERY CHARGING FUNCTION
0V battery charge starting v, 11 Applied for OV battery charge 1.7 - - vV 2
charger voltage OCHA function
0V battery charge inhibition v 12 Applied for OV battery charge - - 0.3 \ 2
battery voltage OINH inhibition function

(*1) : Since products are not screened at low and high temperature, the specification for this temperature range is guaranteened by
design, not tested in production.
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Rev.1.1 BATTERY PROTECTION IC for SINGLE-CELL PACK
S-8261 Series

B Electrical Characteristics (3) Detection delay time (25  °C)
S-8261AAG, S-8261AAH, S-8261AAJ

Parameter | Symbol | Condition | Remark | Min. | Typ. | Max. | Unit Mgﬁfﬁ??éun
DELAY TIME
Overcharge detection delay time tcu 9 - 0.96 1.2 14 S 5
Overdischarge detection delay time toL 9 - 115 144 173 ms 5
Overcurrent 1 detection delay time tiov 10 - 7.2 9 11 ms 5
Overcurrent 2 detection delay time tiovz 10 - 1.8 2.24 2.7 ms 5
Load short-circuiting detection delay time tsorT 10 _ 220 320 380 us 5

B Electrical Characteristics (4) Detection delay time (40 to 85°C*")
S-8261AAG, S-8261AAH, S-8261AAJ

Parameter | Symbol | Condition | Remark | Min. | Typ. | Max. | Unit Mgﬁfﬁ??éun
DELAY TIME
Overcharge detection delay time tcu 9 - 0.7 1.2 2.0 S 5
Overdischarge detection delay time toL 9 - 80 144 245 ms 5
Overcurrent 1 detection delay time tiov 10 - 5 9 15 ms 5
Overcurrent 2 detection delay time tiovz 10 - 1.2 2.24 3.8 ms 5
Load short-circuiting detection delay time tsorT 10 _ 150 320 540 us 5

(*1) : Since products are not screened at low and high temperature, the specification for this temperature range is guaranteened by
design.
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BATTERY PROTECTION IC for SINGLE-CELL PACK Rev.1.1
S-8261 Series

B Measurement Circuits

Unless otherwise specified, the output voltage levels "H" and "L" at CO and DO pins are judged by the
threshold voltage (1.0 V) of the N channel FET. Judge the CO pin level with respect to Vy and the DO
pin level with respect to Vss.

(1) Measurement Condition 1, Measurement Circuit 1

[MOvercharge detection voltage, Overcharge hysteresis voltagelll

The overcharge detection voltage (Vcy) is defined by the voltage between VDD and VSS at which
Vco goes "L" from "H" when the voltage V1 is gradually increased from the starting condition
V1=3.5V and V2=0V. The overcharge hysteresis voltage (Vyc) is then defined by the difference
between the overcharge detection voltage (Vcu) and the voltage between VDD and VSS at which
Vo goes "H" from "L" when the voltage V1 is gradually decreased.

(2) Measurement Condition 2, Measurement Circuit 2

(MOverdischarge detection voltage, Overdischarge hysteresis voltagel

The overdischarge detection voltage (Vp.) is defined by the voltage between VDD and VSS at
which Vpo goes "L" from "H" when the voltage V1 is gradually decreased from the starting
condition V1=3.5V and V2=0V. The overdischarge hysteresis voltage (Vyp) is then defined by the
difference between the overdischarge detection voltage (Vp.) and the voltage between VDD and
VSS at which Vpo goes "H" from "L" when the voltage V1 is gradually increased.

(3) Measurement Condition 3, Measurement Circuit 2

(MOvercurrent 1 detection voltage, Overcurrent 2 detection voltage, Load short-circuiting detection
voltage [

The overcurrent 1 detection voltage is defined by the voltage between VM and VSS whose delay
time for changing Vpo from "H" to "L" lies between the minimum and the maximum value of the
overcurrent 1 detection delay time when the voltage V2 is increased rapidly within 10us from the
starting condition V1=3.5V and V2=0V.

The overcurrent 2 detection voltage is defined by the voltage between VM and VSS whose delay
time for changing Vpo from "H" to "L" lies between the minimum and the maximum value of the
overcurrent 2 detection delay time when the voltage V2 is increased rapidly within 10us from the
starting condition V1=3.5V and V2=0V.

The load short-circuiting detection voltage is defined by the voltage between VM and VSS whose
delay time for changing Vpo from "H” to "L" lies between the minimum and the maximum value of
the load short-circuiting detection delay time when the voltage V2 is increased rapidly within 10us
from the starting condition V1=3.5V and V2=0V.

(4) Measurement Condition 4, Measurement Circuit 2

[MCharger detection voltage, abnormal charge current detection voltage [

Set V1=1.8V and V2=0V. Increase V1 gradually until V1=Vp +(Vyp/2), then decrease V2 from 0 V
gradually. The voltage between VM and VSS when Vpo goes "H" from "L" is the charger detection
voltage (Vcua). Charger detection voltage can be measured only in the product whose
overdischarge hysteresis Vyp # 0.

Set V1=3.5V and V2=0V. Decrease V2 from 0 V gradually. The voltage between VM and VSS
when Vo goes "L" from "H" is the abnormal charge current detection voltage. The abnormal
charge current detection voltage has the same value as the charger detection voltage (Vcpa) -
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Rev.1.1 BATTERY PROTECTION IC for SINGLE-CELL PACK
S-8261 Series

(5) Measurement Condition 5, Measurement Circuit 2
[INormal operation current consumption, Power-down current consumptionI]

Set V1=3.5V and V2=0V under normal condition. The current Ipp flowing through VDD pin is the
normal operation consumption current (lopg).

Set V1=V2=1.5V under overdischarge condition. The current Ipp flowing through VDD pin is the
power-down current consumption (lppy).

(6) Measurement Condition 6, Measurement Circuit 3
Mnternal resistance between VM and VDD, Internal resistance between VM and VSS [

Set V1=1.8V and V2=0V. The resistance between VM and VDD is the internal resistance (Rymp)
between VM and VDD.

Set V1=3.5V and V2=1.0V. The resistance between VM and VSS is the internal resistance (Ryws)
between VM and VSS

(7) Measurement Condition 7, Measurement Circuit 4
MCO pin H resistance, CO pin L resistance [

Set V1=3.5V, V2=0V and V3=3.0V. CO pin resistance is the CO pin H resistance (Rcon).
Set V1=4.5V, V2=0V and V3=0.5V. CO pin resistance is the CO pin L resistance (Rco.)-

(8) Measurement Condition 8, Measurement Circuit 4
IDO pin H resistance, DO pin L resistance [
Set V1=3.5V, V2=0V and V4=3.0V. DO pin resistance is the DO pin H resistance (Rpop)-
Set V1=1.8V, V2=0V and V4=0.5V. DO pin resistance is the DO pin L resistance (RpoL).

(9) Measurement Condition 9, Measurement Circuit 5
(MOvercharge detection delay time, Overdischarge detection delay time [

The overcharge detection delay time (tcy) is the time needed for Vo to change from "H" to "L" just
after the V1 rapid increase within 10ps from the overcharge detection voltage (Vcy) - 0.2V to the
overcharge detection voltage (Vcy) + 0.2V in the condition V2=0V.

The overdischarge detection delay time (tp,) is the time needed for Vpo to change from "H" to "L"
just after the V1 rapid decrease within 10us from the overdischarge detection voltage (Vp.) + 0.2V
to the overdischarge detection voltage (Vp.) - 0.2V in the condition V2=0V.

(10) Measurement Condition 10, Measurement Circuit 5

[(MOvercurrent 1 detection delay time, Overcurrent 2 detection delay time, Load short-circuiting
detection delay time, Abnormal charge current detection delay time [

Set V1=3.5V and V2=0V. Increase V2 from 0 V to 0.35 V momentarily (within 10 ps). The time
needed for Vpo to go "L" is overcurrent 1 detection delay time (tiov1).

Set V1=3.5V and V2=0V. Increase V2 from 0 V to 0.7 V momentarily (within 10 ps). The time
needed for Vpo to go "L" is overcurrent 2 detection delay time (tov).

Set V1=3.5V and V2=0V. Increase V2 from 0 V to 1.6 V momentarily (within 10 ps). The time
needed for Vpo to go "L" is the load short-circuiting detection delay time (tsyort)-

Set V1=3.5V and V2=0V. Decrease V2 from 0 V to -1.1 V momentarily (within 10 ps). The time
needed for V¢o to go "L" is the abnormal charge current detection delay time. The abnormal
charge current detection delay time has the same value as the overcharge detection delay time.

(11) Measurement Condition 11, Measurement Circuit 2 (Product with OV battery charge function)
(TDV battery charge starting charger voltage

Seiko Instruments Inc.



BATTERY PROTECTION IC for SINGLE-CELL PACK Rev.1.1
S-8261 Series
Set V1=V2=0V and decrease V2 gradually. The voltage between VDD and VM when Vo goes "H"
(Vm + 0.1 V or higher) is the OV battery charge starting charger voltage (Vocha)-

(12) Measurement Condition 12, Measurement Circuit 2 (Product with OV battery charge inhibition
function)

(IDV battery charge inhibition battery voltage [

Set V1=0V and V2=-4V. Increase V1 gradually. The voltage between VDD and VSS when V¢o
goes "H" (Vy + 0.1 V or higher) is the OV battery charge inhibition battery voltage (Vonn)-

R1=470Q |
DD
VoD ~®-&voD
op X DPX
;v | S82blseries FV1 | S-8261 series
vM X
Vss VSS VMR
X0 &0 DO CO
Voo Veo Voo Veo /_“' V2
77T7 com [ COM
Mesurement circuit 1 Measurement circuit 2
IDD
—®-vDD VDD -
DP
- . V1 - i
\Val S-8261 series S-8261 series
VSS VM I—sts VM
DO co o DO co
Xt X
V2 Ibo % %'co V2
V4 I V3I

! COM

Measurement circuit 3 Measurement circuit 4

VDD
DP
Vi S-8261 series
JV/SS VM
DO co
4,
Voo Vco /

7J7-c0|v|

Measurement circuit 5

Fig. 4
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Rev.1.1 BATTERY PROTECTION IC for SINGLE-CELL PACK

S-8261 Series

B Description of Operation

Normal condition

The S-8261 monitors the voltage of the battery connected between VDD and VSS pin and the
voltage difference between VM and VSS pin to control charging and discharging. When the battery
voltage is in the range from the overdischarge detection voltage (Vp.) to the overcharge detection
voltage (Vcu), and the VM pin voltage is in the range from the charger detection voltage (Vcua) to
the overcurrent 1 detection voltage (Viov1), the IC turns both the charging and discharging control
FETs on. This condition is called the normal condition, and in this condition charging and
discharging can be carried out freely.

Note: When a battery is connected to the IC for the first time, the battery may not enter dischargeable state. In this
case, set the VM pin voltage equal to the VSS voltage or connect a charger to enter the normal condition.

Overcurrent condition (Detection of Overcurrent 1, Overcurrent 2, and Load short-circuiting)

When the condition in which VM pin voltage is equal to or higher than the overcurrent detection
voltage, condition which caused by the excess of discharging current over a specified value,
continues longer than the overcharge detection delay time in a battery under the normal condition,
the S-8261 turns the discharging control FET off to stop discharging. This condition is called the
overcurrent condition.

Though the VM and VSS pins are shorted by the Ryus resistor in the IC under the overcurrent
condition, the VM pin voltage is pulled to the Vpp level by the load as long as the load is connected.
The VM pin voltage returns to Vss level when the load is released. The overcurrent condition
returns to the normal condition when the impedance between the EB+ and EB- pin (see Figure 9)
becomes higher than the automatic recoverable load resistance (see the equation [1] below), and
the IC detects that the VM pin potential is lower than the overcurrent 1 detection voltage (Viov1).

Note: The automatic recoverable load resistance changes depending on the battery voltage and overcurrent 1
detection voltage settings.

Overcharge condition

@)

)

When the battery voltage becomes higher than the overcharge detection voltage (Vcy) during
charging under the normal condition and the detection continues for the overcharge detection delay
time (tcy) or longer, the S-8261 turns the charging control FET off to stop charging. This condition
is called the overcharge condition.

The overcharge condition is released by the following two cases ((1) and (2)):

When the battery voltage falls below the voltage difference, the overcharge detection voltage (Vci)—
overcharge detection hysteresis voltage (Vyc), the S-8261 turns the charging control FET on and
turns to the normal condition.

When a load is connected and discharging starts, the S-8261 turns the charging control FET on and
returns to the normal condition. The mechanism is : just after the load is connected and discharging
starts, the discharging current flows through the parasitic diode in the charging control FET. At this
moment VM pin potential increases momentarily V; voltage of the parasitic diode from the VSS level.
When the VM pin voltage goes higher than the overcurrent 1 detection voltage, and provided that the
battery voltage goes under the overcharge detection voltage by the internal impedance, the S-8261
release the overcharge condition.

Note:

« If the battery is charged to a voltage higher than the overcharge detection voltage (Vcu) and the battery
voltage does not fall below the overcharge detection voltage (Vcu) even when a heavy load is connected, the
detection of overcurrent 1 ,overcurrent 2 and load short-circuiting does not work .Since an actual battery has
the internal impedance of several dozens of mQ, the battery voltage drops immediately after a heavy load
which causes overcurrent is connected, and the detection of overcurrent 1, overcurrent 2 and load short-
circuiting then works.

* When a charger is connected after the overcharge detection, the overcharge condition is not released even
if the battery voltage is below the overcharge detection voltage VcL . The overcharge condition is released
when the VM pin voltage goes over the charger detection voltage Vcha by removing the charger.

Seiko Instruments Inc. 11
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Overdischarge condition

When the battery voltage falls below the overdischarge detection voltage (Vp.) during discharging
under the normal condition and the detection continues for the overdischarge detection delay time
(toL) or longer, the S-8261 turns the discharging control FET off to stop discharging. This condition
is called the overdischarge condition. When the discharging control FET turns off, the VM pin
voltage is pulled up by the Rymp resistor between VM and VDD in the IC. The voltage difference
between VM and VDD then falls bellow 1.3V (typ.), the current consumption is reduced to the power-
down current consumption (lppy). This condition is called the power-down condition.

The power-down condition is released when a charger is connected and the voltage difference
between VM and VDD becomes 1.3 V (typ.) or higher. Moreover when the battery voltage becomes
the overdischarge detection voltage (Vp.) or higher (see note), the S-8261 turns the discharging FET
on and returns to the normal condition.

Charger detection

When a battery in the overdischarge condition is connected to a charger and provided that the VM
pin voltage is lower than the charger detection voltage (Vcua), the S-8261 releases the overdischarge
condition and turns the discharging control FET on as the battery voltage becomes equal to or higher
than the overdischarge detection voltage (Vp.) since the charger detection function works. This
action is called charger detection.

When a battery in the overdischarge condition is connected to a charger and provided that the VM
pin voltage is not lower than the charger detection voltage (Vcua), the S-8261 releases the
overdischarge condition when the battery voltage reaches the overdischarge detection voltage (Vp.)
+ overdischarge hysteresis (Vyp) or higher.

Abnormal charge current detection

If the VM pin voltage falls below the charger detection voltage (Vcua) during charging under normal
condition and it continues for the overcharge detection delay time (tcy) or longer, the charging
control FET turns off and charging stops. This action is called the abnormal charge current
detection.

Abnormal charge current detection works when the DO pin voltage is “H” and the VM pin voltage
falls below the charger detection voltage (Vcha). Consequently, if an abnormal charge current flows
to an over-discharged battery, the S-82611 turns the charging control FET off and stops charging
after the battery voltage becomes higher than the overdischarge detection voltage which make the
DO pin voltage “H", and still after the overcharge detection delay time (tcy) elapses.

Abnormal charge current detection is released when the voltage difference between VM pin and
VSS pin becomes less than charger detection voltage Vcua.

Delay circuits

The detection delay times are generated by dividing the approximate 3.5 kHz clock with a counter.

Note

* The detection delay time for overcurrent 2 and load and short-circuiting start when the overcurrent 1 is
detected. As soon as the overcurrent 2 or load short-circuiting is detected over the detection delay time for
overcurrent 2 or load short-circuiting after the detection of overcurrent 1, the S-8261 turns the discharging
control FET off.

Seiko Instruments Inc.
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VDD
DO pin
VSS
v Overcurrent 2 detection delay t:ime (tiov2) Time
bb B
VIOV2 .. .............. ....................................
VM pin
VIOVl .............................................................
VSS
Figure 5

When the overcurrent is detected and it continues for longer than the overdischarge detection delay time
without releasing the load, the condition changes to the power-down condition when the battery voltage falls
below the overdischarge detection voltage.

When the battery voltage falls below the overdischarge detection voltage due to the overcurrent, the S-8261
turns the discharging control FET off by the overcurrent detection. And in this case the recovery of the
battery voltage is so slow that the battery voltage after the overdischarge detection delay time is still lower
than the overdischarge detection voltage, the S-8261 transits to the power-down condition.

DP pin

The DP pin is a test pin for delay time measurement and it should be open in the actual application.
If a capacitor whose capacitance is larger than 100pF or a resister whose resistance is larger than
100kQ is connected to this pin, error may occur in the delay time.

0V battery charge function (*1) (*2)

This function is used to recharge the connected battery whose voltage is OV due to the self-
discharge. When the 0V battery charge starting charger voltage (Vocna) Or higher is applied
between EB+ and EB- pins by connecting a charger, the charging control FET gate is fixed to VDD
pin voltage. When the voltage between the gate and source of the charging control FET becomes
equal to or higher than the turn-on voltage by the charger voltage, the charging control FET turns
on to start charging. At this time, the discharging control FET is off and the charging current flows
through the internal parasitic diode in the discharging control FET. When the battery voltage
becomes equal to or higher than the overdischarge release voltage Vpy, the S-8261 enters the
normal condition.

0V battery charge inhibition function (*1)

This function inhibits the recharging when a battery which is short-circuited (0 V) internally is
connected. When the battery voltage is 0.6 V (typ.) or lower, the charging control FET gate is fixed
to EB- pin voltage to inhibit charging. When the battery voltage is the OV battery charge inhibition
battery voltage (Vony) Or higher, charging can be performed.

(*1) Some battery providers do not recommend charging for completely self-discharged battery. Please
ask battery providers before determining the OV battery charge function.

(*2) The OV battery charge function has higher priority than the abnormal charge current detection

function. Consequently, a product with the OV battery charge function charges a battery forcedly and
abnormal charge current cannot be detected when the battery voltage is low.

Seiko Instruments Inc. 13
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B Operation Timing Chart
1.0vercharge and overdischarge detection

A

Veu
Veu—Vhp
Battery
voltage Vp +Vip
VDL

VDD
DO pin

Vss

VDD

CO pin
Vss

Vop
VM pin

Viovi
Vss

VC HA

Charger connection

<

Load connection Do T S
Qvercharge:detéction delay time (tcu) Overcharge detection delay time (tp,)
: — : — :

Mode «

A P >

@ @ o @ (1)

Note: (1) Normal condition, (2) Overcharge condition, (3) Overdischarge condition, (4) Overcurrent condition
The charger is supposed to charge with constant current.

> >' & >
> > < >

Figure 6

2.0vercurrent detection

Veu 4
Veu-Vie
Battery
voltage VoutVio

VDL

Voo

DO pin v

VDD
Vstort

VM pin

VIOVZ
Viovi
VSS

Charger connection

Load connection

— P P L —biie—

Ovef\%ra%nt 1 detection delay time (tova) ~ Overcurrent 2 detection delay time (tov2) Load short-circuiting detection delay time (tsorr)

Q) @ @ @ @) @ @)

Note: (1) Normal condition, (2) Overcharge condition, (3) Overdischarge condition, (4) Overcurrent condition
The charger is supposed to charge with constant current.

Figure 7
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3.Charger detection
Veu

Battery VCU'VHC‘

voltage

VpL+Vhp
VoL

y : AR e
DOpin ' : ' S

CO pin Voo

Vss

A

. Vbp
VM pin
Vss
VeHa : T
Charger connection ' T ' . : >

Load connection

In case VM pin voltage < Vcua

Overdischarge detection delay time (tp,) Overdischarge is released at the
— overdischarge detection voltage (Vp,)

Mode

1) ®) 1)

Note: (1) Normal condition, (2) Overcharge condition, (3) Overdischarge condition, (4) Overcurrent condition
The charger is supposed to charge with constant current.

Figure 8

4.Abnormal charge current detection
Veu
Battery Vcu-Vie

voltage
VpL+Vhp

VDL

DO pin

CO pin

VM pin

VCHA """"""""" : """"""" TTTTATTTTTTmeeTT

Charger connection

R AR R

Load connection : : Lo i
l —' 4— ' -‘—> 4— Abnormal charging current detection delay time
Overdischarge detection delay time (to) . (= Overcharge detection delay time (tc,))
Mode < > ro—>'e >e >
1) 3) 1) @) )

Note: (1) Normal condition, (2) Overcharge condition, (3) Overdischarge condition, (4) Overcurrent condition
The charger is supposed to charge with constant current.

Figure 9
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B An Example for Battery Protection IC Connection

©EB+
R1
q VDD
470Q
Battery C1
T  owr[ S-8261 Series X] DP
DJvss
VM

DO co
7 j T
R2
FET1 FET2 2kQ
H © E8-

Figure 10

Table 1 Constant for external components

Symbol Parts Purpose Recommend min. max. Remarks

*1) 0.4 V < Threshold voltage <

N channel i i
FET1 Npadieiiis Charge control | cee | e | overdischarge detection voltage

Gate to source withstand voltage = Charger
voltage

*1) 0.4 V < Threshold voltage <

N channel i i
rerz | Nl harge control | e | e | overdischarge detection voltage

Gate to source withstand voltage = Charger

voltage
R1 Resistor ESD protection 470Q 300Q 1kQ | *2) Set resistance so that 2 x R1 < R2.
For power
fluctuation
Cc1 Capacitor For power 0.1pF 0.022uF | 1.0 pF *3) Install a capacitor of 0.022 UF or higher
fluctuation between VDD and VSS.
Protection for *4) To prevent current when a charger is
R2 Resist reverse connection reversely connected. Select a larger resistance
esistor of a charger 2kQ 300Q 4kQ within the range from 300Q to 4kQ.
*1) If an FET with a threshold voltage of 0.4 V or lower is used, the FET may not cut the charging current.

If an FET with a threshold voltage equal to or higher than the overdischarge detection voltage is used, discharging may
be stoped before overdischarge is detected.
If the withstand voltage between the gate and source is lower than the charger voltage, the FET may destroy.

*2) If R1 has a high resistance, the voltage between VDD and VSS may exceed the absolute maximum rating when a
charger is connected reversely since the current flows from the charger to the IC.
Insert a resistor of 300Q or higher as R1 for ESD protection.
If R1 has a high resistance, the overcharge detection voltage increases by IC current consumption.

*3) If a capacitor of less than 0.022 pF is installed as C1, DO may oscillate when load short-circuiting is detected.
Be sure to install a capacitor of 0.022 pF or higher as C1.
*4) If R2 has a resistance higher than 4kQ, the charging current may not be cut when a high-voltage charger is connected.
Note:

¢ The DP pin should be open.

¢ The above connection diagram and constants do not guarantee proper operation. Evaluate
upon actual application and determine constants properly.
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B Precautions

» Pay attention to the operating conditions for input/output voltage and load current so that the
loss in the IC does not exceed the permissible loss (power dissipation) of the package.

» Seiko Instruments Inc. shall not be responsible for any patent infringement by products
including the S-8261 series in connection with the method of using the S-8261 series in such
products, the product specifications or the country of destination thereof.

Seiko Instruments Inc. 17



BATTERY PROTECTION IC for SINGLE-CELL PACK

S-8261 Series

B Characteristics (typical characteristics)

1. Detection/release voltage temperature characteristics
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2. Current consumption temperature characteristics

Current consumption vs.temperature

Current consumption vs.temperature in normal mode :
in power-down mode
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3. Current consumption power voltage characteristics (Ta=25°C)
Current consumption
6 power supply voltage dependency
5 ——
< v unll
3
3
&
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1
v
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Voo(V)
4. Detection/release delay time temperature characteristics
Overcharge detection delay time vs. temperature Overcharge release delay time vs. temperature
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Overcurrent 1 detection delay time vs. temperature Overcurrent 2 detection delay time vs. temperature
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5. Delay time power-voltage characteristics(Ta=25°C)

Overcurrent 1 detection delay time vs.
power supply voltage dependency
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6.CO pin/DO pin output current characteristics(Ta=25°C)

Ico(mA)

Ibo(MA)

CO pin source current characteristics
VDD=3. 5V,VM=VSS= ov

T~

~N

™~

N
AN

2
Veo(V)

DO pin source current characteristics
VDD=3.5V,VM=VSS=OV

3

2
Voo(V)

Ibo(mA)

CO pin sink current characteristics
VDD=4. 5V, V|\/|=Vss= ov
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The information described herein is subject to change without notice.

Seiko Instruments Inc. is not responsible for any problems caused by circuits or diagrams described herein
whose related industrial properties, patents, or other rights belong to third parties. The application circuit
examples explain typical applications of the products, and do not guarantee the success of any specific
mass-production design.

When the products described herein are regulated products subject to the Wassenaar Arrangement or other
agreements, they may not be exported without authorization from the appropriate governmental authority.
Use of the information described herein for other purposes and/or reproduction or copying without the
express permission of Seiko Instruments Inc. is strictly prohibited.

The products described herein cannot be used as part of any device or equipment affecting the human
body, such as exercise equipment, medical equipment, security systems, gas equipment, or any apparatus
installed in airplanes and other vehicles, without prior written permission of Seiko Instruments Inc.

Although Seiko Instruments Inc. exerts the greatest possible effort to ensure high quality and reliability, the
failure or malfunction of semiconductor products may occur. The user of these products should therefore
give thorough consideration to safety design, including redundancy, fire-prevention measures, and
malfunction prevention, to prevent any accidents, fires, or community damage that may ensue.
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