MITSUMI Protection for Lithium-lon/Lithium Polymer Batteries (1 celll MM3099 Series

Protection for Lithium-lon/Lithium Polymer Batteries (1 cell)

Monolithic IC MM3099 Series

This is a protection IC developed for use with 1-serial cell lithium-ion/lithium polymer rechargeable batteries.
It provides a function to protect the batteries by detecting overcharge, overdischarge, discharge overcurrent,
and other abnormalities and turning off the external Nch MOS FET. The outputs of Cour pin (charge FET
control pin) and Dour pin (discharge FET control pin) are CMOS outputs, so that the external Nch MOS FET
can be driven directly. A charge overcurrent detection function is provided for abnormal charge detection. In
addition, the IC has a built-in timer circuit(for each detection delay time), so that the protection circuitry can
be comprised with fewer external components. Furthermore, by setting the DS pin at Voo level, overcharge,
overdischarge, discharge overcurrent can be detected, and the delay time during release can be shortened.

1. Uses high voltage CMOS process Absolute maximum ratii C rger connection 32V
s

2. Detection voltage precision Overcharge detection v¢ 8 +20mV (Ta=25°C),

+25mV (Ta=—5~60°m
Overdischar, C voltage +35mV (Ta=25°C),

+58mV (Ta= 0°
Discharge overgurrent detection voltage +10mV (Ta=25°C),
+15m 5~60°C)

3. Built-in detection delay time (timer circuit) ,Ove e detection delay time 0.25~7.0s (mask option)
% lischarge detection delay time 0.25~7.0s (mask option)

arge overcurrent detection delay time 0.25~7.0s (mask option)
Short detection delay time 400us
nction
arge overcurrent can be detected, and the delay time during release

4. Includes a charge overcurrent det
5. Overcharge, overdischarge, a
can be shortened with the

6. OV charging disable f%

SOT-26A
SON-6A

ask option)
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Pin Description

Il SOT-26A
Pin no. Pin name Functions
1 Dour Output of overdischarge detection. Output type is CMOS.
2 V- Input terminal connected to charger negative voltage.
3 Cour Output of overcharge detection. Output type is CMOS.
4 DS Delay shorten terminal.
5 Vb Vob terminal. Connected to IC substrate.
6 Vss Vss terminal. Connected to ground.
[l SON-6A
Pin no. Pin name Functions
1 Dour Output of overdischarge detection. Output type is CMOS.
2 Vbp Vop terminal. Connected to IC substrate.
3 Vss Vss terminal. Connected to gro (Q
4 DS Delay shorten terminal, ~
5 Cour Output of overcharge detection. Ou e is CMOS.
6 V- Input terminal connected to ative voltage.
Absolute Maximum Ratings EususzEk sy
ltem Symbol Units
Supply voltage Vop -0.3~12 \Y
V- terminal input voltage V- —-32~Vpp+0.3 \Y
DS terminal input voltage Vb $s—0.3~Vpp+0.3 \Y
Cour terminal output voltage Vcok Vbp-32~Vpp+0.3 \Y
Dourt terminal output voltage OUT Vss—0.3~Vpp+0.3 \Y
Operation temperature = \o -40~+85 °C
Storage temperature TstG -55~+125 °C
A
SN ElE s fsifelcy Written Model : MM3099E
M Torr=25°C N
Item Symbol Measurement conditions Min. | Typ. [Max. |Units| *1
Operating input voltage Vopl Vbp-Vss 1.5 100 V
Minimum operatlng voltage Ver Vob-Ve., Voo—Vss=0V 12 v
for OV charging
Discharging overcurrent | Vbp=3.6V, V-=1V 30 | 50 | 100 | k@ | F
release resistance
DS pin pull-down resistance Ros Vbp=3.6V 6.5 | 13.0 | 26.0 | kQ H
Cour pin Nch ON voltage Vol Ior=30pA, Vbp=4.5V 04 | 05 A% I
Court pin Pch ON voltage Vonl Tor=-30pA, Vbp=3.9V 34 | 3.7 A% J
Dout pin Nch ON voltage Vor2 Ior=30pA, Vbp=2.0V 02 | 05 A% K
Dout pin Pch ON voltage Vou2 Tor=—30pA, Vpp=3.9V 34 | 3.7 A% L
Current consumption Ipp Vop=3.9V, V=0V 30 | 60 | pA | M
Current consumption at stand-by Is Vop=2.0V 01 | p)A | M

Note: %1 The test circuit symbols.
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M Torr=25°C
Item Symbol Measurement conditions Min. | Typ. | Max. |Units| *1
Overcharge detection voltage Vperl R1=330Q 4.255(4.27514.295| V B
Overdischarge detection voltage | Vper2 V-=0V, R1=330Q 2.265| 23 |2335| V D
Dischargi t
Isenarging overeument - v, .13 Vop=3V, R2-2.2kQ 0.0900.100(0.110| V | F
detection voltage
Charging overcurrent Voerd Vop=3V, R2=2.2kQ £0.120|-0.100-0.080| V | G
detection voltage
Short detection voltage VsHoRT Vop=3V 9/ Vop-0.6| V F
Overcharge detection delay time | tVperl Vbp=3.6V—4.4V 1.20 | s B
Overcharge release delay time | tVreLl Vop=4.4V—3.6V 19.2 | ms B
Overdischarge detection delay time | tVper2 Vbp=3.6V—2.2V 240 | ms | D
Overdischarge release delay time | tVreL2 Vop=3V, V-=3V—(0V 1.2 | ms E
Discharging overcurrent | = Vbp=3V, V==0V—1V 72 | ms | F
detection delay time
Discharging over?urrent tVrEL3 Vop=3V, V-=3V—0V, 12 | ms | G
release delay time
Chargi t
arging overcurren fVET4 Vbp=3V, V— 64 | 80 | 96 | ms | G
detection delay time g
Charging overcurrent fVieL4 Vo3V, V-2 1V—0V 08|10 | 1.2 | ms | F
release delay time
Short detection delay time | tsuoxr O%V, V-=0V—3V 280 | 400 | 560 | us | F

Note: *1 The test circuit symbols. t

Q:Q
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B Torr=-5~60°C *2

Item Symbol Measurement conditions Min. | Typ. |Max. |Units| *1
Overcharge detection voltage Vperl R1=330Q 4.250(4.27514.300| V B
Overdischarge detection voltage | Vper2 V—=0V, R1=330Q 2.242(2.300|2.358| V D
Dischargi
Ischarging overcurrent |, o Vbp=3V, R2-2.2kQ 0.085/0.100|0.115| V | F
detection voltage
Charging overcurrent Voerd Vop=3V, R2=2.2kQ £0.130/-0.100-0.070| V | G
detection voltage
Short detection voltage VSHORT Vop=3V Vbp-1.2|Vbp-0.9|Vop-0.6| V F
Overcharge detection delay time | tVperl Vbp=3.6V—4.4V 0.70 | 1.00 | 1.30 | s B
Recharge release delay time tVreLL Vop=4.4V—3.6V 11.2 | 16.0 | 20.8 | ms B
Overdischarge detection delay time tVper2 Vbp=3.6V—2.2V 14.0 { 200 | 26.0 | ms | D
Overdischarge release delay time | tVreL2 Vop=3V, V-=3V—=(0V 13 | ms E
Discharging overcurrent | = Vbp=3V, V==0V—1V 78 | ms | F
detection delay time
Discharging over<?urrent tVrEL3 Vop=3V, V-=3V—=0V, 13 | ms | F
release delay time
Charging overcurrent fVET4 Vbp=3V, V— 56 | 80 | 104 | ms | G
detection delay time g
harai
Charging overcurrent Vi3 VDD Y 1V—0V 0711013 | ms| G
release delay time
Short detection delay time tSHORT =0V—3V 250 | 400 | 600 | ps F

Note: %1 The test circuit symbols.
*2 The all parameters on this pa@gu anteed by design.
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B Torr=-30~70°C *2

Item Symbol Measurement conditions Min. | Typ. | Max. |Units| *1
Overcharge detection voltage Vperl R1=330Q 4.230(4.27514.320| V B
Overdischarge detection voltage | Vper2 V-=0V, R1=330Q 2.225(2.300/2.375| V D
Dischargi
Ischarging overcurrent |y, o Vop=3V, R2-2.2kQ 0.0800.100(0.120| V | F
detection voltage
Charging overcurrent Voerd Vop=3V, R2=2.2kQ ~0.140|-0.100-0.060| V | G
detection voltage
Short detection voltage VsHoRT Vop=3V Vop-1.2{Vop-0.9(Vop-0.6| V F
Overcharge detection delay time | tVperl Vbp=3.6V—4.4V 0.60 | 1.00 | 1.50 | s B
Overcharge release delay time | tVreLl Vop=4.4V—-3.6V 9.6 | 16.0 | 24.0 | ms B
Overdischarge detection delay time | tVper2 Vbp=3.6V—2.2V 12.0 { 200 | 300 | ms | D
Overdischarge release delay time | tVreL2 Vop=3V, V-=3V—=0V 1.5 | ms E
Discharging overcurrent | = Vbp=3V, Vo=0V—1V 90 | ms | F
detection delay time
Discharging over<?urrent tVrEL3 Vop=3V, V-=3V—=0V, 1.5 | ms | F
release delay time
Charging overcurrent Vorrd Von=3V, V— 48 | 80 [120 | ms | G
detection delay time %
harai
Charging overcurrent VL4 Voos3V, V-1V—0V 06 | 10| 15 | ms | G
release delay time
Short detection delay time | tsuoxr O&V, V==0V—3V 200 | 400 | 800 | us | F

Note: %1 The test circuit symbols.
*2 The all parameters on this uaranteed by design.
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Measuring Circuit
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1. Over charge detector (VD1)
In the state of charging the battery, it will detect the overcharge state of the battery if the Voo terminal
voltage becomes higher than the overcharge detection voltage (4.275V typ.). And then the Cour terminal
turns to low level, so the external charging control Nch MOS FET turns OFF and it forbids to charge the
battery.

When the Vop terminal voltage is higher than the overcharge detection voltage, to disconnect the charger
and connect the load, leave the Cour terminal low level, but it accepts to conduct load current via the
paracitical body diode of the external Nch MOS FET. And then if the Vop terminal voltage becomes lower
than the overcharge voltage, the Court terminal turns to high level, so the external Nch MOS FET turn ON,
and it accepts to charge the battery.

The overcharge detection and release have delay time decided internally. When the Vop terminal voltage
becomes higher than the overcharge detection voltage, it will not detect overcharge, if the Voo terminal
voltage becomes lower than the overcharge detection Voltage again within thglovergharge detection delay

time (1.00s typ.). And in the state of overcharge and disconnecting the ch r connecting the loads,
when the Vob terminal voltage becomes lower than the overcharge detecti Itage, it will not release
ection voltage again within the

overcharge, if the Vob terminal voltage backs higher than the overc
overcharge release delay time (16ms typ.)

The output driver stage of the Cour terminal includes a %ﬁter, so it will output the V- terminal voltage
as Low level. The output type of the Cour terminal is C output between Voo and V- terminal voltage.

2. Over discharge detector (VD2) Q\’
In the state of discharging the battery, it wjll déte e overdischarge state of the battery if the Voo terminal
becomes lower than the overdischarge dete voltage (2.300V typ.). And then the Dout terminal turns to
low level, so the external dischargin ntrol'Nch MOS FET turn OFF and it forbids to discharge the battery.

is done by connecting the charger. If the charger is connected and

s ON, and it accepts to discharge the battery. If the charger is connected and
the Vop terminal vol is higher than the overdischarge detection voltage, the Dour terminal will turn to
high level with the delay time.

When the battery voltage is about 0V, the Cour terminal outputs high level and it accepts to conduct
charging current, if the charger voltage is higher than the minimum operating voltage for OV charging (1.2V
max.).

The overdischarge detection have delay time decided internally. When the Voo terminal voltage becomes
lower than the overdischarge detection voltage, it will not detect overdischarge, if the Voo terminal voltage
becomes higher than the overdischarge detection voltage again within the overdischarge detection delay
time (20ms typ.). Moreover, the overdischarge release delay time (1ms typ.) exists, too.

All the circuits are stopped, and after the overdischarge is detected, it is assumed the state of the standby,
and decreases the current (standby current) which IC consumes as much as possible (When Voo=2V, 0.1pA

max.).

The output type of the Dour terminal is CMOS output between Vob and Vss terminal voltage.
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3. Discharging overcurrent detector, Short detector (VD3, Short Detector)
In the state of chargeable and dischargeable, if the V- terminal voltage becomes higher than the discharging
overcurrent detection voltage (0.100V typ.) by short of loads, etc., it will detect discharging overcurrent
state. If the V- terminal voltage becomes higher than short detection voltage (Voo-0.9V typ.), it will detect
discharging overcurrent state, too. And then the Dour terminal outputs low lewd, so the external discharging
control Nch MOS FET turns OFF, and it protects from large current discharging.

The discharging overcurrent detection has delay time decided internally. When the V- terminal voltage
becomes higher than the discharging overcurrent detection voltage, it will not detect discharging
overcurrent, if the V- terminal voltage becomes lower than the discharging overcurrent detection voltage
within the discharging overcurrent detection delay time (6ms typ.). Moreover, the discharging overcurrent
release delay time (1ms typ.) exists, too.

The short detection delay time (400us typ.) decided internally exists, too.

The discharging overcurrent release resistance(50kQ typ.) is built into between erminal and Vss terminal.
In the state of discharging overcurrent or short, if the load is opened, V- termi lled down to the

Vss via the discharging overcurrent release resistance. And when the V- terfninal oltage becomes Bower
than the discharging overcurrent detection voltage, it will automatigall discharging overcurrent or
short state. The discharging overcurrent release resistance turns O harging overcurrent or short is
detected. On the normal state (chargeable state), the dischargir@ ‘Urgent release resistance is OFFed.

4. Charging overcurrent detector (VD4)
In the state of chargeable and dischargeable, if the V- terfqinal voltage becomes lower than charging
overcurrent detection voltage (-0.100V typ.) by abn®§mal voltage or current charger, etc., it will detect
charging overcurrent state. And then the Cour t utputs low level, so the external charging control
Nch MOS FET turn OFF, and it protects fr e'elirrent charging.

It release charging overcurrent state, ifithe abnormal charger is disconnected, and the Load is connected.

The charging overcurrent detec io@s delay time decided internally. When the V- terminal voltage
becomes lower than the char vercurrent detection voltage, it will not detect charging overcurrent, if
the V- terminal voltag bec‘@ igher than the charging overcurrent detection voltage within the charging
overcurrent detecti We (8ms typ.). Moreover, the charging overcurrent release delay time (1ms
typ.) exists, too.

5. DS (Delay Shortening) function
The delay time of overcharge, overdischarge, discharging overcurrent, and charging overcurrent detection
and release can be shortened by making the DS terminal to Voo level voltage. The overcharge detection
delay time can be adjusted to several 100us by making the DS terminal to middle level voltage, so test time
of protection module can be shortened.

In the DS terminal, the pull-down resistance of 13kQ is connected between Vss.

Please open the DS terminal when using usually.
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Application Circuit
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ApplicAtion hints 0\‘

R1 and C1 stabilize a supply voltage ripple. @n the detection voltage rises by the current of penetration
in IC of the voltage detection when R1 i larged, and the value of R1 is adjusted to 1Tkohm or less. Moreover,
adjust the value of C1 to 0.01pF or o the stability operation, please.

that exceeds the absol i rating is connected. R1 and R2 may cause a power consumption will

be over rating of po ipgtion, therefore the 'R1+R2' should be more than 1kQ. Moreover, if R2 is too
enlarged, the chargerfegnnection release cannot be occasionally done after the overdischarge is detected, so
adjust the value of R2 toPT0kQ or less, please.

R1 and R2 resistors are curreritxz!' sistance if a charger is connected reversibly or a high- voltage charger

C2 and C3 capacitors have effect that the system stability about voltage ripple or imported noise. After
check characteristics, decide that these capacitors should be inserted or not, where should be inserted, and
capacitance value, please.
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Timing Chart

M Overcharge, charging, overcurrent operation
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M Overdischarge, discharging, overcurrent, and short operation
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