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f@i® /| Descriptions
CST4054 2 — e MR TR R FHIRBEERE R/ EEmEL Mt TTEE. HSOTHESR
DRSNS B (154054 5 ARSI FIRVERARISEE . 40540 LUES USBEEIR AiEACesEIR LI,

The 4054 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 4054 ideally
suited for portable applications. Furthermore, the CST4054 is specifically designed to work
within USB power specifications.

TR T WEBPMOSFETERYS , 0_ERHEIZREEEE , FRLAARNR RN AR —IRE, PR
IR SRR TAT | IMEEXRIRRM SN RE R NS RREINLARE, F7EBEEE
F4.2V , MzEERrET— RS H TIIMPR E L TR R RE I RBEZ EREREE
1/1087 , 40541&Bsh&IEFREEIER,

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 4054 automatically

terminates the charge cycle when the charge current drops to 1/10th the programmed value after
the final float voltage is reached.

LENEE ( DRIEELESaUSBEEIR ) HiE8RT , CSTA054 s N—MERFIRT | 15EEitiBE g
F2uALLT, BAEA054E TSR , LATTISHLEREEIRIEE25uA,

A0SANHAMF R EIEREERE RIS, JEAM. BaBREl— 1 AHERBERE
NEEEEANAPIRZSS .

When the input supply (wall adapter or USB supply) is removed, the 4054 automatically
enters a low current state, dropping the battery drain current to less than 2uA. The 4054
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.

Y$1EF /| Features
> EIAS00mARIET{RTEFEFB AR
Programmable Charge Current Up to 500mA
>  JoHRMOSFET, 1R MRE —RE
No MOSFET, Sense Resistor or Blocking Diode Required
> BTFEPEETFEIN. REASOT23-539%a)si Lt 7eraEs
» Complete Linear Charger in 5-Lead SOT-23 Package for Single Cell Lithium-lon Batteries
> (EEER/IEEREERE  ARBRETINEE
Constant-Current/Constant-Voltage Operation with Thermal Regulation to Maximize Charge Rate
Without Risk of Overheating
> BEEMUSBinSRTHE FHEIMIE
Charges Single Cell Li-lon Batteries Directly from USB Port
> A2VIiRFREERE
Preset 4.2V Charge Voltage with +1% Accuracy
> FTHItEENNNFEE RS
Charge Current Monitor Output for Gas Gauging
> BniBss

Automatic Recharge
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$54E | Features

> FREIASHEILS IR
Charge Status Output Pin
>  C/107cH&lE
C/10 Charge Termination
> FRUEIU T ROHERERIR250A
25uA Supply Current in Shutdown
> 29ViBRFeEERRFhRA
2.9V Trickle Charge Threshold
> ENRE T RIEER
Soft-Start Limits Inrush Current
> BYTERART , mRETE2X.

When using a single lamp, the light is completely extinguished after fully charging..

Fi& /| Applications

> HEEEEIE. PDA. MP3iEES ;
Cellular Telephones, PDAs, MP3 Players

> FEEERE
Charging Docks and Cradles
> BFNA

Bluetooth Applications.
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REPSAEBEE /| MAEBEE  Equivalent Circuit or Application Circuit

Vin
45VT06.5V

Tk L

I VCC

— BAT

B BRCL4054CME-4.2 BOOmA
PROG 4 2\
Li-lon
(jlf g, 651 BATTERY
2

SIBIHES / Pinning

TOP VIEW
CHRG 1 |5 PROG
GND 2

BAT 3| 14 Ve

CHRG (SIiN):imRFFEFREIASEIH, EEIPRFREERES , B— 1 REBNZEMOSFETECHRGS|
BRI Y, HFEBERERE , —1MI20uARYSE FHIERIRIEHRIEEZCHRGS /) , 35— 1ACEE
ERE. H4054GNEI—MNRIEDMSFEMRS , CHRGS |IMEE2H /A SRR,

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 CST4054 detects an under voltage lockout condition, CHRG is forced high impedance.

GND (51E2): it.

GND (Pin 2) : Ground.

BAT (513):FeEBEEREAIH . i%5 IR E R TR R EREZFFBERAT EA.2VIZs [ —1NE
TEREBEEE S ERRIREF RBE |, FETUEIIH |, IZREREE D 20T,

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 (S114) : ERVMNREIREE, %5 MAIZEEEME, VccRITMBERE4.25V-6.5VZ(E , FiLE
S D—NLUFEZSEEHTIEEE, 2V FEEBATS [BIERERI30MVILA 4054 NSNS,  MTilys
[EZ=2uALLT,

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 4054 enters shutdown mode, dropping | gat to less than 2uA.
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SIBIHES / Pinning

PROG (SIi#)5): ZEERIKE , FREEREEIETS M, EZ5 M5t EEE—MEE/1%RIE
BEESPrreoP] LAIREFREEEE . SFEIEER MR FHIT7ERT | 1%5 | ER S I VERTBRIE
NAERT LAFI A% | _EAYRBERNEFTERER , A Alkar= ( Veros/Reros ) *1000.

PROGS |liER AT LARSR KT 7ErEES. SR EREERs SittfgE | WEB—13.0uA ERIEPROGS IR ES
Y, ZiZ5MNEEARL.21IVAYEIIREER , THESBSHAEIER | TEHEELLEBAEIRER
BEZE25uA, iZ5IBIASEL92.4V , BBRE1.5mA |, 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, Rprog, 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 Rproc to ground will return the
charger to normal operation.

EPE{LES / Marking
TWEPE15BH, See Marking Instructions
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thBRZ=%#1 |/ Absolute Maximum Ratings(Ta=25°C)(Note 1)
S A BAfy
Parameter Rating Unit
Input Supply Voltage (Vcc) -0.3t0 10 V
PROG -0.3t0 Ve + 0.3 \Y,
BAT -0.3to7 \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
H4EES%L /| Electrical Characteristics(Ta=25°C,V¢c=5V)
S S 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),
Reroe=10K 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lcc Terminated) 200 500 HA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vce<Vear, or Vee<Vuy)
Regulated Output (Float) 0 C<Ta<85C
Voltage VELoaT laar =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 . i
BAT Vanr=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 VTRIKL (Note5) 2.8 29 3.0 \%
Trickle Ch Hyst i
ngtage arge rysteresis Viriys | Reros = 10k 60 | 80 | 110 | mV
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H4EES#EL | Electrical Characteristics(Ta=25°C)
S /s M54 =/ME | BBYE |&RAE| B
Parameter Symbol Test Conditions Min T Max | Unit
y yp
Vce Undervoltage Lockout .
Threshold Vuv From Vcc Low to High 3.7 3.8 3.92 \Y
Ve Undervoltage Lockout
Hysteresis Vuvhys 150 200 300 mV
Manual Shutdown Threshold PROG Pin Rising 1.15 1.21 1.30
Voltage Vusp - -
PROG Pin Falling 0.9 1.0 1.1
Vee — Vear Lockout Threshold Ve from Low to High 70 100 140 | mV
Voltage Vaso -
V¢c from High to Low 5.0 30 50 mV
C/10 Termination Current - Rproc=10k (Note4) 0.085 | 0.10 | 0.115 mA/mA|
Threshold Reros=2k 0.085 | 0.10 | 0.115 [mA/mA
. RPROG=1 Ok
PROG Pin Voltage VpRrog Current Mode 0.93 1.0 1.07 \/
CHRG Pin Weak PU”'DOWn ICHRG VCHRG=5V 80 20 35 UA
Current
CHRG P|n Output LOW Vcﬁ; ICHRG= 5mA 035 060 \
Voltage
Rech Battery Threshold
Vgﬁag;ge atiery THe"'R VRrechre | VFLoAT-VRECHRG 100 150 200 mV
Junction Temperature in .
Constant Temperature Mode Tuwm 120 C
Power FET “ON” Resistance
(Between Ve and BAT) Ron 600 mQ
. . IBAT=0 to
Soft-Start Time tss lsx7=1000V/Reroc 100 V&
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 4054-4.2 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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HBSHMMZE /| Electrical Characteristic Curve
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BESHMZEE /| Electrical Characteristic Curve
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T{E[RIE / OPERATIOU
40542 — X KAIEEE R/ ECE EEEZNRETES FHEIEFRERS. BrelEiRAt500mAR

FEBEER (BE—MURITTRFAIPCBASE ) M1— P AERPIIETIERMOSFETIIAET R, TFERS
TIREESNEREEAGINERERS ; EIt BT SR IRNE B MNRTTH. X0l 4054
EBETE M— U SBEERSR/E TFEEIR.

The 4054 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 4054 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
4054 is capable of operating from a USB power source.

IEEZHIEIR / Normal Charge Cycle

V5 B EAZEUVLOJREFLA_ EEEPROGS IS 2 [BIERE T — MEE I 1%HNIR B EES
HE— M SRR HIREIEN , — N FERERITE. WRBATS|HIEEHETF2.9V , NFEEIFFHA
BT, EIZRINF , BRCLA0SACMERRMHLY1/10 RUIREFREER , LMEGHEREERAZE—
NLZEREBEFE , NTEIHERTTE.

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 4054 supplies approximately 1/10 the programmed charge current to bring the battery voltage

up to a safe level for full current charging. (Note: The 4054 does not include this trickle charge feature).

HBATS|FEEEFAZE2.9VLL ERY  FTESHNEERMED LMt EEN TR, ZBAT
SIHBEEARIREFREE (4.2V ) B1.4054F NEERBFEL, , EFRBERRRN. 2 7B
PEEIREEAIL/10 , FEERBIRGER.

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 4054 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 [ Sith 2 [BIRIEEEEESRIZER), BiRFTFEEREPROGS it
EEiAtRU10001%. R EREMERFIFREERRA 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 ¥l PROGS B EE [ERERTHAE , 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:

g7 = ~PROG 41000
RprroG
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FSEL&1E / Charge Termination

HFRBBEREAEREEREEZEREEIREENL/100Y  FTERBEAIWELL, ZFKHEEIREA—
PEBIER R EEXTPROGS |l TR AY, ZPROGS |HIEB/EEZ100mVEATHIBIEREID trerm
(—RR91.0ms)BY , FREEARLRIE, FREERERARENNT , 4054 NURT | AT ERIREER
PEZ200pA, (iE : C/10RIEBMFTHERREMRINPRL ) .

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 tregrw typically
1ms), charging is terminated. The charge current is latched off and the 4054 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 |BIEE EAEDCREBFEIRIEEIREERI /10 BT E ithpE
Z100mVEAT, &1EHEREs EAY1.0msEEIRATIE) ( trerm ) BRRXFMERIBFE DA SEGTRER
HREIE, —BY7BEREEIREENL/I0LLT , CSTA0548048 1B ERFHELLETBAT
5| BRI, EXFAET , BATS | LAIRFA thaiER R R thskfiteE,

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 (trerm) 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 4054 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.
EFTUEINH |, 4054%BATS BB EH TiEELinE. GNRIZ5 [ EERI4.05VAYE TS
BB IBR(Vreckra )LATF |, MIB— N FeEBEAFT AT R AN, JEFTUERFHT7REBER
HFshBER , WRBLHASBIEIIMNEE | &K 7B as A EAPROGS [IFH TH/Za0.
E1I7RH T — RSB ERASE.,

The 4054 constant ly 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 (£210mA ) . 35T (£920pA ) F1EMEH. BTN
SRTA0SATF—TEREIAF, —BEFRBEEREELE 5 [BMASB X EASRMARRE.
S TFHEASER RV IEUVLOKHEECSTA0540b FREBMAEANRT. BIEFRESRRI054EFRE
AR : EAV.. BHBATS [HIEBENIREARELI00MY , BEAFINEV S| EHBEARRE. AIKH
— MR X DX =FRE--E "NAER" BB EEHITITE,

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 4054 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
4054 is ready to charge. High impedance indicates that the 4054 is in under voltage lockout
mode: either V¢ is less than 100mV above the BAT pin voltage or insufficient voltage is applied to
the Vcc pin. A microprocessor can be used to distinguish between these three states—this
method is discussed in the Applications Information section.

TEL: +86-0755-27595155 27595165

FAX: +86-0755-27594792

WEB:Http://www.ChipSourceTek.com

E-mail: Tony.Wang@.ChipSourceTek.com InFo@ChipSourceTek.com



H I B A A A
ShenZhen ChipSourceTek Technology Co. , Ltd.

R / Thermal Limiting

SNSRE FRERE EFHEIT 120° COFURMELL L , MI— N AEBAR ISR MR BRI TR, 1%
THRERJRE 405413 , FHAeiT iR B LA E FR B IR ZRAMEERE IR LRI A IRIA 405409 XS,
EREFBEEERRNER SN FTENRNEREHET | AIRIEEAR (1R S&RHER )
INBIRESRIREFEER. BXThin SOTHEASENEREE "RAER" o t— Sidie.

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 4054
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 4054. 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 ARERR EA SRR ER TR , HEV AEXREAU IR L ZBIEFRB SRS
g, UVLORREBE— 1 HNERIHEF200Mv.LtIMEINZMOSFETH R MR , UVLORBERE 7
FEESRIFEENIAET. SNRUVLOLLIREBERENE , NEVccHELLRItEES100mVZRIFEEEA
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

AP H IS ZIERRERIT X FRPROG ( MMBERPROGS [HiZE ) KIC4054E T
FHURT, XESEItREREE2UALLT , BREIRERIEES0NALLT, EFNEEREHEERIE
— P HTHIFTERIEER,

At any point in the charge cycle, the L4054C 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 |IIEREA T35 FhDRES., R
405450 F X EABHET , NICHRGS |HIZ2SEHINE | EAV.SHBATSBEENEEARE
100mV , EAKEANTEV S I _ERIBEARE.

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 4054 is in
undervoltage lockout mode: either V¢ is within 100mV of the BAT pin voltage or insufficient voltage is
applied to the V¢¢ pin.

BxIBRE5 / Automatic Recharge

—BFREEIRMELLE , 40543 7B0RA—MNEB2.0msIERATE (frecmarcr ) HIELIREEERS BATS Rl
FOEEEMHTIELLIATS, MEE A RMEZEA4.05V ( ABRIRI TS EAIB0%ZEI0% ) LATART , FeFEIEHR
BEITHAR. IXTRR T EIMRAERE (B8R ) —NEREINE | F Rk 7 TR AR S5RY

TE. THEFBRENIEF , CHRGS [HEHHEN— N E TRLAE.

Once the charge cycle is terminated, the 4054 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
RECONNECTSg < 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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ISEMHRYEE / Stability Considerations

REBMSFREENRHIREE  [BEREENRIRREREEBERRA— N NIBEAERIER TR
FISE. FRBEEIN , ATRSGKEE , BIKA— MaLESeE. SXRAAEINKESRIZE
ERESERET , EiEIN— S ARHKA10HEEE. 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.

EEERERMEXP , MTFRIEAREPLIZPROGE | , MAZE!E. EERREXARRELEZPROG
%IHH]ISHME #Im, ZPROGS | LigBMIIEa SR/ ERBRMNRABITHEE. PROGS |I_LAIR
FRUMEERARIFECPROG , NATRATIKRITERPROGHISRAREME(E :

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

RpRrogG <

XTRFSK | i JERKERIATRER TR | MAERSER. Fla0 , iNR—METERRERE
BIFFREIRSEIMFHER , MIMBATS [ ASESRERBELBFSERI T ENEE, XS , B
MEELEFSERKNTENEE., mXMi7S  JEPROGS |HI_EREB—NMESEAIRCIERES KN iqzi’]
AOEEItERIR (R0EI2F7R ) . FEPROGS [BIFNIEIREE SRR [AIGIR 7 — N 1OKEEFERE AR RIS EME,

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.

CHARGE
10K CURRENT
MONITOR
CIRCUITRY

PROG

BRCL4054CME

RPROG  mmmpmm CFILTER

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

A05AFIAR IRAV AT R TR RIS ANBIS] cPRITIRFERAE. IXFIIZRIRFE
JLFE2EBERHREMOSFETF4RY XA FAIK ¢
The conditions that cause the 4054 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 NBINBRIREEE |, VearNERIBEE |, arAFEER. BRAKRIEFIAXTI
RRMRIPE | SRERERLS
Where Py 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 - Ppoya
Ta=120°C - (V¢g — Vpar) * IgaT * 648

S ;B SRR — NS VUSBEBRIRIS TR IRAV4054[m—NEB3.75VEB R R B FHEitt
FRE400MATRIRERTR. [RIZ0JATI150°C/W( iES I BEIRMERIETE ) 254054 FreRREy)N 7582 B iFRAT
, INRREIRL
Example: An 4054 operating from a 5VUSB 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 4054 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
40548]£45°CLA ERBEMRIREE R TER |, (BREEEHEE400mALLIT, $F—
LERNINERE , REBERIAE PSR :
The 4054 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
Vee — VBAT) *04a

lBaT = (

BLI60° CHIEME R EEE BRIEAGIF. FEBEMEHALIRMNE
Using the previous example with an ambient temperature of 60°C, the charge current will be
reduced to approximately:

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

ANUE , IEAN THERIRER FMTiCRYBRE | SRRIR(EFSEEEA/ T , PROGS |l LAIEEEHIE
R ECAGUREIRR )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.

NCABEEA0SAN IR PEREANRFRMY , X—RIREE , BNZIEESRIAE
120°CEART B sFEERINFE,

It is important to remember that 4054 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.

MEFE / Thermal Considerations

BT SOTEHERIMER IR, Bt , FERB— M HRIITERIPCIR B AR KIBEMIEINEI 5
FAIRZREEEER , X—RIFEEE, ARSI ERIRENEINVBIEN G A E5 I5IER | FBEIEE
5515 (B 2#E5 12 ) BAPHRIEE. PARMRE BN, 5IREIEAITEEIRN S AT sEEEiE |,
FRINEHEERARREER , IMEEAEEUERIEERES. EREEEEERENEF ESETHE
BRAUSRRVERE S D 2 A LAY, BHATPARMEIRITEY | BRIER E SRR RAEMMRIREE
WRFLAERN , BRSNS WREAF IR AFEBERERTN,

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 I AR R T FIREREM THRE. BRI E AR EEs =S HRY3/32"
FR-4 EBEEHR E ( 282 THINE ) 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. SEIRFE ( INEBIEHR* ) 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){EE / Each layer uses one ounce copper
Table 2. SCiERFH ( TUEHEEEIR* ) Measured Thermal Resistance (4-Layer Board**)

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

TREFRERA2ETTE , REXRALRSHESE / Top and bottom layers use two ounce copper,
inner layers use one ounce copper.
** FUEEFS 910000mm?2/ 10,000mm? total copper area
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IEhNRET IR / Increasing Thermal Regulation Current

BEEPIEBMOSFET MRimAIERERESE B R IcPRITHRE. ERETERRE , XEGEINEXEEREIHBRY
FEERAIEA. XRZ—R@EE— MM (GIal— N EEREESE —IRE ) B—aBn TR,

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.

Ll B IRTEFE— SV IEEC RS IATS T/ERBIRAYBRCLAOSACMER—1NEHE3. 75 VEB EAYAER
IR A800MARTIEFEER IR, (RIROJAS125°C/W , MIFE25°CHEMERESRHET |, FTHBE
TR

Example: An 4054 operating from a 5V  wall adapter is programmed to supply 800mA
full-scale current to a discharged Li-lon battery with a voltage of 3.75V. Assuming 6JA is 125C/W, the
approximate charge current at an ambient temperature of 25°C is:

120°C —25°C

lgaT = — 608mA
BAT = {6V = 3.75V)*125°C /W

BIIPE—N 55V TiniahcaseREXAIFE B RS MuRAYEE (W3 A7) |, JliE A BI04 | g
KIRFEERFTEREER

By dropping voltage across a resistor in series with a 5V wall adapter (shown in Figure 3), the
on-chip power dissipation can be decreased, thus increasing the thermally regulated charge current

120°C - 25°C
(Vs —IgatRcc — VBaT) *0uA

lgaT =

Vs
%Rcc
<

vce
BAT

Y 2 1 “F BRCL4054CME-4.2
| Li-lon

PROG -
GND T CELL
Rrrog

g

Figure 3. A Circuit to Maximize Thermal Mode Charge Current
FEBXRAER KL Jpar 2.

Solving for IBAT using the quadratic formula®.

lgaT =

(Vs —Vgat) - \/((Vs Vg Hoc120°C = TA)]
6ua
2Rcc
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IEhNRET IR / Increasing Thermal Regulation Current

ENRcc=0.25Q, Vs=5V, Vgar=-3.75V. Ta=25°CHOJA =125°C/W , (T LATEHAEERIFE
Eaiﬁ  lgat = 708.4mA

Using Rece = 0.25Q, VS =5V, Vgar = 3.75V, Ta = 25°CC and 8JA = 125°C/W we can calculate the
thermally regulated charge current to be: Igat = 708.4mA

BAXFN A AR BER T PRIt ENX B SR B H 4afa e aTE (BERERINP MRV
TS RBRMEBRCLAOSACMELTHRERPRTS | NESEhr LA REEKFEFERTE, B4R TiZHEHg
EAMAIBEERCHIZ KT SEEEE T FERY,

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 Vcc becomes low enough to put the
4054 into dropout. Figure 4 shows how this circuit can result in dropout as Rcc becomes large.

1000 | | I

Vg =5V CONSTANT
CURRENT

|
800 \ 7 <
/ K A ’~~.
// /// "/\T\Q N o

=
£
= ~
E 600 ”,, \‘x'v N ‘\
I T L
3 |.--r Vg = 5.25V
L 400 [ THERMAL
< MODE
S Vgat = 3.75V
BAT = 3.
200 Ty = 25°C
0yp = 125°C/W

Rprog = 1.25kQ
0 025 05 075 1.0 125 15 1.75
Ree ()
Figure 4. Charge Current vs RCC

BT IRFRMITT R T F R R £ EREM{ERBERIMURT | ZEARBEREIRIERIER. 1BEFRIC
EERE— BB RSN R IRYEERS.

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.

0

Vee EIRHEEE / Vce Bypass Capacitor

WA LERZMRENE SR, AT  ERASEREHEERNYIEERE, BTELEERME
EESRESRERNSQENSS , At , ARLEHFHT (LB FRESFRMAS— 1 TIFPRYSE
TFAEE ) BRI A BB ERSES. BII— N SX5RBER SRR SQEESSRAIREIR
INSHERERSES.

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. For more information,
refer to Application Note 88.
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ZCHEREREEN / Charge Current Soft-Start

40548 F— BT ER BB R AREHE/ NBABRIIESHEE. S— 178
BEIMEEaRT , TEERSEL0OusAGHNATEEN EAERHIELITEE. EENEdEF , Xk
EImK FREMRNEIR L AOBR SR R A BRI E .

The 4054 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 IREFEAER. —12920pA HI55 FRERER
Ve SIB_EREIN Y FHAFREBEETR RS E. J—MNEEREEDIFHERT , ZREERRYIEE
EEiERD TR | CHRGS [k =i, CHRGS BB IRILEIA10mA R , LABRE— MR8
ISEEEMETEH T Z FRILED,

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 |, FRERHEATEEIEERENRD | REERTIE TR, SREEREENE
IRTERRAIL/100T , FeEREAREREE TR — N 20uATRIABUE | R BBEARCELER. NRE
NBB[EHREREEEREDMIRLAT , MICHRGS [FZERE B . FIBMNARIBEN LhFAEELS |
— MASLIRREREE IZS OB AT E =FIAES | ANEISAT7R.

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 20pA
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.

V* Vbp
VCC >
g 800k
BRCL4054CME ok uPROCESSOR

CHRG —oﬂ ouT
IN

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

AT HEA0540bF BRI AT TIGN | 1SEFiats (B OUT padl BT HUECHRG
S| LRVEE. BDEESRAE2k ERIEBFRZRAIER T , NIAIEEMOSFETHEHEIZS IR ZXEBY. —BFR
FE{EIAZIE , NiZIBMOSFETRI#KHT , FFE— 1 20uARIRERIFHIEZZCHRGS |f. INSIREIBEERS
2K FHEEfERRR ERE Y, ATHERSFHE 5 MIER , REOUTS s smERTE.
SSEE IR IS —N800K B fEESFINS |5 B Z=(REE S ; aNERCHRGS [F9/SRRHT , NIING BG4
RESHEY , "R HET—PUVLORE.

To detect when the 4054 is in charge mo de, 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

UMY , FEAVcc EHTRERMERERIP. REFREERES |, WaRB— 1 REES
—iRE, EEGIRIFHEIEENGS | TLARA— M PEEMOSFET (2NE6RTR ) .

In some applications, protection from reverse polarity voltage on V¢c 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

4054
Vin vee

= C

Figure 6. Low Loss Input Reverse Polarity Protection
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USB FN3ZimiEEcsEMiR / USB and Wall Adapter Power

4054 F N— N IEECRR B — N USB i T78ME. E7nH TR mERss S
USBEBTREININIAEEHI— L. —/PIZEMOSFET ( MP1 ) AT RIEA SRR EES KR
EEAUSBimO , Ti—MHRETIRE (D1 ) Nt TRLEUSBINERAELIY 1K T BRRRAY P AERAE.

The 4054 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.

—ARSRIR |, RIERC SRS IR (L ABRIE H 500mARJUSBIR OAE S AR, EItL , 3TiER
BHENRS , AIRA—NIZEMOSFET ( MN1 ) F0—M0AY10KI EEE B 2R IE T BB FR G INE
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 IgHg _E * BRCL40SACME-4.2 3 lcHG
D1 BAT [© o SYSTEM

us POWER __T ] Ll_’ 4 e

500mA IgHg VP

~L_ Li-lon
" BATTERY

Figure 7. Combining Wall Adapter and USB Power
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BB / Typical Applications

USB/Wall Adapter Power Li-lon Charger

5V WALL

ADAPTER ‘ *

uss 4
POWER Y II

BAT

BRCL4054CME-4.2

[0

IgaT

I

~1_ Li-lon
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L
]
o> 4
5 m .
'__
\\
. 2 3 (;zih_
|
C
El nil
.
1
C
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol .
v Min Max phko Min Ma x
L 2.82 3.02 F1 0.85 105
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
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ENEiRAE / Marking Instructions

4054C
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4054C : HELSHAD

e NEFSHEL |, BEEFHS T,
Note:

4054C: Product Type.

*kkk.

Lot No. Code, code change with Lot No.
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EiREEEM%E (FTER) / Temperature Profile for IR Reflow Soldering(Pb-Free)
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WiBH : Note:
1. FHGEREE 25~ 150°C , AtiE 60 ~ 90sec; 1.Preheating:25~150°C, Time:60~90sec.
2, IEERE 245+5C , AY[EIEFELA 5+0.5s¢ec; 2.Peak Temp.:245+5°C, Duration:5+0.5sec.
3. \BIEHIFRSENEE N 2~ 10C/sec. 3. Cooling Speed: 2~10C/sec.

RIS / Resistance to Soldering Heat Test Conditions

IR 260+5°C B8] : 10+1 sec. Temp.:260+5°C Time:10+1 sec

Mg | Packaging SPEC.
H8E% | REEL

Package Type Units 7, % $ & Dimension 4% R+  (unit: mm®)
;ﬁ%ﬁﬁiﬁ U?j\it/s%Rﬁéel Reel;l?ﬁr;; Box Units/)lj?/nj;r Box |nner Boz;%ﬁOuter Bo Units//S\;J;gr Box Reel Inner Box & Outer Box ?ﬁ
SOT23-5/6 3,000 10 30,000 4 120,000 77 %8 | 210x205x%205 | 435%225x420

{EFBI%EE / Notices
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