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f#i® |/ Descriptions

HM4054HE— A =EN R EE FEERAEERR/EEEEL RS, HSOTHESR
ORISR T AR B E1EHMA054H R RS TURN FRRVIEARIARE,. HMA054HATLUES USBEEIR
FMiEECRREEIRT(F,

The HM4054H is a complete constant-current/constant voltage linear charger for single cell
lithium-ion batteries. Its Thin SOT package and low external component count make the
HM4054H ideally suited for portable applications. Furthermore, the HM4054H is
specifically designed to work within USB power specifications.

HTFRA T AEBPMOSFETZRY , IN_ERAEIZEEREE |, ATLAAF MG NIEB RIS —IRE. AR
IRAIXSFREB R TET | MEEANRBFESMRERZM TS mEEMLARE]. FTHEEEREE
F4.2V , Mz RaEE — AR TN E SRR RRF R EZ EREEREE
1/108% , HM4054HIE B Eh&R IEFEFEAEA.

No external sense resistor is needed, and no blocking diode is required due to the internal
MOSFET architecture. Thermal feedback regulates the charge current to limit the die temperature
during high power operation or high ambient temperature. The charge voltage is fixed at 4.2V, and the
charge current can be programmed externally with a single resistor. The HM4054H
automatically terminates the charge cycle when the charge current drops to 1/10th the programmed
value after the final float voltage is reached.

HRNBE ( GRS USBEIR ) #Ei=Rt , HMA0S4H BRI N —MEBRIAE | 158Bith
IREBRPEZE2uALLT, BREHMA0S4HE T EHET | LA RIEZE25uA,
HMA054HRE A R BLIE R R I iniRs . RIEH. BaiBREMN— BT e s R hm
NEE[ERENRPIRZSS (R,

When the input supply (wall adapter or USB supply) is removed, the HM4054H automatically
enters a low current state, dropping the battery drain current to less than 2uA. The HM4054H
can be put into shutdown mode, reducing the supply current to 25pA. Other features include charge
current monitor, under voltage lockout, automatic recharge and a status pin to indicate charge
termination and the presence of an input voltage.

$$4E / Features
> =RIA500mARIRI4RIEFSEBEE R
Programmable Charge Current Up to 500mA
>  FSHMOSFET, #ERfEER IR _iRE
No MOSFET, Sense Resistor or Blocking Diode Required
FFeaTERE D, RASOT23- 55574 47 Es
» Complete Linear Charger in 5-Lead SOT-23 Package for Single Cell Lithium-lon Batteries
> BRI/ EERERE  FEBRETIINE
Constant-Current/Constant-Voltage Operation with Thermal Regulation to Maximize Charge Rate
Without Risk of Overheating
>  EENMUSBinGRTHER FHEILTE
Charges Single Cell Li-lon Batteries Directly from USB Port
> A2VIURFREERE
Preset 4.2V Charge Voltage with £1% Accuracy
>  FBATEIEEENNRFEE R
Charge Current Monitor Output for Gas Gauging
> BaiBRE

Automatic Recharge

Y
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$54E | Features

> FERRESHEES M
Charge Status Output Pin
>  C/107cH&lE
C/10 Charge Termination
> FRUEIU T ROHERERIR250A
25uA Supply Current in Shutdown
> 29ViBRFeEE R FhRA
2.9V Trickle Charge Threshold
> ENRE T IRIEER
Soft-Start Limits Inrush Current
> BYTERART , mRETEX.
When using a single lamp, the light is completely extinguished after fully charging..
> o hR.
Halogen-free Product.

& |/ Applications
> BEEHIE. PDA. MP3IEMES ;
Cellular Telephones, PDAs, MP3 Players
> FEEERE
Charging Docks and Cradles
> BFRIA
Bluetooth Applications.
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REPSAEBEE /| MAEEE  Equivalent Circuit or Application Circuit

Vin
45V 7065V
1
"Tr=
VCC
— BAT 2
LSOO mA
PROG | 4.2V
Li-lon
<j“_D l BATTERY
2

SIiiHESI / Pinning

TOP VIEW
CHRG 1 |5 PROG
GND 2

BAT3[ ] 14 Vg

CHRG (SIiN):mthF R NSEmE, EREIPRFREEES , B— M HHNEEMOSFETECHRGS|

BRI Z(EBF, HFEBEIRGERE , —MI20uARISS FRIEBRIEHIEREZCHRGS || |, I8~—ACE

RS, ZHMA0SAHGE— N RIEFSFEMART , CHRGS | BIEEHI SRS,

CHRG (Pin 1): Open-Drain Charge Status Output. When the battery is charging, the CHRG pin is

pulled low by an internal N-channel MOSFET. When the charge cycle is completed, a weak pull-down

of approximately 20uA is connected to the CHRG pin, indicating an “AC present” condition. When
the HM4054H detects an under voltage lockout condition, CHRG is forced high impedance.

GND (51E2): ith.

GND (Pin 2) : Ground.

BAT (SIB13): 7eEBEE fka . %5 B R H TR RS REERBEEFT R4 2VIZE HHN—1ME

IEREBEEE S ERRIREF REE |, FETUEIIH |, IZREREE D [E2RHT.

BAT (Pin 3):Charge Current Output. Provides charge current to the battery and regulates the final

float voltage to 4.2V. An internal precision resistor divider from this pin sets the float voltage which is

disconnected in shut down mode.

Vee (B4 ) : ERVMNREIREE, %5 MAZEEEME, VcRITBERES.25V-6.5VZ(E , FIIE

EED—NIUFBEERIH T, JVc EEBATSHIEEERISOMVLIA , HMA054HENEH IR |

MiilsatPEZE2UALLT.

Vcc (Pin 4):Positive Input Supply Voltage. Provides power to the charger. V¢c can range from 4.25V

to 6.5V and should be bypassed with at least a 1uF capacitor. When V¢ drops to within 30mV of the

BAT pin voltage, the HM4054H enters shutdown mode, dropping Igat to less than 2uA.
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SIB#HES) / Pinning

PROG (SIi#)5): ZEHERIKE , FRBEREEIHETS M. EZ5MSitZEiEE—MEE1%RI8E
BEESPrreoP] LAIREFREEEE . SFEIEER MR FHIT7ERT | %5 |RE ER S I VERTBRIE
NAERRT LA A% | _EAYBERNEFTTERER , A0 Akar= ( Veros/Reros ) *1000.

PROGS |RRTLARSR KM FErEES. IR ErFBIEAS SitFgsE | WEB—13.0uA EIEPROGS IR ES
Y, Ziz5MNEEARIL.21IVAYEIIIREER , THESHAEIER | TEELLEBRAEIRER
BEZE25uA, iZ5IBIASEL92.4V , BBR1.5mA |, BTG Reroc SIEIEG(F B RIS IEEIRIEIRE.
PROG (Pin 5):Charge Current Program, Charge Current Monitor and Shutdown Pin. The charge
current is programmed by connecting a 1% resistor, Rpros, to ground. When charging in
constant-current mode, this pin servos to 1V. In all modes, the voltage on this pin can be used to
measure the charge current using the following formula: Igat = (Vproa/Rproc)*1000.

The PROG pin can also be used to shut down the charger. Disconnecting the program resistor from
ground allows a 3pA current to pull the PROG pin high. When it reaches the 1.21V shutdown
threshold voltage, the charger enters shutdown mode, charging stops and the input supply current
drops to 25uA. This pin is also clamped to approximately 2.4V. Driving this pin to voltages beyond the
clamp voltage will draw currents as high as 1.5mA. Reconnecting Rprog to ground will return the
charger to normal operation.

EPEE{LES / Marking
TEPE15BH, See Marking Instructions
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tNBRZ=%#1 |/ Absolute Maximum Ratings(Ta=25°C)(Note 1)
S #HE BAfy
Parameter Rating Unit
Input Supply Voltage (Vcc) -0.3t0 10 V
PROG -0.3t0 Ve + 0.3 Vv
BAT -0.3t07 \Y,
CHRG -0.3t0 10 V
BAT Short-Circuit Duration Continuous
BAT Pin Current 500 mA
PROG Pin Current 500 MA
Maximum Junction Temperature 125 °C
Operating Ambient Temperature A~ o
Range(Note 2) 40~85 C
Storage Temperature Range -65~125 °C
Lead Temperature (Soldering,10sec) 300 °C
HI4EES%L /| Electrical Characteristics(Ta=25°C,Vcc=5V)
S Eas) MR B/ME | HBYE |RAXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Input Supply Voltage Vee 4.25 6.5 \%
Charge Mode (Note 3),
Reroo=10K 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lec Terminated) 200 500 KA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vce<Vear, or Vee<Vuy)
Regulated Output (Float) 0 C<Ta<85C
Voltage VEoaT || 40mA 4158 | 420 |4.242| V
Rproc=10k
Current Mode 93 100 107 mA
Rproc=2k
Current Mode 465 500 535 mA
BAT Pin Current | Standby Mode . .
BAT Venr=4.2V 0 2.5 6.0 MA
Shutdown Mode (Rproc
Not Connected) 1.0 | #2.0 WA
Sleep Mode Ve =0V +1.0 +2.0 MA
Trickle Charge Current lrRiKL Vear <YTR'K'- 20 45 70 mA
Rproc=2K
Trickle Charge Threshold Rproc=10K,VgaT Rising
Voltage V1RIKL (Note5) 2.8 2.9 3.0 \%
Trickle Ch Hyst i
ngtage arge rysteresis Viriys | Reros = 10k 60 | 80 | 110 | mV
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H4EESE] | Electrical Characteristics(Ta=25°C)

HM4054H

S s plimESEs B/ME | HBYE |RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
\T/ﬁfegﬁggrvo'tage Lockout Voo | FromVecLowtoHigh | 37 | 38 [392| Vv
Vee Und It Lockout
H‘;/‘;tepe:i’sr‘m age Locxou Vs 150 | 200 | 300 | mV
Manual Shutdown Threshold PROG Pin Rising 115 | 121 | 1.30
Voltage Vusp
9 PROG Pin Falling 0.9 1.0 1.1
Vee — Vaar Lockout Threshold Ve from Low to High 70 100 140 | mV
Voltage Vaso -
V¢c from High to Low 5.0 30 50 mV
/10 Termination Current | Reros=10k (Note4) 0.085| 0.10 |0.115 [mA/mA
TERM
Threshold Reroc=2k 0.085| 0.10 |0.115 mA/mA
. RPROG=1 Ok
PROG Pin Voltage VperoG Current Mode 0.93 1.0 1.07 \%
gHRG PinWealcPullDown | lguee | Voure=5V 80 | 20 | 35 | pA
\C/gg‘;epi” Output Low Vorre | lrra= 5mA 0.35 | 0.60 | V
Voragel? CRHery TRTEShOId 1 vecoes | Vewoar-Vieorms 100 | 150 | 200 | mv
Junction Temperature in .
Constant Temperature Mode Tuw 120 C
Power FET “ON” Resistance
(Between Ve and BAT) Ron 600 mQ
. . IBAT=0 to
Soft-Start Time tss lsar=1000V/Reroc 100 MS
Recharge Comparator FIler | e cuarce | Vear High to Low 075 | 20 | 45 | ms
Termination Comparator Filter IsaT Falling Below
Time tTERM ICHG/1 0 400 1000 2500 us
PROG Pin Pull-Up Current lprOG 3.0 MA

Notes:

Note 1: Absolute Maximum Ratings are those values beyond which the life of the device may be

impaired.

Note 2: The HM4054H-4.2 is guaranteed to meet performance specifications from 0°C to 70°C.
Specifications over the —40°C to 85°C operating temperature range are assured by design,
characterization and correlation with statistical process controls.

Note 3: Supply current includes PROG pin current (approximately 100uA) but does not include any
current delivered to the battery through the BAT pin (approximately 100mA).
Note 4: ltgrm is expressed as a fraction of measured full charge current with indicated PROG resistor.
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JRIB{EE] / Functional Block Diagram
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| Electrical Characteristic Curve
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FS &I 2 E
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T{E[RIE / OPERATIOU

HM4054H2—5CRAEERR/ IEEE EEEZNE TR FHEthFER. BrelFiRA500mARY
FEBEER ((BE—MRITRFAIPCBAE ) M1— 1 AERPIIEIIERMOSFETHIET R, LTHERS
TIREESMNEREE AR ERS ; EILt BT RS IRNE R MNRTTH. X0t , HM4054H
EBETE M—NUSBERIRSR/E T{EEBIR.

The HM4054H is a single cell lithium-ion battery charger using a constant-current/ constant —
voltage algorithm. It can deliver up to 500mA of charge current (using a good thermal PCB layout)
with a final float voltage accuracy of +1%. The HM4054H includes an internal P-channel power
MOSFET and thermal regulation circuitry. No blocking diode or external current sense resistor is
required; thus, the basic charger circuit requires only two external components. Furthermore, the
HM4054H is capable of operating from a USB power source.

IEEZHBIER / Normal Charge Cycle

V5 B EAZEUVLOJREFLA EEEPROGS IS [BiER: T — MEE 1% EEEEES
HE— M SR HIREIEN , — N FERERTTE, WRBATS T 2.9V , NFEEIRFEN
DML, EIZRF , HMA054HA1/10 FNIREFEER , LIEBERBERAZE—
NREREBEFE , AL RTTE.

A charge cycle begins when the voltage at the V¢ pin rises above the UVLO threshold level and a
1% program resistor is connected from the PROG pin to ground or when a battery is connected to the
charger output. If the BAT pin is less than 2.9V, the charger enters trickle charge mode. In this mode,
the HM4054H supplies approximately 1/10 the programmed charge current to bring the battery
voltage up to a safe level for full current charging. (Note: The HM4054H does not include this
trickle charge feature).

ZBATS |HIEBEFZE2.9VLA LR FRESFANIBEERED i m B AHEENFFE AR, ZBAT
S|HIEEEIARIRAFFEBE (4.2V ) iF , HMA0S4H N IBEREEL , BFEBERRRI. %
FEEREREEIREEBENL/10 , FBRERER.

When the BAT pin voltage rises above 2.9V, the charger enters constant-current mode, where the
programmed charge current is supplied to the battery. When the BAT pin approaches the final float
voltage (4.2V), the HM4054H enters constant-voltage mode and the charge current begins to
decrease. When the charge current drops to 1/10 of the programmed value, the charge cycle ends.

REHERANEE / Programming Charge Current
FEEEMERA—MEEEPROGS [ SittZ BIRYFEREERISERN. BiRssEEREPROGS B
EEiAtRU10001%, R EREERRFIFREERRA TIIATFRITE
The charge current is programmed using a single resistor from the PROG pin to ground. The
battery charge current is 1000 times the current out of the PROG pin. The program resistor and the
charge current are calculated using the following equations:
1000V 1000V
RproG = , leHe =
lcHa Rprog
MBATS | i HRYFR B ER I AT I ¥ PROGS | B EE [EBERTHAE , ATVANF -
The charge current out of the BAT pin can be determined at any time by monitoring the PROG pin
voltage using the following equation:

Iga7 = PROG 41000
RproG



FEZEFESH

]
HeMsemi HM4054H

FSEL&1E / Charge Termination

HFRBBEREAEREEREEZEREEIREEBENL/100Y  FTERBEAWELL, ZFKEHEEIREA—
PRSI L AREe X PROGS | B TR ISR IAY. ZHPROGS |HIER/EREZE100mVEATRIRT EJREIT trerns
(—RZ91.0ms)Bt , FREBARLRLE, FREBEERAREMNT , HMA0S4AHHANRHIET | AR NEBIREER
PEZ200pA, (iE : C/10RIEBMFAHEFFREMRINPRRL ) .

A charge cycle is terminated when the charge current falls to 1/10th the programmed value after the
final float voltage is reached. This condition is detected by using an internal, filtered comparator to
monitor the PROG pin. When the PROG pin voltage falls below 100mV" for longer than trerw typically
1ms), charging is terminated. The charge current is latched off and the HM4054H enters
standby mode, where the input supply current drops to 200uA. (Note: C/10 termination is disabled in
trickle charging and thermal limiting modes).

FREERT , BATS M) ERIBE R EPROGS IR EAEDCREEFEmPEEIREERI /10 B EithfE
ZE100mVLEAT, &1EHEREs EAY1.0msEEIRATIE] ( trerm ) BRERXFMERIBFE REASSEGTRER
HRLIE, —BFYTEEREEIREENL/I0LAT , HM4054HRZ L FREBERFHE L@ BAT
5| BHRMAHTEIERR. EXFAET |, BATS B LAIRRA thaiER R EE sk iteE,

When charging, transient loads on the BAT pin can cause the PROG pin to fall below 100mV for
short periods of time before the DC charge current has dropped to 1/10th the programmed value. The
1ms filter time (trgrm) ON the termination comparator ensures that transient loads of this nature do not
result in premature charge cycle termination. Once the average charge current drops below 1/10th the
programmed value, the HM4054H terminates the charge cycle and ceases to provide any
current through the BAT pin. In this state, all loads on the BAT pin must be supplied by the battery.

ERHUEINFR , HM4054HXIBATS [BEB A TIEERIES, ANSRI%5 FEE EpEEI4.05VAIB 7R
BB IBR(Vreckra )LAT |, MIB— N FEEBEAFTAF R AN ER. JEFTUERFHTRBER
HFshBERT , WRBIHASBIEIIMmNEE , &K 7R asHEAPROGS [#H TB/Sa0.
ELIRE T — MR REBEEIRRINSE.,

The HM4054H constantly monitors the BAT pin voltage in standby mode. If this voltage drops
below the 4.05V recharge threshold (VrecHrs), another charge cycle begins and current is once again
supplied to the battery. To manually restart a charge cycle when in standby mode, the input voltage
must be removed and reapplied, or the charger must be shut down and restarted using the PROG pin.
Figure 1 shows the state diagram of a typical charge cycle.

#ZEIRSIEREE / Charge Status Indicator (CHRG)

FERSHHEE=MAEORE  BTHL (L10mA ) . 35T (£920pA ) F1EEH. B TFADK
SRIRHMA0SAHLTF— TR B, —EFREBERWELE N5 EPASHE R ERRSEHRRE.
S THIREF TV e HEBUVLOZHEHMA054HA T REBEIRTS. BEVREET
HM4054HGEF R EATHEL, | EAV.. BHEBATS M ENIRBEARELI00mMV , BEAFEIITEVS|
B EREBEARRE. AIRA—IMBHESERX DX =MRES--E "NAER" SRR ItrEE#HTIEe.
The charge status output has three different states: strong pull-down (~10mA),weak pull-down
(~20pA) and high impedance. The strong pull-down state indicates that the HM4054H is in a
charge cycle. Once the charge cycle has terminated, the pin state is determined by under voltage
lockout conditions. A weak pull-down indicates that Voc meets the UVLO conditions and the
HM4054H is ready to charge. High impedance indicates that the HM4054H is in under
voltage lockout mode: either V¢ is less than 100mV above the BAT pin voltage or insufficient voltage
is applied to the Vgc pin. A microprocessor can be used to distinguish between these three
states—this method is discussed in the Applications Information section.
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#PREI / Thermal Limiting

MR REERE EFHRIZ120°CRFNRE L |, N— NSRRI RN ERNFTEER, 1%
THRERIBILEHMA054HIZ# , FH AT RS a B BRI IR DAY LRI B IRIA
HM4054HRIXBG., ERIEFREESERMEREH TENRERINAHE T , eIRIEHE ( 1A
EENER ) MEBEEKREFREBR. BXThin SOTIHRAERERISE "NAGE" SpHMuHt—
Hitie.

An internal thermal feedback loop reduces the programmed charge current if the die temperature
attempts to rise above a preset value of approximately 120°C. This feature protects the HM4054H
from excessive temperature and allows the user to push the limits of the power handling capability of
a given circuit board without risk of damaging the HM4054H. The charge current can be set
according to typical (not worst-case) ambient temperature with the assurance that the charger will
automatically reduce the current in worst-case conditions. ThinSOT power considerations are
discussed further in the Applications Information section.

RIEFSH / Under voltage Lockout (UVLO)

— N AEBREA SRR BMABER TR , HEVAEXREADU IR L ZBIfEFRB SRS
&, UVLORREBE— 1 HNERIHEF200MV.ItIMEINZMOSFETRIR MR , UVLOB G T
EEESRISEETIART . WISRUVLOLLREEAEE , WV ccAZELL IR ER100mVZEIFEERE A
SIRHETIE.

An internal undervoltage lockout circuit monitors the input voltage and keeps the charger in
shutdown mode until V¢ rises above the undervoltage lockout threshold. The UVLO circuit has a
built-in hysteresis of 200mV. Furthermore, to protect against reverse current in the power MOSFET,
the UVLO circuit keeps the charger in shutdown mode if V¢ falls to within 30mV of the battery voltage.
If the UVLO comparator is tripped, the charger will not come out of shutdown mode until V¢ rises
100mV above the battery voltage.
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FE&{EH, / Manual Shutdown

EFFEEA RIS ZIERRERIT X FRPROG ( MITIfERPROGS BliZE ) SKIEHM4054HE T
FHUWRT, XEEEItIREMREE2VALLT , BEIREREESONALLT, EfNEEREHERATE6)
— PHTRIFTERTEER,

At any point in the charge cycle, the HM4054H can be put into shutdown mode by removing
RPROG thus floating the PROG pin. This reduces the battery drain current to less than 2pA and the
supply current to less than 50uA. A new charge cycle can be initiated by reconnecting the program
resistor.

EFHENESTF , REV SZIELMBITUVLOZ M , CHRGS |HIEREA T35 FhDRES., IR
HM4054HLFRIEASHEL , WICHRGS 2 SMETVRE  BEAVSHBATS [FIRERIIRERE
100mV , EAKEANTEV S _ERBEARE.

In manual shutdown, the CHRG pin is in a weak pull-down state as long as V¢ is high enough to
exceed the UVLO conditions. The CHRG pin is in a high impedance state if the HM4054H is in
undervoltage lockout mode: either V¢ is within 100mV of the BAT pin voltage or insufficient voltage is
applied to the V¢ pin.

B5IBRE5 / Automatic Recharge

—BZRHBEIMRELL , HMA054HIZBDRAB—1EB2.0msiEiKEIE) ( trecrarcr ) RILLRBRERS
BATS i) L RYEB it iR ints. HrEIBEEEMREEA.05V ( AN FEIHEEEAI80%ZE90% ) LATET ,
FEBEAEFNTTR, XHRTEIBRETE (338 ) — MRS | FRbR T HT A B ER
[BEEE. THZFBRENIFEF , CHRGS S HHBEN—ME FHRLRE.

Once the charge cycle is terminated, the HM4054H continuously monitors the voltage on the
BAT pin using a comparator with a 2ms filter time (trecHarce)- A charge cycle restarts when the
battery voltage falls below 4.05V (which corresponds to approximately 80% to 90% battery capacity).
This ensures that the battery is kept at or near a fully charged condition and eliminates the need for
periodic charge cycle initiations. CHRG output enters a strong pull-down state during recharge
cycles.

POWER ON Y
BAT < 2.9V
TRICKLE CHARGE
PROG MODE
RECONNECTSE < 1/10TH FULL GURRENT
UVLO CONDITION CHRG: STRONG
STOPS PULL-DOWN
BAT > 2.9V
\ 4
SHUTDOWN MODE CHARGE MODE BAT > 2.9V
lcc DROPS TO <25A « FULL CURRENT
CHRG: Hi-Z IN UVLO CHRG: STRONG P
WEAK PULL-DOWN PULL-DOWN |
OTHERWISE
- PROG < 100mV
v
STANDBY MODE
< NO CHARGE CURRENT
PROG FLOATED S
OR CHRG: WEAK
UVLO CONDITION PULL-DOWN
2.9V < BAT < 4.05V

Figure 1. State Diagram of a Typical Charge Cycle
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ISEMHRYZEE / Stability Considerations

REBMSFREENHHIREE | [BEREEN RIRREREEBERRA— N NEBEAERIER TR
FISE. FRBEEIE , ATRSGKEE , BIKA— MaLESeE. SXRAAEENKESRIZE
ERESERET , EiEIN— S ARRKA10EEE. NRFERNEERS |, NAFELREKEHEES,

The constant-voltage mode feedback loop is stable without an output capacitor provided a battery is
connected to the charger output. With no battery present, an output capacitor is recommended to
reduce ripple voltage. When using high value, low ESR ceramic capacitors, it is recommended to add
a 1Q . resistor in series with the capacitor. No series resistor is needed if tantalum capacitors are
used.

FEiEERMENS , T RIFRAEPRIZPROGS | , MAZEE. EERREXINRELZPROG
5|IREH AN I, =PROGS M iR BHINBE S < m/MREEMHEEISEASITE[E. PROGS | LAIHK
FURERMNRIFECPROG , MaTRA T ZUFRiITERPROGHIER AR :

In constant-current mode, the PROG pin is in the feedback loop, not the battery. The constant-
current mode stability is affected by the impedance at the PROG pin. With no additional capacitance
on the PROG pin, the charger is stable with program resistor values as high as 20k. However,
additional capacitance on this node reduces the maximum allowed program resistor. The pole
frequency at the PROG pin should be kept above 100kHz. Therefore, if the PROG pin is loaded with a
capacitance, Cprog, the following equation can be used to calculate the maximum resistance value
for RPROG:

1
21 *10° *Cpprog

RproG <

XTI |, tIERCGBARIRER 7R , MAERSER. iU, IR—MNETEREREN
HIFFREIRSEIMFHER , MIMBATS [ AR RBELBFSERINTENEE, XS , B
EELBSHERIKTEINEE., XMAE | vIEPROGS M ERA— MERRCIERERNEFY
RYEE R (WE2F 7 ) » FEPROGS [FIFIIEIREE SRR ZENEIR 7 — 1 10k BEER AT RISEM .

Average, rather than instantaneous, charge current may be of interest to the user. For example, if a
switching power supply operating in low current mode is connected in parallel with the battery, the
average current being pulled out of the BAT pin is typically of more interest than the instantaneous
current pulses. In such a case, a simple RC filter can be used on the PROG pin to measure the
average battery current as shown in Figure 2. A 10k resistor has been added between the PROG pin
and the filter capacitor to ensure stability.

10k CHARGE

. AMA—e . CURRENT
MONITOR
CIRCUITRY

RPROG === CFILTER
GND

t

Figure 2. Isolating Capacitive Load on PROG Pin and Filtering
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IhZRIRFE / Power Dissipation

HM4054HERRIRAISE IR\ TSR BB R AR A A BT IR ERIRFE SR (G E., IXFPINERIRAE
JLFE2EBERHNEMOSFETF4RY XA FIAIK ¢

The conditions that cause the HM4054H to reduce charge current through thermal feedback
can be approximated by considering the power dissipated in the Ic. Nearly all of this power dissipation
is generated by the internal MOSFET-this is calculated to be approximately:

Pp = (Vg — Vpar) © Igat
NARIPOIFERIAIINER |, Ve HBINBRIRERE |, VearNERIBEE |, arAFTEER. BRARIEFIAXTI
RRMRIPE | SRERERCS
Where Pp is the power dissipated, V¢ is the input supply voltage, Vpat is the battery voltage and Igat

is the charge current. The approximate ambient temperature at which the thermal feedback begins to
protect the I¢ is:

Tp =120°C - Ppbya
Ta=120°C - (Vgc — Vpar) ® Igar ® 6ua
STl - B mAREE— NS VUSBERFRIRIE TERRIRAIHMA054HE— BB 3. 75 VEBERIANEEE
HFEIRH400mATFIEERER. [Rig0JAI150°C/W( BN BEIRMBERIERE ) , ZHM4054H
FHERNFSEEERE |, IEREIRLLA
Example: An HM4054H operating from a 5V USB supply is programmed to supply 400mA
full-scale current to a discharged Li-lon battery with a voltage of 3.75V. Assuming 6JA is 150°C/W
(see Board Layout Considerations), the ambient temperature at which the HM4054H will begin
to reduce the charge current is approximately:
Ta=120°C - (5V = 3.75V) * (400mA) * 150°C/W
Tp=120°C - 0.5W  150°C/W = 120°C - 75°C
Tp=45°C
HM4054HA]#£45°CLA ENINSRE SR TER | (EREERSHEZI00mALLT, XIF—
LERPMNERE , REERAA FIULSKE -
The HM4054H can be used above 45°C ambient, but the charge current will be reduced from
400mA. The approximate current at a given ambient temperature can be approximated by:

120°C - Ty
Vg — Vea ) *6u
B0 CHEMNRIRE RS SRIERIFIF. FERRRTEHALIRNE :

Using the previous example with an ambient temperature of 60°C, the charge current will be
reduced to approximately:

lBaT = (

120°0-60°C  _ 60°C
5V—3.75V)-150°C/\N 187.5°C/A
lgaT = 320mA

lgaT = (
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IhZRIRFE / Power Dissipation

ANE , IEAN THEFIRER FMTiCRYBRE | SRRIR(EFSEEEA/NT , PROGS i LRI EMIE
R ECAGIREIR )N

Moreover, when thermal feedback reduces the charge current, the voltage at the PROG pin is also
reduced proportionally as discussed in the Operation section.

THIEAREAEHMA0S4AHN AR & BEIMMIREY | X—RIEEE , AAZIKEESRIAE
120°CEART B sFE(ERINFE,

It is important to remember that HM4054H applications do not need to be designed for
worst-case thermal conditions since the IC will automatically reduce power dissipation when the
junction temperature reaches approximately 120°C.

MEE / Thermal Considerations

BT SOTEHERIMER IR, Elitt , FERB— M RITHERAIPCIR B AR IR EMIEINE 8
FARZREREER , X—mRIFEEE, TSI ERIRENEIVBIENE R 23 I15IER |, FBEIEE
5515 (5B 2#E5 14 ) BAPHRIEE. PARIRE BN, 5IMMEIEATEAEIRN/ S AT sEEEiE |
FRINEHEERARRER , IMEEAEEERIEERES . EREEERERENEI ENETHE
BRAUSRVERE S D 2 A Y. HHATPARMEIRITEY | BRIER E SRR RAEMMAIREE
WRFLAERN , BACIENWRERFIRAFTEBE RGN,

Because of the small size of the Thin SOT package, it is very important to use a good thermal PC
board layout to maximize the available charge current. The thermal path for the heat generated by the
IC is from the die to the copper lead frame, through the package leads, (especially the ground lead) to
the PC board copper. The PC board copper is the heat sink. The footprint copper pads should be as
wide as possible and expand out to larger copper areas to spread and dissipate the heat to the
surrounding ambient. Feed through vias to inner or backside copper layers are also useful in
improving the overall thermal performance of the charger. Other heat sources on the board, not
related to the charger, must also be considered when designing a PC board layout because they will
affect overall temperature rise and the maximum charge current.

TFRD7 T M AR BRI FIREREM THRE. BRI E AR EEs LS HRY3/32"
FR-4 EEREHR b ( 28T HINE ) K158,

The following table lists thermal resistance for several different board sizes and copper areas. All
measurements were taken in still air on 3/32" FR-4 board with the device mounted on topside.

Table 1. SEFREE ( IEBIEHR* ) Measured Thermal Resistance (2-Layer Board*)

Copper Area Board Area Thermal Rrsistance
Topside Backside Junction-to-Ambient
2500mm? 2500mm? 2500mm? 125°C/W
1000mm? 2500mm? 2500mm? 125°C/W
225mm? 2500mm? 2500mm? 130°C/W
100mm? 2500mm? 2500mm? 135°C/W

50mm? 2500mm? 2500mm? 150°C/W

*BERA1RE){E5E / Each layer uses one ounce copper
Table 2. SCiEREH ( TUEHEEIR* ) Measured Thermal Resistance (4-Layer Board**)

Copper Area Board Thermal Resistance
(Each Side) Area Junction-to-Ambient
2500mm>*** 2500mm? 80°C/W

TREFRERA2ERTTE , REXRALRSHESE / Top and bottom layers use two ounce copper,
inner layers use one ounce copper.
** FUEEFS910000mm?2/ 10,000mm? total copper area
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PE(EEPIEBMOSFET MRimAYERERES BZ R IchATIRE, ARETEIE , IXEEEINEmXEEN
EERAMER. XRZ—E2BE— MM (Hlil— RS IRE ) B—EBD ThEFEEUE,

Reducing the voltage drop across the internal MOSFET can significantly decrease the power
dissipation in the IC. This has the effect of increasing the current delivered to the battery during
thermal regulation. One method is by dissipating some of the power through an external component,
such as a resistor or diode.

BFAXF N A AT RE RS T R Rl it X SR S RUBE B FHYara Fe BT IE]) (BERRERIF ARV
LIS RBRMEHMA0S4AHLTRERIRE | NESLhr EB AT sEE KT,

While this application delivers more energy to the battery and reduces charge time in thermal mode,
it may actually lengthen charge time in voltage mode if Voo becomes low enough to put the
HM4054H into dropout.

AT RERIMITTHER I FB R R EERETMER(ER/IMURT | IZARBEERIRIERIER, BT
TR EE BT IEE IRIEE RS,

This technique works best when R¢c values are minimized to keep component size small and avoid
dropout. Remember to choose a resistor with adequate power handling capability.

Vce EIEHBEEE / Ve Bypass Capacitor

BMNZ IR LIERSMEENERR. A  ERAZSEERSRITOMER. ATHLRERIME
EHEARESRBERNSQENSS , At , AREEHFUT (LB RESFRAS— 1 TIEPRYSE
TFAEE ) BB A BB ERSES. EBII— N SXSRIBEB AR SQEEESRAIRE DR
INSHHEEERSES.

Many types of capacitors can be used for input bypassing, however, caution must be exercised
when using multilayer ceramic capacitors. Because of the self-resonant and high Q characteristics of
some types of ceramic capacitors, high voltage transients can be generated under some start-up
conditions, such as connecting the charger input to a live power source. Adding a 1.5Q _ resistor in
series with an X5R ceramic capacitor will minimize start-up voltage transients.
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HM4054HEE— N TFEREBINHAI R ASREIE/ BB RV SR, H— 7 7E
BIMRSENRT , FREEEBFRIEELOOusAARIRAEMNO LA ERIESITEE. FEEshidEd | IXEEiE
FEX RER/NEIR ERIBEEER iR G E A ER.

The HM4054H includes a soft-start circuit to minimize the inrush current at the start of a
charge cycle. When a charge cycle is initiated, the charge current ramps from zero to the full-scale
current over a period of approximately 100us. This has the effect of minimizing the transient current
load on the power supply during start-up.

CHRGS |ifsEB R MHt— M N ES T REAM IREFAER. —12I20pA M55 FERER
Ve SIB_EREIN Y FHAFREEERETRAESHEE. J—MNEEHREEDIFHERT , ZTEERRYIEE
EEftERY TR | CHRGS 4 =i, CHRGS BB IRILEIA10mA RYREIR , LARE— 1 RTHE
ISR IEEH T ZHFRILED,

The CHRG pin can provide an indication that the input voltage is greater than the under voltage
lockout threshold level. A weak pull-down current of approximately 20pA indicates that sufficient
voltage is applied to V¢c to begin charging. When a discharged battery is connected to the charger,
the constant current portion of the charge cycle begins and the CHRG pin pulls to ground. The
CHRG pin can sink up to 10mA to drive an LED that indicates that a charge cycle is in progress.

SRR |, FRERHEATEEIEERERND , REERTIE TR, SREEREERE
IRTERRAIL/100T , FEEREREREE FAFE— N 20pATRIFEUE | RSB ERCELER. WNRE
NB[EWEREEE X EDMIRLAT , MCHRGS [FZEREE . FIBMNARBEN_LHFEEERS |
— MASLIERREEEIE IZS OB AT E =FIATS | ANEISATR.

When the battery is nearing full charge, the charger enters the constant-voltage portion of the
charge cycle and the charge current begins to drop. When the charge current drops below 1/10 of the
programmed current, the charge cycle ends and the strong pull-down is replaced by the 20uA
pull-down, indicating that the charge cycle has ended. If the input voltage is removed or drops below
the under voltage lockout threshold, the CHRG pin becomes high impedance. Figure 5 shows that
by using two different value pull-up resistors, a microprocessor can detect all three states from this

pin.

vt Vb
Ve
800k
uPROCESSOR
2k
CIRG ouT
IN

Figure 5. Using a Microprocessor to Determine CHRG State
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CHRGIAZSGHSIB / CHRGStatus Output Pin

AT EHMA0SAHF BRI TION 1S 3=ttt 5 B OUT paEdl nEEEFHMUECHRG
S| LRVEEE. BDEESRA2k ERIEBFRZRAIER T , NIAIEMOSFETHEEHEIZS IR =XEBE Y. —BFR
FE{EIAZIE , NigiIBMOSFETRI#KHT , FFE— 1 20uARIRERTIFHIEZZCHRGSf. INSIFIKEEE
F2K ERIEBMEER ZSET, N THERBFE—1E TRER , SEOUTs RIEEH ARBEIUAT.
SSER IR @IS — 1 N800K B [EEIFINS [R5 |BIA Z=(REE S ; SNERCHRGS B /aEREHT , MIING |BNSH
RIZESHEY , Xttt F—1UVLORE,

To detect when the HM4054H is in charge mode, force the digital output pin (OUT) high and
measure the voltage at the CHRG pin. The N-channel MOSFET will pull the pin voltage low even
with the 2k pull-up resistor. Once the charge cycle terminates, the N-channel MOSFET is turned off
and a 20pA current source is connected to the CHRG pin. The IN pin will then be pulled high by the
2k pull-up resistor. To determine if there is a weak pull-down current, the OUT pin should be forced to
a high impedance state. The weak current source will pull the IN pin low through the 800k resistor; if
CHRG is high impedance, the IN pin will be pulled high, indicating that the part is in a UVLO state.

CHRGIAZSGHSIB / CHRGStatus Output Pin

EEYNAY , FEAEVcc EHTRERMERERIP. REFEERES |, WalRB— 1 REES
—iRE, EEIRIFHRIEENGS | TLARA— 1 PEEMOSFET (2IE6RTR ) .

In some applications, protection from reverse polarity voltage on V¢ is desired. If the supply
voltage is high enough, a series blocking diode can be used. In other cases, where the voltage drop
must be kept low a P-channel MOSFET can be used (as shown in Figure 6).

DRAIN-BULK
DIODE OF FET

VIN VCC

- C

Figure 6. Low Loss Input Reverse Polarity Protection



FEZEFESH

]
HeMsemi HM4054H

USB FNZZimiEEcsSMii / USB and Wall Adapter Power

HM4054H S N— N3 iEECRSE—MUSB imOHT7EE,. BE7RH TS miEies S
USBESTREININAB SR —NSLF]. —MPEIEMOSFET ( MPL) TR LEASRIEE SHEANRME SR
EEANUSBIRO , MT— P EFERE (D1 ) NtKATBrLEUSBINERIEZT 1K NAFE IR BRI P4 4R4E.

The HM4054H allows charging from both a wall adapter and a USB port. Figure 7 shows an
example of how to combine wall adapter and USB power inputs. A P-channel MOSFET, MP1, is used
to prevent back conducting into the USB port when a wall adapter is present and a Schottky diode, D1,
is used to prevent USB power loss through the 1k pull-down resistor.

—HRSEIR , R IERC SRRt B A BRI A 500mARYUS Bl O AB SRR, EIt , 2MATiERD
BN, ARA—1NIZIEEMOSFET ( MN1 ) F1—MEINAY10KIR ERE B ZERIE 7B RIEINE
600mA,

Typically a wall adapter can supply more current than the 500mA-limited USB port. Therefore, an
N-channel MOSFET, MN1, and an extra 10k program resistor are used to increase the charge current
to 600mA when the wall adapter is present.

5V WALL
ADAPTER
600mA Iy _E + 5 lone
D1 oir |3 SYSTEM
USB POWER |H |’ 4 LOAD
500mA g o1 b
| Li-lon
" BATTERY

Figure 7. Combining Wall Adapter and USB Power
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USB/Wall Adapter Power Li-lon Charger
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YM2RTE /| Package Dimensions

L1
B

|

|

|

£1 NGRE

E
1
C
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol .
Y Min Max Y Min Ma.x
L 2.82 3.02 F1 085 1.05
B 1.50 1.70 o 0.35 0.50
C 0.90 1.30 C 0.10 0.20
L1 2.60 3.00 b 0.35 0.55
E 1.80 2.00 F 0 015

SUT23-2
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ENEiRAE / Marking Instructions

LTHY/

*k*k%k
WA ¢
LTHT7 : FELSHHD
Rl NEFHSARE | BEFHSEIL.
Note:
LTH7: Product Type.

*kkk.

Lot No. Code, code change with Lot No.



EiREEEMZE (FTER) / Temperature Profile for IR Reflow Soldering(Pb-Free)

350 |
300 2455510
8 250 | j F—510.5 sec
o - paallh. "
2 200 7 e
€ | _ 5
g 150 o \
E 100 | - B0 ~ 90 sec
8 - n
I
50 | Pl
—_
0 | i i | i i i s
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
B : Note:

1. FRPGEEE 150 ~180°C , A 60 ~ 90sec;
2. IEERE 245+5C , AY[EIEFELN 5+0.5s¢ec;
3. IREHIFRISENERE Y 2~ 10°C/sec.

TSRS /

RE : 260+5C

1.Preheating:150~180°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 Test Conditions

A&l : 1041 sec.

M | Packaging SPEC.

HRE% | REEL

Temp.:260x5C

Time:10+1 sec

Package Type Units 7, % $ & Dimension 4% R+  (unit: mm®)
ﬁ.%%ﬁﬁ U?j\it/s%Rﬁéel Reel}s@/l?ﬁr;; Box Units/;/rgr Box |nner Boz;%ﬁgOuter Bo Units/gf);ger Box Reel Inner Box & Outer Box ?’é
SOT23-5/6 3,000 10 30,000 4 120,000 77 %8 | 210x205x%205 | 435%225x420

fEFHi%E /| Notices






