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TECHNOLOGY

FEATURES

m Bidirectional Switching Regulator with Bat-Track™
Adaptive Output Control Provides Efficient Charging
and a 5V Output for USB On-The-Go

Bat-Track Control of External High Voltage Step-
Down Switching Regulator

Overvoltage Protection Guards Against Damage
Instant-On Operation with Discharged Battery

Triple Step-Down Switching Regulators with [2C
Adjustable Outputs (1A/400mA/400mA lgyr)

180mQ Internal Ideal Diode + External Ideal Diode
Controller Powers the Load in Battery Mode
Li-lon/Polymer Battery Charger (1.5A Max Igyg)
Battery Float Voltage: 4.2V (LTC3576), 4.1V (LTC3576-1)
Compact (4mm x 6mm x 0.75mm) 38-Pin QFN Package

APPLICATIONS

®m HDD-Based Media Players
m (GPS, PDAs, Digital Cameras, Smart Phones
= Automotive Compatible Portable Electronics

| t i \D LTIC35/6/LTC3576-1

Switching Power Manuger

with USB On-the-Go + Triple

Step-Down DC/DCs
DESCRIPTION

The LTC®3576/LTC3576-1 are highly integrated power
management and battery charger ICs for Li-lon/Polymer
battery applications. They each include a high efficiency,
bidirectional switching PowerPath™ manager with auto-
matic load prioritization, a battery charger, anideal diode, a
controller for an external high voltage switching regulator
andthree general purpose step-down switching regulators
with I2C adjustable output voltages. The internal switch-
ing regulators automatically limit input current for USB
compatibility and can also generate 5V at 500mA for USB
on-the-go applications when powered from the battery.
Boththe USBand external switching regulator power paths
feature Bat-Track optimized charging to provide maximum
power to the application from supplies as high as 38\, An
overvoltage circuit protects the LTC3576/LTC3576-1 from
damage dueto highvoltage onthe Vgyg or WALL pins with
justtwo externalcomponents. The LTC3576/LTC3576-1 are
available in a low profile 38-pin (4mm x 6mm x 0.75mm)
QFN package.

L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear
Technology Corporation. Bat-Track and PowerPath are trademarks of Linear Technology
Corporation. All other trademarks are the property of their respective owners. Protected by U.S.
Patents, including 6522118, 6404251.

TYPICAL APPLICATION

High Efficiency PowerPath Manager with Overvoltage Protection
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LTC3576/LTC3576-1

ABSOLUTE MAXIMUM RATINGS
(Notes 1, 2, 3)

Vgys, WALL (Transient) t < 1ms,

Duty Cycle < 1% oo, -0.3Vto 7V
Vys, WALL (Static), BAT, Vin1, Ving, Ving,

PIN CONFIGURATION

TOP VIEW

1381371136135]134| 133132
Vout, ENOTG, NTC, SDA, SCL, DV, CLPROG[ ! i31] iDgATE
RST3, CHRG .....cooveiiiicccccccccce -0.3Vto 6V LDo3v3 2] (30| CHRG
LMoy LM -eeeeees -0.3V to Max(Vgys, Vour, BAT) + 0.3V NTCBIAS -3_-i :Lig ﬂ;
ENT, EN2, ENS ..o -0.3Vto Vgyr + 0.3V OVG’/“;E —‘S‘_I % ’V‘\f:ﬁ
FBX(X=1,2,3) e -0.3Vto Viyx + 0.3V ovsens fe 28] ve
| QUSENS :-e-erererererereneseenenereeneieisesenssesseseneseseseeeseens 10mA et [71 3 [55 8o
(210 3mA Ving _3:! Ei Ving
IGHRG) |RSTG:wvveverererererererererereieieieie e 50mA swi[gl i23] sw2
[PROG +++erererererereereresere sttt 2mA Ent fiol (22| enz
[ DOBYS creverererererererererereresesererese b b sns 30mA EnoTe {11, 21 RST3
. |
lswi, lsw2 (CONtINUOUS) ... 600mA PVee 12 T 2
H | | | | | | |

Iy .|3V\/3, lgAT, |\_/OUT (Continuous) ......covevveveverririrnene, 2A Szozgoo
Maximum Junction Temperature..........c.cc.c.......... 125°C @ wUFE P;K:\EE =
Operating Temperature Range.................. -40°C to 85°C 38-LEAD (4mm x 6mm) PLASTIC QFN
Storage Temperature Range................... -65°C to 125°C Tyax = 125°C, 64 = 34°C/W

EXPOSED PAD (PIN 39) IS GND, MUST BE SOLDERED TO PCB
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC3576EUFE#PBF LTC3576EUFE#TRPBF | 3576 38-Lead (4mm x 6mm) Plastic OFN | —40°C to 85°C
LTC3576EUFE-1#PBF LTC3576EUFE-1#TRPBF | 35761 38-Lead (4mm x 6mm) Plastic OFN | —40°C to 85°C

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

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

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

ELGCT‘“CHL CHHRHCTGI“STKS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vgys = 5V, BAT = 3.8V, DV = 3.3V, RgLpRrog = 3-01k, unless

otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MmN TYP MAX | UNITS

PowerPath Switching Regulator—Step-Down Mode

VBus Input Supply Voltage 435 55 V

lvBUS(LIM) Total Input Current 1x Mode ° 82 90 100 mA
5x Mode o 440 472 500 mA
10x Mode ® | 800 880 1000 mA
Low Power Suspend Mode [ 0.32 0.39 0.5 mA
High Power Suspend Mode o 1.6 2.05 2.5 mA

lvsusq (Note 4) | Input Quiescent Current 1x Mode 7 mA
5%, 10x Modes 17 mA
Low/High Power Suspend Modes 0.045 mA

3576fb
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LTC3576/LTC3576-1
GLGCTRKHL CHHBHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vgys = 5V, BAT = 3.8V, DV¢¢ = 3.3V, R¢LpRrog = 3.01k, unless
otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
NcLPrOG Ratio of Measured Vgyg Current to 1x Mode 210 mA/mA
(Note 4) CLPROG Program Current 5x Mode 1160 mA/mA
10x Mode 2200 mA/mA
Low Power Suspend Mode 9.6 mA/mA
High Power Suspend Mode 56 mA/mA
|VOUT(POWERPATH) VOUT Current Available Before 1x Mode, BAT = 3.3V 121 mA
Discharging Battery 5x Mode, BAT = 3.3V 667 mA
10x Mode, BAT = 3.3V 1217 mA
Low Power Suspend Mode 0.26 0.31 0.41 mA
High Power Suspend Mode 1.6 2 2.4 mA
VoLPROG CLPROG Servo Voltage in Current Limit | Switching Modes 1.18 V
Suspend Modes 100 mV
Vuvio Vgys Undervoltage Lockout Rising Threshold 4.30 4.35 V
Falling Threshold 3.95 4.00 V
VbuvLo Vpys to BAT Differential Undervoltage Rising Threshold 200 mV
Lockout Falling Threshold 50 mV
Vourt Vour Voltage 1%, 5%, 10x Modes, 0V < BAT < 4.2V,
lvout = OmA, Battery Charger Off 3.4 BAT+0.3 4.7 Vv
USB Suspend Modes, lygyt = 250pA 45 4.6 47 Vv
fosc Switching Frequency 1.8 2.25 2.7 MHz
Rpmos_ PMOS On-Resistance 0.18 Q
POWERPATH
Rnmos_ NMOS On-Resistance 0.30 Q
POWERPATH
Ipeak_powerpaTH | Peak Inductor Current Limit 1x Mode (Note 5) 1 A
5x Mode (Note 5) 2 A
10x Mode (Note 5) 3 A
Rsusp Suspend LDO Qutput Resistance Closed Loop 10 Q
PowerPath Switching Regulator—Step-Up Mode (USB On-the-Go)
VBus Output Voltage 0maA < lygys < 500mA, Vour > 3.2V 4.75 5.25 v
Vout Input Voltage 2.9 5.5 v
lvsus Output Current Limit 550 680 mA
IpEAK Peak Inductor Current Limit (Note 5) 1.8 A
loTaa Vout Quiescent Current Vout = 3.8V, lygys = 0mA (Note 6) 1.38 mA
VcLPROG Output Current Limit Servo Voltage 1.15 V
VOUT(UVLO) VOUT UVLO—VOUT FaIIing 2.5 2.6 v
Vout UVLO—Vqyr Rising 2.8 2.9 V
tsorauLT Short-Circuit Fault Delay Vpys < 4V and PMOS Switch Off 7.2 ms
Bat-Track Switching Regulator Control
ViwaLL Absolute WALL Input Threshold Rising Threshold 4.2 43 4.4 v
Hysteresis 1.1 %
AViyarL Differential WALL Input Threshold WALL-BAT Falling 0 30 45 mV
Hysteresis 60 mV
Vout Regulation Target Under Vg Control 3.55 BAT + 0.3 V
lwaLLa WALL Quiescent Current 400 pA
Racer ACPR Pull-Down Strength 150 Q
VHACPR ACPR High Voltage Vout v
VACPR ACPR Low Voltage 0 V

3576fb
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LTC3576/LTC3576-1

GLGCTBKHL CHHHHCTERISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vgys = 5V, BAT = 3.8V, DV = 3.3V, R¢Lprog = 3.01k, unless
otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MIN TYP MAX |  UNITS
Overvoltage Protection
VovcuTorr Overvoltage Protection Threshold With 6.2k Series Resistor 6.1 6.35 6.7 \
VovGaTE OVGATE Output Voltage Vovsens < VovcuTorr 1.88Voysens 12 V
Vovsens > Voveutorr 0 v
tRISE OVGATE Time to Reach Regulation OVGATE Cigap = 1nF 2.2 ms
Battery Charger
VELoaT BAT Regulated Output Voltage LTC3576 4179 4.200 4.221 v
4.165 4.200 4.235 V
LTC3576-1 4,079 4.100 4121 v
4.065 4.100 4135 v
IcHg Constant Current Mode Charger Current | Rprog = 1k 980 1030 1065 mA
Rprog = 5k 185 206 223 mA
lgaT Battery Drain Current Vgus > VyyLo, Suspend Mode, 3.6 6 HA
lvour = OpA
Vgus = OV, lypur = OpA 28 4 WA
(Ideal Diode Mode)
VPRoG PROG Pin Servo Voltage 1.000 v
VPROG_TRKL PROG Pin Servo Voltage in Trickle Charge | BAT < VrkL 0.100 v
Vero C/10 Threshold Voltage at PROG 100 mV
hprog Ratio of Iga to PROG Pin Current 1030 mA/mA
ITRKL Trickle Charge Current BAT < VrrkL, Rrrog = 1k 100 mA
VTRKL Trickle Charge Threshold Voltage BAT Rising 2.7 2.85 3.0 \
AVTRKL Trickle Charge Hysteresis Voltage 135 mV
AVRECHRG Recharge Battery Threshold Voltage Threshold Voltage Relative to Ve gar -75 -100 -125 mV
tTERM Safety Timer Termination Period Timer Starts When Vgat = VFoaT 3.3 4 5 Hour
{BADBAT Bad Battery Termination Time BAT < VrriL 0.4 0.5 0.6 Hour
hero End of Charge Current Ratio (Note 7) 0.085 0.1 0.112 mA/mA
VCHRG CHRG Pin Output Low Voltage IcHRG = SMA 65 100 mV
IcHRG CHRG Pin Leakage Current VchRG = 5V 1 LA
Ron_cHg Battery Charger Power FET On- 0.18 Q
Resistance (Between Vgyt and BAT)
Tum Junction Temperature in Constant 110 °C
Temperature Mode
NTC
VeoLp Cold Temperature Fault Threshold Voltage | Rising Threshold 75 76.5 78 %NTCBIAS
Hysteresis 1.6 %NTCBIAS
VHot Hot Temperature Fault Threshold Voltage | Falling Threshold 334 34.9 36.4 %NTCBIAS
Hysteresis 1.5 %NTCBIAS
Vbis NTC Disable Threshold Voltage Falling Threshold 0.7 1.7 2.7 %NTCBIAS
Hysteresis 50 mV
INTC NTC Leakage Current NTC = NTCBIAS = 5V -50 50 nA
Ideal Diode
VewD Forward Voltage lyout = 10mA 15 mV
Roropout Internal Diode On-Resistance Dropout lvout = 200mA 0.18 Q
IMAX_DIODE Diode Current Limit 2 A
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LTC3576/LTC3576-1
GLGCTﬂlan CHHRHCTGBBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vgyg = 5V, BAT = 3.8V, DV¢¢ = 3.3V, R¢Lprog = 3.01k, unless
otherwise noted.

SYMBOL | PARAMETER | CONDITIONS | MmN TYP MAX | UNITS
Always On 3.3V LDO Supply
Viposvs Regulated Output Voltage 0mA < I posv3 < 20mA 3.1 3.3 35 V
RcL_Lpo3v3 Closed-Loop Output Resistance 2.7 Q
RoL_Lpo3v3 Dropout Qutput Resistance 23 Q
Logic (ILymo, lum1, EN1, EN2, EN3, ENOTG, and SCL, SDA when DV¢¢ = 0V)
Vi Logic Low Input Voltage 04 V
ViH Logic High Input Voltage 1.2 v
Ipp1 ILimos L1, ENT, EN2, EN3, ENOTG, SCL, 2 HA
SDA Pull-Down Current
12C Port
DVge Input Supply 1.6 55 V
Ipvee DV¢c Current SCL/SDA = 0kHz, DV¢g = 3.3V 0.5 HA
VDVCC(UVLO) DVge UVLO 1.0 V
ADDRESS 12C Address 0001001[0]
Vig, SDA, SCL | Input High Threshold 70 %DV¢e
Vi, SDA, SCL Input Low Threshold 30 %DV
Ipp2, SDA, SCL | Pull-Down Current 2 pA
VoL Digital Output Low (SDA) Ispa = 3mA 04 V
fsoL Clock Operating Frequency 400 kHz
tauF Bus Free Time Between Stop and Start 1.3 Us
Condition
tHD_STA Hold Time After (Repeated) Start 0.6 us
Condition
tsu_sTA Repeated Start Condition Setup Time 0.6 Hs
tsu_sTo Stop Condition Setup Time 0.6 us
tHD_DAT(0) Data Hold Time Output 0 900 ns
tHp_par() Data Hold Time Input 0 ns
tsy_par Data Setup Time 100 ns
tLow SCL Low Period 1.3 us
tHigH SCL High Period 0.6 us
t SDA/SCL Fall Time 20 300 ns
tr SDA/SCL Rise Time 20 300 ns
tsp Input Spike Suppression Pulse Width 50 ns
General Purpose Switching Regulators 1, 2 and 3
Vint 23 Input Supply Voltage (Note 8) 2.7 55 V
Vout(uvLo) Vout UVLO—Vqyr Falling Vin1 2.3 Connected to Voyt Through 25 2.6 V
Vout UVLO—VqyT Rising Low Impedance. Switching 2.8 2.9 V
Regulators are Disabled in UVLO
fosc Switching Frequency 1.8 2.25 2.7 MHz
IFB12,3 FBx Input Current Vrg123=0.85V -50 50 nA
D1,2,3 Maximum Duty Cycle 100 %
Rsw1,23 PD SWx Pull-Down in Shutdown 10 kQ

3576fb
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LTC3576/LTC3576-1

GLGCTBICHL CHHRHCTGBISTICS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. Vpys = 5V, BAT = 3.8V, DV¢¢ = 3.3V, RgLprog = 3.01k, unless

otherwise noted.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
lvint 2.3 Pulse-Skipping Mode Input Current lout1,2,3 = OpA (Note 9) 90 pA
Burst Mode® Input Current lout1,2,3 = OpA (Note 9) 20 35 HA
LDO Mode Input Current lout1,2,3 = OpA (Note 9) 15 25 pA
Shutdown Input Current Limit louti,2,3 = 0pA, FB1,2,3 = OV 1 HA
VEBHIGH1,2.3 Maximum Servo Voltage Full Scale (1,1,1,1) (Note 10) o 0.78 0.80 0.82 V
VegLOW1,2.3 Minimum Servo Voltage Zero Scale (0,0,0,0) (Note 10) 0.405 0.425 0.445 V
VisB1.23 Vrgy 2 Servo Voltage Step Size 25 mV
Ripo_cL123 LDO Mode Closed-Loop Royt Veg123=Vour123=0.8V 0.25 Q
Ripo oL123 LDO Mode Open-Loop Royt (Note 11) 2.5 Q
General Purpose Switching Regulator 1 and 2
It 2 PMOS Switch Current Limit Pulse-Skipping/Burst Mode 600 900 1300 mA
Operation (Note 5)
louTi 2 Available Output Current LDO Mode 50 mA
Rp1 2 PMOS Rpson) 0.6 Q
Rn12 NMOS RDS(ON) 0.7 Q
General Purpose Switching Regulator 3
I3 PMOS Switch Current Limit Pulse-Skipping/Burst Mode 1300 1800 2800 mA
Operation (Note 5)
louts Available Output Current LDO Mode 50 mA
Rps PMOS Ros(on) 0.18 Q
Rns NMOS RDS(ON) 0.3 Q
tRST3 Power-On Reset Time for Switching Vg3 Within 92% of Final Value to 230 ms
Regulator RST3 Hi-Z

Burst Mode is a registered trademark of Linear Technology Corporation.

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

reliability and lifetime.

Note 2: The LTC3576E/LTC3576E-1 are guaranteed to meet performance
specifications from 0°C to 85°C. Specifications over the -40°C to 85°C
operating temperature range are assured by design, characterization and
correlation with statistical process controls.
Note 3: The LTC3576E/LTC3576E-1 include overtemperature protection
that is intended to protect the device during momentary overload
conditions. Junction temperature will exceed 125°C when overtemperature
protection is active. Continuous operation above the specified maximum

operating junction temperature may impair device reliability.

Note 4: Total input current is the sum of quiescent current, lygysq, and

measured current given by Vi proa/RgLprog ® (hcLprog + 1)-

Note 5: The current limit features of this part are intended to protect the

IC from short term or intermittent fault conditions. Continuous operation
above the maximum specified pin current rating may result in device
degradation or failure.

Note 6: The bidirectional switcher’s supply current is bootstrapped to Vgyg
and in the application will reflect back to Voyt by (Vgus/Vour) ®
1/efficiency. Total quiescent current is the sum of the current into the

Vout pin plus the reflected current.

Note 7: hgqg is expressed as a fraction of the measured full charge
current with indicated PROG resistor.

Note 8: Vgyr not in UVLO.

Note 9: FBx above regulation such that regulator is in sleep. Specification
does not include resistive divider current reflected back to V.

Note 10: Applies to pulse-skipping and Burst Mode operation only.
Note 11: Inductor series resistance adds to open-loop Royr.
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LTC3576/LTC3576-1

T'I'PICHL PEBFOﬂmm\CE CHHRHCTGGISTICS Ta = 25°C unless otherwise specified.
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LTC3576/LTC3576-1

TVP'CHL PERFORmm'ICG CHHRHCTGI“ST'CS Ta =25°C unless otherwise specified.
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LTC3576/LTC3576-1

PIN FUNCTIONS

CLPROG (Pin1): USB Current Limit Program and Monitor
Pin. A 1% resistor from CLPROG to ground determines
the upper limit of the current drawn or sourced from the
Vys pins. A precise fraction, heiprog, of the Vgys cur-
rent is sent to the CLPROG pin when the PMQOS switch of
the PowerPath switching regulator is on. The switching
regulator delivers power until the CLPROG pin reaches
1.18V in step-down mode and 1.15V in step-up mode.
When the switching regulator is in step-down mode,
CLPROG is used to regulate the average input current.
Several Vgyg current limit settings are available via user
input which will typically correspond to the 500mA and
100mA USB specifications. When the switching regulator
is in step-up mode (USB on-the-go), CLPROG is used to
limit the average output current to 680mA. A multilayer
ceramic averaging capacitor or R-C network is required
at CLPROG for filtering.

LDO3V3 (Pin 2): 3.3V LDO Qutput Pin. This pin provides
a regulated always-on 3.3V supply voltage. LDO3V3
gets its power from Vgyr It may be used for light loads
such as a watchdog microprocessor or real time clock.
A 1pF capacitor is required from LDO3V3 to ground. If
the LDO3V3 output is not used it should be disabled by
connecting it to Vour

NTCBIAS (Pin 3): NTC Thermistor Bias Output. If NTC
operation is desired, connect a bias resistor between
NTCBIAS and NTC, and an NTC thermistor between NTC
and GND. To disable NTC operation, connect NTC to GND
and leave NTCBIAS open.

NTC (Pin 4): Input to the Thermistor Monitoring Circuits.
The NTC pin connects toa negative temperature coefficient
thermistor, which is typically co-packaged with the battery,
to determine if the battery is too hot or too cold to charge.
If the battery’s temperature is out of range, charging is
paused until it re-enters the valid range. A low drift bias
resistoris required from NTCBIAS to NTC and a thermistor
is required from NTC to ground. To disable NTC operation,
connect NTC to GND and leave NTCBIAS open.

OVGATE (Pin 5): Overvoltage Protection Gate Output.
Connect OVGATE to the gate pin of an external N-channel
MOS pass transistor. The source of the transistor should

be connected to Vgyg and the drain should be connected
to the product’s DC input connector. In the absence of an
overvoltage condition, this pin is connected to an internal
charge pump capable of creating sufficient overdrive to fully
enhance the pass transistor. If an overvoltage condition is
detected, OVGATE is brought rapidly to GND to prevent
damage to the LTC3576/LTC3576-1. OVGATE works in
conjunction with OVSENS to provide this protection.

OVSENS (Pin 6): Overvoltage Protection Sense Input.
OVSENS should be connected through a 6.2k resistor to
the input power connector and the drain of an external
N-channel MOS pass transistor. When the voltage on this
pin exceeds Voycutorr, the OVGATE pin will be pulled
to GND to disable the pass transistor and protect the
LTC3576/LTC3576-1. The OVSENS pin shunts current
during an overvoltage transient in order to keep the pin
voltage at 6V.

FB1 (Pin 7): Feedback Input for Switching Regulator 1.
Whenregulator1’s controlloop is complete, this pin servos
to 1 of 16 possible set points based on the commanded
value from the 12C serial port. See Table 4.

Vin1 (Pin 8): Power Input for Switching Regulator 1.
This pin will generally be connected to Vqgyt. A 1uF MLCC
capacitor is recommended on this pin.

SW1 (Pin 9): Power Transmission Pin for Switching
Regulator 1.

EN1 (Pin 10): Logic Input. This logic input pin indepen-
dently enables switching regulator 1. Active high. This
pin is logically ORed with its corresponding bit in the
|2C serial port. See Table 3. Has a 2pA internal pull-down
current source.

ENOTG (Pin 11): Logic Input. This logic input pin inde-
pendently enables the bidirectional switching regulator to
step up the voltage on Vgyt and provide a 5V output on
Vpys for USB on-the-go applications. Active high. This
pin is logically ORed with its corresponding bit in the
12C serial port. See Table 3. Has a 2pA internal pull-down
current source.
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LTC3576/LTC3576-1

PIN FUNCTIONS

DV (Pin 12): Logic Supply for the 12C Serial Port. If the
serial port is not needed, it can be disabled by grounding
DV¢c. When DV is grounded, the I2C bits are set to their
default values. See Table 3.

SCL (Pin 13): Clock Input Pin for the I2C Serial Port. The
12C logic levels are scaled with respect to DVge. If DVeg
is grounded, the SCL pin is equivalent to the G2, C4 and
C6 bits in the I2C serial port. SCL in conjunction with SDA
determine the operating modes of switching regulators 1,
2 and 3 when DV is grounded. See Tables 3 and 5. Has
a 2pA internal pull-down current source.

SDA (Pin 14): Data Input Pin for the 12C Serial Port. The
12C logic levels are scaled with respect to DV¢g. If DV
is grounded, the SDA pin is equivalent to the C3, C5 and
C7 bits in the 12C serial port. SDA in conjunction with SCL
determine the operating modes of switching regulators 1,
2 and 3 when DV is grounded. See Tables 3 and 5. Has
a 2pA internal pull-down current source.

NC (Pin 15): Unconnected Pin. This pin is not connected
internally to the part. Itis permissible to tie this pinto V|3
in order to make the V,y3 PCB trace wider.

Vins (Pin 16): Power Input for Switching Regulator 3.
This pin will generally be connected to Vgyt. A 1uF MLCC
capacitor is recommended on this pin.

SW3 (Pin 17): Power Transmission Pin for Switching
Regulator 3.

NC (Pin 18): Unconnected Pin. This pin is not connected
internally to the part. Itis permissible to tie this pinto SW3
in order to make the SW3 PCB trace wider.

EN3 (Pin 19): Logic Input. This logic input pin indepen-
dently enables switching regulator 3. Active high. This
pin is logically ORed with its corresponding bit in the
|2C serial port. See Table 3. Has a 2pA internal pull-down
current source.

FB3 (Pin 20): Feedback Input for Switching Regulator 3.
When regulator 3’s controlloop is complete, this pin servos
to 1 of 16 possible set points based on the commanded
value from the 12C serial port. See Table 4.

RST3 (Pin 21): Logic Output. This in an open-drain output
which indicates that switching regulator 3 has settled to
its final value. It can be used as a power-on reset for the
primary microprocessor or to enable the other switching
regulators for supply sequencing.

EN2 (Pin 22): Logic Input. This logic input pin indepen-
dently enables switching regulator 2. Active high. This
pin is logically ORed with its corresponding bit in the
2C serial port. See Table 3. Has a 2pA internal pull-down
current source.

SW2 (Pin 23): Power Transmission Pin for Switching
Regulator 2.

Vin2 (Pin 24): Power Input for Switching Regulator 2.
This pin will generally be connected to Vqgyt. A 1uF MLCC
capacitor is recommended on this pin.

FB2 (Pin 25): Feedback Input for Switching Regulator 2.
Whenregulator2’s control loop is complete, this pin servos
to 1 of 16 possible set points based on the commanded
value from the 12C serial port. See Table 4.

V¢ (Pin 26): Bat-Track External Switching Regulator
Control Qutput. This pin drives the V¢ pin of an external
Linear Technology step-down switching regulator. An
external P-channel MOSFET is sometimes required to
provide power to Vgur with its gate tied to the ACPR pin
(seethe Applications Information section). In concert with
WALL and ACPR, it will regulate Vgt to maximize battery
charger efficiency

WALL (Pin27): External Power Source Sense Input. WALL
should be connected to the output of the external high
voltage switching regulator and to the drain of an external
P-channel MOSFET if used. It is used to determine when
power is applied to the external regulator. When power
is detected, AGPR is driven low and the USB input is au-
tomatically disabled. Pulling this pin above 4.3V enables
the V¢ pin.

3576fb
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LTC3576/LTC3576-1

PIN FUNCTIONS

ACPR (Pin 28): External Power Source Present Output
(Active Low). ACPR indicates that the output of the external
high voltage step-down switching regulator is suitable for
use by the LTC3576/LTC3576-1. It should be connected to
the gate of an external P-channel MOSFET whose source
is connected to Vgyt and whose drain is connected to
WALL. ACPR has a high level of Vgt and a low level of
GND. The USB bidirectional switcher is disabled when
ACPR is low.

PROG (Pin 29): Charge Gurrent Program and Charge Cur-
rent Monitor Pin. Connecting a 1% resistor from PROG
to ground programs the charge current. If sufficient input
powerisavailable in constant-current mode, this pin servos
to 1\, The voltage on this pin always represents the actual
charge current by using the following formula:

Y
lga =5 005 #1030
" Reros

CHRG (Pin 30): Open-Drain Charge Status Output. The
CHRG pin indicates the status of the battery charger.
Four possible charger states are represented by CHRG:
charging, not charging, unresponsive battery and battery
temperature out of range. In addition, CHRG is used to
indicate whether there is a short-circuit condition on Vgyg
when the bidirectional switching regulator is in step-up
mode (on-the-go). CHRG is modulated at 35kHz and
switches between a low and a high duty cycle for easy
recognition by either humans or microprocessors. See
Table 1. CHRG requires a pull-up resistor and/or LED to
provide indication.

IDGATE (Pin 31): Ideal Diode Amplifier Output. This pin
controlsthe gate ofan optional external P-channel MOSFET
used asan ideal diode between Vgytand BAT. The external
ideal diode operatesin parallel with the internalideal diode.
The source of the P-channel MOSFET should be connected
to Vgyr and the drain should be connected to BAT. If the
external ideal diode MOSFET is not used, IDGATE should
be left floating.

BAT (Pin 32): Single Cell Li-lon Battery Pin. Depending on
available Vgyg power, a Li-lon battery on BAT will either
deliver powerto Voyrthroughtheideal diode or be charged
from Vgyr via the battery charger.

Vour (Pin 33): Output Voltage of the Bidirectional
PowerPath Switching Regulator in step-down mode and
Input Voltage of the Battery Charger. The majority of the
portable product should be powered from Vgur The
LTC3576/LTC3576-1 will partition the available power
between the external load on Voyr and the internal bat-
tery charger. Priority is given to the external load and any
extra power is used to charge the battery. An ideal diode
from BAT to Voyt ensures that Vqyr is powered even if
the load exceeds the allotted power from Vgyg or if the
Vys power source is removed. In on-the-go mode, this
pin delivers power to Vgyg via the SW pin. Vgyt should
be bypassed with a low impedance ceramic capacitor.

Vgys (Pins 34, 35): Power Pins. These pins deliver power
to Vyr viathe SW pin by drawing controlled current from
aDC source such as a USB port or DC output wall adapter.
In on-the-go mode these pins provide power to external
loads. Tiethe two Vgyg pinstogetheratthe partand bypass
with a low impedance multilayer ceramic capacitor.

SW (Pin 36): The SW pin transfers power between Vgyg
and Vgyt via the bidirectional switching regulator. See
the Applications Information section for a discussion of
inductance value and current rating.

ILimos I (Pins 37, 38): 1 o and I 1 control the current
limit of the PowerPath switching regulator. See Table 1.
Both the I ;o and I w1 pins are logically ORed with their
corresponding bitsin the 12C serial port. See Tables 3and 6.
Each has a 2pA internal pull-down current source.

Exposed Pad (Pin 39): Ground. The Exposed Pad should
be connected to a continuous ground plane on the second
layer of the printed circuit board by several vias directly
under the LTC3576/LTC3576-1.
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LTC3576/LTC3576-1
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LTC3576/LTC3576-1
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LTC3576/LTC3576-1

OPERATION

Introduction

The LTC3576/LTC3576-1 are highly integrated power man-
agement ICs designed to make optimal use of the power
available fromavariety of sources, while minimizing power
dissipation and easing thermal budgeting constraints.
They include a high efficiency bidirectional PowerPath
switching regulator, a controller for an external high volt-
age step-down switching regulator, a battery charger, an
ideal diode, an always-on LDO, an overvoltage protection
circuit and three general purpose step-down switching
regulators. The entire chip is controlled by either direct
digital control or by an I2C serial port or both.

The innovative PowerPath architecture ensures that the
applicationis poweredimmediately after external voltage is
applied, evenwithacompletely dead battery, by prioritizing
power to the application.

When acting as a step-down converter, the LTC3576/
LTC3576-1’s bidirectional switching regulator takes
power from USB, wall adapters, or other 5V sources and
provides power to the application and efficiently charges
the battery using Bat-Track. Because power is conserved
the LTC3576/LTC3576-1 allow the load current on Vgyt to
exceed the current drawn by the USB port making maxi-
mum use of the allowable USB power for battery charging.
For USB compatibility the switching regulator includes
a precision average input current limit. The PowerPath
switching regulator and battery charger communicate to
ensure that the average input current never exceeds the
USB specifications.

Additionally, the bidirectional switching regulator can also
operate as a 5V synchronous step-up converter taking
power from Vour and delivering up to 500mA to Vgys
without the need for any additional external components.
This enables systems with USB dual-role transceivers to
function as USB on-the-go dual-role devices. True output
disconnect and average output current limit features are
included for short-circuit protection.

For automotive, firewire, and other high voltage applica-
tions, the LTC3576/LTC3576-1 provide Bat-Track control of
anexternal LTC step-down switching regulator to maximize
battery charger efficiency and minimize heat production.
When poweris available fromboththe USBand an auxiliary
input, the auxiliary input is given priority.

The LTC3576/LTC3576-1 contain both an internal 180mQ
ideal diode as well as an ideal diode controller for use
with an optional external P-channel MOSFET. The ideal
diode(s) from BAT to Vgyt guarantee that ample power
is always available to Voyt even if there is insufficient or
absent power at Vgyg or WALL.

An always-on LDO provides a regulated 3.3V from avail-
able power at Voyt. Drawing very little quiescent current,
this LDO will be on at all times and can be used to supply
20mA.

The LTC3576/LTC3576-1 feature an overvoltage protection
circuit which is designed to work with an external N-chan-
nel MOSFET to prevent damage to their inputs caused by
accidental application of high voltage.

To prevent battery drain when a device is connected to a
suspended USB port, an LDO from Vgys to Vgyr provides
either low power or high power USB suspend current to
the application.

The three general purpose switching regulators can be
independently enabled either by direct digital control or
by operating the I2C serial port. Under I2C control, all
three switching regulators have adjustable set points so
that voltages can be reduced when high processor perfor-
mance is not needed. Along with constant frequency PWM
mode, all three switching regulators have automatic Burst
Mode operation and LDO modes for significantly reduced
quiescent current under light load conditions.
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Bidirectional PowerPath Switching Regulator—
Step-Down Mode

The power delivered from Vgys to Voyt is controlled by
a 2.25MHz constant frequency bidirectional switching
regulator operating in step-down mode. Vqyt drives the
combination of the external load (step-down switching
regulators 1, 2 and 3) and the battery charger. To meet the
maximum USB load specification, the switching regulator
contains a measurement and control system that ensures
that the average input current remains below the level
programmed at CLPROG.

If the combined load does not cause the switching regu-
lator to reach the programmed input current limit, Voyr
will track approximately 0.3V above the battery voltage.
By keeping the voltage across the battery charger at this
low level, power lost to the battery charger is minimized.
Figure 1 shows the power flow in step-down mode.

If the combined external load plus battery charge current
is large enough to cause the switching regulator to reach
the programmed input current limit, the battery charger
will reduce its charge current by precisely the amount
necessary to enable the external load to be satisfied. Even
if the battery charge current is programmed to exceed the
allowable USB current, the USB specification for average
input current will not be violated; the battery charger will
reduce its current as needed. Furthermore, if the load cur-
rent at Voyt exceeds the programmed power from Vpys,
load current will be drawn from the battery via the ideal
diode(s) even when the battery charger is enabled.

Thecurrentoutof CLPROGis a precise fraction ofthe Vgys
current. When a programming resistor and an averaging
capacitor are connected from CLPROG to GND, the volt-
age on CLPROG represents the average input current of
the switching regulator. As the input current approaches
the programmed limit, CLPROG reaches 1.18V and power
delivered by the switching regulator is held constant.
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Figure 1. PowerPath Block Diagram—Power Available from USB/Wall Adapter
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The input current limit is programmed by the I o and
L1 pins or by the 12C serial port. The input current limit
has five possible settings ranging from the USB suspend
limit of 500pA up to 1A for wall adapter applications. Two
of these settings are specifically intended for use in the
100mA and 500mA USB applications. Refer to Table 1 for
current limit settings using the ;o and Iy pins and
Table 6 for current limit settings using the 1C port.

Table 1. USB Gurrent Limit Settings Using Iy and Ipm1

ILim1 ILimo USB SETTING
0 0 1x Mode (USB 100mA Limit)
0 1 10x Mode (Wall 1A Limit)
1 0 Low Power Suspend (USB 500pA Limit)
1 1 5% Mode (USB 500mA Limit)

When the switching regulator is activated, the average
input current will be limited by the CLPROG programming
resistor according to the following expression:

VeLprog
lysus =lveusa + R o
CLPROG

heLprog +1)

where lygysq is the quiescent current of the LTC3576/
LTC3576-1, VoLprog is the CLPROG servo voltage in
current limit, RgLprog IS the value of the programming
resistor and hgprog is the ratio of the measured cur-
rent at Vgys to the sample current delivered to CLPROG.
Refer to the Electrical Characteristics table for values of
heLrroa, VoLprog and lygusq. Given worst-case circuit
tolerances, the USB specification for the average input
current in 100mA or 500mA mode will not be violated,
provided that Rg prog is 3.01k or greater.

While not in current limit, the switching regulator's
Bat-Track feature will set Voyt to approximately 300mV
above the voltage at BAT. However, if the voltage at BAT
is below 3.3V, and the load requirement does not cause
the switching regulator to exceed its current limit, Voyr
will regulate at a fixed 3.6V as shown in Figure 2. This
instant-on operation will allow a portable product to run
immediately when power is applied without waiting for the
battery to charge. If the load does exceed the current limit
at Vgys, Vout will range between the no-load voltage and
slightly below the battery voltage, indicated by the shaded
region of Figure 2.

45
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NO LOAD (
3.6

l
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3.3

3.0

2.7

2.4
24 27 30 33 36 39 42

BAT (V)

Figure 2. Vgyr vs BAT

For very low-battery voltages, the battery charger acts like
aload and, due to limited input power, its current will tend
to pull Vout below the 3.6V instant-on voltage. To prevent
Voyt from falling below this level, an undervoltage circuit
automatically detects that Vgyt is falling and reduces the
battery charge current as needed. This reduction ensures
that load current and voltage are always prioritized while
allowing as much battery charge current as possible. See
Battery Charger Over Programming in the Applications
Information section.

The voltage regulation loop is compensated by the ca-
pacitance on Vgyt. A 10uF MLCC capacitor is required
forloop stability. Additional capacitance beyond this value
will improve transient response.

Aninternal undervoltage lockout circuit monitors Vgygand
keeps the switching regulator off until Vg rises above
4,30V and is about 200mV above the battery voltage.
Hysteresis on the UVLO turns off the regulator if Vgyg
falls below 4V or to within 50mV of the battery voltage.
When this happens, system power at Vqyt will be drawn
from the battery via the ideal diode(s).

Bidirectional PowerPath Switching Regulator—
Step-Up Mode

For USB on-the-go applications, the bidirectional
PowerPath switching regulator acts asa step-up converter
todeliver power from Vgyrto Vgys. The power from Voyrt
can come from the battery or the output of the external
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Figure 3. PowerPath Block Diagram—USB On-the-Go

high voltage switching regulator. As a step-up converter,
the bidirectional switching regulator produces 5V on
Vys and is capable of delivering at least 500mA. USB
on-the-go can be enabled by either the external control
pin, ENOTG, or via 12C. Figure 3 shows the power flow
in step-up mode.

An undervoltage lockout circuit monitors Vgyt and pre-
vents step-up conversion until Voyr rises above 2.8V. To
prevent backdriving of Vgys wheninput power is available,
the Vgys undervoltage lockout circuit prevents step-up
conversion if Vgyg is greater than 4.3V at the time step-up
mode is enabled. The switching regulator is also designed
to allow true output disconnect by eliminating body diode
conduction of the internal PMOS switch. This allows Vgys
to goto zero volts during a short-circuit condition or while
shut down, drawing zero current from Vgyr.

The voltage regulation loop is compensated by the capaci-
tance on Vgys. A4.7uF MLCC is required for loop stability.
Additional capacitance beyond this value will improve

transient response. The Vgyg voltage has approximately
3% load regulation up to an output current of 500mA. At
light loads, the switching regulator goes into Burst Mode
operation. The regulator will deliver power to Vgys until it
reaches 5.1V after which the NMOS and PMOS switches
shut off. The regulator delivers power again to Vgyg once
it falls below 5.1V.

The switching regulator features both peak inductor and
average output current limit. The peak current mode
architecture limits peak inductor current on a cycle-by-
cycle basis. The peak current limit is equal to Vgs/2Q to
a maximum of 1.8A so that in the event of a sudden short
circuit, the current limit will fold back to a lower value.
In step-up mode, the voltage on CLPROG represents the
average output current of the switching regulator when
a programming resistor and an averaging capacitor are
connected from CLPROG to GND. With a 3.01k resistor
on GLPROG, the bidirectional switching regulator has an
output current limit of 680mA. As the output current ap-
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proaches this limit CLPROG servosto 1.15Vand Vg falls
rapidly to Voyt. When Vgyg is close to Vgyt there may not
be sufficient negative slope on the inductor current when
the PMOS switch is on to balance the rise in the inductor
current when the NMOS switch is on. This will cause the
inductor current to run away and the voltage on CLPROG
to rise. When CLPROG reaches 1.2V the switching of the
synchronous PMOS is terminated and Vqyr is applied
statically to its gate. This ensures that the inductor current
will have sufficient negative slope during the time current
is flowing to the output. The PMOS will resume switching
when CLPROG drops down to 1.15V.

The LTC3576/LTC3576-1 maintain voltage regulation even
if Vout is above Vgys. This is achieved by disabling the
PMOS switch. The PMOS switch is enabled when Vgys
rises above Vgyt + 180mV and is disabled when it falls
below Vgyt + 70mV to prevent the inductor current from
running away when not in current limit. Since the PMOS
no longer acts as a low impedance switch in this mode,
there will be more power dissipation within the IC. This
will cause a sharp drop in efficiency.

If Vgys is less than 4V and the PMOS switch is disabled
for more than 7.2ms a short-circuit fault will be declared
and the part will shut off. The CHRG pin will blink at 35kHz
with a duty cycle that varies between 12% and 88% at a
4Hz rate. See Table 2. To re-enable step-up mode, the
ENOTG pin or, with ENOTG grounded, the BO bit in the
12C port must be cycled low and then high.

Bat-Track Auxiliary High Voltage Switching Regulator
Control

The WALL, ACPR and V¢ pins can be used in conjunction
with an external high voltage step-down switching regula-
tor such as the LT®3480 or the LT3653 to minimize heat
production when operating from higher voltage sources,
as shown in Figures 1 and 3. Bat-Track control circuitry
regulates the external switching regulator’s output voltage
to the larger of (BAT + 300mV) or 3.6\. This maximizes
battery charger efficiency while still allowing instant-on
operation when the battery is deeply discharged.

The feedback network ofthe high voltage regulator should
be set to generate an output voltage between 4.5V and
5.5\l When highvoltageisapplied to the external regulator,

WALL will rise toward this programmed output voltage.
When WALL exceeds approximately 4.3\ ACPR is brought
low and the Bat-Track control of the LTC3576/LTC3576-1
overdrives the local Vg control of the external high volt-
age step-down switching regulator. Therefore, once the
Bat-Track control is enabled, the output voltage is set in-
dependent of the switching regulator feedback network.

Bat-Track control provides asignificant efficiency advantage
over the simple use of a 5V switching regulator output to
drive the battery charger. With a 5V output driving Vour,
battery charger efficiency is approximately:

V.
MNroTAL =MBuUck * EEK\/T

wherengyck is the efficiency of the high voltage switching
regulator and 5V is the output voltage of the switching
regulator. With a typical switching regulator efficiency of
87% and a typical battery voltage of 3.8V, the total bat-
tery charger efficiency is approximately 66%. Assuming
a 1A charge current, 1.7W of power is dissipated just to
charge the battery!

With Bat-Track, battery charger efficiency is approxi-
mately:

Y/
NroTAL = NBUCK 'ﬁ

With the same assumptions as above, the total battery
charger efficiency is approximately 81%. This example
works out to less than 1W of power dissipation, or almost
60% less heat.

See the Typical Applications section for complete circuits
using the LT3480 and the LT3653 with Bat-Track control.

Ideal Diode(s) from BAT to Vgyr

The LTC3576/LTC3576-1 each haveaninternalideal diode as
wellasacontroller foran optional externalideal diode. Both
the internal and the external ideal diodes are always on and
will respond quickly whenever Vgyt drops below BAT

If the load current increases beyond the power allowed
from the switching regulator, additional power will be
pulled from the battery via the ideal diode(s). Further-
more, if power to Vgys (USB or wall adapter) is removed,
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Figure 4. Ideal Diode V-I Characteristics

then all of the application power will be provided by the
battery via the ideal diodes. The ideal diode(s) will be fast
enough to keep Voyt from drooping with only the stor-
age capacitance required for the switching regulator. The
internal ideal diode consists of a precision amplifier that
activates a large on-chip P-channel MOSFET whenever
the voltage at oyt is approximately 15mV (Vpyp) below
the voltage at BAT. Within the amplifier’s linear range, the
small-signal resistance of the ideal diode will be quite low,
keeping the forward drop near 15m\. At higher current
levels, the MOSFET will be in full conduction.

To supplement the internal ideal diode, an external
P-channel MOSFET may be added from BAT to Vyr. The
IDGATE pin of the LTC3576/LTC3576-1 drives the gate of
the external P-channel MOSFET for automatic ideal diode
control. The source of the external P-channel MOSFET
should be connected to Vgt and the drain should be con-
nected to BAT. Capable of driving a 1nF load, the IDGATE
pin can control an external P-channel MOSFET transistor
having an on-resistance of 30m«Q or lower.

Suspend LDO

Ifthe LTC3576/LTC3576-1 are configured for USB suspend
mode, the bidirectional switching regulatoris disabled and
the suspend LDO provides power tothe Vgt pin (presum-
ing there is power available to Vgyg). This LDO will prevent
the battery from running down when the portable product
has access to a suspended USB port. Regulating at 4.6V,
this LDO only becomes active when the switching converter
is disabled (suspended). The suspend LDO sends a scaled

copy of the Vgyg current to the CLPROG pin, which will
servo to approximately 100mV in this mode. To remain
compliant with the USB specification, the input to the LDO
is current limited so that it will not exceed the low power
or high power suspend specification. If the load on Voyt
exceeds the suspend current limit, the additional current
will come from the battery via the ideal diode(s).

3.3V Always-0n LDO Supply

The LTC3576/LTC3576-1 include a low quiescent current
low dropout regulator that is always powered. This LDO
can be used to provide power to a system pushbutton
controller, standby microcontroller or real time clock. De-
signed to deliver up to 20mA, the always-on LDO requires
at least a 1pF low impedance ceramic bypass capacitor
for compensation. The LDO is powered from Vqyt, and
therefore will enter dropout at loads less than 20mA as
Vour falls near 3.3V, If the LDO3V3 output is not used, it
should be disabled by connecting it to Vgyr.

Battery Charger

The LTC3576/LTC3576-1 include a constant-current/con-
stant-voltage battery charger with automatic recharge,
automatic termination by safety timer, low voltage trickle
charging, bad cell detection and thermistor sensor input
for out-of-temperature charge pausing.

Battery Preconditioning

When a battery charge cycle begins, the battery charger
first determines if the battery is deeply discharged. If the
battery voltageis below Vitrk_, typically 2.85\, an automatic
trickle charge feature sets the battery charge current to
10% of the programmed value. If the low voltage persists
for more than 1/2 hour, the battery charger automatically
terminates and indicates via the CHRG pin that the battery
Was unresponsive.

Oncethe battery voltage isabove 2.85V, the charger begins
charging in full power constant-current mode. The cur-
rent delivered to the battery will try to reach 1030/Rprog-
Depending on available input power and external load
conditions, the battery charger may or may not be able
to charge at the full programmed rate. The external load
will always be prioritized over the battery charge current.
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Likewise, the USB current limit programming will always
be observed and only additional power will be available to
charge the battery. When system loads are light, battery
charge current will be maximized.

Charge Termination

The battery charger has a built-in safety timer. When the
voltage on the battery reaches the pre-programmed float
voltage, the battery charger will regulate the battery volt-
age and the charge current will decrease naturally. Once
the battery charger detects that the battery has reached
the float voltage, the four hour safety timer is started.
After the safety timer expires, charging of the battery will
discontinue and no more current will be delivered.

Automatic Recharge

After the battery charger terminates, it will remain off
drawing only microamperes of current from the battery.
If the portable product remains in this state long enough,
the battery will eventually self discharge. To ensure that the
battery is always topped off, a charge cycle willautomatically
begin when the battery voltage falls below the recharge
threshold which is typically 100mV less than the charger's
float voltage. In the event that the safety timer is running
whenthe battery voltage falls below the recharge threshold,
it will reset back to zero. To prevent brief excursions below
the recharge threshold from resetting the safety timer, the
battery voltage must be below the recharge threshold for
more than 1ms. The charge cycle and safety timer will
also restart if the Vgys UVLO cycles low and then high
(e.g., Vgys is removed and then replaced), or if the battery
charger is cycled on and off by the 12C port.

Charge Current

The charge current is programmed using a single resis-
tor from PROG to ground. 1/1030th of the battery charge
current is sent to PROG which will attempt to servo to
1.000V. Thus, the battery charge current will try to reach
1030 times the current in the PROG pin. The program
resistor and the charge current are calculated using the
following equation:

— VPROG *1030
Rprog

Ineitherthe constant-current or constant-voltage charging
modes, the voltage at the PROG pin will be proportional to
the actual charge current delivered to the battery. There-
fore, the actual charge current can be determined at any
time by monitoring the PROG pin voltage and using the
following equation:

V
o, =—PROG 61030
AT Rerog

In many cases, the actual battery charge current, Igat, will
be lowerthan Igyg due to limited input power available and
prioritization with the system load drawn from Voyr.

The Battery Charger Flow Chart illustrates the battery
charger’s algorithm.

Charge Status Indication

The CHRG pin indicates the status of the battery charger.
Four possible states are represented by CHRG which
include charging, not charging, unresponsive battery and
battery temperature out of range.

The signal at the CHRG pin can be easily recognized as
one of the above four states by either a human or a mi-
croprocessor. An open-drain output, the CHRG pin can
drive an indicator LED through a current limiting resistor
for human interfacing or simply a pull-up resistor for
microprocessor interfacing.

To make the CHRG pin easily recognized by both humans
and microprocessors, the pin is either low for charging,
high for not charging, or it is switched at high frequency
(35kHz) to indicate the two possible faults, unresponsive
battery and battery temperature out of range.

When charging begins, CHRG is pulled low and remains
low for the duration of a normal charge cycle. When
charging is complete, i.e., the BAT pin reaches the float
voltage and the charge current has dropped to one-tenth
of the programmed value, the CHRG pin is released (Hi-2).
If a fault occurs, the pin is switched at 35kHz. While
switching, its duty cycle is modulated between a high
and low value at a very low frequency. The low and high
duty cycles are disparate enough to make an LED appear
to be on or off thus giving the appearance of “blinking”.
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Battery Charger Flow Chart
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