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The HM5431CD series product is a high integration solution for lithium-lion/polymer battery
protection.HM5431CD contains advanced power MOSFET, high-accuracy voltage detection circuits
and delay circuits.

HM5431CD is put into an ultra-small DFN2x2-6L package and only one external component makes

it an ideal solution in limited space of battery pack. HM5431CD 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

MEBEEREFRL 45mQ RYSTHAYINER MOSFET ;
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Integrate advanced power MOSFET with Equivalent of 45mQ Rps(on).

Ultra-small DFN2x2-6L package;

Over-temperature Protection; Overcharge Current Protection; 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: 3.0uA typ; Power-down Mode: <0.1uA typ ;
The Overdischarge is not self recovery and needs to be activated;

Halogen-free Product.
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Fi& /| Applications

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

BARYRTFHERERE / Typical Application
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SIEHES / Pinning
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Pin Number Pin Name Pin Description
1 VDD Power Supply
2.7 GND Ground, connect the negative terminal of the battery to this pin.
3 VT Internal test pin.
4 NC No electrical connection.
5 6 VM The negative terminal of the charger. The internal FET switch
* connects this terminal to GND.

EPELES / Marking

TUEDE54BE, See Marking Instructions.

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

&#§/Parameter FFE/Symbol #{&E/Value BA{Y/Unit
Vpp input pin voltage Vin -0.3to +6 \Y;
V input pin voltage Vum -9to+10 \Y;
Maximum Junction Temperature T, 125 C
Lead Temperature T 300 T
Operating Junction Temperature Topr -40 to +85 T
Storage Temperature Tstg -55 to +150 T
_ Resa 250 TW
Package Thermal Resistance
Reye 130 TW
ESD ( HBM) ESD 2000 \Y
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H4EESE] /| Electrical Characteristics( [RIHSRIIEE , Ta=25°C)

S¥Parameter S | WRTest | BVE|REME BAME| B
/Symbol Condition /Min | /Typ | /Max | /Unit
Overcharge Detection Voltage Veu 425 | 430 | 4.35 \Y
Overcharge Release Voltage Ve 4.05 | 410 | 4.15 v
Overdischarge Detection Voltage VoL 272 | 2.80 | 2.88 v
Overdischarge Release Voltage Vor 292 | 3.00 | 3.08 v
Charger Detection Voltage VeHa 03 | 04 | 05 v
Overcharge Current Detection liocc V4g=3.6V 0.3 0.7 1 A
Overdischarge Current1 Detection liov1 V4a=3.6V 0.3 0.7 1 A
Overdischarge Current2 Detection liovz Vyg=3.6V 3 4.5 6 A
Load Short-Circuiting Detection IsHorRT | Vyq=3.6V 15 A
8lrj)rer;ear][itocr)\onsumption in Normal lope Vi=3.5V, Vy=0V 30 45 uA
gg\r,\rltra\nt Consumption in power loon Viay=2V.Vyy floating 0.1 uA
Equivalent FET on Resistance Ros | Vas=3.6V, Ilyw=0.3A 45 mQ
Over Temperature Protection TsHp+ 140
S\G/S:e'l;eemperature Recovery Ter. 115
ggzr}(/:r}air?ee Current Detection Toce Vgy=3.6V 7 9 1 ms
Sg’grf}?:r?ee Voltage Detection Teu | Vea=3.6V~4.4V 125 | 155 | 184 | ms
8;;r3|$?mh:rge Voltage Detection ToL Vay=3.6V~2.0V 30 40 50 ms
8;/g}(/1|1s_i(i:2rge Current1 Detection Tov: Vay=3.6V 7 9 1 ms
8\e/fear3i_ls_ﬁ:2rge Current2 Detection Tons Vgy=3.6V 08 12 16 ms
IBOGT:yS_rr:%r;-Clrcmtlng Detection _— Vyi=3.6V 100 200 us
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INEEHHR / Functional Description

HM5431CD iaf=rEittAYEREFEER , FHBidr et  RIFRE T REEENASE NI
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The HM5431CD 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 45mQ typical.

EET{EEX / Normal Operating mode

MEFLECNENHISERR , iHE—BETH , REMNEEEEE eSS, XMERRAESET
(= 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

HIEEFM THREERES , JEtBESTIIFRGUEE ( VCU ) FFEAIEAEE 7B ENER
AiE) ( TCU ) Sk&E 1< , BHMS5431CDKERIFETLUS L ZEEE, IXFME AR 9IL 7E 8 E B,
LATFRMIER T |, D EBERTSHREER

(1) St ERTEIRMEIREE (VCL), HM5431CD4THEHE |, EEIERE T{F&E.
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(BRfr LEMEBNERN , St E— 1 Fi , BHBEESZAERE | XEER1FIE R
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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 HM5431CD 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 HM5431CD
turns the charging control FET on and returns to the normal condition.

(2) When aload is connected and discharging starts, the HM5431CD 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 HM5431CD 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 HM5431CD 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
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BB EATSIHARISEE/E (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
HM5431CD 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 HM5431CD , 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.

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.

iITHLERFEER / Overcurrent Condition

EETFEINT , SEERFTHETRENE (VMEESTHETIRMONEE ) HERFER
[ERAZINS B SR A UREIR AT &), HM 543 1CDFRUTRIERFET |, {FLERER. XFMERFREKERIER (&
RITHERIRL | IIERIR2FI SRR ). SERIER N VMFAIGND#ERVMSEBELEERE 7. S—1
TEEE E , VMEBEETVDDRZEREAEE FHEE.

FTFVMFIGNDZ [aiERE RVMSHEE |, HadihFr , VMBEMRIZIEEA, Hi&NEIVMEBAHMETIER
LGNEE , SRERIERRE,

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 HM5431CD 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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SERBEFIRM / Abnormal Charge Current Detection

IEEFER , MNRVMEBEFRISERFEGNERELLL (Locc ), FHEFERT RIS IS 7R iR
B8] , HM5431CDXMFEEEFETIZ LT, XMIERFR AR ETTEERN,

WrFF7eEEes , VMAIGNDZ B/ EETFmiastailllE E(VCHA)R , REFRERIMENfFIR. BTFOVEt
FEBINEEE RS T A ERE ARG , BitEERRAENIEEHTOVRER , REFEERN
BATIE.

If the VM pin voltage drops below the Overcharge Current Detection during charging under the normal
condition and it continues for the overcharge detection delay time or longer, the HM5431CD 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.

REIEIRIEN / Load Short-circuiting Condition

NRVME 5T REFRIFEE ( VSHORT ), F B4R (a1 8 A ZE IR AT B ( tSHORT ),
HM5431CDBSHREMTHEILME, & VMBERTEIRRIFEE( VSHORT B |, FIaNRddkizhs |
RBFTEREUSHEIR.

If voltage of VM pin is higher short circuiting protection voltage (VSHORT) and it continues for the
tSHORT or longer, the HM5431CD 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 EBith7THINEE / 0V Battery Charging Function

IWINREA T ELENES) OVAEEHITERE. SRHEEE LN  SBTRER _IRERGHEIDH TR
B, HEEtEBESTIIMEMNESE (VDL ) B , fRIFICGENIEE TIFRE.

i ()RESTLEMERNE  ARHEEATE | XEHEEHIFEREN. B8R EANRE |,
HARTGSERYEEE R RS "ftiFME OVERjithzsEE" AUIHRE , if2 "FELEMOVERhZTE" AITHEE.

(2) "FeIFRIOVEtFREBINRAE" tb "FEEILRGNINEE" LERkER. EIL MR "SiFmEoVEEhssE"
TheervIC , TERE R ERYRAIRHMRSIEHI7EE, BB ERTIIMEENEE (VDL ) LARE , Age
TR ISR,

(3)HEEEEE—IREE LIRIPERIRET , XIS REASHANIERRT | IS FEREE. MNRFEXMIR |,
FEVMERIEBEEZEFGNDEE (EVMEGNDIEIREIEETTESE ), MO LUHAIERER,

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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BYFEE / Timing Chart
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YMERE | Package Dimensions

DFNex2-6L-0.5 Unitimm
b A
' | Dimensions In
I T Millimeterer
U U U Symbol | MIN | TYP | MAX
| A 195 | 2,00 | 205
| B 195 | 2.00 | 2.05
+t+——+———t7¢ @ C 0.45 | 050 | 0.55
| L 0.20 | 0.25 | 0.30
L2 - o065 | -
m (W ( W O L4 - |oise| -
A a 0.90 | 0.95 | 1.00
Le | | v b | 155 | 1.60 | 165
o ( 0.30 | 0.35 | 0.40
K 000 | - |005
M
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EPESiiPE / Marking Instructions

3130C
rREE
. O O O O
IFE{FEE o LW d W
X W x W
i T * O * O
—— o O
!
A TR TN Vi
TEEFHIE
5E8A :
3130C: HrEmiLs
HHFK REFRERS | EEF#ESTIL.
Note:
3130C: Product Type.

it Lot No. Code, code change with Lot No.
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Bl EREMZE(FCiR) /| Temperature Profile for IR Reflow Soldering(Pb-Free)

350
300 FAELET
5 350 — PF—5+0.5sec
5 200 — X
E 150 | = ——
g 100 i 60 ~ 90 sec \
— -
50 | ,,/”/
o | o P ——
0 20 40 B0 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
5B Note:
1. FHFGEREE 150 ~ 180°C , BJiA] 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.

MNEIERIRIESE /| 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

Package Type Units G3E50E Dimension &R (unit : mm3)
st Units/Reel|Reels/Inner Box|Units/Inner Boxpner Boxes/Outer BoUnits/Outer Box - .
R . A I pym iy Reel Inner Box& | Outer Box &

DFN2*2-3L/6L| 4,000 10 40,000 4 160,000 | 7 x8 |210x210x205|445x445%230

{EMAREE / Notices





