Y LINEAR 18490

TECHNOLOGY  High Voltuge, High Current

Buck-Boost Buttery Charge Controller with
Maximum Power Point Tracking (MPPT)

FEATURES

= Vy Range: 6V to 80V

® Vpar Range: 1.3V to 80V

m Single Inductor Allows V,y Above, Below, or Equal
to Vgar

Automatic MPPT for Solar Powered Charging
Automatic Temperature Compensation

No Software or Firmware Development Required
Operation from Solar Panel or DC Supply

Input and Output Current Monitor Pins

Four Integrated Feedback Loops

Synchronizable Fixed Frequency: 100kHz to 400kHz
64-Lead (7mm x 11mm x 0.75mm) QFN Package

APPLICATIONS

Solar Powered Battery Chargers

Multiple Types of Lead-Acid Battery Charging
Li-lon Battery Charger

Battery Equipped Industrial or Portable Military
Equipment

DESCRIPTION

The LT®8490 is a buck-boost switching regulator battery
charger that implements a constant-current constant-
voltage (CCCV) charging profile used for most battery
types, including sealed lead-acid (SLA), flooded, gel and
lithium-ion. The device operates from input voltages
above, below or equal to the output voltage and can be
powered by a solar panel or a DC power supply. On-chip
logic provides automatic maximum power point tracking
(MPPT) for solar powered applications. The LT8490 can
perform automatic temperature compensation by sensing
an external thermistor thermally coupled to the battery.
STATUS and FAULT pins containing charger information
can be used to drive LED indicator lamps. The device is
available in a low profile (0.75mm) 7mm x 11mm 64-lead
QFN package.

ALy, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and Hot
Swap is a trademark of Linear Technology Corporation. All other trademarks are the property of
their respective owners.
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ABSOLUTE MAXIMUM RATINGS

(Note 1)
Vesp— Vesn, Vespin— Vesnin,

VeSPOUT = VOSNOUT -vevevererrererererrerereeiisienas -0.3Vto 0.3V
SS, CLKOUT, CSP, CSN Voltage .................. -0.3Vto 3V
V¢ Voltage (NOte 2) ..., -0.3Vto 2.2V
LDO33, Vpp, AVpp VOIAGE wvvvvvrrererrreeee. ~0.3V to 5V
RT, FBOUT Voltage.........ccccovevevevvrerccernee, -0.3Vto 5V
IMON_IN, IMON_OUT Voltage .................... -0.3Vto 5V
SYNC Voltage.......cccoeveveeeeeeiicecce, -0.3Vt0 5.5V
INTV¢c, GATEVgc Voltage ......c.cvveeveveeeee. -0.3Vto 7V
VBoosT1 = Vswi1, VBooST2 = VSW2 ovvevevevnnen. -0.3Vto 7V
SWEN, MODE Voltage ........c.cccceveevevrverennne. -0.3Vto 7V
SRVO_FBIN, SRVO_FBOUT Voltage........... -0.3V to 30V
SRVO_IIN, SRVO_IOUT Voltage................. -0.3V to 30V
FBIN, SHDN Voltage.........o.cooveevvevvrererenee. —0.3V to 30V

CSNIN, CSPIN, CSPOUT, CSNOUT Voltage..—0.3V to 80V

Vin, EXTVgo Voltage ..o -0.3V to 80V
SW1, SW2 Voltage .......ccccocvvevevevercrcrirennen. 81V (Note 5)
BOOST1, BOOST2 Voltage .......cccocvvvennee -0.3Vto 87V
BG1, BG2, TG1, TG2 ..o (Note 4)
|OW, ECON, CLKDET Voltage ......... -0.3Vto Vpp + 0.5V

SWENO, STATUS Voltage................ -0.3V to Vpp + 0.5V

FBOW, FBIW, FAULT Voltage .......... ~0.3V to Vpp + 0.5V
VINR, FBOR, IIR, IOR Voltage .........-0.3V to Vpp + 0.5V
TEMPSENSE Voltage.............o....... ~0.3V to Vpp + 0.5V
CHARGECFG2,

CHARGECFG1 Voltage.........o......... ~0.3V to Vpp + 0.5V

Operating Junction Temperature Range

UKJ PACKAGE
64-LEAD (7mm x 11mm) PLASTIC QFN
Tymax = 125°C, 64 = 34°C/W
EXPOSED PAD (PIN 65) IS GND, MUST BE SOLDERED TO PCB

TOP VIEW
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LT8490E (Notes 1, 3) ..ocvvveeiinnn -40°C to 125°C

LT84901 (Notes 1, 3) ... -40°C to 125°C
Storage Temperature Range ................. -65°C to 150°C
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LT8490EUKJ#PBF LT8490EUKJ#TRPBF LT8490UKJ 64-Lead (7Tmm x 11mm) Plastic QFN | -40°C to 125°C
LT84901UKJ#PBF LT8490IUKJ#TRPBF LT8490UKJ 64-Lead (7mm x 11mm) 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/
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GLGCT“'C“L CHHRHCTGBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vi = 12V, Vpp = AVpp = 3.3V, SHDN = 3V unless otherwise noted. (Note 3)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS
Voltage Supply and Regulators
Vy Operating Voltage Range (Note 7) ®| 6 80 \
Vin Quiescent Current Not Switching, Vextvee = 0, Vpp = AVpp = Float 265 42 mA
Vin Quiescent Current in Shutdown Vsppn = 0V 0 1 HA
Vpp Quiescent Current Iavop + lvop, Vpp = AVpp = 3.3V ®| 25 4 6.5 mA
EXTV¢c Switchover Voltage Iintvee = 20mA, Vexryee Rising ®| 615 64 6.6 \
EXTV¢g Switchover Hysteresis 0.18 \
D033 Pin Voltage 5mA from LD0O33 Pin ® | 323 329 3.35 \
D033 Pin Load Regulation lL.po33 = 0.1mA to 5mA -025 -1 %
D033 Pin Current Limit e 12 1725 22 mA
D033 Pin Undervoltage Lockout LDO33 Falling 296 3.04 312 \
D033 Pin Undervoltage Lockout Hysteresis 35 mV
Switching Regulator Control
SHDN Input Voltage High SHDN Rising to Enable the Device ® | 1184 1.234 1.284 \
SHDN Input Voltage High Hysteresis 50 mV
SHDN Input Voltage Low Device Disabled, Low Quiescent Current o 0.35 v
SHDN Pin Bias Current Vsrpn = 3V 0 1 pA
Vsppn = 12V 11 22 pA
SWEN Rising Threshold Voltage ® | 1156 1.206 1.256 \
SWEN Threshold Voltage Hysteresis 22 mV
MODE Pin Thresholds Discontinuous Mode o 2.3 \
Forced Continuous Mode e 04 \
IMON_OUT Rising threshold for CCM Operation MODE = 0V ® | 168 195 224 mvV
IMON_OUT Falling threshold for DCM MODE = 0V ®| 95 122 150 mV
Voltage Regulation
Regulation Voltage for FBOUT Ve =1.2V, EXTVgg = OV ® | 1193 1.207 1222 \
Regulation Voltage for FBIN Ve =1.2V, EXTVgg = 0V ® | 1184 1.205 1.226 v
FBOUT Pin Bias Current Current Out of Pin 15 nA
FBIN Pin Bias Current Current Out of Pin 10 nA
Current Regulation
Regulation Voltage for IMON_IN and IMON_QUT Ve =1.2V, EXTVgg = 0V e | 1187 1.208 1.229 v
IMON_IN Output Current Vespin = Vesnin = 50mV, Vespiy = 5.025V 54 o7 60 pA
Vespin — Vesnin = 50mV, Vegpiy = 5.025V ®| 53 57 61 pA
Vospin — Vesnin = 0mV, Vegpyy = 5V ®| 25 7 115 WA
IMON_IN Qvervoltage Threshold ®| 155 161 167 \
IMON_OUT Qutput Current Vespout — Vesnout = 50mV, Vggpour = 5.025V 475 50 52.5 HA
Vespout = VesnouT = 50mV, Vegpoyt = 5.025V | @ | 47 50 54.25 pA
Vespout — Vesnout = 5mV, Vespout = 5.0025V 3.25 5 6.75 HA
Vespout — Vesnout = 5mV, Vegpout = 5.0025V | @ | 2.75 5 8 HA
IMON_OUT Overvoltage Threshold ®| 155 161 1.67 V
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GLGCTBKHL CHHM-ICTERISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vjy = 12V, Vpp = AVpp = 3.3V, SHDN = 3V unless otherwise noted. (Note 3)

PARAMETER | CONDITIONS MIN TYP MAX | UNITS

Switching Regulator Oscillator (0SC1)

Switch Frequency Range Syncing or Free Running 100 400 kHz

Switching Frequency, fpsg Rt = 365k ®| 102 120 142 kHz
Rt =215k ® | 170 202 235 kHz
Rt = 124k ® | 310 350 400 kHz

SYNC High Level for Synchronization ®| 13 V

SYNC Low Level for Synchronization [ 0.5 V

SYNC Clock Pulse Duty Cycle Vgyng = 0Vio 2V 20 80 %

Recommended Min SYNC Ratio, fsyng/fosc 3/4

CLKOUT Output Voltage HIGH 1mA Out of CLKOUT Pin 23 245 255 V

CLKOUT Output Voltage LOW 1mA into CLKOUT Pin 25 100 mV

CLKOUT Duty Cycle Ty=-40°C 22.7 %
Ty=25°C 44.1 %
Ty=125°C 7 %

Charging Control

STATUS, FBOW, FBIW, SWENO, 10W, loL =5mA ° 022 05 V

ECON Output Low Voltage

STATUS, FBOW, FBIW, SWENO, 10W, loy = -5mA e 27 3.0 V

ECON Output High Voltage

FAULT Output Voltage Low lor = 0.5mA ® 01 025 V

FAULT Output Voltage High lon =-0.1mA o 17 2.2 V

Power Supply Mode Detection Threshold (Note 6) VINR Pin Falling ®| 155 174 mV

Power Supply Mode Detection Threshold Hysteresis (Note 6) VINR Pin 29 mV

Minimum VINR Voltage for Start-Up (Note 6) Not in Power Supply Mode
Low Power Mode Enabled ® | 380 395 410 mV
Low Power Mode Disabled ® | 213 225 237 mV

High Charging Current Threshold on IOR (Note 6) IOR Rising = ECON Rising ®| 168 195 224 mV

Low Charging Current Threshold on I0R (Note 6) IOR Falling = ECON Falling ®| 9 122 150 mV

Minimum CHARGECFG1 % of AVpp to Disable Stage 3 Temperature Compensation Enabled o % 95 96 %

(Note 6)

Maximum CHARGECFG1 % of AVpp to Disable Stage 3 Temperature Compensation Disabled ) 4 5 6 %

(Note 6)

Minimum CHARGECFG2 % of AVpp to Disable Time Limits Wide Valid Temperature Range o 9 95 96 %

(Note 6)

Maximum CHARGECFG2 % of AVpp to Disable Time Limits Narrow Valid Temperature Range o 4 5 6 %

(Note 6)

Minimum TEMPSENSE % of AVpp to Detect Battery Disconnected @ 945 96 975 %

(Note 6)

VespouT — Vesnout Threshold for C/5 Detection (Note 6) Vesxour Common Mode = 5.0V, RygraL from 9 10 11 mV
IMON_OUT to Ground = 24.3kQ

VespouT — Vesnout Threshold for C/10 Detection (Note 6) Vesxour Common Mode = 5.0V, I0R Falling, 4.25 5 5.75 mV
RroTaL from IMON_OUT to Ground = 24.3kQ

FBIW, FBOW PWM Frequency (0SC2) 31.25 kHz

FBIW, FBOW PWM Resolution 8 Bits

STATUS UART Bit Rate ® | 2160 2400 2640 | Baud

Internal A/D Resolution 10 Bits
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ELECTRICAL CHARACTERISTICS

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: Do not force voltage on the V¢ pin.

Note 3: The LT8490E is guaranteed to meet performance specifications from
0°C to 125°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 LT8490I is guaranteed
over the full -40°C to 125°C junction temperature range.

Note 4: Do not apply a voltage or current source to these pins. They must
be connected to capacitive loads only, otherwise permanent damage may
occur.

Note 5: Negative voltages on the SW1 and SW2 pins are limited in the
applications by the body diodes of the external NMOS devices M2 and

M3 or parallel Schottky diodes when present. The SW1 and SW2 pins

are tolerant of these negative voltages in excess of one diode drop below
ground, guaranteed by design.

Note 6: These thresholds are measured by the internal A-D converter. The
A-D reference voltage is AVpp. AVpp, Vpp and an additional 2.8mA load are
regulated by LDO33 to create the AVpp reference for these measurements.
The absolute threshold voltages will shift with corresponding changes in
the AVpp voltage.

Note 7: 10V minimum Vy required for solar powered start-up if low power
mode is enabled.
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T'I'PICHL PERFOBMHHCE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.
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T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS Ta = 25°C, unless otherwise noted.

Maximum Power Point Tracking
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PIN FUNCTIONS

FBIR (Pin 1): A/D Input Pin. Connects to FBIN pin to
measure input feedback voltage.

FAULT (Pin 2): FAULT Pin. This pin generates an active
high digital output that, when used with an LED, provides
a visual indication of a fault event.

TEMPSENSE (Pin 3): A/D Input Pin. Connects to athermis-
tor divider network for sensing battery temperature or a
resistor divider if unused. This pinis frequently monitored
fortemperature compensation and enforcing temperature
limits.

Vpp (Pin 4): Control Logic Power Supply Pin. Connect
this pin to LDO33 and AVpp.

FBOW (Pin5): PWM Digital Output Pin. Connectsto FBOUT
through an RCR network to temperature compensate the
battery voltage.

FBIW (Pin 6): PWM Digital Output Pin. Connects to FBIN
through an RCR network to adjust the solar panel volt-
age for MPPT.

INTV¢c (Pin 7): Internal 6.35V Regulator Output Pin. Con-
nectstothe GATEVqg pin. INTVgg is powered from EXTV¢g
when the EXTV¢¢ voltage is higher than 6.4V, otherwise
INTV¢c is powered from V. Bypass this pin to ground
with @ minimum 4.7pF ceramic capacitor. See Switching
Configuration - MODE Pin for additional details.

SWEN (Pin 8): Switch Enable Pin. Tie to the SWENO pin.

MODE (Pin 9): Mode Pin. The voltage applied to this pin
setsthe operating mode of the switching regulator. Tie this
pinto INTVg¢ to make discontinuous current mode active.
Tie this pin to ground to operate in discontinuous current
mode for low battery charging currents and continuous
current mode for high battery charging currents. Do not
float this pin. See Switching Configuration - MODE Pin
for additional details.

IMON_IN (Pin10): Input Current Monitor Pin. The current
out of this pin is proportional to the input current. See the
Applications Information section for more information.

SHDN (Pin 11): Shutdown Pin. In conjunction with the
UVLO (undervoltage lockout) circuit, this pin is used to
enable/disable the chip. Do not float this pin.

CSN (Pin12): The (-) Input to the Inductor Current Sense
and Reverse Current Detect Amplifier.

CSP (Pin 13): The (+) Input to the Inductor Current Sense
and Reverse Current Detect Amplifier. The V¢ pin voltage
and built-in offsets between the CSP and CSN pins set the
current trip threshold.

LD033 (Pin 14): 3.3V Regulator Qutput. This supply
provides power to the Vpp and AVpp pins. Bypass this
pin to ground with @ minimum 4.7pF ceramic capacitor.

FBIN (Pin 15): Input Feedback Pin. This pin is connected
to the input error amplifier input.

FBOUT (Pin 16): Output Feedback Pin. This pin connects
the error amplifier input to an external resistor divider
from the output.

IMON_OUT (Pin 17): Output Current Monitor Pin. The
current out of this pin is proportional to the average out-
put current. See the Applications Information section for
more information.

V¢ (Pin 18): Error Amplifier Qutput Pin. Tie the external
compensation network to this pin.

SS (Pin 19): Soft-Start Pin. Place 100nF of capacitance
from this pin to ground. Upon start-up, this pin will be
charged by an internal resistor to 2.5V.

CLKOUT (Pin 20): Switching Regulator Clock Output Pin.
CLKOUT will toggle at the same frequency as the switch-
ing regulator oscillator (OSC1 on the Block Diagram) or
as the SYNC pin, but is approximately 180° out-of-phase.
CLKOUT can also be used as a temperature monitor of the
switching regulator since the CLKOUT duty cycle varies
linearly with the junction temperature of the switching
regulator. Itis connected to CLKDET through an RC filter.
The CLKOUT pin can drive capacitive loads up to 200pF.

SYNC (Pin 21): To synchronize the switching frequency
to an outside clock, simply drive this pin with a clock. The
high voltage level of the clock needs to exceed 1.3V, and
the low level should be less than 0.5V. Drive this pin to
less than 0.5V to revert to the internal free-running clock
(OSC1 in the Block Diagram).
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PIN FUNCTIONS

RT (Pin 22): Timing Resistor Pin. Adjusts the switching
regulator frequency (0SC1) when SYNC is not driven by
a clock. Place a resistor from this pin to ground to set
the free-running frequency of 0SC1. Do not float this pin.

BG1, BG2 (Pin 23/Pin 25): Bottom Gate Drive. Drives the
gates of the bottom N-channel MOSFETs between ground
and GATEV¢g.

GATEV¢c (Pin 24): Power Supply for Gate Drivers. Must
be connected to the INTV¢c pin. Do not power from any
other supply. Locally bypass to ground.

BOOST1,B00ST2 (Pin33/Pin27): Boosted Floating Driver
Supply. The (+) terminal of the bootstrap capacitor con-
nects here. The BOOST1 pin swings from a diode voltage
below GATEVcc up to Viy + GATEVg. The BOOST2 pin
swings from a diode voltage below GATEVc up to Vgar
+ GATEV .

TG1, TG2 (Pin 32/Pin 28): Top Gate Drive. Drives the top
N-channel MOSFETs with voltage swings equal to GATEV ¢
superimposed on the switch node voltages.

SW1, SW2 (Pin31/Pin29): Switch Nodes. The (-) terminal
of the bootstrap capacitors connect here.

SRVO_FBIN (Pin 35): Open-Drain Logic Output. This pin
is pulled to ground when the input voltage feedback loop
is active. This pin is unused for most LT8490 applications
and can be floated.

SRVO_IIN (Pin 36): Open-Drain Logic Output. This pin is
pulled to ground when the input current feedback loop is
active. This pin is unused for most LT8490 applications
and can be floated.

SRVO_IOUT (Pin 37): Open-Drain Logic Output. This pin
is pulled to ground when the output current feedback loop
is active. This pinis unused for most LT8490 applications
and can be floated.

SRVO_FBOUT (Pin38): Open-Drain Logic Output. This pin
is pulled to ground when the output voltage feedback loop
is active. This pinis unused for most LT8490 applications
and can be floated.

EXTV¢c (Pin 40): External Vg Input. When EXTVqg ex-
ceeds 6.4V (typical), INTV¢c will be powered from this pin.
When EXTV¢ is lower than 6.22V (typical), INTV ¢ will be
powered from V). See Switching Configuration - MODE
Pin for additional details.

CSNOUT (Pin 41): The (=) Input to the Output Current
Sense Amplifier.

CSPOUT (Pin 42): The (+) Input to the Output Current
Sense Amplifier. This pin and the CSNOUT pin measure
the voltage across the sense resistor to provide the output
current signals.

CSNIN (Pin 44): The (=) Input to the Input Current Sense
Amplifier. This pin and the CSPIN pin measure the voltage
across the sense resistor to provide the instantaneous
input current signals.

CSPIN (Pin 45): The (+) Input to the Input Current Sense
Amplifier.

Vn (Pin 46): Main Input Supply Pin. Must be bypassed
to local ground plane.

ECON (Pin 48): Digital Output Pin. Optional control output
signal used to disconnect EXTVg from the battery when
the average charge current drops below a predetermined
threshold.

SWENO (Pin 49): Digital Output Pin. Connect to SWEN.
Enables the switching regulator. A 200kQ pull-down re-
sistor is required from this pin to ground.

IOW (Pin 50): Digital Output Pin. Connects to IMON_OUT
through a resistor. By switching the pin between logic low
and high impedance, the total Ryjmon_out changes, which
changes the output current limit.

STATUS (Pin 51): Digital Output Pin. When used with an
LED, this signal provides a visual indication of the pro-
gress of the charging algorithm. In addition, STATUS
transmits two UART bytes (8 bits, no parity, one stop bit,
2400 baud) every 3.5 seconds (typical), which indicates
status and fault information.

IIR (Pin 53): A/D Input Pin. Connects to IMON_IN to read
input current. Used to manage MPPT.

8490f
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PIN FUNCTIONS

VINR (Pin 54): A/D Input Pin. Connects to resistive di-
vider on VIN to measure input voltage. Used to manage
MPPT and start-up.

CLKDET (Pin 56): A/D Input Pin. Connects to CLKOUT
through an RC filter to detect the duty cycle of CLKOUT.
Used to manage start-up.

FBOR (Pin 57): A/D Input Pin. Connects to FBOUT pin to
read charger output voltage. Used to manage the charg-
ing algorithm.

AVpp (Pin 58): A/D Positive Reference Pin. Tie this pin to
Vpp and LDO33.

CHARGECFG1 (Pin 61): A/D Input Pin. Used to configure
the float voltage, temperature compensation and enable
stage 3 charging.

CHARGECFG2 (Pin 63): A/D Input Pin. Used to configure
time limits and the valid battery temperature range.

IOR (Pin 64): A/D Input Pin. Connects to IMON_OUT pin
to read the charger output current. Used to manage the
charging algorithm.,

GND (Exposed Pad 65 and Pins 55, 59, 62): Ground. Tie
directly to local ground plane.

NC (Pins 52, 60): Not connected.

8490f
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OPERATION

Overview

The LT8490is a powerful and easy to use battery charging
controller with automatic maximum power point tracking
(MPPT) and temperature compensation. The LT8490 is
based onthe LT8705 buck-boost controller with additional
battery charging and MPPT control functions. Refer to the
LT8705 data sheet for more detailed information about the
switching regulator portions of the LT8490. Several refer-
enceapplicationsare included inthis data sheet to simplify
system design. Many battery charging applications can be
implemented using one of the reference applications with
little or no modification required. Configuration for the
various charging parameters is implemented in the hard-
ware. No software or firmware development is required.

The LT8490 includes four different forms of regulation:
output current, input current, input voltage and output
voltage (EA1-EA4 respectively as shown in Figure 1).
Whichever form of regulation requires the lowest voltage
on the Vg pin limits the commanded inductor current.
When powered by a solar panel, the MPPT function uses
input voltage regulation to locate and track the maximum
power point of the panel. Input current regulation is used
to limitthe maximum currentdrawn fromthe input supply.
The output current regulation limits the battery charging
current, and the output voltage regulation is used to set
the maximum battery charging voltage.

The LT8490 offers user configurable timers that can
be enabled with the appropriate resistor divider on the
CHARGECFG2 pin. If atimer has been set and expires, the
LT8490 will halt charging and communicate this through
the STATUS and FAULT pins. Options for automatic restart
of the charge cycle are discussed later in the Automatic
Charger Restart and Fault Recovery section.

The LT8490 also includes a TEMPSENSE pin, which can
be connected to an NTC resistor divider network ther-
mally coupled to the battery pack. When connected, the

TEMPSENSE pin can provide temperature compensated
charging and/or can be used to disable charging when
the battery is outside of safe temperature limits. The
presence of the NTC resistor can also give an indication
to the charger if the battery is connected or not.

The LT8490also provides charging status and fault indica-
tors through the STATUS and FAULT pins. The behavior
of these pins is described in the STATUS and FAULT
Indicators section.

Battery Charging Algorithm

The LT8490 implements a CCCV charging algorithm. The
idealized charging profile is shown in Figure 2 and as-
sumes constant temperature and adequate input power.
As battery temperature and illumination conditions on the
panel change, the actual current and voltage seen by the
battery will vary accordingly.

After start-up, the LT8490 frequently measures the bat-
tery voltage and charging current to determine the proper
charging stage.

STAGE 0 | STAGE 1
TRICKLE |CONSTANT
CHARGE | CURRENT

STAGE 2
CONSTANT
VOLTAGE

STAGE 3
REDUCED
CONSTANT
VOLTAGE

MAXIMUM CHARGING \ 1 \
|

CURRENT (C) |- === — oo

stace2 |- Vp
VOLTAGE LIMIT BATTERY S
VOLTAGE

STAGE3[-—f--——"-\————"—"—"——- Vs
VOLTAGE LIMIT

(OPTIONAL)

CHARGING
CURRENT

8490 Fo1

\
[
\
\
\
[
[
[
[
|
[
[
\
[
\
CHARGING TIME

Figure 2. Typical Battery Charging Cycle
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STAGE 0: In Stage 0 (reduced constant-current/trickle
charge) the LT8490 charges the battery with a hardware
configurable reduced constant current. This trickle charge
stage occurs for battery voltages between 35% to 70%
(typical) of the Stage 2 voltage limit (Vgp).

STAGE 1: In Stage 1 (full constant-current) the LT8490
charges the battery with a hardware configurable constant
current equal to or higher than in Stage 0. This constant
current stage occurs for battery voltages between 70% to
98% (typical) of the Stage 2 voltage limit. This charging
stage is often referred to as bulk charging. This charg-
ing stage will be called Stage 1 for the remainder of this
document.

STAGE 2: In Stage 2 (constant-voltage) the LT8490 charges
the battery with a hardware configurable constant voltage.
This constant voltage stage occurs for battery voltages
above 98% (typical) of the Stage 2 voltage limit. This
charging stage is often referred to as float charging for
lithium-ion batteries and absorption charging for lead-acid
batteries. To avoid confusion, this charging stage will be
called Stage 2 for the remainder of this document.

If the optional Stage 3 is enabled, the LT8490 will proceed
from Stage 2 to Stage 3 when the charging current drops
below C/10. Other conditions for exiting Stage 2 depend
on whether time limits are enabled for the charger. See
the Charging Time Limits section for more details about
Stage 2 termination.

STAGE 3 (OPTIONAL): Stage 3 is optional as configured
with the CHARGECFG1 pin. In Stage 3 the LT8490 charges
the battery with a hardware configurable reduced constant
voltage. This charging stage is often referred to as float
charginginlead-acid battery charging. This charging stage
will be called Stage 3 for the remainder of this document.

Charging will automatically restart if, during Stage 3, the
charging current exceeds C/5 or the battery voltage falls
below 96% (typical) of the Stage 3 voltage limit (Vg3). In
addition, an optional time limit can be enabled to terminate
charging in Stage 3. See the Charging Time Limits section
for more details about Stage 3 termination.

Table 1. Description of LT8490 Charging Stages

STAGE NAME METHOD DURATION
0 Trickle | Constant Current |  Until Battery Voltage Rises
Charge | ata Configured | Above Vgq (70% of Stage 2
Fraction of Full Voltage Limit)
Charge Current Optional Max Time Limit
1 Constant |  Constant Full Until Battery Voltage Rises
Current | Charge Current | Above Vgy (98% of Stage 2
Voltage Limit)
Optional Max Time Limit for
Stage 1 + Stage 2
2 Constant | Constant Voltage | Until Charging Current Falls
Voltage Below C/10 or Optional
Indefinite Charging
Optional Max Time Limit for
Stage 1 + Stage 2
3 Reduced | Constant Voltage |  Until Battery Voltage Falls
(Optional) | Constant | ata Configured | below 96% of Vg3 (Stage 3
Voltage Fraction of Voltage Limit - Configurable)
Stage 2 or Charging Current Rises
Constant Voltage Above C/5
Optional Max Time Limit.
The same duration as the
Stage 1 + Stage 2 Time Limit.

Maximum Power Point Tracking

When powered by asolar panel, the LT8490 employsapro-
prietary Perturb and Observe algorithm for identifying the
maximum power point. This algorithm provides accurate
MPPT for slow to moderate changes in panel illumination.
The panel is also scanned periodically to avoid settling on
a false maximum power point for long periods of time, in
the case of non-uniform panel illumination.

Fault Conditions

The LT8490 can indicate the presence of a fault condi-
tion through the STATUS and FAULT pins. These faults
include: battery undervoltage, battery overtemperature,
battery under temperature and timer expiration. Follow-
ing a fault, the LT8490 will discontinue charging until the
fault condition is removed, at which point it will continue
or restart the charging cycle. See the Automatic Charger
Restart and Fault Recovery section for more information.
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APPLICATIONS INFORMATION

Input Voltage Sensing and Modulation Network

The passive component network shown in Figure 3 is re-
quired to properly measure and modulate the input supply
voltage. This network is required whether the supply is a
solar panel or a DC voltage source.

Vin

l Vin
T_ FBIR
FBIN

Robacit

LT8490

RrBIN

Rpaci2
FBIW

Rraing

8490 F03

Figure 3. Input Feedback Resistor Network

Choosing the components requires knowing the maxi-
mum panel open-circuit voltage (Vocmax) as well as the
maximum DC input supply voltage (Vpgmax) desired
(see the DC Supply Powered Charging section for more
information). Voomax typically occurs at cold temperatures
and should be specified in the panel manufacturer’s data
sheet. Use the following equations to determine proper
component values:

'1+( 4.470V )
\Wiaxy —6V
Regint =100k ¢ M
1+( 5.593 )
Vax —6V
RDAC|2 =275 m Q
Viax -6V
1

Rraing = 1 1 Q
(1 00k —Regyn1 )_ (RDACIZ )

Roaci1 =0-2*Rpacip€

Copey =
P49 1000+ Roaci

where Vyax is the greater of Voomax and Vpemax with
some additional margin. These resistors should have a
1% tolerance or better.

Due to the granularity of standard resistor values, simply
rounding the calculated results to their nearest standard
values may result in unwanted errors. Consider using
multiple resistors in series to more closely match the
calculated results. Otherwise, use standard resistor values
and check the final results with the following equations:

Regini +(RFBIN1 )+1]
Roaci1 +Roaciz  \Reinz

VX2 =1 205'|:

Vo indicates the actual Vyax using the selected resis-
tors. Make sure this result is greater than or equal to the
desired Vyax for the application.

Regini )

Vx1 = VX2 —3.3'(
Roact+Roac?

Vx1 should be as close to 6V as possible. lterations may
be required to determine the best standard resistor values.

Table 2 shows good sets of standard value components
for maximum input voltages of 20V, 40V, 60V and 80V.
Iterative calculations were required to select these values
that achieve the best overall results.

Table 2. Input Feedback Network vs Panel Voltage

Viax Regint Reginz Ropacn Roaci2 Coaci
(V) (kQ) (kQ) (kQ) (kQ) (nF)
20 95.3 8.45 3.4 19.1 270
40 107 4.87 1.69 8.66 560
60 105 3.24 1.05 5.36 1000
80 133 3.09 1.05 4.87 1000

As discussed later in DC Supply Powered Charging, ar-
bitrarily setting Vjyax to 80V may not result in the best
operation of the LT8490 for all conditions, particularly at
low input voltages. Be sure to give proper consideration
to the required voltage range for each application.

Solar Powered Charging

VINR DIVIDER NETWORK: The LT8490 can be powered
by a solar panel or a DC power supply. As discussed later
in DC Supply Powered Charging, the VINR pin must be
pulled low when being powered by a DC supply. Otherwise,
VINR must be connected to the resistor divider network

as shown in Figure 4.
8490f
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ViN 178490
Vin

8490 Fo4

Figure 4. VINR Resistor Divider Circuit

The LT8490 uses this divider network to measure abso-
lute panel voltage (as part of its maximum power point
calculations) and to check for adequate input voltage to
operate the charger. These resistors should have a 1%
tolerance or better.

TIMER TERMINATION DISABLED: When powered by a
solar panel, the timer termination option (see the Charging
Time Limits section for more detail) is automatically dis-
abled. This is due to the inability to guarantee full charging
current during the entire charging cycle in cases where
the panel illumination conditions change. In addition, the
timers can reset if all power to the charger is lost due to
insufficient lighting. This makes the use of timer termina-
tion potentially unreliable in solar powered applications.

G/10 DETECTION: When powered by a solar panel, charg-
ing current may drop below C/10 because the battery is
approaching full charge, or because the solar panel has
insufficient lighting. If sufficient panel power is available,
the LT8490 can determine if the charging current has
dropped below G/10 due to the battery approaching full
charge. Inthis case, the charger will proceed from Stage 2
to the next appropriate stage. If the LT8490 is able to de-
termine that the charging current has dropped below G/10
due to insufficient panel power, the charger will continue
operating in Stage 2.

MINIMUM PANEL VOLTAGE REQUIREMENT: A minimum
panel voltage of 6V is required to operate the charger.
However, higher panel voltages are required in various
other cases.

1. LOW POWER MODE ENABLED: Low power mode al-
lows additional power to be recovered from the solar
panel under very weak lighting conditions. When low
power mode is enabled, the panel voltage must initially
exceed 10V (typical — as measured through the VINR
pin) before the charger will attempt to charge the bat-
tery. Read the Optional Low Power Mode section for
more details.

2. LOW POWER MODE DISABLED: If low power mode is
disabled the charger will attempt to charge the battery
as long as the panel is above 6V. However, if sufficient
panel currentis not detected the LT8490 willtemporarily
stop charging. The charger will check for sufficient panel
current at 30 second intervals (typical) or will check
sooner if the LT8490 detects either a significant rise
in panel voltage or a significant fall in battery voltage.

3. LOW INPUT VOLTAGE EFFECTS: Figure 5 shows the

minimum input voltage, below which the maximum
charging current can be reduced. This limitis a function
of the input Vyax as discussed previously in the Input
Voltage and Modulation Network section. Maximum
charging current can reduce as FBIN gets closer to
its regulation voltage of 1.205V (typical). This is not
normally a significant issue unless 1) the charger is
powered by a low voltage DC power supply or 2) a low
voltage panelis used withachargerthat was configured
for a much higher voltage panel. The farther that V)y
is below the Normal Configuration line in Figure 5 the
more the current can reduce.

25

_
=

E 20 //
3 NORMAL CONFIGURATION

os pd

oy ~

= vd

@

—

Sz

w =

=

g e e e st — ———— ————
= 5 DC SUPPLY ONLY WITH FBIN = LDO33
=

0
0 10 20 30 40 50 60 70 80
Vmax (V)

8490 FO5

Figure 5. Minimum Full Charging Current Vy Voltage
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When V,y is powered by a DC voltage supply, main-
tain Viy higher than the Normal Configuration line in
Figure 5. Operating Viy below this line can reduce
the maximum charging current and the Vgp and Vg3
charging voltages. If Vyy is never going to be supplied
by a solar panel then FBIN can be disconnected from
FBIR (see Figure 3) and reconnected to the LDO33 pin.
This allows the charger to operate with Vy as low as 6V
with no charging current or voltage reduction.

When using a solar panel supply, choose a panel having
a maximum open-circuit voltage (Voc) close to Vyax
(discussed in the prior Input Voltage Sensing and
Modulation Network section). The maximum power
point voltage is typically well above the voltage limit in
Figure 5 and current limiting is rarely an issue. Avoid
using solar panels that operate dramatically below Vyax,
particularly if the maximum power point voltage is typi-
cally below the Normal Configuration line in Figure 5.

DC Supply Powered Charging

SELECTING POWER SUPPLY MODE: When powered by
a DC voltage source, the VINR pin must be pulled below
174mV (typical) to activate power supply mode. This
disables unnecessary solar panel functions and allows the
LT8490 to operate properly from a DC voltage source. If
the application is never powered by a solar panel, VINR
can be grounded. If the application is only powered by
a solar panel, then connect VINR as shown in Figure 4.
Otherwise, see the Optional DC Supply Detection Circuit
section for a method to pull down the VINR pin when a
DC supply is detected.

MINIMUM INPUT VOLTAGE REQUIREMENT: When power
supply mode is enabled, the LT8490 will operate from an
input as low as 6V. However, charging current capability
can become limited at low input voltages depending on
the Vax voltage used to select the input voltage sensing
network (see previous Input Voltage Sensing and Modula-
tion Network section). Figure 5 shows the minimum input
supply voltage required, below which charging currentcan
become less than the maximum output current limit. If
the LT8490 is powered by a DC supply only, the minimum
input voltage shown in Figure 5 can be reduced to 6V by

(1) disconnecting FBIN from FBIR and (2) connecting the
FBIN pin directly to LDO33.

INPUT CURRENT LIMITING: Input current limiting should
be considered when using DC power supplies. This is
discussed later in the Input Current Limiting section.

In Situ Battery Charging

The LT8490 can be used to charge a battery while the
battery is powering a load. The load should be directly
connected to the battery terminals as shown in Figure
6. The variable nature of some loads can make charg-
ing times unpredictable. Due to this unpredictability it is
recommended that charging time limits be disabled (see
Charger Configuration — CHARGECFG2 Pin section for
more information).

Because a load connected to the battery may draw more
power than provided by the charger, the battery may
discharge while the LT8490 is charging the battery. If
this case occurs and the battery voltage falls below 31%
(typical) of the Stage 2 voltage limit, the undervoltage
fault will become active and the charger will halt until the
battery voltage rises above 35% (typical) of the Stage 2
voltage limit. Consider automatically disabling the load if
the battery depletes below an unacceptably low voltage.

The arrow in Figure 6 shows the proper disconnect point if
removing the battery from the chargerin an in situ battery
charging application. This disconnect point is specified
because the LT8490 is not designed to provide power
directly to a load without the presence of a battery.

a

LT8490
BASED | —ZZZZC
CHARGER ?

CABLE
TO/FROM
CHARGER

>
)‘;/ LOAD
<

I VBar

8490 FOB

Figure 6. Load Connection to Battery in LT8490 Application
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Stage Voltage Limits

The Stage 2 voltage limit (Vgp) is the maximum battery
charging voltage. The voltage limits for Stages 0, 1 and
3 are all related to the Stage 2 limit as shown in Table 3
and Figure 11. If temperature compensated charging is
enabled, then Vgo will change with temperature as shown
in Figure 13. As such, the limits for the other stages will
also change with temperature since they are a constant
proportion of Vgpo.

Table 3. Typical Charging Stage Voltage Thresholds

Vpar RISING OR |  TYPICAL TYPICAL
STAGE TRANSITION FALLING Vpar/Vs2 Vgar/Vs3
Vgar Undervoltage Rising 35% -
Fault — STAGE 0
STAGE 0 — STAGE 1 Rising 70% -
STAGE 1 — STAGE 2 Rising 98% -
STAGE 3 — STAGE 0 Falling - 96%
STAGE 2 — STAGE 1 Falling 95% -
STAGE 1 — STAGE 0 Falling 66% -
STAGE 0 — Vgar Falling 31%
Undervoltage Fault
LT8490 Vgar

FBOUT
FBOR

RrouTi

Roacot  Rpaco2

FBOW

Rrout2

Cpaco
1

GND
4
l e 8490 FO7

Figure 7. Output Feedback Resistor Network

SETTING THE STAGE 2 VOLTAGE LIMIT: The resistor
network shown in Figure 7 is used to set the Stage 2 volt-
age limit. Battery manufacturers typically call for a higher
Stage 2 voltage limit than the nominal battery voltage.
For example, a 12V lead-acid battery used in automotive
applications commonly has a Stage 2 charging voltage
limit of 14.2V. If temperature compensated charging will
be used (see Temperature Measurement, Compensation
and Fault section) then use the 25°C value for Vg in the
equations below.

RegouT? is often chosen between 4.99kQ2 and 49.9kQ.
Choosing higher values for RgggyT2 reduces the amount
of current draw from the battery through the feedback
network.

1.241
1.211

Regour1*Repour *0.833 0

1.241
Rrgout2 * V52 121 1)‘RFBOUT2 ~Regouti

Resoutt =Resour2 '[Vsz '( -0-128)—1]9

Roacoz = (

Rpacot =0-2°RpacooR

1

Coaco=zns—F

500*Rpaco1
For greater charging voltage accuracy, it is recommended
that 0.1% tolerance resistors be used for the output feed-
back resistor network.

Due to the granularity of standard resistor values, simply
rounding the calculated results to their nearest standard
values may result in unwanted errors. Consider using
multiple resistors in series to match the calculated results.
Otherwise, use standard resistor values and check the final
results with the following equations.

R
VX3 =( FBOUT1 ). X-1.89
Rpacot+Roaco? ( )
where
X 1911 [1+ (RDACO1 +Roaco? )+(RDACO1 +Rpaco? )]
FBOUT2 ResouTi

Vs indicates the actual 25°C Vgp voltage using the se-
lected resistors.
_X-1.89

X-3.3

N1

N1 should be as close as possible to 1.22.
1.89

N2=1-—
X

N2 should be as close as possible to 0.805. Iterations may
be required to determine best standard resistor values.
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Table 4 shows good sets of standard value components
for charging nominal battery voltages of 12V, 24V, 36V,
48V and 60V. Iterative calculations were required to select
these values that achieve the best overall results.

Table 4. Standard Value Output Feedback Network vs Output
Regulation Voltage

BATTERY | TARGET | Regour1 | Rrsout2 | Rpacot1 | Rpacoz | Coaco

VOLTAGE | Vs (V) | (k@) | (k@) | (k@) | (k@) | (nF)
12 14.2 274 23.2 26.1 124 82
24 28.4 487 20 28 107 68
36 42.6 787 21 22.6 121 100
48 56.8 1000 20 22.6 115 100
60 71.0 866 13.7 13.3 80.6 150

SETTING THE STAGE 3 VOLTAGE LIMIT: When enabled,
Stage 3 charging maintains the battery voltage at 85% to
99% of Vigo. This proportionis adjustable and is discussed
in the Charger Configuration — CHARGECFG1 Pin section.

BATTERY UNDERVOLTAGE LIMIT: Upon start-up, the
LT8490 checks for battery voltage above 35% (typical)
of the Stage 2 voltage limit. If the battery voltage is less
thanthis, charging will not startand a battery undervoltage
fault will be indicated on the FAULT pin. Charging will begin
after the battery voltage rises above 35% (typical) of the
Stage 2 voltage limit. If the battery voltage subsequently
falls below 31% (typical), charging will again stop and
the fault will be indicated on the FAULT and STATUS pins.

Charge Current Limiting

The maximum charging current is configured with the
outputcurrentlimiting circuit. The output currentis sensed
through Rgense and converted to a proportional current
flowing out of the IMON_OUT pin (see Figure 8).

IMON_OUT voltages above 1.208V (typical) cause V¢ to
reduce due to EA1, and thus limit the output current. IOW
is either driven to ground or floated depending on charg-
ing conditions. This allows the current limit for Stage 0
(lout(maxso)) to be set independently of the remaining
Stages (lout(max)) With proper selection of Rjgw and
Rimon_out. Use the following equations to configure the
charging current limits:

0.0497
lout(max)

Rsense = Q

Rimon_out = 1208 Q
lout(maxso) * Rsense2

24.3k *R
o= e s
IMON_OUT — &7

Rior =3.0ke
Cimon_out =read below

where loyr(max) is the maximum charging currentin Amps,
louT(Maxso) i the maximum trickle charging current in
Stage 0 and loyr(maxso) is no greater than loyr(max). For
cases where loyt(max) = lout(vaxso), it is OK to exclude
Riow and float the low pin. loyr(vmaxso) must be at least

20% of |OUT(|VIAX)-

FROM Rsense2
CONTROLLER ——¢———AVVA&——¢—— TO BATTERY
V, E—
Tt —= OUTPUT X

- CURRENT -

CSPOUT CSNOUT
+ p—
gm=1m
\\7/ é
161 Y 1.208v
FAULT
CONTROL b (&

10w IMON_OUT I0R Ve

LT8490

Rior b
Riow 3.01k

>
RIMON_OUT < C
T T T

Figure 8. Output Current Regulation Loop
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Cimon_outreduces IMON_OUT ripple and stabilizes the con-
stant charging current control loop. Reducing Cyvon_out
improves stability and minimizes inductor current
overshoot that can occur if a discharged battery is quickly
disconnected then reconnected to the charger. However,
this is at the expense of increased IMON_OUT ripple that
can introduce more noise into the ADC measurements.
The higher frequency pole created at IMON_OUT must be
adequately separated from the lower frequency pole at the
V¢ pin for proper stability. A Cywon_out capacitor in the
range of 4.7nF to 22nF is adequate for most applications.

Input Current Limiting

SOLAR PANEL SUPPLY: Solar panelsare inherently current
limited and may not be able to provide maximum charging
power at the lowest input voltages. The LT8490 uses its
MPPT algorithm to sweep the panel voltage as low as 6V
to find the maximum power point. Make sure that the input
current limitis set higher than the maximum panel current
capability, plus at least 20% to 30% margin, in order to
achieve the maximum charging capability of the system.

In addition, note that the LT8490 uses the same circuit
(shownin Figure 9) to measure the input currentas to limit
it. The input current is measured by an A/D conversion of
the IIR pin voltage which is connected to IMON_IN and is
proportional to input current. The digitized input currentis
usedto locate the maximum power point of the solar panel.
Setting a higher input current limit reduces the resolution
of the digitized reading of the input current. Avoid setting
the input current limit dramatically higher than necessary,
as this may affect the accuracy of the maximum power
point calculations.

DC POWER SUPPLY: When charging a battery at maxi-
mum current, and thus power, a low voltage supply must
provide more current than a high voltage supply. This can
be seen by equating output power to input power, less
some efficiency loss.

Vin e iy e m = Vpar ® Igar

or

VAT *IBAT(MAX)
Vinginy *m

ngvax) =

where the efficiency factor n is typically between 0.95
and 0.99.

When powered by a DC supply, appropriate input cur-
rent limiting is recommended for supplies that might
(1) become overloaded as the supply ramps up or down
through 6V or (2) provide more input current than the
charger components can tolerate.

SETTING THE INPUT CURRENT LIMIT: The input current
is sensed through Rggnset @s shown in Figure 9. The
current through Rgeyseq is converted to a voltage on the
IMON_IN pin according to the following equation:

Iy *R
Vimon _in = [(%"'WA)'RIMON_IN}V

IMON_INvoltages exceeding 1.208V (typical) cause the Vg
voltage toreduce, thus limiting the input current. Rjmon v
should be 21kQ + 1% or better. Using this information,
the appropriate value for Rgeysgq can be calculated using
the following equation:

1.208V
1000 (21k9 i ) 0.0505
Rsenset = = Q
hngvax) hngvax)

where lin(viax) is the maximuminput currentlimitin Amps.
Rsenseq values greater than 25mQ are not recommended.

RsEnsE1
FROM SOLAR PANEL OR

DC POWER SUPPLY

TO REMAINDER
fanng OF SYSTEM

X OUTPUT X
= CURRENT =

LT8490

Cimon_IN

Rimon_in

ske |
L

.||-|
H

8490 F09

Figure 9. Input Current Regulation Loop
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Cimon_in reduces IMON_IN ripple and stabilizes the input
current limit control loop. Reducing Cymon_n improves
stability and minimizes possible inductor current overshoot.
However, thisis atthe expense ofincreased IMON_IN ripple
thatcanintroduce more noise into the ADC measurements.
The higher frequency pole created at IMON_IN must be
adequately separated from the lower frequency pole at the
V¢ pin for proper stability. A Cjyon_in capacitor of 4.7nF
to 22nF is adequate for most applications.

Input and Output Current Sense Filtering

The Cgy and Rgy current sense filtering shown in Figure 10
can improve the accuracy of the input and output current
measurements atlow average currentlevels. Amplifiers A7
and A8 (Figures 8 and 9) can only amplify positive Rggnse
voltages. Although the average Rggysg voltage is always
positive, the voltage ripple at low average current levels
may contain negative components that are averaged out
by the filter. Recommended values for Rg1, Rgo and Cgy,
Cgp are 10€2 and 470nF.

Cc1and Cgo may be required, depending on board layout,
to reduce common mode noise that may reach the LT8490
pins. 100nF ceramic capacitors, with the appropriate volt-
age ratings, work well in most cases. Be sure to place all of
the filter components (Csy, Rsy, Gcx) close to the LT8490
for best performance.

Finally, note that a small voltage drop (typically ~0.25mV
per 10Q2) will occur across Rgq and Rgo due to the input
bias currents of CSNOUT and CSNIN. This represents a
~0.5% reduction in the maximum current limit which typi-
cally occurs with ~50mVacross Rggnse. The C/10threshold
(typically when 5mV is measured across CSPOUT and
CSNOUT) will also reduce to C/10.5 due to the 0.25mV
drop across Rgp.

RsEnsE1 RsEnsE2

Cgr SRst sy Shs2
Ce1 ’_l Cc2 b_l
I I
= CSPIN  CSNIN = CSPOUT CSNOUT

LT8490 LT8490

8490 F10

Figure 10. Recommended Current Sense Filter
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Figure 11. CHARGECFG1 Pin Configuration

Charger Configuration - CHARGECFG1 Pin

The CHARGECFG1 pin is a multifunctional pin as shown in
Figure 11. Set this pin using a resistor divider totaling no
less than 100kQ2 to the AVpp pin (see the Typical Applica-
tions section forexamples). The voltage on CHARGECFG1,
as a percentage of AVpp, makes the selections discussed
below. Avoid setting the divider ratio directly at any of
the inflection points on Figure 11 (e.g. 5%, 45%, 50%,
55% or 95%)

ENABLE/DISABLE TEMPERATURE COMPENSATED VOLT-
AGE LIMITS: Setting the CHARGECFG1 pin in the upper
half of the voltage range (> 50%) enables battery voltage
temperature compensation, while using the bottom half
(<50%) disables the temperature compensation, evenifa
thermistoris coupled to the battery pack. The next section
provides more detailed information.

DISABLE STAGE 3: Setting the CHARGECFG1 pinto AVpp
or 0V disables Stage 3. When the CHARGECFG1 pin is set
in this manner, the charging algorithm will never proceed
to Stage 3. Stage 3 is commonly used for lead-acid battery
charging but is not typically used for lithium-ion battery
charging.

ENABLE STAGE 3: Setting the CHARGECFG1 pin between
5% t0 95% of AVpp enables Stage 3 charging and sets the
Stage 3 voltage limit (Vg3) as a percentage of the Stage
2 voltage limit (Vgp) according to the following formulas.
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When temperature compensated charging and Stage 3
are enabled, use:

CHARGECFG1% = [(2.67 . (% - 0.85)) +0.55|+100%

S2

When temperature compensated charging is disabled and
Stage 3 is enabled, use:

*100%

CHARGECFG1% 2.72-(2.67-(&))
Vs2

where Vg3/Vgo should be between 0.86 to 0.99.

For example, to enable temperature compensated charg-
ing with Vg3 set to 93% of Vgp, choose a divider that puts
CHARGECFG1 at 76% of AVpp. For best accuracy use
resistors that have a 1% tolerance or better.

Temperature Measurement, Compensation and Fault

The LT8490 can measure the battery temperature using
an NTC (negative temperature coefficient) thermistor
thermally coupled to the battery pack. The temperature
monitoring function is enabled by connecting a 10k<,
B = 3380 NTC thermistor from the TEMPSENSE pin to
ground and an 11.5kQ (1% tolerance or better) resistor
from AVpp to TEMPSENSE (as shown in Figure 12). If
battery temperature monitoring is not required, then use a
10kQ resistor in place of the thermistor. This will indicate
to the LT8490 that the battery is always at 25°C.

CABLE
TO CHARGER OUTPUT __

TO/FROM
AT RsENse2 CHAEGER N

H
' T 1
LT8490 — - = |
—Re— | =
______ 1 i il 1
AVpp =,
1
%11.5k a
TEMPSENSE

GND 100nF 10k NTC THERMISTOR
| THERMALLY COUPLED
° WITH BATTERY PACK

= 8490 F12

Figure 12. Battery Temperature Sensing Circuit

The LT8490 monitors the voltage on the TEMPSENSE pin
to determine the battery temperature and also to detect if
the thermistor is connected or not. A TEMPSENSE volt-
age greater than 96% of AVpp (typical) indicates that the
thermistor has been disconnected. Three charger functions
rely on the TEMPSENSE information.

1. INVALID BATTERY TEMPERATURE FAULT: A tempera-
turefault occurs whenthe battery temperature is outside
ofthe valid range as configured onthe CHARGECFG2 pin
(—20°C to 50°C or 0°C to 50°C). The temperature fault
condition remains until the temperature returns within
-15°Ct045°Cor5°Cto45°C (5°C of hysteresis). During
a temperature fault, charging is halted and the STATUS
and FAULT pins follow the pattern described in Table 6.
If timer termination is enabled with the CHARGECFG2
pin, the timer count is paused during the temperature
fault and resumes when the fault state is exited.

2. BATTERY VOLTAGE TEMPERATURE COMPENSATION:
Some battery chemistries charge best when the voltage
limit is adjusted with battery temperature. Lead-acid
batteries, in particular, experience a significant change
inthe ideal charging voltage as temperature changes. If
enabled withthe CHARGECFG1 pin, the battery charging
voltage and all related voltage thresholds are automati-
cally adjusted with battery temperature. As the voltage
on the TEMPSENSE pin changes, the PWM duty cycle
from the FBOW pin changes such that the voltage limits
of the LT8490 follow the curve shown in Figure 13.

112

K \
102

N

N
98 J

N

96
-25 <15 -5 5 15 25 35 40 55
BATTERY TEMPERATURE (°C)

8490 F13

Figure 13. Stage 2 Voltage Limit vs Temperature
When Temperature Compensation Is Enabled
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3. BATTERY DISCONNEGT SENSING: The LT8490 detects
if the battery and thermistor have been disconnected
from the charger by monitoring the TEMPSENSE pin
voltage. When the connection to the battery is severed,
as shown by the arrow in Figure 12, the connection to
the thermistor is also severed and the TEMPSENSE
voltage rises up to AVpp through the 11.5kQ resis-
tor. During the time when the battery is not present,
the LT8490 halts charging. The charger automatically
restarts the charging at Stage 0 when a battery (along
withintegrated thermistor or resistor) is sensed through
the TEMPSENSE pin.

Charger Configuration - CHARGECFG2 Pin

The CHARGECFG2 pinis a multifunctional pin as shown in
Figure 14. Set this pin using a resistor divider totaling no
less than 100kQ to the AVpp pin (see the Typical Applica-
tions section forexamples). The voltage on CHARGECFG2,
as a percentage of AVpp, makes the selections discussed
below. Avoid setting the divider ratio directly at any of the
inflection points on Figure 14 (e.qg. 5%, 10%, 45%, 50%,
95%, 90% or 95%)

TIME LIMITS ONLY AVAILABLE
IN POWER SUPPLY MODE

STAGE 1 AND 2
COMBINED TIMER
AND

STAGE 3
TIMER

TIME (HRS)
NO TIME LIMIT
NO TIME LIMIT

STAGE 0

3 TIMER
2 — NARROW VALID WIDE VALID
05 BATTERY TEMP. RANGE BATTERY TEMP. RANGE 1

I I I T 1T I I I
0 5 10 45 50 55 90 95 100 *°7

CHARGECFG2 PIN VOLTAGE (% OF AVpp)

Figure 14. CHARGECFG2 Pin Voltage Settings

ENABLE/DISABLE CHARGING TIME LIMITS: The LT8490
supports charging time limits only when power supply
mode is enabled (see the DC Supply Powered Charging
section). When power supply mode is disabled, any finite
time limitsetting on CHARGECFG2 isinterpreted as notime
limit. This section discusses how to configure the time
limits using the CHARGECFG2 pin. For more information
about the operation of the time limits see the Charging
Time Limits section.

Setting the CHARGECFG2 pin between 5% to 95% of
AVpp allows for time limit settings between 0.5 hours to
3 hours for Stage 0, 2 hours to 12 hours for Stage 1 and 2
combined and 2 hours to 12 hours for Stage 3. The
Stage 0 time limit is always 1/4th of the Stage 1 + Stage 2
time limit and the Stage 3 time limit is always the same
length as the Stage 1 + Stage 2 limit. When choosing a
Stage 1 + Stage 2 time limit of 12 hours, choose a divider
ratio very close to 7.5% or 92.5%. When choosing a
Stage 1 + Stage 2 time limit of 2 hours, choose a divider
ratio very close to 47.5% or 52.5%. For time limits in
between, use one of the following formulas.

When the wide valid battery temperature range (-20°C to
50°C) is desired use:

CHARGECFG2% = 3.5% * (Tg1sp — 2) + 55%

where Tg1go is the desired Stage 1 + Stage 2 time limit in
hours between 2.1 and 11.9.

When the narrow valid battery temperature range (0°C to
50°C) is desired use:

CHARGECFG2% = 45% — 3.5% * (Tg1g2 - 2)

where Tg1go is the desired Stage 1 + Stage 2 time limit in
hours between 2.1 and 11.9.
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Setting CHARGECFG2 below 4% (i.e., ground) or above
96% of AVpp (i.e., tie to AVpp) disables the time limits,
allowing the charging to run indefinitely in lieu of any fault
conditions.

SELECT THE VALID BATTERY TEMPERATURE RANGE:
Setting the CHARGECFG2 pin in the top half of the voltage
range (> 50%) selects a wider valid battery temperature
range (-20°C to 50°C), while using the bottom half of the
voltage range (< 50%) selects a narrower valid battery
temperature range (0°C to 50°C). Generally, lead-acid
batteries would use the wide range, while lithium-ion bat-
teries would use the narrow range. See the Temperature
Measurement, Compensation and Fault section for more
information about the invalid battery temperature fault.

Charging Time Limits

Charging time limits can be enabled only in power supply
mode by properly configuring the CHARGECFG2 pin (see
the Charger Configuration — CHARGECFG2 Pin section).
Charging time limits are not recommended for use when
a load is present on the battery due to the unpredictable
amount of time that may be required to achieve full charge.

Whenenabled, the appropriate timers startatthe beginning
of Stages 0, 1 and 3. If the timer expires while operating
in its respective stage or the LT8490 returns to a charging
stage after its respective timer has expired, charging stops
immediately. As shown in Table 5, expiration of a timer is
treated as either a fault or as done charging depending on
the timerthat expired and the configuration of the charger.
Inany case, when charging stops, the fault or done charg-
ing status is indicated on the STATUS and FAULT pins as
described in the STATUS and FAULT Indicators section.

Table 5. Charger Conditions and Timer Expiration Results

CHARGING RESULT
STAGE WHEN STAGE 3 OF TIMER
TIMER EXPIRES | ENABLED? TIMER USED EXPIRATION
0 - Stage 0 Fault
1 - Stage 1 + Stage 2 Fault
2 - Stage 1 + Stage 2 Fault
3 Yes Stage 3 Done Charging

STAGE 2 TERMINATION (TIME LIMITS ENABLED): Timer
expiration in Stage 2 causes a faultand charging stopsim-
mediately with a fault indication on the STATUS and FAULT
pins. Ifthe Stage 2 output current drops below G/10 before
the timer expires and Stage 3 is disabled then charging
stops and done charging is indicated on the STATUS pin.

STAGE 2 TERMINATION (TIME LIMITS DISABLED): Iftime
limits are disabled, Stage 2 can only terminate if Stage 3
is also enabled. After charging current falls below G/10,
charging will proceed to Stage 3. If Stage 3is also disabled
then the charger will operate in Stage 2 indefinitely unless
the battery voltage falls enough for charging to revert back
to Stage 1. During the indefinite Stage 2 charging, the
STATUS pin will indicate if Stage 2 current is below G/10
or above C/5 (as shown in Tables 6 and 7).

STAGE 3 TERMINATION CONDITIONS: If Stage 3
is enabled and time limits are disabled, the LT8490 will
remain in Stage 3 forcing reduced constant-voltage indefi-
nitely unless the battery voltage falls below 96% of Vg3 or
charging current rises above C/5 causing the charger to
revert back to Stage 0. If Stage 3 is enabled and time limits
are enabled, timer expiration in Stage 3 will stop charging
and communicate the done charging state through the
STATUS pin (as shown in Tables 6 and 7).
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Lithium-lon Battery Charging

The LT8490 is well suited to charge lithium-ion batteries.
Connecting the CHARGECFG1 and CHARGECFG2 pins to
ground puts the LT8490 into a typical configuration for
lithium-ion battery charging (0°C to 50°C valid battery
temperature, Stage 3 disabled, no temperature compensa-
tion, no time limits). Figure 15 shows a typical lithium-ion
charging cycle in this configuration.

If no timer termination has been selected, the LT8490 will
charge the lithium-ion battery stack to the desired Stage 2
voltage limit, maintaining that limit indefinitely. When the
charging current is < G/10, the STATUS pin will go high
as described in Table 6.

NOTE: When solar charging a Li-lon battery without time
limits it is recommended that the Stage 2 voltage limit
not exceed 95% of the lithium-ion maximum cell voltage.

STAGE 0 | STAGE 1
TRICKLE |CONSTANT
CHARGE | CURRENT VOLTAGE

MAXIMUM CHARGING ‘ (FLOAT)

T
|
CURRENT () | ———— —1# 777777777777777777

STAGE 2
VOLTAGE LIMIT BATTERY VOLTAGE

STAGE 2
CONSTANT

/ CHARGING
CURRENT
HARGING TIME sieors

Figure 15. Lithium-lon Battery Charging Cycle

Since this configuration can charge indefinitely, follow-
ing this guideline keeps the lifetime of the batteries from
degrading quickly.

Lead-Acid Battery Charging

The LT8490 can be used to charge lead-acid batteries.
Setting the CHARGECFG1 pin to 87.6% of AVpp and
CHARGECFG2 pin equal to AVpp configures the LT8490
for typical lead-acid battery charging (—20°C to 50°C
valid battery temperature, Stage 3 enabled with Vg3/Vgo =
97.2%, temperature compensated voltage limits, no time
limits). Figure 16 shows a typical lead-acid charging cycle.

If time limits have been disabled, the LT8490 will charge
the lead-acid battery stack to the desired Stage 3 voltage
limitand restart the charging cycle if 1) the battery voltage
falls below 96% of the Stage 3 voltage limit (Vg3) or 2)
the charging current rises above G/5.

STAGE 0 | STAGE 1 STAGE 2 STAGE 3
TRICKLE |CONSTANT CONSTANT REDUCED
CHARGE | CURRENT VOLTAGE CONSTANT
VOLTAGE
MAXIMUE/I CHARGINCG | (BULK) | (ABSORPTION) | (FLOAT)
URRENT (C) [-———— o A
STAGE2 |- ———— | ———= \ RE—.
VOLTAGE LIMIT
STAGE 3| ————fl —————+\———

VOLTAGE LIMIT

CHARGING
CURRENT

8490 F16

obl-—_ " __

HARGING TIME

Figure 16. Lead-Acid Battery Charging Cycle
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STATUS and FAULT Indicators

The LT8490 reports charger status through two outputs,
the STATUS and FAULT pins. These pins can be used to
drive LEDs for user feedback. In addition, the STATUS pin
doubles as a UART output to send status information to a
peripheral device. Table 6 describes the LED behavior of
these pins in relationship to the charger status.

While the LT8490 is operating, the STATUS pin toggles on
a3.5sec (typical) interval as shown in Figure 17. The three
pulses shownin Figure 17 represent the charger operating
in Stage 3. The STATUS and FAULT pins pull up to turn the
LEDs on and drive to ground to turn the LEDs off.

Table 6. STATUS and FAULT LED INDICATORS

LED PULSES/3.5s,
APPROXIMATE ON-TIME PER

FOR MORE
CHARGER PULSE INFORMATION SEE
STATUS STATUS FAULT SECTION
Stage 0 1, 10ms OFF Battery Charging
Algorithm
Stage 1 1, 250ms OFF Battery Charging
Algorithm
Stage 2 and 2,250ms OFF Battery Charging
(Stage 3 Enabled Algorithm
or Time Limits and Charger
Enabled or lgyt Configuration
Rising Above C/5) Sections
Stage 2 and ON OFF Battery Charging
Stage 3 Disabled Algorithm
and Time Limits and Charger
Disabled and lgyt Configuration
Falling Below C/10 Sections
Stage 3 3, 250ms OFF Battery Charging
Algorithm
Done Charging ON OFF Charging Time
Limits
Battery Present 1,10ms 1,250ms Temperature
Detection Fault Measurement,
Compensation and
Fault
Invalid Battery 1,10ms 2,250ms Temperature
Temperature Fault Measurement,
Compensation and
Fault
Timer Expiration 1,10ms 3, 250ms Charging Time
Fault Limits
Battery 1, 10ms 4,250ms Stage Voltage
Undervoltage Fault Limits

_ 3.5s
0.5s
LED ON —Lm
LED OFF — @

UL

8490 F17

Figure 17. Example Waveform for STATUS Pin in STAGE 3
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Driving LEDs with the STATUS and FAULT Pins

The STATUS and FAULT pins on the LT8490 can be used
to drive LED indicators. Figure 18 shows the simplest
configuration for driving LEDs from these two pins.

The STATUS pincandrive upto2.5mAintoan LED. Choose
Rpsatolimitthe LED currentto 2.5mAorless when STATUS
is driven close to 3.3V. Choose Rpgg to conduct a current
equivalenttothe LED currentwhen STATUS is driven close
to ground and Rpgp has ~3.3V across the terminals. Dg, in
Figure 18, conducts ~2.5mA when STATUS is driven high.
Rpsg conducts ~2.5mA when the STATUS is driven low.

The FAULT pin has a weak pull up in comparison to the
STATUS pin (see the Typical Performance Characteristics
section). The LED current is typically self-limited to less
than 1mA by the FAULT pin driver. Rppg in Figure 18 is
typically 3.32kQ2 and increases the FAULT LED current.
When configured as shown in Figure 18, the D¢ LED cur-
rent should be limited to less than 1.5mA.

Fordriving higher current LEDs, the circuitinFigure 19 can
be used. Note that the LED currentfor Dgis provided by the
INTV¢¢ regulator in this case. Excessive LED current can
overload the INTVgg regulator and/or cause excessive
heating in the LT8490. 7.5mA is a good starting point
when using this circuit. Higher currents can be possible

LT8490 LD033

Vpp

STATUS

FAULT

Dg: OSRAM, LGL29KF2J124Z
Dr: OSRAM, LGL29K-H1J2-1-Z

8490 F18

Figure 18. Default STATUS/FAULT LED Indicators

with careful board evaluation. Transistor Q2 must have a
collector-emitter breakdown voltage greater than INTV .
The MMBT3646 has a breakdown voltage of 15V and is
well suited for this application.

The LED current for Dg is provided by Vyy in this case. Do
not draw current for Dg from INTV ¢ since this increases
power dissipation in the LT8490. Transistor Q1 must
have a collector-emitter breakdown greater than V. The
MMBT5550L has a breakdown voltage of 140V and is
suitable for most applications.

To properly set the resistors shown in Figure 19, use the
following equations:
RE1 = EQ
Ip

Intvee = Vr

Re1 L
Ip

where INTV is typically 6.35V, Vg is the forward voltage
of the LED (often about 1.7V) and Iy is the desired bias
current through the LED.

LT8490
Vin Vi INTVge
Re1
//\‘// Dg
%ﬂ/ D
R+
Q1 STATUS FAULT Q2

RE1 "= 8490F19

Q1: MMBT5550L
Q2: MMBT3646

Figure 19. Higher Current Drive for STATUS/FAULT LEDs

8490f

20

For more information www.linear.com/LT8490

LY N


http://www.linear.com/LT8490

LT84%90

APPLICATIONS INFORMATION
STATUS Pin UART

The STATUS pin also provides a UART (transmit only)
communication function. This feature allows for remote
monitoring of the LT8490. Immediately after each initial
pulse described in Table 6 the STATUS pin sends out a
synchronizing byte (0x55) followed by a status byte. UART
data is transmitted with the LSB first. Figure 20 shows the
zoomed in region labeled (A) from Figure 17.

UART START BIT ~ UART STOP BIT  UART START BIT

l N |
U

| | | |
SYNC BYTE 0x55 STATUS 0x14

UART STOP BIT

8490 F20

Figure 20. UART Transmission Waveform from
Figure 17 Label (A)

The status byte shownin Figure 20 hasinformation regard-
ing the present charging stage as well as fault informa-
tion. The data format for each UART byte is 8 data bits,
no parity, with one stop bit. The baud rate is 2400 baud
+10% which may require auto baud rate detection, using
the sync byte, for proper data reception. Figure 21 defines
each bit present in the status byte. The status byte always
contains an MSB of 0. Status bytes containing an MSB of
1 should be disregarded.

MSB LSB

0 [LP|S2|S1|SO(F2|F1(FO

8490 F20

Figure 21. Status Byte Decode

LP: “0” if in low power mode (see the Low Power Mode
section)

$2/81/80: Stage description (see Table 7)
F2/F1/F0: Fault description (see Table 8)

Table 7. Stage Description

STAGE CONDITIONS §2 S1 S0
Stage 0 - 0 0 0
Stage 1 -
Stage 2 Stage 3 Enabled 0 1 0
Timers and Stage 3
Disabled, Charging Current
Has Risen Above C/5
Timers and Stage 3 1 0 0
Disabled, Charging Current
Falls Below C/10
Stage 3 - 0 1 1
Done Charging - 1 0 1

Table 8. Fault Description

FAULT INFORMATION F2 F1 FO
No Faults Present 0 0 0
Battery Disconnected 0 0 1
(Thermistor Disconnected)
Invalid Battery Temperature 0 1 0
Timer Fault 0 1 1
Battery Undervoltage 1 0 0

If multiple faults are present, the fault listed highest in
Table 8 is reported through the STATUS and FAULT pins.

8490f
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Automatic Charger Restart and Fault Recovery

The LT8490 employs many features and checks that may
cause the charger to stop until favorable operating condi-
tions return. Table 9 summarizes the typical cause for the
L T8490 to stop charging along with the conditions under
which it willautomatically restart charging. Upon automatic
restart all timers are reset except when resuming from an
invalid battery temperature fault.

Table 9. Automatic Restart Conditions

CAUSE FOR RESTART
CHARGING TO OR RESUME
STOP REQUIREMENT FOR RESTART CHARGING
Done Charging Stage 3 disabled and Vgar drops Restart
below 95% of Vgo
Stage 3 enabled and Vgar drops Restart
below 96% of Vg3
Battery Vpar rises to 35% of Vgo Restart
Undervoltage Fault
Stage 0 Timeout | Vpar rises to 70% of Vgo or every Restart
hour after stopping (read below)
Stage 1 Timeout | Vgar rises 5% or Vgar rises to 98% Restart
of Vgo or every hour after stopping
(read below)
Stage 2 Timeout | Vpar falls below 66% of Vgo or every | Restart
hour after stopping (read below)
Invalid Battery Battery temperature returns within Resume
Temperature the valid temperature range with 5°C
hysteresis
Battery Re-Connect Thermistor Restart
Disconnected Fault

The charger will attempt to restart every hour (typically)
after having stopped due to a timeout fault in Stage 0,
Stage 1 or Stage 2. Configuring the charger in any of the
following ways prevents the charger from automatically
restarting every hour:

1. Stage 3 disabled and narrow battery temperature range
selected and temperature compensated battery voltage
not selected.

2. Not operating in power supply mode.
3. Timer limits disabled.

SHDN Pin Connection

The LT8490 requires 1.234V (typical) on the SHDN pin
to start-up. A minimum of 5V on V| is also required for
proper start-up operation; therefore, a resistor divider
from V) to the SHDN pin is used to set this threshold.
Connect the SHDN pin as shown in Figure 22 (1% resistor
tolerance or better required).

Vi 178490
Vin

GND

8490 F22

Figure 22. SHDN Pin Resistor Divider
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Switching Configuration — MODE Pin

The LT8490 has two modes of switching behavior con-
trolled by the state of the MODE pin. Tying MODE to a
voltage above 2.3V (i.e., Vpp or INTVgg) configures the
part for discontinuous conduction mode (DCM) which
allows only positive current flow to the battery. More
information about this mode of operation can be found
in the LT8705 data sheet.

Tying the MODE pin below 0.4V (i.e. ground) changes the
configuration as follows:

1. AUTOMATIC CCM/DCM MODE SWITCHING: Very large
inductor current ripple can lead the LT8490 to operate
at high currents while still in DCM. In this case, the M4
switch (highlighted in Figure 23) can become hot due to
the battery charging current flowing through the body
diode of this device.

8490 F23

Figure 23. Simplified Diagram of Switches

Connectingthe MODE pinlow can reduce the M4 heating
by activating the continuous conductionthreshold mode
(CCTM). In this mode the average charging current
is monitored by the IMON_OUT pin. The LT8490 will
operate in conventional DCM while the battery charging
current, and thus IMON_OUT, is low (below 122mV
typically). Asthe charging currentincreases, IMON_OUT
willeventually rise above ~195mV signaling the LT8490
to enter CCM operation that will turn on M4 and reduce
heating. While the average charging current will be
positive, this mode does allow some negative current
flow within each switching cycle. Use DCM operation
if this behavior is not desired.

. AUTOMATIC EXTVge REGULATOR DISCONNECT: As

discussed in more detail in the LT8705 data sheet,
the INTVgg pin is regulated to 6.35V from one of two
possible input pins, Vi or EXTVg. The EXTV¢g pin is
often connected to the battery allowing INTV¢¢ to be
regulated from a low voltage supply which minimizes
powerlossand heatinginthe LT8490. However, EXTV¢g
should be disconnected fromthe battery when charging
current is low to avoid discharging the battery.

When MODE is low, the LT8490 automatically forces
the INTVgc regulator to use Vyy instead of EXTV¢g
for the input supply when charging current becomes
low. Charging current is monitored on the IMON_OUT
pin. When IMON_OUT falls below 122mV (typical) the
INTVc regulator uses Viy as the input supply. When
IMON_OUT rises above ~195mV INTV¢c will regulate
from EXTV¢e if EXTVg is also above 6.4V (typical).
This same functionality can be achieved when MODE
is tied high by using the external circuit discussed in
the Optional EXTV¢ Disconnect section.

Finally, a 305kQ (typical) resistor is connected from
EXTVgc to ground inside the LT8490. This resistor can
draw current from the battery unless EXTV¢ is discon-
nected. See the Optional EXTVgg Disconnect section
for a way to automatically disconnect EXTVge when
charging current becomes low or charging stops.

8490f
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Optional Low Power Mode

When current from the solar panel is not high enough to
reliably measure the maximum power point, the LT8490
may automatically begin operating in low power mode.
Low power mode is automatically disabled when operat-
ing from a DC supply in power supply mode. Otherwise,
the low power mode feature is enabled by default and
allows the LT8490 to charge a battery under very low
light conditions that would otherwise cause the LT8490
to stop charging. Low power mode can also be disabled
with @ method discussed later in this section.

Inlow power mode, the LT8490 momentarily stops charg-
ing, allowing the panel voltage to rise. When the panel
has sufficiently charged the input capacitor, the LT8490
transfers energy from the input capacitor to the battery
while drawing down the panel voltage. This behavior re-
peats rapidly, delivering charge to the battery as shown in
the Panel Voltage in Low Power Mode plots in the Typical
Performance Characteristics section.

MINIMUM INPUT CAPACITANCE FOR LOW POWER MODE:
A minimum amount of energy must be transferred from
the input capacitor to the battery during each charge
transfer cycle. Otherwise the battery may be drained
instead of being charged. Figure 24 shows the minimum
input capacitance required when the charger is operating
near the 10V minimum input voltage. As the panel volt-
age rises, due to increased illumination, more energy is
storedinthe input capacitorand a corresponding increase
of energy is delivered to the battery. Carefully check the
solar panel voltage for good stability and minimal ripple
when operating with low input capacitance.

MINIMUM INPUT VOLTAGE: With low power mode enabled,
the panel voltage must initially exceed 10V (typical — as
measured through the VINR pin) before the charger will
attempt to charge the battery. If adequate charge is not
being delivered to the battery, the charger may temporarily
wait for even more input voltage before transferring the
input charge to the battery.

EXITING LOW POWER MODE: The charger will automati-
cally exit low power mode and resume normal charging
after adequate input current is detected. The charger
typically requires the input current to exceed 2.5% to

n
o
o
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U

—_
o
o

e

o
o

MINIMUM INPUT CAPACITANCE (pF)
g

0
0 10 20 30 40 50 60 70 80
BATTERY VOLTAGE (V)

8490 F24

Figure 24. Minimum Input Capacitor
Required for Low Power Mode

3% of the maximum input current limit to make a valid
power point reading and exit low power mode. The panel
voltage may be adjusted as low as 6V when searching for
the maximum power point.

DISABLING LOW POWER MODE: If the minimum input
capacitance, or 10V minimum start-up voltage are not suit-
able for the application, low power mode can be disabled
byincluding the resistor Ry p=3.01kQas shownin Figure
25. When low power mode is disabled, the LT8490 will
attempt to charge the battery after 6V or more is detected
on the panel. If the input current is too low (typically less
than 1.5% of the maximum input current limit) charging
is temporarily halted. The LT8490 will attempt to charge
the battery on 30 second intervals or when the LT8490
measures a significant rise in the panel voltage. When the
LT8490 determines that there is sufficient panel current,
normal charging operation will automatically resume.

Vin

LT8490

RrBINt

Roaciz  Roacit

Rrain2

8490 F25

Figure 25. Disabling Low Power Mode with Resistor Ry.p
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Optional Output Feedback Resistor Disconnect

To measure and regulate the battery voltage, the LT8490
usesaresistor feedback network connected to the battery.
Unless these resistors are disconnected from the battery,
they will draw current from the battery even when it is not
being charged as seen in Figure 26. This may be undesir-
able when using small capacity batteries.

Ifdesired, the resistors can be automatically disconnected
from the battery when charging stops by using the cir-
cuit shown in Figure 27. This circuit is controlled by the
SWENO signal from the LT8490 and connects the resistor
feedback network when charging is taking place. When
charging stops, the network is disconnected and current
draw from the battery becomes negligible.

IDRAIN

RrBoUT

LT8490
FBOUT

FBOR

+

Rpacot  Rpacoz

i
i
FBOW I Vear
R i
SWEN FBOUT2 T

SWENO = —

GND

8490 F26

Figure 26. Battery Discharge When Not Charging

TO CHARGER OUT
ATRsENsE2

LT8490
FBOUT
FBOR OPTIONAL

FEEDBACK
Rpaco2

Rpaco1

FBOW DISCONNECT

CIRCUIT

SWEN
SWENO

GND

\‘5490 F21

Figure 27. Optional Feedback Resistor Disconnect Circuit

1

1

1

1

1

1

1

1

1

: T
RESISTOR | =

I v

! _T_Vear

1

|

1

1

1

1

1

1

1

1

1

|

SELECTING M5: This PMOS must have a drain to source
breakdown voltage greater than the maximum Vgar. The
ZVP3310F is rated for 100V making it suitable for most
applications.

SELECTING Q3: This NPN must have a collector to emitter
breakdown voltage greater than the maximum Vgar. The
MMBT5550L is also suitable for most applications due to
its 140V breakdown rating.

SELECTING Ry jm3: Using Vgsonand setting Rygs1 to 100kQ

R
RL||V|3 = [(—VVGS1 ) 2.6V
GSon

Q

where Vgson iS the desired gate to source voltage needed
to turn on M5. If M5 is not properly selected, the on re-
sistance may be large enough to cause a significant volt-
age drop across the drain-source terminal of this device.
Check this voltage drop to determine if the application
can tolerate this error.

SELECTING Z1: Due to the transients that may occur
during hot-plugging of a battery, this Zener diode is rec-
ommended to protect device M5 from excessive gate to
source voltage. If using device Z1, the reverse breakdown
voltage should be selected such that Vgson < Vz1breakdown
< Vigsmax where Vggmax is the maximum rated gate to
source voltage specified by the device manufacturer. The
BZT52C13 hasareverse breakdown voltage of 13V making
it suitable for the Ry 3 value shown in Figure 27.

ALTERNATE CIRCUIT: For lower battery voltages (< 20V),
Q3 in Figure 27 can saturate. To avoid this, consider con-
necting the emitter of Q3 directly to ground by removing
Riivs and adding resistor Ryjus to the base of Q3 as
shown in Figure 28. Employing the optional feedback
resistor disconnect at arbitrarily low battery voltages will
be limited by the required gate to source voltage of M5.

Use the following equation to properly set Ry w4

R
R —01e__VGST
LIM4 V.

BAT
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\‘8490 F29

Figure 28. Optional Low Battery Voltage Feedback
Resistor Disconnect Circuit
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Figure 29. Optional EXTV¢¢ Disconnect Circuit
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Figure 30. IR Drop Present in Battery Connection

Optional EXTV¢¢ Disconnect

It is often desirable to connect EXTV to the battery to
reduce power loss (increase efficiency) and heating in
the LT8490. However, the LT8490 draws current into
the EXTVgc pin that can drain the battery when charging
currents are low or when charging stops. Tying the MODE
pin low, as discussed in the Switching Configuration —
MODE Pin section, eliminates most of the current draw
from EXTVgc when the charging current becomes low.
However, there is a 305kQ (typical) path from EXTV¢ to
ground through the LT8490 at all times. If MODE is tied
high or if the 3059kQ load is undesirable, EXTV¢¢ can be
disconnected with the optional circuit shown in Figure 29.

The LT8490, viathe ECON signal, disconnects EXTVg¢ from
the battery when charging current becomes low. Charging
current is monitored by measuring the IMON_OUT pin
voltage with the IOR pin’s A/D input. When IMON_OUT
falls below 122mV (typical) the ECON signal goes low and
EXTVccisdisconnected fromthe battery. When IMON_OUT
rises above 195mV (typical) the ECON signal goes high
and EXTV is reconnected to the battery.

Follow the same recommendations and equations from
the previous section for choosing components for the
optional EXTV¢ disconnect circuit.

Optional Remote Battery Voltage Sensing

The LT8490 measures the battery voltage continually
during charging. The apparent battery voltage is sensed
from ground of the LT8490 to the top of Reggyy. Dur-
ing charging, resistance in the battery cables (RgagLe'/
ReagLe” in Figure 30) causes the apparent voltage to be
higher than the actual battery voltage by 2 ¢ V|g.

The effects of this cable drop are most significant when
charging low voltage batteries at high currents. As an
example, a 4 foot battery cable using 14 AWG wire can
have a voltage drop exceeding 0.5V at 15A of current. Note
however that the voltage drop, along with the charging
current, reduces automatically as the battery approaches
full charge.
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The most significant effects from the Vg voltage drops
are as follows:

1. When approaching full charge in Stage 2, the V| er-
ror causes the charger to reduce the charging current
earlier than otherwise necessary. This increases the
total charging time.

2. Terminating at G/10 in Stage 2 will occur at a reduced
battery voltage equalto G/10 (Rcap et + RoagLe™) which
is 10% of the voltage drop at full charging current.

3. The STATUS pin will indicate a transition from Stage 1
to Stage 2 earlier than would otherwise occur without
the cable drop.

Again, these effects become less significant at higher
battery voltages because the charging current is typically
lower and the cable drop becomes a smaller percentage
of the total battery voltage. Using thicker and/or shorter
battery cables is the simplest method for reducing these
effects. Otherwise, the remote battery sensing circuit in
Figure 31 can correct for these effects.

The RgagLet measurement error is eliminated by includ-
ing an additional (+) terminal sensing cable. The negative
cable error is eliminated by subtracting the Rgagi g~ drop
from the voltage measured at the positive battery terminal

using a (-) terminal sensing cable, the LT1636, Q5 and
R5. R rgout, R FRouT and R5 are determined as follows:

R'rgoutt = 0.5+ Regours
Ve —1.211

Regout1 = (Resouti —R"esout1) @
RS =R"gourt 2

where Vg is the room temperature Stage 2 voltage limit
and the solution for RpgoyTt1 Was discussed previously in
the Stage Voltage Limits section. Solutions for determining
Rpacoi, Roaco2, Regoute and CDACO are also discussed
in the Stage Voltage Limits section.

Due to its low current draw (< 1mA) Q5 can be a small
signal device with a collector-emitter breakdown voltage
at least as high as the battery voltage. The MMBT3904 is
a good BJT rated to 40V. Alternatively, the MMBT5550L
is rated for 140V.

R3 is for safety in case the (+) battery sensing cable
becomes disconnected. R3 prevents overcharging the
battery in such an event by creating an alternate path to
pull up the R"rgout1 battery voltage sensing resistor. The
R3 resistance should be less than 1% of Rrgoyt1. Select-
ing R3 as a 100Q2 resistor is often a good choice. During

TO CHARGER OUT REABLEJr
AT RsEnsE2 WA
D2A D2B D2C

LT8490

FBOUT
FBOR

Rpacot  Rpacoz

FBOW

GND

8490 F31

Figure 31. Remove (+) and () Cable V|g Measurement Errors
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normal operation the voltage across R3 is about the same
as across ReagLe. However, R3 may experience voltage
up to Vgo-Vpar across its terminals if Rgag g™ becomes
disconnected. R3 should be selected with an appropriate
power rating, often at least TW.

D2A-D2C protect the charger if the positive charging cable
(RcasLe*) becomes disconnected while the others remain
intact. Without the diodes, the output of the charger may
overvoltage and become damaged. BAV99 diodes are a
good choice and are available in a dual-diode package
to minimize board space. Note that the diodes limit the
maximum RgagLet errorto 0.3V to 0.5V. If a greater volt-
age drop is typical in the positive cable then place more
diodes in series. D2D protects the M5 device by limiting
the gate to source voltage when making the remote sense
connection.

D3A, D3B and R4 protect the input of the LT1636 from
possible voltage extremes at the (-) battery terminal sens-
ing connection. The dual-diode BAV99 is also suitable in
this case. 4.99kQ is a good value for R4.

R2 maintains a negative voltage reference in case RgagLe™
becomes disconnected. Selecting R2as a 100Q resistor is
often a good choice. During normal operation the voltage
across R2 is about the same as across Rgag g~ However,
R2 may experience voltage in excess of Vgo-Vgaracross its
terminals if Rgag g~ becomes disconnected. R2 should be
selected withanappropriate power rating, often atleast 1W
due to the case where the (+) and (-) wires of the remote
sense circuit are first connected to the battery to address
hot plugging issues (see the Hot Plugging Considerations
section for more detail).

Figure 32 shows howto combine the remote sensing circuit
(Figure 31) and the feedback resistor disconnect (Figure
27) for applications that require the most accurate battery
voltage sensing and negligible battery drain when charging
completes. The Rygs1 resistor can no longer connect to
the source of M5 (as in Figure 27) since the Ryggy current
would also flow through R ggoyT1 causing an error in the
measured battery voltage. Figure 31 shows that Rygsq
has been reconnected to the (+) battery sensing terminal.

R +
TO CHARGER OUT OABLE
pmmmmmm e LRSENSE2 T T A
' D2A  D2B D2C '
| ey :
D2D
1 1
L
I o 4. :
1 1
1 1
1 1
1
i > i
i 3 i
| ) R
1 1
LT8490 ] INTVGe : i
FBOUT i : T Vewr
=
FBOR ' i
Roacot  Rpacoz < ' -
FBOW SR :
1
1
SWEN s |
SWENO Q3 - SR2 :
< 1
GND Rums S D3B I
26.1k I RongLe-
A - I A"\’\’—
L !
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Figure 32. How to Combine Figure 27 and Figure 30
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Optional DC Supply Detection Circuit

A dual input application can be configured where the
charger can be supplied by either a solar panel or a DC
supply. When powered by a DC supply, the VINR pin must
be pulled low to activate power supply mode. In addition,
blocking diodes should be incorporated to preventthe sup-
plies from back-feeding into each other. The circuit shown
in Figure 33 shows a way to incorporate those features.

As shown in Figure 33, when the DC supply is connected
the Q6 NPN pulls VINR below 174mV (typical) to activate
the Power Supply Mode of the LT8490. Be sure to choose
an NPN that can pull VINR below the power supply mode
threshold before fully saturating. Alternatively, Q6 can be
replaced with an NMOS device with proper care taken to
avoid overvoltage of the NMOS gate.

Depending on the current limit settings, diodes DpaneL
and Dypc can incur significant current and heat. Con-
sider the use of Schottky diodes or an appropriate ideal
diode such as the LTC4358, LTC4412, LTC4352, etc. to
minimize heating.

___________

TO Rsenset

Vin

LT8490

VINR

GND

8490 F33

Q6: 2SD2704K

Figure 33. Optional DC Supply Detection Circuit

Board Layout Considerations

For all power components and board routing associated
with the LT8705 portion of the LT8490, please refer to the
LT8705 documentation for which a circuit board layout
checklist and drawing is provided.

Hot Plugging Considerations

When connecting a battery to an LT8490 charger, there
can besignificantinrush currentdue to charge equalization
between the partially charged battery stack and the charger
output capacitors. To a lesser extent a similar effect can
occur when connecting an illuminated panel or powered
DCsupplytotheinput. The magnitude of the inrush current
depends on (1) the battery, panel or supply voltage, (2)
ESR of the input or output capacitors, (3) initial voltage of
the capacitors, and (4) cable impedance. Excessive inrush
current can lead to sparking that can compromise con-
nector integrity and/or voltage overshoot that can cause
electrical overstress on LT8490 pins.

Excessive inrush current can be mitigated by first con-
necting the battery or supply to the charger through a
resistive path, followed quickly by a short circuit. This can
beaccomplished using staggered length pinsina multi-pin
connector. This canalso be accomplished through the use
ofthe optional circuit showninFigure 31 by firstconnecting
the (+) and (-) battery remote sense connections, which
allow the charger output capacitors to charge through
resistors R2 and R3. Alternatively, consider the use of a
Hot Swap™ controller such as the LT1641, LT4256, etc.
to make a current limited connection.

Design Example

In this design example, the LT8490 is paired with a
175W/5.4A panel (Vyax < 53V) and a 12V flooded lead-
acid battery. The desired maximum battery charging
current (C) is 10A with a trickle charge current of 2.5A
(C/4). Charger settings are as follows: —20°C to 50°C valid
battery temperature range, temperature compensated
charging limits, no time limits and Stage 3 is enabled with
Vg3/Vgp=97.2%. Inthis example resistors are rounded to
the nearest standard value. If better accuracy is required
then multiple resistors in series may be required.
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* With Regouyro Set at 20kQ and a desired Stage 2 voltage
limitof 14.2V, the top output feedback resistor, Regour1,
is calculated according to the following equation:

1.241 )_1] o
1.241

Regouts =R o| Vg,
FBOUT1 FBOUT2 [ S2 (1 211
—20k+|14.2¢ (——0128) 10
1.211

=234,684Q

Choose Rrgoyt1 = 237kQ which is the closest standard
value resistor.

* Following the calculation of ReggyT1, Solve for Rpaco1,
Rpacozand Cpaco according to the following formulas:

Resour1 *Regoutp *0-833 o

1.241
] 211)_RFBOUT2 —Regour

RFBOUT2 VSZ

234,684 ¢ 20k 0.833

( .1 2:‘1) 20k — 234,684

Rpacoz = (

Q

=107,556Q

Choose Rpacoz = 107kQ which is the closest standard
value resistor.
Roaco1 = (0.2 * Rpaco2) ©

=0.2+107,556Q

=21,511Q

Choose Rpaco1 =21.5kQ which is the closest standard
value resistor.
. F
500 *Rpaco1
= N S F
500+21,511
=93nF

Coaco =

 Usingthe standard value resistors calculated above, the
V3, N1 and Ny checking equations yield the following:

Vs = 14.31V
Ny =1.22
N, = 0.804

* |n order to find a resistor combination that yields Vys
closerto the desired 14.2V, Regguo IS increased to the
next higher standard value and the above calculations
are repeated.

* lterations of the previous step are performed that
include adjustments to Rrgouyt1, Rpacot1 and Rpacoz
until the following standard value feedback resistors
were chosen:

Rrsour1 = 274kQ

Regout2 = 23.2kQ

Rpaco1 = 26.1kQ

Rpaco? = 124kQ

Cpaco = 0.082pF
where:

Vyg =14.27V

N{=1.22

N, = 0.805

* With the output feedback network determined, use
Vax and solve for the input resistor feedback network
according to the following formulas:

[ ( 4.47V
1+

Regini =100k Yanx ~ OV

5.593V
Viax —6V

e
)
o)

53V -6V
5.593V )

53V -6V

=100k »

= 97,8659
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The closest standard value for Regjn1 is 97.6kQ.

Reemt |
Vax -6V

97,865 )Q
a3V -6V
=5,726Q

Roaciz =2.75 ’(

=2.75°(

Choose Rpacjo = 5.76kQ which is the closest standard
value.

1

Rraing = 1 1 Q
(1 00K —Regn1 )_ (RDACIZ )

- 1 Q

1 1
(100k—97,865)_(5,726)
= 3,404Q

Choose Regjy2 = 3.4k which is the closest standard
value.

Roaci1 =0-2*Rpacio Q@
=(0.2¢5,726Q
=1145Q

Choose Rpacy = 1.1kQ which is the closest standard
value.
Congi = ———F
P 1000 *Rpacrs
I F
10001145
=873nF

* Similar to the output feedback resistors, the final input
feedback resistors were chosen to be standard values
using an iterative process. The Vx4 and Vy» equations
in the Input Voltage Sensing and Modulation Network
section were used to validate the selections:

Reging = 93.1kQ

Reging = 3.24kQ

Rpacit = 1.09kQ

Rpaci2 = 5.49kQ

Cpaci = THF
where:

Vx4 =6V

Vyo =53V

* The 1T0Amaximum charge currentlimitand 2.5A trickle
charge current limit are set by choosing Rsgnseo,
Rimon_out and Rjow using the following formulas:

0.0497 0.0497
Rsensez = Q= =omQ
OUT(MAX)
1208
Rimon_out =/ R Q
ouT(MAxs0) * Rsense?
_ 1208
2.5¢5m
=96.64kQ

where the nearest standard value is 97.6kQ.
24 .3k *R

A s ot

IMON_OUT —44-

_ 24.3k = 47.6k o
97.6k —24.3k
=32,356Q

where the nearest standard value is also 32.4kQ.
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e The input current limit is set by properly choosing
Rsenses. In this example, the panel can deliver up to
5.4A. Choosing a margin of 30% vyields:

0.0505  0.0305

= =7.2mQ
||N(|V|AX) 1.354

Rsenset =

* To enable temperature compensated charging limits
and allow a Stage 3 regulation voltage of 97.2% of
Stage 2, use Vg3/ Vg0 =0.972 in the following equation:

CHARGECFG1% = [2.67 . (% - 0.85)+ 0.55} *100%
S2

CHARGECFG1% =87.6%

Standard resistor values of 90.9kQ (from CHARGECFG1
to ground) and 13kQ (from AVpp to CHARGECFG1) can
be used to set CHARGECFG1.

To set no time limits with a—20°C to 50°C valid battery
temperature range requires CHARGECFG2 to be tied to
AVpp.

For greater charging voltage accuracy, it is recom-
mended that 0.1% tolerance resistors be used for the
output feedback resistor network.

 Please reference the LT8705 data sheet for completing

the remaining power portions of the LT8490.
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UKJ Package
Variation: UKJ64(58)

64(58)-Lead Plastic QFN (7mm x 11mm)
(Reference LTC DWG # 05-08-1922 Rev @)
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NOTE:

1. DRAWING IS NOT A JEDEC PACKAGE OUTLINE

2. DRAWING NOT TO SCALE

3. ALL DIMENSIONS ARE IN MILLIMETERS

—flTH HHH

*J L‘ 0.25 +0 05
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BOTTOM VIEW—EXPOSED PAD

4. DIMENSIONS OF EXPOSED PAD ON BOTTOM OF PACKAGE DO NOT INCLUDE
MOLD FLASH. MOLD FLASH, IF PRESENT, SHALL NOT EXCEED 0.20mm ON ANY SIDE

5. EXPOSED PAD SHALL BE SOLDER PLATED

6. SHADED AREA IS ONLY A REFERENCE FOR PIN 1 LOCATION
ON THE TOP AND BOTTOM OF PACKAGE

f

(UKJB4(58)) QFN 0412 REV 0
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TYPICAL A

PPLICATION

14.2V Flooded Lead-Acid Battery Charger
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1 )y )y 8490 TA03
= 14.27V STAGE 2 (ABSORPTION) CHARGE VOLTAGE (Vsp) AT 25°C M1, M2: INFINEON BSCO28NOBNS
13.87V STAGE 3 (FLOAT) CHARGE VOLTAGE (Vs3) AT 25°C M3, M4: INFINEON BSC042NO3LSG
10A CHARGING CURRENT LIMIT L1: 154H COILCRAFT SER2915H-153KL
2.5A TRICKLE CURRENT LIMIT Da1, Do: CENTRAL SEMI CMMR1U-02
7.2 INPUT CURRENT LIMIT Ci1: 334F, 63V, SUNCON 63HVH33M
53V MAXIMUM PANEL VOLTAGE (Vyax) Cing, Cina, Cing: 2.24F, 100V, AVX 12101C225KAT2A
NO TIMER LIMITS Couri: 1504, 35V NICHICON UPJ151MPD6TD
TEMPERATURE COMPENSATION ENABLED Cout2, Coura: 10HF, 35V, MURATA GRM32ER7YA106KAT2
-20°C TO 50°C BATTERY TEMPERATURE RANGE Couta: THF, 25V AVX 12063C105KAT2A
175kHz SWITCHING FREQUENCY
EXAMPLE SOLAR PANEL: SHARP NT-175UC1 175W
PART NUMBER DESCRIPTION COMMENTS
LT3652/LT3652HV | Power Tracking 2A Battery Charger for Solar Power Viy Range = 4.95V to 32V (LT3652), 4.95V to 34V (HV),
MPPC
LTC4000-1 High Voltage, High Current Controller for Battery Charger with MPPC Vin and Voyt Range = 3V to 60V, MPPC
LTC4020 55V Vin/Vout Buck-Boost Multi-Chemistry Battery Charging Controller Li-lon and Lead-Acid Algorithms, MPPC
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