TECHNOLOGY

FEATURES

= Wide Voltage Range: 4.5V to 55V Input, Up to 55V
Output (60V Absolute Maximums)

Synchronous Buck-Boost DG/DC Controller

Li-lon and Lead-Acid Charge Algorithms

+0.5% Float Voltage Accuracy

+5% Charge Current Accuracy

Instant-On for Heavily Discharged Batteries

Ideal Diode Controller Provides Low Loss
PowerPath When Input Power is Limited

Input Voltage Regulation for High Impedance Input
Supplies and Solar Panel Peak Power Operation
Onboard Timer for Protection and Termination

Bad Battery Detection with Auto-Reset

NTC Input for Temperature Qualified Charging
Binary Coded Open-Collector Status Pins

Low Profile (0.75mm) 38-Pin 5mm x 7mm QFN
Package

APPLICATIONS

Portable Industrial and Medical Equipment
Solar-Powered Systems

Military Communications Equipment

12V to 24V Embedded Automotive Systems

| t ’\D LTC4020

55V Buck-Boost

Multi-Chemistry

Battery Charyger
DESCRIPTION

The LTG®4020 is a high voltage power manager provid-
ing PowerPath™ instant-on operation and high efficiency
battery charging over a wide voltage range. An onboard
buck-boost DC/DC controller operates with battery and/or
systemvoltagesabove, below, orequalto the inputvoltage.

The LTC4020 seamlessly manages power distribution
between battery and converter outputs in response to load
variations, battery charge requirements and input power
supply limitations.

The LTC4020 battery charger can provide aconstant-current/
constant-voltage charge algorithm (CC/CV), constant-
currentcharging (CC), or charging with an optimized 4-step,
3-stage lead-acid battery charge profile. Maximum converter
and battery charge currents are resistor programmable.

The IC's instant-on operation ensures system load power
even with a fully discharged battery. Additional safety
features include preconditioning for heavily discharged
batteries and an integrated timer for termination and
protection.

Ly LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
PowerPath is a trademark of Linear Technology Corporation. All other trademarks are the
property of their respective owners. Protected by U.S. Patents, including 7583113 and 8405362.

TYPICAL APPLICATION

Buck-Boost DC/DC Converter Controller with PowerPath Battery Charger Accepts
Inputs from 4.5V to 55V and Produces Output Voltages Up to 55V

BUCK-BOOST

RsENSEA DC/DC CONVERTER

PowerPath BATTERY CHARGER

5V to 30V 6-Cell Lead-Acid Supply/Charger
Maximum Power Efficiency vs Vi
(Application Circuit on Page 37)
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Note 1)
PViN, SENSVIN ..., -0.3to 60V TOPVIEW
BST1, BST2...oeeeeeeee e, -0.3to 66V sz =2 £ o
g\é\ll\|13\?|v|\\|/2|3v ................................................. 0—:23 ’;8 ggg — L;)EiL;iL;ﬁlL;glLS_ilL%L;zi .
- I\ ceeerree e —VU. TG1 1_! |31_ 162
BST1 — SW1, BST2 = SW2.....c.coieeee. -0.3to 6V BsTH [ 2] i30] BST2
SENSVIN — SENSTOP, SENSBOT - SGND [ 3] (29| seND
SENSGND ..o -0.3t0 0.3V SENSGND |4} 128f Ve
SENSBOT| 5! 127] ITH
CSP, CSN ..o 0.3 to 60V ol e " el v
CSP - CSN ................................................... _03 tO O3V SENSVIN i7_j SGND [EE lumiT
STAT1, STAT2, SHDN .......coeeeveereeereeee -0.3 to 60V RT[81 i24| csout
Vesmaxs Vinrees Vs, Veswin, BAT, FBG...... -0.3 to 60V SHDN _9:! (23] cs
MODE.......c.oooeeeeee e, -0.3to 6V Vin_e [10 22f csn
Status Pin Currents: MODE 11, (21 BOATE
STAT1 |12l 120 BAT
STAT1, STAT2 ...................................................... omA B 310421451161 47178119
Operating Junction Temperature SE2EER Z
Range (NOtE 2).......ovveeereeeeeeeeeeeeeenneens ~40°C 10 125°C 5E 2 £
Storage Temperature Range .................. -65°C to 150°C UHF PAGKAGE
38-LEAD PLASTIC QFN (5mm x 7mm)
Tymax = 125°C, 6ya = 34°C/W, 6,¢ = 2°C/W
EXPOSED PAD (PIN 39) IS SGND, MUST BE SOLDERED TO PCB
ORDER INFORMATION
(http://www.linear.com/product/LTC4020+#orderinfo)
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC4020EUHF#PBF LTC4020EUHF#TRPBF 4020 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C
LTC4020IUHF#PBF LTC40201UHF#TRPBF 4020 38-Lead (5mm x 7mm) Plastic QFN -40°C to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.

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/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.

GLGCTRKHL CHHRHCTGI“STKS The @ denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C (Note 2). PV;y = SENSVIN = CSP = CSN = BAT = 20V, SHDN =2V,

C(t61, BG1, T62, BG2) = 1000pF, VRNg/ss = 2V.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Buck-Boost Switching Converter

ViN Operating Voltage Range PV)y; SENSVIN ° 45 55 v

UvLO Vin Supply UVLO (Rising) DC/DC Functions Enabled ® 3.6 4.0 4.4 v

Vin Supply UVLO Hysteresis Vy Falling 04 v

SENSVIN Supply UVLO (Rising) INTV¢c Enabled 3.4 v

SENSVIN UVLO Hysteresis SENSVIN Falling 0.3 v

BST Supplies UVLO (Rising) BST1 - SW1; BST2 — SW2; ) 3.0 3.3 3.8 v

BST Supplies UVLO Hysteresis SW1, SW2 = 0V 04 v

4020fd
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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C (Note 2). PV;y = SENSVIN = CSP = CSN = BAT = 20V, SHDN =2V,
C(ra1, B61, 162, BG2) = 1000pF, VRng/ss = 2V.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
INTVce Boost Refresh Supply Voltage [Loap = 5MA ® | 485 5.0 5.15 v
Boost Refresh Supply Dropout PViy = 4.5V; linTyee = BmA 4.46 v
Epoit Refresh Supply Short-Circuit Current | Vintyge = OV ° 85 150 mA
imi

IpviN PV|y Operating Current Note 3; ITH = OV ) 1.6 mA
Shutdown Current Vsuon =0 ) 3 HA
ISENSVIN SENSEVIN Operating Current ) 0.25 0.5 mA
Shutdown Current Vsuon =0 ) 25 60 pA
ISEnsTOP SENSETOP Operating Current 32.5 HA
Shutdown Current Vspupn =0 0.1 HA
VEBmaAX DC/DC Converter Reference Charging Terminated ) 2.7 2.75 2.8 v
SHDN IC Enable Threshold (Rising) ® | 1175 1225 1275 v
Threshold Hysteresis 100 mV
SHDN Pin Bias Current 10 nA
Vsens DC/DC Converter Inductor Current Limit Vsensvin — VsensTop; ) 45 50 60 mV

(Average Value) VsensanD — VsenssoT
Reverse Current Inhibit Vity Falling (TG2 Disabled) o 0 2 mV
(Average Value) V14 Rising (TG2 Enabled) 6 mV
lLmiT Inductor Current Limit Programming Viumir = 0.5V Vipmir/Vsenswax) 20 VNV
[LjmiT Pin Bias Current ® | 475 50 52.5 HA
ITH Error Amp Current Limit Vegmax = 0, Viry = 1.3V 8 HA
Error Amp Transconductance Vigmax = 2.75V; Viry = 1.3V 95 umho
VG High Side Current Sense Transconductance S/VSE'\%S\QU - Vsenseop) 0 Iy 200 umho

c=1.
Low Side Current Sense Transconductance S/VSE'\%S%T/D - Vsensesor) 0 Iy 200 umho
c=1.

DCiax Maximum Duty Cycle BG2: ton*fo ) 70 80 %
fo Switching Frequency Rpt = 100k [ 235 250 265 kHz
Rgr = 50k 500 kHz
Rrr = 250k 100 kHz
ton Minimum On Time BG2 ) 150 250 ns
torr Minimum Off Time TG1 ° 300 500 ns
ttr Gate Drive Transition Time TG1, BG1, TG2, BG2 5 ns
tnoL Gate Drive Non-Overlap time (TG1 - SWH1) to BGT, 75 ns

(TG2 - SW2) to BG2

4020fd
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GLGCTBKHL CHHM-ICTERISTICS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at T = 25°C (Note 2). PV = SENSVIN = CSP = CSN = BAT = 20V, SHDN = 2V,
C(r61, 861, 162, BG2) = 1000pF, VRng/ss = 2V.

SYMBOL | PARAMETER | CONDITIONS MIN TYP MAX UNITS
Battery Charger
Vgar Charger Output Voltage Range ) 55 v
Vig Float Reference CC/CV Charging (MODE = 0V) 2.4875 2.5 2.5125 V
® | 2475 2.525 v
Auto Recharge Voltage % of Float Reference ® | 95 97.5 98.5 %
Precondition Threshold (Rising) % of Float Reference ° 68 70 72 %
Precondition Hysteresis 85 mV
Absorption Reference Lead-Acid Charging (MODE = INTVc) 2.4875 2.5 2.5125 v
% of Absorption Reference ® | 2475 2.525 V
Float Reference % of Absorption Reference [ 915 92.5 93.5 %
Bulk Charge Threshold (Falling) % of Absorption Reference [ 86 87.5 89 %
Precondition Threshold (Rising) o 68 70 72 %
Precondition Hysteresis 85 mV
Voltage Reference CC Charging (MODE = - NC -) 2.4875 2.5 2.5125 v
® | 2475 2.525 v
VIN_REG Input Regulation Reference % of Float (CC/CV), Safety (CC), or ° 98 100 102 %
Absorption (LA) Reference
VEsMIN Instant-On Reference % of Float (CC/CV) or Absorption (LA) ° 84 85 86 %
Reference
C/10 Detection Enable (Rising) 2.175 v
Hysteresis (Falling) 20 mV
Instant-On Charge Current Reduction Vesn — Vpar; Note 4 0.45 v
Threshold
G/10 Detection Enable Vesn — Vear Falling 1.05 v
C/10 Detection Hysteresis Vosn — Vpar Rising 150 mV
Charge Current Reduction Gain AVesmaxy/A(Vesn — Vaar);Note 4 -33 mV/
IgaTq Battery Bias Currents with PowerPath Igsp + g + Igat ® 9 18 HA
Switcher Disabled
CSN, CSP Charger Current Sense Pin Operating Bias Igsp = Igsn; Charging Enabled 40 pA
Currents
Charger Current Sense Limit Voltage Vesp = Vesn ® | 475 50 52.5 mV
Charger Current Sense Termination Voltage | Vgsp — Vosn; MODE = 0V ° 3 5 7 mV
(C10)
Charger Current Sense Precondition Voltage | Vgsp = Vesn; Vs = 1.5 ® 1.5 3 45 mV
Sense Input UVLO Vcsp Rising (Charging Enabled) ) 1.6 1.75 1.9 v
UVLO Hysteresis Vcsp Falling (Charging Disabled) 100 mV
Ccsout Offset Vesp = Vesn ® | 0.225 0.25 0.290 v
Gain AVesout / A(Vesp — Vosn) ° 19 20 21 VN
RNG/SS Current Limit Programming VRna/ss = 0.9V, Vrna/ss/Ves(max) [ 18 20 22 VNV
NTC NTC Range Limit (High) Vnrc Rising e | 130 1.35 1.40 v
NTC Range Limit (Low) Vnrc Falling e | 027 0.3 0.33 v
NTC Range Hysteresis % of VNTC(H,L) 20 %
INTC NTC Pin Bias Current Vnrc = 0.8V ® | 475 50 52.5 pA
NTC Disable Current INTC Pin Current (Falling) 35 HA
NTC Disable Current Hysteresis 2 HA
VBGaTE Gate Clamp Voltage Vesn — Vegate [} 7 95 12 V
G/10 Detection Enable (Falling) Vesn < 7V 0.425 v
C/10 Detection Enable Hysteresis 0.125 v
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GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the specified operating

junction temperature range, otherwise specifications are at Ty = 25°C (Note 2). PV;y = SENSVIN = CSP = CSN = BAT = 20V, SHDN =2V,

C(t61, 861, 162, BG2) = 1000pF, VRNg/ss = 2V.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
BGATE BGATE Pull-Down Current Charging Enabled 15 pA
BGATE Pull-Up Current Charging Disabled; Vggy — Vagate = 2V 15 HA

BGATE Standby Pull-Down Current Vshpn = 0V 120 HA

Ideal Diode Pull-Down Current Charging Disabled; Vgar — Vegy = 0.5V 500 HA

Ideal Diode Forward Voltage Vgt — Vesn; Vesny Measured Through ° 5 14 20 mV

100Q Series Resistor

TIMER Timer High Threshold 1.5 V
Timer Low Threshold 1.0 v

C/10 Mode Threshold (Rising) ° 0.4 0.5 0.6 v

/10 Mode Hysteresis 225 mV

Timer Source/Sink Current VTiver = 1.25V ® 8.5 10 11.5 HA

VSTAT(L) Status Pins Enabled Voltage IstaT1 = 1MA; IgTAT2 = TMA [} 0.15 04 v
IsTAT1 = 5MA,; IgTAT2 = SMA ® 0.75 25 v

IveBMIN Instant-On Feedback Bias Current 10 nA
lvrg Feedback Pin Bias Current 10 nA
lviN_REG Input Regulation Bias Current 10 nA
IrBg Pin Current (Disabled) Vsupn = 0V; Vegg = 55V 10 nA
Rnte NTC Minimum Disable Resistance ) 250 400 kQ
Resg FBG Resistance to SGND Irgg = TMA ) 20 50 Q

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 LTC4020 is tested under pulsed load conditions such that
Ty = Tp. The LTC4020E is guaranteed to meet specifications from

0°C to 85°C junction temperature. Specifications over the —40°C to
125°C operating junction temperature range are assured by design,
characterization, and correlation with statistical process controls. The
LTC4020I is guaranteed over the full -40°C to 125°C operating junction
temperature range. The junction temperature (T;) is calculated from
the ambient temperature (Ta) and power dissipation (PD) according

to the formula Ty = Tp + (PD * 8J,). Note that the maximum ambient
temperature consistent with these specifications is determined by specific
operating conditions in conjunction with board layout, the rated package
thermal resistance and other environmental factors. This IC includes
overtemperature protection that is intended to protect the device during
momentary overload. Junction temperature will exceed 125°C when
overtemperature protection is active. Continuous operation above the
specified maximum operating junction temperature may impair device
reliability.

Note 3: ICC does not include switching currents. Vgst1 = VasT2 = ViNTvee
and Vgw1 = Vswo = 0V for testing.

Note 4: See Typical Performance Characteristics

4020fd
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Tp = 25°C, unless otherwise noted.
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TVP'CHL PEBFOﬂmﬂﬂCG CHHRHCTGHISTICS Tp = 25°C, unless otherwise noted.
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PIN FUNCTIONS

TG1 (Pin 1): V) side (step-down) primary switch FET
gate driver output.

BST1 (Pin2): Boosted supply rail for Vjy side (step-down)
switch FETs. Connect 1pF capacitor from this pin to SW1.
Connect 1A Schottky diode cathode to this pin, anode to
INTV ¢ pin.

SENSGND (Pin 4): Kelvin connection for PGND used for
SENSBOT current sense reference.

SENSBOT (Pin5): Ground Referred Current Sense Amplifier
Input. Inductor currentis monitored viaa PGND referenced
current sense resistor (Rsenseg), typically in series with
the source of the V,y side synchronous switch FET. Kelvin
connect this pin to the associated sense resistor. Inductor
currentislimited toamaximumaverage value (I yax), and
corresponds to 50mV across this sense resistor during
normal operation.

Rsenses = 0.05/1 wax

Set Rsenses = Rsensea, as described in SENSTOP pin
description. A filter capacitor (Cggysg) is typically con-
nected from SENSBOT to SENSGND for noise reduction.

Csensg ~ 1nS/Rsenses
See Applications Information section.

SENSTOP (Pin 6): Vy Referred Current Sense Amplifier
Input. Inductor current is monitored via a V,y referenced
current sense resistor (Rsensea), typically in series with
the drain of the V) side primary switch FET. Kelvin con-
nect this pin to the associated sense resistor. Inductor
current is limited to a maximum average value (I max),
and corresponds to 50mV across this sense resistor dur-
ing normal operation.

Rsensea = 0.05/1 max

Set Rsensea = Rsenses, as described in SENSBOT pin
description.

SENSVIN (Pin 7): Kelvin connection for input supply (Viy)
used for SENSTOP current sense reference. Input power
supply pin for most internal low current functions. Typical
pin bias current is 0.25mA.

RT (Pin 8): System Oscillator Frequency Control Pin.
Connect resistor (Rgy) from this pin to ground. Resistor

value can range from 50k<Q (500khz) to 500kQ (50khz).
Rrr = 100kQ yields 250kHz operating frequency. See
Applications Information.

SHDN (Pin 9): Precision Threshold Shutdown Pin. En-
able threshold is 1.225V (rising), with 100mV of input
hysteresis. When in shutdown, all charging functions are
disabled and input supply current is reduced to 27.5pA.
Typical SHDN pin input bias current is 10nA.

Vin_reg (Pin 10): Input Voltage Regulation Reference.
Battery charge current is reduced when the voltage on
this pin falls below 2.5V. Connecting a resistor divider
from V| to this pin enables programming of minimum
operational Vyy voltage for the battery charging function.
This is used to program the peak power voltage for a
solar panel, or to help maintain a minimum voltage on
a poorly regulated input supply. This pin should not be
used to program minimum operational V) voltage with
low impedance supplies. Should the input supply begin to
collapse, the LTC4020 reduces the DC/DC converter input
power such that programmed minimum Vy operational
voltage is maintained. If the voltage regulation feature is
not used, connectthe Vy_geg pinto Vi or INTV¢e. Typical
Vin_Reg Pin input bias current is 10nA. See Applications
Information.

MODE (Pin 11): Charger Mode Control Pin. Short this pin
to ground to enable a constant-current/constant-voltage
(CC/CV) charging algorithm. Connectthis pinto pin INTV¢g
to enable a 4-step, 3-stage lead-acid charging algorithm.
Float this pin to force a constant-current (CC) charging
function. See Applications Information section.

STAT1 (Pin 12): Open-collector status output, typically
pulled upthrougharesistortoasupply voltage. This status
pin can be pulled up to voltages as high as 55V when the
pinisdisabled,and cansinkcurrents upto 1mAwhenlogic
low (<0.4V). Pull down currents as high as 5mA (absolute
maximum) are supported for higher current applications,
such as lighting LEDs.

If the LTC4020 is configured for a CG/CV charging algo-
rithm, the STAT1 pin is pulled low while battery charge
currents exceed 10% ofthe programmed maximum (C/10).
The STAT1 pin is also pulled low during NTC faults. The
STAT1 pin becomes high impedance when a charge cycle

4020fd
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PIN FUNCTIONS

is terminated or when charge current is below the C/10
threshold.

If the LTC4020 is configured for a CC charging algorithm,
the STATT1 pin is pulled low during the entire charging
cycle. The STAT1 pin becomes high impedance when the
charge cycle is terminated.

If the LTC4020 is configured for a lead-acid charging
algorithm, the STAT1 pin is used as a charge cycle stage
indicator pin, and pulled low during the bulk and absorp-
tioncharging stages. The pinis highimpedance during the
float charging period and during NTC or bad battery faults.

See Applications Information section.

STAT2 (Pin 13): Open-collector status output, typically
pulled up through a resistor to a supply voltage. This sta-
tus pin can be pulled up to voltages as high as 55V when
disabled, and can sink currents up to TmA when enabled
(<0.4V). Pull down currents as high as 5mA (absolute
maximum) are supported for higher current applications,
such as lighting LEDs.

If the LTC4020 is configured for a CC/CV charging algo-
rithms, the STAT2 pin is pulled low during NTC faults or
after a bad battery fault occurs.

Ifthe LTC4020 s configured fora CC charging algorithms,
the STAT2 pin is pulled low during NTC faults.

If the LTC4020 is configured for a lead-acid charging
algorithm, the STAT2 pin is used as a charge cycle stage
indicator pin, and pulled low during the bulk and float
charging stages. The pin is high impedance during the
absorption charging stage and during NTC or bad bat-
tery faults.

See Applications Information section.

TIMER (Pin 14): End-Of-Cycle Timer Programming Pin.
If a timer based charging algorithm is desired, connect
a capacitor (Ctymer) from this pin to ground. If no timer
functions are desired, connect this pin to ground.

End-of-cycletime (inhours) is programmed with the value
of C1imer following the equation:

Teoc = Crimer ® 1.46 x 107;

During CG/CV or lead-acid charging algorithms, a bad bat-
tery fault is generated if the battery voltage does not reach
the precondition threshold voltage within 1/8 of Tgqg, or:

TPRE = CTIIVIER *1.82 x 106.

A 0.2pF capacitor is typically used for CC/CV charging,
which generatesa 2.9 hour timer Tggc, and a precondition
limit time of 22 minutes. A 0.47pF capacitor is typically
used for a lead-acid charger, which generates a 6.8 hour
absorption stage safety timeout.

RNG/SS (Pin 15): Battery Charge Current Programming
Pin. This pin allows dynamic adjustment of maximum
charge current, and can be used to employ a soft-start
function.

Setting the voltage on the RNG/SS pin reduces maximum
charge currentfromthe value programmed. The maximum
charge current is reduced to the fraction of programmed
current (as per the sense resistor, RCS) corresponding
to the voltage set on the pin (in volts). This pin has an
effective range from 0 to 1V.

For example, with 0.5V RNG/SS on the pin, the maximum
charge current will be reduced to 50% of the programmed
value set by the sense resistor values.

50pA is sourced from the RNG/SS pin, so maximum
charge current can be programmed by connecting asingle
resistor (Rryg/ss) from RNG/SS to ground, such that the
voltage dropped across the resistor is equivalent to the
desired pin voltage:

VRng/ss = 90PA * Rpng/ss

Soft-start functionality can be implemented by connecting
a capacitor (Cryg/ss) from RNG/SS to ground, such that
the time required to charge the capacitor is the desired
soft-start interval (Tsg1). The voltage that corresponds to
full programmed inductor current on the RNG/SS pin is
1V, so the relation for this capacitor reduces to:

CrNG/ss = 90pA * Tss1

4020fd
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The RNG/SS piniis pulled low during periods when charg-
ing is disabled, including NTC faults, bad battery faults,
and normal charge cycle termination. This allows for a
graceful start after faults and when initiating new charge
cycles, should soft-start functionality be implemented.

Both a soft-start capacitor and a programming resistor
can be implemented in parallel.

RNG/SS voltage can also be manipulated using an active
device, such as employing a pull-down transistor to dis-
able charge current or to dynamically servo maximum
charging current. Because this pin is internally pulled to
ground during fault conditions, active devices with low-
impedance pull up capability cannot be used.

See Applications Information section.

NTC (Pin 16): Battery Temperature Monitor Pin. Connect
a 10k, B =3380 NTC thermistor from this pin to ground.

The NTC pin is the input to the negative temperature coef-
ficient temperature monitoring circuit. This pin sources
50pA, and monitors the voltage created across the 10kQ2
thermistor. When the voltage on this pin is above 1.35V
(0°C) or below 0.3V (40°C), charging is disabled and an
NTC fault is signaled at the STAT1 and STAT2 status pins.
If the internal timer is being used, the timer is paused,
suspending the charging cycle until the NTC fault condi-
tionis relieved. Thereis approximately 5°C of temperature
hysteresis associated with each of the temperature thresh-
olds. The NTC function remains enabled while thermistor
resistance to ground is less than 250kQ. If this function
is not desired, leave the NTC pin unconnected or connect
a 10k resistor from the NTC pin to ground. The NTC pin
contains an internal clamp that prevents excursions above
2V, so the pin must not be pulled high with a low imped-
ance source. A low impedance element can be used to
pull the pin to ground.

VFB (Pin 17): Battery Voltage Feedback Pin. Battery volt-
ages are programmed through a feedback resistor divider
placed from the BAT pin to FBG.

During CG/CV charging, the battery voltage references are:
Float Voltage (V gat) = 2.5V

Trickle Charge Voltage (Vtrk) = 1.75V
Auto-Restart Voltage (VRestarT) = 2.4375

During lead-acid charging, the battery voltage references
are:

Absorption Voltage (Vagsor) = 2.5V

Float Charge Voltage (Vg7) = 2.3125V
Trickle Charge Voltage (Vtrk) = 1.75V
Bulk Recharge Voltage (Vgyik) = 2.1875V

With Rgg1 connected from BAT to VFB and Rggy connected
from VFB to FBG, the ratio of (Rgg1/Reg2) for the desired
programmed battery float voltage (CC/CV charging) or
absorptionvoltage (lead-acid charging) follows the relation:

Rrg1/Rrs2 = (VFLOAT/ABSORB)/2.5 — 1 (V)

FBG (Pin 18): Voltage Feedback Divider Return. This pin
contains a low impedance path to signal ground, used
as the ground reference for voltage monitoring feedback
resistor dividers. When Vy is not present or the LTC4020
is in shutdown, this pin becomes high impedance, elimi-
nating current drain from the battery associated with the
feedback resistor dividers.

Vegmin (Pin19): Minimum voltage feedback pin forinstant-
on operation. Minimum DC/DC converter output voltage
(Voutmin) is programmed using this pin for instant-on
functionality. Voymmin is programmed through a feedback
resistor divider placed from the CSP pin to FBG.

Ifthe battery voltageis below the voltage level programmed
using this pin, the LTC4020 controls the external Pow-
erPath FET as a linear pass element, allowing the DC/DC
converter output to achieve the minimum programmed
voltage. Maximum battery charge current is reduced as
the voltage across the PowerPath FET increases to control
power dissipation.

The internal Vrgpn voltage reference is 2.125V. With a
resistor (Rmin1) connected from CSP to Vegyyy, and a
resistor (Rpine) connected from Vg to FBG, the ratio
of these resistors for the desired minimum converter
output voltage follows the relation:

Rmint/Rminz = (Vout(miny/2.125) -1

4020fd
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Using the same resistor values for battery voltage pro-
gramming, or Rrg1 = Rpmint and Rego = Ryine, vields an
instant-on voltage that is 85% of V gat (CG/CV charging)
or Vagsors (lead-acid charging):

Vout(miny = 0.85 * VrLoaT/ABSORB

BAT (Pin20): Battery Voltage Monitor Pin. This pin servesas
the positive reference forthe LTC4020 ideal diode function.

If a system load occurs that is large enough to collapse
the DG/DC converter output while charging is terminated
or disabled, and the battery is disconnected (PowerPath
FET is high impedance), the ideal diode function engages
the PowerPath. This function powers the systemload from
the battery, and modulates the PowerPath FET gate such
that the system output voltage is maintained with 14mV
across the PowerPath FET, provided the voltage drop due
to Rps(ony < 14mV. This allows large loads to be accom-
modated without excessive power dissipation in the body
diode of the PowerPath FET.

BGATE (Pin 21): PowerPath FET Gate Driver Output.

This pin is controls the multiple functions of the Power-
Path FET.

This pin is pulled low during a normal charging cycle,
minimizing the FET series impedance between the DC/
DC converter output and the battery.

The BGATE pinisalsoforced lowwhenthe DG/DC converter
is disabled, maintaining a low impedance connection to
power the system from the battery.

When BGATE is pulled low, CSP BGATE is limited inter-
nally to 9.5V, so if CSP > 9.5V, BGATE is maintained by
an internal clamp at CSP — BGATE = 9.5V. The BGATE
pin must be near ground or at the clamp voltage for C/10
detection to occur.

Ifthe battery voltage is lower than the instant-on threshold
(see Vrgwin), BGATE servos the PowerPath FET imped-
ance such that a voltage drop between the CSN pin and
the BAT pin is created while battery charging continues. If
the Vggn — Vear voltage exceeds 0.4V, maximum charge
current is reduced to decrease power dissipation in the
PowerPath FET.

When the DC/DC converter is enabled, but the battery
charge cycle has terminated, BGATE is pulled high to
disconnect the battery from the converter output. The
battery is also disconnected in the same manner during
NTC faults. The ideal diode function is active during these
periods, however, so if a system load occurs that is larger
than what the DC/DC converter can accommodate, the
battery can supply the required current, and the BGATE
pin will be servo controlled to force a voltage drop of only
14mV across the PowerPath FET. The ideal diode function
is disabled during bad battery faults.

If a PowerPath FET is not being used, such as with a lead-
acid charging application, connect a 0.1nF capacitor from
BGATE to CSN.

CSN (Pin 22): Battery Charger Current Sense Negative
Input. Connect this pin to the negative terminal of the
battery charge current sense resistor (RCS) through a
100Q2 resistor. Connect a filter capacitor between this
pin and the CSP pin for ripple reduction. See Applications
Information section.

The value of the sense resistor is related to the maximum
battery charge current (Igsmax):

Res = 0.05/Icsmax

This pin also serves as the negative reference for the
LTC4020 ideal diode function (see BAT).

CSP (Pin 23): Battery Charger Current Sense Positive
Input. Connect this pin to the positive terminal of the
battery charge current sense resistor (Rgs) through a
100Q resistor. Connect a filter capacitor between this
pin and the CSN pin for ripple reduction. See Applications
Information section.

The value of the sense resistor is related to the maximum
battery charge current (Igsmax) such that:

Res = 0.05/Icsmax

CSOUT (Pin 24): Current Sense Amplifier Output and
Charge Current Monitor. Connect 100pF capacitor to
ground.

4020fd
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Pin output impedance is 100k<2, so any loading for moni-
tors must be high impedance. The sense output voltage
follows the relation:

Vesour =0.25 +20 ¢ (Vesp — Vesn)

CSOUT is only active while battery charger functions are
operating. CSOUT pin voltage is pulled to OV after charge
cycle termination or during fault conditions.

Iumir (Pin 25): Switched Inductor Maximum Current
Programming Pin. This pin allows dynamic adjustment
of DC/DC converter maximum average inductor current,
and can be used to employ a soft-start function.

Setting the voltage on the Iy 7 pin reduces maximum
average inductor current from the value programmed.
The inductor current limit is reduced to the fraction of
programmed current (as per the sense resistors) corre-
sponding to the voltage set on the pin (in volts). This pin
has an effective range from 0 to 1V.

For example, with 0.5V on the pin, the maximum inductor
current will be reduced to 50% of the programmed value
set by the sense resistor values.

50pA is sourced from this pin, so maximum inductor cur-
rent can be programmed by connecting a single resistor
(RiLivim) from I wit to ground, such that the voltage
dropped across the resistor is equivalent to the desired
pin voltage:

Viuimir = 50pA ¢ Ryt

Soft-start functionality can be implemented by connecting
a capacitor (Gy_ywit) from I miT to ground, such that the
time required to charge the capacitor is the desired soft-
start interval (Tggp). The voltage that corresponds to full
inductor current on the Iyt pinis 1V, so the relation for
this capacitor reduces to:

Ciimit = 50pA » Tgso

I miT Vvoltage can also be manipulated using an active
device, such as employing a pull-down transistor to dis-
able DC/DC converter current or to dynamically servo
maximum current. Because this pin is internally pulled to

ground during portions of the converter power-up cycle,
active devices with low impedance pull-up capability can-
not be used.

Vegmax (Pin 26): DC/DC Converter Output Feedback Pin.
Maximum DC/DC converter output voltage (Voutmax) is
programmed using this pin. When a battery charge cycle
is terminated or disabled, and the battery is disconnected
(PowerPath FET is high impedance), the converter output
will servo to this maximum voltage.

The internal Vrgmax voltage reference is 2.75V. With a
resistor (Rmax1) connected from CSP to Vegyax and a
resistor (Ryax2) connected from Vrgyax to FBG, the ratio
of Rmax1/Rmax2 forthe desired maximum DC/DC converter
output voltage follows the relation:

Rmaxi1/Rmaxe = (Voutmax/2.75) — 1

Using the same resistor values for battery voltage pro-
gramming, or Rrg1 = Ryax1 and Rrgo = Ryiaxe, vields an
instant-on voltage thatis 110% of Vg gat (CC/CV charging)
or Vagsors (lead-acid charging):

Voutmax = 1.1 ¢ VELoAT/ABSORB

ITH(Pin27): DC/DC Converter Voltage Loop Compensation
Pin. See Applications Information section for compensa-
tion component selection details.

VC (Pin28): DC/DC Converter Current Loop Compensation
Pin. See Applications Information section for compensa-
tion component selection details.

BST2 (Pin 30): Boosted supply rail for Vgyr side (step-
up) switch FETs. Connect a 1pF capacitor from this pin
to SW2. Connect a 1A Schottky diode cathode to this pin,
anode to INTV¢g pin.

TG2 (Pin 31): Vour side (step-up) synchronous switch
FET gate driver output.

SW2 (Pin 32): Switched node for step-up switches.
Connect the switched inductor to this pin. Connect the
primary switch FET drain and synchronous switch FET
source to this pin.

4020fd
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BG2 (Pin 33): Vour side (step-up) primary switch FET
gate driver output.

INTVCC (Pin 34): Boosted Driver Refresh Supply. This
supply is regulated to 5V and is current limited to 150maA.
Connecta 2.2uF ceramic capacitor from this pin to PGND.
Boosted supply refresh diode anodes are connected to
this pin. Using this pin to power external 5V circuitry is
not recommended.

PGND (Pin 35): Switch high current return path for step-up
primary and step-down synchronous switches.

PVIN (Pin 36): High Current Input Supply Pin. Connect
10pF decoupling capacitor fromthis pinto PGND. The PV)y
pin provides input supply current for the INTV¢ internal
5V linear regulator.

BG1 (Pin 37): V) side (step-down) synchronous switch
FET gate driver output.

SW1 (Pin 38): Switched node for step-down switches.
Connect the switched inductor to this pin. Connect the
primary switch FET source and synchronous switch FET
drain to this pin.

SGND (Pins 3, 29, Exposed Pad 39): Signal Ground Refer-
ence. Connectto the output decoupling capacitor negative
terminal and battery negative terminal. The exposed pad
(39) must be soldered to PCB ground (SGND) for electrical
connection and rated thermal performance.

4020fd
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Functional Overview

The LTC4020 is an advanced high voltage power manager
and multi-chemistry battery charger designedto efficiently
transfer power fromavariety of sources to a system power
supply rail and a battery.

The LTC4020 contains a step-up/step-down DC/DC
controller that allows operation with battery and system
voltages that are above, below, or equal to the input volt-
age (Vyy). A precision threshold shutdown feature allows
incorporation of input voltage UVLO functionality using
a simple resistor divider. When in low current shutdown
mode, the IC input supply bias is reduced to only 27.5pA.

The LTC4020 charger is programmable to produce opti-
mized charging profiles foravariety of battery chemistries.
The LTC4020 can provide a constant-current/constant-
voltage charge characteristic with either C/10 or timed
termination for use with lithium based battery systems,
a constant-current characteristic with timed termination,
or an optimized 4-step, 3-stage lead-acid charge profile.

Maximum battery charge current is programmable using
a sense resistor, and a charge current range adjust pin
allows dynamic adjustment of maximum charge current. A
switcher core current limit adjust pin also allows dynamic
limiting of power available to the system by virtue of limit-
ing maximum current in the DG/DC converter inductor.

The LTC4020 preconditions heavily discharged batteries
by reducing charge current to one-fifteenth of the pro-
grammed maximum. Once the battery voltage climbs above
an internally set threshold, the IC automatically increases
maximum charging currenttothe full programmed value. A
bad battery detection function signals afaultand suspends
charging should a battery not respond to preconditioning.

Battery temperature is monitored using a thermistor
measurement system. This feature monitors battery
temperature during the charging cycle, suspending the
charge cycle and signaling a fault condition if the battery
temperature moves outside a safe charging range of 0°C
to 40°C. The charge cycle automatically resumes when
the temperature returns to that safe charging range.

Instant-on PowerPath architecture ensures thatanapplica-
tion is powered immediately after an external voltage is
applied, even with a completely dead battery, by prioritiz-
ing power to the application. Since the controller output
(Vour) and the battery (BAT) are sometimes decoupled,
the LTC4020 includes an ideal diode controller, which
guarantees that ample power is always available to Voyr
if there is insufficient power available from the DC/DC
converter. Should there be no input power available (Vy),
the LTC4020 makes alow impedance connection from the
battery to Voyrt though the PowerPath FET. Battery life
is maximized during periods of input supply disconnect
by reducing the LTC4020 battery standby current to less
than 10pA.

The LTC4020 contains two digital open-collector outputs
that provide charger status and signal fault conditions.
These binary coded pins signal battery charging, standby
or shutdown modes, battery temperature faults, and bad
battery faults.

DC/DC Converter Operation
(See Block Diagrams)

The LTC4020 uses a proprietary average current mode
DC/DC converter architecture.

As shown in Figure 1, when V)y is higher than Vot dur-
ing step-down (buck) operation, switches A (driven by
pin TG1) and B (driven by pin BG1) perform the PWM
required for accommodating power conversion. ldeally,
switch D (driven by pin TG2) would conduct continuously
and switch G (driven by pin BG2) would stay off, making
PWM switching action muchlike thatinasynchronous buck
topology. Switch D uses a bootstrapped driver, however,
so switch C conducts for a minimum on time of 150nS
each cycle to refresh the driver and switch D is disabled
to accommodate this refresh time. A 75ns non-overlap
period, separates the conduction of the two switches,
preventing shoot-through currents.

When V| is lower than Vqyt during step-up (boost) op-
eration, switches C and D perform the PWM required for
accommodating power conversion. Ideally, switch Awould
conduct continuously and switch Bwould stay off, making

4020fd

10

For more information www.linear.com/LTC4020

LY AR


http://www.linear.com/LTC4020

LTC4020

OPERATION

PWM switching action much like that in a synchronous
boost topology. Since switch A also uses a bootstrapped
drive, however, the B switch conducts for 100nS during
this refresh period. A 75ns non-overlap period, separates
the conduction of the two switches, preventing shoot-
through currents.

If V| is close to Vgur, the controller operates in 4-switch
(buck-boost) mode, where both switch pairs PWM si-
multaneously to accommodate conversion requirements.

The LTC4020 senses the DG/DC converter output voltage
using a resistor divider feedback network that drives the
Vesmax pin. The difference between the voltage on the
VEegmax pin and an internal 2.75V reference is converted
intoan error current by the voltage loop transconductance
amplifier (EA-V). This error current is integrated by a
compensation network to produce a voltage on pin ITH.
The ITH compensation network is designed to optimize
the response of the converter to changes in load current
while the converter is in regulation. At regulation, the ITH
pin will servo to a value that corresponds to the average
inductor current of the DG/DC converter.

Inductor current is monitored through two like value
sense resistors, placed in series with each of the Vyy side
converter switches, A and B. The sum of these sensed
currents yields a reasonably accurate continuous repre-
sentation of inductor current.

The voltage produced on the ITH pin is translated into
an offset at the input of the two current sense amplifiers.
The difference between this offset voltage and the sum
of the voltages is sensed on the SENSTOP and SENSBOT
pins, then is converted to error currents by the current
sense transconductance amplifiers (EA-Cp and EA-Cg).
These error currents are summed and integrated by a
compensation network to produce a voltage on the pin VC.
This compensation network is designed to optimize the
response of the converter duty cycle to required changes
in inductor current.

The VC pin voltage is compared to an internally generated
ramp, and the output of this comparison controls the duty
cycle of the charger’s switches.

Figure 1 shows a simplified diagram of the four power
switches and their connections to the IC, inductor, Vyy,
Vout, ground, and current sense elements.

Vi

RseNsEA Vout
SENSETOP§ <_L,_+_|
T61 A Do* 0¥ |- Te2
swﬁfw\j—ﬁM
861 49 8 Alpg: o |-see

SENSEBOT —
Rsenses

= *OPTIONAL 4020 FO1

Figure 1. Converter Switch Diagram

DC MAX
(BOOST)

C/D PWM - A MIN OFF, B MIN ON
DC MAX

(BUCK) >< >< >< ><
4-SWITCH PWM
DC MIN

(BOOST)
A/B PWM - C MIN ON, D MIN OFF

DC MIN
(BUCK) 4020 F02

Figure 2. Operating Regions vs Duty Cycle (DC)

Reverse current protection is accomplished through dis-
abling the Vgt side synchronous switch (D) during initial
power-up, when the converter is in step-up duty cycle
limit, and when ITH falls to a voltage that corresponds
to <1/25 of programmed I yax. Once these conditions
subside, the D switch remains disabled for an additional
128 clock cycles.
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Battery Charger Operation
(See Block Diagrams)

During the majority of a normal battery charge cycle, the
LTC4020 makes a low impedance connection between
the battery and the DG/DC converter output through the
PowerPath FET, as in Figure 3. This PFET is controlled by
the LTC4020 through modulation of the BGATE pin, which
is connected to the FET gate. When charging is disabled,
the FET is disabled, disconnecting the battery from the
converter output by pulling the gate of the PowerPath FET
high via the BGATE pin. The converter output is regulated
by Vegmax While the FET is disabled. When normal charger
operation resumes, the gate is pulled low. As the BGATE pin
isa slow-moving node, G/10 detection is disabled until the
BGATE pinapproachesits normal operating voltage, which
prevents premature G/10 detection during reconnection of
the battery. The slow movement of BGATE can also cause
the converter output to regulate to Vegyax for a short time
during start-up until the FET is enabled. This FET is also
linearly controlled during low battery conditions to enable
the instant-on function, where the converter output can be
separated from a heavily discharged battery to power the
rest of the system before the battery voltage responds to
charging. C/10 detectionis also disabled when the charger
is operating ininstant-on mode. This FET is also automati-
cally configured as a 14mV ideal diode, which provides a
low loss path from the battery to the output when system
loads require power from the battery while the battery is
disconnected from the converter output.

Vout
CSP 9

Res
CSN

BGATE —|

BAT

= SYSTEM
= BATTERY

I

VFB

>
VEBMIN Z

4020 FO3

Figure 3. Battery Charger PowerPath Diagram

The battery charger takes control of the DC/DC converter
operation by modulating the ITH pinvoltage in response to
sensed battery charge current, battery voltage, and input
voltage. The converter thus provides exactly the amount
of power required to satisfy both the system load and
battery charger requirements.

Battery charge current is monitored via an external sense
resistor connected to the pins CSP and CSN. The voltage
across this resistor is amplified internally by a factor of
20, which is output onto pin CSOUT. This output voltage
rides on top of a constant 250mV offset. The CSOUT pin
voltage drives an internal transconductance amplifier that
servos the DC/DC converter’s ITH pin voltage in response
to the current requirements of a charging battery. CSOUT
voltage is also used internally as a charge current monitor
to detect <G/10 current thresholds.

Battery voltage is monitored via the VFB pin. This voltage
drivesatransconductance amplifierthat servos the DG/DC
converter ITH pinvoltage inresponse to voltage developed
onacharging battery. The transition from constant-current
(CC) to constant-voltage (CV) charging modes is also
detected using this transconductance amplifier. The VFB
voltage is used for all battery voltage monitor thresholds,
each being defined as a percentage of the internal 2.5V
reference voltage.

Inputvoltage regulationisimplemented viathe Vy_rgg pin
for use with poorly regulated or high impedance supplies.
This pin drives a transconductance amplifier that reduces
the ITH pin voltage in response to voltage sensed on the
ViN_Reg Pin falling through 2.5V. This transconductance
amplifier remains active even while battery charging is
disabled, so the input regulation feature continues to
operate regardless of the state of a charge cycle.

The LTC4020 contains an internal charge cycle timer that
is used for time based control of a charge cycle. This func-
tion is enabled by connecting a capacitor to the TIMER
pin. Grounding this pin disables all timer functions. The
timeris used to terminate a successful CC or CC/CV charge
cycle after a programmed end-of-cycle (Tggg) time. This
timer is also used to transition a lead-acid charger to float
charging if charge current does not fall adequately dur-
ing the absorption phase of the charge cycle within the
programmed Tgqg time.
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Use ofthe timerfunction also enables bad battery detection
during CC/CV or lead-acid charging. This fault condition is
achievedifthe battery does notrespondto preconditioning
(Vrg<1.75V), such that the charger remains in (or enters)
precondition mode after one-eighth of the programmed
Teoc time. A bad battery fault halts the charging cycle, and
the fault condition is reported on the status pins.

CC/CV Charging Overview (MODE = 0V)

To program the LTC4020 for CC/CV charging, connect the
MODE pin to ground. This mode is commonly used for
Li-lon, Li-Polymer, and LiFePQO4 battery charging.

Ifthe voltage onthe VFB pinis below 1.75V,the LTC4020 en-
gages precondition mode, which provides low level charge
currents to gently increase voltage on heavily discharged
batteries. During preconditioning, the maximum charge
current is reduced to one-fifteenth of the programmed
value as set by Rs, the battery charge current program-
ming resistor. Full charge current capability is restored
once the voltage on VFB rises above 1.75V. Full charge
current capability remains until the VFB pin approaches
the 2.5V float voltage. This is the constant-current (CC)
portion of the charge cycle.

When the voltage on the VFB pin approaches the 2.5V
float voltage, the charger transitions into constant-voltage
(CV) mode, and charge current is reduced from the maxi-
mum programmed value. If timer termination is used, the
safety timer period starts when GV mode is initiated, and
the charge cycle will terminate when the timer achieves
end-of-cycle (Tggg). This timer is typically programmed
to achieve Tgqg in three hours, but can be configured
for any amount of time by setting an appropriate timing
capacitor value (Ctjmer)-

During CV mode, the required charge current is steadily
reduced as the battery voltage is maintained such that the
voltage on the VFB pin remains close to 2.5V. If the char-
ger is configured for G/10 termination, when the battery
charge current falls below one-tenth of the programmed
maximum current (<G/10), the charge cycle will terminate
and the charger indicates not charging on the status pins.

When timer termination is used, the charger continues to
operate with charging current less than one-tenth of the

programmed maximum current. The STAT1 status pin,
however, responds to the <C/10 current level regardless
of termination scheme, so the IC will indicate a not charg-
ing status when the charging current is below the G/10
current level. The charge cycle will continue, however,
and the charger will source <C/10 current into the bat-
tery. Programmed float voltage is maintained while the
charger tops-off the battery with low currents until the
programmed Tgqgc time has elapsed, at which time the
charge cycle will terminate, charge current flow into the
battery will be disabled, and the battery will be discon-
nected from the converter output.

After termination, if the battery discharges such that
the voltage on the VFB pin drops to 2.4375V, or 97.5%
of the programmed float voltage, a new charge cycle is
automatically initiated.

TYPICAL CC/CV CHARGE CYCLE VOLTAGES
(PER CELL)
Li-lon LiFeP04
Precondition 2.94V 2.52V
Float 4.2V 3.6V
Recharge 4.095V 3.51V

Lead-Acid Charging Overview (MODE = INT_VCC)

To program the LTC4020 for lead-acid charging, connect
the MODE pin to the INTVg¢ pin. The LTC4020 supports
a 4-step, 3-stage lead-acid charging profile.

The first step of the charging profile provides low level
charge current to gently increase voltage on heavily dis-
charged batteries. If the voltage on VFB is below 1.75V,
which corresponds to just over 10V for a 6-cell (12V)
battery, the maximum charge current is reduced to one-
fifteenth of the programmed value as set by RCS. Once
the VFB voltage rises above 1.75V, full charge current
capability is restored, and the bulk charging stage begins.

The bulk charging stage of the charge profile, which is
the first stage of 3-stage battery charging, is a constant-
current charging stage, with the maximum programmed
charge current forced into the battery. This continues until
the battery voltage rises such that the VFB pin approaches
the 2.5V absorption reference voltage.

4020fd
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OPERATION

As the bulk charging stage completes and the voltage on
the VFB pin rises to approach 2.5V, the charger transi-
tions into the absorption stage, which is the 2nd stage of
3-stage battery charging. During the absorption stage,
the required charge current is steadily reduced as the
battery voltage approaches the absorption voltage. This s
a constant-voltage charging stage, as the battery voltage
is maintained such that the VFB pin remains close to the
2.5V absorption reference voltage. It is during this stage
that the battery stored charge increases to 100% capac-
ity. The 2.5V absorption reference typically corresponds
to 14.4V for a 6-cell battery.

When the absorption stage charge current is reduced
to one-tenth of the programmed maximum current, the
charger will initiate the third stage in the charge profile,
the float charging stage. The safety timer can be used with
a lead-acid charger to limit the duration of the absorption
stage of the charging profile. The timer is initiated at the
start of the absorption stage, and forces the charger into
float if the charge current does not fall to the required
one-tenth of the programmed maximum current during
the absorption stage before the timer reaches Tggg. A
0.47pF capacitor onthe TIMER pinis typically used, which
generates a 6.8 hour absorption stage safety timeout.

Once the float charging stage is initiated, the battery
reference voltage is reduced to 92.5% of the absorption
voltage, or 2.3125V. The battery voltage is maintained at
a voltage corresponding to this reference voltage, and
maximum charge current is reduced to one-fifteenth of
the programmed maximum. This level corresponds to
13.3V for a 6-cell battery.

Once float charging is achieved, the LTC4020 charger re-
mains active and will attempt to maintain the float voltage
on the battery indefinitely. During float charging, if a load
on the battery exceeds the maintenance charge current
of one-fifteenth of the programmed maximum, the bat-
tery voltage will begin to discharge. If a load discharges
the batt