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Protection of Lithium lon Batteries (four cells in series)

Monolithic IC MM1294

This IC provides protection for lithium ion batteries in the event of overcharging, overdischarging and
overcurrents. When anomalies occur during charging or at other times and excessive voltages are applied,
after a certain time has elapsed for each cell an external FET switch is turned off (overcharging detection); and
in order to prevent overdischarge of the battery during discharge, when the voltage of individual batteries falls
below a fixed voltage, an external FET switch is turned off (overdischarge detection), and the IC is put into
low-consumption current mode. When large currents flow due to a short-circuit or other cause, an external

MOS switch is turned off (overcurrent detection).

4-Cell Protection ICs

Rank Overcharge |Overcharge| Overdischarge | Overdischarge |Overcurrent| At overcurrent Overcurrent
detection voltage [hysteresis voltage| detection voltage |resume voltage | detection voltage detection release conditions
A | 435V:50mV | 200mV typ. | 235V typ. | 3.05Vtyp. | 150mViyp. |Fn3 DOHGpin Lt -oddrelease
300kQ or more
B 4.25V+50mV | 240V typ. | 3.10V typ. ! ! !
C Same asrank A | 200mV typ. Same as rank A J ! Charging reset
1. Current consumption (overcharging) VcELL > VCELLY 170pA typ.
2. Current consumption (normal operation) VcELL < VALM 35uA typ.
3. Current consumption (overdischarge) VcELL < VCELLS 0.1pA max.
4. Overcharge detection voltage (—20 to +70°C)  Vcew : L—H 4.25V+50mV/CELL
5. Overcharge hystereis voltage VcewL : H—L Vcewu—200mV/CELL typ.
6. Overcharge sensing dead time C=0.1pF 1.0S typ.
7. Overcharge sensing operation voltage Vcew : L—H 4.10V+150mV/CELL
8. Overdischarge detection voltage Vcew : H—L 2.40V/CELL typ.
9. Overdischarge sensing dead time C=0.1pF 1.0S typ.
10.Overcurrent detection voltage 0.15V typ.

11.0Overcharge and overdischarve voltages as well as the overcurrent detection voltage can be changed upon
request.

SSOP-16

Applications

Lithium ion battery pack for notebook computers
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Block Diagram

7]
©)

(S oL Ve
) o )
| | ==x)
Overcurrent Dead zone V4 cell voltage monitoring circuit
detection circuit arcuit ~_|Rough overcharge| Overdischarge |
detection circuit | detection circuit V3
vy | v |
13
V3 cell voltage monitoring circuit
Rough overcharge| Overdischarge
Start R VV3:yV2|V3 cell buffer| | L1 [detaction circuif |detection circuit ||
e R VYT 1yy3.avv2 q 1 7 4] V2
VVio = |+vvi
Reference REfel';e”CE Vé cell ] L
125V valtage voltage o 4 V3 V2 cell voltage monitoring circuif
2%2\/ converted to © Rough overcharge| Overdischarge
. v GND reference p+ | detection circuif [detection circuit 14
R VV2evi|V2 cell butter| | Ty R4V
9
MINEESIRAZE VV2+VV1
Overcharge| | 2| Z[ 2| 2| v3 cen R V1 cell voltage monitoring circuit
detection voltage 3.VV2 V2 Rough overcharge| Overdischarge
arcuf converted ta \/\/V{\/V © © | | L detection circuif |detection circuit |14
GND reference "~ * - l T l T ledg
cav R V1 cell buffer Y :
@_ Dead zone w R VVI ead zone circui
crcuit VMo 4 VW1 §Normal§givs$:|;farge (p?rg Hysteresis
Vi cell R ' Startup
\ oltage V1
I.Oglil:a?:rge I = o\:lonve?-ted ta VV2.VVi T |PE_signal p~__
detection | >|> = [[GND reference
arculf Inhibition
|:E7 DCHG
0
0

Vv

Pin Assignment

ORENORC
PF CDC GND
1 ov 9 V1
2 CS 10
Il 3 DCHG 11 V2
16 1514 13 12 11 10 9
4 PF 12
5 CDC 13 V3
123 456 7 8 6 COL 14
LT OO0 oon
SSOP-16 7 CoVv 15 V4
8 GND 16 Vce
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Pin Description

Input/
Pin no. |Pin name P Function
output
Overcharge detection output pin
1 OV | Output | NPN transistor open collector output; normally high impedance, goes to L level on
overdischarge
Overcurrent detection pin
Monitors equivalent load current through source-drain voltage drop of discharge-controlling
FET, and at or above the overcurrent detection voltage sets the DCHG pin to "H" and turns
2 CS Input | off the discharge-controlling FET. Following overcurrent detection, current is passed from
this pin, and if the load is decreased, the overcurrent mode is canceled. Through this action
there is a temporary consumption current (at the Vcc pin) of approx. 1 mA on resumption of
discharge and detection of overdischarge. This function is disabled in overdischarge mode.
Pin driving the discharge-controlling FET (P-ch)
3 DCHG | Output | Normally "L"; on overdischarge set to "H"
Output pin for overdischarge detection signals
Overdischarge detection signal output pin
When the overdischarge detector detects overdischarge at the open collector output
4 PF Output | of the NPN transistor, this pin is turned on. A delay is provided by setting a dead
time until discharge ends, so that by utilizing a reset or other signal from a CPU or
some other controlling device, the equipment can be put into standby mode.
Pin to set the dead time for overdischarge detection
5 CDC Input ) . . .
By connecting a capacitor between the CDC pin and GND, a dead time can be set.
Pin to set the dead time for overcurrent detection
6 COL | Input By connecting a capacitor between the COL pin and GND, a dead time can be set.
P If NC, protection is triggered in a short amount of time; the dead time should be
set according to the application.
Pin to set the dead time for overcharge detection
7 (6(0)% Input . . . .
By connecting a capacitor between the COV pin and GND, a dead time can be set.
8 GND | Input | Ground pin
9 Vi Input | Pin for input of V1 cell high-side voltage and V2 cell low-side voltage
10 N.C
11 V2 Input | Pin for input of V2 cell high-side voltage and V3 cell low-side voltage
12 N.C
13 V3 Input | Pin for input of V3 cell high-side voltage and V4 cell low-side voltage
14 N.C
15 V4 Input | Pin for input of V4 cell high-side voltage
Power supply input pin
16 Vce Input . . .
P The same potential as the V4 pin should be input

Absolute Maximun Ratings [IEREX)

Iltem Symbol Ratings Units
Storage temperature Tsre -40~+125 °C
Operating temperature Torr -20~+70 °C
Charge voltage VV4 max. 24 A%
Power supply voltage Vce max. 24 v
Voltage applied to OV pin Vov max. 24 v
Allowable loss Pd 300 mW
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Recommended Operating Conditions

ltem Symbol Ratings Units
Operating temperature Torr -20~+70 °C
Operating voltage Vorr +2~+24 A%

2 Yo (g (o= | O] g P17 o (=) g 511 [o5<]] (Except where noted otherwise, Ta=25°C, Vcc=20V, VceL=V4=V3=V2=V1)

Item Symbol Measurement conditions Min. | Typ. | Max. |Units
Consumption current (Vcc pin) 1 Iccl VceL=4.4V 170 | 340 | pA
Consumption current (Vcc pin) 2 Icc2 Vcen=3.5V 35 70 | pA
Consumption current (Vcc pin) 3 Icc3 Vcew=2.2V 0.1 | pA
Consumption current (V4 pin) 1 IVal VceLL=4.4V 15 30 | pA
Consumption current (V4 pin) 2 Va2 VcEL=3.5V 5 10 | pA
Consumption current (V4 pin) 3 Vi3 Vce=2.2V 2 4 HA

V3 pin input current 1 1Vs VcEL=3.5V +300 | nA
V3 pin input current 2 IV:A VcELL=4.4V -06|-03] 0 HA
V2 pin input current 1 IV VcEL=3.5V +300 | nA
V2 pin input current 2 IV2A Vcen=4.4V -06|-03] 0 HA
V1 pin input current 1 Vi Vcen=3.5V +300 | nA
V1 pin input current 2 IViA VceL=4.4V -06|-03] 0 HA
Overcharge detection voltage VeenlU | Ta=-20~+70°C, VceLL : 3.7V—+4.5V | 4.20 | 4.25 | 430 | V

VeerU | VerntU | VegrlU

Overcharge detection release voltage Vcer0 Vcei : 4.5V—=3.7V A%
-260mV | -200mV | -140mV
Overcharge sensing dead time tov Cov=0.1pF 05| 1.0 | 15 S
Overcharge sensing operation voltage Vam VceiL : 3.5V—4.4V 395410 425 V
Overdischarge sensing hysteresis voltage| 1VaLm VceiL : 4.4V—3.5V 130 | 230 | 330 | mV
Overdischarge detection voltage VceLLS VceLL : 3.5V—2.0V 230240 | 250 | V
Discharge resume voltage VcewD VceLL : 2.0V—=3.5V 2951310 (325| V
Overdischarge sensing hysteresis voltage| 1VcsD VcerLD-VeELLS 490 | 700 | 910 | mV
Overdischarge sensing dead time tenel Cepce=0.1pF 05| 1.0 | 15 S
Overdischarge reset dead time tepe2 Ccpe=0.1pF, Ves=Vee+0.3V 7 mS
Overcurrent detection voltage Voc Vee-Ves, Dene 0.135/0.150|0.165| V
Overcurrent sensing dead time tcorl Ccor=0.001pF, Dcue 5 10 15 | mS
Overcurrent reset dead time tcor2 Ccor=0.001pF, Dcue 5 10 15 | mS
Overcurrent sensing delay time tcor3 Ccor=0, Dcue 150 uS
Overcurrent reset delay time tcord Ccor=0, Dcue 150 uS
Overcurrent protection release Open-load condition 300 kQ
DCHG pin source current IsoDcu | Ve < VeewS, SW1: A, Voere=Vee-1.8V | 20 HA
DCHG pin sync current IsiDce | VeerL > VCeLLS, SW1 : A, Vbcue=0.8V| 20

HA
DCHG pin output voltage H VruDcH Vcee-Voceng, Iso=20pA, SW1: B 1.8 v
DCHG pin output voltage L VtuDcL Vocue-GND, Isi=—20pA, SW1: B 0.8 v
OV pin sync current IsiOv Vov=0.4V, Ta=-20~+70°C 0.2 mA
PF pin sync current IsiPr Vrr=0.4V, Ta=-20~+70°C 10 HA
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Timing Chart
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Application circuits
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Note : The above characteristics are representative and are not guaranteed.




