}§ iR / Descriptions
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The DWO03 series product is a high integration solution for lithium-lion/polymer battery
protection.DWO03 contains advanced power MOSFET, high-accuracy voltage detection circuits and
delay circuits.

DWO03 is put into an ultra-small SOT23-5 package and only one external component makes it an ideal
solution in limited space of battery pack. dw03 has all the protection functions required in the battery
application including overcharging, overdischarging, overcurrent and load short circuiting protection etc.
The accurate overcharging detection voltage ensures safe and full utilization charging.The low standby
current drains little current from the cell while in storage. The device is not only targeted for digital
cellular phones, but also for any other Li-lon and Li-Poly battery-powered information appliances
requiring long-term battery life.

$34E /| Features

HEBEERLER 65mQ BISTIHAIINZR MOSFET ;

H/\EEE SOT23-5 ;

TRREP H?EEEEEIFJ%F' 2 Eme AP ¢ IIRREBREIA , REGEIREERR ;
FEERESIEM ; OV EBjth7eERINEE |, ETIEUP\]*‘BiﬁfE , ToraEEREEN ;

KERSHR - IEE TIFRR - 2-8UA FHERAR : L.5uA; &S ROHS iR
Integrate advanced power MOSFET W|th Equivalent of 65mQ Rps(on);

Ultra-small SOT23-5 package;

Over-temperature Protection; Overcharge Current Protection; Two-step OvercurrentDetection:
Overdischarge Current; Load Short Circuiting.

Charger detection function; OV battery charging function; delay times aregenerated
inside;High-accuracy voltage detection.

€ Low Current Consumption; Operation Mode: 2.8uA typ; Power-down Mode: 1.5uA typ ;

RoHS Compliant and Lead (Pb) Free.

L 2R 2R X 2R 2R 2R 2R 2

2

Fi& | Applications

BRSTREFHEIMA ; BRI,
One-Cell lithium-ion battery pack; Lithium-Polymer battery pack.
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DWO03

BABIRTFFRERE / Typical Application

Charger +
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Notes:

(1) The chip power consumption shall not exceed the maximum power consumed by thepackage.
(2) This product has anti-static protection function, but do not exceed the maximum capacity ofthe
product to withstand static electricity.

SIifHESI / Pinning

VT [J1 5[ ]VM
GND ] 2

VDD[] 3 4] Ve

5|RS 5 B2 FR 5| B i 8P
Pin Number Pin Name Pin Description
1 VT Test pin
2 GND Ground, connect the negative terminal of the battery to this pin.
3 VDD Power Supply
4 5 VM The negative terminal of the charger. The internal FET switch
N connects this terminal to GND.
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tRBR&%1 |/ Absolute MaximumRatings(Ta=25°C)

S#/Parameter E/Symbol #E/Value EA{S7/Unit

Vpp input pin voltage ViN -0.3t0 +6.0 \Y
Vwm input pin voltage Vum -6.0 to +10 Vv
Power Dissipation Po 400 mw
Maximum Junction Temperature T, 125 C
Lead Temperature To 300 C
Operating Junction Temperature Topr -40 to +85 T
Storage Temperature Tstg -55 to +150 C

Reua 250 CTIW
Package Thermal Resistance

ReJc 130 CTIW
ESD ESD 2000 Vv

HI4EES%L | Electrical Characteristics( BRIEISRIIETE , Ta=25°C)

%%&/Parameter ﬁ% 5ﬂﬂiit,%1¢/Test EEE/J\1E Eﬂi”{ﬁ EEEjC1E E{ﬁ
/Symbol Condition /Min | /Typ | /Max | /Unit

Overcharge Detection Voltage Veu 425 | 430 | 4.35 \
Overcharge Release Voltage VoL 405 | 410 | 4.15 v
Overdischarge Detection Voltage Vou 230 | 240 | 250 \
Overdischarge Release Voltage Vor 290 | 3.00 | 3.10 \
Charger Detection Voltage Vcha -0.12 \%
Overdischarge Current1 Detection liov1 V4g=3.5V 3.0 A
Load Short-Circuiting Detection IsHorT | Vaa=3.5V 12 A
Current Consumption in Normal _ _
Operation lope Vaa=3.5V, Vn=0V 2.80 MA
Current Consumption in power
Down P P lpon | Vae=2V,Vn floating 1.50 | 6.0 HA
Equivalent FET on Resistance Ros | Vae=3.6V, lw=1A 65 mQ
Over Temperature Protection Tshp+ 120
Over Temperature Recove
Degree P A TsHo- 100
Overcha_rge Voltage Detection Teu Vop=3.6V~4.4V 128 ms
Delay Time
Overdischarge Voltage Detection 30
Delay Time ToL Vpp=3.6V~2.0V ms
Overdischarge Current1 Detection
Delay Time Tiovt | Vpp=3.6V 8.0 ms
Load Short-Circuiting Detection _
Delay Time Toworr | V/o0=3.6V 32 uS
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INHEIEE] / Functionl Block Diagram
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L} N N
| .
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OoTP 7SCP 9DC E)DC1
VM

IhkEER / Functional Description

DWO3 isiz=rEithAYEB EFIFEIR | FHBIIT AR asaRE , (PR D RBERNASEALTREE ,
EHERE , BFER , SERURGEEFERMRR. RRINEHEIEER, MOSFETERE , FWME
BEEAEYEH65mMQ,

The DWO03 monitors the voltage and current of a battery and protects it from being damaged

due to overcharge voltage, overdischarge voltage, overdischarge current, and short circuit conditions
by disconnecting the battery from the load or charger. The peripheral circuit is very simple. The
MOSFET is integrated and its Rps(on) is as low as 65mQ typical.

IEET{EEX / Normal Operating mode

MRBERNIEEIREER  BHE—BHF  REMNNEIEHEERER, XMERRALESET
1EtE=,

If no exception condition is detected, charging and discharging can be carried out freely. This condition
is called the normal operating mode.
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i37EH@iER / Overcharge Condition

EEEFHTHREEES  SEEESTERIGUSBE (VCU ) FHEEEAEIREIT 7B ERNER

A8 ( TCU ) SEE{K , DWOEKHTFETLAELEFEE, XMIERFRAE BB,

UTHMIERT , IFEBERRISHRER

0 LEibEBEEETISFRMEKEE (VCL), DWOTFAHE , REIERILEER,

Q HEE—ARHBTHE , DWOFTHELE  MIEETFEN. RIREIWT : ZEERREHE
BRZZRTHHENRBFERE , VMEEHRZ0.7V (AIZHRENERERE ),
DWO3tGEXMNEEST |, S B ERERE VCU |, £k , SHEMBEERTERCNEE
(VCU), DWOSZZIWMERERE TFRT , BRUNRBHEESTEFRGUBE (VCU ), BMERHE
BEEN , CREASWREREE TR , WRESHBBEERTERIGUEE (VCU ), B, E
EREIEERT , IRVMEBEFTHERTEERUGNEE , SEARIRERERTIERRN, i Z8Eit
WRHEEEDE FNEBE (VCU ) HEBEESAFERIE FaNEE (VCU ) LI, Bf

L= ASESRNES, , TR1IFNERE A2 TIE , BRAFEDBERKEE TN (VCU) IR, {8
%E‘“&Bﬂ:@ﬁﬂ%ﬁ WA , e E— 1B, BittNBERZRAIESE | XER1IME R
When the battery voltage becomes higher than the overcharge detection voltage (VCU) during
charging under normal condition and the state continues for the overcharge detection delay time (TCU)
or longer, the DWO3 turns the charging control FET off to stop charging. This condition is called the
overcharge condition.

The overcharge condition is released in the following two cases:

(1) When the battery voltage drops below the overcharge release voltage (VCL), the DW03 turns
the charging control FET on and returns to the normal condition.

(2) When a load is connected and discharging starts, the DWO03 turns the charging control FET on
and returns to the normal condition. The release mechanism is as follows: the discharging

current flows through an internal parasitic diode of the charging FET immediately after a load is
connected and discharging starts, and the VM pin voltage increases about 0.7 V (forward voltage of the
diode) from the GND pin voltage momentarily. The DWO03 detects this voltage and releases the
overcharge condition. Consequently, in the case that the battery voltage is equal to or lower than the
overcharge detection voltage (VCU), the DWO03 returns to the normal condition immediately, but in the
case the battery voltage is higher than the overcharge detection voltage (VCU),the chip does not return
to the normal condition until the battery voltage drops below the overcharge detection voltage (VCU)
even if the load is connected. In addition, if the VM pin voltage is equal to or lower than the
overcurrent 1 detection voltage when a load is connected and discharging starts, the chip does not
return to the normal condition.

Note: If the battery is charged to a voltage higher than the overcharge detection voltage (VCU) and the
battery voltage does not drops below the overcharge detection voltage (VCU) even when a heavy load,
which causes an overcurrent, is connected, the overcurrent 1 and overcurrent 2 do not work until the
battery voltage drops below the overcharge detection voltage (VCU). Since an actual battery has,
however, an internal impedance of several dozens of mQ, and the battery voltage drops immediately
after a heavy load which causes an overcurrent is connected, the overcurrent 1 and overcurrent 2 work.
Detection of load shortcircuiting works regardless of the battery voltage.
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iIHEERER / Overdischarge Condition

FIEEREERES , SEEEERFRIEBHENEE (VDL ) LAT,F B AR A B E A EE RS
A& ( TDL ) 8EE{< , DWOSSTIRTER AN A ERYER | FIEME, XMEREIRATHEEER. =
EHIEERIFETHERHT , VMIBIE RERVME5VDDZ [ERIRVMDEEIEFHIZEIEEF , FR S AR
2FFFMAIREER (IPDN ), XFERHIRARIRER. EIEAREREE RS , VMAIVDDZ [EH
RVMDHE[RIEE, S— \RE#EE LAEVMEERTREGNEE (VCHA ) B ABOIR SR, XA
FETRARHIAR. SHEEEEASEIEBIGUEE(VDLSES ( N&iE ), DWO3FTH

FETHAIERE TIFER,

i ERA T RERER T ELFEEE |, R VMIEEREMETFREGENEE (VCHA ) FEED
EFEIAZISHAEPSEE (VDR ) BiES |, TSR,

When the battery voltage drops below the overdischarge detection voltage (VDL) during discharging
under normal condition and it continues for the overdischarge detection delay time (tDL) or longer, the
dw03 turns the discharging control FET off and stops discharging. This condition is called
overdischarge condition. After the discharging control FET is turned off, the VM pin is pulled up by the
RVMD resistor between VM and VDD in DWO03 , the current of the chip is reduced to the power-down
current (IPDN). This condition is called power-down condition. The VM and VDD pins are

shorted by the RVMD resistor. The power-down condition is released when a charger is connected and
the potential difference between VM and VDD becomes typical or higher,at this time, the FET is still off.
When the battery voltage becomes the overdischarge detection voltage (VDL) or higher (see note), the
DWO03 turns the FET on and changes to the normal condition from the overdischarge condition. Note: If
the VM pin voltage is no less than the charger detection voltage (VCHA), when the battery under
overdischarge condition is connected to a charger, the overdischarge condition is released (the
discharging control FET is turned on) as usual, provided that the battery voltage reaches the
overdischarge release voltage (VDR) or higher.

IheifEiBR / Overcurrent Condition

EETFEET , SHBEERFTHE TIRENE (VMBESFTHES TEEMNEE ) FEREE

[ENAZIS AR At MR IR AT (8], DWO3KUTRIEEFET |, {SLEREE, XFERFRAISHERIER ( 2iETH

Rl , IHEBERAREERER ). THERER T, VMIIGND#HRVMSEIRAEE T, ¥—1MaHE &

£, VMEEETFVDDiRARE B FHEE,

HFVMHAIGNDZEliER: RVMSERIE , HGEMTT | VMEBERIZIMEA., HENEIVMBRHETFIER

HGMEE , SREZFIEBRE.

When the discharging current becomes equal to or higher than a specified value (the VM pin voltage is

equal to or higher than the overcurrent detection voltage) during discharging under normal condition
and the state continues for the overcurrent detection delay time or longer, the DWO03 turns off the
discharging control FET to stop discharging. This condition is called overcurrent condition. (The
overcurrent includes overcurrent, or load shortcircuiting.) The VM and GND pins are shorted internally
by the RVMS resistor under the overcurrent condition. When a load is connected, the VM pin voltage
equals the VDD voltage due to the load.

Because of the connection between the VM and the GND by the RVMS resistor , when the load is
removed, the VM pin goes back to the GND potential since the VM pin is shorted the GND pin withthe

RVMS resistor. Detecting that the VM pin potential is lower than the overcurrent detection voltage
(VIOV1), the IC returns to the normal condition.
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SERBERIEN / Abnormal Charge CurrentDetection

IEEFEA , IRVMEEREEIZZEENEELIT(VCHA) |, BRI 78 A RS i 6]
(TCU) , DWO3XHTFsEBFETIZLEREE, XFME AR AR E TR,

Wi 7R , VMAIGNDZ BIEEER TREHFQUBE(VCHAN , RERBEBRIENFR. HTOVED
REINREMLERSTAEERRTEQN , EBiBEERENEMEEHTOVRER , RERBERG
WEATLLE,

If the VM pin voltage drops below the charger detection voltage (VCHA) during charging under the
normal condition and it continues for the overcharge detection delay time (TCU) or longer, the DW03
turns the charging control FET off and stops charging. This action is called abnormal charge current
detection.

Abnormal charge current detection is released when the voltage difference between VM pin and GND
pin becomes higher than the charger detection voltage (VCHA) by separating the charger. Since the 0
V battery charging function has higher priority than the abnormal charge current detection function,
abnormal charge current may not be detected by the product with the 0 V battery charging function
while the battery voltage is low.

fAEIEIRER / Load Short-circuiting Condition

MRVMEESTEBHRIPEE ( VSHORT ), FBIFEA AT 8 B2 NIRRT E ( tSHORT ),
DWO3KSRAHMIFHEIEIE. & VMEBERTEBRIFEE (VSHORT ) B, HlaNGRE#is , REE
BB R,

If voltage of VM pin is higher short circuiting protection voltage (VSHORT) and it continues for the
tSHORT or longer, the DWO03 will stop discharging and battery is disconnected from load. This status
is released when voltage of VM pin is higher than short protection voltage (VSHORT), such as when
disconnecting the load.

OV Hjth7eEBINEE / OV Battery Charging Function

INBEA TN EL B NFEEI OVAIEMHITHZEAE. S7eHasE FY , RIS NE _IRERGHEINH TR
B, bR R TR (VDL ) B , RIFIGENIESTIRRS,

i ()REESEMEERE , ARFREATE  XEHEEBIVSEREN. BOEEBHNE
INFTSEREESE R RS "fifA OVEEFREE" AUINEE , K2 "HRIEMOVERFREE" AIIHEE,

(2) "JeIFROVEEBFREEIIEE" Lt “FREN fpalIIEe" LThEm, HLLER “TitROVEBITE"
DORERYIC | fEFEAB ERMERIRHIR SRS 78, FRtFREETIIMEaNEE (VDL ) LURE , AggH
TSR ARSI, , |

(3) SR —KiE LORIPRBERRY |, IXT BRI BEA R NIERERT, | WG AR, MRFEXMISR , £
VMEMRBEETGNDREE (5VMEGNDRERaERFREEE ), Al LA AERERL.

This function enables the charging of a connected battery whose voltage is OV by self-discharge. When
connectes to a charger , the discharging control FET is off and the charging current flows through the
internal parasitic diode in the discharging control FET. If the battery voltage becomes equal to or higher
than the overdischarge release voltage (VDL), the normal condition returns.

Notes : (1) Some battery providers do not recommend charging of completely discharged batteries.
Please refer to battery providers before the selection of 0 V battery charging function.

(2) The 0OV battery charging function has higher priority than the abnormal charge current detection
function. Consequently, a product with the 0 V battery charging function charges a battery and
abnormal charge current cannot be detected during the battery voltage is low.

(3) When a battery is connected to the IC for the first time, the IC may not enter the normal condition
in which discharging is possible. In this case, set the VM pin voltage equal to the GND voltage (short
the VM and GND pins or connect a charger) to enter the normal condition.
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S/llkor DWO3

BIFEE / Timing Chart

B 7S L EREM/Overcharge And Overdischarge Detection

4

Veu \‘
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VousVoH
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DISCHARGE

OFF
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Charger connection [** > -+
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iIZHLER7A&M/Overdischarge Current Detection

Veu Batteny
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S/llkor DWO3

BIFEE / Timing Chart

FCEEE1E I/ Charger Detection

A
Veu
VeuVig

Battery|
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Vou-Vo <

Vou <

ON &

DISCHARGE

OFF
4
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VM

Y
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Charger connection >
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A
A
A
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S EZHEEBFEIRN/Abnormal Charge Detection

Veu
VeuVHe

Battery i

voltage /

VoLVoH < e

VoL -

ON

DISCHARGE

Vs
GHA

Charger connection P
Load connection - -

tcu

(1) (3) (1) (2) (1)

Notes: (1) Normal condition (2) Overcharge voltage condition (3) Overdischarge voltage condition (4)
Overcurrent condition
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S/llkor

DWO03

YMEZRTE /| PackageDimensions

L
-
o 4
i m

’—_——

\
1 ol L] 3 |
&
El Rl
E
1
&
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symkol -

Y Min Max ¥ Min Mo.x
L 2.82 3.02 E1l 0.85 1.05
B 1.50 1.70 [o} 835 0.30
& 0.90 1.30 & 0.10 0.20
L1 2.60 3.00 b 0.35 0.55
E 1.80 2.00 F 0 0.15

U T Ea—a
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DWO03

EiREEEMZE(FTER) /| Temperature Profile for IR ReflowSoldering(Pb-Free)

350
300 FABLEC
@ 250 | ::| P—5:0.5sac
@ * \\
=2 200 | = \
& [
2 150 | _—
E / 60 ~ 90 sec \
o 100 /,/ -
50 =
—,-"’FF-’
ﬂ i L | i 1 i i
0 23 40 60 BO 100 120 140 160 180 200 220 240 260 280
Time (sec)
WiRH Note:

1. FRHGEE 25~ 150°C , A& 60 ~ 90sec;
2. IBERE 245+5°C , AY|ElE4E/y 5+0.5sec;
3. IBEHIFRISENEE I 2 ~ 10°Clsec.

M st RE |/

B 260+5°C Ai8] : 10+1 sec.

1.Preheating:25~150°C, Time:60~90sec.
2.Peak Temp.:245+5°C, Duration:5+0.5sec.
3. Cooling Speed: 2~10°C/sec.

Resistance to Soldering Heat TestConditions

Temp.:260+£5°C Time:10%1 sec
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