MITSUMI Protection of Lithium lon Batteries (one cell) MM1291

Protection of Lithium lon Batteries (one cell)

Monolithic IC MM1291

This is a protection IC for one-cell series that protects lithium ion batteries during excess charging,
discharging, or overcurrent. If abnormalities occur during charging and excess voltage is applied, it has a
function that turns off the external FET switch when voltage is applied to each battery beyond a specified time
(overcharging detection). It also has a function that turns off the external FET switch when the voltage for
each battery falls below a set voltage, to prevent excess discharge when discharging the battery (discharging
detection). At that time, the IC is switched to low current consumption mode. Also, when therg'is a large
current flow due to shorting or other reasons, there is a functions for turning off the external,FEL switch
(overcurrent detection). These function comprise a protection circuit, with few external parts, for lithium ion
batteries.

1-Cell Protection ICs

Package Overchafrge . . |Overdischarge| Relea \7 Overcurrent detection
detection| Hysteresis | Dead time EEae | v e elay
SOP-8 |VSOP-8 | voltage A Overcurrent | Detec time | shot-mode
MM1291AF| AW | 435V | 200mV * 2.6V 2.4V “29V 100mV No
BE| BW | 425V | 200mV | & * 2.6V 20V | $2.9V 100mV No
Gk 210v | 2mv S oyl 20v | 150mvV | . No
DF 135V | 25mv | COBAE emmoav | 2oy | MOmS oy i omS g
EF 435V | 27mV | . % 26V 24V| 29V 100mVv No
GF 225V | 2rmv | OSNG ey 2ov | PP 1S oomy | PP 10
HE| HW | 435V | 200mV * 2.6V24V| 2.9V 50mV 0.45V
W | 425V | 270mv IO PedS 23V | 2ov | DM ey M bmS ey
KF 425V | 200tV 23V | 29V 50mV 0.9V
MW | 430V | Bgomy | "X IS T oay [ a0y 125mV 0.45V

Note : Under open-load conditions, returns to normal mode from overcurrent mode.
(For MM1291Ake G, J, M, 5MQ or higher; for MM1291H, K, 50MQ or higher)
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Features
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. Current consumption
. Current consumption
. Current consumption
. Consumption current
. Overcharge detection voltage (Ta=—20°C~+70°C)

during overcharging)
normal)

during excess discharge)
during excess discharge)

P

. Overcharge detection hysteresis

Overcharge non-induction time
Excess discharge voltage 1
Excess discharge voltage 2

10.Excess discharge reset voltage
11.Excess discharge during non-induction
12.0vercurrent detection voltage

13.Reset after overcurrent detection
14.0Overcurrent detection non-induction time

Vce=4.5V
Vce=3.5V
Vce=1.9V
Vce=1.0V

Cm=0.082pF
Ves=0V
Ves=0.05V

Ve pin 40pA typ. Vin pin 3pA typ.
Vce pin 7pA typ. Vin pin 2uA typ.
0.7pA typ.

0.17pA max.

A 4.35V+50mV

B 4.25V+50mV

C 4.10V£50mV

A 200mV typ.

B 200mV typ.

C 27mV typ.

1S typ.
2.6V+0.1V

2.4V+0.1V

2.9vV+0.12V &
10mS typ. %

A 10 N

B 1 K) omvV

C goﬁVﬂSmV
elease

10mS typ.

SOP-8C, SOP-8D (MM1291[_JF)
VSOP-8A (MM1291[]W)
*The box represents the rank resulting from t
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ination of protection functions.

3. MD

1. Cellular phones %
2. PHS C)N
4. others ‘t‘g
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Pin Description

GND
GD

A

(ON]
oC
CE

[TLILIC

SOP-8C/SOP-8D

TD
Vce
Vin

OIN| O Ol =

Y
Pin No. | NAME I/0 DesFy'
Negative power supply for this IC. Also.aéts as detection pin for the battery
1 GND | Input
connected between VIN-GND.
Nch-FET gate connectionpin for discharge control. Switches gate OFF when
2 GD | Output| excess discharge is\detected, and for current protection. Switches gate ON when
excess dischargeis detected in normal state.
Detection pinfer voltage between CS-GND. Detects excess discharge using Nch-
3 CS Input
FET'(discharge control) ON resistor and discharge current.
Control pin for Nch-FET for charge control. Switches FET off by activating an
4 OC | Output
external transistor when excess charging is detected.
5 N.C
This pin sets non-induction time for overcharge detection. It charges the capacitor
6 TD Input
connected between TD-GND with a fixed current during overcharging.
7 Vee Input | Positive power supply pin for the IC.
8 Vin Input | Detection pin for the battery connected between ViNn-GND.
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Block Diagram

Timing Chart

VIN
(Vco)

CS

GD

TD

oC

O
VNG B
PV T @ T 1
R1;C1 Excess discharge Overcharge
deftection circuif detection circuit
2.LV~26V 29V _*11:*?_
V\/\/\V(( a s ]
19 b
VB__RZ;CQ Discharge control
non-induction drcuit Starting
+ GNDION/ LNormal Starfing Vec
*3 -
OFF ||~ 6
During
shorting
Charge |Charge Overcharge
SW control| [|defection non-unducg’non
| . circuit
= © | Excess discharge
aD detection hysteresis
Fcs E;ﬁTD ac
R3{ 4B RL s R>
L TKQ i P ~
-B
11T o
Q2ATr]
Vs indicates average values.
VauwvL is low due to the effect of R1 linkedto the Vin pin.
*1  A:4.150V *2°%, A:4.350V *3  A:0.10V
B : 4.050V B :4.250V B:0.10V
C:4.073V C:4.100Vv C:0.15vV
arge. Charge . Charge
Excess zr;rrr?al Excess Normal Excess Overcurrent protecg())(r;ess a-leOvercurrent protection
discharge \ | Charge discharge | Normal [, Normal g opo oo | Normal ' Normal Excess discharge
Valwm
VARMLSY
VbF o] 1
V&S H
oV — Load release
Load release Load release
unsettled H< — v
g\) 1\'/%\é Ex i ] unsettled
Vst
Y
-TOO I _
oV T oo [ [P TOC2fkeTOC2 4k
oV ——
S TAM
ov

*1 C only
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MM1291AFBE
Absolute Maximum Ratings [W:E4kY)!
ltem Symbol Rating Units

Storage temperature Tsre -40~+125 °C

Operating temperature Torr -20~+70 °C

Power supply voltage Vee -0.3~+18 A%

Vce-OC pin voltage Voc -18~0 A%

CS pin voltage Vs -0.6~Vcc A%
Allowable loss Po 300 mV

* The CS pin will not cause abnormal operation when connected to protection resistor Rcs (=4.7kQ)

2 [=Yoq 0 g [or= | @ o =1 7= 1o (=) g K<) i [e5=] (Unless otherwise specified Ta=25°C, Vec=Vin=3.5V, Ves=0V, Measurement cireuit 1, SW1 : a)

ltem Symbol Measurement Conditions le |yp. Max. | Units
1 (Normal mode) (Is1=lcc+lin) Iecl Vee=Vin=3.5V . 11.0 | pA
Consumption current 2 (Overdischarge mode) Tor2 Vee=Vin=1.9V 0.7 | 1.0 | pA
Ta=-20°C~70°C
Overcharge detection voltage Vaim Vee=Vin=4.0V—4,5V 4.300]4.350|4.400| V
Voc:L+H
Vee=Vind4.5V 4.0V
Overcharge reset voltage Varmr =R 4.05014.150|4.240| V
Voes: H—L
Overcharge hysteresis voltage AVam Voc-Vocr 150 | 200 | 250 | mV
. . VeceEVin=3.1V—2.0V
Excess discharge detection voltage 1 Vsl Ve : H—L, Ves=0V 2501260270 V
Vee=Vin=3.1V—2.0V
Excess discharge detection voltage 2 Ve2 Cev 230240 | 250 | V

Ves=0.05V, Vep : H—=L
Vee=Vin=2.0V—3.1V

Excess discharge reset voltage ] VoDR 278 12901302 V

Vep : L—H

. Vee=Vin=2.75V
Starting voltage ¢’ Vst VesOV=r-05V, Voo : L—-H | 03 | 701 A

Ves=0V—0.12V
Overcurrent detection @ Ves Ven - H—L 90 | 100 | 110 | mV
Overcurrent prot ase load release (more than 5 MEG)

Excess dischar ection Vee=ViN=3.0V—2.4V, *1
non-inddction time top measurement circuit 2, SW1: b, SW2: a 50 | 100 | 150 | mS
Excessiv, ! .ete<-:tion during tocl Vcs=(.)V—.>Vcs, *1 50 1100 | 150 | msS
-induction time

measurement circuit 2, SW1:a, SW2: b
Vee=Vin=4.0V—4.5V, *1

Overcurrent non-induction time tam measurement circuit 2, SW1:b,SW2:a | 0.5 | 1.0 | 1.5 S
Crp=0.082pF
Operating limit voltage *2 Vop Vce When Vepi2 > 0.4V 1.2 A%
V V

GD pin output voltage H Vepu Vee=Vin=3.5V OC;) Oci A%
GD pin output voltage L1 Veprl Vee=ViN=3.5V, Vcs=0.5V 0.1 ] 0.3 A"
GD pin output voltage L2 VeprL2 Vee=Vin=1.5V 02 | 04 A"
OC pin output current Toc Vee=Vin=4.5V, SW1:b -30 | uA

*1 Refer to input waveforms.
*2 QOperation is unstable below the operating limit voltage.
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MM1291BFBE
Absolute Maximum Ratings [ERARY
ltem Symbol Rating Units

Storage temperature Tsre -40~+125 °C

Operating temperature Torr -20~+70 °C

Power supply voltage Vee -0.3~+18 A%

Vce-OC pin voltage Voc -18~0 A%

CS pin voltage Vs -0.6~Vcc A%
Allowable loss Po 300 mV

*The CS pin will not cause abnormal operation when connected to protection resistor Rcs (=4.7kQ)

= [=Yoy 1 g (o= @ g =Tz 1o (=) g (51 { [o5=1 (Unless otherwise specified Ta=25°C, Vee=Vin=3.5V, Ves=0V, Measurement cifcuit 1, SW1 : a)

ltem Symbol Measurement Conditions le |yp. Max. | Units
1 (Normal mode) (Is1=lcc+lin) Iccl Vee=Vin=3.5V 10.0 | 14.0 | pA
Consumption current 2 (Overdischarge mode) Tor2 Vee=Vin=1.9V 0.7 | 1.0 | pA
Ta=-20°C~70°C
Overcharge detection voltage Vaim Vee=Vin=3.9V—4,4V 4.20014.250|4.300| V
Voc:L+H
Vee=Vin44.4V—3.9V
Overcharge reset voltage VarmL =R 3.950/4.0504.150| V
Voes: H—L
Overcharge hysteresis voltage Vocu Voc-Vocr 150 | 200 | 250 | mV
. . VecegVin=3.1V—2.0V
Excess discharge detection voltage 1 Vsl Voo - Hoo L VeseOV 2501260270 V
. . Vee=ViN=3.1V—2.0V
Excess discharge detection voltage 2 Vs2 Ves=0.05V, Voo : H—L 2301240 | 250 | V
Vee=Vin=2.0V—3.1V
Excess discharge reset voltage VDR Ce TN 278 12901302 V
) Vep:L—H
. Vee=Vin=2.75V
Starting voltage @ Vst Ves : 0V 0.5V, Voo : L—H -0.3 | -0.1 Y%
Ves=0V—0.12V
Overcurrent detection @ Ves Voo : H—L 90 | 100 | 110 | mV
Overcurrent prot ase load release (more than 5 MEG)
Excess dischar ection Vee=ViN=3.0V—2.4V, *1
non-inddction time top measurement circuit 2, SW1: b, SW2: a 50 | 100 | 150 | mS
Excessiv, etection during Ves=0V—Vcs, *1
-induction time tocl measurement circuit 2, SW1:a, SW2: b 50 | 100 | 150 | mS
Vee=ViN=4.0V—4.5V, *1
Overcurrent non-induction time tam measurement circuit 2, SW1:b,SW2:a | 0.5 | 1.0 | 1.5 S
Crp=0.082pF
Operating limit voltage *2 Vop Vce When Vepi2 > 0.4V 1.2 A%
V V
GD pin output voltage H Vepn Vee=Vin=3.5V OC;) Oci \Y
GD pin output voltage L1 Veprl Ves> 1.0V 0.1 | 03 A%
GD pin output voltage L2 VeprL2 Vee=Vin=3.5V, Vcs=0.5V 02 | 04 vV
OC pin output current Toc Vee=Vin=4.5V, SW1:b -30 | uA
*1

Refer to input waveforms.

*2 QOperation is unstable below the operating limit voltage.
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MM1291CFBE
Absolute Maximum Ratings [ty

ltem Symbol Rating Units

Storage temperature Tsre -40~+125 °C

Operating temperature Torr -20~+70 °C

Power supply voltage Vce -0.3~+18 A%

Vce-OC pin voltage Voc -18~0 vV

CS pin voltage Ves -0.6~Vce A%

Allowable loss Po 300 mV

* The CS pin will not cause abnormal operation when connected to protection resistor Rcs (=4.7k Q)

= [=Yoy 1 g (o= @ g =17z o3 (=) g o1 { (o3 (Unless otherwise specified Ta=25 °C, Veo=Vin=3.5V, Vcs=0V, Measurement'eircuit 1, SW1 : a)

ltem Symbol Measurement Conditions | Minl/ Typ. | Max. |Units
Current consumption 1 (Vcc pin) Iccl Vee=4.5V 40 60 | pA
Current consumption 2 (Vcc pin) Icc2 Vce=3.5V 80 | 11.0 | pA
Current consumption 1 (Vin pin) Il Vin=4.5V 30 | 50 | pA
Current consumption 2 (Vin pin) In2 Vin=3.5V 20 | 30 | pA
Current consumption 3 (Vcc, ViN pins) Tor3 Vee=Vin=1.9V/ 07 | 1.0 | pA
Current consumption 4 (Vcc, ViN pins) Tor4 Vee=Vin=10V 0.17 | pA
Ta=-20°C*70°C
Overcharge detection voltage Vaim Vee=Vin#4.0V—4.2V 4.05014.100|4.150| V
Veew [—H
Overcharge reset voltage VaLmL X2V~ 4.0V 4.01814.075|4.128| V
Voc : H—=L
Overcharge hysteresis voltage AVam Vaim-VarmL 18 25 32 | mV
Excess discharge detection voltage 1 Vsi VCC=XIGT_3§\_’:£2'OV 2501260270 V
. . Vee=Vin=3.1V—2.0V
Excess discharge detection voltage 2 Vs2 Ves=0.05V, Ve : H—L 2301240 | 250 | V
Vee=ViN=2.0V—3.1V
Excess discharge reset voltage Vpr Vop - L—H 278 12901302 V
v Vee=Vin=2.75V
Starting voltage & Vsr Ves=0V——0.5V, Vop : L—H -0.3 | -0.1 A%
Overcurrent detectio Vs Ves=0v=0.17v 135 | 150 | 165 | mV
Vep : H—L
Overcurrent protect lease load release (more than 5 MEG)
Excess disc tection Vee=ViN=3.0V—2.4V, *1
non-ind too measurement circuit 2, SW1:b, SW2:a 50 1 100 | 150 | mS
Excessi rrent detection during Ves=0V—Vcs, x1
-mductlon time tocl measurement circuit 2, SW1:a, SW2: b 50 110.0 | 150 | mS
. Ves=0V—1.0V, x1
Overcurrent detection delay toc2 measurement circuit 2, SW1: b, SW2: a 100 | uS
Vee=ViN=4.0V—4.5V, *1
Overcurrent non-induction time tarm measurement circuit 2, SW1:b,SW2:a | 0.5 | 1.0 | 1.5 S
Crp=0.082uF
Operating limit voltage *2 Vor Vcc When VGpL2 > 0.4V 1.2 A%
GD pin output voltage H Vepu Yocg X)Ci vV
GD pin output voltage L1 Vel Ves> 1.0V 01 ] 0.3 v
GD pin output voltage L2 VeprL2 Vee=Vin=1.5V 02 | 04 v
OC pin output current Toc Vee=Vin=4.5V, SW1:b -30 | uA

*1 Refer to input waveforms.
*2 Operation is unstable below the operating limit voltage.






