MITSUMI Protection for Lithium-lon/Lithium Polymer Batteries (1 cell) MM3099/MM3199 Series

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

Monolithic IC MM3099/MM3199 Series iz, 200

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 Dourt 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.

Features

1. Uses high voltage CMOS process Absolute maximum rating for charger connection 32V

2. Detection voltage precision Overcharge detection voltage +20mV (Ta=25°C),
+25mV (Ta=-5~60°C)
Overdischarge detection voltage +35mV (Ta=25°C),
+58mV (Ta=—5~60°C)
Discharge overcurrent detection voltage +10mV (Ta=25°C),
+15mV (Ta=—5~60°C)

3. Built-in detection delay time (timer circuit)  Overcharge detection delay time 0.25 ~ 7.0s (mask option)
Overdischarge detection delay time 0.25 ~ 7.0s (mask option)
Discharge overcurrent detection delay time 0.25 ~ 7.0s (mask
option)
Short detection delay time 400us

4. Includes a charge overcurrent detection function

5. Overcharge, overdischarge, and discharge overcurrent can be detected, and the delay time during release

can be shortened with the DS pin.
6. OV charging disable function (mask option)

SOT-26A
SON-6A
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MITSUMI Protection for Lithium-lon/Lithium Polymer Batteries (1 cell) MM3099/MM3199 Series
Pin Description
[l 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 Vop Vob terminal. Connected to IC substrate.
6 Vss Vss terminal. Connected to ground.
B SON-6A
Pin no. Pin name Functions
1 Dour Output of overdischarge detection. Output type is CMOS.
2 Vop Vob terminal. Connected to IC substrate.
3 Vss Vss terminal. Connected to ground.
4 DS Delay shorten terminal.
5 Cour Output of overcharge detection. Output type is CMOS.
6 V- Input terminal connected to charger negative voltage.

ltem Symbol Ratings Units

Supply voltage Vop -0.3~12 v

V- terminal input voltage V- Vbp-32~VDD+0.3 A%

DS terminal input voltage Vbs Vss—0.3~Vpp+0.3 A%

Cour terminal output voltage Vcour Vop-32~Vop+0.3 A%

Dour terminal output voltage Vbour Vss—0.3~Vbp+0.3 A%

Operation temperature Torr -40~+85 °C

Storage temperature Tstc -55~+125 °C

Written Model : MM3099E
M Torr=25°C
Item Symbol Measurement conditions Min. | Typ. | Max. |Units| *1
Operating input voltage Vopl Vbp-Vss 1.5 100 | V A
Minimum operating voltage | Vop-V-, Vbo-Vss =0V 12 v | A
for OV charging
Discharging overcurrent | o Voo =3.6V, V-=1V 30 | 50 | 100 | kQ | F
release resistance

DS pin pull-down resistance Ros Vop =3.6V 6.5 | 13.0 | 26.0 | kQ H
Cour pin Nch ON voltage Vorl IoL=30uA, Vbp=4.5V 04 | 05| V I
Cour pin Pch ON voltage Vonl Ion=-30pA, Vbp=3.9V 34 | 3.7 A% J
Dour pin Nch ON voltage Vor2 IoL=30pA, Vop=2.0V 02 | 05| V K
Dourt pin Pch ON voltage Vou2 Ior. =-30pA, Vbp=3.9V 34 | 3.7 A% L
Current consumption Ipp Vop=3.9V, V-=(0V 30 | 6.0 | pPA | M
Current consumption at stand-by Is Vop=2.0V 01 | pA | 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 VpeTl R1=330Q 4.255|4.27514.295| V B
Overdischarge detection voltage | Vper2 V-=0V, R1=330Q 2.265| 2.3 12335 V D
Discharging overcurrent
VpET3 Vop=3V, R2=2.2kQ 0.090/0.100|0.110| V F
detection voltage
Charging overcurrent
VpET4 Vop=3V, R2=2.2kQ -0.120|-0.100| -0.080 | V G
detection voltage
Short detection voltage 'VSHORT Vop=3V Voo-12 | Voo-0.9 | Voo-06 | 'V F
Overcharge detection delay time | tVperl Vop=3.6V—4.4V 0.80 | 1.00 | 1.20 | s B
Overcharge release delay time | tVreLl Vop=4.4V—3.6V 12.8 | 16.0 | 19.2 | ms B
Overdischarge detection delay time | tVper2 Vbp=3.6V—2.2V 16.0 | 200 | 240 | ms | D
Overdischarge release delay time | tVrer2 Vop=3V, V-=3V—0V 08 | 1.0 | 1.2 | ms E
Discharging overcurrent
tVpET3 Vop=3V, V-=0V—1V 48 | 60 | 7.2 | ms F
detection delay time
Discharging overcurrent
. tVreL3 Vop=3V, V-=3V—=(V 08 | 10 | 1.2 | ms | G
release delay time
Charging overcurrent
tVper4 Vop=3V, V-=0V—-1V 64 | 80 | 96 | ms G
detection delay time
Charging overcurrent
tVreL4 Vop=3V, V-=-1V—(V 08 | 1.0 | 1.2 | ms F
release delay time
Short detection delay time tSHORT Vbp=3V, V-=0V—3V 280 | 400 | 560 | ps F

Note: *1 The test circuit symbols.
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M Torr=—5~60°C *2

Item Symbol Measurement conditions Min. | Typ. | Max. |Units| *1
Overcharge detection voltage VpeTl R1=330Q 4.25014.27514.300| V B
Overdischarge detection voltage | Vper2 V-=0V, R1=330Q 2.24212.300|2.358| V D
Discharging overcurrent
VpET3 Vop=3V, R2=2.2kQ 0.085/0.100|0.115| V F
detection voltage
Charging overcurrent
VpET4 Vop=3V, R2=2.2kQ -0.130-0.100| -0.070 | V G
detection voltage
Short detection voltage 'VSHORT Vop=3V Voo-12 | Voo-0.9 | Voo-06 | 'V F
Overcharge detection delay time | tVperl Vop=3.6V—4.4V 0.70 | 1.00 | 1.30 | s B
Recharge release delay time| tVreLl Vbp=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 | 260 | ms | D
Overdischarge release delay time | tVrer2 Vop=3V, V-=3V—=0V 07 | 1.0 | 1.3 | ms E
Discharging overcurrent
tVpET3 Vop=3V, V-=0V—1V 42 | 60 | 7.8 | ms F
detection delay time
Discharging overcurrent
. tVreL3 Vop=3V, V-=3V—(V 0.7 | 1.0 | 1.3 | ms F
release delay time
Charging overcurrent
tVpeT4 Vop=3V, V-=0V—-1V 56 | 80 | 104 | ms | G
detection delay time
Charging overcurrent
tVREL3 Vop=3V, V-=-1V—=(V 07110 | 1.3 | ms | G
release delay time
Short detection delay time tSHORT Vop=3V, V-=0V—3V 250 | 400 | 600 | ps F

Note: *1 The test circuit symbols.
*2 The all parameters on this page is guaranteed by design.
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M Torr=—-30~70°C *2

Item Symbol Measurement conditions Min. | Typ. | Max. |Units| *1
Overcharge detection voltage | Vperl R1=330Q 4.23014.27514.320| V B
Overdischarge detection voltage | Vper2 V-=0V, R1=330Q 2.22512.300|2.375| V D

Discharging overcurrent
VpET3 Vop=3V, R2=2.2kQ 0.080/0.100|0.120| V F
detection voltage
Charging overcurrent
VpET4 Vop=3V, R2=2.2kQ -0.140 | -0.100| -0.060 | V G
detection voltage
Short detection voltage 'VSHORT Vop=3V Voo-12 | Voo-0.9 | Voo-06 | 'V F
Overcharge detection delay time | tVperl Vop=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 1 200 | 300 | ms | D
Overdischarge release delay time | tVrer2 Vop=3V, V-=3V—(0V 06 | 1.0 | 1.5 | ms E
Discharging overcurrent
tVpET3 Vop=3V, V-=0V—1V 36 | 6.0 | 9.0 | ms F
detection delay time
Discharging overcurrent
. tVreL3 Vop=3V, V-=3V—(V 06 | 1.0 | 1.5 | ms F
release delay time
Charging overcurrent
tVperd Vop=3V, V-=0V—-1V 48 | 80 | 12.0 | ms G
detection delay time
Charging overcurrent
tVreL4 Vop=3V, V-=-1V—=(V 06 | 1.0 | 1.5 | ms | G
release delay time
Short detection delay time tSHORT Vop=3V, V-=0V—3V 200 | 400 | 800 | ps F

Note: *1 The test circuit symbols.
*2 The all parameters on this page is guaranteed by design.
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Measuring Circuit

HA

EB

mC

mD

BE

H Vss

7 V-

j-—E Vss

[1

Vob

Dour
Cour

DS

OSCILLOSCOPE

[0

1

OSCILLOSCOPE

| Vbp

— | Vss

Dourt [

Cour

DS

:)—o/®

u|

OSCILLOSCOPE

Dout [

Cour

DS

:»—o/®

1

[l—E Vob

— | Vss

Dout
Cour

DS

OSCILLOSCOPE
—o

O

il
1

1.\

17LE
H Vss

Vob

Dout
Court

DS

OSCILLOSCOPE
+—-o0

O

M
il

_,_—E Vob

_[7@—[ V-
/LE Vss

Dout
Cour

DS

OSCILLOSCOPE
—o0

O

il
1

OSCILLOSCOPE

_,_—E VoD

V—
Vss

Dout [

Cour

DS

:»—o/®

u|

mH OSCILLOSCOPE
Voo  Dour [}1—O
E V- Cour 1 \®
Vss DS A
40
mi
}E Voo Dour
V-  Cour
Vss DS
mJ
_,_—E Voo Dourt [
V- Cour @
Vss DS xo
B K
Voo Dour Q 0
V- Cour [
Vss DS
BL
[ t{Voo  Dour A
V-  Cour 1 zo
Vss DS
EM
Voo  Dout
\—E V- Cout [
Vss DS 1




MITSUMI Protection for Lithium-lon/Lithium Polymer Batteries (1 cell) MM3099/MM3199 Series

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 Court 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 Cout 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 Voo 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 the overcharge detection delay
time (1.00s typ.). And in the state of overcharge and disconnecting the charger and connecting the loads,
when the Vop terminal voltage becomes lower than the overcharge detection voltage, it will not release
overcharge, if the Vop terminal voltage backs higher than the overcharge detection voltage again within the
overcharge release delay time (16ms typ.)

The output driver stage of the Cour terminal includes a Level shifter, so it will output the V- terminal voltage
as Low level. The output type of the Cout terminal is CMOS output between Voo and V- terminal voltage.

2. Over discharge detector (VD2)
In the state of discharging the battery, it will detect the overdischarge state of the battery if the Vob terminal
becomes lower than the overdischarge detection voltage (2.300V typ.). And then the Dout terminal turns to
low level, so the external discharging control Nch MOS FET turn OFF and it forbids to discharge the
battery.

The release from the overdischarge state is done by connecting the charger. If the charger is connected
and the Voo terminal voltage is lower than the overdischarge detection voltage, it accepts to conduct
charge current via the paracitical body diode of the external Nch MOS FET. And then if the Vop terminal
voltage becomes higher than the overdischarge detection voltage, the Dour terminal turns to high level, so
the external Nch MOS PET turns ON, and it accepts to discharge the battery. If the charger is connected
and the Vob terminal voltage 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 Vob 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 Dout terminal is CMOS output between Vop 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 Dout 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 (400ps typ.) decided internally exists, too.

The discharging overcurrent release resistance(50kQ typ.) is built into between V- terminal and Vss
terminal. In the state of discharging overcurrent or short, if the load is opened, V- terminal is pulled down to
the Vss via the discharging overcurrent release resistance. And when the V- terminal voltage becomes
Bower than the discharging overcurrent detection voltage, it will automatically release discharging
overcurrent or short state. The discharging overcurrent release resistance turns ON, if discharging
overcurrent or short is detected. On the normal state (chargeable state), the discharging overT:urgent
release resistance is OFFed.

4. Charging overcurrent detector (VD4)
In the state of chargeable and dischargeable, if the V- terminal voltage becomes lower than charging
overcurrent detection voltage (-0.100V typ.) by abnormal voltage or current charger, etc., it will detect
charging overcurrent state. And then the Cour terminal outputs low level, so the external charging control
Nch MOS FET turn OFF, and it protects from large current charging.

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

The charging overcurrent detection has delay time decided internally. When the V- terminal voltage
becomes lower than the charging overcurrent detection voltage, it will not detect charging overcurrent, if
the V- terminal voltage becomes higher than the charging overcurrent detection voltage within the charging
overcurrent detection delay time (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

R1 and C1 stabilize a supply voltage ripple. However, the detection voltage rises by the current of penetration
in IC of the voltage detection when R1 is enlarged, and the value of R1 is adjusted to 1Tkohm or less.
Moreover, adjust the value of C1 to 0.01pF or more to do the stability operation, please.

R1 and R2 resistors are current limit resistance if a charger is connected reversibly or a high- voltage charger
that exceeds the absolute maximum rating is connected. R1 and R2 may cause a power consumption will be
over rating of power dissipation, therefore the 'R1+R2' should be more than 1kQ. Moreover, if R2 is too
enlarged, the charger connection release cannot be occasionally done after the overdischarge is detected, so
adjust the value of R2 to 10kQ or less, please.

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.




MITSUMI

M Overcharge, charging, overcurrent operation

Protection for Lithium-lon/Lithium Polymer Batteries (1 cell) MM3099/MM3199 Series
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M Overdischarge, discharging, overcurrent, and short operation
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