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BATTERY PROTECTION IC .
FOR 3-SERIAL-CELL PACK S-8233C Series

The S-8233C Series is a series of lithium-ion rechargeable battery
protection ICs incorporating high-accuracy voltage detection circuits and
delay circuits.

The S-8233C series includes the function to measure the status of
battery pack.

It is suitable for a 3-serial-cell lithium-ion battery pack.
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Internal high-accuracy voltage detection circuit

Over charge detection voltage 3.80+£0.05Vt04.40+£0.05V
5mV - step

Over charge release voltage 345+0.10Vt04.40+0.10V
5mV - step

(The over charge release voltage can be selected within the range where a difference from over
charge detection voltage is 0 to 0.35 V at 50 mV - Step)

Over discharge detection voltage 2.00£0.08 Vt02.80£0.08V
50 mV - step

Over discharge release voltage 2.00+£0.10Vt04.00£0.10V
50 mV - step

(The over discharge release voltage can be selected within the range where a difference from over

discharge detection voltage is 0 to 1.2 V at 50 mV - Step)
Over current detection voltage 1 0.15+£0.015V t0 0.50 £+0.05 V

50 mV - step

High input-voltage device (absolute maximum rating: 26 V)

Indicates Li-ion battery state.

Wide operating voltage range: 2Vto24V
The delay time for every detection can be set via an external capacitor.
Three over current detection levels (protection for short-circuiting)

Internal charge/discharge prohibition circuit via the control terminal

The function for charging batteries from 0 V is available.

Low current consumption

Operation 50 pA max. (+25 °C)
Power-down 0.1 uA max. (+25 °C)

Lead-free products

m Applications

Lithium-ion rechargeable battery packs

m Package
Drawing Code
Package Name Package : Tape : Reel
16-Pin TSSOP FTO16-A ! FT016-A ! FT016-A
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BATTERY PROTECTION IC FOR 3-SERIAL-CELL PACK

S-8233C Series Rev.4.0 oo
m Block Diagram
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Figure 1

The delay time for over current detection 2 and 3 is fixed by an internal IC circuit. The delay time cannot
be changed via an external capacitor.

If one of the battery voltages becomes higher than the over charge detection voltage (Vcy), the CSO

terminal goes high.
If one of the battery voltages becomes lower than the over discharge detection voltage (Vpp), the DSO

terminal goes high.
If S-8233C series detect over current, the ISO terminal goes high.
In normal state each terminal output ‘Low’.
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BATTERY PROTECTION IC FOR 3-SERIAL-CELL PACK
Rev.4.0 oo S-8233C Series

m Product Name Structure
1. Product name

S-8233C X FT - TB - G

IC direction in tape specifications '

Package name (abbreviation)
FT: 16-Pin TSSOP

Serial code
Assigned from A to Z in alphabetical order

*1. Refer to the taping specifications.

2. Product name list

Table1
Model/Item Over charge | Over charge | Over discharge | Over discharge | Over current | OV battery charging
detection [release voltage|  detection release voltage detection function
voltage voltage voltage1
(Veu) (Vep) (Vop) (Vou) (Viov1)

S-8233CAFT-TB-G | 4.25+0.05V | 4.05¢0.10V | 2.00+0.08 V 2.30+0.10V | 0.25+0.025V -

Remark Please contact the Sll marketing department for the products with the detection voltage value other
than those specified above.
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S-8233C Series

Rev.4.0 oo

m Pin Configurations

16-Pin TSSOP Table2
TOp View No. | Name Description
boP ! 16 vee 1 DOP | Connects FET gate for discharge control (CMOS output)
NC 2 15 NC “
2 NC Non connect
cop 3 14 Cso
VMP 4 13 V1 3 COP | Connects FET gate for charge control (Nch open-drain output)
covt 5 12 IS0 4 VMP | Detects voltage between VCC to VMP(Over current detection pin)
cDT 6 1 VG2 ) ) —
cet . 10 DSO 5 COVT | Connects capacitor for over current detection 1 delay circuit
Vss 8 9 CTL 6 CDT | Connects capacitor for over discharge detection delay circuit
7 CCT | Connects capacitor for over charge detection delay circuit
Figure 2 8 VSS Negative power input, and connects negative voltage for battery 3
9 CTL Charge/discharge control signal input
10 DSO | Over discharge condition signal output
11 VC2 Connects battery 2 negative voltage and battery 3 positive voltage
12 ISO Over current condition signal output
13 VC1 Connects battery 1 negative voltage and battery 2 positive voltage
14 cso | Over voltage condition signal output
15 NC | Non connect™”
16 VCC Positive power input and connects battery 1 positive voltage

m Absolute Maximum Ratings

*1. The NC pin is electrically open. The NC pin can be connected to VCC or VSS.

Table3 (Ta =25 °C unless otherwise specified)
Item Sym. Applied Pins Rating Unit
Input voltage between VCC and VSS Vps - Vss-0.3 to Vgst+26 \%
Input terminal voltage Vin VC1,VvC2,CTL,CCT,CDT,COVT Vss-0.3 to V¢c+0.3
VMP Input terminal voltage Vympe VMP Vss-0.3 to Vss+26 \%
CSO0,ISO,DSO output terminal voltage Vour CSO0,IS0O,DSO Vss-0.3 to Vc+0.3 \%
DOP output terminal voltage Vbop DOP Vss-0.3 to Vc+0.3 \%
COP output terminal voltage Vcop COP Vss-0.3 to Vywp+0.3 \%
Power dissipation Po - 300 mwW
Operating temperature range Topr - -20 to +70 °C
Storage temperature range Tstg - -40 to +125 °C

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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BATTERY PROTECTION IC FOR 3-SERIAL-CELL PACK
S-8233C Series

m Electrical Characteristics

Table 4 (1/2)

(Ta = 25 °C unless otherwise specified)

Measure- |Measure-
ltem Symbol Condition Min. Typ. Max. Unit ment ment
condition | circuit
Detection voltage
Over charge detection voltage 1 Vour | 3.80 to 4.40 Adjustment | Veys-0.05 | Veyr | Veuyt0.05 Vv 1 1
Over charge release voltage 1 Vepr | 34510 4.40 Adjustment | Veps-0.10 | Vepr | Vep0.10 V 1 1
Over discharge detection voltage 1 Voot | 2.00 to 2.80 Adjustment | Vpps-0.08 | Voot | Vppe?0.08 V 1 1
Over discharge release voltage 1 Vour | 2.00 to 4.00 Adjustment | Vpys-0.10 | Vpus | Vpuyt0.10 V 1 1
Over charge detection voltage 2 Veuo | 3.80to 4.40 Adjustment | Veyp-0.05 | Ve | Veuet0.05 V 2 1
Over charge release voltage 2 Vepy | 34510 4.40 Adjustment | Vepp-0.10 | Vepy | Vept0.10 V 2 1
Over discharge detection voltage 2 Vo2 | 2.00 to 2.80 Adjustment | Vpp,-0.08 | Vppo | Vppet0.08 vV 2 1
Over discharge release voltage 2 Vouz | 2.00 to 4.00 Adjustment | Vpy,-0.10 | Voo | Vpuet0.10 V 2 1
Over charge detection voltage 3 Veus | 3.80 to 4.40 Adjustment | Veys-0.05 | Veys | Veust0.05 V 3 1
Over charge release voltage 3 Veps | 3.451t0 4.40 Adjustment | Veps-0.10 | Veps | Viepst0.10 V 3 1
Over discharge detection voltage 3 Vops | 2.00 to 2.80 Adjustment | Vpps-0.08 | Vpps | Vppst0.08 V 3 1
Over discharge release voltage 3 Vous | 2.00 to 4.00 Adjustment | Vpys-0.10 | Vpus | Vpust0.10 V 3 1
Over current detection voltage 1" Viovi | 0.15 t0 0.50V Adjustment | Vioy1¥0.9 | Viour | Vioyix1.1 Vv 4 2
Over current detection voltage 2 Viov2 Vcc Reference 0.54 0.6 0.66 V 4 2
Over current detection voltage 3 Viovs Vss Reference 1.0 2.0 3.0 V 4 2
Voltage temperature factor 17 Tooe Ta=-20t0 70°C -1.0 0 1.0 mV/°C - -
Voltage temperature factor 2° Tcoe Ta=-20t0 70°C 0.5 0 0.5 mV/°C - -
Delay time
Over charge detection delay time 1 tour Cccr=0.47 uF 0.5 1.0 15 9 6
Over charge detection delay time 2 tous Cecr=0.47 uF 0.5 1.0 15 10 6
Over charge detection delay time 3 tcus Cecr=0.47 uF 0.5 1.0 15 11 6
Over discharge detection delay time 1| tppq Ccpr=0.1 uF 20 40 60 ms 9 6
Over discharge detection delay time 2 | tpp, Cepr=0.1 uF 20 40 60 ms 10 6
Over discharge detection delay time 3 | tpp; Ccpr=0.1 uF 20 40 60 ms 11 6
Over current detection delay time 1 tiovt Ceovr=0.1 uF 10 20 30 ms 12 7
Over current detection delay time 2 tiov - 2 4 8 ms 12 7
Over current detection delay time 3 | tovs FET Sgg%gapp: citor 100 300 550 us 12 !
Operating voltage
Spe[?ting voltage between VCC and Vosor ~ 20 ~ 24 v ~ ~
SS
Current consumption
g;;:?i; ﬁ())nsumptlon (during normal lope V12V22V3=35 V ~ 20 50 uA 5 3
Current consumption for cell 1 lceLLq V1=V2=V3=35V -300 0 300 nA 5 3
Current consumption for cell 2 lceLL2 V1=V2=V3=35V -300 0 300 nA 5 3
Current consumption for cell 3 lceLLs V1=V2=V3=35V -300 0 300 nA 5 3
Current consumption at power down lpoN V1=V2=V3=15V - - 0.1 uA 5 3
Internal resistance with 0V battery charging function type
Resistance between VCC and VMP Rvem V1=V2=V3=35V 0.20 0.50 0.80 MQ 6 3
Resistance between VSS and VMP Rvsm V1=V2=V3=15V 0.20 0.50 0.80 MQ 6 3
Internal resistance without 0V battery charging function type.
Resistance between VCC and VMP Rvem V1=V2=V3=3.5V 0.40 0.90 1.40 MQ 6 3
Resistance between VSS and VMP Rvsm V1=V2=V3=15V 0.40 0.90 1.40 MQ 6 3
Input voltage
CTL"H" Input voltage Venw - Vee x0.8 - - V - -
CTL"L" Input voltage Ve - - - Ve x0.2 V - -
Seiko Instruments Inc. 5




BATTERY PROTECTION IC FOR 3-SERIAL-CELL PACK

S-8233C Series Rev.4.0 oo
Table 4 (2/2)
(Ta = 25 °C unless otherwise specified
Measure- | Measure-
ltem Symbol Condition Min. Typ. Max. Unit| ment ment
condition | circuit
Output voltage
DOP"H" voltage Vo) lour=10 LA Vee-0.5 - - V 7 4
DOP"L" voltage Vbow) lour=10 LA - - Vs 0.1 v 7 4
COP"L" voltage Veow lour=10 LA - - Vsst0.1 V 8 5
COP OFF LEAK current loou | V1=V2=V3=45V - - 100 nA 14 9
CSO"H" voltage VCSO(H) |OUT=0-1 MA Vcc-0.5 — - V 13 8
CSQO"L" voltage Vesow) lour=10 uA - - Vgst0.1 V 13 8
ISO"H" voltage Visom) lour=0.1 pA Vee-0.5 - - Vv 13 8
ISO"L" voltage Visow) lour=10 LA - - Vsst0.1 v 13 8
DSO"H" voltage VDSO(H) lOUT=0-1 ].lA Vcc-0.5 - - V 13 8
DSO"L" voltage VDSO(L) lour=10 ].lA - - Vsst0.1 V 13 8
0 V battery charging function”
0 V charging start voltage Voo | V1=V2=v3=ov | - | - | 14 |[v] 15 | 10

*1. If over current detection voltage 1 is 0.50 V, both over current detection voltages 1 and 2 are 0.54 V to 0.55
V, but Viov2 > Viov1.

*2. Voltage temperature factor 1 indicates over charge detection voltage, over charge release voltage, over
discharge detection voltage, and over discharge release voltage.

*3. Voltage temperature factor 2 indicates over current detection voltage.

*4. The DOP and COP logic must be established for the operating voltage.

*5. This spec applies for only 0 V battery charging function available type.
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BATTERY PROTECTION IC FOR 3-SERIAL-CELL PACK
Rev.4.0 oo S-8233C Series

m Measurement Circuits
(1) Measurement 1 Measurement circuit 1

Set V1, V2, and V3 to 3.5 V under normal condition. Increase V1 from 3.5 V gradually. The V1 voltage
when COP ='H' is over charge detection voltage 1 (Vcy1). Decrease V1 gradually. The V1 voltage when
COP ="L'is over charge release voltage 1 (Vcp1). Further decrease V1. The V1 voltage when DOP ="H'
is over discharge voltage 1 (Vpp4). Increase V1 gradually. The V1 voltage when DOP ='L'is over
discharge release voltage 1 (Vpuy1).
Remark The voltage change rate is 150 V/s or less.

(2) Measurement 2 Measurement circuit 1
Set V1, V2, and V3 to 3.5 V under normal condition. Increase V2 from 3.5 V gradually. The V2 voltage
when COP ='H' is over charge detection voltage 2 (V¢cy2). Decrease V2 gradually. The V2 voltage when
COP ="L'is over charge release voltage 2 (V¢p2). Further decrease V2. The V2 voltage when DOP ="'H'
is over discharge voltage 2 (Vppy). Increase V2 gradually. The V2 voltage when DOP ='L"is over
discharge release voltage 2 (Vpy2).
Remark The voltage change rate is 150 V/s or less.

(3) Measurement 3 Measurement circuit 1
Set V1, V2, and V3 to 3.5 V under normal condition. Increase V3 from 3.5 V gradually. The V3 voltage
when COP ='H' is over charge detection voltage 3 (Vcy3). Decrease V3 gradually. The V3 voltage when
COP ="L'is over charge release voltage 3 (Vcp3). Further decrease V3. The V3 voltage when DOP ="'H'
is over discharge voltage 3 (Vpps). Increase V3 gradually. The V3 voltage when DOP ='L'is over
discharge release voltage 3 (Vpus).
Remark The voltage change rate is 150 V/s or less.

(4) Measurement 4 Measurement circuit 2
Set V1, V2, V310 3.5V and V4 to 0 V under normal condition. Increase V4 from 0 V gradually. The V4
voltage when DOP ='H' and COP = 'H, is over current detection voltage 1 (Viov1)-
Set V1, V2, and V3 to 3.5 V and V4 to 0 V under normal condition. Fix the COVT terminal at Vg,
increase V4 from 0 V gradually. The V4 voltage when DOP ="'H" and COP = 'H' is over current detection
voltage 2 (Viov2).
Set V1, V2, and V3 to 3.5 V and V4 to 0 V under normal condition. Fix the COVT terminal at Vgg,
increase V4 gradually from 0 V at 400 ps to 2 ms. The V4 voltage when DOP ="'H" and COP ='H' is over
current detection voltage 3 (V|ov3)-

(5) Measurement 5 Measurement circuit 3
Set S1to ON, V1, V2, and V3 to 3.5V, and V4 to 0 V under normal condition and measure current
consumption. 11 is the normal condition current consumption (lopg), 12, the cell 2 current consumption
(IceL2), and I3, the cell 3 current consumption (Icgp.3).
Set S1to ON, V1, V2, and V3 to 1.5V, and V4 to 4.5 V under over discharge condition. Current
consumption |1 is power-down current consumption (Ippy).

(6) Measurement 6 Measurement circuit 3
Set S1to ON, V1, V2, and V3 to 3.5V, and V4 to 10.5 V under normal condition. V4/14 is the internal
resistance between VCC and VMP (Rycwm)-
Set S1to ON, V1, V2, and V3 to 1.5V, and V4 to 4.1 V under over discharge condition. (4.5-V4)/14 is the
internal resistance between VSS and VMP (Rysw).

Seiko Instruments Inc. 7
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(7) Measurement 7 Measurement circuit 4
Set S1 to ON, S2 to OFF, V1, V2, and V3 to 3.5V, and V4 to 0 V under normal condition. Increase V5
from 0 V gradually. The V5 voltage when 15 = 10 pA is DOP'L' voltage (Voo ).
Set S1 to OFF, S2 to ON, V1, V2, V3 to 3.5V, and V4 to V|ov2+0.1 V under over current condition.
Increase V6 from 0 V gradually. The V6 voltage when 16 = 10 yA is the DOP'H' voltage (Vpo ())-

(8) Measurement 8 Measurement circuit 5
Set V1, V2, V310 3.5V and V4 to 0 V under normal condition. Increase V5 from 0 V gradually. The V5
voltage when 15 = 10 pA is the COP'L' voltage (Vco )

(9) Measurement 9 Measurement circuit 6
Set V1, V2, V3 to 3.5 V under normal condition. Increase V1 from 3.5V to 4.5 V immediately (within 10
us). The time after V1 becomes 4.5 V until COP goes 'H' is the over charge detection delay time 1 (tcuq).
Set V1, V2, V3 to 3.5 V under normal condition. Decrease V1 from 3.5V to 1.9 V immediately (within 10
us). The time after V1 becomes 1.9 V until DOP goes 'H' is the over discharge detection delay time 1
(top1)-

(10) Measurement 10 Measurement circuit 6
Set V1, V2, V3 to 3.5 V under normal condition. Increase V2 from 3.5V to 4.5 V immediately (within 10
us). The time after V2 becomes 4.5 V until COP goes 'H' is the over charge detection delay time 2 (tcyz).
Set V1, V2, V3 to 3.5 V under normal condition. Decrease V2 from 3.5V to 1.9 V immediately (within 10
us). The time after V2 becomes 1.9 V until DOP goes 'H' is the over discharge detection delay time 2
(top2)-

(11) Measurement 11 Measurement circuit 6
Set V1, V2, V3 to 3.5 V under normal condition. Increase V3 from 3.5V to 4.5 V immediately (within 10
us). The time after V3 becomes 4.5 V until COP goes 'H' is the over charge detection delay time 3 (tcus)-
Set V1, V2, V3 to 3.5 V under normal condition. Decrease V3 from 3.5 V to 1.9 V immediately (within 10
us). The time after V3 becomes 1.9 V until DOP goes 'H' is the over discharge detection delay time 3
(top3)-

(12) Measurement 12 Measurement circuit 7
Set V1, V2, V3 to 3.5V and S1 to OFF under normal condition. Increase V4 from 0 V to 0.55 V
immediately (within 10 us). The time after V4 becomes 0.55 V until DOP goes 'H' is the over current
detection delay time 1 (tiov1).
Set V1, V2, V3 to 3.5V and S1 to OFF under normal condition. Increase V4 from 0V to 0.75V
immediately (within 10 us). The time after V4 becomes 0.75 V until DOP goes 'H' is the over current
detection delay time 2 (tov2)
Set S1 to ON to inhibit over discharge detection. Set V1, V2, V3 to 4.0 V and increase V4 from 0 V t0 6.0
V immediately (within 1 us) and decrease V1, V2, and V3 to 2.0 V at a time. The time after V4 becomes
6.0 V until DOP goes 'H' is the over current detection delay time 3 (tiova).
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(13) Measurement 13 Measurement circuit 8
Set S4 to ON, S1, S2, S3, S5, and S6 to OFF, V1, V2, V3 to 3.5V ,and V4, V6, to 0 V under normal
condition. Increase V5 from 0 V gradually. The V5 voltage when 15 = 10 pyA is the CSO'L' voltage
(Vesow)
Set S5 to ON, S1, S2, S3, S4, and S6 to OFF, V1, V2, and V3 to 3.5 V and V4, V6 to 0 V under normal
condition. Increase V5 from 0 V gradually. The V5 voltage when 15 = 10 pA is the ISO'L' voltage (Viso))-
Set S6 to ON, S1, S2, S3, S4, and S5 to OFF, V1, V2, and V3 to 3.5 V and V4, V6 to 0 V under normal
condition. Increase V5 from 0 V gradually. The V5 voltage when 15 = 10 pA is the DSO'L' voltage
(Vosow))-
Set S1to ON, S2, S3, S4,S5, and S6 to OFF, V1 to 4.5V, V2, and V3 to 3.5V, V5, and V6 to 0 V under
over voltage condition. Increase V4 from 0 V gradually. The V4 voltage when 14 = 0.1 pA is the CSO'H'
voltage (Vcson))-
Set S2 to ON, S1, S3, S4, S5, and S6 to OFF, V1, V2 and V3t03.5V,V5t0 0V, V6 to V|o2+0.1V under
over current condition. Increase V4 from 0 V gradually. The V4 voltage when 14 = 0.1 pA is the ISO'H'
voltage (Vison))-
Set S3 to ON, S1, S2, S4, S5, and S6 to OFF, V1 to 1.9V,V2 and V3 t0 3.5V, V5 and V6 to 0 V under
over discharge condition. Increase V4 from 0 V gradually. The V4 voltage when 14 = 0.1 pA is the
DSO'H' voltage (Vpso))-

(14) Measurement 14 Measurement circuit 9
Set V1, V2, and V3 to 4.5 V under over charge condition. The current |1 flowing to COP terminal is COP
OFF LEAK current (lcoL).

(15) Measurement 15 Measurement circuit 10

SetV1,V2,and V3to 0V, and V8 to 2 V, and decrease V8 gradually. The V8 voltage when COP ='H'
(Vss + 0.1 V or higher) is the 0 V charge start voltage (VocHar)-
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m Description

12

Remark Refer to “B Battery Protection IC Connection Example”.

Normal condition

This IC monitors the voltages of the three serially-connected batteries and the discharge current to control
charging and discharging. If the voltages of all the three batteries are in the range from the over
discharge detection voltage (Vpp) to the over charge detection voltage (Vcy), and the current flowing
through the batteries becomes equal or lower than a specified value (the VMP terminal voltage is equal or
lower than over current detection voltage 1), the charging and discharging FETs turn on. In this condition,
charging and discharging can be carried out freely. This condition is called the normal condition. In this
condition, output voltage of CSO,ISO and DSO go ‘low’. VCC terminals are shorted by the Rycy resistor.

Over current condition

This IC is provided with the three over current detection levels (V|ov1,Viov2 and Voy3) and the three over
current detection delay time (tov1,tiov2 and tioyz) corresponding to each over current detection level.

If the discharging current becomes equal to or higher than a specified value (the VMP terminal voltage is
equal to or higher than the over current detection voltage) during discharging under normal condition and
it continues for the over current detection delay time (t,ov) or longer, the discharging FET turns off to stop
discharging. This condition is called an over current condition. The VMP and VCC terminals are shorted
by the Rycwm resistor at this time. The charging FET turns off.

When the discharging FET is off and a load is connected, the VMP terminal voltage equals the Vg
potential. In this condition, output voltage of ISO goes ‘High’.

The over current condition returns to the normal condition when the load is released and the impedance
between the EB- and EB+ terminals (see Figure 8 for a connection example) is 100 MQ or higher. When
the load is released, the VMP terminal, which and the VCC terminal are shorted with the Rycy resistor,
goes back to the V¢ potential. The IC detects that the VMP terminal potential returns to over current
detection voltage 1 (V\ov1) or lower (or the over current detection voltage 2 (V|oy2) or lower if the COVT
terminal is fixed at the 'L' level and over current detection 1 is inhibited) and returns to the normal
condition. At that time, output voltage of ISO goes ‘Low’.

Over charge condition

If one of the battery voltages becomes higher than the over charge detection voltage (Vcy) during
charging under normal condition and it continues for the over charge detection delay time (tcy) or longer,
the charging FET turns off to stop charging. This condition is called the over charge condition. The 'H'
level signal is output to the conditioning terminal corresponding to the battery which exceeds the over
charge detection voltage until the battery becomes equal to lower than the over charge release voltage
(Vep)- In this condition, output voltage of CSO is ‘High’. The VMP and VCC terminals are shorted by the
Rvcwm resistor under the over charge condition.

The over charge condition is released in two cases. The output voltage of CSO terminal changes to ‘L’

when the over charge condition is released.

1) The battery voltage which exceeded the over charge detection voltage (V¢y) falls below the over
charge release voltage (V¢p), the charging FET turns on and the normal condition returns.

2) If the battery voltage which exceeded the over charge detection voltage (Vcy) is equal or higher than
the over charge release voltage (Vcp), but the charger is removed, a load is placed, and discharging
starts, the charging FET turns on and the normal condition returns.

The release mechanism is as follows: the discharge current flows through an internal parasitic diode of

the charging FET immediately after a load is installed and discharging starts, and the VMP terminal

voltage decreases by about 0.6 V from the VCC terminal voltage momentarily. The IC detects this
voltage (over current detection voltage 1 or higher), releases the over charge condition and returns to the
normal condition.

Seiko Instruments Inc.
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Over discharge condition
If any one of the battery voltages falls below the over discharge detection voltage (Vpp) during discharging
under normal condition and it continues for the over discharge detection delay time (tpp) or longer, the
discharging FET turns off and discharging stops. This condition is called the over discharge condition. In
this condition, output voltage of DSO goes ‘High’. When the discharging FET turns off, the VMP terminal
voltage becomes equal to the Vss voltage and the IC's current consumption falls below the power-down
current consumption (lppy). This condition is called the power-down condition. The VMP and VSS
terminals are shorted by the Rygy resistor under the over discharge and power-down conditions.
The power-down condition is canceled when the charger is connected and the voltage between VMP and
VSS is 3.0 V or higher (over current detection voltage 3). When all the battery voltages becomes equal to
or higher than the over discharge release voltage (Vpy) in this condition, the over discharge condition
changes to the normal condition. In this condition, output voltage of DSO goes ‘Low’.

Delay circuits

The over charge detection delay time (tcys to tcys), over discharge detection delay time (tpp1 to tppsz), and
over current detection delay time 1 (tov4) are changed with external capacitors (C4 to C6).
The delay times are calculated by the following equations:
Min. Typ. Max.
tcu[s] =Delay factor ( 1.07, 2.13, 3.19)xC4 [uF]
top[s] =Delay factor ( 0.20, 0.40, 0.60)xC5 [uF]
tiovi[s]=Delay factor ( 0.10, 0.20, 0.30)xC6 [uF]

Caution The delay time for over current detection 2 and 3 is fixed by an internal IC circuit. The
delay time cannot be changed via an external capacitor.

CTL terminal
If the CTL terminal is floated under normal condition, it is pulled up to the V¢ potential in the IC, and both
the charging and discharging FETs turn off to inhibit charging and discharging. Both charging and
discharging are also inhibited by applying the VCC terminal to the CTL terminal externally. At this time,
the VMP and VCC terminals are shorted by the Rycy resistor.
When the CTL terminal becomes equal to Vs potential, charging and discharging are enabled and go
back to their appropriate conditions for the battery voltages.

Caution Please note unexpected behavior might occur when electrical potential difference
between the CTL pin ('L' level) and VSS is generated through the external filter
(Rvss and Cyss) as a result of input voltage fluctuations.

0 V battery charging function
This function is used to recharge the three serially-connected batteries after they self-discharge to 0 V.

When the 0 V charging start voltage (Vocuar) or higher is applied to between VMP and VSS by connecting
the charger, the charging FET gate is fixed to Vss potential.

When the voltage between the gate sources 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 over discharge release
voltage (Vpy), the normal condition returns.

CAUTION In the products without 0 V battery charging function, the resistance between VCC and
VMP and between VSS and VMP are lower than the products with 0 V battery charging
function. It causes to that over charge detection voltage increases by the drop voltage
of R5 (see Figure 8 for a connection example) with sink current at VMP.

The COP output is undefined below 2.0 V on VCC-VSS voltage in the products without
0 V battery charging function.

Seiko Instruments Inc. 13
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Voltage temperature factor
Voltage temperature factor 1 indicates over charge detection voltage, over charge release voltage, over
discharge detection voltage, and over discharge release voltage.
Voltage temperature factor 2 indicates over current detection voltage.
The Voltage temperature factors 1 and 2 are expressed by the oblique line parts in Figure 4.

Ex. Voltage temperature factor of over charge detection voltage

Veu A
\Y
_ +0.1 mV/°C
Veuss Vcuzs is the over charge detection voltage at 25°C

™~ -0.1 mV/°C

-20 25 70 Ta [°C]

Figure 4

14 Seiko Instruments Inc.
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Remark The charger is assumed to charge with a constant current. Vcua indicates the open voltage of the charger.
Figure 5
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Figure 6
Seiko Instruments Inc.

Remark The charger is assumed to charge with a constant current. Vcua indicates the open voltage of the charger.

*1. ® Normal mode, @ Over charge mode, ® Over discharge mode, @ Over current mode
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Delay time from load shorted to ISO terminal goes ‘High’ is Tiov2( at that case delay time isn’t Tiov3).

CTL terminal
Vee—Vss

Charge/discharge

inhibit

|

When the S-8233C series detects over current 1 or over current 2, ISO terminal goes ‘High’.

@

Vss—Vee

Figure 7
Seiko Instruments Inc.

*1. ® Normal mode,® Over charge mode,® Over discharge mode,® Over current mode | CTL terminal
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m Battery Protection IC Connection Example

18

EB+

[ ]ERG RS
1 MQ 10 kQ

CTL terminal voltage
GND: Normal operation

Floating or Vcc: Inhibit
boP coP charging and discharging
° Eﬂi
VCC Nch vMP l
ch open
l drain CTL I RV 7V V—0O
Battery 1— C1 <X cpy
Over charge 1kQ
R1 Condition Over charge delay
VC1 time setting
CCT O
1 Sul
Battery 2 c2 <X CD2 S-8233C series ; Over discharge delay
Over current time setting
Condition
R2 Ve CDT B FET-C
C5 H
l ; High: Inhibit over
discharge detection
Battery 3 C3 <K CD3 9
Over discharge COVT Eﬂi
Condition c6 Over current delay
VSS time setting
R3 /J7
© EB-

Figure 8

[Description of Figure 8]

The over charge detection delay time (tcys to tcys), over discharge detection delay time (tpp1 to tpps), and
over current detection delay time (t,ov+4) are changed with external capacitors (C4 to C6). See the electrical
characteristics.

R6 is a pull-up resistor that turns FET-B off when the COP terminal is opened. Connect a 100 kQ to

1 MQ resistor.

R5 is used to protect the IC if the charger is connected in reverse. Connect a 10 kQ to 50 kQ resistor.

If capacitor C6 is absent, rush current occurs when a capacitive load is connected and the IC enters the
over current mode. C6 must be connected to prevent it.

If capacitor C5 is not connected, the IC may enter the over discharge condition due to variations of battery
voltage when the over current occurs. In this case, a charger must be connected to return to the normal
condition. To prevent this, connect an at least 0.01uF capacitor to C5.

If a leak current flows between the delay capacitor connection terminal (CCT, CDT, or COVT) and VSS, the
delay time increases and an error occurs. The leak current must be 100 nA or less.

Over discharge detection can be disabled by using FET-C. The FET-C off leak must be 0.1 uA or less. If
over discharge is inhibited by using this FET, the current consumption does not fall below 0.1 pA even
when the battery voltage drops and the IC enters the over discharge detection mode.

R1, R2, and R3 must be 1 kQ or less.

R7 is the protection of the CTL when the CTL terminal voltage higher than V¢ voltage. Connect a 300 Q to
5 kQ resister. If the CTL terminal voltage never greater than the V¢ voltage (ex. R7 connect to Vss),
without R7 resister is allowed.

Seiko Instruments Inc.
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Caution 1. The above constants may be changed without notice.

2. If any electrostatic discharge of 2000 V or higher is not applied to the S-8233C series
with a human body model, R1, R2, R3, C1, C2, and C3 are unnecessary.

3. It has not been confirmed whether the operation is normal or not in circuits other than
the above example of connection. In addition, the example of connection shown above
and the constant do not guarantee proper operation. Perform through evaluation using
the actual application to set the constant.

m Precautions

If a charger is connected in the over discharge condition and one of the battery voltages becomes
equal to or higher than the over charge release voltage (V¢y) before the battery voltage which is
below the over discharge detection voltage (Vpp) becomes equal to or higher than the over discharge
release voltage (Vpy), the over discharge and over charge conditions are entered and the charging
and discharging FETs turn off. Both charging and discharging are disabled. If the battery voltage
which was higher than the over charge detection voltage (V¢y) falls to the over charge release voltage
(Vcp) due to internal discharging, the charging FET turns on.

If the charger is detached in the over charge and over discharge condition, the over charge condition
is released, but the over discharge condition remains. If the charger is connected again, the battery
condition is monitored after that. The charging FET turns off after the over charge detection delay
time, the over charge and over discharge conditions are entered.

If any one of the battery voltages is equal to or lower than the over discharge release voltage (Vpu)
when they are connected for the first time, the normal condition may not be entered. If the VMP
terminal voltage is made equal to or higher than the V¢ voltage (if a charger is connected), the
normal condition is entered.

If the CTL terminal floats in power-down mode, it is not pulled up in the IC, charging and discharging
may not be inhibited. However, the over discharge condition becomes effective. If the charger is

connected, the CTL terminal is pulled up, and charging and discharging are inhibited immediately.

Do not apply an electrostatic discharge to this IC that exceeds the performance ratings of the built-in
electrostatic protection circuit.

Sll claims no responsibility for any disputes arising out of or in connection with any infringement by
products including this IC of patents owned by a third party.
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m Characteristics (typical characteristics)
1. Detection voltage temperature characteristics
Overcharge detection voltage vs. temperature Overcharge release voltage vs. temperature
Veu=4.25[V] Vep=4.10[V]
4.35 4.20
S S
3 8
> >
425 — —_— 4.10 -
415 4.00
40 20 0 20 40 60 8 100 40 20 O 20 40 60 80 100
Ta(°C) Ta(°C)

Overdischarge release voltage vs. temperature

Overdischarge detection voltage vs. temperature
Vpp=2.35[V] Vpu=2.85[V]
2.45 2.95
S
]
S >
= I
S 235 | 2.85
2.25 2.75
40 20 0 20 40 60 80 100 40 20 0 20 40 60 80 100
Ta(°C) Ta("C)
Overcurrent1 detection voltage vs. temperature Overcurrent2 detection voltage vs. temperature
Viov1=0.3 [V Viov2=0.6 [V
0.35 1oVt v 0.65 lov2 [Vl
— S
2 -
< 030 | 3 0.60 —
g >
>
0.25 0.55
40 20 0 20 40 60 80 100 40 20 0 20 40 60 80 100
Ta(°C) Ta(°C)
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2. Current consumption temperature characteristics

Current consumption vs. temperature in normal mode

Vee=10.5[V]
50
<
3
W 25
o]
0
40 20 0 20 40 60 80 100
Ta(°C)

3. Delay time temperature characteristics

Overcharge detection time vs. temperature

Current consumption vs. temperature in power-down mode

Vec=4.5 [V]
1.0
<
£
& 05
0.0
-40 20 0 20 40 60 80 100
Ta(°C)

Overdischarge detection time vs. temperature

C=0.47[uF] C=0.1[uF]
VCC=1 1.5 [V] Vcc=8.5 [V]
1.5 60
3 10 ‘8’ 4T
0.5 20
-40 -20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Ta(°C) Ta(°C)
Overcurrent detection time vs. temperature Overcurrent2 detection time vs. temperature
C=0.1[uF]
V=105 [V]
30 8 Vcc=10.5 [V]

m m
2]

£
| E
£ 20 I \
< S5
-’_C_‘) -~

10 ) ‘
40 20 0 20 40 60 80 100 40 20 0 20 40 60 8 100
Ta(°C) Ta(°C)
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Overcurrent3 (load short) detection time vs. temperature
Vee=6.0 [V]

0.40

tiovs (Ms)

025 [ —_—

010 ‘ ‘ ‘ ‘ ‘ ‘
-40  -20 0 20 40 60 80 100
Ta(°C)

4. Delay time vs. power supply voltage

Over current 3 (load short) detection time vs. power supply voltage

Ta=25[°C]
1.0
m
g:v’: 0.5 L—
2
o
- /
_—
0.0
3 6 9 12 15
VCC [V]

Caution Please design all applications of the S-8233C Series with safety in mind.
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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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