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PrRoODUCTION DATA SHEET

) DESCRIPTION ) KEY FEATURES

The LX2201 Linear Battety Chargeris a LX2201 suppar two types of Li-lon = 2A Charge Current
multi-state (2 g¢age)Li-lon bettery chargr battey chemisty; 4.1V and 4.¥ through = USB Compliant Charging States
(Congart currert / Canstan voltage) that logical input (VM pin).. A high accuracy * Low Rdsoy in Discharge Mode
can suply up to 2A of charging curert into  current sensing cirduallows batteries to = Power Saving and Conditional
asinde cell Li-lon battey. be fully chargd before terminating the Mode for Deep Discharge
LX2201is a st effective , high perfor- charge cycle.  The LX2201 dsign = Selectable Li-lon Battery for 4.1V

or 4.2V Applications

= |nternal Pass Element Can
Function as a Reverse Direction
Load Switch

mance USB bdtery charger. The LX2201 enhances ystem battey life by avoiding
featres a 2A high chamge current, with premature disdrge of Li-lon battery with
auometic power savingsusing isdated a separate ditery terminal voltage from
batery topology, user progmamability in systemloadwhen adapor charging isused,

USB chargng, and an eblenced Lettery life  i.e. trickle chage. . Elc;llS(:e;\saeCﬁ;Séit;rrgli'\;engred
with low Rdgy in discharge. The LX220L provides a charging status * True Charge Indicator

In USB mO@, the LX2201 has indicaor. Tm |rtegrated PMOS passelerTEIT - Wa” Supp|y Regu|at0r T0|erance
adwentages over conpetition chargerswith  featues low drg out vdtage wlile providing 5V + 10%
the USB Limit Cortrol circuit and low an inherent load disconrect with virtualy no = Built In MOSFET Driver For Easy
Rdsy in discharge made. The USB limit  drain on the keitery when dsabled or wan AC Adapter/USB Implementation
Cortrol circuit alows simultanecus battery  the inpu power is remaed. Additionally a = Topping Charge with Voltage
chaging while the cvice is in opedtion. battey load disconect switch has Ieen Monitoring Mode
The Vpp to sipply load is indegoendert of integrated which provides seamless p@w = Inherent Load Disconnect
the Vgar chargng logic. Indischarge male  switching when tranitioning between clarge = Small, High Power 20-lead MLP
a low Rdgy provides low loss ad heary and dschargemodks. package
trangert. The LX2201 festures a pre-charge

The LX2201 is a low co§ highly condtioning modce for bateries that have n
integrated batery chargersdution. . It only been dedp dischaged and alsdias a tq off }
reqires thee exterral resigors: one fo charge mock for batteries tht ae left on the = Batteries with 350mAH to 2AH
setting tke congantcharge curent levd, one  chamgerfor exterded periods Ratings
for setting te termimation chamge curent, The LX2201 isavailable in ahigh power Cell Phones
and oe for stting Vv . It alsohasa bilt  4mm x 4mm, B-pn MLP, surface mouh PDAs

in thernodat that will throttle back the packag.
charge current to keep the de temperature Digital Cameras

from exceeihg 150C; this featue insuies Low Cost Single Li-lon Cell
the LX2201 ddlivers the maximum charge Chargers

rate foragiven thermal environment.

IMPORTANT: For the nost arrent data, consult MICROSEMI’s website: http://www.micr osemi.com

) PRODUCT HIGHLIGHT

Charging Cradles

Comn ] State Select Truth Table
— 11 VIDO | VID1 VDD > Var Vear > VDD
=[5 5 3 3 0 o |Switch open — charging Switch open — discharge
e € o — disabled. disabled.
e 0 1 Charging — USB high level if | Switch open — discharge
e LX2201 e using VIN. disabled.
t—{]voo —_— . Battery Discharging. MOSFET
) " - )1 1 0 Char_gmg USB low level if fully enhanced with current
g 2 3 § g . using VIN.
S o 3 S 3 I flow VB/:“«T to VDD
ﬁ_% hd Charging — USB high level if Battery Dlscharglng. MOSFET
1 1 using Vin fully enhanced with current
9 VIN. flow Vear to VDD.

PlasticMLP
O] 4xamm 20-Pin
RoOHS Complaint / Pb-free
| O0to70 | LX2201CLQ |

Note: Available in Tape & Reel.
Append the letters “TR” to the part number.
(i.e. LX2201CLQ-TR)

Ta(°C)
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} ABSOLUTE MAXIMUM RATINGS PACKAGE PIN OUT
SUPPIYVORAGE(VIN) et -0.3Vio 7V - 838 %
Analog Input Sgnals (VIDX,VM, SNS) ..o -0.3Vio 7V > > > o =
Battery Charging CUMTENTHAT) .. ..uuvrrrreeieiiiieiiieiee e 2A... O w o 5 1 1
DiSCHEGE CUTENT (\/DD)-+ccveteeteeeaeaaeaaaaaiiaa ittt e e e e e e e e e e aaaaaaaaaaaeaaas 3A... voo " 4 o mar
Opaating UNdion TENPErature.........cccuuvuuiiiiiiiiieiee et a e 150°C vop | | oar
Storage TENPEratUrERANGE. .........c.cveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenen -65°C to 150°C [ e
PeakPackae Solder Reflow Tenp. (40 seond max. exposure) ... 260°C (+0, -5) Veb e B AT
Vin Maximum DC CUIMENL........ieiiii e e et e e 500mA VDD e = BAT
Vin Maximum SUrgeCUITENL..........ccvviiiiiiieiieeee e e ee e e e e e e e s 2A... VIN s PadIsGND | 45 [ cmp
Note: Exceeding these tiags could cause daage tothe devie. All voltages arewith respect to A AN
Ground. Currentare positive intopegative out of spéied terminal. o 9 k£ &
2 36 = 8
) THERMAL DATA LQPACKAGE
(Top View)
N.C. — No Internal Connection
Plaglc M |Cro Lead Frame Quad Package 20_P|n RoHS / Pb-free 100% Matte Tin Lead Finish
THERMAL RESISTANCE-JUNCTION TO AMBIENT, 034 \ 40°C/W

Junction Bmperature Calculation: T= Ta + (Pp X 0;4).
The 6;4 numbers are guidelines fothe thernal peiformance of the device/pboad systam. All of the
above assue no anbient aiflow.

} FUNCTIONAL PIN DESCRIPTION

Name Description
BAT Charging Output - This pin is wired to the positive terminal of the battery. (The negative battery terminal is wired to GND.)
Charge Current Programming Pin - A resistor (RCP) is connected between this pin and GND. The constant current is
CccpP determined by the following relationship: |~ 8500
CMP Compensation Pin — Connect a 0.1uF compensation capacitor from this pin to VDD.
Charge Termination Programming Pin — A resistor (RTP) is connected between this pin and GND. The termination charge
CTP current is determined by the following relationship: _ 7500

BAT(MIN) ~ RTP

Maximum VIN Current Programming Pin — A resistor (RUS) is connected between this pin and GND. The Hi Level charge

Cus current is determined by the following relationship: | _ 1211
NH) T RUS
GND | Common Ground
NC | Not Connected. This pin is connected internally and should be left floating.

PMOS Switch driver — This output is designed to drive the gate of an external PMOS power switch. The driver is pulled low

ILUSSOIDIN
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PSW (PMOS on state) when VDD > Vgar.
VDD | Common Power Node — Connects to system power bus.
VIDx State Select Input — Applying a two bit TTL compatible signal sets the desired state of the charger corresponding to the Truth
Table.
VIN | Voltage Input — Current limited USB input. Apply a USB compliant power input.
VM Voltage Mode Select - Selects the constant voltage. VM = Low to select 4.2V charge level. VM = High to select 4.1V charge
level.
STAT Status - This pin is a logic high level when the battery is being charged. A low signal indicates either under voltage lockout,
charge completed, or Vgar > VDD, or VIDO = VID1 = 0.
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ELECTRICAL CHARACTERISTICS
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Unless otherwi® gedfied, thefollowing spedfi caionsapply over the operaing anmbienttenperaure 0C< T, < 70°C except where
otherwise ntedand tle fdlowing test conditionsVDD = 5.0V.
Parameter Symbol Test Conditi ons - LX2201 Units
Min | Typ | Max
» MAIN CIRCUITRY
Input Voltage VDD 4.5 6 \%

. VDD > Vgar 4 8 mA
Quiescent Current lenp VDD < Voar 3 5 UA
CTP Bias Voltage Vcrp Rcrp = 150K, Igat > 100mA 1.25 \%
CCP Bias Voltage Veep 1.25 \%
CUS Bias Voltage Veus 2.6 \%

P CONSTANT VOLTAGE MODE
VM = Low 4.16 4.2 4.24
Constant Voltage Charge Level Vew VM = High 406 a1 414 \Y,
Maximum Dropout Voltage Vin— Vear | lear = 1A 350 mV
Top Off Charge Droop Threshold Vore 96 97 98 %VB’%/CVL
» CONSTANT CURRENT MODE
BAT Constant Current Accuracy lccL Rcep = 64.9K 0.85 1 1.15 A
BAT Constant Current Level lgaT Vear < (Vev — 100mV) 0.35 2 A
Conditioning Current lconp Vear < Verv ; @25°C 3.0 4.75 6.0 %Iﬁ%
CCL
Conditioning Current Mode V.
Threshold \?oltage Verv 60 64 68 | B%/m
ggsl:?aec;ermmanon Current lesr | Rere = 150K ; @25°C 35 50 65 | mA
» USB CURRENT LIMIT
USB Low Current Limit Iin Vin =5V, VDD <V, VID1 = Lo, Rysg = 2.55K 85 93 100 mA
USB High Current Limit Iin Viy =5V, VDD < Vy, VID1 = Hi, Rysg = 2.55K 425 463 500 mA
» LOGIC
STAT LOgiC H|gh Output Vstat Vin = 5.0V, lstar = -BmA 4.5 5 \Y
STAT LOgiC Low OUtpUt VstaT Vin = 5.0V, Istar = 25l.lA 0.4 \%
State Select Threshold Vvip Log!c High 2.0
Logic Low 0.8
VM Select Threshold Vum Log!c High 2.0 Y,
Logic Low 0.8
» THERMAL SHUTDOWN
Maximum Junction Temperature T, Vv = 5.0V, loyr = 1A, Temperature Rising 130 140 | 150 | °C
» BI-DIRECTIONAL PASS ELEMENT CONTROL
Discharge Switch On Resistance Robs(on) lgar = -1A 130 150 mQ
Charging Threshold Vche Vin > Vear + Ve 0 5 10 mV
Discharging Threshold VbcH Vin > Veat + VbcH 0 5 10 mV
Pass Element Switch Mode Delay tsw Charge-to—discharge or Discharge—to—charge 5 us
» PSW FET DRIVER
ngh OUtpUt Voltage Vpsw Vin < VgaT, lpsw = 0, Vpar = 4.2V 4.1 4.2 \Y
Low Output VOItage Vpsw Vin > Veat, lpsw =0 0 0.2 \%
OR-ing Resistance Rpsw 5 10 15 KQ
(S\/V\llalttc)h>D\/eB|iyto VDD < Vear) oo | Crsw = 1000F, 10 Vesw = (Vour ~ 1V) ° S el B
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SIMPLIFIED BLOCK DIAGRAM
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vipo[_| ] Psw
CHARGE/
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vDD[ | DISCHARGE ] STAT
CONTROL
0.1 i
VIN[ l, l, [ |BAT
CHARGE
(| D———{TERMINATION ——{ JcTP
- CONTROL
L usB
Cus LIMIT
\
F““‘*CONTROL <2
vID1[ ] e
CONSTANT
VM[ ] VOLTAGE @
CONTROL
CMP[ ] T
TEMPERATURE
CONTROL &)
e
CONSTANT
ccP[ ] CURRENT  (3)
CONTROL
GND[ ] °
Figure 1 — Simplified Block Diagram
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APPLICATION CIRCUITS

LX2201 CONTROL FLOW DIAGRAM

RETURN TO START IF

START VIN > VBAT OR VIDX CHANGE STATE.

VDD > VBAT

NO
Y y
- _ NO SWITCH
Y VIDO =1 OFF
No | CONDITION ves
VBAT>60% CHARGE
MODE
DISCHARGE
vES MODE
4
CONSTANT CURRENT | |luse DETERMINED BY THE
> CHARGE MODE STATE OF VIDL1. -
Y
N REDUCE
Y TEMP <140 CHARGE [—
REDUCE CURRENT
TEMP < 140 CHARGE —
CURRENT
REDUCE
CHARGE —
REDUCE CURRENT
CHARGE —
CURRENT
No IBAT<IMIN

VOLTAGE
MONITORING -
MODE (STATE).

CONSTANT VOLTAGE
CHARGE MODE

f

VBAT<97%

RETURN TO THE TOP
OF THE CHART.

Figure 2 — Control Flow Diagram
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APPLICATION SCHEMATICS

Ll

4
= < < < o z 4
< g g ¢ ©b
To System » F
Power Bus | voe BAT } I
10uF
—| vob BAT [———¢
w0 LX2201 et |—t I?
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+—| voo BAT
0.1uF
—| vin cmp
e g F 3 :
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T I

o}
4
lw)
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10uF

Figure 3 — AC Adapter and USB Supply (Charge and Discharge Modes)

APPLICATION SCHEMATICS (CONTINUED)
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Figure 4 — AC Adapter wit=h charging voltage headroom regulation (for use with a current limited power supply)
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Chart 1 — Charging Current Accuracy over Temperature
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Chart 3 — USB High Current over VIN Voltage
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Chart 5 — Charging Current over VDD Voltage
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Chart 4 — USB Low Current over VIN Voltage
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Chart 6 — Battery Current & Voltage vs. Time
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THEORY OF OPERATION

GENERAL DESCRIPTION

The LX2201is desgned to charge asingle cel Lithium
lon batery using two skps: a consint curret step
followed by a castnt voltage stp. The bastc charger
functon uses he VDD pinsas an mpu ard BAT pins as
the ouput The LX2201 chager has a prgrammable
maximum current (programmable by the resstor value
between pin CCP to GND) which is the meximum
chaging curent during the Consént Current Mode of the
charging profie. The lowdropou of the pess elerant
allows the battery to be charged from a loosely regdated
power swpply. In the Canstnt Voltage Mode, he batery
teminal voltage can be regulated to 4.1V or 4.2V by
strappng the VM pin to VDD or GND, resgectively. The
charger will terminate castart voltage chargng once the
curert drops below the minimum current setting
(programmable by the resstor value betveen pnh CTP b
GND).

The LX2201 has anintegatedthernostatwith a linear
thermal regulation loop that will throttle back the chargng
current to preventthe inernal die tenperature from
exceedig 150°C. This feate prevents dasge to the
systen boardwhen the IC exceeds its thienal teamperature

CURRENT CHARGE M ODE

A conditioning curert is aplied to batteries tlat are
deepy dischaged ard have a terminal voltage less han
60% of the constahvoltage level. The canditioning curert
is 5% of the CCP pogranmable cmstant cuert level
(except whereit might be limited in the USB states). Oce

the battery terminal voltagexceeds the 60% level, the full

corstant curent level is appled (unless barging airrent is
limited by oneof the other charge control loops).

CHARGE TERMINATION M ODE

To increase sytembatery life and aoid float chargng,
the LX2201 turrs off the pass elerart once the battery has
been fully chaged. Thechage termination state ocurs at
the end of consent voltage mode. The chage status
changestate wha charging is conpleted.

Topr OFF CHARGE M ODE

Once the darger has ompleted a barge cycle, if
power renmains aplied, the LX2201 erters a Vdtage
Monitoring mode. h this mode he LX2201 monitors the
battery teminal voltage andagplies a tg off charge if the
batery voltage dropsby more than 3%of full scak. Ths
feature is epecially inportant for chaging systera in
equpmentwhere usageis infrequent.

USB CHARGE M ODE

The LX2201 is fully compliart with, ard swparts, the
USB 9ecificaions — theLow Power Papheral (100mA)
and High Power Peripirals (500mA). VID1 logic input
selects USB ltarge arrents. The LX2201 senses the
currert flowing from the VIN termnal to the VDD
termiral; then it limits the VIN current by redicing the
curent flowing from Vpp to Vgar. Note: the USB
Charge Limit circuit does na limit the input curent and
only scaleshe charging arrent.

DISCHARGE M ODE

In dischage mode, VDO is, indicake dischamge node
enable. The ystem load isconnectedd VDD. The input
power is canectedto VDD through an interral dode.
When the inpu power is removed, the battery curren
flows from Vgat to VDD. The cicuit of FHgure 3 slows
the LX2201in adischage mode cofiiguration with both
AC adaper ard USB inputs. The USB input is dode
ORed b the VDD pin anduses a MOSFET to ducethe
diode drop across the ORingode. The LX2201 provides
a signal “PSW” to controthe MOSFETfor charge ad
dischage modes. When both AC and USB power are
applied he PSW signal is arriddenby the AC aapte
diode ard the MOSFET is tured off
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APPLICATION NOTE

CURRENT LIMITED POWER SUPPLIES

When usinginput power supfies that are curert limited
or have high sourceimpedare, the batery chaging current
andbr load curret canpull the VDD pin down venclose
to the kettery terminal voltage. This may cause the LX2201
to erter anindeterminate state Were it switches between
chage ad dischage nodes. To prevert this, the PNP
differential anplifier circuit of figure 4 can be aded; this
circuit adds an aditional control loop that reguhtes he
chager headoom to 300mV by scalng backthe batery
charging arrent.

The intermal pover switch within the LX2201 requires
the pover supjty have a minimal level of strengh to switch
from dischargenode b chage mode. If te power saurce b
sewrely curert limited, the LX2201 may nat open the
discterge switch. In this case, a srall anount of currat
will be allowed to flow into the bettery unregulated. If left
in this state idefinitely, the curernt will evertually raise the
battery ternminal vdtage to the point where tle batteries
interral protection circuitry will o pen the circuit. Typically,
the LX2201 requires a nmimum of 80mA in USB mode
ard 200mA using the VDD inpu to force the switchoverto
charge mde. Alternatively, if weak power saurces are
usal, the switchover from dischage o charge node can b
forced by momentarily seting VIDO and VID1 to a low
state, vhich will open the dscherge switch allowing the
VDD voltage to rise sathe LX2201 can eter charge mode.

USB COMPLIANCE

To be compliant with the USB sgcffication, the +5/
current must be less tan 100MA in the low power mode
and less han 500mA in the high power mode. f the
LX2201 is confgured as slown in Figure 3, it is pssble
for the system toconsume more than the maximum
allowed USB curert (in which case théattery charging
current will have been fully scaledback). If it is not
possible to reglate tre load currentwhen chargingfrom a
USB powe sourceand strict adhenceto the USB powe
budeet is regired. In this case the system load cae
applied directly tothe battery and the LX220L will preven
the load + battery fran drawing more power than is
allowed for USB compliance. A better approach hat
provides battery isdation may be used in this appoach,
the opanp circut provides a cuert limiter that preverts
the systemfrom exceeding e USB powe limits. The
battery is anly discharged if the AC adapter a USB inputs
are renoved or curent limited.

LAYouT GUIDELINES

e It is important when laying ou the LX2201 to
place 10uF aamc capacitos close to lie VDD
and \ga7 IC terminals tofilter switching trarsierts.

e ltis importart to provide a lowthermal impedance
path from the thermal pad on the bdtom of the
LX2201 packaye to theground plane of the circuit
boad to maximize te heatdisspaion.
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PACKAGE DIMENSIONS

20-Pin MLP Q Plastic 4x 4mm (114x 114DAP)
D~ b i
Uuuuu .
O Lo Dim | MIN | MAX | MIN | MAX
A | 080 | 1.00 [0.031| 0.039
Al | 0.00 | 0.05 |0.000 | 0.002
: « D2 > A3 0.20 REF 0.008 REF
b | 018 | 0.30 [0.007 | 0.088
D 4.00 BSC 0.157 BSC
D2 | 259 | 2.79 [0.102 | 0.110
LEZ E 4.00 BSC 0.157 BSC
O NOnninmn E2 | 259 | 2.79 |0.102 | 0.110
4 . F e 0.50 BSC 0.019 BSC
i L | 0.30 | 050 |0.011 | 0.019
Al A
iD_D_CI_CI_D— v
j‘ﬁ
A3
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PRODUCTION DATA - Information cortained in this document is proprietary to
Microsem and & currert asof publicaion dae. This document may not be nodified in
any way without the express witten consent of Microseni. Prodict processing does not
neceasrily include esting of all paraneters. Microsen resewvesthe rightto change he
configuraion ard performance ofthe pioduct and to discontinue product at ary time.
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