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#i® | Descriptions
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The HM5431D series product is a high integration solution for lithium-lion/polymer battery
protection.HM5431D contains advanced power MOSFET, high-accuracy voltage detection circuits
and delay circuits.

HM5431D is put into an ultra-small DFN2*2-6L package and only one external component makes it

an ideal solution in limited space of battery pack. HM5431D 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.

$54F /| Features

AIEBEERLER 50mQ AUFTHAYINE MOSFET ;

B/NEEE DFN2*2-6L ;

R ; SFEEBERRR ; 2 BREREP | IR | GEREERET
FEEEESION ; OV EBjtBFeEEINgEE , FEIRRIEIRERRE . SfaEREEN ;
{EERSERIR | IEETEREMR © 2.8uA ; AR : 1.5uA; F&E ROHS FIFEBINE,
p o= T

Integrate advanced power MOSFET with Equivalent of 50mQ Rps(on);

Ultra-small DFN2*2-6L package;
Over-temperature Protection; Overcharge Current Protection; Two-step Overcurrent Detection:
Overdischarge Current; Load Short Circuiting.
Charger detection function; OV battery charging function; delay times are generated
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.
€ Halogen-free Product.
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& |/ Applications
BRCHEREFEEIhE ; SERSYIREIME,
One-Cell lithium-ion battery pack; Lithium-Polymer battery pack.
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BIBIRFRERERE / Typical Application
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Notes:

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

SIEHESY / Pinning
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5|HwS 5 |BhEFR 5 |BhiseaR
Pin Number Pin Name Pin Description
1 VDD Power Supply
2.3.7 GND Ground, connect the negative terminal of the battery to this pin.
4 5 6 VM The negative terminal of the charger. The internal FET switch
M connects this terminal to GND.

ENZ{LE3 / Marking

TUEDE54BE, See Marking Instructions.
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HM5431D

tRBE2%L |/ Absolute Maximum Ratings(Ta=25°C)

S#f/Parameter FFE/Symbol #{&/Value BA{7/Unit
Vpp input pin voltage Vin -0.3t0 +6.0 \Y
Vy input pin voltage Vum -6.0 to +10 \Y;
Maximum Junction Temperature T, 125 C
Lead Temperature T 300 T
Operating Junction Temperature Topr -40 to +85 C
Storage Temperature Tetg -55 to +150 T
_ Resa 250 TW
Package Thermal Resistance
Reye 130 TW
ESD ESD 2000 Y%

HI45ES8L |/ Electrical Characteristics( BRIESBIERE , Ta=25°C)

S8 /Parameter 7S MhkahTest | B/IME | SABUE | BAME | B
- /Symbol Condition /Min | /Typ | /Max | /Unit
Overcharge Detection Voltage Veu 425 | 430 | 4.35 \Y
Overcharge Release Voltage VoL 4.05 | 4.10 | 4.15 v
Overdischarge Detection Voltage VoL 2.30 | 240 | 2.50 v
Overdischarge Release Voltage Vor 290 | 3.00 | 3.10 v
Charger Detection Voltage Vcha -0.12 \Y
Overdischarge Current1 Detection liov1 V4g=3.5V 3.0 A
Load Short-Circuiting Detection IsHorT V4q=3.5V 12 A
81;gfar][itocr)]onsumptlon in Normal lope Vi=3.5V, V=0V 280 uA
Current Consumption in power
Down lbon | Vaa=2V,Vy floating 1.50 | 6.0 | WA
Equivalent FET on Resistance Ros V4a=3.6V, lyn=1A 50 mQ
Over Temperature Protection TsHp+ 120
CD)\e/S:e'I;eemperature Recovery Ter. 100
ggzr}?q?rrrg];: Voltage Detection Tey Vpp=3.6V~4 4V 128 ms
Overdischarge Voltage Detection 32
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 Tsrorr | Voo=3-6V 32 uS
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INREEE] / Functionl Block Diagram
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INEEHHR / Functional Description

HM5431D Ysi=EaitbRYEBEFEENT , FHBIIHrA R , (RIFRE DR REEEEASE AT T
BE , IHEE , ISRER  IHERUMIEIRERRMRIN. REINEEBIKER, MOSFETERE |
R HEREYE/950mQ),

The HM5431D 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 50mQ typical.

EET{EEX / Normal Operating mode

MELERNENHISERR  fiHE—BETH , REMNEEEE eSS, XMERRAAESET
(= E

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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iZ7EIER / Overcharge Condition

HFIEEFM THREERES , JBtBEESTEIRGUEE (VCU ) FFEAIEIARIS 7B ENE
RiE) ( TCU ) B{EE{K , HM5431DISRMRFETLUS LR, XMERFR AT FEREE .
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(1) BEEEETIFMEREE (VCL ), HM5431DF ]t E , BIRIERTIHER.

(2) ZEE—AREBTIE , HM5431D4THHHE | ERIEFE TR, BRMEIT  # R
ﬁkFﬁ&%%,ﬁjﬂmbﬂﬁmﬂj ERARBMFTEZRE , VMEBEEFF0.7V (BB ZIRERIERERE ),
HMS5431DiGNIEXMEESS |, 3 REBEEHETHER] VCU |, Tk , SBitBE T ERaNEE
(VCU), HM5431D7ZIREREETIEEL , (BRNREMEES T FiaEE (VCU ), BpfE
RBEEEN  CREARRERERE TR  WNEFEEthBEEET I FaNEE(VCU ), 535,
ez R |, NRVMEBESFTERTEERUCNEE , SRTRIRERERETIFER,

i SRR ERETE FONEE (VCU ) FERBMEESEEEEFONEBE (VCU ) LITF, B
@JDJ:—/\_JL)%:SIL_U.LE’EEJZ f_f_muliFDL_,ﬁEZ%BT =TF , FRAFEtE EEMEE 710 (VCU ) LAT,
{(BERLPr EFEEEEWIER , HEibiE F—NEH , BB ESAIESS | XITRIAER2M SN
1%,

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 HM5431D 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 HM5431D
turns the charging control FET on and returns to the normal condition.

(2) When a load is connected and discharging starts, the HM5431D 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 HM5431D 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 HM5431D 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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iBhEBEBR / Overdischarge Condition

FIEFRFEEET |, SREBERRIIHUSNEE (VDL ) IR, BRI ERAR T A BB A TIEERS
BE] ( TDL ) BKEEIK , HM5431DSIRTER thANtAaRAvZEsRS | (FLEMEE, XFMERHFR SR E R,
LI=FIREBAIFETHERMT , VMIBIEAERVMESVDDZ [BRIRVMDEREMFHIEISEEF | RS HRIFEERE
INSPEEIAIREETR (IPDN ) , IXMIEREFRAARIRIER., EEBFIAIRERS , VMFIVDDZEHRVMD
BERRIERE, S REREE FFBVMEERTREMNEE( VCHA ) B ARIRIRSHERR. IXBTREEFET
AR, SEtEEFSEITHMENEE(VDLEES ( W&E ), HM5431DFTF FET#HA
IEETFE,

BT EEREATIIMEBIER TE EFEBEE IR VMIRREENMETFEBENEE (VCHA ) FHEEE
EBEEATSIHARISEEE (VDR ) i8S |, iSRS RS,

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
HM5431D 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 HM5431D , 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
HM5431D 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.

iZheRiRtER / Overcurrent Condition

EETMHEENT , AEERFTHETRENE (VMBESFTHETIBRFRGNEE ) FEFFEHRS
[ENAZT ARER TS FEIR AT (B, HM543 1 DXRTFEBFET |, {2LEAER, XMIERFRAEKERER (8
FRISREE L | DA R2ANAEAGIRER ). IIHERER N VMFIGNDIKRVMSEEAREHE T, Z—1
TEEE E , VM EETVDDRZEREAEE FAEE.

TFVMFIGNDZ [aiERE RVMSHEE |, HadiFr , VMBEEMRIZIEEAL, Hi&NEIVMEBAHMETIER
TEMERE , SR EIEIERERE,

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 HM5431D 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 with the
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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SEFHBHETEEN / Abnormal Charge Current Detection

IEE 7SR ﬂD%VMEE,J:T:B%:ZEU?EEEﬁiﬂU%J_ LAT(VCHA) | FEF4RRT E)E1d i 7 B At U RE AT A ()
(TCU) , HM5431DXUiFeEBFET(ZLEFREE, XFRERFR AT E 7R,

WrFF7eEEes , VMAIGNDZ B/ EETFmiaftailllE £ (VCHA)R , REFRERIMENfFIR. BTFOVEt
FEEINEEER ST A ERE ARG , Bt ERRAENIEEHTOVRER , REFEERN
BATIE.

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
HM5431D 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

NRVME ESTREBRIFEE ( VSHORT ), FBiFEAT A1 8 A ZEIRES &) ( tSHORT ),
HM5431 DS SRaiTFRELE AR, 3 VMER R TFIERRRIFERE ( VSHORT ) BY , BIANGRabisisis |
RBFTIREUSHEIR.

If voltage of VM pin is higher short circuiting protection voltage (VSHORT) and it continues for the
tSHORT or longer, the HM5431D 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 Eith7THINEE / 0V Battery Charging Function

IWINRERATXELBEMEE OVAEMHITERE, J7EaE LN KB AR IR ERGHEITH TR

EE' é%,mEEEnSEJ_ESZ%ﬁ,LJEEJ— £ (VDL) BT, {RPIGENIEE TIERTS.
(I)FELTLERERRIEM  ARTHEEATE | XEHREEHIFEREN. B8 EARNRE |,

Eﬁ%ﬁﬁﬂ’b&ﬂ’]%&% SBE "/tiFAE OVERthZsEE” B9THEE , A2 "HLIEROVEShFREE" AYTHRE,

(2) "FeVFRIOVERtFREBINRE" tb "FREEILRGNINEE" LEhkER. EIt R "SIFrEoVEEhssE"

I)J emvIC |, £ %,m%J:_tEﬁEEE’JEﬂIEAﬁE%J}E% EEjthEE E(R I B AIERSE (VDL ) LUREY , AEEH

TSN,

3)-_—L| EEtEE ki L RIPEBERRT | IX R PTREASH NIRRT | WA TTAREE, SNRF=EXFIls |,

{EVMERIEBESFGNDEBE (1 VM 5GN D%EE%‘E EHEFREERR ), AT LAANIERE,

This function enables the charging of a connected battery whose voltage is 0V 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 OV 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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BIFEE / Timing Chart
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I HYER TSI/ Overdischarge Current Detection
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BIFEE / Timing Chart

ZCEEE1& M/ Charger Detection
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S EFHBHTIEM/Abnormal Charge Detection
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YMERE | Package Dimensions

DFNE2x2-6L-0.5 Unitimm

b A

Dimensions In

I T— Millimeterer
U w U Symbol | MIN | TYP | MAX
| A 195 | 200 | 205
| B 195 | 200 | 2.0S
++——t———tts o c 0.45 | 050 | 0.55
| L 0.20 | 025 | 0.30

i L2 - 0.65 =

m m (W B O L4 | - |oise| -
i a | 090095100
Lo | | b | 155 | 1.60 | 165
— L[ 030 [ 035|040
k looo| - [oos
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ENEiBE / Marking Instructions

3130
o« O O O O
IEERFRE i . w * . w

RS xS 18

-
~TETR R
EmEnE

1388

3130 : NEmEs

HAAK NEFHSHRL |, BBEF ST,

Note:

3130: Product Type.

e Lot No. Code, code change with Lot No.
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ElifEREMZE(FSiR) /| Temperature Profile for IR Reflow Soldering(Pb-Free)

350
300 FAELET
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5B Note:
1. FRHFGEREE 150 ~ 180°C , BJjA] 60 ~ 90sec; 1.Preheating:150~180°C, Time:60~90sec.
2. IBEEE 245+5°C , R[EJFEES 5+0.5sec; 2.Peak Temp.:245+5°C, Duration:5+0.5sec.
3. IBEHIFESANEE AN 2 ~ 10°C/sec. 3. Cooling Speed: 2~10°C/sec.

MNEIERIRIESZME /| Resistance to Soldering Heat Test Conditions

RE : 260+5°C A& : 10+1 sec. Temp.:260+5°C Time:10+1 sec

Mg /| Packaging SPEC.
HEE2E%E /| REEL

. P . . 3 - . 3
Package Type Units E3E302 Dimension &R (unit : mm3)
" N Units/Reel [Reels/Inner Box|Units/Inner Boxhner Boxes/Outer BolUnits/Outer Box
HERR Reel Inner Box & | Outer Box &
= Rsm | sma e 8/ R/ ™

DFN2*2-3L/6L| 3,000 10 30,000 4 120,000 | 7 x8 |210x210x205|445x445x230






