l' EUP9O232

EUTECH LI-ION/POLYMER TWO CELL PROTECTOR

MICROELECTRONICS

DESCRIPTION

The EUP9232 Series are lithium-ion rechargeable battery protection ICs incorporating high-accuracy voltage
detection circuits and delay circuits. The EUP9232 Series are suitable for a 2-cell serial lithium- ion battery

pack.
FEATURES
® Highly accurate voltage detector............... Overcharge detection (Topt=+25°C) +25mV
Overcharge hysteresis +50mV
Overdischarge detection +80mV
Overcurrent 1 detection +20mV
® Variety of detector..................lL Overcharge detection 4.25V-4.35V step of 5mV
Overcharge hysteresis 0.0V-0.4V"" step of 50mV
Overdischarge detection 2.0V-2.4V step of 10mV
Overdischarge hysteresis 0.0V-1V2 step of 100mV
Overcurrent 1 detection 0.095V-0.3V step of 10mV
Overcurrent 2 detection 0.9V(fixed)

*1 Overcharge release voltage=Over detection voltage-Overcharge hysteresis voltage
*2 Overdischarge release voltage = Overdischarge detection voltage-Overdischarge hysteresis voltage.

High input-voltage device: Absolute maximum ratings 28V
Wide operating voltage range :2 to 16V
The delay time for every detection can be set via an external capacitor.

(Each delay time for Overcharge detection, Overdischarge detection, Overcurent detection are
“Proportion of hundred to ten to one”.)

Two overcurrent detection levels (Protection for shourt-circuiting)
Internal auxiliary over voltage detection circuit (Fall-safe for overcharge detection voltage)
Internal charge circuit for OV battery (Unavailable is option)

Low current consumption

m Operation mode: 5pAtyp. 12pA max. (-40 to +85°C)
m Power-down mode 0.1yA max. (-40 to +85°C)

Package: TSSOP-8
RoHS compliant and 100% lead (Pb)-free

APPLICATIONS

Lithium-ion rechargeable battery packs.
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Block Diagram

Pin Configurations
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Package Type

Pin Configurations

TSSOP-8

(Top View)
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Pin Description

Pin No. Symbol Pin Description

Detection pin for voltage between SENS and VC (Detection for overcharge

1 SENS .
and overdischarge)

2 DO FET gate connection pin for discharge control (CMOS output)

3 CcO FET gate connection pin for charge control (CMOS output)

4 VM Dg’;ection pin for voltage between VM and VSS (Overcurrent detection
pin

5 VSS Negative power input pin

6 ICT Capacitor connection pin for detection delay

7 VC Middle voltage input pin

8 VCC Positive power input pin

DS9232 Verl.l Feb. 2007
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Absolute Maximum Ratings

Ordering Information

Input voltage between V¢ and Vss
Input pin voltage for VM
Input pin voltage for SENS and ICT
Output pin voltage for CO
Output pin voltage for DO
Power dissipation TSSOP-8
Operating temperature range
Storage temperature range

Vss -0.3 V to Vgg +18 V
Ve -28V to Ve +0.3 V

Vss -0.3V to Ve +0.3 V

Vym -0.3 Vto Ve 0.3V
Vss -0.3 Vto Ve +0.3V

300mwW

-40°C to +85°C
-40°C to +125°C

Order Number Package Type Marking Operating Temperaturerange
EUP9232AAQIR1 TSSOP-8 Poaaon L40°C to 85°C
EUP9232ABQIR1 TSSOP-8 s L40°C to 85°C
EUP9232ACQIR1 TSSOP-8 NS -40°C to 85°C
EUP9232ADQIR1 TSSOP-8 PoaaoD -40°C to 85°C
EUP9232AEQIR1 TSSOP-8 Poaaoe _40°C to 85°C
EUP9232AFQIR1 TSSOP-8 IR _40°C to 85°C
EUP9232AGQIR1 TSSOP-8 PorI9G L40°C to0 85°C
EUP9232AHQIR TSSOP-8 Poaaon] -40°C to 85°C

EUP9232 00 O O O O

L Lead Free Code

1:Lead Free O:Lead

Packing
R: Tape& Reel

Operating temperature range

I: Industry Standard

Package Type
Q: TSSOP-8

Model No.
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Application Circuit
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Symbol Parts Purpose Recommend min. max. Remarks
FET1 Nch MOSFET Discharge control — — — —
FET2 Nch MOS FET Charge control — — — —
R1 Chip resistor ESD protection 1kQ 300 Q 1kQ —
C1 Chip capacitor Filter 0.22 uF 0 uF 1puF —
R2 Chip resistor ESD protection 1kQ 300 Q 1kQ —
Cc2 Chip capacitor Filter 0.22 uF 0 uF 1puF —
R4 Chip resistor ESD protection 1kQ = R1 min. = R1 max. Same value as R1 and R2.
. . . . Attention should be paid to
C3 Chip capacitor Delay time setting 0.22 uF 0 uF 1uF leak current of C3. 2
Protection for Discharge can’t be stopped at
R3 Chip resistor charger 1kQ 300 Q 5kQ less than 300 © when a charger
reverse is reverse-connected. >
connection

*1 R4=R1 is required. Overcharge detection voltage increases by R4. For example 10 kQ (R4) increases overcharge detection voltage

by 20 mV.

*2 The overcharge detection delay time (tcu), the overdischarge detection delay time (ipp), and the over current detection delay time

(tiov) change with the external capacitor C3. Refer to the “Electrical Characteristics”.

*3  When the resistor R3 is set less than 300Q and a charger is reverse-connected, current which exceeds the power dissipation of the

package will flow and the IC may break.

Caution

1.The above constants may be changed without notice.

2. 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.
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Product name list

EUP9O232

Overcharge | Overcharge | Overdischarge | Overdischarge | Overcurrent | Overcharge 0V battery

detection release detection release voltage detection Detection charge
Model / No. voltagel,2 voltage 1,2 voltage 1,2 1,2 [Vbu,Vouz] voltage 1 delay time function

[Vcur,Vewal [Vep1,Venz] [Vop1,Vop2] [Viovi] [tcu]

C3 =0.22uF

EUP9232AA 428V 4.05V 23V 29V 0.095V 1.0s Available
EUP9232AB 425V 4.05V 24V 3.0V 015V 1.0s Available
EUP9232AC 430V 4.05V 20V 30V 0.30V 10s Available
EUP9232AD 430V 405V 24V 3.0V 0.21V 1.0s Unavailable
EUP9232AE 4325V 4.05V 23V 29V 0.21V 1.0s Unavailable
EUP9232AF 4325V 415V 23V 29V 0.30V 10s Unavailable
EUP9232AG 435V 415V 23V 3.0V 0.21V 1.0s Available
EUP9232AH 435V 415V 23V 3.0V 0.30V 1.0s Available

Note: It is possible to change the detection voltages of the product other than above. For details, please contact our sales office.

Detection Voltage Symbol Selection range Unit
Overcharge detection voltage 1,2 Veutz 4.25 | 4.28 ‘ 4.3 ‘ 4.325 ‘ 4.35
Overcharge release voltage 1,2 Vepi2 3.9 4 4.05 4.15
Overdischarge detection voltage 1,2 V1.2 2 2.2 2.3 2.4 \
Overdischarge release voltage 1,2 Vbu1z 2.5 2.8 2.9 3
Overcurrent detection voltage 1 Viovi1 0.095 0.15 0.21 0.3
Function Selection
OV battery charge function  |Available |Unavailable
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EUP9O232

Electrical Characteristics (1) Except detection delay time (25°C)

(Ta=25°C unless otherwise specified)

... . . Test Test
Symbol Parameter Condition Min Typ | Max | Unit |~ qiion Circuit
Detection Voltage
. 3.90 to 4.60V ch1,2 V. VCU1,2
Vceui2 |Overcharge detection voltage 1,2 Adjustable 20025 | Veviz | 40025 |V 1,2 1
Veuau 2 | AUXiliary overcharge detection voltage 1,2 Veur2X 1.25 XV10L121'12 \>/<C1U1’225 XV1CU2192 v 1,2 1
3.60 to 4.60V V V
Veor2 |Overcharge release voltage 1,2 Adjustable 0020 | Veoz | wo020l 1,2 1
1.70 to 2.60V \Y Vv
Vop12 | Overdischarge detection voltage 1,2 Adjustable 0080 | Veoiz | v0080  V 1,2 1
. 1.70 to 3.80V Vbus, Vbus,
Vpur2 |Overdischarge release voltage 1,2 Adjustable _0"3%6 Vout,2 +0[_)l1“020 \Y, 1,2 1
, 0.07 to 0.03V Y \
Viov1 | Overcurrent detection voltage1 Adjustable _0_'8510 Viov1 +0_'8\é10 \Y 3 1
Viov2 |Overcurrent detection voltage 2 Load short circuit 0.5 0.9 1.3 \Y 3 1
Tooe: Tempergture coefficient 1 for detection Ta=-40 to +85°C | -0.6 0 06 mv/°C . .
voltage
Teoms Temperiazture coefficient 2 for detection Ta= -40 to +85°C | -0.24 -0.05 0 mV/°C . L
voltage
Delay Time (C3=0.22uF)
tcur2 | Overcharge detection delay time 1,2 1.0s 0.7 1.00 1.4 s 8,9 5
top12 | Overdischarge detection delay time1,2 0.1s 68 100 138 ms 8,9 5
tov1 | Overcurrent detection delay time 1 0.01s 6.7 10 13.9 ms 10 5
tov2 | Overcuttent detection delay time 2 - - 220 - us 14 1
Input Voltage, Operation Voltage
Vv Operation voltage between VCC and |Internal circuit 20 . 16 Vv . .
DSOP1 ySS operating voltage '
Operation voltage between VCC and |Internal circuit
Vosorz y/p°3 operating voltage 2.0 - 28 v - -
Current Consumption
lope Curreqt consumption during normal V1=V2=3.6V ) 5 10 uA 4 2
operation
lppn  |Current consumption at power down V1=V2=1.5V - - 0.1 MA 4 2
Output Voltage
wpm —- V V
VDO(H) DO Voltage H lOUT_10uA _0.0005 _0883 VCC \ 6 3
“f » VSS V.
Voow, |DO voltage “L lour=10pA Vss 110003 | +005| Vv 6 3
wpy» _ V Vv
VCO(H) CcO VOltage H lOUT_10uA _OI(E]CS -08%9 Vee \ 7 4
al VSS V
VCO(L) cO VOltage L lOUT=10uA VSS +0.003 +OS%5 \Y 7 4
Internal Resistance
Rew  [Resistance between VCC and VM VIEVZLY | 00 | 300 | 900 | ke 5 2
VM™
Rvew |Resistance between VSS and VM V1=v2=3.8V 50 | 100 | 170 | ko 5 2
Vyu=1.0V
DS9232 Verl.l Feb. 2007 6
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Electrical Characteristics (1) Except detection delay time (25°C)
(Ta=25°C unless otherwise specified)

EUP9O232

. . . Test Test
Symbol Parameter Condition Min | Typ | Max | Unit |~ dition Circuit
0V Battery Charging Function
Voorn OV battery charge starting charger |0V bgtteEy chargmg 038 075 112 Vv 11 6
voltage function “available
s OV battery charging
Voniiz Sc\)/ltabga;t‘fg’ charge inhibition battery |5 ion 032 | 088 | 144 VvV | 1213 | 6

“unavailable”

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

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

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

Electrical Characteristics (2) Except detection delay time (-20°C to +70°C)
(Ta= -20°C to +70°C unless otherwise specified)

.. . . Test Test
Symbol Parameter Condition Min Typ | Max | Unit |~ qiion Circuit
Detection Voltage
3.90 to 4.60V \Y V
Veu12 |Overcharge detection voltage 1,2 Adjustable _0(:_[61“125 Veui +0051420 \ 1,2 1
Veuau 2 | AUxiliary overcharge detection voltage 1,2| Vg, ,%1.25 XV1°U1192 \>/<C1”1*225 valgf V 1,2 1
3.60 to 4.60V V V
Vepr2 |Overcharge release voltage 1,2 Adjustable 0070 | Veoiz | w0085V 1,2 1
. ) 1.70 to 2.60V Vb1, Vb,
Vpp12 | Overdischarge detection voltage 1,2 Adjustable 0160 | Yooz | 10095V 1,2 1
. 1.70 to 3.80V Vbus, Vbus,
Vpui2 |Overdischarge release voltage 1,2 Adjustable 0120 | Vouiz | 40115V 1,2 1
, 0.07 to 0.03V \Y \
Viov1 | Overcurrent detection voltage1 Adjustable _0"8519 Viov1 +0_'8\§9 \Y 3 1
Viov2 |Overcurrent detection voltage 2 Load short circuit | 0.45 0.9 1.35 \Y; 3 1
Tooe: Temperature coefficient 1 for detection Ta= -40 to +85°C 06 0 0.6 | mVv/iC . .
voltage
Tooes Tempergzture coefficient 2 for detection +_._ 454 +85°c | -024 | -005 0 mV/°C . .
voltage
Delay Time (C3=0.22uF)
tcu12 |Overcharge detection delay time 1,2 1.0s 0.6 1.00 1.84 s 8,9 5
top12 |Overdischarge detection delay time1,2 0.1s 67 100 140 ms 8,9 5
tov1 | Overcurrent detection delay time 1 0.01s 6.5 10 14.5 ms 10 5
tove | Overcuttent detection delay time 2 - - 220 - us 14 1
Input Voltage, Operation Voltage
Vv Operation voltage between VCC and |Internal circuit 20 . 16 Vv . .
DSOP1 1vSS operating voltage :
Vosops Operation voltage between VCC and |Internal circuit 20 . 8 Vv . .

VM3

operating voltage
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EUP9O232

Electrical Characteristics (2) Except detection delay time (-20°C to +70°C)
(Ta= -20°C to +70°C unless otherwise specified)

Current Consumption

lope Curreqt consumption during normal V1=V2=3.6V ) 5 11 uA 4 2
operation
lppn  |Current consumption at power down V1=V2=1.5V - - 0.1 MA 4 2
Output Voltage
gy \Y V
VDO(H) DO VOItage H lOUT=10pA _0.9104 _0883 Vee \% 6 3
al » VSS V.
VDO(L) DO Voltage L lOUT=10pA Vss +0.003 +OS§I4 V 6 3
gy V Vv
VCO(H) CcO Voltage H lOUT=10|JA _O.C2C4 _0829 VCC \Y 7 4
“ ” VSS V
VCO(L) CcO Voltage L lOUT:10uA Vss +0.003 +OS§I4 V 7 4
Internal Resistance
Ruew | Resistance between VCC and VM V1\=/V2_=01\'/5V 83 | 300 | 1200 | kO 5 2
VM~™
Rvew |Resistance between VSS and VM V1=v2=3.8V 40 | 100 190 | ke 5 2
Vyu=1.0V
0V Battery Charging Function
Voora OV battery charge starting charger |0V bgtteEy chargln,g 0.29 0.75 121 Vv 1 6
voltage function “available
. OV battery charging
Vo 2 0V battery charge inhibition battery function 0.23 0.88 153 Vv 1213 6
“ |voltage 1,2 p : »
unavailable

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

*2. Temperature coefficient 2 for detection voltage should be applied to overcurrent detection voltage.
*3. The DO and CO pin logic are established at the operating voltage.
Electrical Characteristics (3) Except detection delay time (-40°C to +85°C)
(Ta= -40°C to +85°C unless otherwise specified)

.. . . Test Test
Symbol Parameter Condition Min Typ | Max | Unit | 0 dition |Circuit
Detection Voltage
3.90 to 4.60V \Y V
Veurz | Overcharge detection voltage 1,2 Adjustable _0?31525 Veura +0051425 \Y 1,2 1
Veuauxt 2 | AuXiliary overcharge detection voltage 1,2 Veui2X1.25 XV1CU1192 \>/<C1U1’225 \>/<C1U1:’321 \Y; 1,2 1
3.60 to 4.60V Vv V
Vep12 |Overcharge release voltage 1,2 Adjustable _0_0856 Vet +0(?817'2&) \Y 1,2 1
) ) 1.70 to 2.60V Vbp1, Vb,
Vbp12 |Overdischarge detection voltage 1,2 Adjustable _0?1D116 Vop12 +0E_)E|)1020 \Y 1.2 1
. 1.70 to 3.80V Vbus, Vous,
Vpu12 |Overdischarge release voltage 1,2 Adjustable _o?%é Vout .2 +0D_L1J122&) \ 1.2 1
, 0.07 to 0.03V \Y \
Viov1 | Overcurrent detection voltage1 Adjustable _o_l(()):\§13 Viovs +0_|8\;/>,13 \% 3 1
Viov2 |Overcurrent detection voltage 2 Load short circuit 0.4 0.9 1.4 \Y 3 1
Tooe: Tempergture coefficient 1 for detection Ta= -40 to +85°C 06 0 06 | mv/C . .
voltage
Teots Tempergzture coefficient 2 for detection Ta=-40 to +85°C | -0.24 | -0.05 0 mV/°C . .
voltage
DS9232 Verl.l Feb. 2007 8
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Electrical Characteristics (3) Except detection delay time (-40°C to +85°C)
(Ta= -40°C to +85°C unless otherwise specified)

EUP9O232

Delay Time (C3=0.22uF)

voltage 1,2

“unavailable”

tcur2 | Overcharge detection delay time 1,2 1.0s 0.55 1.00 | 2.06 s 8,9 5
top12 | Overdischarge detection delay time1,2 0.1s 67 100 141 ms 8,9 5
tov1 | Overcurrent detection delay time 1 0.01s 6.3 10 14.7 ms 10 5
tov2 | Overcuttent detection delay time 2 - - 220 - us 14 1
Input Voltage, Operation Voltage
Vv Operation voltage between VCC and |Internal circuit 20 . 16 Vv . -
DSOP1 lvsS operating voltage '
Operation voltage between VCC and |Internal circuit
Vosorz y/°3 operating voltage 2.0 - 28 v - -
Current Consumption
lope Curreqt consumption during normal V1=V2=3.6V ) 5 12 uA 4 2
operation
lppn  |Current consumption at power down V1=V2=1.5V - - 0.1 MA 4 2
Output Voltage
- _ V V
VDO(H) DO VOItage H lOUT_10pA _0.9107 _0883 Vee \% 6 3
“f » VSS V.
Voow, |DO voltage “L lour=10pA Vss 10003 017! VY 6 3
p _ V Vv
VCO(H) CcO Voltage H |OUT—10|JA _O.C2C7 _0829 VCC \Y 7 4
“ ” VSS V
VCO(L) CcO Voltage L lOUT:10uA Vss +0.003 +OS§I7 \ 7 4
Internal Resistance
Rvow  |Resistance between VCC and VM ViV LSv 78 | 300 | 1310 ko 5 2
VM™
Rwsw |Resistance between VSS and VM V1=V2=3.5V 30 | 100 | 200 | ko 5 2
Vyw=1.0V
0V Battery Charging Function
Voorn OV battery charge starting charger |0V bgtte‘r‘y chargln;q 0.26 075 125 Vv 11 6
voltage function “available
s OV battery charging
Voniiz OV battery charge inhibition battery function 0.2 0.88 157 Vv 12,13 6

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

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

*3. The DO and CO pin logic are established at the operating voltage.
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EUPO232

TEST Circuits
(1) Test Condition 1, Test Circuit 1

Set S1=0OFF, V1= V2 =3.6 V, and V3= 0 V under
normal condition. Increase V1 from 3.6V gradually. The
V1 voltage when CO = “L” is overcharge detection
voltage 1 (Vcui). Decrease V1 gradually. The V1
voltage when CO = “H” is overcharge release voltage
1(Vcp1). Further decrease V1. The V1 voltage when
DO= “L” is overdischarge voltage 1(Vpp+). Increase V1
gradually. The V1 voltage when DO ‘H” is
overdischarge release voltage 1 (Vpu4). Set S1 = ON,
and V1= V2= 36 V and V3 = 0 V under normal
condition. Increase V1 from 3.6V gradually. The V1
voltage when CO = “L” is auxiliary overcharge detection
VOItage 1 (VCUaux1)-

(2) Test Condition 2, Test Circuit 1

Set S1=0FF, V1=V2 =3.6 V, and V3= 0V under normal
condition. Increase V2 from 3.6V gradually. The V2
voltage when CO = “L” is overcharge detection voltage
2 (Vcuz2). Decrease V2 gradually. The V2 voltage when
CO = “H” is overcharge release voltage 2(V¢py). Further
decrease V2. The V2 voltage when DO= “L” is
overdischarge voltage 2(Vppy). Increase V2 gradually.
The V2 voltage when DO = “H” is overdischarge release
voltage 2 (Vpuyz). Set S1 = ON, and V1=V2= 3.6 V and
V3 = 0 V under normal condition. Increase V2 from 3.6V
gradually. The V2 voltage when CO = “L” is auxiliary
overcharge detection voltage 2 (Vcuaux2)-

(3) Test Condition 3, Test Circuit 1

Set S1=0OFF, V1 =vV2 =36 V, and V3 = 0V under
normal condition. Increase V3 from OV gradually. The
V3 voltage when DO= “L” is overcurrent detection
voltage 1 (Viov1). Set S1 =ON, V1=V2= 3.6V, V3=0
under normal condition. Increase V3 from 0 V
gradually.V3 voltage when DO= “L” is overcurrent
detection voltage 2 (Viov2).

(4) Test Condition 4, Test Circuit 2

Set S1 = ON, V1 = V2 =3.6V, and V3 =0 V under
normal condition and measure current consumption.
Current consumption 11 is the normal condition current
consumption (lopg). Set S1 =OFF, V1 =V2 =1.5V under
overdischarge  condition and measure current
consumption. Current consumption [1 is the
power-down current consumption (Ippn).

(5) Test Condition 5, Test Circuit 2

Set S1 =ON, V1=V2 = 15 V, and V3 =0 V under
overdischarge condition. (V1+V2)/12 is the internal
resistance between VCC and VM (Rvcm).

Set S1= ON, V1=V2=3.5V, and V3 = 1.0 V under
overcurrent condition. V3 / 12 is the internal resistance
between VSS and VM (Rvsm).

(6) Test Condition 6, Test Circuit 3

Set S1=0ON, S2=0FFV1=V2=3.6V, and V3 =0 V
under normal condition. Increase V4 from OV gradually.
The V4 voltage when 11=10pA is DO voltage “H” (Vpon).

Set S1=0FF, S2=0N,V1=V2=3.6V, and V3=0.5 V
under overcurrent condition. Increase V5 from 0V
gradually. The V5 voltage when [2=10pA is DO voltage
"L (Voou):

(7) Test Condition 7, Test Circuit 4

Set S1 = ON, S2=0OFF, V1=V2 =3.6V, and V3 =0 V
under normal condition. Increase V4 from OV gradually.
The V4 voltage when [1=10pA is the CO “H” voltage
(Vcon).

Set S1=0FF, S2=0ON,V1=4.4, V2 =3.6V, and V3 =0 V
under overcharge condition. Increase V4 from 0V
gradually. The V5 voltage when 11=10uA is CO voltage
"L (Veor)-

(8) Test Condition 8, Test Circuit 5

Set V1=V2=3.6V and V3=0V under normal condition.
Increase V1 from (Vcui-0.2V) to  (Veourt0.2V)
immediately (within 10us). The time after V1 becomes
(Vcust0.2V) until CO goes “L” is the overcharge
detection delay time 1 (tcu1).

Set V1=V2=3.5V and V3=0V under normal condition.
Decrease V1 from (Vpp1+0.2V) to (Vppi-0.2V)
immediately (within 10us). The time after V1 becomes
(Vpp1-0.2V) until DO goes “L” is the overcharge
detection delay time 1 (tpp1).

(9) Test Condition 9, Test Circuit 5

Set V1=V2=3.6V and V3=0V under normal condition.
Increase V2 from (Vcu2-0.2V) to  (Vcuet0.2V)
immediately (within 10us). The time after V2 becomes
(Vcuzt0.2V) until CO goes “L” is the overcharge
detection delay time 2 (tcuz).

Set V1=V2=3.6V and V3=0V under normal condition.
Decrease V2 from (Vppt0.2V) to (Vpp2-0.2V)
immediately (within 10us). The time after V2 becomes
(Vpp2-0.2V) until DO goes “L” is the overcharge
detection delay time 2 (tpp>).

(10) Test Condition 10, Test Circuit 5

Set V1=V2=3.6V and V3=0V under normal condition.
Increase V3 from OV to 0.5V immediately(within 10ps).
The time after V3 becomes 0.5V until DO goes “L” is
the overcurrent detection delay time 1(tjov1).

(11) Test Condition 11, Test Circuit 6

Set V1=V2=0V and V3=2V,and decrease V3 gradually.
The V3 voltage when CO="L"(V¢c-0.3V or lower) is the
0V charge starting voltage (Vocua).
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EUPO232

(12) Test Condition 12, Test Circuit 6
Set V1=0V and V2=3.6V and V3=12V, and Increase V1

gradually. The V1 voltage when CO="H" (Vyn+0.3V or
higher) is the OV charge inhibiting voltage 1(Voinu1)-

(13) Test Condition 13, Test Circuit 6

Set V1=3.6V and V2=0V and V3=12V, and Increase V2
gradually. The V2 voltage when CO="H” (Vym+0.3V or
higher) is the OV charge inhibiting voltage 2(Voinn2)-

(14) Test Condition 14, Test Circuit 1

Set S1=0ON, V1=V2=3.6V and V3=0V under normal
condition. Increase V3 from 0V to 1.5V immediately
( within 10 us ). The time after DO goes “L” is the
overcurrent detection delay time 2 ( tiov2 ).
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Typical Characteristics
1. Detection Voltage Temperature Characteristics

Overcharge detection voltage1 vs. Overcharge detection voltage2 vs.
434 temperature 434 temperature
4.32 4.32
4.30 430
S S
= 4.28 e 428
N —~—
=2 o
g 4.26 Q 426
4.24 4.24
4.22 4.22
40 20 0 20 40 60 80 ‘40 20 0 20 40 60 80
Ta(°C) Ta(°C)
Figure3. Figure4.
Overcharge release voltage1 vs. Overcharge release voltage2 vs.
3.95 temperature 3.96 temperature
3.94 3.94
3.92 3.92
) =
= 3.90 b ~ 390 — -
o o
Q 388 Q 388
3.86 3.86
3.84 3.84
40 20 0 20 40 60 80 40 20 0 20 40 60 80
Ta(°C) Ta(°C)
Figureb. Figure6.
Auxiliary overcharge detection Auxiliary overcharge detection
5 41 voltage1 vs. temperature 5.41 voltage2 vs.temperature
5.39 5.39
< 537 S 5.37
— N
% 535 % 5.35 N
@®©
) = 5.
o 538 o 538
S >
5.31 5.31
5.29 5.29
40 20 0 20 40 60 80 40 20 0 20 40 60 80
Ta(°C) Ta(°C)
Figure7. Figure8.
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Overdischarge detection voltage1 vs.

Overdischarge detection voltage2 vs.

206 temperature 206 temperature
2.04 2.04
2.02 2.02
S S
= 2.00 < 200
a8 a8
Q 1.98 Q 1.08
1.96 1.96
1920 0 20 40 60 80 YT 20 0 20 40 60 80
Ta(°C) Ta(°C)
Figure 9. FigurelO.
Overdischarge release voltage1 vs. Overdischarge release voltage2 vs.
temperature
256 p 256 temperature
2.54 2.54
2.52 2.52
< —
— 2.50 = < 550
= AN
8 D
S 248 g 2.48
2.46 2.46
244 2.44
40 20 0 20 40 60 80 40 20 0 20 40 60 80
Ta(°C) Ta(°C)
Figurell. Figurel?2.
Overcurrent detection voltage1 vs. Overcurrent detection voltage2 vs.
temperature 13 temperature
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0.125
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S s
~ 0.095 S 0.9 ~
5 0.080 o 08
> > 07
0.065 06
00506~ 0 20 40 60 80 050 =0 0 20 40 60 80
Ta(°C) Ta(°C)
Figurel3. Figureld.
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2. Current Consumption Temperature Characteristics

Current consumption vs. temperature
in normal mode

10.0
75
—_ I
3 5.0 ///
L
o)
= 25
0.0
40 20 0 20 40 60 80
Ta(°C)
Figurel5.

3. Delay Time Temperature Characteristics

Overcharge detection time vs.

16 tempature
1.4
12\\
@10 \\
-}
\_
2 os
0.6
0.4
40 20 0 20 40 60 80
Ta(°C)
Figurel?.

Overcurrent detection1 time vs.

Current consumption vs. temperature
in power-down mode

120
100
80
<
£ 60
z —T]
2 40 ///
—
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0
40 20 0 20 40 60 80
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Figurel®6.
Overdischarge detection time vs.
160 tempature
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Figurel8.
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Figurel9.
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Description of Operation

Normal Condition ™

This IC monitors the voltages of the two serially
connected batteries and the discharge current to
control charging and discharging. When the
voltages of two batteries are in the range from the
overdischarge detection voltage (Vppi,2) to the
overcharge detection voltage (Vcu1,2), and the
current flowing through the batteries becomes
equal or lower than a specified value (the VM pin
voltage is equal or lower than overcurrent
detection voltage 1) , the charging and discharging
FETs are turned on. In this condition, charging and
discharging can be carried out freely. This
condition is called normal condition.

Overcurrent Condition

When the discharging current becomes equal to or
higher than a specified value (the VM pin voltage is
equal to or higher than the overcurrent detection
voltage) during discharging under normal condition
and it continues for the overcurrent detection delay
time (tov) or longer, the discharging FET is turned
off to stop discharging. This condition is called
overcurrent condition. When the discharging FET is
off and a load is connected, the VM pin voltage
equals the V¢ potential.

The overcurrent condition returns to the normal
condition when the load is released and the
impedance between the EB- and EB+ pins (refer to
the Figure 2 for a connection example) is 400 kQ or
higher. When the load is released, the VM pin, which
is shorted to the VSS pin with the Rvsm resistor,
goes back to the Vss potential. The IC detects that
the VM pin potential returns to overcurrent detection
voltage 1 (Viov1) or lower and returns to the normal
condition.

Overcharge Condition

Following two cases are detected as overcharge
conditions:

(1) If one of the battery voltages becomes higher
than the overcharge detection voltage (Vcuiz2)
during charging under normal condition and it
continues for the overcharge detection delay time
(tcu12) or longer, the charging FET turns off to
stop charging.

(2) If one of the battery voltages becomes higher
than the auxiliary overcharge detection voltage
(Vcuauxt, 2) the charging FET turns off immediately
to stop charging.

The auxiliary overcharge detection voltages
(Mcuauxt,2) are correlated with the overcharge
detection voltages (Vcui2) and are defined by
following equation:

Veuauxt 2 [VIF1.25%X Vet 2

The overcharge condition is release in two cases:

(1)The battery voltage which exceeded the
overcharge detection voltage (Vcu12) falls below
the overcharge release voltage (Vep1, 2), the
charging FET turns on and the normal condition
returns.

(2)If the battery voltage which exceeded the
overcharge detection voltage (Vcu1, 2) is equal or
higher than the overcharge release voltage
(Vep1,2), 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 VM pin
voltage increases by about 0.6 V from the VSS pin
voltage momentarily. The IC detects this voltage
(overcurrent detection voltage 1 or higher), releases
the overcharge condition and returns to the normal
condition.

Overdischarge Condition

If any one of the battery voltages falls below the
overdischarge detection voltage (Vpp12) during
discharging under normal condition and it continues
for the overdischarge detection delay time (tpp1,2) or
longer, the discharging FET turns off and
discharging stops. This condition is called the
overdischarge condition. When the discharging FET
turns off, the VM pin voltage becomes equal to the
VCC voltage and the IC’s current consumption falls
below the power-down current consumption (lppn).
This condition is called the power-down condition.
The VM and VCC pins are shorted by the Rycm
resistor under the overdischarge and power-down
conditions.

The power-down condition is canceled when the
charger is connected and the voltage between VM
and VCC is overcurrent detection voltage 2 or
higher. When all the battery voltages becomes
equal to or higher than the overdischarge release
voltage (Vpu12) in this condition, the overdischarge
condition changes to the normal condition.
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Delay Circuits

The overcharge detection delay time (g, ,), the
overdischarge detection delay time (tp,,), and
the overcurrent detection delay time1 (t,,,) change
with an external capacitor (C3). Since one
capacitor determine each delay time, delay times
are correlated by the following ratio:

Overcharge delay time: Overdischarge delay time :
Overcurrent delay time =100:10:1

The delay times are calculated by the following
equations : (Ta=-40to +85 )

Min. Typ. Max.

Overcharge detection delay

time tcy [s] = Delay factor (2.5, 4,545, 9.364) X C3 [pF]

Overdischarge detection delay

time tpp [s] = Delay factor (0.3045, 0.4545,

Overcurrent detection delay
time tiov1 [s] = Delay factor

Remark The delay time for overcurrent detection 2
is fixed by an internal circuit. The delay time cannot
be changed via an external capacitor.

0V Battery Charging Function 2

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

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

0.6409) X C3 [uF]

(0.02864, 0.04545, 0.06682) X C3 [WF]

0V Battery Charge Inhibiting Function

This function is used for inhibiting charging when
either of the connected batteries goes 0V due to its
self-discharge. When the voltage of either of the
connected batteries goes below 0 V charge inhibit
voltage 1 and 2 (Voinu1,2), the charging FET gate
is fixed to "EB-" to inhibit charging. Charging is
possible only when the voltage of both connected
batteries goes 0V charge inhibit voltage 1 and
2 (Voinnt, 2) or more. Note that charging may be
possible when the total voltage of both connected
batteries is less than the minimum value (Vpsopmin)
of the operating voltage between VCC and VSS
even if the voltage of either of the connected
batteries is 0 V charge inhibit voltage 1 and 2
(Voinn1, 2) or less. Charging is prohibited when the
total voltage of both connected batteries reaches
the minimum value (Vpsopmin) Of the operating
voltage between VCC and VSS.

*1. When initially connecting batteries, the IC may fail to
enter the normal condition (discharging ready state).If so,
once set the VM pin to VSS voltage (short pins VM and
VSS or connect a charger).

*2.Some lithium ion batteries are not recommended
to be recharged after having been completely
discharged. Please contact the battery manufacturer
when you decide to select a OV battery charging
function.
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Timing Charts
1. Overcharge Detection

V1 battery V2 battery

/
I
I
I

voltage

\"/
v ~
Battery == s s < 1
v Foi— T \ - J I—
v o
\Y

DO pin Ve

V1 auxiliary V2 auxiliary
V2 over over voltage over voltage

V1 It detect — F
/— over voltage detec /— voltage detect /’ detect detect

CO pin : J /
VSS

VM pin

Vieva

1ov1
Vs N\ \ \
EB- >
Charger connection .

Load connection R . D
delay delay delay time=0 delay time=0

N — - —i— —ie—

Mode"1 ) @ @ @ ) @ ) @ )

Figurel8.

*1. <1> Normal mode. <2> Over charge mode.<3> Over discharge mode.<4> Over current mode.
Remark The charger is assumed to charge with a constant current.

2. Overdischarge Detection

V1 battery V2 battery

VCU ;
VCD ___( Pig — < /

Battery Vou =0 - e

voltage v el el . T e T

VSS

DO pin V¢

CO pin

VM pin

ss
EB- I \
Charger connection
Load connection

dela delay
— - — i

delay
| ——

Mode™1

) ® o) ® CEE)

Figurel9.

*1. <1> Normal mode. <2> Over charge mode.<3> Over discharge mode.<4> Over current mode.
Remark The charger is assumed to charge with a constant current.
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3. Overcurrent Detection

V1= V2 battery

Battery )

voltage

DO pin V¢

CO pin

VM pin Vi,

N

ss
EB-

Charger connection

Load connection

delay=t,,,

delay=t,,,,
H !

< tiovs

Mode™

*1. <1> Normal mode. <2> Over charge mode.<3> Over discharge mode.<4> Over current mode.

0]

(4)

)

Figure20.

Remark The charger is assumed to charge with a constant current.
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Package Information

TSSOP-8
E
EL
i 1
,—f'l"-'-w
[ ; | — I—
: | 1 1]
I =
IIE [ | ] ]
[ 1]
"'—.J_..-—-"' b
.‘ !
i ML
MILLIMETERS INCHES
SYMBOLS MIN. MAX. MIN. MAX.
A - 1.20 - 0.048
A1 0.00 0.15 0.000 0.006
b 0.19 0.30 0.007 0.012
D 3.00 0.118
E 620 | 6.60 0244 | 0.260
E1 4.40 0.173
e 0.65 0.026
L 045 | 075 0018 | 0.030
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