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A /| Descriptions

XR4054BR— e BB DB FHEERAIEERN/BEERELMFERS. HSOTHESR
DRYFNERTTIHER B (E15 XRA054 B Ak o5 TUN FRRVIEARESE . XRA054BRTLUES USBEEIR
F&EECRREEIR TIF.

The XR4054B is a complete constant-current/constant voltage linear charger for single cel
lithium-ion batteries. Its Thin SOT package and low external component count make the
XR4054B ideally suited for portable applications. Furthermore, the XR4054B is specifically
designed to work within USB power specifications.

M RATREPMOSFETEYS , N LRGEIZREBE , FLAAEE/ NN B EEMREE —RE. R
IRAIXIFEEEERH TR | LMEERIREMERENRRERME PO EEINLARRS], FTHEEEEE
F4.2V , Mz RALET— R ESH TP E SRR R R I THEEZ EEEREE
1/10R% , XR4054BiEEmN£E L FREEHEER.,

No external sense resistor is needed, and no blocking diode is required due to the interna
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 XR4054B automatically
terminates the charge cycle when the charge current drops to 1/10th the programmed value aftel
the final float voltage is reached.

LHNBE ( RERC2S s USBER ) #2150t , XR4054BEHN—MEEBIFVAT |, 15t
IREEPEE2UALLT, tBANEXRA054BETEHUER | LATTISHEBERIRIEZE25uA,
XRA054BHE T R B IEFR BB IaIEes. XEAH. BaBmEll— BT arrsEERim
NEEERNAVIAZESS B,

When the input supply (wall adapter or USB supply) is removed, the XR4054B automatically enters
a low current state, dropping the battery drain current to less than 2uA. The XR4054B 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.

YSIE / Features
) EIX800MARIRIfRIEFTEBFEIR
Programmable Charge Current Up to 800mA
FomMOSFET, #6 e AR bRE — R E
No MOSFET, Sense Resistor or Blocking Diode Required
FFeaTERE b, RASOT23- 5557 4 47 Es
) Complete Linear Charger in 5-Lead SOT-23 Package for Single Cell Lithium-lon Batteries
) EEERR/EERERE , FEERETIIE
Constant-Current/Constant-Voltage Operation with Thermal Regulation to Maximize Charge Rate
Without Risk of Overheating
) BERENUSBIHOSETEE FRIbTE
Charges Single Cell Li-lon Batteries Directly from USB Port
) A2VIRgFREE R &
Preset 4.2V Charge Voltage with £1% Accuracy
) FATFEEitEENNRYFE R R R
Charge Current Monitor Output for Gas Gauging
)  BiBRE

Automatic Recharge
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¥HIE | Features

) FEERSHILSE
Charge Status Output Pin
) C/10FcER&RIE
C/10 Charge Termination {F4/1#&
) SFHIHEBEERA25HA 25pA
Supply Current in Shutdown 2.9V
) BRFSFRSBRA
2.9V Trickle Charge Threshold
| EEIRA TR
Soft-Start Limits Inrush Current
NIRRT, FEREITER.
When using a single lamp, the light is completely extinguished after fully charging..
! R
Halogen-free Product.

FHi& /| Applications
) t2EEIE. PDA. MP3#ERiES ;
Cellular Telephones, PDAs, MP3 Players

) FREERE
Charging Docks and Cradles

) BN
Bluetooth Applications.
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RERSMEBEE | MFIEEER  Equivalent Circuit or Application Circuit

Vin
4.5V 70 6.5V
L '
1uF 4
—_E YCC
= RAE | 600mA
PROG 4.2v
Li-lon
GND 1.65 BATTERY
3%l
TOP VIEW
CHRG 1] |5 PROG
GND 2|
BAT 3] 14 Ve

CHRG (GIf):RRA BB RSHE. EREIBRFREEREY , H— 1 WEBNIZEMOSFETECHRGS|
FIRIE(REBET, HFEEAERET , —1M920uARISS MRIFEEIRIFEHIEREZECHRGS ] | 85— 1ACKE
RS, BXRA054BIGEI— MR EABISRMAET , CHRGS [BI#GEH AEBEITAT.

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 XR4054B detects an under voltage lockout condition, CHRG is forced high impedance.

GND (51f#12): 1.

GND (Pin 2) : Ground.

BAT  (GIMI3):FEERAL. %5 | HaEtRURBERHERELFIRBERATLES 2VIZE N —ME
IENERERES ERFREFREE , A UEH | ZAEREED ST,

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 (5114 ) : IERVBINEEIREEIE. 1Z5 |MIAFEE R, VcENEBEIES.25V-6.5VZ(d) , FhE
S —NLUFE S SEHTEEE, 2V B ZEBATS IR ERI30mVILR  XRA054BHEN ST |
MilsatPEZE2uALLT,

Ve (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 XR4054B enters shutdown mode, dropping Igat to less than 2pA.
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S|#IHES) / Pinning

PROG (51p)5): FREEERIZE , REBERSIEFIENS M. Ei%5 S BEE—MEEN1%HE
BEESPrreOPI LAIRTEFRFBFE . STEIBEREMEIN FH TFERT | %5 AR EWERFEIVERTERIE
NAERT LA AiZSE | _EAVBERNEFTERER , A= Akar= ( Veros/Reros ) *1000.

PROGS |HARLARSRKETFEEEES. IR ERHRS SiHEE | WEB— 3.0uA BBiEPROGSE [IHIES
B, ZiZ5MEEARI1L.21IVAYSEIIREER , RESHENEIER |, mEELEEBAEIRER
BEZE25uA, 1Z5IBIIEHKLI2.4V , BBiR1.5mA |, EFTiERrroc SHARIESFF SR EIEEIRIEIAR.
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 = (Veros/Rrroc)*1000.

The PROG pin can also be used to shut down the charger. Disconnecting the program resistor fromr
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.

EDEMRAS /Marking
WENETAEA, See Marking Instructions
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WFES% / Absolute Maximum Ratings(Ta=25°C)(Note 1)
S #iE Bafy
Parameter Rating Unit
Input Supply Voltage (Vcc) -0.3t0 10 \%
PROG -0.3to Ve + 0.3 Y
BAT -0.3to7 \Y
CHRG -0.3t0 10 V
BAT Short-Circuit Duration Continuous
BAT Pin Current 800 mA
PROG Pin Current 800 MA
Maximum Junction Temperature 125 °C
Operating Ambient Temperature e °C
Range(Note 2) 40~85
Storage Temperature Range -65~125 °C
Lead Temperature (Soldering,10sec) 300 °C
FEM4BE24#0 | Electrical Characteristics(Ta=25°C,Vcc=5V)
S8 5 gl s B/ME| HEYE | RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Input Supply Voltage Vee 4.25 6.5 V
Charge Mode (Note 3),
Reroo=10K 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lcc Terminated) 200 500 WA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vee<Veart, or Vec<Vyy)
Regulated Output (Float) 0°C<Ta<85C
Voltage VELoAT loar =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 Varr=4.2V 0 2.5 6.0 MA
Shutdown Mode (Rproc
Not Connected) 1.0 2.0 LA
Sleep Mode Vcc=0V +1.0 | £2.0 MA
Trickle Charge Current i | VAT <VIRIKL 20 | 45 | 70 | mA
Rproc=2k
Trickle Charge Threshold Rproc=10k,Vpat Rising
Voltage VTRIKL (Note5) 2.8 29 3.0 V
Trickle Ch Hyst i
vgﬁagee arge Tysteresis Viriys | Rproc = 10k 60 80 110 | mV
5/25
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FEIERESEL | Electrical Characteristics(Ta=25°C)

28 s Mt 514 =/ME| BEYE &AE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
\T’ﬁgegﬁglzm'tage Lockout Vov | From Vec Low to High 37 | 38 |392]| Vv
\Ijigtl;peds?;voltage Lockout Vv 150 200 300 mv
Manual Shutdown Threshold PROG Pin Rising 1.15 1.21 1.30
V It VMSD
oltage PROG Pin Falling 0.9 1.0 1.1
Vee — Viar Lockout Threshold V¢ from Low to High 70 100 140 mV
Voltage Vaso -
V¢ 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
. RPROG=1 Ok
PROG Pin Voltage VproG Current Mode 0.93 1.0 1.07 V
8:'::;1: P|n Weak PU”'DOWn ICHRG VCHRG=5V 80 20 35 |JA
\C/g:t'zgepi” Output Low Vorre | lonro= 5MA 035 | 060 | V
sgﬁgg ;ge Battery Threshold VRecHre | VFLoAT-VRECHRG 100 150 200 | mV
Junction Temperature in ¢
Constant Temperature Mode Tum 120
Power FET “ON” Resistance
(Between Ve and BAT) Ron 600 maQ
. IBAT=0 to
Soft-Start Time tss lsar=1000V/Rrog 100 V&
Recharge Comparator Filter . 0.75
Time tRECHARGE VeaT ngh to Low . 2.0 4.5 ms
Termination Comparator Filter Isat Falling Below
Time tTerM lena/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 XR4054B-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 100pA) 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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[RIZ#EE / Functional Block Diagram
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ESEAILZLE |/ Electrical Characteristic Curve
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EHESEAIZLE | Electrical Characteristic Curve
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T{FRIE / OPERATIOU

XR4054BR—7 R AEERE R/ BEEEE LR ESFHEIETHER, BreiBiRAts00mAR
FEEER ({BE—MRITRIFAIPCBAE ) F1— 1 AEBPIHEIIERMOSFETAIET R, LTHES
_&M:ZG'I*nBEEumL,LJEEBH% B EAF AR E{NFRER N IMERTT. XYL , XR4054B

Bef \—NUSBEEFIA1E TIERRIR.

The XR4054B is a single cell lithium-ion battery charger using a constant-current/ constant -
voltage algorithm. It can deliver up to 800mA of charge current (using a good thermal PCB layout’
with a final float voltage accuracy of +1%. The XR4054B includes an internal P-channel powel
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
XR4054B is capable of operating from a USB power source.

IFEZE4EIRN / Normal Charge Cycle

BV S [HIEBEFZEUVLO| JREBFELAEBEPROGS [l Sib 2 8IERE T — M E N1 %8R e HES
BE— M SRR HIREIEN |, — N FREEAITE. WRBATSHIEET2.9V , NFEERHEN
Bz, mzE4 , XRA054BIR(H£91/10 HIKEFEBRER , LUEKBEREBEREAZE—

N LRYET , NTEIi#E IR,

A charge cycle begins when the voltage at the V¢ pin rises above the UVLO threshold level and ¢
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 XR4054B supplies approximately 1/10 the programmed charge current to bring the battery
voltage up to a safe level for full current charging.

HBATS|HIEBEFAZE2.9VLA LY FRHERHNEEEMED iR RIEERIFTEER., ZBAT
3 |HIEBEIARIRZFFEE (4.2V ) BF , XRA054BHNBEEEEETS, , BFRBERFRE/). 2
FEREMEEIREERL/10 , FTHBERER.

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 floal
voltage (4.2V), the XR4054B enters constant-voltage mode and the charge current begins tc
decrease. When the charge current drops to 1/10 of the programmed value, the charge cycle ends.

FEERIYIRE / Programming Charge Current

E%@:}lbm?ﬁﬁﬁ_ G PROGS | Sitb 7 [BIRVEBERSKIZEN. BIRZEERZPROGS |
EEImAY10001S, IREEREEFIFEREREA TIIATKITE !

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 il HAVFEEE EE iR AT 1B s tPROGS | B EE /ERERTHE , ATUANF -
The charge current out of the BAT pin can be determined at any time by monitoring the PROG pin
voltage using the following equation:

VPRj.moo

IgaT =
RpPROG
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FEEE£%1E / Charge Termination

EREERAAEREFRBEZEEEREENL/108T , FTEEMEEZLL, ZEXHRBIRA—

ERIEIR LI ERXTPROGS Bl TR =AY, ZPROGS |BIEB/EREZE100m VLA AR ElEIL trerm
(—RZAL.0ms)AY , FeER#EER1LE, FEERERIRAEIRT , XRAOSABHNISFHURET, , LLATHINERIRERIR
B ZOOHAo ( /_:E . C/lOé{‘JJ:T_ﬁmJE%W BE%ME_EEPQE)&)

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 trery typically
1ms), charging is terminated. The charge current is latched off and the XR4054B 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 GBS FEPROGS IR EAEDCREEE MIFEIREERI1/10Z BT EtpE
ZF100mVLEAT, £&1ELERES FRY1.0msiEiRzATIE] ( trerm ) FRRIXFMERAIVRZRHA R SHGTRIER
HR&IE, —BFYFEEREREREEN1/10LAT , XRA054BENZR I FE B EIAFHE BT BAT
5| BHEAHTAEIERR. EXFRET |, BATS|#_EAIRTE thakEf R it sRAtes,

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 XR4054B 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.

FEFTUEINF |, XRA054BXIBATS |BIEBEFHTIELNTS. WNRIZ5 [FIEEEFFERI4.05VAYBFE
BB IBR(VRecire AT, MB—AREERFEFHBREEMANER, HER Wi‘tﬂPL TREER
NFNBEE , WREGEAEBEINRNEE , &YX #FHEAPROGS I TBR5M,
E1I7RH 7 — AR B ERMUASE

The XR4054B 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.

FREEIRSIERE] / Charge Status Indicator (CHRG)

ZTERERSHEEE=MAEIPRE BT (£910mA ) . 55T ( £920pA ) FiEmBi. B TR
SRTXRA0SABLT— TR B, —EFREBEEAKELE N5 RSB REDMFERIRE,
BB TRLREFRTV o HRBUVLOLZMHEEXRA054BL T RIS, BEFUASES
XRA054BALFRIEAHRTC : BAV o SHBATS |IEBERIBEAEL00mMV , E/AB‘@}JDT‘VCC%I
B EREBEARR. AIRA— MRS X DX =FMRE--E "NAER" BB trgiEHTITIe.
The charge status output has three different states: strong pull-down (~10mA),weak puII-down
(~20pA) and high impedance. The strong pull-down state indicates that the XR4054B 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
XR4054B is ready to charge. High impedance indicates that the XR4054B 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.
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#REI / Thermal Limiting

NS R E _ EFHEIT 120°CRTRIRELLE , NI—MAEBRRIRIAS R M ERI T B ER. Z
ThEERTRALEXRA054Big# , H i A iEE LA e RN IREHRY_LIRMIRBIRA
XRA054BRIXIBG, TERIEFERRIGERIMERSFM N ENR/ERARIET , SIRIEHEE (A
ERANER ) MERERREREER. B 9€Thm SOTIRFHEIEBISHE "NAER" B iit—
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 XR4054B
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 XR4054B. 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.

RIEAEA / Under voltage Lockout (UVLO)

— PR EAMFE BRI EH TR | FEV FIEREDU IR EZBIEFRE R RIFER
sz, UVLOERE— 1R ERITR200MV. IMETIERMOSFETR R MERRIF , UVLOBIRISETR
EEEREHEETER, SIRUVLIOHIRERREE , MTEVccHAZELEItEEE100mVZRIFESEER

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 V¢ rises
100mV above the battery voltage.

WWW.SZXunrui.cn 12 /25
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F&EH1 / Manual Shutdown

EFRFEEARFRYEAIIIZIEREEIE £ #RPROG ( MTIfERPROGS BNZE ) KIEXRA054BET
EHURR, IXEEHEIRERER2UALLT , BREIRERIEES0NALIT, EimERaREREEEE6)
— P HTHIFTERBER,

At any point in the charge cycle, the XR4054B 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.

EFHETESS , REV. SRIBBISUVLOLH , CHRGE |IERIEA T35 FRAZ. TR
XRA054BEFRIEAGHER, , MICHRGS [EF/EFVRT : BAV SHBATS B ERIBERE
100mV , EAREINTEV S [HI_ERIBERE.

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 XR4054B is in
undervoltage lockout mode: either V¢ is within 100mV of the BAT pin voltage or insufficient voltage is
applied to the Ve pin.

BaiEB/E5) / Automatic Recharge
—BE BRI , XR4054B3ZAIRA—1NEB2.0msiERATE ( trecHarce ) RILLIREESRXS

BATS | L AYEB LIS TE . B EMRZEAS.05V ( KBS N FEBHEEERI80%ZE90% ) LIS,
REEREF R, XMER 7EMEERSE (B8R ) —NERBINS | FRiR 7 HTERTEER
BiEE, EBEEERNIETD , CHRGS S HHAN— B ALK,

Once the charge cycle is terminated, the XR4054B 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 < 2.9V
y
TRICKLE CHARGE
PROG MODE
RECUNNECTSg > 1/10TH FULL CURRENT
UVLO CONDITION CHRG: STRONG
STOPS PULL-DOWN
lBAT >2.9V
SHUTDOWN MODE CHARGE MODE BAT > 2.9V
loc DROPS TO <25pA < FULL cURRENT |
CHRG: Hi-Z IN UVLO CHRG: STRONG -
WEAK PULL-DOWN PULL-DOWN |
OTHERWISE
T lPROG <100mV
STANDBY MODE
< NO CHARGE CURRENT
PROG FLOATED —
OR CHRGZ WEAK
UVLO CONDITION PULL-DOWN
2.9V < BAT < 4.05V

Figure 1. State Diagram of a Typical Charge Cycle

WWW.SZXunrui.cn 13/25
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foEMRYE & / Stability Considerations

HEREMSFEENERHIREE EEE RIS LB R KA — M INEESSAIER MR
AT, mSEEEMN , ATEINSGEREE , @FEA— M MaHESS. URAASERKESRIEE
FEEAEEAT , EEM— S AEHEILORERS. WRFEANZERS  WAFTESRERES.

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 tc
reduce ripple voltage. When using high value, low ESR ceramic capacitors, it is recommended to adc
a 1Q resistor in series with the capacitor. No series resistor is needed if tantalum capacitors
are used.

EEEBEMENT  ATRIEHREPZPROGS | , MAEE., EEBREAIRELSZPROG
S|BIBEHAFNE, ZPROGS (M LIRBEMIMNBE AN EEBENEABITHEE. PROGS|H_EAIK
FUTERMNRIFECPROG |, NIRTRA TR ERPROGHIERAREME(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 ¢
capacitance, Cprog, the following equation can be used to calculate the maximum resistance value
for RPROG:

’
21 +10° *Cprog

RprOG <

X |, tiIERCGBIRIRER BN , MAERSER. i, MR—MNE1THE 1EEEEM;T
HFFREERSHEIHFHEL , WNBATS iR HAEIEREEBHSE RO ENEE, EXMins
MBELBSBRTEMER, EXFIHE |, IJ7EPROGS || ERB—MIEAIRCIEREERUEFY
AUEBItHERIAR (W0EI2RR ) . FEPROGS [BIFDIEIRFEE SRR [AIGIR 7 — N LOKEEFERE LAFRRISEME.

Average, rather than instantaneous, charge current may be of interest to the user. For example, if ¢
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 pir
and the filter capacitor to ensure stability.

10k CHARGE

I —AAA—g » CURRENT
MONITOR
CIRCUITRY

RPROG === CFILTER

MWV

+ :

Figure 2. Isolating Capacitive Load on PROG Pin and Filtering
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IHZRIRFE / Power Dissipation
XRA054BERIRAVGE MR/ FEEEEE AV A B cHPRITHERIFE R R, IXFIIHERIRGE
JLFEEpERRHMEMOSFETA4R Xl R {LSKE -
The conditions that cause the XR4054B to reduce charge current through thermal feedback car
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 = (Vcc — Vear) ® Igat
FHIPoIFERAITHER |, Ve HINBBIREEE |, VearAEEEBE |, IsarAFREEER. HAREFIRYTI
IRMEFRIPR |, SMEREELS
Where Pp is the power dissipated, V¢ is the input supply voltage, Vgar is the battery voltage and Iga;

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

Ta=120°C - PpOya
Ta =120°C — (V¢ — Vgar) ® IaT ® 6JA

L - BT mAE e — M5 VUSBERIRIXTS TAFRRIRAIXRA054BE—NEHE3. 75 VEE [ERIANEE
HFEIHRAH400mAKIEEERR. (RIROJANL50°C/W( iESNBEERMBBIIERE ) ,ZXR4054B
FHARNFTEEERE |, IEREIRLA

Example: An XR4054B 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 XR4054B 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
XR4054BrJ7£45°CLA ERNIMGRRE &M TR | (BRBEEREHEEI00mALLT, F—
LERNERE , REERAA FIUASKE -
The XR4054B 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
Voo - VBAT) *0JA
HLA60° CHME REREERIEAIGIF. FEEBEREHALRNE

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

lBaT = (

oar = 120°C=60°C__ 60
(5v-3.75v)-15000m1 187.5°C/A
lgaT = 320mA
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Ih=Z$R4E / Power Dissipation

ANt , IEANTAERIBERS P iCRIARHE | SRRIR(EFSEE R/ , PROGS |Hl LAY EHIE
FRECBIBIRN,

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

TICARREMAEXRA054B FAIRITHEREIMIRGEMY | X—RIREE | ANzl SEERLE
120°CEGRTEaIFERINE.

It is important to remember that XR4054B 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.

#EFE / Thermal Considerations

BT SOTHERIMER IR, Eitt , FERB— M IKITERAIPCIR B AR KIBEIEINET 8
FNFREER , X—RIFREEE., ATHESIRTTERAERTEIBIMNE R ES I%HER | HBETIEE
5515 (RiB2RE5 |4 ) ENAPHRSEHE. PARMREABENES, 5IHEIEREEEIRN S AT REMtER |
FEINERERAREER , LMEEHEFUREIRERER., ERNERa SRR EENBA I ENETE
SNLBRMERE S A EME Y. JHTPARMBIZITE , BEiIR L S as T RAIEMRRTEE
WRFLAEEH , AN A BRA ISRATERERRBEE.

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.

TRZH 7 I ARRERR T IEERSM FaRE, Fra Rl B SRR ERR L= S HRY3/327
FR-4 EEEEHR b ( 88tZxTHInmE ) X158,

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. SCUEAEE ( WEERSHR* ) 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

*BEXA1REEE / Each layer uses one ounce copper
Table 2. SCFAGE ( PUERRERHR* ) Measured Thermal Resistance (4-Layer Board**)

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

TREMRERE2&ED1E , REXRALHREHESE / Top and bottom layers use two ounce copper,
inner layers use one ounce copper.
R SREFI/910000mm?2/ 10,000mm? total copper area
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EINFVETIERR / Increasing Thermal Regulation Current

PE(EEPIEBMOSFET MRimAYErERES B &R IchRITIFE. EREDHAE , XEAEIIEmEEREIbAY
EERAIER. MRz —RBEI—MMNETH (FIRI— N EEEREEIRE ) Ko ThERFEEuE.

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.

I BRI M SVRRIERRRIATE TIERIRAIXRA054BHE—EA3.75 Ve [ERIME
HEFHEERMHS00mARTHIEFR R, RIROJANL25°C/W , 25 CRIMERESRMT , 7oHEHE
IS

Example: An XR4054B 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 25C is:

lgaT = 120°C - 25°C — 60SMA
(BV —3.75V)*125°C /W
BIIPE—N 55V iniafcersREkRYEEIEESMiRAYEE (WE3 A~ ) | AR A ETOFE | TS
KIREEEFTEREER
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

IBaT =
(Vs —IgatRce — VBAT) *0uA
Vs
Ree
VCC
BAT
— TuF
Li-lon
PROG -
GND T CELL

i Rrroa

Figure 3. A Circuit to Maximize Thermal Mode Charge Current
ARG EA K HsAT 2

Solving for IBAT using the quadratic formula®.

lgaT =

(Vs — VBar)— NIl[(Vs —Vgar)
2Ree

o 4Rcc(120°C — T ))
0Ja
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EINFVETIERR / Increasing Thermal Regulation Current

H{Rcc=0.25Q., Vs=5V. Vpar=3.75V. Ta=25°CHOJA =125°C/W , BT LATEHREENTE
EE,;;ZI'E . IBAT =708.4mA

Using Rce = 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

BAXFRN A AR BER T PRI ithEnX B SRR B 4a R e BT a (BfERERIP MRV
TISEIBRMEXRA0SABETHRERINT | NEhr E BT eE KTt A, B4t TiZEg
EUMEIEERAIT KT S IR E TRERY,

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
XR4054B into dropout. Figure 4 shows how this circuit can result in dropout as R¢c becomes
large.

1000 i —
Vg =5V CONSTANT
400 \ CURRENT
4 TN ‘,.
g / / J\x s
= 600 / < AN N>
% ’,’ v"v |\ ‘\
I S LS
3 |..-- """ Vg = 5.25V
5 400 FTHERMAL
E: MODE
(]
VgaT = 3.75V
200 Tp= 25°C
0yp = 125°C/W
o Rprog = 1.25kQ

0 025 05 075 10 125 15 175
Ree (€)
Figure 4. Charge Current vs RCC
LT RERITTHER I FE R R E EEMERC(ERIMART | IZRARBGRRIRENIER. BEFIC &
E—BA BB IR IAVEEEES.
This technique works best when Rec values are minimized to keep component size small and avoid
dropout. Remember to choose a resistor with adequate power handling capability.

Ve ERREBZSSE / Vec Bypass Capacitor

WMASEILERZMRENE SR, A , ERAZSEBTHESRITVIEERE, RTELLEERME
EEAREGRERNSQENR S , Bt , AREEMEMT (tLiERERMAS— P ITIEFRIE
TRIEE ) BU A SNBERSES. BII—NSX5REBFRHEKAY1.5QRHSERAIREIR
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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FTERERRERNEEN / Charge Current Soft-Start

XR4054BEIE— T AR BB AN S AR E WA/ NBNE R EIEE. S—17RE
EIMESEIET , FEERSEL00usAARRTEIENO EAEHESITEE. EEmhdEF , Xaeigis
BIRX PREMIR/NEIR RIS iR E A ER.

The XR4054B 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 |ifgeBtrit— MANBES T XEDH IREFAER. —1MEI20uA 155 FRERERTR
Vee 5|0 EREIN Y FHAFTEREIAATRAEBRE. S— N IEEEIEERI7TFEREN | REBERIEE
EEitER o TR , CHRGS |HIEE 4R Z=ith, CHRGS [BIBEMEIRIKIEIA10mA 9B , LUARaI—NAFHE
RIS EEH T2 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 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.

Lt , TESEHATBBEARNEERESD  ZBERE TR, SRBEREERE
IREETFRAVL/100T , ZEREAERER FRH— N 20uATHIFEU | RRFHRBIRCELLER. NRE
NBEHEIEaEEXEDHIRLAT , MICHRGS | EET. AR NAEEER LhFFEES |
— MBS REIE MIZE BB ATE =FIRS |, 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 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 Vpp
VCC
800K
uPROCESSOR
2k
CHRG ouT
IN

Figure 5. Using a Microprocessor to Determine CHRG State
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CHRGIRZEHHS i) / CHRGStatus Output Pin

AT TEXRAOSABA T FREEARTURT A TIRN 1540ttt 5 1B OUT p&mkl A S FHIECHRG
SIR)_ERYEBE. BOEAESRA2k EHIFBREESAYER T , NigEMOSFETHEHEIZE I ERET. —Bx
FR{EFRLRLE , NiDTEMOSFETEIAR N , FFE— 1 20pARIBFRRIEZZECHRGS ). INS |HIFEE1E
2K ERIFBMHERRIEREF, N THERBFE—1 55 MIER . EOUTSsas nEBEiviE.
S5EEIRIEIT— 1 N800KEE FEER1EING |5 |H =R ; SNSRCHRGS |HI=kEYT . WING BG4
RESHEY , R fET—1PUVLORE.

To detect when the XR4054B 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 €HRG 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.

CHRGIRZEHHS ) / CHRGStatus Output Pin

EELNAY , FEAEVcc EHITRERMEBERF, WIREREBERES , WaRA— 1 HEKRE
ZikE. EEBRRHEEENGS | sTLARA—PIAEMOSFET (ME6FR ) .

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

Vin vee

Figure 6. Low Loss Input Reverse Polarity Protection
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USB F3ZimiEEcegsFER / USB and Wall Adapter Power
Bcesai—NUSB i #1778M8. E7RE 7TaIE

XR4054BAIFMN—ITIE

XR4054B

2301 bﬁ@ﬂ%&'—ﬁ

USBEETREININIAEEHI— NS, —MPYAEMOSFET ( MP1 ) AT LR IEE SN ES
EEANUSBIRO , M— M HESETIRE (D1) WA TR LEUSBINRAELZIS LKA fERRI P-4 1A,

The XR4054B 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.

—RRIR |, RAIERCEE ARt L BB ABR(E A 500mARIUSBIR AAS SHIER. EI , H3mER
BRAENRS |, AISRA—TNIZEEMOSFET ( MN1 ) F1—MiINAY10KI EFEE=ERIC B EIRIEINE

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 F l
D1

USB POWER
500mA IgHe

MP1

I 4 VCC

1k%—|—‘l_l MN
=

CHG
BAT 3 ——> SYSTEM
LOAD
PROG > +
1 Li-lon
AN T BATTERY
10k

1

Figure 7. Combining Wall Adapter and USB Power

WWW.SzXunrui.cn

21/25
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USB/Wall Adapter Power Li-lon Charger

5V WALL &

ADAPTER

POWER

IBat

800mA Li-lon Charger with External Power Dissipation

Vi = 5V g
_j‘:ozsu
4 800mA
4 vio BAT 3 —
uF —
il =
— PROG 3
o +
2 o5k

XR4054B

Full Featured Single Cell Li-lon Charger

Vin=5V
.
\‘L* 4 1uF
Lies 3 SGU_-_mA -
BAT
330Q

1 ame PROG 3 +

G —

2 %ZK
F |5

Basic Li-lon Charger with Reverse Polarity Input Protection
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SR | Package Dimensions

XR4054B

L1

L
-
5) 4
m e —
l__
“—‘_‘_‘——-
. 2 3 (::ird
C |
E1 e
E
C
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol

Y Min Max Y Min Mox
L 2.82 3.02 E1 0.85 105
B 150 1.70 (o} 035 0.20
C 0.90 1.30 - 0.10 0.20
L1 2.60 3.00 b 0.35 0.55
= 1.80 2.00 F 0 0.15

SUTE3-9
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EPEBE / Marking Instructions

8 Jay B

XR4054B

*kk%k
12Ae
40548 : HEERTE
Rl NEFHSHEL | BEEFHSEK,
Note:
4054B: Product Type.
bl Lot No. Code, code change with Lot No.

WWW.SZXunrui.cn 24 /25



LI o 1

C enrokersing XR4054B
EIRISEERS&E(TIR) /| Temperature Profile for IR Reflow Soldering(Pb-Free)
330 ‘
300 ‘ 245:5C
Q 250 j F—510.5sec
0 | Paallh.
2 200 T
5 150 | e A\
E 100 / 60 ~ 90 sec \
ks . -
-
=
50 N
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
WiBA Note:

1. FIBGERE 150 ~180°C , Bi|E] 60 ~ 90sec;
. BERE 2457°C , BEEFEEA 57.5s5ec;

3. IBEHIRRISENEE N 2~ 10°C/sec.

MEERIeRY /

SBEE : 260?75°C A& : 10?1 sec.

BEME | Packaging SPEC.

HRE% / REEL

1.Preheating:150~180°C, Time:60~90sec.
2.Peak Temp.:2457?°C, Duration:5?.5sec.
3. Cooling Speed: 2~10°C/sec.

Resistance to Soldering Heat Test Conditions

Temp.:260£5°C Time:10£1 sec

Package Type Units & % 3 & Dimension @ ¥R~ (unit: mm®)
HEH U;t/s%Rgel Reel%llg/\;; Box Un|ts//]|j\n/r)\§r Box | nner Bogzg)uter Bo Units//g\fgr Box Reel Inner Box & Outer Box £
SOT23-5/6 3,000 10 30,000 4 120,000 77?8 | 210x205%205 | 435x225x420
{#FFBE / Notices
25/25
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