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f@i® /| Descriptions

BRCL4054BMER—EBEMNA DR FRIRKAEEE R/ BT E&M7THES. HSOTHERSR
ORISR T B 5615 BRCLA05S4BME R /oEHE T R FRRVERARISEE. BRCLA05S4BMERTLUES USBEEIR
F&EECRREEIR TIF.

The BRCL4054BME 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
BRCL4054BME ideally suited for portable applications. Furthermore, the BRCL4054BME is
specifically designed to work within USB power specifications.

TR T WEBPMOSFETZRAS , I0_ERHEIZREEEE , FRLAARNR BN AR IR E —IRE. PR
IR SRR TAT | IMEEXRIRRMEESINRERE R NS RREINLARS, F7EBEEE
F4.2V , MzEBRrET— RS H TIINPR E LT EREAERE I RBEZ EREEREE
1/10R7 , BRCL4054BMESE & IEFRHBIEIR,

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 BRCL4054BME
automatically terminates the charge cycle when the charge current drops to 1/10th the programmed
value after the final float voltage is reached.

LMABE ( RMIEHCESE USBERIR ) #i=isit , BRCLA0S4BMEBmNHN—MERIFIRE | BEit
IREERERE2uALLT, tBAIEBRCLA0OSABMEE TSRS, , LATTHHEBEEIRIEZE25UA,
BRCL4054BMERIEL G R EIEF R IERE. XEAM. BaiBrREM— BT ER7EERME
NEEEENAPIRZSS (.

When the input supply (wall adapter or USB supply) is removed, the BRCL4054BME automatically
enters a low current state, dropping the battery drain current to less than 2uA. The BRCL4054BME
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.

$$1E /| Features
> EIA800mMARIEI{RTEFEFBEER
Programmable Charge Current Up to 800mA
> JZGEMOSFET, B fEesasiRE —iRE
No MOSFET, Sense Resistor or Blocking Diode Required
> BTFEPEETFEIN. REASOT23-539%aIi L 4 7eraas
» 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
> BEEMUSBinERTHEHE FHEIMIE
Charges Single Cell Li-lon Batteries Directly from USB Port
> A2VIUiRFREERE
Preset 4.2V Charge Voltage with +1% Accuracy
> FTHitEENNNFEE RS
Charge Current Monitor Output for Gas Gauging
> BniBss

Automatic Recharge
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854F | Features

> FERRESHEES M
Charge Status Output Pin
> C/107eH#&1E
C/10 Charge Termination
> SHURIUTRIHEEERIRI25uA
25uA Supply Current in Shutdown
> 29ViEmFEERR A
2.9V Trickle Charge Threshold
> EaNRRE T IRIERER
Soft-Start Limits Inrush Current
> BRNTEARY , BRI EX,

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

Fi& /| Applications

> BEEHIE. PDA. MP3IEMES ;
Cellular Telephones, PDAs, MP3 Players

> FEEERE
Charging Docks and Cradles
> BFRIA

Bluetooth Applications.
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PIERSEERER /| RIFBEBER  Equivalent Circuit or Application Circuit
v

IN
45V 70 6.5V
1uF 4
vCC BAT 3
- BRCL4054BME-4.2 lsoomA
PROG 4.9V
Li-lon
(j‘f 1.65k | BATTERY
2

SIEHES) / Pinning

TOP VIEW
CHRG 1 |5 PROG
GND 2

BAT 3 14V

CHRG (SIiN): R BAREASHH. EEIPRFREERES , B— 1 RENZEMOSFETECHRGS|
BRI (R, SFEBERERE , —MI20uARYSES FHRIERIIREHROIEEZECHRGS /) , E—1ACEE
IR, ZHBRCLA0S4BMERGIEI—NRIEABSMART , CHRGS |FtEEHE AEEIIRE.

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 BRCL4054BME detects an under voltage lockout condition, CHRG is forced high impedance.
GND (S|B12): ith.

GND (Pin 2) : Ground.

BAT (5153):5eFBFE R . %5 AR tHRH TR R ZRBEAT RS 2VIZ5 [ —1ME
TEREBEEE D ERRIREF REE |, FEETURIIH | ZREREE D [ERHTT.

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 (SIBI4) : IERMNBIREE. 125 HIMFEEME. VciIRIBETES.25V-6.5VZE , FAE
HED—NIUFEFEEH TR, HV FEEBATS HIEBER30mVELA ,BRCLA0SABMEB N EHIIES |,
MaTFEE2uALLT,

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 BRCL4054BME enters shutdown mode, dropping Igar to less than 2uA.

http://www.fsbrec.com 3/25



irw 22X g F
L []
BRCL4054BME R e
Rev.E Apr.-2018 DATA SHEET

SIBIHES / Pinning

PROG (SIi#)5): ZEHERIKE , FREEREEIETS M, 255t EEE—MEE1%RIE
BEEEPrrORT LUK TEFREEREIT, HAEIEEHEMRT FET7REERT |, 15 IRV R4 E L VEERTB AR
RAPERTLAFIBIZS | ERYBERNEFEBER , 2T Aar= ( Veros/Reros ) *1000.

PROGS |BhART LA KT 7erE a8, IR ERMEAS SitbigHE | WEB—1°3.0uA BBfEIEPROGS IfiIhiERS
BB, Z5i%5IMAEEARIL2IVAYSHL JREER , ES[HNEE | TEELEBRAEIRER
BEZE25uA, Z5IFIEKL2.4V , BBIFRL.5mA | EFTIERrroc SIEIESEFRERINEIEBIRIERE.
PROG (Pin 5):Charge Current Program, Charge Current Monitor and Shutdown Pin. The charge
current is programmed by connecting a 1% resistor, Rpros, to ground. When charging in
constant-current mode, this pin servos to 1V. In all modes, the voltage on this pin can be used to
measure the charge current using the following formula: Igat = (Vproa/Rproc)*1000.

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

EPE{LES / Marking
TEPE15BH, See Marking Instructions
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tRBRE&%1 |/ Absolute Maximum Ratings(Ta=25°C)(Note 1)
S B Bafy
Parameter Rating Unit
Input Supply Voltage (Vcc) -0.3t0 10 V
PROG -0.3to Ve + 0.3 \Y
BAT -0.3to7 \Y
CHRG -0.3t0 10 \Y;
BAT Short-Circuit Duration Continuous
BAT Pin Current 800 mA
PROG Pin Current 800 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
HI4EES#L /| Electrical Characteristics(Ta=25°C,Vcc=5V)
S s plinESEs B/ME | BB |RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Input Supply Voltage Vce 4.25 6.5 \%
Charge Mode (Note 3),
Reroa=10k 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lcc Terminated) 200 500 bA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vce<Vaart, 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 I Standby Mode ) )
BAT Venr=4.2V 0 2.5 6.0 MA
Shutdown Mode (Rproc
Not Connected) £1.0 | £2.0 WA
Sleep Mode Ve =0V +1.0 | £2.0 MA
Trickle Charge Current e | UBAT <VIRIKL 20 | 45 | 70 | mA
Rproc=2K
Trickle Charge Threshold Rproc=10K,Vgat Rising
Voltage VTRIKL (Note5) 2.8 2.9 3.0 \Y
Trickle Ch Hyst i
ngtage arge rysteresis Virivs | Reros = 10k 60 | 80 | 110 | mV
http://www.fsbrec.com 5/25
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HI4EEESEL /| Electrical Characteristics(Ta=25°C)

S s plimESEs B/ME | HBYE |RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Ve 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 115 | 1.21 1.30
Voltage Vuso - -
g PROG Pin Falling 0.9 1.0 1.1
Vee — Vaar Lockout Threshold v Ve from Low to High 70 100 140 | mV
Voltage ASD -
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 Reroc=2k 0.085| 0.10 |0.115 mA/mA
PROG Pin Voltage VproG 23??;&1,\% de 093 | 1.0 [107 | V
CHRG Pin Weak Pull-Down lehre Venra=5V 8.0 20 35 LA
Current
CHRG Pin Output Low VCHiRG ICHRG= 5mA 0.35 0.60 vV
Voltage
Rech Battery Threshold
Voltage e Veeotre | VrLoar-Vrechra 100 | 150 | 200 | mV
Junction Temperature in .
Constant Temperature Mode Tuw 120 C
Power FET “ON” Resistance
(Between Ve and BAT) Ron 600 mQ
Soft-Start Time s | P 000V Renc 100 us
Recharge Comparator Filter | e | Vear High to Low 075 | 20 | 45 | ms
Termination Comparator Filter IsaT Falling Below
Time trErRM ICHG/1 0 400 1000 2500 us
PROG Pin Pull-Up Current lprROG 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 BRCL4054BME-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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| Electrical Characteristic Curve
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HBSEMMZ&E /| Electrical Characteristic Curve
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T{E[RIE / OPERATIOU

BRCL4054BMER—FRAIEER R/ BEER EE AR D EE FHEERERS. BeiiEAt800mARY
FEEEER (EE—MMRITTRIFAIIPCBE ) F1— 1 WERPIAIETIZERMOSFETAIET R, THRiEE
ZiREEIIMEREE AR EES Lt BRI NEER NN, XL ,BRCLA054BME
EEEEM— N USBERTRIRIS TIFRBIR.

The BRCL4054BME 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 BRCL4054BME 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
BRCL4054BME is capable of operating from a USB power source.

IEE7EEBIER / Normal Charge Cycle

VS IHIBEAZEUVLO| JREFELL EBEPROGS I Sith [BlERE T — MEE A1 %0 B EES
HE— M SRR HIREIEN , — N FERERTTE, WRBATS BT 2.9V , NFEERHEN
iBmzcEER. mziE+ , BRCLA0S4BMEIRHEY1/10 AIREFEEA , LMEEERBEREAZE—
NEZEREBEFE , 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 BRCL4054BME supplies approximately 1/10 the programmed charge current to bring the battery
voltage up to a safe level for full current charging. (Note: The BRCL4054BME does not include this
trickle charge feature).

ZBATS |BIEBEFZE2.9VLA LR FERFNIEERMEL AT mE R AHEEN TR, ZBAT
SIMEBEAZIRAKIFFREE (4.2V ) BF , BRCLAOSABMEHNIEEHFEE, , BFREERFERN. 24
FREREREEIREEBENL/10 , FREBERER.

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 BRCL4054BME 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.

ZEHHERANEE / Programming Charge Current

FEEEMERA—MEEEPROGS I Sitt 2 BIRYFERERIZERN. EiR7sEERZPROGS BHTH
EEiAtRU10001%, R EREEERFIFREERRATIIATFRITE

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
, IcHg =
IcHg

MBATS | HRYFR B FE i AT I ¥ PROGS | BB [ERERTHRE , 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:

RproG =

g7 = JPROB 44000
RproG
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FEE8221E / Charge Termination

HFRBEREAEREZIREEZEEEIREBENL/108T  FTEBEIRELL ., ZFKHEEIXEA—
REREIRLLEREEXTPROGS Bl TS RAGNAY, ZPROGS |BIEE/EFEZE100m VLA FRIBTEREIL trerm
(—R&A1.0ms)id , FEEBHELRIE, FEFBERI#HI BT , BRCLAOSABMEHANFFHEL, , LLATEINERIRFER
PEZ200uA, (iE : C/10ZRIEEBRFTEFMPIRERIN AL ) .

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 BRCL4054BME 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 | LRI R ESFEPROGS |HIEBEEDCFREBREMERIREMERN1/102Z BfaEitbfE
Z100mVLELT, &1EHEREs EAY1.0msEEIRATIE] ( trerm ) BRERXFMERIBFE REASSEGTRER
SR, —BYTHEEREEIREMERN1/10LAT , BRCLA054BMERDLZ I E BB FHE LLEIT BAT
5| EMEAHEARR. EXMUAEST |, BATS B_EAIFRE i EB v MR R,

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 BRCL4054BME 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.

ERAUEINF , BRCLA0SABMEXIBATS |BEE R TIEEL SR, WNSRi%5 | EPEEI4.05VAIB 7
BRI IR (Vreckrs )LATR |, MIB— N FeEREAFHAFH B MEMMERNER, HEFIVERPHITREBEER
HFEhBRER , WRBLEASBIEIIMmNEE , SE VKT as A EAPROGS [I#H TH/Ea0,
ELI7RH T — RSB ERASE.,

The BRCL4054BME constantly monitors the BAT pin voltage in standby mode. If this voltage drops
below the 4.05V recharge threshold (VrecHrs), another charge cycle begins and current is once again
supplied to the battery. To manually restart a charge cycle when in standby mode, the input voltage
must be removed and reapplied, or the charger must be shut down and restarted using the PROG pin.
Figure 1 shows the state diagram of a typical charge cycle.

#ZEIRSIEREE / Charge Status Indicator (CHRG)

FERSHHEES=MARAOKE 3B THL (K10mA ) . 35T (£420pA ) FIEME. BTRAR
SZFRBRCLAOSABMELTF— R EIA R, —EFEBEIMEELE N5 [BPASE X EASISRMRRE.
BB TRLREFRTV . MEUVLOL {4 EBRCLAOSABMEANTREEFEIRTS, BRITREERTR
BRCL4054BMESbFRFAGHIE : EAV. BHBATS|HIEBENIEEAZELI00MY , EAREINEVSI
B EREBEARRE. AIRA— MRS RR DX =FIES--E "NAER" SRR ItrTiE#HTIEe.

The charge status output has three different states: strong pull-down (~10mA),weak pull-down
(~20pA) and high impedance. The strong pull-down state indicates that the BRCL4054BME 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
BRCL4054BME is ready to charge. High impedance indicates that the BRCL4054BME is in under
voltage lockout mode: either V¢ is less than 100mV above the BAT pin voltage or insufficient voltage
is applied to the Vgc pin. A microprocessor can be used to distinguish between these three
states—this method is discussed in the Applications Information section.
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#PREI / Thermal Limiting

RS MEERE_ EFAEIT120°CRUTHRELLLE | NI— 1 REBRRIRI G R/ MR ERIFE R, 1%
THBERIRHLEBRCLAOSABMEIT Y , F it FBF RS 4A E R IR TZAMEEEIRY_EIRTIIR B HIA
BRCL4054BMERIXBG, FELRIEFRERRISESRIMERSM TBEhEERAIBHE T , SJRIFEHE (IR
ERENER ) MEEERQERERT., BXThin SOTIIRSHEIERISE "NAGE" 2o iuH—
Fitie.

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 BRCL4054BME. 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.

RIEF§H / Under voltage Lockout (UVLO)

— PNERREA BTN B EH TR , FEVFAEREDI IR L2 Bi{F 7B R T
&L, UVLORBREBE— I HNERIHERF200MV.tIMEIIZMOSFETRYR MR , UVLOB RIS
EEERRIFEETIRT, SRUVLOR R R AR , MTEVcCAZELL B ES100mVZRIFRERIEA
RIRHETURTC.

An internal undervoltage lockout circuit monitors the input voltage and keeps the charger in
shutdown mode until V¢c 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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FIhEH, / Manual Shutdown

EFEBIEIA AR ZIEPREEIT Z<=RPROG ( MTIfEERPROGS |BZE ) SKIEBRCLA05S4BMEE T
EEL, XEEEEREREE20ALLT | BBIRBEREES0uALIT., EfnERIREREEA S5
— PHTHIFTERTEER,

At any point in the charge cycle, the BRCL4054BME 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.

EFHEEST , REV SEIEUBITUVLORY , CHRGE |HIEREA T8 FHURZS, MR
BRCL4054BMELFRIEAGHET , WICHRGS [HIESEIVATE : BEAVSHBATS B ERIRERE
100mV , EAKEIIEVS I ENBERE.

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 BRCL4054BME is in
undervoltage lockout mode: either V¢ is within 100mV of the BAT pin voltage or insufficient voltage is
applied to the V¢ pin.

B5IBRE5 / Automatic Recharge

—BEZEHBEIMRELL , BRCLA0SABMESZRIRA—1NEB2.0msiEiRAT A ( frecrarce ) BILIRERFRIS
BATS | _EAYEB i TiEaEists. et EMEZEA.05V ( KBRS TRt B EAI80%E90% ) LATRAT |
FEEIEINERNITIA, XTRER 7 EEIRAERE ( BUEh ) —NRREINE | AR T TR ST ER
[BEEE, THZFBRENIESF , CHRGS[HIESHHFEN— B FHRLAE.

Once the charge cycle is terminated, the BRCL4054BME 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

TRICKLE CHARGE

PROG MODE

RECONNECT(E)E < 1/10TH FULL CURRENT

UVLO CONDITION CHRG: STRONG
STOPS PULL-DOWN
BAT > 2.9V

v
SHUTDOWN MODE CHARGE MODE | BAT> 2.9V
lcc DROPS TO <25uA p FULL CURRENT
CHRG: Hi-Z IN UVLO CHRG: STRONG P
WEAK PULL-DOWN PULL-DOWN |
OTHERWISE
- PROG < 100mV
\ 4

STANDBY MODE

< NO CHARGE 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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HERMSHREENRHIREE | [BEEEENRIRIAEEBERRA— N INEEASAIER TR
FiaE. BB , ATRNSGREE , ECRA—MaHBESRE. SXAXEENKESRIEE
ERESERAT , EEIN— S ARRKAV10EEE. 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.

FlEEERMENY |, M TFRIRREEFPIZPROGS |, MAZE. [BEEERERIREESZPROG
SRR RIS, ZPROGS | LIS BN SR/ EEESHIRASITEE. PROGS | _LAYR
FRUERRRIFECPROG , NATRATIKITERPROGHIG AREE(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

Rprog <

XTRFSK | IERKERIIRER TR | MAZRSER. a0 , iNR—METERRRE
HIFFREIRSEIMFFER , MIMBATS RS EAERBELBSERINTENEE, EXf7E , B
MEFBLBSERIKTEINEE, XS | v[EPROGS M ERA— MERRCIEREERNEFY
RYEEEEER (WIE2F7R ) . FEPROGS [FIFIIEIREE SRR Z ENEIR 7 — N 10k BEER ARG EM.

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

10k CHARGE
PROG |————AAA—@——p CURRENT
MONITOR

BRCL4054BME L, CIRCUITRY

RPROG —=— CFILTER

M

GND
i .
Figure 2. Isolating Capacitive Load on PROG Pin and Filtering
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INZEIRFE / Power Dissipation
BRCL4054BMERERR RAVSHTIRV TR AV SR R BIS I PRYTHRIRFE SR N . IXFPINERIRAE
LRI EBEHNEMOSFETF4AY IXATH FIALEKE ¢
The conditions that cause the BRCL4054BME 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 = (Voc— Vear) ® Igat

IFRIPO/IFERIRITNER |, Ve HIMNBBIREEE | Vear AR | lsarAFSEEEER. SRRIRFIAXIIC
RAURIPES , IMREREIAIA

Where Pp is the power dissipated, V¢ 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 - (Vg — Vpar) © Ipat * 8y
LAl B IRAEEE— N M SVUSBERTRIAS TERRIRAYBRCLA054BMER—1MNE G 3. 75 VEE [ EAVANER (R
EFRIRE400mAFKIRER R, [RIZ0JASI150°C/W( 55 B EIRHBIERE ) ,ZBRCLA054BME
FRBNFEEREERAT , FEREEN
Example: An BRCL4054BME 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 BRCL4054BME 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
BRCL4054BMERJ7E45°CLA ERYIMEIRERM MER | (EREEREHIEEI00mALLT, XF—
LERNERE |, ZEERAA FUAEKE -
The BRCL4054BME 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
Ve —VaaT ) *0u
B0 CAMERERESRIEAGIF. FeFRRRFISHRALIRM/NNE

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

lgaT = (

i = 120°0-60°C _ 60°C
(5v-3.75v)-15000/vv 187.5°C/A
lgaT = 320mA
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INZEIRFE / Power Dissipation

AMXEOLE | TEAN TAEFERER ATIICAIBREE | SRRIRGEFEEEEERA/\ET , PROGS B LAY E &
R ECAGIEIRR )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.

ICABEABRCLA0S4ABMEN FHIRITHE REIMIASFM | X—RRER | BNZISESRIAE
120°CE AR B aPEETIFE.

It is important to remember that BRCL4054BME 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

HFSOTHEAINER TR, Bt , FERA—MRIRITHERIPCIRA B AR AIEE G INA (&
FARYZREEEER , X—RIFEEE, ARSI ERIRENEINVBIEN G R 25 I15ER | FEEIEE
5515 (B 2#E5 12 ) BAPHRIEE. PARIRNE BN, 5IMMEIEATEEIRN S AT sEERiE |
FEINERERANEER , MEEAEEIREIRENMNES, ERNa G RERENEFANETE
BRASWRVERE S D 2 ME LAY, HHTPARMAIRITEY | BRIER E SRR RAEMMRIREE
WIRFLAERER , RAEI1EXN SR B IRATERE RGN,

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

TFRD7 T M AR BRI FIREREM THRE. BRI B SR EEs LS HRY3/32”
FR-4 EEREHR E ( S8 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. SEMFAEE ( WWEBIZHR* ) 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. SENFAEE ( UEBIZHR* ) 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.
* FAAEFR910000mm?2/ 10,000mm? total copper area
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1 NRETSERR / Increasing Thermal Regulation Current

PEERPIEBMOSFET Mimby/EpEReis B =R/ IchRITHFE. ERVETERRE , XEEEINMmIXEREbRY
EERAMERA. XERZ—RBE— MM (Fll— R —IRE ) BB D ThEFEAE=.

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.

STl - B R E— NS VRIS ECERIRIS T ERRIRAYBRCLA054BMER—ANEHE3. 75 VA ERIAIEE
HEFHITRHS00MARTHIETTEBEMR. RiIZ0JAN125°C/W , MFE25° CREMERERMGT , 7THE
LA

Example: An BRCL4054BME 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 125°C/W, the
approximate charge current at an ambient temperature of 25°C is:

lgAT = 120°C —25°C — 608mA
(6V —3.75V)*125°C /W

B PE— 55V KiEEces R XA B ESMiRAYREE (W13 Fiiz ) |, Bl A BI04 | Aig
RRFEENFTERER

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
lgaT =
(VS - IBATRCC _VBAT)°9JA
Vs
Ree
vCe
BAT
—— {uF | BRCL40S4BME-42
PROG 1 _Li-lon
GND T CELL

l Rprog

Figure 3. A Circuit to Maximize Thermal Mode Charge Current
FMEBRAER K Jpar 2.

Solving for IBAT using the quadratic formula®.

lgaT =

(Vs — VBat) - \/((Vs —VBaT)
2Ree

» 4Rcc (120°C - TA))
04a

http://www.fsbrec.com 17/ 25



BRCL4054BME HEIEF

Rev.E Apr.-2018 DATA SHEET

1 NRETSERR / Increasing Thermal Regulation Current

EVRcc=0.25Q, Vs=5V. Vpar=3.75V. Ta=25°CHOJA =125°C/W , FAIeJLATE HAEEERIFEE
EBIR : lgar = 708.4mA

Using Ree = 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

BFAXF N F A AT RE RS T R R R itk SR S RUBE B FHYara Fe R RTIE] (BERRERIVF ARV
TISEIBRMEBRCLA0SABMELTHREFRIRT , N shr LB A 8EEKFsrERTEl, B4RE 7%
EUMEIREE R AYZE KT SEERE TFERT,

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
BRCL4054BME into dropout. Figure 4 shows how this circuit can result in dropout as R¢c becomes
large.

1000 T | I
Vg =5V CONSTANT
800 \ CURRENT
7 N S
g / // %\\\ Se
= 600 / <l NN
L P ’f" | D
N S T DRO@
I PP Vg = 5.25V
o 400 F THERMAL
« MODE
5 Y 3.75V
BAT = 3.
200 BTt
0y = 125°C/W
0 Rprog = 1.25kQ

0 025 05 075 10 125 15 175
Ree (@)

Figure 4. Charge Current vs RCC
BT IRFFR MO R T FrB R R R BEM{ERcBR/IMURY | iZEARBEREIRIERIER. 1BEFRIC
EE—EE RB IR R DRYEERS.
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.

Vee EIRHEEE / Vcc Bypass Capacitor

MNZ ISR LIERZMEEINERIR. A  ERAZSEAERSRITONER, BTHLREMIME
EESRESRBERNSQENSS , At , ARLEHFHET (LB FRESFRAS— 1 TIFPRYSE
FIEE ) B =NBERSES. 1EII— 1N SXSRIGEB SR EERAY1.5QREER SR AR E IR
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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FEEBER;REREE / Charge Current Soft-Start

BRCL4054BMEEE—NRTEREBEATHAR S AIRE MR/ NEBNBRATRSHEEE, Z—1 7R
BIMRSENRT , REEEBRIEELOOusAARIEAEMNO LA ERELITEE. EEhdEd | IXEEiE
FEX RER/NEIR ERIBEEE iR E A ER.

The BRCL4054BME 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 |IgeR It — MaANBES T XEAMU IREFAHER, —1MEI20pA #I55 MERRR
Ve SIB_EREIN Y FHAFEEERETRAESHEE. J— MNEEHREEDIFHERT , ZEERRIIEE
EEiftERD TR | CHRGS [k =i, CHRGS [IEEEIRILEIA10mA RYEIR , LAREh— 1 RTHE
RISERIEIAEEHI TZHHILED,

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.

Lt , TESRHATBEARNEERESD  ZEBRFA T, SREEREERE
IRTERRAIL/100T , FeEBEREREE FAFE— N 20pATRIAEUE | RSB ERCELER. NRE
N EWEIEaEE R EAS IR , MICHRGS |IZEpkE B L. FIFR N ERER LHEFEES |
— ML EEERREIE IZS (MG ATE =R | WIESATR,

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.

VY VoD
VCC >
g 800k
BRCL4054BME ok uPROCESSOR

CIRG —ow ouT
IN

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

797 #EBRCLAOS4BMELLFFReE R B T 1SRt 5 1B OUT BEHASEFHNECHRG
5| LAVEEE. BDEESRAE2k ERIERFRZRAIER T , NIAIEMOSFETHEISHEIZE IR ZXEF., —B%
FE{EIAZIE , NigIBMOSFETRI#KHT , FFE— 1 20uARIREIRIFEHIEZZCHRGSf. INSIHINEEE
2K ERIFBMEERR ESET, A THEREFE—155 TRRER , AEOUTs RIEEH ASEEIUIAT,.
S5FE IR EIT— 800KFEBEESIEING (5 | Z=(REESE ; aNERCHRGS B AEEETT . WIINS |HpEHH
RIZEFEY , ResFETF—1UVLIORE,

To detect when the BRCL4054BME 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.

CHRGIAZHHSIR) / CHRGStatus Output Pin

TELNAY , FEAVcc EHTRERMERERP. NRBFREERES |, e RB— 1 REKES
TiRE., ERMIRIHRIEERNGS | ATLASRAB— 1 PIZEMOSFET ( S1E6MTR ) .

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

DRAIN-BULK
DIODE OF FET

BRCL4054BME
Vin VCC

Figure 6. Low Loss Input Reverse Polarity Protection
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USB FNZZimiEEC2EMiR / USB and Wall Adapter Power

BRCLA054BMERIFMN— NS EECESEi—1NUSB im i 77, B7mH TS RiER s S
USBEEJREI AR SHI—NSEfI. —/NPAEEMOSFET ( MP1) # AR5 LR REREHEANRES:
EfEAUSBIRA , M— N ESETIRE (D1 ) M AT LEUSBIIRAELIT 1K M AR P4 R4,

The BRCL4054BME 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.

—ARRIR |, AIEBCES AR L ABR(E A 500mARJUSBIR OAE S AR, EItL , 3iER
BRIENES , ASRA—1NZIEMOSFET ( MN1 ) F1—HIANRY10KIR EFE PEERRIC SR FRiRtIEINE
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 |GHG| BRCL4054BME-4.2 |CHG,

E lm BAT 3 g SYSTEM
use Power _ T4 ‘T’ 4 LOAD
500mA Ichg vee

5
MP1 PROG +

| Li-lon

AN T BATTERY
i R
1K q MN

a

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

USB/Wall Adapter Power Li-lon Charger Full Featured Single Cell Li-lon Charger
5V WALL 5 IgaT Vi =5V
ADAPTER BAT —
BRCL4054BME-4.2 + ¢Li'|0n ‘&+ 1HF I
use T - T CELL 4 -T-
POWER 5 25k=— __________ . g S00MA
PROG : BAT
GND 1 3309 BRCL4054BME-4.2

I+

: CHRG PROG
______ ! s T
2

2k
|—sm

800maA Li-lon Charger with External Power Dissipation v

Vin =5V
" Basic Li-lon Charger with Reverse Polarity Input Protection
0.25Q 800mA

4 3 —
vee BAT

500mA
BRCL40S4BME-4.2 5V WALL 4 3"

1uF .
L 5 ADAPTER ] v o
— PROG BRCL4054BME-4.2
GND 5 +
PROG
L2 1os L oo T
- | 2 g

+
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Ay

BLUE ROCKET ELECTRONICS

DATA SHEET

L
]
o 4
5 e —
F
\\
1 3 (::jj’~
I
C
E1 il
E
I
C
Uniti mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol ;
Y Min Max ymio Min Max
L 2.82 3.02 £l 085 105
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 0 013

SUT23-2
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ENEiRAE / Marking Instructions

40548

*k*k*%k
1iAg
4054B : NESHKY
il NEFSHEL | BEEFHS T,
Note:
4054B: Product Type.

*kkk.

Lot No. Code, code change with Lot No.
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EiREEEMZE (FTER) / Temperature Profile for IR Reflow Soldering(Pb-Free)

350 |
300 2455510
8 250 | j F—510.5 sec
o - paallh. "
3 200 ¢ =
€ | _ 5
g 150 o \
E 100 | - B0 ~ 90 sec
8 - n
I
50 | Pl
—_
0 | i i | i i i s
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280
Time (sec)
WehA : Note:

1. FHGEREE 150 ~180°C , A|E] 60 ~ 90sec:
2. IEERE 245+5C , BY[EIEFELA 5+0.5s¢ec;
3. IBEFIFESANEE N 2~ 10C/sec.

1.Preheating:150~180°C, Time:60~90sec.
2.Peak Temp.:245+5°C, Duration:5+0.5sec.
3. Cooling Speed: 2~10°C/sec.

TSRS /

Resistance to Soldering Heat Test Conditions

IRE : 260+5°C AE] : 10+1 sec. Temp.:260+5°C Time:10+1 sec

M | Packaging SPEC.
H8E% | REEL

Package Type Units . % 3 & Dimension 4% R~ (unit: mm?)
;ﬁ%ﬁﬁiﬁ U?j\it/s%Rﬁéel Reel;l?ﬁr;; Box Units/}lj?/nj;r Box |nner Boz;%ﬁgOuter Bo Units/g;gger Box Reel Inner Box & Outer Box ?ﬁ
SOT23-5/6 3,000 10 30,000 4 120,000 77 %8 | 210x205x%205 | 435%225x420
{EFi%EE / Notices
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