MITSUMI Lithium-lon Battery Charge Control IC MM3358

Lithium-lon Battery Charge Control IC
Monolithic IC MM3358

This IC is a linear charge control IC for 1-cell Lithium-lon and lithium-polymer batteries.

It incorporates a power MOSFET and a reverse-current block circuit for easy implementation of charge
control of Lithium-lon and Lithium-polymer batteries without an external sense resistor and a reverse-
blocking diode.

The chip temperature detection function can limit the temperature rise in the IC during high power charging
and the temperature detection function enables the temperature for charge to be controled.

This IC uses a small PLP-10pin package.

Features

1. BAT Regulation Voltage 4.2V+30mV(x£0.7%)

2. Fast Charge Current 558mA+5%(RICHG=2.32kQ)

3. The external resistor enables trickle/fast-charge current/charge completion current to be set
(Maximum charge current : 1.5A).

4. A charge timer is embedded in this IC. The external resistor enables the charge timer to be set arbitrarily.

5. The chip temperature detection function can limit the temperature rise in the IC during high power
charging. It can be charged at an optimal rate.

6. The battery temperature detection function with thermistor input enable the temperature for charge to be
controled.

7. LED Driver (1ch)

8. 10pin Small Package; PLP-10(2.5x2.7x0.6mm max.)

PLP-10

Applications

1. Cellular phones

2. Portable music players
3. PDAs

4. Digital still cameras

5. Portable game devices

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Pin Description

Pin No.

Symbol

Function

1

Vee

Power supply, charge Tr input pin. Connect to an AC adaptor.

Rosc

Oscillation frequency setting resistance connection pin
fosc=0.912V/ (1.425E-10 * Rosc)
* Estimation : The fosc value for each Rosc value is specified on Flow Chart.

LED

LED connect pin (Pch open drain output) Turn on during charging.

GND

Ground pin

Vop

Battery temperature detecting reference voltage pin

* It is not recommended to be used other than as battery temperature
detecting reference voltage (resistance connection) since it is also used for
internal charge current reference voltage.

TH

Battery temperature detection input pin. Connect to a thermistor.

Used for both a timer and a Blinking cycle time reduction pin

Enter time reduction mode when TH>(Vcc-approx.1.0V), Vce>3.8V, and when
maintaining 32msx2.

TMRcnt

Timer (trickle charge timer, fast charge timer) ON/OFF control pin
High: Timer stops, Low/open: Timer is valid.

RICHG

Charge current setting resistance connection pin

ICHG=674x1.92V/RICHG

* Estimation: The ICHG value for each RICHG value is specified on Flow Chart.
Used for both a timer and a blinking cycle time reduction pin

Enter time reduction mode when RICHG >(Vcc-approx. 1.0V), Vce>3.8V, and when
maintaining 32ms x2.

VSENSE

Battery voltage detection, constant voltage charge control pin
Connect to the positive side of a battery pack.

10

BAT

Charge Tr output pin
Connect to the positive side of a battery pack.

Absolute Maximum Ratings

ltem Symbol Ratings Units
Storage temperature Tstc -55~+150 °C
Operating temperature Torr -40~+85 °C
AICHG, Voo, BAT pnvotzge | V7 03460 v
BAT pin output current IBAT 1.5 A
LED pin output current ILED 20 mA
Power dissipation Pd 2.25 (*1) w

note : *1 When mounted on a 40 x 40 x 1.6tmm (Copper foil area 50%, FR4) PC board.

Recommended Operating Conditions

Item Symbol Ratings Units
Operating temperature Torr 0~+45 °C
Vce Operating voltage Vop 4.0~6.0 \Y

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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= Yoozl MO a1 = loal= g [yl (o)l (Except where noted otherwise Ta=0~45°C, Vcc=5V)

Item Symbol Measurement conditions Min. | Typ. | Max. | Units
Supply current 1 Ieccl | During fast charge (Irapchg = 500mA setting) 30 | 45 | mA
Supply current 2 (1) Iec2 | During fast charge (Irapchg = 1000mA setting) 35 | 52 | mA
Inflow current of BAT/Vsense pin under the
following conditions :
Leak t1 Ileak 1 2
eak curren ca 1. BAT (=Vsense)=4.2V AC adaptor is unconnected wA
2. Vce=4.8V charging is completed
Inflow current of BAT/Vsensk pin under the
Leak current 1 (*1) Ileak | following condition: 1 2 HA
1. BAT (=Vsense)=1.0~4.2V AC adaptor unconnected
Reset detection voltage Vpor Reset mode when Vcc<Vror 23 |25 |27 |V
ADP detection voltage Vadp Charging stops when Vcc<Vadp 36 | 38 | 40 v
Vsense pin discharge current 1 | Idischgl | Vsense (=BAT)=3.2V in charge error mode 10 20 | pA
Vsense pin discharge current 2 | Idischg?2 Vsense (=BAT)=3.2V 100 | 200 | 300 | pA
Charge start detection Vstart Used f(?r battery connection detection as well 011112 v
voltage Charging stops when Vsense (=BAT)<Vstart
tecti N li 1 i
Charge start de ec. ion Vstarthys ot ?pp 1ed’ to battery voltage detection 50 | 100 | 150 | mv
voltage hysteresis immediately after reset release
Fast-charge start detection voltage | Vqchgon 29 | 30 | 31 v
Fast-charge start det.ection Vachgonhys Applied to detectiqn voltage from fast 40 80 | 120 | mv
voltage hysteresis charge to trickle charge
Recharge detection voltage | Vrechg | Charging restarts when Vsense (=BAT)<Vrechg | 3.87 | 3.97 | 4.07 | V
BAT regulation voltage Vchg 417 | 420 | 423 | V
Charge stop 1/0 potential Charge stops when Vcc-BAT<Vdefl
5 30 | 65 \%
difference 1 Vdefl Vee=High—Low m
Charge stop 1/0 potential Charge stops when Vcc-BAT<Vdef2
Vdef2 5 45 | 65 \%
difference 2 ¢ Vee=Low—High o
Battery overvoltage detection voltage | Vov Vee=>Vov+100mV 427 | 435|443 | V

note : *1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Item Symbol Measurement conditions Min. | Typ. | Max. | Units
Forced charge current Istart RICHG=2.32kQ 0.3C (1.0C=Irapchg) 116 | 167 | 219 | mA
. RICHG=2.32kQ 0.1C (1.0C=Irapchg)
Trickle-charge current Iprechg BAT=2 6V 40 56 72 | mA
. RICHG=2.32kQ 0.1C (1.0C=Irapchg)
Trickle-ch t (%¥1) |Iprechg(* 4 2 | mA
rickle-charge current (*x1) | Iprechg(%) BAT=Vstart-Vqchgon 0 56 7
RICHG=2.32kQ 1.0C
Fast-charge current Irapchg BATZ3.6V 530 | 558 | 586 | mA
RICHG=2.32kQ 1.0C
Fast-ch t (*1 *
ast-charge current (¥1) | Irapchg(*) BAT=Vqchgon-Vchg 530 | 558 | 586 | mA
RICHG=1.30kQ 1.0C
Fast-charge current2 Irapchg?2 BAT=3.6V 1000 mA
Charge completion current Ifc RICHG=2.32kQ2 BAT=Vqchgon 40 56 72 | mA
Charge completion current (%¥1) | Ifc(*) RICHG=2.32kQ2 BAT>Vqchgon 40 56 72 | mA
Chip temperature detection1(x1) | Ttregl Applied to Tj (chip temperature) 83 | 93 | 103 | °C
Chip temperature detection2(x1) | Ttreg2 Applied to Tj (chip temperature) 103 °C
Chip ten'1perature detection Tdtreg Applied to Tj (chip temperature) 5 10 15 oC
difference (*1) Ttreg2-Ttregl
Thermal shutdown temperature (*¥1)| Tsd Applied to Tj (chip temperature) 143 | 153 | 163 | °C
Ta t detecti
emperature detecting Vop Vop pin Output Voltage 1.92 vV
reference voltage
Te t tecti
empera ufe detecting Iop Vop pin Output Current 3 mA
reference terminal current (x1)
Charge stop temperature detection . Vbpx | Vppx | Vppx
VthSL | Ch top threshold when TH 2°C v
voltage (Low temperature) arge stop threshold when TH pin rises (2°C) 0.6966|0.7142/0.7313
Charge stop temperature detection ) Vopx | Vbpx | Vbpx
VthSH | Ch top threshold when TH pin falls (43°C A%
voltage (High temperature) arge stop threshold when TH pin falls (43°C) | ) 200 514610 3604
Charge recovery temperature ) Vopx | Vopx | Vbpx
VthRL h threshold when TH pin falls (4°C A%
detection voltage (Low temperature) Charge recovery threshold when TH pin falls 4°C) | o707/ 606610.7141
Charge recovery temperature .. Vopx | Vopx | Vbpx
VthRH | Ch threshold when TH 38°C A%
detection voltage (High temperature) arge recovery threshold when TH pin rises B°C) | 50,1 9947104014

note : %1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



MITSUMI Lithium-lon Battery Charge Control IC MM3358

Item Symbol Measurement conditions Min. | Typ. | Max. | Units
TMRcnt pin Low-level input voltage | Vtmrl 0.5 A%
TMRcnt pin High-level input voltage | Vtmrh 2 A"
TMRcnt pin Low-level input current Itmrl TMRcnt=0V 1 HA
TMRcnt pin High-level input current | Itmrh TMRcnt=5.0V 10 | pA
LED Output pin High-level voltage | Vledh lled=-10mA Vee-0.6 A%
LED Output pin leak current | Iledleak LED=0V -1 1 HA
Series Pass Tr On Resistance Ron [o=200mA 038 06 | Q

Oscillator frequency (*1) Foc Rosc=100kQ 576 | 64 | 704 | kHz

Applied to a LED pin when Rosc=100k and

LED Blinking Cycle (*1) Fled ) 0.922]1.0241.126| s
in charge error mode
LED Blinking Duty (*1) Dled Applied to a LED pin when Rosc=100k 30 50 70 %
Vsense pin discharge time (¥1) | Tdischg Foc=64kHz 58 64 70 | ms
Foc=64kHz Vpor<Vcc<Vadp
i Tad 24 32
He Ada-ptor.connectlon adp Applied when Vce=>Vadp detection s
detection time (*1, 2)
Tadp2 Applied when Vce=<Vpor detection 32 | 64 | 96 | us
Forced charge time (*1) Tistart Foc=64kHz 480 | 512 | 544 | ms
Forced charge OFF time (¥1)| Toff Foc=64kHz 115 | 128 | 141 | ms
B | i
attery voltage detection | p, - Foc=64kHz 96 128 | ms
time (*¥1, 3)
Fast ch tart volt
ast charge start Voltage | 1 start Foc=64kHz 96 128 | ms
detection time (*1, 3)
h leti t
Charge completion current | ., Foc=64kHz 192 256 | ms
detection time (*1, 4)
Rech tart volt
ecnarge start VoRag® | Trechg Foc=64kHz 192 256 | ms

detection time (*1, 4)

Trickle-charge timer (x1) Tdchg | Valid when Foc=64kHz TMRcnt=Low or Open | 54 60 66 | min

Fast-charge timer (*1) Tchg | Valid when Foc=64kHz TMRcnt=Low or Open | 270 | 300 | 330 | min
Battery overvoltage Tov Foc=64kHz 96 128 | ms
detection time (*1,3)
Charge stop temperature
detection time (*1,3)
Tpro Foc=64kHz 96 128 | ms

Charge recovery temperature
detection time (*1,3)

note : *1 The parameter is guaranteed by design.

note : *2 The detection time varies depending on the timing of detection for approximately one clock due to
the mode transition system operated when matched 4 times in 8ms.

note : *3 The detection time varies depending on the timing of detection for approximately one clock due to
the mode transition system operated when matched 4 times in 32ms.

note : *#4 The detection time varies depending on the timing of detection for approximately one clock due to
the mode transition system operated when matched 4 times in 64ms.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Measuring Circuit
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[\ =TS0 d= 0= la10 @ e gl i{[e]als3 (Except where noted otherwise Ta=0~45°C, Vcc=5V)

Item Symbol Mea;ggﬁwent Measuring conditions
Subblv current 1 Lecl A Measure the current of [1-110 when
PRl ¢ R8=(Irapchg=500mA setting) and IF10=500mA.
Measure the current of I1-110 when
*
Eply G 2 41 Tec2 A R8=(Irapchg=1000mA setting) and IF10=1000mA.
1. Measure the current of 110 when VF1=0V and VF10=4.2V.
Leak current 1 Ileak A 2. Measure the current of 110 when VF1=4.8V and VF10=4.25V
(charge completion mode).
Leak current 1 (*1) Ileak A 1. Measure the current of 110 when VF1=0V and VF10=1.0~4.2V.
Reset detection Voor B When gradually increasing VF1 from 2.3V to 2.7V under the condition of VF9=3.2V
voltage p and VF10=3.2V, the VF1 when I9 exceeds 100pA should be Vpor.
Adaptor detection Vad C When gradually increasing VF1 from 2.3V to 4.0V under the condition of
voltage p VF10=3.2V, the VF1 when V3 changes from Low to High should be Vadp.

Vsense pin discharge Idischel B Measure the current of I9 when VF 9=4.5V to 3.2V after being kept under the
current 1 g condition of VF10=3.2V and VF9=4.5V and entering into error mode.

Vsense pin discharge

Idischg? B Measure the current of 19 immediate after increasing VF1 from

current 2 2.3V to 5.0V when VF9=3.2V and VF10=3.2V.
. When gradually increasing VF10 from 1.0V to 1.2V under the
Charge::;: deetectlon Vstart C condition of VF10=0.5V, the VF10 when the charging starts
9 (110j>1mA) and V3=Low to High should be Vstart.
e s e When gradually decreasing VF10 from 1.2V to 0.8V under the condition of

Vstarthys C VF10=1.5V, the VF10 when the charging stops (|I10[<1mA) and V3=High to
Low should be Vstart2. Vstarthys=Vstart—Vstart2

Fast-charge start Vacheon A When gradually increasing VF10 from 2.9V to 3.1V under the condition of
detection voltage dche VF10=2.5V, the VF10 when |[10] exceeds 530mA should be Vqchgon.

When gradually decreasing VF10 from 3.1V to 2.7V under the condition
Vqchgonhys A of VF10=3.5V, the VF10 when |[10]| falls below 530mA should be
Vqchgon2. Vqchgonhys=Vqchgon-Vqgchgon2

When gradually decreasing VF10 from 4.07V to 3.87V after being
kept in the condition of VF10=4.25V and entering into charge

voltage hysteresis

Fast-charge start detection
voltage hysteresis

Recharge detection

voltage Vrechg ¢ completion mode, the VF10 when the charging restarts (|[10|>1mA)
and V3=Low to High should be Vrechg.
BAT regulation voltage| Vchg A Measure the voltage of V9 in fast charge mode and when IF10=

~72mA (|IF10}>Ifc).

When gradually decreasing VF1 from 4.1V to 4.0V under the
Vdefl A condition of fast charge mode, VF1=4.1V, and VF10=4.0V, the V1-V10
when the charging stops (|[I10|<1mA) should be Vdef1.

When gradually increasing VF1 from 4.0V to 4.1V under the condition
Vdef2 A of fast charge mode, VF1=4.0V, and VF10=4.0V, the V1-V10 when the
charging restarts (|[I10[>1mA) should be Vdef2.

When gradually increasing VF10 from 4.27V to 4.43V under the condition
Vov C of VF10=4.25V, the VF10 when V3 becomes blinking (repeating High&
Low, charge error mode) should be Vov.

Charge stop I/0 potential
difference 1

Charge stop 1/0
potential difference 2

Battery overvoltage
detection voltage

note : *1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Item Symbol Mea;%ﬁ?ent Measuring circuit
Forced charae current | Istart Measure the current of 110 immediately after increasing VF1
: from 2.3V to 5.0V when VF10=3.6V and R8=2.32kQ.
Trickle-charge current | Iprechg A Measure the current of 110 when VF10=2.6V and R8=2.32kQ.
Trickle-charge current (*1) | Iprechg (%) A Measure the current of [10 when VF10=Vstart~Vqchgon and R8 = 2.32kQ.
Fast-charge current | Irapchg A Measure the current of 110 when VF10=3.6V and R8=2.32kQ.
Fast-charge current (1) | Irapchg () A Measure the current of I10 when VF10=Vqchgon~Vchg, R8=2.32kQ.
Fast-charge current2 | Irapchg2 A Measure the current of 110 when VF10=3.6V and R8=1.30kQ.
Charae completion When gradually increasing VF9 from 4.1V to 4.2V under the condition
gcurrenf Ifc B of VF9=3.6V and VF10=Vqchgon, the |I10] immediately before
V3=High to Low and the charging stops (|[I10]>1mA) should be Ifc.
Charge combletion When gradually increasing VF9 from 4.1V to 4.2V under the condition
C?Jrrent (5:1) Ifc (%) B of VF9=3.6V and VF10>Vqchgon, the |I10] immediately before
V3=High to Low and the charging stops (|[I10]<1mA) should be Ifc.
When gradually increasing chip temperature from 83°C to 103°C
Chip temperature Ttreol A under the condition of fast charge mode, VF1=5V, and VF10=4V, the
detection 1 (1) g chip temperature when 110 drops to the value that is 1C (I10 when
chip temperature is 25°C)x 95% should be Ttreg1.
When gradually increasing chip temperature from 85°C to 120°C
Chip temperature Ttree? A under the condition of fast charge mode, VF1=5V, and VF10=4V,
detection 2 (*1) g the chip temperature when 110 drops to the value that is 0.2C(I10
when chip temperature is 125°C)x105% should be Ttreg?2.
Chip temperature g
Rt Tdtreg A Tdtreg=Ttreg2 -Ttregl
When gradually increasing chip temperature from 143°C to 163°C under
Thermal shutdown Tsd C the condition of fast charge mode, VF1=5V, and VF10=4V, the chip
temperature (*1) temperature when V3 becomes blinking (repeating High&Low, charge
error mode) and the charging stops (110 < 1mA) should be Tsd.
Temperature detecting |y, D Measure the voltage of V5 when VF6=1.0V and VF10=3.6V.
reference voltage
Temperature detecting reference I D When gradually decreasing IF5 under the condition of VF6=1.0V
terminal current (1) bb and VF10=3.6V, the |IF5| when V5=Vppx90% should be Ipp.

Charge stop temperature When gradually increasing VF6 from 1.0V to 2.0V under the condition
detection voltage VthSL D of fast charge mode, VF6=1.0V, and VF10=3.6V, the VF6 when V3=
(Low temperature) High to Low and the charging stops (|I10|<1mA) should be VthSL.

Charge stop temperature When gradually decreasing VF6 from 1.0V to 0V under the condition of
detection voltage VthSH D fast charge mode, VF6=1.0V, and VF10=3.6V, the VF6 when V3=High
(High temperature) to Low and the charging stops (|[10|<1mA) should be VthSH.

Charge recovery When gradually decreasing VF6 from 2.0V to 1.0V under the condition of
temperature detection VEhRL D charge stop temperature detection mode, VE6=2.0V, and VF10=3.6V, the

voltage
(Low temperature)

VF6 when V3=Low to High and the charging restarts (|[I10]>1mA) should
be VthRL.

note : *1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Item Symbol Mea;%ﬁ?ent Measuring circuit
Charge recovery When gradually increasing VF6 from 0V to 1.0V under the
temperature detection VthRH D condition of charge stop temperature detection mode, VF6=0V,
voltage and VF10=3.6V, the VF6 when V3=Low to High and the charging
(high temperature) restarts(|[10|>1mA) should be VthRH.
TMRcnt pin Low-level . When gradually decreasing from 5.0V to 0V under the condition of fast charge
input voltage Vimr mode, time reduction mode (See Pin description), VF7=5.0V, and VF10=3.6V, the
C voltage below V3 should be Vtmrl and the voltage exceeding V3 should be VtmrH
TMRcnt pin High-level Vimrh when V3 becomes blinking (repeating High<Low, charge error mode) and the
input voltage charging stops (|[110|<1mA).
TMRcnt pin Low-level Ttmrl A Measure the current of 17 under the condition of fast charge
input current mode, VF7=0V, and VF10=3.6V.
TMRcnt pin High-level Ttmrh A Measure the current of I7 under the condition of fast charge
input current mode, VF7=5V, and VF10=3.6V.
LED output pin High- Viedh A Measure the voltage of V3 under the condition of fast charge mode,
level voltage IF3=-10mA, and VF10=3.6V.
LED output pin leak Measure the current of I3 when VF3=0V and VF10=4.25V (charge
Iledleak E .
current completion mode).
Series pass Tr On Measure the voltage of V1-V10 under the condition of fast charge
resi'z o Ron A | mode, VF1=4.0V, and IF10= -200mA.

Ron=(V1-V10) /200mA

Measure the blinking cycle(repeating High&Low) of V3 after

LED Blinking Cycle (%¥1)| Fled C being kept under the condition of VF10=4.5V and entering charge
error mode.

Measure the duty ratio of blinking cycle (repeating High&Low)

LED Blinking Duty (*¥1)| Dled C Fled of V3 after being kept in the condition of VF10=4.5V and
entering charge error mode.
Vsense pin discharge When increasing VF1 from 2.3V to 5.0V under the condition of VF9=3.6V
W 1 Tdischg B and VF10=3.6V, measure the time from when VF1>2.5V(Vpor) to when
1S () the current of 19 drops below 100pA.

1. After being kept for 128ms and more (more than Tpro) under the
condition of VF10=3.6V and VF1=2.3V to 3.6V, measure the time
from when VF1>3.8V(Vadp) to when V3=Low to High when

Tadp C increasing VF1 from 3.6V to 5.0V.
AC Adaptor connection 2. When decreasing VF10 from 5.0V to 3.6V under the condition of fast
detection time (*1) charge mode and VF10=3.2V, measure the time from when
VF1<3.8V(Vadp) to when the fast charge stops(|110|<1mA).
When decreasing VF1 from 5.0V to 2.0V in fast charge mode and
Tadp2 C when VF10=3.6V, measure the time from when VF1<2.5V(Vpor) to

when V3=High to Low.

note : *1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Measurement

Item Symbol e Measuring circuit

. When increasing VF1 from 2.3V to 5.0V under the condition of
Forced charge time

*1) Tistart C VF10=3.6V, measure the time from forced charge start(|/I10[>1mA) to
forced charge stop(|110|<1mA).
Forced charae OFF After increasing VF1 from 2.3V to 5.0V under the condition of
time (*19) Toff C VF10=3.6V, the half time from forced charge stop(]I10|]<1mA) to
fast charge start(|[10|>1mA) should be Toff.
When decreasing VF10 from 4.25V to 3.8V after charge complete
Battery voltage mode under the condition of VF10=4.25V, the half time from when

detection time (*1) Teon ¢ the current of 19 exceeds 100pA to when V3=Low to High and the

charging restarts(|[10|>1mA) should be Tcon.

Fast charge start When increasing VF10 from 2.6V to 3.6V under the condition of trickle
voltage detection time| Tqstart C charge mode, VF10=2.6V, and R8=2.32kQ, measure the time from when
(*1) VF10>3.0V(Vqchgon) to when fast charge starts(|[10[>530mA).

‘When decreasing IF10 from-80mA to -30mA under the condition

Charge completion current

L Tifc F of fast charge mode and R8=2.32kQ, measure the time from when
detection time (1)

IF10>-56mA (Ifc) to when the charging stops (110>-1mA).

When decreasing VF10 from 4.25V to 3.8V after charge completion
Trechg C mode under the condition of VF10=4.25V, measure the time from
when VF10<3.97V (Vrechg) to when the current of I9 exceeds 100pA.

When decreasing VF7 from 5.0V to 0V under the condition of trickle
charge mode, VF7=5.0V, VF10=2.6V, and time reduction mode(See Pin
description), measure the time from when VF10<0.5V (Vtmr) to when V3
starts blinking (V3=High to Low, charge error mode) and the charging
stops(|110|<1mA). Tdchg=Tdchg2x2.304E + 08/109 in time reduction
mode due to a TH pin.

Recharge start voltage
detection time (*1)

Trickle-charge timer (*1) | Tdchg C

When decreasing VF7 from 5.0V to OV under the condition of fast
charge mode, VF7=5.0V, VF10=3.6V, and time reduction mode (See
Pin description), measure Tchg?2 that is the time from when

ST iz (1) Tchg ¢ VF10<0.5V(Vtmr) to when V3 starts blinking(V3=High to Low, charge
error mode) and the charging stops (|[I10[<1mA).
Tchg=Tchg2x1.152E + 09/137 in time reduction mode due to a TH pin.
When increasing VF10 from 3.6V to 4.5V under the condition of fast charge
Battery overvoltage

Tov C mode and VF10=3.6V, measure the time from when VF10>4.35V (Vov) to
when V3 starts blinking (V3=High to Low, charge error mode).

When increasing (decreasing) VF6 from 1.0V to 2.0V(0V) under the
condition of fast charge mode, VF6=1.0V, and VF10=3.6V, measure

detection time (*1)

Charge stop temperature

detection time (1) Tpro ¢ the time from when VF6>VthSL(VF6<VthSH) to when V3=High to
Low and the charging stops(|I10|<1mA).

Siere e When decreasing (increasing) VF6 from 2.0V(0V) to 1.0V under

e e Tpro C the condition of charge stop detection mode, VF6=2.0V(0V), and

VF10=3.6V, measure the time from when VF6<VthRL(VF6>VthRH)

time (*1) to when V3=Low to High and the charging restarts (|[10]>1mA).

note : *1 The parameter is guaranteed by design.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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Timing Chart (*All typ. numeric value)

M Normal charge

5V | -
Adaptor 38V | -
Voltage 25v k-

Vce Reset detection Vcc >Vpor (2.5V)
ov
. recharge
charge start charge completion charge stop(reset)
1 1

4.2V
3.97v

1
1
1
3.0v : 1
1 1 | 1
Battery I ! I | I
1
Voltage X | X ' X
BAT . ! . . .
1 1 1
1 ! 1 : 1
1.0v 1 + I Y 1
: : 1 1 ! ! 1 ! | 1
1 1 1 ! ! 1 ! | 1
| ! 1 1 ! ! 1 ! | 1
' : L 1 1 ! 1 ! L I
| 1 ! ! 1 ! | !
\ : 1 1 ! X 1 X | 1
1 1
: ! Eg;?;g : : 1 1 : 1 :CC charge2 |
| : CC charge1 1 CC charge2(fast-charge) ! CV charge 1 charge completion, (recharge) 1
| Tistart ! (pre-charge) 1 ! J ! ! | !
—— + »
I | 512ms | ! - i Vo=4.20V ) ' | i ! charge stop
1 1 1
1 : : 1 ! ! : Tifc! : :Trechg 1 !
1 | \ ! ' X . 256ms ! X 256ms 1 '
! 1 \ | con
100 ! 1 : N X ! X D :_ \ | :]28ms !
- -t CT T T T T T T T YT T T T T T e, o1 - - mTTT T T T T ST T T ' D I [
Tdisch . 1 I ' 1 I
oAmS N d' Toff Tgstat  Tastart X 12EIoff Izcén ! 128Toffn
>, Tadp 128ms 128ms 128ms ms ms ms1
. 1 32ms e — O R
Charge 1 . — 1 1 o] 1 ! \
Current ! 1 Tpro Tdischg : : ; ’Chip temperature detection 1 :leschg : Tdischg | : :
c 4 _ _1128ms 64ms | | . (Tjmax<93~103°C) 1o BAms Gams1
0.3C |- - | I L | 1 oy ! ! L
, 1 [ | ! Lot | 1 Yy
01C |- -q--F--F---- F - - —_— e == =D ! | 1 Y
. 1 [ | [ 1 ! : [
L] L I L 1 P
' | [ ol 1 ] 1
: 1 : [ : o 1 : 1 : 1
. 1 ' : 1 | [ ! ! 1 !
1 1 | L 1 1 1
SOOpA———:——:-—— - e R e
VSENSE R N L I R
i 200pA i
Discharge (eoho2) '
Current 1pA !
(lleak) X
1
1
1
1
L
| 1
I 1
LED | !
1
OFF — 1o - _-_ —— -
1 | 1 ! 1
1 | 1 ! ! | 1
1 | 1 1 I ] 1
1 | 1 ! ! | 1
No-o-deo oo oo P, e e e :_ ____________ _____ .
Pre charge ! | | ! \
. 1 1 1
Co - -
min ' ! | X |
OFF | —_— - ; : T T
! ! 1 1 : :
ON - - _: _____ :_ ________________ ! L .
Fast charge 1 !
timer : !
(300min) ! I
OFF L . S, —— -

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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M Input Adaptor

M Release Adaptor

Vce Vce N
1
1
1 [l
BAT 3.6V BAT 36V : : : :
! | ]
1 [N
T 1,00 b = At = = — - - -
Charge ! 512ms 128ms Charge i (Tadp) ! N
Current 030! (Tistart) (Tastart) Current ! \ ¥
0A - 0A;----- L
: 1128ms, ! : Y
300pA | (o ! L
VSENSE B - - V/SENSE 300pA —m—— |,
. 2000A g i2eme __ f ] | . | N
Discharge  (dischg?) | | Discharge ) N
Current iy ! ___ (dseng]” Current | aidaly ;... L o
OuA ! i S OpA - === riiaiaiall o
X (rgzitsrgﬁ ) [ ! 1 164s
! 9 1 ! 1 1(Tadp2)
ONl- s e e e e e e e e e e e o - 1 - ON
1 1 I I
LED X OFF ! ON LED ! on: | oFF
OFF | OFF ko mm e e e ]

M 1.1V<BAT<3.0V, Charge start (trickle charge)

M Trickle charge timeup

3.8V!
b ____
1
Vce oV e e ____ Vce
1
1
[0) 2 s S
1 1
BAT 25V . .
410G - L __ _|[Forcedcharge] 1 _ i[Tickle charge] BAT
' | 32m r i
512 ! 128
8 narge 0.3C : i (ré,ldp)' st 1 (Tgstard
urrent ad B B . N
R TeR MR s puy ypuppp— i Charge
0A
! [ 1128ms  128ms ! | Current
3000A : : | 1 (Tpro) (Toff) : \
pA L - P
V/SENSE ] §-°°ﬁA2)I- . _'_"_ ] : \/SENSE
i ischg i 10pA
Discharge | raims ! Discharge jou,)!
Current (leak)  _ _ _ J-b—J— 2 __ " " Current WpAlleak)  — } - - - T T L L L L - ---—---=-
| 64ms T TTTTTTTTTT T T T T T T T [
: (Tdischg) : : Blinking1.024s(Fled)
1 | I P T T
ON T ON hie o
1 1
LED ! OFF ON LED !
OFF | OFF | _ _______Uuu

3.8V 1
e ___
Vee 2BV P === f-mmmmmmmmmmmm e m oo
1
1
oV ; fooooooomomomoTomomoes
BAT 36V —
1 1
100 1 : 1 : [Forced charge]_: I[Fast charge]
e Bgmg, T T T T ——
Charge ! ! '(Tadp)I 512ms X
1 [ ] . I 128ms
Current 03C 1= = = ~I=r e (Tgstan)
0A
] | Msms, , 128ms | K
3000A | i ooy o
V/SENSE [—
. 200pA |- - — -
Discharge (IdlscﬁgA2): )
Current e |
I 64ms
1 (Tdischg)
1
ONFr—-=-=-=-=---
1
LED ! OFF ON
OFF !

1
5V |-
Vce ! |
oV

BAT<4.2V |- == == == === - = - - - - - - -
BAT | !
BAT>3.0V | . Timer Reset _ !
Timer Start Timer Start 1
1.0C * e [Fast charge] ! [charge stop]
Charge 0T ax30omin ] 300min(Tchg) charge error mode
Current OAO_._-1CI'-:(_rcl‘g_)_t::i:::::::::::: ''''''''
[ 1 |
1
V/SENSE 300pA 1= : :
Discharge 10pA | I I
Idischg1) ' _
Current (ol
Al -
OpA |
1
20V I- == = = = =
TMRcnt 2ovi- -
ov
1
ON:-
LED X
OFF

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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M BAT<1.1V, Charge start (Battery unconnection)

M BAT>4.35V, Charge start (battery overvoltage)

3.8V 3.8V 1
r---f~-~-"~"~"7"T7"T°"TT°"~"~°°-~-T-°T°T-T-T-=-=-°—-7=-7% r---¢4-"-"-"-"-"=""=""=""="°~"~*¥"¥=7¥=*¥~*¥"¥=¥=~*¥"¥=7¥=”¥=”"=°
1 1
Vee R Vce X A B e
1 1
N e R oV e
1 1
BAT 0.5V . |
: 1 1[Forced charge] | 1 [charge stop] BAT a4V \ :
1.0C === - rF e =TT T il el Battery 10C - - - -1 _: - :_ _ lehargestop] ____ _____
| Ui (Tadp)! | 1 i T 32ms Charge error mode
Charge n '_'—n—“—(T ’i)} faa 1 q2ms o Charge . (Tadp)) !
Current 03C | T:- L : Current ! 128ms! 1|
X I | v I (Tpro)usr
—_—l e e e s T m m e m e m - -
"= | 1128ms 1128ms ! 0A0'1C . LT
1 1(Tpro) : 1(Toff) : ’ : T
V. 300pA ‘oL __ ! | X 1 1 128ms
SENSE 200pA ! ! I soopa Lo -t OV
Discharge tdischg2 "™ """ T g o VsENsE 200pA T T
1uA ! — 1 . (Idischg2) F |
Current ey 1oL __ (Tdsehdn ! Discharge GOuA 1 e
wA T eams T i Current (R b
: (Tdischg) : OpA : (Tgflmﬁ )
I
ON===----- I *" Biinking 1.024s(Fled)
1 Lm e e - = - - Jp— -
LED i OFF ON OFF ON, N
offF 1 LED : OFF !
OFF ! _ | _ o o
M BAT=4.2V, Charge start (charge completion)
1
3V !
Vee 2.5V :- e
1
1
[ A e e
1 1
BAT 4.2v "
1 1 1[Forced charge] 1 | 1 \[charge stop]
L.~ S T T T T T G,
I(1adp, 512ms 128 2561 128ms completion
Charge ! r—1 (Tistart) ' (T qstgpts) (Ti rfncs) (T qstgpts) mode
Current 03C 1-—=--bgr--—----- itiitHatini Mulinlini it il
, o e —e .‘ )
01C -~~~y """ """~ ~"j-"F--7---j--d4--q----
oA ! T 128ms '128ms ] 128ms !
1 1 !
X . :(Fprcg) , (Toff) 1 1(Tof) !
300pA - - - - o [ 1
VseNsE ZOOHAIL____I T R b
Discharge ('discﬁ92). ) | , | ' \
Current P [ M S o ] I
A ___________________________ b e - - -
Ou ] 64ms 64ms 64ms ]
1 (Tdischg) (Tdischg) (Tdischg) |
1 1
ONI-=-=--=---
1
LED oFF ! OFF ON OFF
—— - — — = - — ]

M Recharge detection

1
Vce 5.0V : Vce 5.0V h
1 1
1 1
Vi~~~ ~"""--T-------------- OV~~~ ~"~" " - - - - - s------------—-
1
BAT  42v — BAT ao7v \\/
1 1 1
1 1 1 1
! [Faslt charge] , [clharge completion] :[Charge terminaiion] . ! [Fast charge]
041G - - o == - 1 128ms, 1.0C ! , 256ms  428ms 128
Charge : ! (lastarth Charge : ! (Trechg) | (Tof) y(Too).
Current ' | 256ms ' '.' X Current I A
wo LT e on! ]
| \ 1 (Toff) | | 1 | | '
Vsense 288“2 . | y ' ! Vsense 288“2 :_‘_'_'_‘_'_'_‘_:‘_‘_'_'_‘_"' i
Discharge  (dischg2 ==~~~ 77 1T ams ! ! I Discharge (dischg2)t " 64ms !
1 1 Béms ! 1 1pA ! ' i !
Current (lleak) - - — — — - = [ (Tdischg] Current (lleak) L L (Tdischg) |
OpA = =~ 7= === i T--t--f1------ QA" -~ —TT T T T T R T e il
1 1 1 1 1 1 1
I : : I : I 1 I 1 I
1 1 1 1
on '} : — ON'mmmmmmmbeens
LED N ! - OFF LED .OFF Lo oN
OFF ' - oo - - [N OFF ! ! LN R

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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M Fast-charge start voltage detection M Chip temperature detection

1
5.0V r :
Vee X Vce !
OV ==~ =~ " - s msmsmm———m—----- b ittt
1 1
, , :_|/"/
a0V :__;Q—.L-——/ BAT BAT>3.0V Chip temperature detection
BAT : b (charge current is controlled

! [Fast charge]

1
1
| to become Tjmax.=93~103°C)
1
1
1

1.0C 1- == = = - — 2
\[Trickle charge] [Fast charge] Charge ! :
106 = ------ TS Current '
Charge | ' 128ms
Current ! ((Tastart) | 0A
016 ——————— ] V/'SENSE i
- : 300pA 11—
OAIm= === " FoTTTpTTTTT T Discharge 008 !
300pA | ! ! Current (idischg1) | _
VsENSE ZOOEA opa Al - - |
1 1
i (dischg2)!= =~~~ =~y -~~~y ~"--"-------- . o !
Discharge ! ! X Chip 108°C - - &
Current (lléak) ! L e
OpA - - - _l-_'_'_-_'_:'_::-_'_'_-_I_:'_'_-_'_'_-_'_:'_'_-_'_ Temperature
: 1 1
1 1 1
1 ! ! -
o T LED o
1 1 1
ON 1 1 !
LED o ! X . OFF. |

5V
Vce
ov

BAT BAT>3.0V

1.0C

Charge
Current 0.2C
0A
V/SENSE 300pA

. 10pA
Discharge (Idiso%gﬂ »

Current TuA(lleak) -
1

OpA
Chip 153°C |
Temperature  103°C
93°C . 1.024s(Fled)
h :Blinking p

ON - -
LED ' on | | | | | |
OFF \_ _ _ _ _ ________ - - -

M Battery temperature detection

5V
Vce

]
1
I
0 1Y/
1
1
1
I

BAT  3.0v<BAT<4.2v
1

\[Fast charge] [Fast charge] [Fast charge]
10— - """ "7~ -~~~ -1 —
Charge 128ms, 128ms, ' l128ms i J128ms
Current :(I' pro) | (Tpro) .“_’ | (Tpro) Y pro)
1 1 1 1
e - - — -
0A ! 1 1 1 1
VSENSE 300pA :—:— """ 1 ]
Discharge 10pA ! | ] ] !
Idischg1) 1= = = — — |
Current 1pA(leak) © = = - L
OpA ) 1 , 1 . I
| 1 porog ;!
0 1 1 1
Batt (VDD*0.34434§):_ _ 2 N oo L P
attery NDD~0.3484% :_ s _: _____ U —
Temperzlalture (VDD*O.GE;%)((S;).::::: oizzozcoioo Zzzzz2fozczzco:
(TH pin) (VDD'0.712420): X Co : X
oN —_— 1 o 1
1
LED I ON ON ON
OFF' _ ___ o o

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
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Flow Chart

No

Reset release

RESET="H" Vee >Vpor(2.5V)

Yes TRESET="L"

T~

Yes_ — Reset detection >~
~_ Veosvpor25Y)

~ -

—
. ~ NOTRESET="L"
—— ~AC adaptor copnection™ ~—~
N — tection time
~Continue for Tadp(6dps) _— —
~ —
Yes| RESET="H"
< No — T T~
~Chi detection >~
T|<Tsd1|53"C)/ -
Yes
LED:OFF
—

No T

Charge error
Charge stop
LED:Blinking
Error detection reset
Timer reset
Vsense pin discharge;
Idischg1(10pA)

—
~Battery etecnon —
Ba VBAT<Vov(’A 35V)_—

VBAT >Vov(4. 35V) )
ms)

continue for Tov(12:
Gontinue

vsgnse pin discharge
192(2004A)
lesch9154ms)

Adaptor connection detection
a

Charge stop temperature detection
VinsH(43°C)< VTH< VinsL(2°C)

AC adaptor connection detection time
ontinue for Jadpqazms)
an

Charge stop temperature detection time
Continue for Tpro(128ms)

Forced charge ON
CC/CV charge for Tistart(512ms)
Istart (0.3C)/Vchg(4.2V)

v

Forced charge Ol
charge stop for Tom(128ms)

Idischg2(200uA},Td\schgtSdms}
>l

Alwaye operation after
first char
temperature detection

— —
__— — Charge s(op (emperamre\ —

—— HaVIhSL 2" C) or
—— VTH<vms (a3'c) —
ves
— — - ~—~
_— Charge stoE temperature —
T — o

ntinge for Toro(128ms
~Gontinu (128

Charge stoj
Terperailte detection
charge stop
LED:OFF
timer interruption
Stop VSENSE pin
discharge

Charge recovery temperature
etection
VinRH(38°C) <V TH<VenAL(4°C)

Charge recovery
temperature detection time
Continue for Tpro(128ms)

Battery voltage detection
time continue for Tqstart
(128ms)

Fast charge
CC/CV charge

Irapchg(1.0C)/Vchg(4.2V)

dchg(300m
start

VBAT Z Vgehgon(3.0V)

— T~

.~ Battery voltage detectior— N
~lime contmue for Tgstark
~ (128ms)_—~

Batter
mym
Charge stop
LED:OFF
Error detection

reset
Timer reset

Battery voltage detection m
Vaar

Yes [ VearzVstart(1.1V)

Battery voltage detection
ime con(n%e fo)r Tasta

(121

VeAT<Vstart-hys(1.0V)

Battery voltage detection
Jime canfioue | k:)r Tostart

attery voltage detection
{ime coninye forTastar

Vaar<Vetart (1.1V) Battery votage detection

Yes T Vstart (1.1V)=Vear
<Vqchgon(3.0V)

Battery voltage detection No
time Continue for Tqstart
(128ms)

Trickle charge
CC/CV charge

Iprechg(0.1C)/Vchg(4.2V)

’ Trickle charge timer;Tdchg(60min)

reset — start

VeAT = Vqchgon(3.0V)

Battery voltage detection
Vaar
Vstart-hys(1.0v)
chhgomfi ov)

Battery voltage detection
time continué for Tqstart
(128ms)

No No

Trickle charge timer ;Tdchg(60min)
Reset

Charge timer timeout
Tdchg(60min) No

Battery voltage detection

VIR hys1.0w)

VeaTZVstart-hys
Q.

ov)

No.

Charge current

lcg= [fc(0.1C)

No

Charge completion current
ction time
Gontinué for THeli38ms

Charge timer timeout

Charge OFF
Charge stop for Toff(128ms)

VSENSE pin discharge;
Idischg2(200pA), Tdischg(64ms)

Battery voltage detection
VeAr

VeAT< Vstart-hys(1.0V)

VeaTZVstart-hys
(1.0V)

Battery voltage detection
time cammue for Tqstart

(128ms) Battery voltage detection
time cor'nmue l)or qgstart

Vear<Vstart-hys(1.0V)

Recharge detection voltags

Battery voltage detection fime

tion
s Confed o Gontinue for Tastart(256ms

Charge OFF
charege stop Toff(128ms)
VSENSE pin discharge;
Idischga (300uA). Tdischg 64ms)

VeAT< Vstart-hys(1.0V)

Battery voltage detection
VeaT

VBATZVstart-hys
o0

Battery voltage detection

*1 All typ. numeric value.

me contino ! lo'r Tastart

Battery voltage detection
time con(tlnue Vo)r Tastart

*2 charge current and charge completion current,
teach detection time for RICHG=2.32kQ, Rosc=100kQ.
*3 Dotted line {is a sequence that always operates after
releasing reset.

Charge completion flag clear
LED:ON

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.
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(@sF-1=(011= ¢35} (Except where noted otherwise Vce=5.0V, RICHG=2.32kQ, Rosc=100kQ, Ta=25°C)

B Charge current - BAT voltage

0.6 2
< 09 s 16
S 04 =
= =)
3 03 g 12

o g
% 0.2 o 08
§ o.1 5 s
o .

0 |
-0.1 0
0 1 2 3 4 5
BAT voltage (V)

M RICHG voltage - Charge current

/ <
L~ =
/
//
/,
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Charge current (A)

I Supply current - Vcc (BAT=4.0V, Charge OFF) B Vsense current - Ve (BAT=4.0V, Charge OFF)

2 1.4

o e 12
T " < 10
§ 12 —— 5 08
> 038 w 04
& 3 02
@ 04 // = -
0.0

0 / 02

0 1 2 3 4 5

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 45 5.0

Vce (V)

B Charge current - RICHG external resistor [l Foc - Rosc external resistor

1000

\ 120
800 100

g N

1 —. 80

g 600 e N

N : w
400 ~ o

aé.’ \\ L 40

2 —

& 200 — 20

0 0
1 2 3 4 5 6 7

RICHG external resistor(kQ)

Note : * These are typical characteristics.

\

AN

™.

10

100

Rosc external resistor(kQ)

1000

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
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B Temperature Dependency
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M Series Pass Tr On Resistance
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M Fast-charge Timer
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Application Circuit

AC
adaptor Battery pack | jihiym-ion
B+t
VDG - Vee[1] BAT[10] G } Battery
Gin vemselol— | el | el
u Roscl2] FoHG i : SYSTEM
8 ¢ 1 1
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100k 2.32k ' _I i
7J7 | ; SYSTEM
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£ 10 = i SYSTEM
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) T '~ ' Thermistor
Input Overvoltage Protection 7}7 ~ /
Load Switch : £) 1ok |
THI Jezsc) |
Q B value :
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- We shall not be liable for any trouble or damage caused by using this circuit.

- In the event a problem which may affect industrial property or any other rights of us or a third party is
encountered during the use of information described in these circuit, Mitsumi Electric Co., Ltd. shall not be
liable for any such problem, nor grant.

* Any products mentioned in this catalog are subject to any modification in their appearance and others for improvements without prior notification.
* The details listed here are not a guarantee of the individual products at the time of ordering. When using the products, you will be asked to check their specifications.



