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}&gi® / Descriptions

ZLA054CR— BN R R Rt RAEERER/ BB ke, HSOTHESR/MaII
EBITIHER B 18 ZL4054CR BRI TR FARVIRARISEE, ZL4054CH]LAES USBEERANIERCESEEIR LI,

The ZL4054C 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 ZL4054C
ideally suited for portable applications. Furthermore, the ZL4054C is specifically designed to work
within USB power specifications.

TR 7 REBPMOSFETZEY , JN_ERAEIFREREE , FRLAARRZEIMEBa IR fEESMMRE ke, AR
IRATXIFEERETED |, IMEEXRIIRBEESINEEERM T SRIEEINLPRE, FTHEEERE
F4.2V , MaEERET — AR TN E S REE R ERE I RE A EREEREE
1/108 , ZL4054CK B n#2 1L 7R ER.

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 ZL4054C automatically
terminates the charge cycle when the charge current drops to 1/10th the programmed value after the
final float voltage is reached.

LENEE ( 3SEEISSEUSBEEIR ) #E AT , ZLA0S4CEEIHAN—MERRE | BEbiRER
BEZ2uALLT. BrEIEZLA054CETEHURT , LATSHEEEBIRIEE25uA,
ZLA0S4CHIYE M R iR InEes. KBS BaBmEl— AT RaBERImAEE
BEARPRES R,

When the input supply (wall adapter or USB supply) is removed, the ZL4054C automatically enters
a low current state, dropping the battery drain current to less than 2uA. The ZL4054C can be put into
shutdown mode, reducing the supply current to 25uA. 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.

$4F / Features
>  EIAS00mARIEIRIETSEBEER
Programmable Charge Current Up to 500mA
> FCEMOSFET, #aileEfRes s iR e
No MOSFET, Sense Resistor or Blocking Diode Required

> BATEDIEEFEIN. RASOT23-53j%ErseiEL 78
» Complete Linear Charger in 5-Lead SOT-23 Package for Single Cell Lithium-lon Batteries

> |EEER/EERERE  FEERETINE
Constant-Current/Constant-Voltage Operation with Thermal Regulation to Maximize Charge Rate
Without Risk of Overheating
> BEEMUSBInERTHEE FHEIMFIHE
Charges Single Cell Li-lon Batteries Directly from USB Port
> 42VIiRFREERE
Preset 4.2V Charge Voltage with £1% Accuracy
> FTHitEEmNNFEE R
Charge Current Monitor Output for Gas Gauging
> BniBsE

Automatic Recharge
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$4E / Features

> FERRESHIES
Charge Status Output Pin
> C/107cEB&1E
C/10 Charge Termination
> SRR AR R 9250A
25uA Supply Current in Shutdown
> 2.9ViBRFERHRA
2.9V Trickle Charge Threshold
> BEHIIRE T RimER
Soft-Start Limits Inrush Current
> BBYT(EARY , mHE 2R,

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

& / Applications

> HEEEEIE. PDA. MP33ERES ;
Cellular Telephones, PDAs, MP3 Players

> FREERE
Charging Docks and Cradles

> EFNF
Bluetooth Applications.
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PIERSENERER / MIFIEBER  Equivalent Circuit or Application Circuit

Vi
45V T06.5V
1
1uF 4
I VCC 3
_— BAT
LSOO mA
ZL4054C-4.2V 5
PROG | 42V
Li-lon
Cj‘f 2K BATTERY
2

SIBIHER / Pinning

TOP VIEW
CHRG 1 |5 PROG
GND 2

BAT 3 14V

CHRG (SIE):mRAEFRERSEL. ERIBRIFREIEF , B— M REBNIZEMOSFETECHRGS|
BRI =R, SFeEREIREARAT , —1MY20uARYSE MR RIRHEIEZCHRGS /) , 85— 1MACTE
RS, BZLA054CHENE—MREABESMAES , CHRGS [#EEH ASBEIUIAE.

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 20pA is connected to the CHRG pin, indicating an “AC present” condition. When

the ZL4054C detects an under voltage lockout condition, CHRG is forced high impedance.

GND (SIB12): it.

GND (Pin 2) : Ground.

BAT (S183): 7eFBFE R . %5 REtRH TR RS R ZTBERTE4.2VIZ5 [ —1ME
IEREBEEE S EEIREF REBE |, FETUEIIH | IZEREEE D E2EHTT.

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.

Vec (SIBI4) : IERVMINERIREEE. 1%5 (F)RFEEEHE, VI WSEEIE4.25V-6.5V2 (a8 , FROE
HED—PLUFBERSRHITEE, 3V EEBATS|RIEBER30mVLAA |, ZLA0SACHNEHIET , N
IeatfEZE2UALLTR,

Vcce (Pin 4):Positive Input Supply Voltage. Provides power to the charger. Vcc 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 ZL4054C enters shutdown mode, dropping lgar to less than 2uA.
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SIEIHES / Pinning

PROG (SIi#)5): ZEHERIKE , FREBEREEIHETIS M. EZ5 St EiEE—MEE /91 %HIE
BEE&Prreo Rl LUREFSFERE T, HEIEERMERN 77T | 145 A ERAEHFELVERMBRIE
APEAT LAFIFIZE | _EAOEBBESRNEFTERER , AT Alar= ( Veroe/Reros ) *1000.

PROGS |BhARTLARSR KM 7o eS8, SIRERHES Sithfgss , WEF—1°3.0uA BBFtIEPROGS IFIHIERS
BB, ZiZ5 MAVEREARI1.21VAYSHL JBREERS , ZRERHANEIELN | REELLERAEIRER
BEZE25uA, Z5IBIIATKL2.4V , BBIRRL.5mA | BT Reroc SHIEIESE TR E IE FIRIEIRE.
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: Izgat = (Vpros/Rrrog)*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 25pA. 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.

EPEEE / Marking
TUEPE54BE, See Marking Instructions
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RBE2S#L / Absolute Maximum Ratings(Ta=25°C)(Note 1)
S #E BAfy
Parameter Rating Unit
Input Supply Voltage (Vce) -0.3t0 10 \Y
PROG -0.3t0 Vcc+ 0.3 Y
BAT -0.3t07 Y
CHRG -0.3t0 10 \%
BAT Short-Circuit Duration Continuous
BAT Pin Current 500 mA
PROG Pin Current 500 MA
Maximum Junction Temperature 125 °C
Operating Ambient Temperature . o
Range(Note 2) 40~85 C
Storage Temperature Range -65~125 °C
Lead Temperature (Soldering,10sec) 300 °C
HBERESE] / Electrical Characteristics(Ta=25°C,Vcc=5V)
S s plimeS s B/ME | HEYE |RAE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Input Supply Voltage Vce 4.25 6.5 Vv
Charge Mode (Note 3),
Reroo=10K 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lcc Terminated) 200 500 KA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vee<Vear, OF Vec<Vuy)
Regulated Output (Float) 0 C<Tp<85C
Voltage VELoAT lsar =40MA 4158 | 4.20 |4.242 \Y
Rproc=10k
Current Mode 93 100 107 mA
Rproc=2k
Current Mode 465 500 535 mA
BAT Pin Current I Standby Mode i i
BAT Venr=4.2V 0 25 6.0 MA
Shutdown Mode (RPROG
Not Connected) £10 | £20 | pA
Sleep Mode Vcc=0V +1.0 | £2.0 MA
Trickle Charge Current [— Vear <YTR'KL 20 45 70 mA
Rproc=2K
Trickle Charge Threshold Rproc=10k,Veat Rising
Voltage V1RIKL (Note5) 2.8 2.9 3.0 V
Trickle Charge Hysteresis
Voliage ge ry Vrriys | Reros = 10K 60 | 80 | 110 | mv
Web:www.zlw-ic.net 6/25




Z1.4054C
500mA £k 4 78 FEIC

0 B
HRESEL / Electrical Characteristics(Ta=25°C)
S s M &4 B/ME | HEYE |RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Vcc Undervoltage Lockout .
Threshold Vuv From V¢ Low to High 3.7 3.8 3.92 \YJ
Vcc Undervoltage Lockout
Hysteresis VuvHys 150 200 300 mV
Manual Shutdown Threshold PROG Pin Rising 1.15 | 1.21 | 1.30
Voltage Vuso - -
PROG Pin Falling 0.9 1.0 1.1
Vee — Vaar Lockout Threshold Vcc from Low to High 70 100 140 mvV
Voltage Vaso -
Vcc from High to Low 5.0 30 50 mV
C/10 Termination Current I Rproc=10k (Note4) 0.085| 0.10 | 0.115 |/mA/mA
TERM
Threshold Reroc=2K 0.085 | 0.10 |0.115 mA/mA
PROG Pin Voltage \Y; Reroc=10K 093 | 10 | 107 | V
PROG | Current Mode ' ' '
CHRG Pin Weak Pull-Down lenre Venre=5V 80 20 35 LA
Current
CHRG Pin Output Low Venre lepre= 5MA 0.35 | 0.60 \%
Voltage
Recharge Battery Threshold
Voltageg Y Vrechre | VrLoaT-VRECHRG 100 150 200 | mVv
Junction Temperature in .
Constant Temperature Mode Tuwm 120 C
Power FET “ON” Resistance
(Between V¢c and BAT) Ron 600 maQ
_ . IBAT:0 to
Soft-Start Time tss lsar=1000V/Reroc 100 VS
_?i?ﬁgarge Comparator Filter trecHArRGE | VBAT ngh to Low 0.75 2.0 4.5 ms
Termination Comparator Filter Igat Falling Below
Time trERM lopia/10 400 | 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 ZL4054C-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.

Web:www.zlw-ic.net
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[/ Functional Block Diagram
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BSHBRZ%E / Electrical Characteristic Curve
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T{E[RIE / OPERATIOU

ZLA054CR— I RRBIEEHE N/ EEE EEZR L HEE FHEIh TR, BrelFRAt500mARIZERER
i (EE— M RIRTTRIFRIPCBME ) FI— 1 AERPIAIBINEMOSFETAIRVET IR, THEE_IRE
EHIMEREEIAIERFERS ; I | BAFTEEREBIRNFER MM, ML , ZL4054CIRREB N —
MNUSBEEIRZXIE TIFEIR.

The ZL4054C 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 ZL4054C 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
ZL4054C is capable of operating from a USB power source.

IEEZHTEIR / Normal Charge Cycle

AV S BB EAZEUVLO| JREBELLEBEPROGS i Sitt 2 [BliEsE T — M E N1 %0IS EERHES
BE— I SFHEREHIRTEERN , — 1 FBEAITR, WRBATS|HIEEFET2.9V , NFeEeSHA
iBRFEEE, mEiZET |, ZL4054CIRMHAY1/10 FIREFBRER  LESERBEREAE— %2
HIEBSFE , MMSEIimEE FRFeEE.

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 ZL4054C supplies approximately 1/10 the programmed charge current to bring the battery voltage
up to a safe level for full current charging. (Note: The ZL4054C does not include this trickle charge
feature).

ZBATS |BIEEEFZE2.9VLA LR FHESSANIEERMER MR ERAEEFTERER. ZBAT
5| EIAZIRLLFFBE (4.2V) B, ZLAOSAGHNIEEREES , BFBRRARE). H7E
FEERMEEIREEN1/10 , FTERERE

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 ZL4054C 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.

ZEBERANEE / Programming Charge Current

FEEERERA—MNEEEPROGS |5tz [ARYEERERIRERN. EiRFEERZPROGS [fkH
EEIMAY10001E, REEMREFIFEERKA FIATUEITE

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 = , lcHg =
lcHe RproG

MBATS |l FEER B R el 1B t A PROGS | BAIEE ERERTHfEE , TV T
The charge current out of the BAT pin can be determined at any time by monitoring the PROG pin
voltage using the following equation:

VproG 1000
PROG

IgaT =

Web:www.zlw-ic.net 11/25
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FHLE1E / Charge Termination

HAREBEREAEREZIREEZ EEEIREENL/108T |, FTEBIMEEL, ZRHRETREA—
RIS LR AEXSPROGS |l THa =G RY, ZPROGS |BIEREREZE100mVLEA NHIBSERE trerm
(—R&AL.0ms)id , FEEBARLRLE, FEEBERIRMR BN , ZLAOSACH NIFH IR | LEATEIN\FBIRER AR ZE200
MA, (iE : C/10RIEEBRFTEMPPRERINRISN ) .

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 trgry typically
1ms), charging is terminated. The charge current is latched off and the ZL4054C enters standby
mode, where the input supply current drops to 200pA. (Note: C/10 termination is disabled in trickle
charging and thermal limiting modes).

FREERT , BATS M ERIBRE G EREPROGS IR EAEDCREEEMIEEIREERI1/10Z [EHTEtpE
E100mVLAT, &ibtiges FRYL.0OmsIERET A ( trzrm ) RERIXFMERAIBRRE A EHAS SEGTHRRER
HR&ZIE, —BMSTHBERERIREERNL/10LLT |, ZLA054CHZR IEFBEAFHELLEIE BATS )
REMTITER. EXMIAST , BATS )RS R EEBY RS,

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 (tterm) 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 ZL4054C 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.

SR |, ZL4054CTSBATS B R TiEERin T, NRiZ5 (IR EREEI4.05VAIBFeEEEE IR
(Vrecrre AT, MIB— N FEEBRFHAH BIRAIEIBAL R, SERUE P TREBERNF )
BiEshiy , WREBGEASBEIMRNEE , B YKt iEesHEAPROGS I THEEa. EBlx
Y — AR TR RIS EL,

The ZL4054C 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.

FHIASIEREE / Charge Status Indicator (CHRG)

FEASHHEEE=MARIRE : 3B THL (£L10mA ) . 55T (£920pA ) FIEMET. BTN
BRIZLAOSACKETF— 7B, —EREEIMEELL |, N5 EINSBREAMEMRRE, 55T
FORESRTV e iHRBUVLORMBZLA054CF RIS, SREITIASERRZL4054CRT-RIEAH
I . BAV. BHBATS|HIEBEERIBREAREZLI00MY , BEAMEINEVS B ENBEERE. TRE—
MR RX DX =FIRS--E "NAER" BB iEH TITIE,

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 ZL4054C 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 Vcc meets the UVLO conditions and the ZL4054C is
ready to charge. High impedance indicates that the ZL4054C is in under voltage lockout mode: either
Vcc is less than 100mV above the BAT pin voltage or insufficient voltage is applied to the V¢ pin. A
microprocessor can be used to distinguish between these three states—this method is discussed in
the Applications Information section.

Web:www.zlw-ic.net 12 /25



Z1.4054C
500mA £k 4 78 FEIC $ o8 8

#PRE) / Thermal Limiting

MRS HEERE EFHET 120°CRTRIELL E , M— BRI SR MR ERIFT IR, 1Z
THBERIPrLEZL4054CT#y , FRiTAFIREAEREIRINZRAEFE M EIRMIRBIRIAZL4054CHIX|
bS. FERIERHEFESESANERFZME TENR/NERRIHET , JREHE (MAZRRNER ) MRE
EXRIEFRFERR, BXThin SOTHRSERERISE "NAGER" HoEE—PSi1e,

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 RCL4054ME
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 ZL4054C. 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.

REF / Under voltage Lockout (UVLO)

— AR EAGEB I N B EHTIE , FHEVAZEREAN IR EZ RIS RS
iz, UVLOBRE— I MERIERFE200Mv.ILtIMETIERMOSFETRR MEERARIF , UVLOBIRIEET
EEEMRIFEETIRR. SNRUVLIOLUEREE R , NFEVccHZELLE BB ER100mVZ BiFtEREA

SIRHENE.

An internal undervoltage lockout circuit monitors the input voltage and keeps the charger in
shutdown mode until Vcc 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 Vcc rises
100mV above the battery voltage.
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FELEM / Manual Shutdown

FEFEFEEIAPRU T TR ZIERRE I Z=RPROG ( \ITI{ERPROGS [iliFE ) SKIEZLA0S4CE TSR
. XEEEIREREZ2UALLT , BRIREMEESOUALIT, SEfnEEERERE—
AIFEEEAEER,

At any point in the charge cycle, the ZL4054C can be put into shutdown mode by removing RPROG
thus floating the PROG pin. This reduces the battery drain current to less than 2uA and the supply
current to less than 50pA. A new charge cycle can be initiated by reconnecting the program resistor.

FEFNETURERH REVSRRLUBEZTUVLOSEM CHRGS IRIEREALT-55 FALIAZS., JNRZL4054C
RTFREABHRT , WCHRGE [EFETVIRE | BAVSHBATS |HIEBERIBEAE100MV , BA
FEANTEV 5 B _ERYEBIEARE,

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 ZL4054C is in
undervoltage lockout mode: either V¢ is within 200mV of the BAT pin voltage or insufficient voltage is

applied to the Vcc pin.

BalBR5 / Automatic Recharge

—BFEBERWLERLLE , ZL4054C3ZRIRA— 1 RB2.0msigiRATIE ( frecrarce ) BILVIRESRXIBATS|
Fi_ERYEB R TELRIETS, ZERIthERERZEA.05V ( AR R FEBIFEAI80%ZE0% ) LITAY , FEEE
BIREFTITA. XIHR 7 EEIARESE ( BiEh ) —NRREING | A RIR T TR RS
HNEE, THEFEFEINIES , CHRGS g HN—NE DR,

Once the charge cycle is terminated, the ZL4054C 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
4 BAT < 2.9
TRICKLE CHARGE
PROG MODE
REGONNECTSE < 1/10TH FULL CURRENT
UVLO CONDITION CHRG: STRONG
STOPS PULL-DOWN
BAT > 2.9V
y
SHUTDOWN MODE CHARGE MODE BAT > 2.9V
lcc DROPS TO <25pA « FULL CURRENT
CHRG: Hi-Z IN UVLO CHRG: STRONG L
WEAK PULL-DOWN PULL-DOWN |
OTHERWISE
< PROG < 100mV
y
STANDBY MODE
" NO GHARGE CURRENT
PROG FLOATED —
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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ISEMEAYIEE / Stability Considerations

REBSTHERNRHIREE | [EEBEERRIRIMNSHEE B AEARRKA— MM SRER TR
O, MmRBEREIE , ATRSORBE  BRA—MRHEERR, SRAXEERRESRIBE
FEEeRT , EEIN— P SEREERHRRAILQBMHESR, NREANRERS , NAFREREKEHRS.

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
al1lQ resistor in series with the capacitor. No series resistor is needed if tantalum capacitors are
used.

FElEEEMERY LT RIGIREPIZPROGE I, MAZERE!D. EEEMENIEEEZPROG
5 |FERETIRYS I, ZPROGS B iR BN S SRIMRERESENEASITEE. PROGS |f AR
FUTERMRIFECPROG , MIaT KA TFiTERPROGHIGR AREFE(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° *Cprog

Rprog <

XK | fERKBAIRTRERFERER , MARRSER. fla0 , R—NEITE {EEEE,;M‘;T
RIFFREBIRSEEItFER | RIMBATS Bl HA IR RE R RSHE R P ENER. XS
MBELESERINTEINEE., mXMIFS | fJ7EPROGS [ ERA— ﬁ%EﬁRCIIU\I&E%;EI)\JESFfJ
AYEEItERIRT ( QNE2F7R ) . EPROGS |BIFIIEIREE AR Z EIEIR 7 — 1N 10keEE R R LARRRISE 1.

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
1K CURRENT
MONITOR
CIRCUITRY

PROG

ZLA4054C-4.2v

RPROG = CFILTER

Figure 2. Isolating Capacitive Load on PROG Pin and Filtering
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Ih=Z=45R%E / Power Dissipation

ZLA054 CRAR SRRV TRV N SR B AV SR T BT I P AT SRR R ., IXFIIRIE/ LT 2
BRER R AEBMOSFETFAR XAJH PR :

The conditions that cause the ZL4054C 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 = (Vo = Vpar) ® Igat
TUPRIPoJIFEAAYINER |, Ve AINEIREEE | VearAEIMEEE | ar ATEER. SRRIRFFIARTI
RAHRIFRS , IR
Where Py is the power dissipated, Vcc is the input supply voltage, Vgar 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 = (Vgo — Vpar)  Igat * 64a
SLff) B gmAREE— M SVUSBEEIRZATS TEERIRRYZL4054CH—MEA3. 75VEE RN EEEFE
iR HA00mARIBREREIR. RIROJANILS0°C/W (IBENEBEIRMBRIERE ) |, HZL4054CHFaaiRE
FREEEERAES , MR
Example: An ZL4054C 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 150C/W (see Board
Layout Considerations), the ambient temperature at which the ZL4054C will begin to reduce the
charge current is approximately:
Ta=120°C - (5V = 3.75V) * (400mA) * 150°C/W
Ta=120°C - 0.5W * 150°C/W = 120°C - 75°C
Tp=45°C
ZLA0SACRIEAS CLA LRIMREE R TER | BRBERGHIEZR400mALIT, SHF—MEEN
NREE , FEEREE FIULKE
The ZL4054C 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 - Ta
Vee — VBat ) *0a
B0 CAME R ERE ERIEAINF. FTREISHALIRNE

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

lgaT = (

T = 120°0-60°C _ 60°C
(5\/—3.75\/)-15000/\.«/ 187.5°C/A
IgaT = 320mMA
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Ih=Z=45R%E / Power Dissipation

AMgn | IEN TAFRIBERD FTITIERIBRAE | ARIRBEFSEEERIAR/NET , PROGS | LAY EHE
IndadilichE 7N

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

VIEAREEZLA054CN BRI HEBEIMIREY | X—RIREE , BAZICEEERAT/120°C
AR ERIPERINFE.

It is important to remember that ZL4054C 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.

#EE / Thermal Considerations

FBRFSOTEERINER IR, Bt , FERB— M RIRITHBRIIPCIRE B AR IR EMIEINE] 8
FIRZREEEER , X—RIFEEE, ATRESIATERRAENEIBIMN R E5 1ZER | FEiTEE
[G51% (5325 |2 ) BIAPARIEE. PARIEE GRS, 5|RIEERREEARN /R A RethEarE |
FEFMEFZERAFEER  LEEAEHEDIEENMES, EREREE R REREE AN ETE
= EI’J,UPK#VEE e EHEME ALK, BFTPARMEIRIT |, B E 5FE s T RAVE MRS

MFIAEER , BAC(IESWRER IR ATEEREATRMN.

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.

RS 7N MAERERR IFIEERSMH FHORE. FrERNEEREEER E=SHR93/32"
FR-4 EBERIR b ( 28T HINE ) 3K15A7,

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. SEFRFE ( INEBEEHR* ) Measured Thermal Resistance (2-Layer Board*)

.Copper Area _ Board Area Thermal Rrsistarjce
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

*FERA1REEE / Each layer uses one ounce copper
Table 2. SCiFRBE ( MERBEEHR* ) Measured Thermal Resistance (4-Layer Board**)

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

“TREMREXRAE2ETNE , NEXA1ZEEHE5E / Top and bottom layers use two ounce copper,
inner layers use one ounce copper.
= FEEFR910000mm?2/ 10,000mm? total copper area
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I hNRETEBIR / Increasing Thermal Regulation Current

PEEAIBBMOSFET MimV/EpEaeE BER D IchiIhFE. ERVATERE , XEAEINEXEEEIHR
EEIRAIER. XMRZ—BEI— MRl ( flan— R —iRE ) B—aBn T=RIERI=.

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.

PRI N A BT ATERREE AR T R R EE X BB S HURE B MEra 7R rE T E) (B ERINH MRV
TISRRIBRMEZLA054CRAETHRERINT | NESLhr E A rIsEREKFeEE AT A,

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 ZL4054C
into dropout.

HATIRFFROTTHE R I B R 4 EPEM AR (B R/IMURT |, IZARBEREIRERIER. BFIC
EE— A RIS ERE AR,

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

Vce EIRHEEE / Vce Bypass Capacitor

WASSISAILUERSTRRIRAR, KT  ERASENRRSSENVNEE, HTELRRNE
EHESHEEGEERNISQENSR , At , AREEMNFRMET (LB RESMAS— N TIEPHE
TRAEIE ) B R BBERSES. EII— NSXSRIEEBEAEEHREAY1.5Q B IEESIE R AR B
INSEHEEERSES.

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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REHRIXRBEN / Charge Current Soft-Start

ZLA0SACEE— T ER BRI R AR ERE AN B RV SR . S— 7B MBI
[Bohit FEEBERISTE100usAARIRTRIEMNO0 LA EHIELITEE. EashidEt XeeBiEEIRX R
SRy NE IR ERYBREREE R S E I E .

The ZL4054C 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 |ilsE R M — MR EE T RIEDH IREBFAMER. —PMI20uA K55 RIEEIRERR
Vee SIREREINTY FHATSEEEIMFIRAIRIEEE, S— M EEHRIERETFER , TEEREE
EEmER D TR | CHRGS BB YA ZEith, CHRGS |BIBERIRIG=IA10mA RIEER | LASRAI— N FTHE
TRAREIREEHITZHRILED,

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 20uA indicates that sufficient
voltage is applied to Vcc 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.

SEEtEOAFRET , TESEHATBERNEEEESD  REERATE, SREEREERE
REERAIL/108T , FEEBEARERER FAHE— N 20uATRIBYS , B RABRBIACRLER. NRE
N EFE SR EE X EAIRLAT | MICHRGS &= . AR N AREER_ LHEBESS |
— ML IRERSEEE MIKS BN =FIAZS | WIEISAT7R.

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.

vVt Vpp

¢

VCC
800k
71 4054C-4.2V o uPROCESSOR
CHRG ouT

IN

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

AT HEZLAOSACKREF BRI ET I TIRN | SRS 1B ( OUT ) s&fl nsBEEHECHRGS )
FRYEBE, BIEAERFAK ERIEERRMNER T , NigiEMOSFETHAHEIRS A Z(REF, —BEFREE
IZIE , NYSIEMOSFETEP#EKRET , FE—120u AR RIEHOIEREZECHRGS ). INS|FIpEEHFH2K
LERIEBERSESEY. ATHEREFE—1 55 THER , AEOUTS |EBaH /SEIVIAS. 558
IREIT— 1 800K BEAFISING |5 IR Z(REET ; SNERCHRGS ST , MINS [RISHRAIES
BB, R T—NUVLOIRE.

To detect when the ZL4054C 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.

CHRGIAZSMHSIM / CHRGStatus Output Pin

HEELNAY  FERVcc EHITRARMEBERP. MIREFEEERS  WelRA— HEKES
TIRE., ERMURIHRIEERNSS | BILARA—"PIZEMOSFET ( SNE6RTR ) .

In some applications, protection from reverse polarity voltage on Vcc 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
Z1L.4054C-4.2V
Vin vVCC
- c

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

ZLA054CAITFN— 2ZiiERCeR s — NUSB i 778, B 77~ TSR G 2SS USBEEIR
BNIILABEHI—NSEfI, —NPIEEMOSFET( MPL Y AT ih LB R SHE AR E S R AEAUSB
wmO , M— P EEETIRE (D1) N#AFR LEUSBINERAELIT 1K B pE RS8R P 4REE.

The ZL4054C 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.

—A%SkiR , ATIERCSSAEIS IR AL ABRIE A 500mARIUSBIR O AESHIETR. Eitt , 23THIEHET
BRENRY , AIRA—INIZEMOSFET ( MN1 ) F1—MHINRY10KIR EEE FERRSRIE R BB 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 lcug f * 2u0sac-42v | o IcHa

D1 st g SYSTEM
USB POWER H_I |’ 4] ec LOAD

500mA IcHg MP1

L_ Li-lon
" BATTERY

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

USB/Wall Adapter Power Li-lon Charger

5V WALL 3 IBAT
ADAPTER I ¢ BAT
Z1.4054C-4.2V
uss _J¥d 4]
POWER
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L
-
S 4
i M -
F
\\-
1 2 3 (:j
C
E1 ~
E
I
C
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbkol .

Y Min Max ynoe Min Mox
L 2.82 3.02 E1l 0.85 1.05
B 1.50 1.Z0 o 0.35 0.30
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 0.15

SUTe3-9
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ENEiRAB / Marking Instructions

WiBR -

4054C :

*kkk o

Note:

4054C:

*kkke
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EIifEEEMZE (FTIR) / Temperature Profile for IR Reflow Soldering(Pb-Free)

350
300 245550
‘5 250 —  PF—5i0.5sec
5 200 —— \
g 150 ===
E / 60 ~ 90 sec \
g 100 = - .
50 =
—r’/
D 1 1 1 1 1 1 i
0 23 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
WihA - Note:
1. FHGERE 25~ 150°C , BdjA] 60 ~ 90sec; 1.Preheating:25~150°C, Time:60~90sec.
2. IBERE 245+5°C , BIEFEES 5+0.5s¢ec; 2.Peak Temp.:245x5°C, Duration:5+0.5sec.
3. IBIEHIFESENEE S 2 ~ 10°C/sec. 3. Cooling Speed: 2~10°C/sec.

MHEIERIRISeS / Resistance to Soldering Heat Test Conditions

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