TECHNOLOGY

FEATURES

Seamless Transition Between Input Power Sources:
Li-lon/Polymer Battery, USB and 5V Wall Adapter
215mQ Internal Ideal Diode Plus Optional External
Ideal Diode Controller Provide Low Loss PowerPath™
When Wall Adapter/USB Input Not Present

Load Dependent Charging Guarantees Accurate USB
Input Current Compliance

3.95V Float Voltage Improves Battery Life Span and
High Temperature Safety Margin
Constant-Current/Constant-Voltage Operation with
Thermal Feedback to Maximize Charging Rate Without
Risk of Overheating*

Selectable 100% or 20% Input Current Limit

(e.g., 500mA/100mA)

Battery Charge Current Independently Programmable
Upto 1.2A

Preset 3.95V Charge Voltage with +0.8% Accuracy
C/10 Charge Current Detection Output

Tiny (4mm x 3mm x 0.75mm) 14-Lead DFN Package

APPLICATIONS

Portable USB Devices

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
Bat-Track, PowerPath and ThinSOT are trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners. Protected by U.S. Patents, including
6522118, 6700364. Other patents pending.

| t /\D L TC4085-3

USB Power Manuager with
|deul Diode Controller and
3.95V Li-lon Charyer

DESCRIPTION

The LTC®4085-3isa USB power manager and Li-lon/Poly-
mer battery charger designed for portable battery-powered
applications. The part controls the total current used by
the USB peripheral for operation and battery charging.
The total input current can be limited to 20% or 100%
of a programmed value up to 1.5A (typically 100mA or
500mA). Battery charge current is automatically reduced
such that the sum of the load current and charge current
does not exceed the programmed input current limit.

The LTC4085-3 includes a complete constant-current/
constant-voltage linear charger for single cell Li-lon bat-
teries. This 3.95V version of the standard LTC4085 is
intended for applications which have extended battery
lifetime requirements orthose that require hightemperature
(approximately >60°C) operation or storage. Under these
conditions, a reduced float voltage will trade-off initial cell
capacity for the benefit of increased capacity retention
over the life of the battery. A reduced float voltage also
minimizes swelling in prismatic and polymer cells, and
avoids open CID (pressure fuse) in cylindrical cells.

The LTC4085-3 also includes a programmable termina-
tion timer, automatic recharging, an end-of-charge status
output and an NTC thermistor.
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LTC4085-3

ABRSOLUTE MAXIMUM RATINGS
Notes1,2,3,4,5
Sl'erminal Voltagz,'

IN, OUT
t < 1ms and Duty Cycle < 1%................... -0.3Vto 7V
Steady State.........ccooeevveecieieieceeeee -0.3Vto 6V

BAT, CHRG, HPWR, SUSP WALL, ACPR.......-0.3V to 6V
NTC, TIMER, PROG, CLPROG........-0.3V to (V¢ + 0.3V)
Pin Current (Steady State)

IN, OUT, BAT (NOt€ 6).......oveverereeirirereeecereeee, 2.5A
Operating Temperature Range.................. -40°C to 85°C
Maximum Operating Junction Temperature........... 110°C
Storage Temperature Range................... —-65°C to 125°C

PIN CONFIGURATION

TOP VIEW

IN [T
ouT | 2]
CLPROG | 31
HPWR [ 4]
SUSP |5 |
TIMER | 6 |
WALL |71

L =

4] BAT
3] GATE
2| PrROG
1] CHRG
0] ACPR
9] vre
NTC

DE PACKAGE
14-LEAD (4mm x 3mm) PLASTIC DFN

Tymax = 125°C, 6y = 43°C/W
EXPOSED PAD (PIN 15) IS GND, MUST BE CONNECTED TO PCB

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING

PACKAGE DESCRIPTION

TEMPERATURE RANGE

LTC4085EDE-3#PBF LTC4085EDE-3#TRPBF | 40853

14-Lead (4mm x 3mm) Plastic DFN

-40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

ELECTRKHL CHﬂﬂﬂCTEﬂlSTlCS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are at T = 25°C. Vjy = 5V, Vgar = 3.7V, HPWR = 5V, WALL = 0V, Rpgog = 100k,

RcLprog = 2k, unless otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Input Supply Voltage IN-and OUT 4.35 55 Y
Vgar Input Voltage BAT 4.3 v
In Input Supply Current Igat = 0 (Note 7) o 0.5 1.2 mA
Suspend Mode; SUSP = 5V ) 50 100 pA
Suspend Mode; SUSP = 5V, WALL =5V, PY 60 110 pA
Vour = 4.8V
lour Output Supply Current Vour = 5Y, Vy = 0V, NTC = Vg ° 0.7 1.4 mA
[gaT Battery Drain Current Vpar = 4.05V Charging Stopped ° 15 27 HA
Suspend Mode; SUSP = 5V ) 22 35 pA
Vi = 0V, BAT Powers OUT, No Load ° 60 100 pA
Vuvio Input or Output Undervoltage Lockout | Vi Powers Part, Rising Threshold ° 3.6 3.8 4 v
Vour Powers Part, Rising Threshold e | 275 2.95 3.15 V
AVyvio Input or Output Undervoltage Lockout | Vyy Rising — Vyy Falling 130 mV
or Vgyr Rising — Vqyr Falling
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LTC4085-3

GLGCTR'C“L CHﬂﬂﬂCTGﬂlSTlCS The o indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 5V, Vgar = 3.7V, HPWR = 5V, WALL = 0V, Rpggg = 100k,
RcLprrog = 2K, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Current Limit
lLm Current Limit ReLprog = 2k (0.1%), HPWR = 5V 475 500 525 mA
ReLprog = 2k (0.1%), HPWR = 0V 90 100 110 mA
lingmax) Maximum Input Current Limit (Note 8) 2.4 A
Ron ON Resistance Viy to Vour lout = 100mA Load 215 mQ
ViLPROG CLPROG Pin Voltage Rprog = 2k 0.98 1 1.02 v
Rprog = 1k 0.98 1 1.02 V
Iss Soft Start Inrush Current IN or OUT 5 mA/ps
VeLen Input Current Limit Enable Threshold (Vin=Vour) Vin Rising 20 50 80 mV
Voltage (Vin = Vour) Vi Falling -60 mV
Battery Charger
VELoar Regulated Output Voltage [gar = 2MA 3.915 3.95 3.985 V
Igar = 2mA, (0°C - 85°C) 3.910 3.95 3.990 v
lgar Current Mode Charge Current Rprog = 100k (0.1%), No Load 465 500 535 mA
Rprog = 50k (0.1%), No Load 900 1000 1080 mA
lBAT(MAX) Maximum Charge Current (Note 8) 1.5 A
VpRrog PROG Pin Voltage Rprog = 100k 0.98 1 1.02 v
Rprog = 50k 0.98 1 1.02 V
keac Ratio of End-of-Charge Current to Vpar = Vi oar (3.95V) 0.085 0.1 0.1 mA/mA
Charge Current
ITRIKL Trickle Charge Current Vpar = 2V, Rprog = 100k (0.1%) 35 50 60 mA
VTRIKL Trickle Charge Threshold Voltage 2.75 2.9 3 V
Voen Charger Enable Threshold Voltage (Vout = Vgar) Falling; Vgar = 4V 55 mV
(Vour — Vpar) Rising; Vgar = 4V 80 mv
VRecHRG Recharge Battery Threshold Voltage VeLoaT — VREGHRG 60 95 130 mV
trimMER TIMER Accuracy VBAT =4.05V -10 10 %
Recharge Time Percent of Total Charge Time 50 %
Low Battery Trickle Charge Time Percent of Total Charge Time, Vgar < 2.8V 25 %
Tum Junction Temperature in Constant 105 °C
Temperature Mode
Internal Ideal Diode
Rewp Incremental Resistance, Voy Regulation | Igar = 100mA 125 mQ
Roioon) ON Resistance Vgar to Vour [gar = 600mMA 215 mQ
Vewn Voltage Forward Drop (Vgar = Vour) [gat = 5MA 10 30 50 mV
lBAT =100mA 55 mV
lBAT =600mA 160 mV
Vorr Diode Disable Battery Voltage 2.8 V
=) Load Current Limit, for Vg Regulation 550 mA
Ipmax) Diode Current Limit 2.2 A
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LTC4085-3

GLGCTR'C“L CHﬂﬂﬂCTGﬂlSTlCS The e indicates specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 5V, Vgar = 3.7V, HPWR = 5V, WALL = 0V, Rpgog = 100k,
RcLprog = 2K, unless otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MmN TYP  mMAX | UNITS
External Ideal Diode
VrwD,e0A | External Ideal Diode Forward Voltage | Vgare = 1.85V; lgare = 0 | 20 | mv
Logic
VoL Output Low Voltage CHRG, ACPR Ik = SMA ° 0.1 0.4 Vv
ViH Input High Voltage SUSP, HPWR Pin o 1.2 v
ViL Input Low Voltage SUSR HPWR Pin ° 0.4 v
lpuLLDN Logic Input Pull-Down Current SUSP HPWR 2 HA
VeHa(so) Charger Shutdown Threshold Voltage e | 014 0.4 v
on TIMER
lCHG(SD) Charger Shutdown Pull-Up Current Vriver = 0V ® 5 14 HA
on TIMER
Vwar Absolute Wall Input Threshold Voltage | Viyar. Rising Threshold ® | 415 4.25 4.35 v
Vwar Absolute Wall Input Threshold Voltage | Viyar. Falling Threshold 3.12 V
Vwor Delta Wall Input Threshold Voltage ViwacL — Var Rising Threshold 75 mV
Viwor Delta Wall Input Threshold Voltage ViwarL — Vgar Falling Threshold ° 0 25 60 mV
IwaLL Wall Input Current ViaLL =5V 75 150 HA
NTC
Vnte Ve Bias Voltage lyntc = 500pA ® 4.4 4.85 v
InTe NTC Input Leakage Current Vg =1V 0 +1 HA
VeoLp Cold Temperature Fault Threshold Rising Threshold 0.738 * Vynre V
Voltage Hysteresis 0.018 « Vynre v
Vhor Hot Temperature Fault Threshold Falling Threshold 0.326 * Vynre V
Voltage Hysteresis 0.015 « Vynre v
Vois NTC Disable Voltage NTC Input Voltage to GND (Falling) [ 75 100 125 mV
Hysteresis 35 mV

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: Vg is the greater of Vi, Vout or Vgar.

Note 3: All voltage values are with respect to GND.

Note 4: This IC includes overtemperature protection that is intended
to protect the device during momentary overload conditions. Junction
temperatures will exceed 110°C when overtemperature protection is
active. Continuous operation above the specified maximum operating
junction temperature may result in device degradation or failure.

Note 5: The LTC4085E-3 is guaranteed to meet specified performance
from 0° to 85°C. Specifications over the —40°C to 85°C operating
temperature range are assured by design, characterization and correlation
with statistical process controls.

Note 6: Guaranteed by long term current density limitations.

Note 7: Total input current is equal to this specification plus 1.002 ¢ Igat
where Igar is the charge current.

Note 8: Accuracy of programmed current may degrade for currents greater
than 1.5A.
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LTC4085-3

TVP'CHL PEBFOMI‘II'-IHCG CH“RHCTGH'ST'CS Tp = 25°C unless otherwise noted.

Input Supply Current
vs Temperature
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VELoar Load Regulation
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LTC4085-3

T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Ta = 25°C unless otherwise noted.

Input Rgy vs Temperature
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Charging from USB, Igar vs Vgar

Vin=5V

600
Vout = NO LOAD
Rprog = 100k

RoLprog = 2k
HPWR = 5V

500

00 05 1 15 2 25 3 35 4 45
Vpar (V)
40853 G13
Ideal Diode Resistance and
Current vs Forward Voltage

(No External Device)

1000
Vpar =3.7V
900 [Vyy = OV
800
g 700
E
600
2 /
. 500 -y
<T
£ 400 OUT/
= /
5300 / Rbio
200 /
100
0
0 50 100 150 200
Vrwp (MV)

40853 G16

Battery Current and Voltage

vs Time
600 6
500 — lgat CHRG 5
1
\ 1| Var
400 : 4
= .
300 \ ! 3
o 1
1
200 ! 2
1
400mAhr CELL i oo
100 |vin=5v :7LTERM|NAT|0N 1
Rprog = 100k \} /
R =21k 1
o LcLprog ! 0
0 50 100 150 200
TIME (min)
40853 G11
Charging from USB, Low Power,
Igat VS Vpar
120 5y
Vout = NO LOAD
100 | Rprog = 100k
ReLprog = 2k
HPWR = 0V
80
£
€ oI
&
40
20
0
0 05 1 15 2 25 3 35 4 45
Vgar (V)
40853 G14
Ideal Diode Current vs Forward
Voltage and Temperature with
External Device
5000 ‘
VpaT = 3.7V /7]
4500 vy =0v / /, >
4000 | 512333 PFET il
7 " -
/ A
3500 7
_ /S
= 3000 Ve e
g N0
= 2500 oA
3 £,
= 2000 7
// 74
1500 / e
7 0,
/7% —— -50°C |
1000 “.l, —_ 0%
500 5 ———= 50°C+
11 e 100°C
0 20 40 60 80 100
Vrwp (mV)

40853 G17

(1) 94HOA gy LVEp

louT (MA)

IgaT (MA)

<<
£

600

500

400

300

200

100

1000
900
800
700

= 600

— 500

—

)
= 400

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Charge Current vs Temperature
(Thermal Regulation)

-

\

Vi =5V
VgaT = 3.5V

\

6ya = 50°C/W

0
=50 -25 0

25 50 75
TEMPERATURE (°C)

100 125

40853 G12

Ideal Diode Current vs Forward
Voltage and Temperature
(No External Device)

VgaT = 3.7V
Vi =0V // 7
yARARR
r/ "’
A .
7
A
7.
[/
//’.’..-'
3 ——-50°C |
—— 0°C
----- 50°C
..... ‘....100°C
0 100 150 200
Vrwp (V)

Ideal Diode Resistance and
Current vs Forward Voltage with
External Device

VgaT = 3.7V P4
,\3/55'33%FET /
/
y4
/
)4
/
/,/
i
0 20 4 60 8 100
Vrwp (mVY)

40853 G18

40853f

LY N



LTC4085-3

T'I'PICHL PEBFOﬂmﬂﬂCG CHHRHCTGGISTICS Tp = 25°C unless otherwise noted.

Input Connect Waveforms
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LTC4085-3

PIN FUNCTIONS

IN (Pin 1): Input Supply. Connect to USB supply, Vgus.
Input current to this pin is limited to either 20% or 100%
of the current programmed by the CLPROG pin as deter-
mined by the state of the HPWR pin. Charge current (to
BAT pin) supplied through the input is set to the current
programmed by the PROG pin but will be limited by the
input current limit if charge current is set greater than the
input current limit.

OUT (Pin 2): Voltage Output. This pin is used to provide
controlled power to a USB device from either USB Vpys
(IN) or the battery (BAT) when the USB is not present.
This pin can also be used as an input for battery charging
when the USB is not present and a wall adapter is applied
to this pin. OUT should be bypassed with at least 4.7uF
to GND.

CLPROG (Pin 3): Current Limit Program and Input Cur-
rent Monitor. Connecting a resistor, RgLprog, 1o ground
programs the input to output current limit. The current
limit is programmed as follows:

1000V

g (A) =
RoLrroa

In USB applications the resistor RgLprog should be set
to no less than 2.1k.

The voltage on the CLPROG pin is always proportional to
the current flowing through the IN to OUT power path.
This current can be calculated as follows:

| (A) = ~CLEROG 10
CLPROG

HPWR (Pin 4): High Power Select. This logic input is used
to control the input current limit. A voltage greater than
1.2V on the pin will set the input current limit to 100% of
the current programmed by the CLPROG pin. A voltage
less than 0.4V on the pin will set the input current limit
to 20% of the current programmed by the CLPROG pin.
A 2pA pull-down is internally applied to this pin to ensure
it is low at power up when the pin is not being driven
externally.

SUSP (Pin5): Suspend Mode Input. Pulling this pin above
1.2V will disable the power path from IN to OUT. The sup-
ply current from IN will be reduced to comply with the
USB specification for suspend mode. Both the ability to
charge the battery from OUT and the ideal diode function
(from BAT to OUT) will remain active. Suspend mode will
reset the charge timer if Voyr is less than Vgar while in
suspend mode. If Vout is kept greater than Vgar, such as
when a wall adapter is present, the charge timer will not
be reset when the partis put in suspend. A 2pA pull-down
is internally applied to this pin to ensure it is low at power
up when the pin is not being driven externally.

TIMER (Pin 6): Timer Capacitor. Placing a capacitor, CT|\MER,
to GND sets the timer period. The timer period is:

Crimer *Rprog *3Hours
0.1pF 100k

triver (Hours) =

Charge time is increased if charge current is reduced
due to undervoltage current limit, load current, thermal
regulation and current limit selection (HPWR).

Shorting the TIMER pin to GND disables the battery
charging functions.
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LTC4085-3

PIN FUNCTIONS

WALL (Pin 7): Wall Adapter Present Input. Pulling this
pin above 4.25V will disconnect the power path from IN
to OUT. The ACPR pin will also be pulled low to indicate
that a wall adapter has been detected.

NTC (Pin 8): Input to the NTC Thermistor Monitoring
Circuits. The NTC pin connects to a negative temperature
coeffcient thermistor which is typically co-packaged with
the battery pack to determine if the battery is too hot or
too cold to charge. If the battery’s temperature is out of
range, charging is paused until the battery temperature re-
enters the valid range. A low drift bias resistor is required
from Ve to NTC and a thermistor is required from NTC
to ground. If the NTC function is not desired, the NTC pin
should be grounded.

Vntc (Pin 9): Output Bias Voltage for NTC. A resistor from
this pin to the NTC pin will bias the NTC thermistor.

ACPR (Pin 10): Wall Adapter Present Output. Active low
open drain output pin. A low on this pin indicates that the
wall adapter input comparator has had its input pulled
above the input threshold. This feature is disabled if no
power is present on IN or OUT or BAT (i.e., below UVLO
thresholds).

CHRG (Pin 11): Open-Drain Charge Status Output. When
the battery is being charged, the CHRG pin is pulled low by
aninternal N-channel MOSFET. When the timer runs out or
the charge current drops below 10% of the programmed
charge current (while in voltage mode) or the input supply
or output supply is removed, the CHRG pin is forced to a
high impedance state.

PROG (Pin 12): Charge Current Program. Gonnecting a
resistor, Rprog, t0 ground programs the battery charge
current. The battery charge current is programmed as
follows:

50,000V
lchg(A) =

Rrrog

GATE (Pin 13): External ldeal Diode Gate Pin. This pin
can be used to drive the gate of an optional external
PFET connected between BAT and OUT. By doing so, the
impedance of the ideal diode between BAT and OUT can be
reduced. When not in use, this pin should be left floating.
It is important to maintain a high impedance on this pin
and minimize all leakage paths.

BAT (Pin 14): Connect to a single cell Li-lon battery. This
pin is used as an output when charging the battery and
as an input when supplying power to OUT. When the OUT
pin potential drops below the BAT pin potential, an ideal
diode function connects BAT to OUT and prevents Voyr
fromdropping significantly below Vgar. A precisioninternal
resistor divider sets the final float (charging) potential on
this pin. The internal resistor divider is disconnected when
IN and OUT are in undervoltage lockout.

Exposed Pad (Pin 15): Ground. The exposed package pad
is electrical ground and must be soldered to the PC board
for proper functionality and rated thermal performance.
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LTC4085-3

BLOCK DIRGRAM

VBus ﬁ
1

IN CURRENT LIMIT
ILim_oNTL ouT -
ENABLE
SOFT-START a
I —
CURRENT CONTROL i»/i S0 REGULATOR T) [2smv
,|  cHARGER
- HPWR___ 500mA/100mA | IN-OUT BAT ENABLE A |iDEAL_DIODE
J h
105°
é¢ " DIE TEMP 05°C ¢
SOFT-START2
IcHRG
CHARGE CONTROL
Ly W I
‘@ l ﬂ 025
L PROG
TH29v
] _BATTERY UvLO
+|—3.85V
VOLTAGE DETECT ]| RecHARGE
|
uvio
BAT_UV
<IECHRE OSCILLATOR |«
CONTROL LOGIC "
HOLD
NTCERR RESET COUNTER STOP
700 HOT
NTC_ENABLE rL__L ¥ 208 o EoC
'I' GND susp s

TIMER [6]
s
1]

T3
e

40853f

10

LY N



LTC4085-3

OPERATION

The LTC4085-3 is a complete PowerPath controller for
battery powered USB applications. The LTC4085-3 is de-
signed to receive power froma USB source, a wall adapter,
or a battery. It can then deliver power to an application
connected to the OUT pin and a battery connected to the
BAT pin (assuming that an external supply other than the
battery is present). Power supplies that have limited cur-
rent resources (such as USB Vgys supplies) should be
connectedtothe IN pin which hasaprogrammable current
limit. Battery charge current will be adjusted to ensure that
the sum of the charge current and load current does not
exceed the programmed input current limit.

An ideal diode function provides power from the battery
when output/load current exceeds the input current limit or
when input power is removed. Powering the load through
the ideal diode instead of connecting the load directly to
the battery allows a fully charged battery to remain fully
charged until external power is removed. Once external
power is removed the output drops until the ideal diode is
forward biased. The forward biased ideal diode will then
provide the output power to the load from the battery.

Furthermore, powering switching regulator loads fromthe
OUT pin (rather than directly from the battery) results in
shorter battery charge times. This is due to the fact that
switching regulators typically require constantinput power.
When this power is drawn from the OUT pinvoltage (rather
than the /ower BAT pin voltage) the current consumed
by the switching regulator is lower leaving more current
available to charge the battery.

The LTC4085-3 also has the ability to receive power from
a wall adapter. Wall adapter power can be connected to
the output (load side) of the LTC4085-3 through an ex-
ternal device such as a power Schottky or FET, as shown
in Figure 1. The LTC4085-3 has the unique ability to use
the output, which is powered by the wall adapter, as a
path to charge the battery while providing power to the
load. A wall adapter comparator on the LTC4085-3 can
be configured to detect the presence of the wall adapter
and shut off the connection to the USB to prevent reverse
conduction out to the USB bus.
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Figure 1: Simplified Block Diagram—PowerPath
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OPERATION

Table 1. Operating Modes—PowerPath States

Current Limited Input Power (IN to OUT)

WALL PRESENT SUSPEND Vyy > 3.8V Viy > (Vour + 100mV) | Vi > (Vgar +100mV) | CURRENT LIMIT ENABLED
Y X X X X N
X Y X X X N
X X N X X N
X X X N X N
X X X X N N
N N Y Y Y Y
Battery Charger (OUT to BAT)
WALL PRESENT SUSPEND Vour > 4.35V Vour > (Vgar +100mV) | CHARGER ENABLED
X X N X N
X X X N N
X X Y Y Y
Ideal Diode (BAT to OUT)
WALL PRESENT SUSPEND Viy Vear> Vour Vgur > 2.8V DIODE ENABLED
X X X X N N
X X X N X N
X X X Y Y Y
Operating Modes—Pin Currents vs Programmed Currents (Powered from IN)
PROGRAMMING OUTPUT CURRENT BATTERY CURRENT INPUT CURRENT
loL = Iog lour < loL lgat = loL = lout =1l +lgL
lout = loL = Icha lgar =0 v =lg +loL
lout > loL lgar = loL = lour iy =l + loL
loL > long lou < (loL = IcHa) Igar = lcna liv=la + long + lout
lout > (oL = Icne) lgar = loL — lout v =lg +leL
lour = lcL lgar =0 v =la +lcL
lout > loL lgat = loL — lour v =1 + loL
loL <long lout < oL lgar = loL = lour v =lg + oL
lour > loL lgar = loL = lout iy =1g +loL
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OPERATION

USB Current Limit and Charge Current Control

The current limit and charger control circuits of the
LTC4085-3 are designed to limit input current as well as
control battery charge current as a function of lgyt. The
programmed current limit, Ig_ is defined as:

ICLz(R

The programmed battery charge current, IgHg, is definedas:

50,000 50,000V
long = *Vepog F 5

Rprog ~ Repog
Input current, Iy, is equal to the sum of the BAT pin output
current and the OUT pin output current:

1000
CLPROG

1000V
ReLpros

. VCLPROGJ

The current limiting circuitry in the LTC4085-3 can and
should be configured to limit current to 500mA for USB
applications (selectable using the HPWR pin and pro-
grammed using the CLPROG pin).

The LTC4085-3 reduces battery charge current such that
the sum of the battery charge current and the load current
does not exceed the programmed input current limit (one-
fifth of the programmed input current limit when HPWR
is low, see Figure 2). The battery charge current goes to
zero when load current exceeds the programmed input
current limit (one-fifth of the limit when HPWR is low). If
the load currentis greater than the current limit, the output
voltage will drop to just under the battery voltage where
the ideal diode circuit will take over and the excess load
current will be drawn from the battery.

lin = louT + IBaAT
600 % 120 p 600 -
liy 7 I e L
500 = 100 = 500 -
e il //|IN 7

400 — 80 A 400 Ve —
g e ILoAD g 7 ILoAD g e ILoAD
= 300 - = 60 Z = 300 lgaT = IcHe ™~ ~
E // E // E ‘//
£ 200 | — £ 4 — £ 200
= s BAT s IBAT = s
© e CHARGING = e CHARGING o 77 lgar BT = IcL ~ lout

100 ~ 20 = 100 = CHARGING

7 7 7
7 Ve 7
0 0 0
-100 -20 -100
0 100 200 300 400 500 I600 0 20 40 60 80 100 I120 0 100 200 300 400 500 I600
BAT BAT BAT
ILoap (MA) (IDEAL DIODE) ILoap (MA) (IDEAL DIODE) ILoap (MA) (IDEAL DIODE)

40853 F02a

(2a) High Power Mode/Full Charge
Rprog = 100k and Rgprog = 2k

(2b) Low Power Mode/Full Charge
Rprog = 100k and R¢Lprog = 2k

40853 FO2b 40853 F02c

(2¢) High Power Mode with
lgL =500mA and Igyg = 250mA
Rprog = 100k and Rgprog = 2k

Figure 2: Input and Battery Currents as a Function of Load Current
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OPERATION
Programming Current Limit

The formula for input current limit is:

| _[ 1000
o=
" (Reteros

where VeLprog is the CLPROG pin voltage and RgLprog
is the total resistance from the CLPROG pin to ground.

1000V
ReLprog

* \VoLPROG ) =

For example, if typical 500mA current limit is required,
calculate:

1V
RCLPROG = m *1000 =2k

In USB applications, the minimum value for RgLprog
should be 2.1k. This will prevent the application current
from exceeding 500mA due to LTC4085-3 tolerances
and quiescent currents. A 2.1k CLPROG resistor will
give a typical current limit of 476mA in high power mode
(HPWR =1) or 95mA in low power mode (HPWR = 0).

VcLprog Will track the input current according to the fol-
lowing equation:

I =M.1000
CLPROG

For best stability over temperature and time, 1% metal
film resistors are recommended.

Ideal Diode from BAT to OUT

The LTC4085-3 has an internal ideal diode as well as a
controller for an optional external ideal diode. If a battery
is the only power supply available or if the load current
exceeds the programmed input current limit, then the
battery will automatically deliver power to the load via an
ideal diode circuit between the BAT and OUT pins. The
ideal diode circuit (along with the recommended 4.7pF
capacitor on the OUT pin) allows the LTC4085-3 to handle
large transient loads and wall adapter or USB Vpys con-
nect/disconnect scenarios without the need for large bulk
capacitors. The ideal diode responds within a few micro-
seconds and prevents the OUT pin voltage from dropping

significantly below the BAT pin voltage. A comparison of
the |-V curve of the ideal diode and a Schottky diode can
be seen in Figure 3.

If the input current increases beyond the programmed
input current limit additional current will be drawn from
the battery via the internal ideal diode. Furthermore, if
power to IN (USB Vgys) or OUT (external wall adapter)
is removed, then all of the application power will be pro-
vided by the battery via the ideal diode. A 4.7uF capacitor
at OUT is sufficient to keep a transition from input power
to battery power from causing significant output voltage
droop. Theideal diode consists of a precision amplifier that
enables a large P-Channel MOSFET transistor whenever
the voltage at OUT is approximately 20mV (Veyp) below
the voltage at BAT. The resistance of the internal ideal
diode is approximately 200mQ. If this is sufficient for the
application then no external components are necessary.
However, if more conductance is needed, an external
PFET can be added from BAT to OUT. The GATE pin of the
LTC4085-3 drives the gate of the PFET for automatic ideal
diode control. The source of the external PFET should be
connected to OUT and the drain should be connected to
BAT. In order to help protect the external PFET in over-
current situations, it should be placed in close thermal
contact to the LTC4085-3.

IMax

J SLOPE: 1/Rpio(on)

SCHOTTKY
DIODE

CURRENT (A)

ﬁ 40853 F03
FORWARD VOLTAGE (V)
Vrwp (BAT-OUT)

Figure 3. LTC4085-3 Schottky Diode vs Forward Voltage Drop
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Battery Charger

The battery charger circuits of the LTC4085-3 are designed
for charging single cell lithium-ion batteries. Featuring
an internal P-channel power MOSFET, the charger uses a
constant-current/constant-voltage charge algorithm with
programmable current and a programmable timer for
charge termination. Charge current can be programmed
up to 1.5A. The final float voltage accuracy is +0.8% typi-
cal. No blocking diode or sense resistor is required when
powering the IN pin. The CHRG open-drain status output
provides information regarding the charging status of the
LTC4085-3 at all times. An NTC input provides the option
of charge qualification using battery temperature.

An internal thermal limit reduces the programmed charge
current if the die temperature attempts to rise above a
presetvalue of approximately 105°C. This feature protects
the LTC4085-3 from excessive temperature, and allows
the user to push the limits of the power handling capabil-
ity of a given circuit board without risk of damaging the
LTC4085-3. Another benefit of the LTC4085-3 thermal limit
is that charge current can be set according to typical, not
worst-case, ambient temperatures for a given application
with the assurance that the charger will automatically
reduce the current in worst-case conditions.

The charge cycle begins when the voltage at the OUT pin
rises above the output UVLO level and the battery voltage
isbelowthe recharge threshold. No charge currentactually
flows untilthe OUT voltage is greater than the output UVLO
level and 100mV above the BAT voltage. At the beginning
of the charge cycle, if the battery voltage is below 2.8V,
the charger goes into trickle charge mode to bring the
cell voltage up to a safe level for charging. The charger
goes into the fast charge constant-current mode once
the voltage on the BAT pin rises above 2.8V. In constant-

current mode, the charge current is set by Rprgg. When
the battery approaches the final float voltage, the charge
current begins to decrease as the LTC4085-3 switches to
constant-voltage mode. When the charge current drops
below 10% of the programmed charge current while in
constant-voltage mode the CHRG pin assumes a high
impedance state.

An external capacitor on the TIMER pin sets the total
minimum charge time. When this time elapses the
charge cycle terminates and the CHRG pin assumes a
high impedance state, if it has not already done so. While
charging in constant-current mode, if the charge current
is decreased by thermal regulation or in order to maintain
the programmed input current limit the charge time is
automatically increased. In other words, the charge time
is extended inversely proportional to charge current de-
livered to the battery. For Li-lon and similar batteries that
require accurate final float potential, the internal bandgap
reference, voltage amplifier and the resistor divider provide
regulation with +0.8% accuracy.

Trickle Charge and Defective Battery Detection

At the beginning of a charge cycle, if the battery voltage
is low (below 2.8V) the charger goes into trickle charge
reducing the charge current to 10% of the full-scale cur-
rent. If the low battery voltage persists for one quarter
of the total charge time, the battery is assumed to be
defective, the charge cycle is terminated and the CHRG
pin output assumes a high impedance state. If for any
reason the battery voltage rises above ~2.8V the charge
cycle will be restarted. To restartthe charge cycle (i.e. when
the dead battery is replaced with a discharged battery),
simply remove the input voltage and reapply it or cycle
the TIMER pin to OV.

40853f
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Programming Charge Current
The formula for the battery charge current is:

lona = (Iprog ) * 50,000 = YeroG + 59,000
PROG

where Vprog is the PROG pin voltage and Rprog is the
total resistance from the PROG pin to ground. Keep in
mind that when the LTC4085-3 is powered from the IN
pin, the programmed input current limit takes precedent
over the charge current. In such a scenario, the charge
currentcannot exceed the programmed input current limit.

For example, if typical 500mA charge current is required,
calculate:

Reroc :(ﬁ) «50,000 =100k

For best stability over temperature and time, 1% metal
film resistors are recommended. Under trickle charge
conditions, this current is reduced to 10% of the full-
scale value.

The Charge Timer

The programmable charge timer is used to terminate the
charge cycle. The timer duration is programmed by an
external capacitor at the TIMER pin. The charge time is
typically:

Crimer *Rprog *3Hours

trimen (HOUTS) = =250 2 F e 100K

The timer starts when an input voltage greater than the
undervoltage lockout threshold level is applied or when
leaving shutdownand the voltage onthe battery s less than
the recharge threshold. At power up or exiting shutdown
with the battery voltage less than the recharge threshold

the charge time is a full cycle. If the battery is greater than
the recharge threshold the timer will not startand charging
is prevented. If after power-up the battery voltage drops
below the recharge threshold or if after a charge cycle the
battery voltage is still below the recharge threshold the
charge time is set to one half of a full cycle.

The LTC4085-3 has a feature that extends charge time
automatically. Charge time is extended if the charge
current in constant-current mode is reduced due to load
current or thermal regulation. This change in charge time
is inversely proportional to the change in charge current.
As the LTC4085-3 approaches constant-voltage mode
the charge current begins to drop. This change in charge
current is due to normal charging operation and does not
affect the timer duration.

Once a time-out occurs and the voltage on the battery is
greater than the recharge threshold, the charge current
stops, and the CHRG output assumes a high impedance
state if it has not already done so.

Connecting the TIMER pin to ground disables the battery
charger.

CHRG Status Qutput Pin

When the charge cycle starts, the CHRG pin is pulled to
ground byaninternal N-channel MOSFET capable of driving
an LED. When the charge current drops below 10% of the
programmed full charge current while in constant-voltage
mode, the pinassumes a highimpedance state (butcharge
current continues to flow until the charge time elapses).
If this state is not reached before the end of the program-
mable charge time, the pin will assume a high impedance
state when atime-out occurs. The CHRG current detection
threshold can be calculated by the following equation:

0.1V 5000V
Iprecr =7 ——+50,000=

PROG Rerog
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For example, if the full charge current is programmed
to 500mA with a 100k PROG resistor the CHRG pin will
change state at a battery charge current of 50mA.

Note: The end-of-charge (EOC) comparator that moni-
tors the charge current latches its decision. Therefore,
the first time the charge current drops below 10% of the
programmed full charge current while in constant-volt-
age mode will toggle CHRG to a high impedance state.
If, for some reason, the charge current rises back above
the threshold the CHRG pin will not resume the strong
pull-down state. The EQOC latch can be reset by a recharge
cycle (i.e. Vgar drops below the recharge threshold) or
toggling the input power to the part.

Current Limit Undervoltage Lockout

An internal undervoltage lockout circuit monitors the
input voltage and disables the input current limit circuits
until Vyy rises above the undervoltage lockout threshold.
The current limit UVLO circuit has a built-in hysteresis of
125mV. Furthermore, to protect against reverse currentin
the power MOSFET, the current limit UVLO circuit disables
the current limit (i.e. forces the input power path to a high
impedance state) if Voyt exceeds Vy. If the current limit
UVLO comparator is tripped, the current limit circuits will
not come out of shutdown until Vqyr falls 50mV below
the Vy voltage.

Charger Undervoltage Lockout

Aninternal undervoltage lockout circuit monitors the Vourt
voltage and disables the battery charger circuits until
Vout rises above the undervoltage lockout threshold. The
battery charger UVLO circuit has a built-in hysteresis of
125mV. Furthermore, to protect against reverse current
in the power MOSFET, the charger UVLO circuit keeps the
charger shut down if Vgar exceeds Voyr. If the charger
UVLO comparator is tripped, the charger circuits will not
come out of shutdown until Voyt exceeds Vgar by 50m\.

Suspend

The LTC4085-3 can be put in suspend mode by forcing
the SUSP pin greaterthan 1.2V. In suspend mode the ideal
diode function from BAT to OUT is kept alive. If power is
applied to the OUT pin externally (i.e., a wall adapter is
present) then charging will be unaffected. Current drawn
from the IN pin is reduced to 50pA. Suspend mode is
intended to comply with the USB power specification
mode of the same name.

NTC Thermistor—Battery Temperature Charge
Qualification

The battery temperature is measured by placing a nega-
tive temperature coefficient (NTC) thermistor close to the
battery pack. The NTC circuitry is shown in Figure 4.

To use this feature, connect the NTC thermistor (Rytc)
betweenthe NTC pinand ground andaresistor (Rygw) from
the NTC pin to VNTC. Rygwm should be a 1% resistor with
avalue equal to the value of the chosen NTC thermistor at
25°C (this valueis 10k fora Vishay NTHS0603N02N1002J
thermistor). The LTC4085-3 goes into hold mode when
the resistance (Rygt) of the NTC thermistor drops to 0.48
times the value of Rygy, or approximately 4.8k, which
should be at 45°C. The hold mode freezes the timer and
stops the charge cycle until the thermistor indicates a re-
turnto a valid temperature. As the temperature drops, the
resistance of the NTC thermistor rises. The LTC4085-3 is
designed to go into hold mode when the value of the NTC
thermistorincreases to 2.82 times the value of Ryo. This
resistance is Rgorp. For a Vishay NTHS0603N02N1002J
thermistor, this value is 28.2k which corresponds to ap-
proximately 0°C. The hotand cold comparators each have
approximately 2°C of hysteresis to prevent oscillation
about the trip point. Grounding the NTC pin will disable
the NTC function.

40853f
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Figure 4. NTC Circuits
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Alternate NTC Thermistors

The LTC4085-3 NTC trip points were designed to work
with thermistors whose resistance-temperature charac-
teristics follow Vishay Dale’s “R-T Curve 2.” The Vishay
NTHS0603N02N1002J is an example of such a thermis-
tor. However, Vishay Dale has many thermistor products
that follow the “R-T Curve 2” characteristic in a variety of
sizes. Furthermore, any thermistor whose ratio of Rgo(p
to Ryotis about 6.0 will also work (Vishay Dale R-T Curve
2 shows a ratio of 2.816/0.4839 = 5.82).

Power conscious designs may want to use thermistors
whose room temperature value is greater than 10k. Vishay
Dale hasanumber of values of thermistor from 10k to 100k
that follow the “R-T Curve 1.” Using these as indicated
in the NTC Thermistor section will give temperature trip
points of approximately 3°C and 42°C, a delta of 39°C.
This delta in temperature can be moved in either direc-
tion by changing the value of Rygnm with respect to Rytc.
Increasing Ryom Will move both trip points to lower
temperatures. Likewise, a decrease in Rygy With respect
to Ryt will move the trip points to higher temperatures.
To calculate Rygp for a shift to lower temperature, for
example, use the following equation:

Rco
2816

where RegLp is the resistance ratio of Ryc at the desired
coldtemperature trip point. To shift the trip points to higher
temperatures use the following equation:

RNOM .RNTC at25°C

Ruo
0. 484 RNTC at 25°C

where Ryot is the resistance ratio of Ryyc at the desired
hot temperature trip point.

Rnom =

Thefollowing example usesa 100k R-T Curve 1 Thermistor
from Vishay Dale. The difference between the trip points
is 39°C, from before—and the desired cold trip point of

0°C, would put the hot trip point atabout 39°C. The Ryowm
needed is calculated as follows:

Reo

Fhvom = 2, 816

3.266, *100kQ =116k

2.816

.RNTC at 25°C=

The nearest 1% value for Rygp is 115k. This is the value
used to bias the NTC thermistor to get cold and hot trip
points of approximately 0°C and 39°C, respectively. To
extend the delta between the cold and hot trip points, a
resistor (R1) canbeadded in series with Ryt (see Figure 4).
The values of the resistors are calculated as follows:

R ~HcoLp = Ruor
NOM =9 816-0.484

0.484

Rl=| ——— |*[R -R -R
[2816_0484] [ COLD HOT] HOT
where Ryowm is the value of the bias resistor, Rygt and
Rcoup are the values of Ryt at the desired temperature
trip points. Continuing the forementioned example with

a desired hot trip point of 50°C:

RcoLp —Rhuot

R =
NOM =5 816-0.484

100k *(3.266-0.3602)
- 2.816-0.484

=124.6k,124k nearest 1%

( 0.484 ].
R1=100k e[\ 2.816-0.484
(3.266-0.3602)-0.3602

=24.3k
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The final solution is shown in Figure 4, where
Rnom = 124k, R1 = 24.3k and Rytc = 100k at 25°C

Using the WALL Pin to Detect the Presence of a Wall
Adapter

The WALL input pin identifies the presence of a wall
adapter (the pin should be tied directly to the adapter
outputvoltage). Thisinformationis used to disconnect the
input pin, IN, from the OUT pin in order to prevent back
conduction to whatever may be connected to the input.
It also forces the ACPR pin low when the voltage at the
WALL pin exceeds the input threshold. In order for the
presence of a wall adapter to be acknowledged, both of
the following conditions must be satisfied:

1. The WALL pin voltage exceeds Vyar (approximately
4.25V); and

2. The WALL pin voltage exceeds Vypr (approximately
75mV above Vgar)

The input power path (between IN and OUT) is re-enabled
and the ACPR pin assumes a high impedance state when
either of the following conditions is met:

1. The WALL pin voltage falls below V\ypr (approximately
25mV above Vpgar); Or

2. The WALL pin voltage falls below Viyar (approximately
3.12V)

Each of these thresholds is suitably filtered in time to
prevent transient glitches on the WALL pin from falsely
triggering an event.

Power Dissipation

The conditions that cause the LTC4085-3 to reduce charge
current due to the thermal protection feedback can be
approximated by considering the power dissipated in the
part. For high charge currents and a wall adapter applied to
Vour, the LTC4085-3 power dissipation is approximately:

Pp = (Vour — Var) * Igar

Where, Pp is the power dissipated, Voyt is the supply
voltage, Vgar is the battery voltage, and Igat is the battery
charge current. It is not necessary to perform any worst-
case power dissipation scenarios because the LTC4085-3
will automatically reduce the charge current to maintain
the die temperature at approximately 105°C. However, the
approximate ambient temperature at which the thermal
feedback begins to protect the IC is:

Tpa=105°C—Ppe0yp
Ta=105°C = (Vout — VBar) * IBaT * 648

Example: Consider an LTC4085-3 operating from a wall
adapterwith 5VatVqyrproviding 0.8Atoa 3V Li-lon battery.
The ambient temperature above which the LTC4085-3 will
begin to reduce the 0.8A charge current, is approximately

Tp=105°C - (5V —3V) « 0.8A « 43°C/W
Ta=105°C - 1.6W » 43°C/W = 105°C - 69°C = 36°C
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The LTC4085-3 can be used above 36°C, but the charge
current will be reduced below 0.8A. The charge current
at a given ambient temperature can be approximated by:

105°C T,
Vout = Vear) *6ua

lgat = (

Consider the above example with an ambient temperature
of 55°C. The charge current will be reduced to approxi-

mately:

105°C-55°C  50°C

lgat = = = 0.58A
BAT = (5V —3V)43°C/W ~ 86°C/A

Board Layout Considerations

In order to be able to deliver maximum charge current
under all conditions, it is critical that the Exposed Pad on
the backside of the LTC4085-3 package is soldered to the
board. Correctly soldered toa 2500mm? double-sided 10z.
copper board the LTC4085-3 has a thermal resistance of
approximately 43°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 43°C/W. As an example, a correctly soldered
LTC4085-3 can deliver over 1A to a battery from a 5V
supply at room temperature. Without a backside thermal
connection, this number could drop to less than 500mA.

V|y and Wall Adapter Bypass Capacitor

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
Qcharacteristics 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 hot
power source. For more information, refer to Application
Note 88.

Stability

The constant-voltage mode feedback loop is stable without
any compensation when a battery is connected. However,
a 4.7pF capacitor with a 1Q series resistor to GND is
recommended at the BAT pin to keep ripple voltage low
when the battery is disconnected.
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DE Package
14-Lead Plastic DFN (4mm x 3mm)
(Reference LTC DWG # 05-08-1708 Rev B)
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TYPICAL APPLICATION

USB Power Control App
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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

Battery Chargers

LTC4065/LTC4065A | Standalone Li-lon Battery Chargers in 2 x 2 DFN | 4.2V, +0.6% Float Voltage, Up to 750mA Charge Current, 2mm x 2mm DFN,
“A” Version has ACPR Function.

LTC4095 Standalone LSB Li-lon Polymer Battery Charger | 950pA Charge Current, Timer Termination +C/10 Detection Output, 4.2V +0.6%

2mm x 2mm DFN

Accurate Float Voltage 4 CHRG Pin Indicator States

Power Management

LTC3455 Dual DC/DC Converter with USB Power Manager | Seamless Transition Between Power Souces: USB, Wall Adapter and Battery;
and Li-lon Battery Charger 95% Efficient DG/DC Conversion
LTC4055 USB Power Controller and Battery Charger Charges Single Cell Li-lon Batteries Directly from a USB Port, Thermal
Regulation, 200m<2 Ideal Diode, 4mm x 4mm QFN16 Package
LTC4066 USB Power Controller and Battery Charger Charges Single Cell Li-lon Batteries Directly from a USB Port, Thermal
Regulation, 50mQ Ideal Diode, 4mm x 4mm QFN24 Package
LTC4085 USB Power Manager with Ideal Diode Controller | Charges Single Cell Li-lon Batteries Directly from a USB Port, Thermal

and Li-lon Charger

Regulation, 200m<2 Ideal Diode with <50mQ Option, 4mm x 3mm DFN14
Package

LTC4089/LTC4089-1/ | High Voltage USB Power Manager with Ideal

High Efficiency 1.2A Charger from 6V to 36V (40V max) Input Charges Single

LTC4089-5 Diode Controller and High Efficiency Li-lon Battery | Cell Li-lon Batteries Directly from a USB Port, Thermal Regulation; 200m¢
Charger Ideal Diode with <50mQ option, 3mm x 4mm DFN-14 Package, Bat-Track™
Adaptive Output Control (LTC4089/-1); Fixed 5V Output (LTC4089-5) “-1” for
4.1V Float Voltage Batteries
LTC4090 High Voltage USB Power Manager with Ideal High Efficiency 1.2A Charger from 6V to 36V (60V max) Input Charges Single
Diode Controller and High Efficiency Li-lon Battery | Cell Li-lon Batteries Directly from a USB Port, Thermal Regulation; 200mQ
Charger Ideal Diode with <50mQ option, 3mm x 4mm DFN-14 Package, Bat-Track
Adaptive Output Control
LTC4411/LTC4412 | Low Loss PowerPath Controller in ThinSOT Automatic Switching Between DC Sources, Load Sharing,

Replaces ORing Diodes
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