TECHNOLOGY

FEATURES

® Charge Current Programmable up to 1A

= Integrated 100mA Adjustable Low Dropout Linear
Regulator

m Charges Single Cell Li-lon Batteries Directly from
USB Port

= Preset Charge Voltage with +0.35% Accuracy

= No External MOSFET, Sense Resistor or Blocking
Diode Needed

® Thermal Regulation Maximizes Charge Rate

Without Risk of Overheating*

Adjustable LDO Output Voltage Range:

1.2V 0 4.2V

Programmable Charge Termination Timer

Programmable Charge Current Detection/Termination

SmartStart™ Prolongs Battery Life

Charge Status Output

35uA Charger Quiescent Current in Shutdown

15uA LDO Quiescent Current

Available in a Low Profile (0.75mm) 10-Lead

(3mm x 3mm) DFN Package

APPLICATIONS

= Handheld Computers
® Portable MP3 Players
® Digital Cameras

| l /\Q LTC4063

Standalone Linear Li-lon
Charger with Micropower

Low Dropout Linear Regulator

DESCRIPTION

The LTC®4063 is a standalone linear charger for single cell
lithium-ion batteries with an adjustable low dropout linear
regulator (LDO). The adjustable LDO regulates an output
voltage between 1.2V t0 4.2V atup to 100mA load current.
When the input supply (wall adapter or USB supply) is
removed, the LDO regulates the output voltage without
interruption. The battery chargerand LDO regulator can be
enabled individually.

No external sense resistor or external blocking diode is
required for charging due to the internal MOSFET architec-
ture. Internal thermal feedback regulates the charge cur-
rent to maintain a constant die temperature during high
power operation or high ambient temperature conditions.
The float voltage is fixed at 4.2V and the charge current is
programmed with an external resistor. Charge termination
methods include minimum charge current or maximum
time. With power applied, the LTC4063 can be put into
shutdown mode to reduce the supply current to 35pA and
the battery drain current to less than 2uA.

Otherfeatures include smart recharge, undervoltage lock-
out, LDO current limiting and a charge status pin to
indicate when the charge cycle has completed.

ALY, LT, LTC and LTM are registered trademarks of Linear Technology Corporation.
SmartStart is a trademark of Linear Technology Corporation.

All other trademarks are the property of their respective owners.

*Protected by U.S. Patents including 6522118.
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LTC4063

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

(Note 1)

Input Supply Voltage (Vgg) «eeeeeerereeeeenene -0.3Vto 10V TOP VIEW
GHGEN, LDOEN, CHRG....................... ~0.3V 1o 10V e
FB oo ~03V 1o 8V o A
PROG, IDET, TIMER ................ Z0.3V 1o Vigg + 0.3V s | 1| 0]
BAT, OUT oo 0.3V to 8V ooen [4} 1| (7
BAT Short-Circuit Duration ........................ Continuous CHOENI! | | &
OUT Short-Circuit Duration .........cccce...... Continuous DD PACKAGE

BAT Pin Current (Note 8)
Maximum Junction Temperature (Note 7)
Operating Temperature Range (Note 2) .. —40°C to 85°C
Storage Temperature Range ................. -65°C t0 125°C

1A
125°C

0] Vee

PROG

| bl
7] TIMER

CHRG

10-LEAD (3mm x 3mm) PLASTIC DFN
Tumax = 125°C, 64 = 40°C/W (NOTE 3)

EXPOSED PAD (PIN 11) IS GROUND
MUST BE SOLDERED TO PCB

ORDER PART
NUMBER

LTC4063EDD

DD PART
MARKING

LBHX

Order Options Tape and Reel: Add #TR
Lead Free: Add #PBF Lead Free Tape and Reel: Add #TRPBF
Lead Free Part Marking: http://www.linear.com/leadfree/

Consult factory for parts specified with wider operating temperature ranges.

GLGCT“'C“L CHH“HCTGB'ST'CS The e indicates the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V, unless otherwise noted.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Ve Supply Voltage o 43 8 Y
Ice Igc Supply Current Charge Mode (Note 4), Rprog = 10k ) 400 800 pA
Standby Mode, Charge Terminated ) 100 200 pA

Shutdown (CHGEN = 5V, Vg < Vgat or Voo < Vyy) | @ 35 65 pA

CHGEN =5V and LDOEN = 5V ° 15 30 pA

VELoaT Vpat Regulated Output Voltage 4.185 4.2 4.215 v
0°C<Tp<85°C 4170 4.2 4.230 v

lgaT BAT Pin Current (Note 5) Rprog = 10k, Constant-Current Mode o 93 100 107 mA
Rprog = 1.25k, Constant-Current Mode ® | 760 800 840 mA

Standby Mode, Charge Terminated ) -35 -7 pA

Shutdown Mode (CHGEN = 5V, LDOEN = 5V) o +1 12 pA

VPRoG PROG Pin Voltage Rprog = 10k, Constant-Current Mode 0.97 1 1.03 v
Rprog = 1.25k, Constant-Current Mode 0.97 1 1.03 v

VchRe CHRG Output Low Voltage IGHRG = 5MA 0.35 0.6 v
ITRIKL Trickle Charge Current VBAT < VIRIKL, RPRQG =10k 6 10 14 mA
VBaT < VTRIKL, RPROG = 1.25K 60 80 100 mA

VTRIKL Trickle Charge Threshold Voltage Vgar Rising 2.8 2.9 3 v
Hysteresis 100 mV

Vuy Ve Undervoltage Lockout Voltage From Low to High 3.7 3.8 3.9 Y
Hysteresis 200 mV

Vasp Ve — Vgar Lockout Threshold Voltage Vg from Low to High, Vgat = 4.2V 145 180 220 mV
Ve from High to Low, Vgat = 4.2V 10 45 75 mV

VCHGEN CHGEN Input Threshold Voltage CHGEN Rising, 4.3V < Vg < 8V 0.4 0.7 1 \
Hysteresis 100 mV

Rchgen | CHGEN Pin Pull-Down Resistor o 12 2 5 MQ
Ver Charge Termination Mode Threshold Vrimer from High to Low 0.4 0.7 1 \
Voltage Hysteresis 100 mV

Vur User Termination Mode Threshold Voltage | Vmer from Low to High 415 41 45 \
Hysteresis 100 mV

2
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LTC4063

GLGCTBICHL CHHRHCTGRISTICS The e indicates the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V¢ = 5V, unless otherwise noted.

SYMBOL |PARAMETER CONDITIONS MIN TYP MAX UNITS
IpETECT Charge Current Detection Threshold Rper = 1k, 0°C < Tp < 85°C 90 100 110 mA
Rper = 2k, 0°C < Tp < 85°C 45 50 55 mA
Rper = 10k, 0°C < Tp < 85°C 8.5 10 11.5 mA
Rper = 20k, 0°C < Tp < 85°C 4 5 6 mA
AVRecHrg | Recharge Threshold Voltage VELoaT — VRECHRG, 0°C < Tp < 85°C 75 100 125 mV
tTERM Termination Comparator Filter Time Current Termination Mode 1 1.5 2.2 ms
tRECHRG Recharge Comparator Filter Time 3 7 14 ms
tTIMER Charge Cycle Time Crimer = 0.1uF 2.55 3 3.45 Hour
tss Soft-Start Time Igat from 0 to Igug 100 us
Tum Junction Temperature in Constant 105 °C
Temperature Mode
Ron Power FET “ON” Resistance 375 meQ
(Between Vg and BAT)
Veat-Lpo | LDO Supply Voltage (BAT) 2.65 4.4 v
IgaT-LDO LDO Supply Current (from BAT) Ve < Vgar, lout = 0mA 15 25 pA
Ve > Vear, lout = 0mA (Note 6) 9 18 pA
IgaT-LD0-sD | LDO Supply Current in Shutdown Vear = 4.4V 2.5 5 pA
Vg FB Regulated Voltage Vear=3.7V, loyr = TMA ®| 784 800 816 mV
VFB(LINE) Vig Line Regulation VpaT =2.65V 10 4.4V, lgyT = TMA ® 1 mV
VFB(LOAD) Vrg Load Regulation lgut = TmA to 100mA, Vpat = 4.4V ® 1 mV
VIDoEN LDOEN Input Threshold Voltage (Rising) LDOEN Rising, Vgat = 4.4V 04 0.7 1 v
Hysteresis 100 mV
RiDoEN LDOEN Pin Pull-Down Resistor o 12 2 5 MQ
Voo LDO Dropout Voltage lout = 100mA, Vout =3V 125 200 mV
Vipouvio | LDO Undervoltage Lockout Threshold Vgat from High to Low 2.45 2.55 2.65 \
Hysteresis 100 mV
Irg FB Pin Current -25 0 25 nA
Isc Short-Circuit Output Current Vour =0V 500 mA
Vorwms) | Output Voltage Noise Vout =3V, lgyt = 100mA, Coyrt = 2.2uF, 135 WRMS
10Hz < f < 100kHz

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: The LTC4063EDD is guaranteed to meet performance specifica-
tions 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: Failure to correctly solder the Exposed Pad of the package to the
PC board will result in a thermal resistance much higher than 40°C/W.
Note 4: Supply current includes PROG pin current and IDET pin current
(approximately 100uA each) but does not include any current delivered to
the battery through the BAT pin (approximately 100mA).

Note 5: Does not include LDO supply current.

Note 6: The LDO is partially powered from Vg, thus reducing the supply
current from the BAT pin.

Note 7: This IC includes overtemperature protection that is intended to
protect the device during momentary overload conditions.
Overtemperature protection will become active at a junction temperature
greater than the maximum operating temperature. Continuous operation
above the specified maximum operating junction temperature may impair
device reliability.

Note 8: Defined by long term current density limitations.
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TYPICAL PERFORMANCE CHARACTERISTICS T, = 25°C unless otherwise noted.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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PIN FUNCTIONS

BAT (Pin 1): Charger Output and Regulator Input. This pin
provides charge current to the battery and regulates the
final float voltage to 4.2V. This pin also supplies power to
the LDO regulator.

OUT (Pin 2): LDO Regulator Output. This pin should be
bypassed with a > 2uF low ESR capacitor as close to the
pin as possible for best performance. The minimum Voyt
is1.2V.

FB (Pin 3): Regulator Feedback Input. The voltage on this
pinis compared to the internal reference voltage (800mV)
by the error amplifier to keep the output voltage in regula-
tion. An external resistor divider between OUT and FB sets
the output voltage.

LDOEN (Pin 4): LDO Enable Input. A logic high on the
LDOEN pin shuts down the LDO. In this state, OUT
becomes high impedance and the battery drain current
drops to less than 5uA. A logic low on the LDOEN pin
enables the LDO regulator. A 2M pull-down resistor de-
faults the LDO to its enabled state.

CHGEN (Pin 5): Charger Enable Input. A logic high on the
CHGEN pin places the chargerinto shutdown mode, where
the I quiescent current is less than 65pA. A logic low on
this pin enables battery charging. A2M pull-down resistor
to ground defaults the charger to its enabled state.

CHRG (Pin 6): Open-Drain Charge Status Output. The
charge status indicator pin has two states: pull-down and
high impedance. This output can be used as a logic
interface or an LED driver. In the pull-down state, an
NMOS transistor capable of sinking 10mA pulls down on
the CHRG pin. The state of this pin is dependent on the
value of IpgeeT as well as the termination method being
used. See Applications Information.

TIMER (Pin 7): Timer Program and Termination Select
Pin. This pin selects which method is used to terminate the
charge cycle. Connecting a capacitor, Cjyer, to ground
selects Charge Time termination. The chargetime is set by
the following formula:

, CTimER
Time (Hours) =3 Hours e ———
ime (Hours) . 0.1uF

I
Time (Hours)
3 (Hours)

or

Crimer = 0.1uF ¢

Connecting the pin to ground selects Charge Current
termination, while connecting the pin to Vg selects User
termination. See Applications Information.

IDET (Pin 8): Current Detection Threshold Program Pin.
The current detection threshold, Ipetect, is set by con-
necting a resistor, Rpgr, to ground. IpgTeeT is Set by the
following formula:

RrroG 100V
| = of =——0r
DETECT 10R0gT RogT
100V
Rper = I
DETECT

The CHRG pin becomes high impedance when the charge
current drops below IpeTegt. IpeTECT Can be set to 1/10th
the programmed charge current by connecting IDET di-
rectly to PROG. See Applications Information.

This pinis clamped to approximately 2.4V. Driving this pin
to voltages beyond the clamp voltage can draw large
currents and should be avoided.

PROG (Pin 9): Charge Current Program and Charge Cur-
rent Monitor. The charge current is set by connecting a
resistor, Rprog, to ground. When charging in constant
currentmode, this pinservosto 1V. The voltage on this pin
can be used to measure the charge current using the
following formula:

Vi
lgat = =206 1000
PROG

Ve (Pin10): Positive Input Supply Pin. Provides power to
the battery charger. This pin should be bypassed with a
1uF capacitor.

Exposed Pad (Pin 11): Ground. This pin is the back of the
Exposed Pad package and must be soldered to the PCB
copper for minimal thermal resistance.
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LTC4063

OPERATION

The LTC4063 is designed to charge a single cell lithium-
ion battery and supply a regulated output voltage for bat-
tery-powered applications. Using the constant current/con-
stant voltage algorithm, the charger can deliver up to 1A of
charge currentwithafinal float voltage accuracy 0f£0.35%.
The LTC4063 includes an internal P-channel power
MOSFET andthermal regulation circuitry. No blocking diode
orexternal sense resistoris required; thus, the basic charger
circuit requires only two external components.

The LDO regulator is powered from the battery terminal
and can be programmed for output voltages between
1.2V and 4.2V using external resistors. An output capaci-
tor is required on the OUT pin for stability and improved
transient response. A low ESR capacitor of >2uF should
be used.

Normal Operation

The charge cycle begins when the voltage at the Vg pin
rises above the UVLO level and a discharged battery is
connected to BAT. Ifthe BAT pinvoltage is below 2.9V, the
charger enters trickle charge mode. In this mode, the
LTC4063 supplies 1/10th of the programmed charge
current in order to bring the battery voltage up to a safe
level for full current charging.

Once the BAT pin voltage rises above 2.9V, the charger
enters constant-current mode where the programmed
charge currentis supplied to the battery. When the BAT pin
approaches the final float voltage (4.2V), the LTC4063
enters constant-voltage mode and the charge current
decreases as the battery becomes fully charged.

The LTC4063 offers several methods with which to termi-
nate a charge cycle. Connecting an external capacitor to
the TIMER pin activates an internal timer that stops the
charge cycle after the programmed time period has
elapsed. Grounding the TIMER pin and connecting a
resistor to the IDET pin causes the charge cycle to
terminate once the charge current falls below a set
threshold when the charger is in constant-voltage mode.
Connecting the TIMER pin to Vg disables internal termi-
nation, allowing external charge termination to be used by
the CHGEN input. See Applications Information for more
on charge termination methods.

Programming the Charge Current

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 by
the following equations:

1000V 1000V
RproG = ——lcHG =

lcHG RpRroG

The charge current out of the BAT pin can be determined
at any time by monitoring the PROG pin voltage and
applying the following equation:

lgaT = @ «1000
PROG

SmartStart

When the LTC4063 is initially powered on or brought out
of shutdown mode, the charger checks the voltage on
BAT. Ifthe BAT pinis below the recharge threshold of 4.1V
(which corresponds to approximately 80% to 90% battery
capacity), the LTC4063 enters charge mode and begins a
fullcharge cycle. Ifthe BAT pinisabove 4.1V, the LTC4063
enters standby mode and does not begin charging. This
feature reduces the number of unnecessary charge cycles,
prolonging battery life.

Automatic Recharge

When the charger is in standby mode, the LTC4063
continuously monitors the voltage on the BAT pin. When
the BAT pin voltage drops below 4.1V, the charge cycle is
automatically restarted and the internal timer is reset to
50% the programmed charge time (if time termination is
being used). This feature eliminates the need for periodic
charge cycle initiations and ensures that the battery is
always fully charged. Automatic recharge is disabled in
User Termination mode.

Thermal Regulation

Aninternalthermalfeedback loop reduces the programmed
charge current if the die temperature attempts to rise
above a preset value of approximately 105°C. This feature

4063fb
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LTC4063

OPERATION

protects the LTC4063 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 LTC4063. The charge current can be set according to
typical (not worst-case) ambient temperatures with the
assurance that the charger will automatically reduce the
current in worst-case conditions.

Undervoltage Lockout (UVLO)

Aninternalundervoltage lockout circuit monitors the input
voltage and keeps the charger in shutdown mode until Ve
rises above the undervoltage lockout threshold (3.8V).
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 less than 45mV above the
battery voltage. Hysteresis of 135mV prevents the charger
from cycling in and out of shutdown.

Manual Shutdown

Atany pointinthe charge cycle, the charger can be putinto
shutdown mode by pulling the CHGEN pin high. This
reduces the supply current to less than 65uA and the
battery drain current of the charger to less than 2uA. A new
charge cycle can be initiated by pulling the CHGEN pin low.

Pulling the LDOEN pin high puts the LDO into shutdown
mode reducing the battery drain current of the LDO to less
than 5uA. When both the CHGEN and LDOEN pins are
pulled high, the total battery drain current fromthe LTC4063
is less than 2uA. If shutdown is not required, leaving these
pins disconnected continuously enables the circuit.

Trickle Charge and Defective Battery Detection

When the BAT pin voltage is below the 2.9V trickle charge
threshold (Vtrik), the charger reduces the charge current
to 10% of the programmed value. If the battery remains in
trickle charge for more than 25% of the total programmed
charge time, the charger stops charging and enters a
FAULT state, indicating that the battery is defective.! The
LTC4063 indicates the FAULT state by driving the CHRG

open-drain output with a square wave. The duty cycle of
this oscillation is 50% and the frequency is set by Cjvier:

f _ 0.uF
CHRG ™ Criver

An LED driven by the CHRG output exhibits a blinking
pattern, indicating to the user that the battery needs
replacing. To exit the FAULT state, the charger must be
restarted either by toggling the CHGEN input or removing
and reapplying power to Vg,

*31Hz

Charge Status Output (CHRG)

The charge status indicator pin has two states: pull-down
and high impedance. In the pull-down state, an NMOS
transistor pulls down on the CHRG pin and can sink up to
10mA. A pull-down state indicates that the LTC4063 is
charging a battery and the charge current is greater than
IpeTeCT (Which is set by the external resistor Rpgt). A high
impedance state indicates that the charge current has
dropped below IpgtegT. In the case where the IDET pin is
left open (Rpet = <=, IpeTecT = 0), @ high impedance state
on CHRG indicates that the LTC4063 is not charging.

Low Dropout Linear Regulator (LDO)

The OUT pin provides a stable, regulated output voltage
powered from the battery. This output can power devices
suchas memory or USB controllers from the battery when
there is no power applied to V.

The LDO can deliver 100mA of current with a nominal
dropout voltage of 150mV. Itis designed to be stable with
a low ESR capacitor greater than 2uF on the OUT pin.
Furthermore, the LDO is capable of operating fromaLi-lon
battery voltage as low as 2.65V with less than 300mV of
dropout over the specified operating conditions. An und-
ervoltage lockout circuit automatically disables the LDO
when the battery voltage drops below 2.55V, reducing the
battery drain currentto less than 5pA. The LDO can be dis-
abled by pulling the LDOEN pin high, reducing the battery
quiescent current to less than SpA.

1The defective battery detection feature is only available when time termination is being used.
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OPERATION

BAT out Vout
LTC4063 R2
SINGLE CELL * B c
Li-lon BATTERY ouT
I GND R1 |
1 & 4063 FO1

- L

Figure 1. Adjustable Linear Regulator

Figure 1 shows how an external resistor divider sets the
regulator output voltage. The output voltage can be set

anywhere between 1.2V and 4.2V, although the upper limit
is limited by the battery voltage minus the regulator
dropout voltage.

R2
Vout =800mVe| 1+ —
(o)
In order to maintain stability under light load conditions,
the maximum recommended value of R1 is 160k.

APPLICATIONS INFORMATION

Programming Charge Termination

The LTC4063 terminates a charge cycle using several
methods, allowing the designer considerable flexibility in
choosing an ideal charge termination algorithm. Table 1
shows a brief description of the different termination
methods and their behavior.

Charge Time Termination

Connecting a capacitor (Ctyyer) to the TIMER pin enables
the timer and selects Charge Time Termination. The total
charge time is set by:

0.1uF

*3 Hours
CTimER

Time(Hours) =

Table 1

When the programmed time has elapsed, the charge cycle
terminates and the charger enters standby mode. Subse-
quentrecharge cyclesterminate when halfthe programmed
time has elapsed.

The IDET pin determines the behavior of the CHRG output.
Connecting a resistor (Rpgr) from the IDET pin to ground
sets the charge current detection threshold, IpgtecT:

_ 100V
Rper

RPROG

IpETECT = 10Roer

or
100V
IpeTECT

Rper =

METHOD TIMER Iper | CHARGER DESCRIPTION

CHRG OUTPUT DESCRIPTION

Charge Time 0.1uF to | RpeTto
Termination GND GND

Charges for 3 Hours. After 3 Hours, the Charger | Pull-Down State While IgaT > IDETECT. High Impedance
Stops Charging and Enters Standby Mode.
Recharge Cycles Last for 1.5 Hours

State While IgaT < IDETECT or When Charging is Stopped

0.1uFto | NC

Charges for 3 Hours. After 3 Hours, the Charger | Pull-Down State When Charging. High Impedance State
GND Stops Charging and Enters Standby Mode.
Recharge Cycles Last for 1.5 Hours

When Charging is Stopped

Charge Current GND | Rperto | Charges Until Charge Current Drops Below Pull-Down State When Charging. High Impedance State
Termination GND | IpeTecT, Then Enters Standby Mode When Charging is Stopped
GND NC Charges Indefinitely Until CHGEN Pin is Pulled | Pull-Down State When Charging. High Impedance State
High When Charging is Stopped
User-Selectable Ve RpeT to | Charges Indefinitely Until CHGEN Pin is Pulled | Pull-Down State While IBaT > IDETECT. High Impedance
Charge GND | High. SmartStart is Disabled State While IgaT < IDETECT Or When Charging is Stopped
Termination Ve NC | Charges Indefinitely Until CHGEN Pin is Pulled | Pull-Down State When Charging. High Impedance State

High. SmartStart is Disabled

When Charging is Stopped

4063fb
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When the charge current (Igat) is greater than Ipgtecr,
the CHRG output is in its pull-down state. When the
charger enters constant-voltage mode operation and the
charge current falls below Ipgtect, the CHRG output
becomes high impedance, indicating that the battery is

almost fully charged. The CHRG output will also become
highimpedance once the charge time elapses. Ifthe IDET
pinis notconnected, the CHRG output remainsin its pull-
down state until the charge time elapses and terminates
the charge cycle.

Figure 2 shows a charger circuit using charge time termi-
nation that is programmed to charge at 500mA. Once the

500mA‘l

o \\Qz VCCLTC40638AT charge current drops below 100mA in constant-voltage
“Tam{ciire X mode (as set by Rpgt), the CHRG output turns off the LED.
e __l_ T This indicates to the user that the battery is almost fully

Arrge S e S ano e charged and ready to use. The LTC4063 continues to

W%_ T TO'”‘F charge the battery until the internal timer reaches 3 hours
- = M (as set by Cryvier)- During recharge cycles, the LTC4063
charges the battery until the internal timer reaches 1.5
hours. Figure 3 describes the operation of the LTC4063
charger when Charge Time Termination is used.

Figure 2. Charge Time Termination. The Charger
Automatically Shuts Off After 3 Hours

POWER ON

A

FAULT MODE
NO CHARGE CURRENT

v

CHRG STATE: SQUARE WAVE

T 1/4 cHARGE TIME CHGEN = oV
CONDITION
TRICKLE CHARGE MODE STOPS
1/10 FULL CURRENT
—»| CHRG STATE: PULL-DOWN
BAT <2.9V
BAT > 2.9V
A4
CHARGE MODE SHUTDOWN MODE
FULL CURRENT Icc DROPS TO 35uA

v

»| CHRG STATE:
2.9V <BAT < 4.1V PULL-DOWN IF 1gaT > IDETECT
Hi-Z IF IgaT < IDETECT

CHARGE TIME
J ELAPSES

CHRG STATE: Hi-Z

A

STANDBY MODE
NO CHARGE CURRENT

A\ 4

BAT > 4.1V

v

_ CHGEN =5V
CHRG STATE: Hi-Z OR
UVLO CONDITION

A\ 4

| BAT < 4.1V

RECHARGE MODE
FULL CURRENT

CHRG STATE:
PULL-DOWN IF Igat > IpgTECT

Hi-Z IF Igar < IpETECT

\ 4

1/2 CHARGE
TIME ELAPSES

4063 FO3

Figure 3. State Diagram of a Charge Cycle Using Charge Time Termination
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Charge Current Termination

Connecting the TIMER pin to ground selects Charge
Current Termination. With this method, the timer is
disabled and a resistor (Rpg) must be connected from
the IDET pin to ground. IpgTecT iS programmed using the
same equation stated in the previous section (repeated
here for convenience):

IpETECT = 1 P08 ¢ oy = 1000
10RpeT Rper
or
100V
Rper = I
DETECT

The charge cycle terminates when the charge current falls
below IpgTecT. This condition is detected using an inter-
nal, filtered comparator to monitorthe IDET pin. When the
IDET pin falls below 100mV for longer than ttgpy (typi-
cally 1.5ms), charging is terminated.

When charging, transient loads on the BAT pin can cause
the IDET pin to fall below 100mV for short periods of time
before the DC current has dropped below the IpgecT
threshold. The 1.5ms filter time (ttgry) On the internal

comparator ensures that transient loads of this nature do
not resultin premature charge cycle termination. Once the
average charge current drops below Ipgtect, the charger
terminates the charge cycle.

The CHRG output is in its pull-down state when charging
andinits highimpedance state once charging has stopped.
Figure 4 describes the operation of the LTC4063 charger
when charge current termination is used.

User-Selectable Charge Termination

Connecting the TIMER pin to Vg selects User-Selectable
Charge Termination, in which all internal termination
features are disabled. The charge cycle continues indefi-
nitely until the charger is shut down through the CHGEN
pin. The IDET pin programs the behavior of the CHRG
output in the same manner as when using Charge Time
Termination. Specifically, when the charge current (Igat)
is greaterthan IpgTeet, the CHRG outputis inits pull-down
state. When the charger enters constant-voltage mode
operation and the charge current falls below Ipgtecr, the
CHRG output becomes high impedance, indicating that
the battery is charged. If the IDET pinis not connected, the
CHRG output remains in its pull-down state until the
charger is shut down.

POWER ON Y
TRICKLE CHARGE MODE
1/10 FULL CURRENT
> CHGEN = 0V
_ OR UVLO
»| CHRG STATE: PULL-DOWN CONDITION
BAT < 2.9V STOPS
BAT > 2.9V
A
> CHARGE MODE SHUTDOWN MODE
2.9V <BAT <4.1V FULL CURRENT Icc DROPS TO 35pA

CHRG STATE: PULL-DOWN

v

CHRG STATE: Hi-Z

BAT < 4.1V

3 IN VOLTAGE MODE

A
IBAT < IDETECT

v

BAT > 4.1V

STANDBY MODE
NO CHARGE CURRENT

\ 4

CHGEN =5V

CHRG STATE: Hi-Z OR

4063 F04 UVLO CONDITION

Figure 4. State Diagram of a Charge Cycle Using Charge Current Termination
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POWER ON

Y

BAT < 2.9V

TRICKLE CHARGE MODE
1/10 FULL CURRENT

CHRG STATE: PULL-DOWN

CONDITION
STOPS

SHUTDOWN MODE
Icc DROPS TO 35pA

CHGEN =0V
OR UVLO

v

BAT > 2.0V
Y CHRG STATE: Hi-Z
CHARGE MODE
FULL CURRENT T
2.9V < BA]T (FEUEESSC;/[:\EHF IgaT > IDETECT CHGgﬁ =5V
Hi-Z IF lear < Ioerect wmrs  UVLO CONDITION

Figure 5. State Diagram of a Charger Cycle Using User Termination

With User-Selectable Charge Termination, the SmartStart
feature is disabled; when the charger is powered on or
enabled, the LTC4063 automatically begins charging, re-
gardless of the battery voltage. Figure 5 describes charger
operation when User-Selectable Charge Termination is
used.

Programming C/10 Current Detection/Termination

In most cases, an external resistor, Rpgr, is needed to set
the charge current detection threshold, IpgtecT. However,
when setting IpetecT to be 1/10th of Igyg, the IDET pin can

Vin — Ve BAT
LTC4063
PROG

SOOmA‘l

H

RPROG IDET  TIMER
2k RDEE GND
° X
500mA
Viv —{ Vee BAT Tv
LTC4063 +
PROG r—
RPROG IDET  TIMER
1k GND
'i 4063 FO6

Figure 6. Two Circuits that Charge at 500mA
Full-Scale Current and Terminate at 50mA

be connected directly to the PROG pin. This reduces the
component count, as shown in Figure 6.

When PROG and IDET are connected in this way, the full-
scale charge current, lgyg, iS programmed using a differ-
ent equation:

500V 500V
RproG = ~——lcHG =

lcHG RpRroG

Stability Considerations

The battery charger constant voltage mode feedback loop
is stable without any compensation provided a battery is
connected. However, a 1uF capacitor with a 1Q series
resistor to GND is recommended at the BAT pin to keep
ripple voltage low when the battery is disconnected.

When the charger is in constant current mode, the PROG
pin is in the feedback loop, not the battery. The constant
current 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
10k; however, additional capacitance onthis node reduces
the maximum allowed program resistor.

For the LDO regulator, a capacitor (Coyt) must be con-
nected from OUT to GND to ensure regulator loop stability.
It is recommended that low ESR capacitors be used for
Coyt to reduce noise on the output of the linear regulator.
Cout must be >2uF for best performance.
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Regulator Output Noise

Noise measurements on the output should be made with
care to ensure accurate results. Goaxial connections and
proper shielding should be used to maintain measurement
integrity. Figure 7 shows a test setup for taking the
measurement. When the output is set to 3V and a 100mA
load is applied, the LTC4063 output noise power in the
10Hzto 100kHz bandis typically measuredto be 135uVRs.
For more information on obtaining accurate noise mea-
surements for LDOs, see Application Note 83.

Power Dissipation

When designing the battery charger circuit, it is not
necessary to design for worst-case power dissipation
scenarios because the LTC4063 automatically reduces the
charge current during high power conditions. The condi-
tions that cause the LTC4063 to reduce charge current
through thermal feedback can be approximated by con-
sidering the power dissipated in the IC. Most of the power
dissipationis generated fromthe internal charger MOSFET
(the LDO generates considerably less heat in most appli-
cations). Thus, the power dissipation is calculated to be
approximately:

Pp = (Vo — Var) © lgat

Ppisthe power dissipated, Vg is the input supply voltage,
Vgar is the battery voltage and Igat is the charge current.
The approximate ambient temperature at which the ther-
mal feedback begins to protect the IC is:

Ta=105°C—Ppe0yp
Ta=105°C = (Ve — Vgar) ® Igat * 84a

Example: An LTC4063 operating from a 5V wall adapter is
programmed to supply 800mA full-scale current to a
discharged Li-lon battery with a voltage of 3.3V. Assuming
0 is 40°C/W (see Thermal Considerations), the ambient
temperature at which the LTC4063 will begin to reduce the
charge current is approximately:

Ta = 105°C — (5V — 3.3V) » (800mA) « 40°C/W
Ta = 105°C — 1.36W « 40°C/W = 105°C — 54.4°C
Ta = 50.6°C

The LTC4063 can be used above 50.6°C ambient, but the
charge current will be reduced from 800mA. The approxi-
mate current at a given ambient temperature can be
approximated by:

105°C-T,
Vee = VBaT) *8Ja

lgaT = (

Using the previous example with an ambient temperature
0f60°C, the charge current will be reduced to approximately:

o 105C-60C  _ 45
PAT ™ (5V-3.3)+40°C/W ~ 68°C/A
lgaT = 662mMA

It is important to remember that LTC4063 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 ap-
proximately 105°C.

5Hz SINGLE ORDER

HIGHPASS
IN ?— ﬁ ||

GAIN = 60dB —

10Hz 2nd ORDER
BUTTERWORTH HP

e

100kHz 4th ORDER
BUTTERWORTH LP

o\

5Hz SINGLE ORDER
HIGHPASS

ﬁ —? 10Hz T0 100kHz

- 4063 FO7

Figure 7. Filter Structure for Noise Testing LDOs
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Protection Features

While the thermally regulated charger limits the junction
temperature to 105°C during normal operation, current
overload at the LDO regulator output may result in exces-
sive power dissipation. Internal circuitry limits the output
currents, allowing the battery charger and regulator to be
short-circuited to ground indefinitely. Furthermore, if the
junction temperature exceeds 150°C, both the battery
charger and regulator will shut down. The LTC4063 be-
comes enabled again once the junction temperature drops
below 140°C. If the fault condition remains in place, the
part will thermal cycle between the shutdown and enabled
states.

The LTC4063 also protects against reverse conduction
from the LDO output to the battery input. This provides
protection if a discharged (low voltage) battery is power-
ing the LDO, and the output voltage is held above the
battery voltage by a backup battery or a second regulator
circuit. When the output voltage is higher than the battery
voltage, the reverse output current is typically less than

50uA.
Thermal Considerations

In order to deliver maximum charge current under all
conditions, it is critical that the exposed metal pad on the
backside of the LTC4063 package is properly soldered to
the PC board ground. Correctly soldered to a 2500mm?
double sided 10z copper board, the LTC4063 has a ther-
mal resistance of approximately 40°C/W. Failure to make
thermal contact between the exposed pad on the backside
of the package and the copper board will result in thermal
resistances far greater than 40°C/W. As an example, a
correctly soldered LTC4063 can deliver over 800mA to a

battery from a 5V supply at room temperature. Without a
good backside thermal connection this number would
drop to much less than 500maA.

Ve Bypass Capacitor

Many types of capacitors can be used for input bypassing,
however, caution must be exercised when using multi-
layer ceramic capacitors. Because of the self-resonantand
high Q characteristics of some types of ceramic capaci-
tors, 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, see Application
Note 88.

Charge Current Soft-Start and Soft-Stop

The LTC4063 includes a soft-start circuit to minimize the
inrush currentatthe start of a charge cycle. Whenacharge
cycleisinitiated, the charge currentramps fromzeroto the
full-scale current over a period of approximately 100us.
Likewise, internal circuitry slowly ramps the charge cur-
rent from full-scale to zero when the charger is shut down
or self terminates. This has the effect of minimizing the
transient currentload on the power supply during start-up
and charge termination.

Reverse Polarity Input Voltage Protection

In some applications, protection from reverse polarity
voltage on Vg 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 keptlow, a P-channel
MOSFET can be used (as shown in Figure 8).

DRAIN-BULK
DIODE OF FET
LTC4063

il

I 4063 FO8

Figure 8. Low Loss Input Reverse Polarity Protection
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USB and Wall Adapter Power Most wall adapters can supply more current than the
The LTC4063 allows charging from both a wall adapter ‘K/IOI\?T /zlr']g'fr? léft?ap%rglhs:g;ﬁ;eﬁa?g}g?gp';?LMugi’gE,l)’
and a USB port. Figure 3 shows how to combine wall incre’ase the charge 6urrent to 800mA when the wall
adapter and USB power inputs. A P-channel MOSFET, adapter is present

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.

5V WALL

ADAPTER
IcHg = 800mA F ; D1

uss Power __J$ SYSTEM

Ighg =500mA ~ " oq 1 Vee el LOAD
LTC4063
_—{GND  IDET
= PROG H Li-ion

BATTERY

3.3k

4063 F09

Figure 9. Combining Wall Adapter and USB Power
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TYPICAL APPLICATIONS

Full-Featured Li-lon Charger with 2.5V Regulated Output
(Using Charge Time Termination)

Vin -
AN (
1uf 1k
B 10
N i 800mA
A 1
T 8 Chre BAT —
; LTC4063 )
TIMER  OUT ‘2’%L\J/T
PROG :
1 SINGLE CELL
T Li-lon BATTERY

IDET

4063 TA02

USB/Wall Adapter Power Li-lon Charger (Using Charge Current Termination)

5V
WALL ADAPTER — 1T v
uss_T3LL T2 10
POWER T4 N Vee 6
1uF LTC4063
lmer  ProG

v

GND

IDET

1
_‘|;|_ Li-lon

L CELL

4063 TA03
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PACKAGE DESCRIPTION

DD Package
10-Lead Plastic DFN (3mm x 3mm)
(Reference LTC DWG # 05-08-1699)

g 1 s e B o | |—|7¢

U U L‘H U Ui 0.675 +0.05
* M
3.50 £0.05 1.65+0.05 | ‘

2.15+0.05 (2 SIDES)

|
Dmmuﬂ =~ OUTLINE

PACKAGE
0.25+0.05 —»‘ ‘ ‘
—>| l<—050
BSC
~— 2.38 £0.05 —>
(2 SIDES)
RECOMMENDED SOLDER PAD PITGH AND DIMENSIONS
R=0115 0.38+0.10
TYPW
| 6 | 10 ¢
| UUWu
| : 77
| ‘ | s300£0.10 1.65+0.10_} 7,7!,7,f, B
i (4SIDES) (2 SIDES)
PIN 1 ! I
TOPMARK | ()
(SEE NOTE 6) \ ﬂ ﬂ ﬂ m ﬂ oo
I
0.200 REF 0.75£0.05 +‘ ‘ ‘« 0.25+0.05
<—0. 50 BSC
' <—238+010—>
A ¥ Y 500005 (2 SIDES)
} A BOTTOM VIEW—EXPOSED PAD
NOTE;

1. DRAWING TO BE MADE A JEDEC PACKAGE OUTLINE M0-229 VARIATION OF (WEED-2).
CHECK THE LTC WEBSITE DATA SHEET FOR CURRENT STATUS OF VARIATION ASSIGNMENT
2. DRAWING NOT TO SCALE
3. ALL DIMENSIONS ARE IN MILLIMETERS
4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.15mm ON ANY SIDE
5. EXPOSED PAD SHALL BE SOLDER PLATED
6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION ON THE
TOP AND BOTTOM OF PACKAGE
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RELATED PARTS

PART NUMBER | DESCRIPTION | COMMENTS
Battery Chargers
LTC1733 Monolithic Lithium-lon Linear Battery Charger Standalone Charger with Programmable Timer, Up to 1.5A Charge Current
LTC1734 Lithium-lon Linear Battery Charger in ThinSOT™ | Simple ThinSOT Charger, No Blocking Diode, No Sense Resistor Needed
LTC1734L Lithium-lon Linear Battery Charger in ThinSOT Low Current Version of LTC1734; 50mA < Igyrg < 180mA
LTC4002 Switch Mode Lithium-lon Battery Charger Standalone, 4.7V <V < 24V, 500kHz Frequency, 3 Hour Charge Termination
LTC4050 Lithium-lon Linear Battery Charger Gontroller Features Preset Voltages, G/10 Charger Detection and Programmable Timer,
Input Power Good Indication, Thermistor Interface
LTC4052 Monolithic Lithium-lon Battery Pulse Charger No Blocking Diode or External Power FET Required, <1.5A Charge Current
LTC4053 USB Compatible Monolithic Li-lon Battery Charger | Standalone Charger with Programmable Timer, Up to 1.25A Charge Current
LTC4054 Standalone Linear Li-lon Battery Charger Thermal Regulation Prevents Overheating, C/10 Termination,
with Integrated Pass Transistor in ThinSOT C/10 Indicator, Up to 800mA Charge Current
LTC4057 Lithium-lon Linear Battery Charger Up to 800mA Charge Current, Thermal Regulation, ThinSOT Package
LTC4058 Standalone 950mA Lithium-lon Charger in DFN /10 Charge Termination, Battery Kelvin Sensing, £7% Charge Accuracy
LTC4059 900maA Linear Lithium-lon Battery Charger 2mm x 2mm DFN Package, Thermal Regulation, Charge Current Monitor
Output
LTC4060 NiMH/NiCd Standalone Battery Charger 1-/4-Cell Series Batteries, No Microcontroller, No Firmware Required,
Termination by —dV, Max Voltage or Max Time, Up to 2A Charge Current
LTC4411/LTC4412 | Low Loss PowerPath™ Controller in ThinSOT Automatic Switching Between DC Sources, Load Sharing,
Replaces ORing Diodes
Power Management
LTC3405/LTC3405A | 300mA (lgyt), 1.5MHz, Synchronous Step-Down | 95% Efficiency, Viy = 2.7V to 6V, Voyt = 0.8V, Iq = 20pA, Igp < 1UA,
DC/DC Converter ThinSOT Package
LTC3406/LTC3406A | 600mA (Igyt), 1.5MHz, Synchronous Step-Down | 95% Efficiency, Viy = 2.5V t0 5.5V, Vgyt = 0.6V, Ig = 20pA, Igp < 1pA,
DC/DC Converter ThinSOT Package
LTC3411 1.25A (louT), 4MHz, Synchronous Step-Down 95% Efficiency, Vi = 2.5V t0 5.5V, Vgyt = 0.8V, lg = 60yA, Igp < 1A,
DC/DC Converter MS Package
LTC3440 600mA (lgyt), 2MHz, Synchronous Buck-Boost 95% Efficiency, Vi = 2.5V t0 5.5V, Vgyr = 2.5V, lg = 25uA, Igp < TuA,

DC/DC Converter

MS Package

ThinSOT and PowerPath are trademarks of Linear Technology Corporation.
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