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f#i® |/ Descriptions

BRCLAOSACMER— AN R HEE FHEILRAIEERR/EEEEL s, HSOTHRSR
DRYINERITHER B (E15BRCLA0SACMER (BTN FIRVEEARIZSE, BRCLA054CMERJLUESUSBEE]R
FEkcaaEEIR LIF.

The BRCL4054CME 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
BRCL4054CME ideally suited for portable applications. Furthermore, the BRCL4054CME is
specifically designed to work within USB power specifications.

TR T REBPMOSFETZEHY , IN_ERGEIZEREER | ATLAAEESMEG N RE —IRE. AR
IRAIXI TR T | LEERIREMEFREMRREERM TS REEINLARRE], FTEEEEE
F4.2V , MzEBRAET— RS TIINPR E LN TR AR I RBEZ EREEREE
1/108F , BRCLA0S4CMESEFIRIEFEE{ETR.

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 BRCL4054CME
automatically terminates the charge cycle when the charge current drops to 1/10th the programmed
value after the final float voltage is reached.

LENEE ( RRIEACSSE USBEER ) #=isAd , BRCLA0SACMEBRZNHN—MEETVIRE | 1Bt
TREERIEE2uALLT, tBENEBRCLAOSACMEETENUR | LATIISHAEBERRIEZE25UA,
BRCLA05S4CMERE G mBIEFRERRaEes. REAMN. BalBREN— AT ERBERME
N EEARPIRSS .

When the input supply (wall adapter or USB supply) is removed, the BRCL4054CME automatically
enters a low current state, dropping the battery drain current to less than 2uA. The BRCL4054CME
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.

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

Automatic Recharge

Y
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$54F | Features

> RS
Charge Status Output Pin
> C/107EE&LE
C/10 Charge Termination
> VRN TR 250A
25uA Supply Current in Shutdown
> 29ViBmFEEERHRA
2.9V Trickle Charge Threshold
> REHBRE T IRIBER
Soft-Start Limits Inrush Current
>  BTERRRY , migEEX.
When using a single lamp, the light is completely extinguished after fully charging..
> TR,
Halogen-free Product.

Fi& /| Applications

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

> FEEERE
Charging Docks and Cradles
> BFRIA

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

v

IN
45V T06.5V
I

1uF 4

T e s

- BAT
BRCL4054CME-4.2 5 i500 mA
PROG 4.2V
Li-lon
GJNE 2k | BATTERY

2

SIifHESI / Pinning

TOP VIEW
CHRG 1 |5 PROG
GND 2

BAT 3| 14 Ve

CHRG (SIiN):imRFFEFAEIASHH. EEIPIFREERES , B— 1 REBNZEMOSFETHECHRGS|
BRI (BT, SFEBERERE , —1MI20uARYSE FHRIERIIREHROIEEZECHRGS /) , 87— 1ACEE
IR, ZHBRCLAOSACMEIGIRI—MNRIEABISRMAET , CHRGS |B#EEH ASEIRE.

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 BRCL4054CME detects an under voltage lockout condition, CHRG is forced high impedance.
GND (51E2): ith.

GND (Pin 2) : Ground.

BAT (5153):5eFBFE R . %5 AR tHRH TR R R ZRBEAT RS 2VIZ5 [ —1ME
TEREBEE S BRI EF REE |, FETUEIIH |, IZREREE D 20T,

BAT (Pin 3):Charge Current Output. Provides charge current to the battery and regulates the final
float voltage to 4.2V. An internal precision resistor divider from this pin sets the float voltage which is
disconnected in shut down mode.

Vee (S114) : IERMNEIREE, %5 RZSEEME, VccRIMBEAES.25V-6.5VZ(E , FAIE
HED—PNLUFBEAEEHITEE. ZVcEEBATSHIEBER30mMVLELA  BRCLAOSACMEFHFNEHEL |,
MlATFEZE2uALLT.

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 BRCL4054CME enters shutdown mode, dropping Igat to less than 2uA.
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SIB#HES) / Pinning

PROG (SI#)5): ZEHERIKE , FREBEREEIHETS M, EZ5 M5tz EEE—MEE1%RI8E
BEESPrreoP] LAIREFREEEE . SFEIEER MR FHIT7ERT | 1%5 |RE ER S I VERTBRIE
NAERT LAFI A% | _EAYBERNEFTERER , A0 Alkar= ( Veros/Reros ) *1000.

PROGS |lRRTLARSR KM FErEEE. SR EFBERS SitfgsE , WEB—13.0uA ERIEPROGS IR ES
Y, ZiZ5IMNEEARIL.21IVAYENIIREER , THESBSHAEIER | TEHEELLEBAERIRER
BEZE25uA, iZ5IFIIASEL92.4V , BBRT1.5mA |, BTG Reroc SIEIEG(F B IRE IEEIRIEIRE.
PROG (Pin 5):Charge Current Program, Charge Current Monitor and Shutdown Pin. The charge
current is programmed by connecting a 1% resistor, Rpros, to ground. When charging in
constant-current mode, this pin servos to 1V. In all modes, the voltage on this pin can be used to
measure the charge current using the following formula: Igat = (Vproa/Rproc)*1000.

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

EPE{LES / Marking
TEPE15BH, See Marking Instructions
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tRBR=%#1 |/ Absolute Maximum Ratings(Ta=25°C)(Note 1)
S A BAfy
Parameter Rating Unit
Input Supply Voltage (Vcc) -0.3t0 10 V
PROG -0.3t0 Ve + 0.3 \Y,
BAT -0.3to7 Vv
CHRG -0.3t0 10 V
BAT Short-Circuit Duration Continuous
BAT Pin Current 500 mA
PROG Pin Current 500 MA
Maximum Junction Temperature 125 °C
Operating Ambient Temperature _ 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 MR B/ME | HBYE |RKXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Input Supply Voltage Vee 4.25 6.5 \%
Charge Mode (Note 3),
Reroo=10K 300 | 2000 | pA
Standby Mode (Charge
Input Supply Current lcc Terminated) 200 500 HA
Shutdown Mode (Rproc
Not Connected 25 50 MA
Vce<Vear, or Vee<Vuy)
Regulated Output (Float) 0 C<Ta<85C
Voltage VEoAT | | 40mA 4158 | 420 |4.242| V
Rproc=10k
Current Mode 93 100 107 mA
Rproc=2k
Current Mode 465 500 535 mA
BAT Pin Current | Standby Mode . i
BAT Vanr=4.2V 0 2.5 6.0 MA
Shutdown Mode (Rproc
Not Connected) #1.0 | £2.0 WA
Sleep Mode Ve =0V +1.0 +2.0 MA
Trickle Charge Current lrRiKL Vear <YTR'K'- 20 45 70 mA
Rproc=2K
Trickle Charge Threshold Rproc=10K,Vgat Rising
Voltage V1RIKL (Note5) 2.8 2.9 3.0 \%
Trickle Ch Hyst i
ngtage arge rysteresis Virivs | Reros = 10k 60 | 80 | 110 | mV
http://www.fsbrec.com 5/24
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H4EESE] | Electrical Characteristics(Ta=25°C)

S SRt plimESEs B/ME | HBYE |RXE| B
Parameter Symbol Test Conditions Min Typ Max | Unit
Vce Undervoltage Lockout .
Threshold Vuv From Vcc Low to High 3.7 3.8 3.92 \Y
Ve Undervoltage Lockout
Hysteresis VUVHYS 150 200 300 mV
Manual Shutdown Threshold PROG Pin Rising 1.15 1.21 1.30
Voltage Vusp - -
9 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 Veroo | arRost oK 093 | 10 [107] V
CHRG Pin Weak Pull-Down lchre Verra=5V 8.0 20 35 LA
Current
CHRG P|n Output LOW VCHTG ICHRG= 5mA 035 060 \
Voltage
Rech Battery Threshold
Vgﬁag;ge atiery thresho VRrechre | VFLoAT-VRECHRG 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 000V Ronce 100 us
Recharge Comparator Filter t Verr High to L 0.75 20 45
Time RECHARGE BAT Ig O LOW . . . ms
Termination Comparator Filter IsaT Falling Below
Time tTERM ICHG/1 0 400 1000 2500 us
PROG Pin Pull-Up Current lprOG 3.0 MA
Notes:

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

Note 2: The BRCL4054CME-4.2 is guaranteed to meet performance specifications from 0°C to 70°C.
Specifications over the —40°C to 85°C operating temperature range are assured by design,
characterization and correlation with statistical process controls.

Note 3: Supply current includes PROG pin current (approximately 100uA) but does not include any
current delivered to the battery through the BAT pin (approximately 100mA).

Note 4: ltgrm is expressed as a fraction of measured full charge current with indicated PROG resistor.
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JRIB{EE] / Functional Block Diagram
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BESHMZEE /| Electrical Characteristic Curve
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T{E[RIE / OPERATIOU

BRCL4054CMER— A RFIEERE N/ EEE & ZH R T EE FHEIh 7R, BrEiRH500mARY
FEBEER ((BE—MRITRFAIPCBAE ) M1— 1 AERPIZEIIERMOSFETHIET R, LTHERS
“IRESSNEREE AR ERS  FEILt BT SR IRNE R MNMNRTTH. X0l ,BRCLA054CME
EBETE M—NUSBERIRSR/E T{EEBIR.

The BRCL4054CME 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 BRCL4054CME 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
BRCL4054CME is capable of operating from a USB power source.

IEEZHIER / Normal Charge Cycle

VS IHBEAZEUVLO IR EBEPROGS [ Sitt 2 EiER T —IMaE N1 %I EREES
B it S ESRHREIER , — N FREESRFE. MNERBATSEFXT2.9V , NIFREEEHAN
iBmaERR, R+ , BRCLA0SACMERRHLY1/10 AUIREFERER , LUEKSEREERAZE—
N LRIEY , NTCIL#E R,

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 BRCL4054CME supplies approximately 1/10 the programmed charge current to bring the battery
voltage up to a safe level for full current charging. (Note: The BRCL4054CME does not include this
trickle charge feature).

ZBATS |HIEBEFZE2.9VLA LR FESFNIBEERMED AT mERAHEENFER AR, ZBAT
3| EATIRKIFFREE (4.2V ) BF , BRCLAOSACMER NIEEHEEET, , BEREERFARN. X4
FEHEBREEIZEENL/10 , FTHRERER.

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 BRCL4054CME enters constant-voltage mode and the charge current begins to
decrease. When the charge current drops to 1/10 of the programmed value, the charge cycle ends.

REHERANEE / Programming Charge Current
FEEEMERA—MEEEPROGS [ SittZ BIRYFEREERISERN. BiRssEEREPROGS B
EEiAtRU10001%, R 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
RrroG = , leHe =
lcHa Rprog
MBAT3S |l HRYFEEE BB R r @I IS PROGS | B EE [ERERTEE , A0
The charge current out of the BAT pin can be determined at any time by monitoring the PROG pin
voltage using the following equation:

Iga7 = PROG 41000
RproG
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FSEL&1E / Charge Termination

HFRBBEREAEREEREEZEREEIREEBENL/100T , FZTERBEAWELL, ZFKEHEEIREA—
PRSI L AREe X PROGS | Bl TR IR IAY. ZHPROGS |HIEREREZE100mVEATRIRT EJRBIT trerns
(—R&A1.0ms)id , FEEBH#ELRIE, FEFBERIHEINT , BRCLAOSACMEHNBFIVER, | LA NEBIREAR
PEZ200pA, (iE : C/10RIEBMFAHEFFREMEINPRI ) .

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 BRCL4054CME 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 EPROGS IR EAED CREEEMIEEIREERI1/10Z B EthpE
Z100mVLELT, &1EHEREs EAY1.0msEEIRATIE] ( trerm ) BRERXFMERIBFE REASSEGTRER
HRELIE, — BB BEREEIREENL/10LAT , BRCLA05S4CMERP&IEFREBEIAFHE LB BAT
5| BHRMHTAEIERR. EXFAET , BATS | LAIRRA thilER R EE sk iteE,

When charging, transient loads on the BAT pin can cause the PROG pin to fall below 100mV for
short periods of time before the DC charge current has dropped to 1/10th the programmed value. The
1ms filter time (trgrm) ON the termination comparator ensures that transient loads of this nature do not
result in premature charge cycle termination. Once the average charge current drops below 1/10th the
programmed value, the BRCL4054CME 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 , BRCLA0SACMERYBATS |BIEE [ TiEEsYs, a1RiIZ5 HIFEERERI4.05VAIEFE
BB IBR(Vreckra )LAT |, MIB— N FEEBEAFTAF R AN ER. JEFTUEFHTRBER
HFshBERT , WRBIHASBIEIIMmNEE | &K 7R s EAPROGS [I#H TB/SE60.
EI7RH T — RSB ERASE.,

The BRCL4054CME constantly monitors the BAT pin voltage in standby mode. If this voltage drops
below the 4.05V recharge threshold (VrecHrs), another charge cycle begins and current is once again
supplied to the battery. To manually restart a charge cycle when in standby mode, the input voltage
must be removed and reapplied, or the charger must be shut down and restarted using the PROG pin.
Figure 1 shows the state diagram of a typical charge cycle.

#ZEIRSIEREE / Charge Status Indicator (CHRG)

FERSHHEE=MAEORE  BTHL (L10mA ) . 35T (4920pA ) F1IEEH. B TFhDK
SZRRBRCLAOSACMERLF— 7B 1EF A+, —EFREEMFELLE N5 A B R EAMRARRE.
S THIREF TV HRBUVLOE4EBRCLAOSACMERL TR IRTS. BIEVREET
BRCLAOSACMERLTF R EAMES, : B AV BHBATS|HEBEAIEBEARELI00MY , BAKEINTEVS]
M EREBEARRE. AIRA—MBHRSERX DX =MRES--E "NAER" BB ItrEE#HTIEe.

The charge status output has three different states: strong pull-down (~10mA),weak pull-down
(~20pA) and high impedance. The strong pull-down state indicates that the BRCL4054CME is in a
charge cycle. Once the charge cycle has terminated, the pin state is determined by under voltage
lockout conditions. A weak pull-down indicates that Voc meets the UVLO conditions and the
BRCL4054CME is ready to charge. High impedance indicates that the BRCL4054CME is in under
voltage lockout mode: either V¢ is less than 100mV above the BAT pin voltage or insufficient voltage
is applied to the Vgc pin. A microprocessor can be used to distinguish between these three
states—this method is discussed in the Applications Information section.
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#PREI / Thermal Limiting

MR REERE EFHRIZ120°CRFNRE L |, N— NSRRI RN ERNFTEER. 1%
THBERIBILEBRCLAOSACMEIT# , H AT RS A TR RTINS IR IRY_EBRMIRB IR
BRCL4054CMERIXIEG, FERIERESBERIMBEREM FENR/NERIRHE T , AIRIEHE (A
EENER ) MEBEKREREBR. BXThin SOTIHRAERERISE "NAGE" SpHOMiHt—
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 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 BRCL4054CME. The charge current can be set
according to typical (not worst-case) ambient temperature with the assurance that the charger will
automatically reduce the current in worst-case conditions. ThinSOT power considerations are
discussed further in the Applications Information section.

RIEFSH / Under voltage Lockout (UVLO)

— N AERREA SRR MABER TR , HEVAEXREADU IR L ZBIfEFRB S RISFEE
g, UVLORREBE— 1 HNERIHEF200MV.ItIMEINZMOSFETRIR MR , UVLOB G EF
EEESRISTEETIART. WISRUVLOLLREEAERE , WV ccHZELL IR ER100mVZBIFEERE A
SIRHETIE.

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

EFFREAPIYHURIZIEBEEREIT ZX=RPROG ( MMIEERPROGS |FiliFE ) SKIEBRCLA0SACMEE T
FHUWRT, XEEEItIREMEE2VALLT , BEIREREESOUALLT, SEfNEEREHERAT S5
— P HTHIFTERIEER,

At any point in the charge cycle, the BRCL4054CME 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 50uyA. A new charge cycle can be initiated by reconnecting the program
resistor.

EFHENESTF , REV SZIELMBITUVLOZ M , CHRGS |HIEREA T35 FhDIRES., IR
BRCL4054CMELFRIEAGHE , MICHRGS [IEB/MEIIAE : BEAVSHBATS |HIBENREEARE
100mV , EAKEANTEV 5 _ERIBEARE.

In manual shutdown, the CHRG pin is in a weak pull-down state as long as V¢ is high enough to
exceed the UVLO conditions. The CHRG pin is in a high impedance state if the BRCL4054CME 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

—BEZHBEIMRELL , BRCLA0SACMEZEIRA—MEB2.0msiEIKAIIE ( trecrarce ) RILLRBRHERXS
BATS i) L RYEB i iR lints. HEEIBEEMREEA.05V ( ABRIN TEHEEE=AI80%ZE90% ) LATET ,
FEEAEFNTTR, XHRTEIMRETE (S8 ) — MRS | FRbR T HT A B ER
BHNEE, EBEFEEINGRES , CHRGHEHFHFAN—N B TR,

Once the charge cycle is terminated, the BRCL4054CME continuously monitors the voltage on the
BAT pin using a comparator with a 2ms filter time (trecHarce)- A charge cycle restarts when the
battery voltage falls below 4.05V (which corresponds to approximately 80% to 90% battery capacity).
This ensures that the battery is kept at or near a fully charged condition and eliminates the need for
periodic charge cycle initiations. CHRG output enters a strong pull-down state during recharge
cycles.

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

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

REBMSFREENHHIREE | [BEEREEN RIRREREBERRA— N NEBEAERIER TR
FISE. FRBEEIE , ATRSGKEE , BIKA— MaLESeE. SXRAAENKESRIZE
ERESERAT , EiEIN— S ARRKA10EEE. NRFERNEERS , NAFELEKEHEES,

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.

EEERREXP |, MTFRIEAREPLIIZPROGE|H , MAZRE!E. EERREXARELZPROG
%IH*DBHME M, ZPROGS | LB a SR/ ERBRNRABITEE. PROGS|R_EAIR
FRUMEERARIFECPROG , NATRATIRITERPROGHIG 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 | tiJERERIIRER TR | MAERSER. a0 , iNR—NMETERRREN
RIFFREBIRSEEIFER , MIMBATS Bl AU REELBESER T ENEE, EXfiss , B
MEELEFSERKNTENEE., mXMi7s  J7EPROGS |HI_ERB—NMESEAIRCIERES KN i:lzi’:l
RUREHEEER (WIE2F7 ) » FEPROGS [FIFIIEIREE SR ZENEIR 7 — N 10k BEER AR RISEM.

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

CHARGE
10K CURRENT
MONITOR
CIRCUITRY

PROG

BRCL4054CME

RPROG  mmmpmm CFILTER

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

BRCLA054CMEERR VSt iR N Fe B ER AR A AN EE [P T SRIRFE SR ., IXFIINZRIRAE
JLFE2EBERHNEMOSFETF4RY XA FAIK ¢

The conditions that cause the BRCL4054CME 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

IUFRIPO/IFERIRITNER |, Ve HIMNBBIREEE | Vear AR | lsarAFSEEEER. SRRIRFIAXIIC
RERIFE , MRERIRLLS

Where Pp is the power dissipated, V¢ is the input supply voltage, Vpat is the battery voltage and Igat
is the charge current. The approximate ambient temperature at which the thermal feedback begins to
protect the I¢ is:

Tp=120°C - Ppoya
Ta=120°C - (V¢g — Vpar) * gaT * 04

SLf) - BRI E— M SVUSBEEFIRTS TIFEEIRAYBRCLA0S4CMER—N BTG 3.7 5 VAR ERIBEE TR
B FEIHRAH400mARKIRERER. [RIR0JAZIL50°C/W( EEIEREIRMENEE ) , ZBRCL4054CME
FHRR/NFEERERA |, IMEREIRLS ¢

Example: An BRCL4054CME 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 BRCL4054CME 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
BRCL4054CMERT#EAS CLA ERIMERESRM TE | (BREEEHREZEA00mALLT, XIF—
LERMNERE , REERAA FIULSKE -
The BRCL4054CME can be used above 45°C ambient, but the charge current will be reduced from
400mA. The approximate current at a given ambient temperature can be approximated by:

120°C - Ty
Vee — VBAT) *04a

lBaT = (

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

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

ANE , IEAN THEFIRER FMTiCRYBRE | SRRIR(EFSEEEA/NT , PROGS i LRI EMIE
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.

YICAREAEBRCLA0SACMER AR E BERIMIAEN , X—RBREE , BAZIGGHEERAT
120°CEART B sIFEERINFE,

It is important to remember that BRCL4054CME applications do not need to be designed for
worst-case thermal conditions since the IC will automatically reduce power dissipation when the
junction temperature reaches approximately 120°C.

MEFE / Thermal Considerations

BT SOTEHERIMER IR, Elitt , FERB— M RITHERAIPCIR B AR IR EMIEINE 8
FAIRYZREREER , X—mRIFEEE, ARSI ERIRENEINVBIEN G A 25 I15IER |, FBEIEE
5515 (B 2#E5 1% ) BAPHRIEE. PARIRNE BN, 5IMMEIEATEAEIRN /S AT sEEEiE |
FRINEHEERARRER , IMEEAEFERIEERNE . EREPEEERERENEI ESETHE
BRAUSRRVERE S D 2 VA LY. BEHATPARMEIRITEY | BRIER E SRR RAVEMMRIREE
WIRFLAEREN , BTSSR 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 R T FIREREM THRE. BRI E AR ST LS HRY3/32"
FR-4 EBREHR b ( 28T HINE ) K158,

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

Table 1. SEIRFE ( INEBIEHR* ) Measured Thermal Resistance (2-Layer Board*)

Copper Area Board Area Thermal Rrsistance

Topside Backside Junction-to-Ambient
2500mm? 2500mm? 2500mm? 125°C /W
1000mm? 2500mm? 2500mm? 125°C/W
225mm? 2500mm? 2500mm? 130°C/W
100mm? 2500mm? 2500mm? 135°C/W
50mm? 2500mm? 2500mm? 150°C/W

*BERA1RE)EE / Each layer uses one ounce copper
Table 2. SCi#RFH ( TUEHEEEHR* ) Measured Thermal Resistance (4-Layer Board**)

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

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

PE(EEIEBMOSFET MRimAYERERES BZ R IchATIRE. ARETHE , IXESEINEmXEEN
EERAMER. XRZ—EBEE— MM (Hlil— RS IRE ) B—EBD ThEFEEUE,

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

RAXFN A AR BERT PRI hEE B 2RI B H AR e aTE (BERERINP 1RV
TS BBRMEBRCLAOSACMELTHRERRZS: | MESEhr LA R sEE K FEFERTIR,

While this application delivers more energy to the battery and reduces charge time in thermal mode,
it may actually lengthen charge time in voltage mode if Voo becomes low enough to put the
BRCL4054CME into dropout.

HATIREFBUMITTH R IR R 4 EPEMERcER/IMUET | IZRABEREEIRERIER. BEIC
EERE—EE RSB IIRAEEIRYEERS.

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

Vce EIEHBEEE / Vee Bypass Capacitor

BMNZIEALIERSMEEINERR. A  ERAZSEERSRITOMER. ATHLRERIME
EHEARESRBERNSQENSS , At , ARLEHFHT (LB RESFRAS— 1 TIEPRYE
TFAEE ) BRI~ BB ERSES. BII— N SX5REER SR 5QEESRAIREIR
INSHHEEERSES.

Many types of capacitors can be used for input bypassing, however, caution must be exercised
when using multilayer ceramic capacitors. Because of the self-resonant and high Q characteristics of
some types of ceramic capacitors, high voltage transients can be generated under some start-up
conditions, such as connecting the charger input to a live power source. Adding a 1.5Q _ resistor in
series with an X5R ceramic capacitor will minimize start-up voltage transients.
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ZCHEREREE / Charge Current Soft-Start

BRCL4054CMERLE— AT ER BB AR R AR E MR/ NBA RV S B, 13— 78
BEMESEIRT |, REEBRREELI0OusAGHEIENO EAEHIESINEE. EENIREF , Xaeigic
K PREMIR/NEIR EAIB R A EA.

The BRCL4054CME 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.

CHRG3 |lgeBRt— Mo NBES T R EAH IREFAHER. —PMI20puA H55 FRERET
Vee 5B EREIN Y FHATEREIARTRAVEBEE, J— 1 IEEEtEERI7TERE | REREIMIIEE
EEiER o TR , CHRGS |BIEE 4k Z=ith, CHRGS IHIBEBIRIKEIA10mA BIEET , LARsI—NATHE
ILERIEIREEH T Z HHILED,

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.

SO , TEBHATBEBERNEERETD  REERAE TE, SREEREERE
IRERRAIL/100T , FEEREREE N — N 20uATHRIFREUE | FRAHRBARCELER. NRE
ANBEHERGIEEXEDABIRILT . MICHRGS HIZE =B . FIBRNAREEER_ERIFEERS
— ML IRER RIS MK S (MG E =R | WIEI5FT7R.

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

pin.

V* Vbp
VCC >
g 800k
BRCL4054CME ok uPROCESSOR

CHRG —oﬂ ouT
IN

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

797 HEBRCLA054CMESL FFReB T R A TG 4SEF 55 B OUT RE#l S HNECHRG
S| LRVEEE. BDEESRAE2k ERIEBFRZRAIER T , NIAIEMOSFETHESHEIZS IR =XBE Y., —BFR
FE{EIAZIE , NiZIBMOSFETRI#KHT , FFE— 1 20uARYREIRIFHIEZZCHRGS . INSIHIMEEE
F2K ERIFBMEER ZSET, N THEREBFE—15E TRER , SEOUTs RIEEH AREIUAT,
SSEE MRS @IS —"800K B fEEIFINS [R5 BRI =B ; SNERCHRGS B/ REHT , MIING RS
RIZEFEY , ResFETF—1UVLORE,

To detect when the BRCL4054CME is in charge mode, force the digital output pin (OUT) high and
measure the voltage at the CHRG pin. The N-channel MOSFET will pull the pin voltage low even
with the 2k pull-up resistor. Once the charge cycle terminates, the N-channel MOSFET is turned off
and a 20pA current source is connected to the CHRG pin. The IN pin will then be pulled high by the
2k pull-up resistor. To determine if there is a weak pull-down current, the OUT pin should be forced to
a high impedance state. The weak current source will pull the IN pin low through the 800k resistor; if
CHRG is high impedance, the IN pin will be pulled high, indicating that the part is in a UVLO state.

CHRGIAZSGHSIB / CHRGStatus Output Pin

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

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

DRAIN-BULK
DIODE OF FET
BRCL4054CME
Vin vee
= C

Figure 6. Low Loss Input Reverse Polarity Protection
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USB FNZZimiEEcsSMi® / USB and Wall Adapter Power
BRCLA054CMEFIFMN— N AZRIEECSE s —NUSB i 77e, BE7RH T iEE3smEiiss s
USBEBTREININIAEEHI— L. —/\PIZEMOSFET ( MP1 ) AR5 LA RIEA RS RN E SR
EEANUSBIRE , TI—MHEFEIRE (D1 ) N#ATRIEUSBIISRIELRT 1K NI H AT = A,

The BRCL4054CME allows charging from both a wall adapter and a USB port. Figure 7 shows an
example of how to combine wall adapter and USB power inputs. A P-channel MOSFET, MP1, is used
to prevent back conducting into the USB port when a wall adapter is present and a Schottky diode, D1,
is used to prevent USB power loss through the 1k pull-down resistor.

—ARSRIR |, RIERC SRS IR ML B ABRIE A 500mARJUSBiR OAE S AR, EItL , 23TiER
BHENRS , AIRA—MNIZEMOSFET ( MN1 ) F0—MiI0AY10KIZ EEE B Rk IE S ER RIB 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 |CHG £ * BRCL4054CME-4.2 3 |CHG
D1 BT o SYSTEM

us POWER __T ] Ll_’ 1. LOAD

500mA IgHg VP

~L_ Li-lon
" BATTERY

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

USB/Wall Adapter Power Li-lon Charger
5V WALL |BaT

ADAPTER I * ey I

BRCL4054CME-4.2

uss _J¥] 4|
POWER
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L
]
o> 4
5 m .
'__
\\
. 2 3 (ﬂ
|
C
El nil
E
1
C
Unit: mm
Dimensions In Millimeters Dimensions In Millimeters
Symbol Symbol .
Y Min Max yheo Min Ma x
L 2.82 3.02 F1 0.85 105
B 1.50 1.70 o 0.35 0.50
C 0.90 1.30 C 0.10 0.20
L1 2.60 3.00 b 0.35 0.55
E 1.80 2.00 F 0 015

SUT23-2
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ENEiRAE / Marking Instructions

4054C

*k*k*%k
1iAg
4054C : NESHKY
il NEFSHEL | BEEFHS T,
Note:
4054C: 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. IBEFIFRSANEE 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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