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ABSOLUTE MAXIMUM RATINGS

BATT, CS, DCIN, CSSP, CSSN, HSD to GND......... -0.3Vto +15V PGND t0 GND ..ot -0.3V to +0.3V
CSSP t0 CSSN......iiiiiiiieiic e -0.6V to +0.6V VL Source CUIment.....cc.ooviiiiiiicice e 50mA
BSTHO GND oo -0.3Vto +21V Continuous Power Dissipation (Ta = +70°C)
BST 10 LX i -0.3V to +6V 28-Pin SSOP (derate 9.5mW/°C above +70°C) ........... 762mW
LXTOPGND oo -0.6V to (VHsD + 0.3V) Operating Temperature Range ..............ccccceov... -40°C to +85°C
VL, SHDN, ISETIN, ISETOUT, REF, VADJ, CELL, TIMERT, Junction Temperature ...........cccoooieiiiiiiiiee +150°C
TIMER2, CCI, CCS, CCV, THMto GND ................ -0.3V to +6V Storage Temperature Range ..........c.ccccooevenn. -65°C to +150°C
FASTCHG, FULLCHG, FAULT to GND .................. -0.3V to +30V Lead Temperature (soldering, 10S) .........cccccovviiiiiieennn. +300°C
CS o BATT CUITENE .ot +3.6A

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, VpcIN = VHSD = Vcssp = Vessn = 12V, VSHDN = Vv, VCELL = GND, VBATT = Vcs = 4.2V, Vvabd = VREF/2,
VISETIN = VISETOUT = VREF, RTHM = 10kQ, TA = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
SUPPLY AND REFERENCE
DCIN Input Voltage Range 6 14 V
DCIN Quiescent Supply Current 6V < VpCIN < 14V 5 7 mA
DCIN to BATT Dropout .
Threshold, DCIN Falling Falling edge 0.075 0.125 0.175 vV
DCIN to BATT Dropout .
Threshold, DCIN Rising Rising edge 020 030 040 ) WV
VL Output Voltage 6V < VpCIN < 14V 5.10 5.40 5.70 \
VL Output Load Regulation lvL = 0 to 16mA 44 65 mV
REF Output Voltage VREF 6V < VpCIN < 14V 4179 4.20 4.221 Vv
REF Line Regulation 6V < VpCIN < 14V 2 6 mV
REF Load Regulation IREF = 0 to TmA 6 14 mV
SWITCHING REGULATOR
PWM Oscillator Frequency fosc Nondropout fosc 270 300 330 kHz
LX Maximum Duty Cycle In dropout, fosc / 4 97 98 %
CSSN/CSSP Off-State Leakage VessN = Vessp = Vel = 14V, VSHDN = GND 2 10 uA
Vix = PGND, VHsD = VDcIN = 14V,
HSD Off-State Leakage VSHBN = GND 0.1 10 uA
LX Off-State Leakage Vix = VHSD = VpcIN =14V, VSADN = GND 0.1 10 uA
HSD to LX On-Resistance VBST = Vix + 4.5V 150 250 mQ
X to PGND On-Resistance See PWM Controller section 1 2 Q
CS to BATT Current-Sensing Internal resistor between CS and BATT,
Resistance Res 1.5A RMS operating 110 170 me
VSHDN = GND, VBATT =14V 0.1 5 LA
BATT, CS Input Current CELL = REF, VBATT = 12V, any charging state 280 540 uA
VBATT = 14V, done state 150 270 uA
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, VpcIN = VHSD = Vcssp = VossN = 12V, VSHDN = Wi, VCeLL = GND, VBATT = Vcs = 4.2V, VWaDJ = VREF/2,
VISETIN = VISETOUT = VREF, RTHM = 10kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER | SYMBOL | CONDITIONS MIN  TYP  MAX | UNITS

SWITCHING REGULATOR

CS to BATT Hard Current Limit Instantaneous peak current limit 2.4 2.7 3.0 A
BATT, CS Input Voltage Range 0 14 \
VOLTAGE LIMIT ACCURACY

Battery Regulation Voltage VBATTR | CELL = float, GND, or REF 4.167 4.2 4,233 | V/cell

Not including VADJ resistor tolerances -0.8 0.8
Absolute Voltage Accuracy With 1% VADJ resistors y 1 %
A B

BATT Regulation Voltage VapJ = GND 3.948 3979 4.010 Vicel
Adjustment Range VaDJ = REF 4386 4.421  4.453

ERROR AMPLIFIERS

CCV Amplifier _ mS x
Transconductance Veev =2v 0.4 0.7 10 cells
CCV Amplifier Maximum Output B

Current Vcey = 2V +50 HA
BATT Full-Scale Charge Current 1.35 1.5 1.65 A
BATT 1/10-Scale Charge _

Current (Note 1) VISETOUT = VREF/10 100 150 200 mA
BATT Charge Current in

Prequalification State VBATT < 2.4V per cell 100 150 200 mA
CClI Battery Current Sense Gain Vcel =2V 60 130 240 pA/A
CCI Amplifier Maximum Output B

Current Vcel =2V +100 uA
CSSP to CSSN Full-Scale

Current-Sense Voltage 90 100 15 mv
CSSP to CSSN 1/10-Scale _

Current-Sense Voltage VISETIN = VReF/10 5 10 15 mv
CCS Amplifier Transconductance Vces = 2V 1.0 2.0 3.0 mS
CCS Amplifier Maximum Output B

Current Vces = 2V +100 pA
CCl, CCS Clamp Voltage with

Respect to CCV 25 200 mv
CCV Clamp Voltage with

Respect to CCI, CCS 25 200 mv
STATE MACHINE

THM Trip Threshold Voltage VTRT THM low-temp or high-temp current 1.386 1.40 1.414 V
THM Low-Temp Current ITLTC VTHM = 1.4V 46.2 49 515 pA
THM High-Temp Current ITHTC VTHM = 1.4V 344 353 362 pA
THM COLD Threshold Combines THM low-temp current and THM

Resistance (Note 2) threshold, VTRT / ITLTC 26.92  28.70 80.59 ke
THM HOT Threshold Resistance Combines THM high-temp current and THM

(Note 2) threshold, VTRT / ITHTC 3819 3964 4115 ke
MNMAXIW 3
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, VpcIN = VHSD = Vcssp = VossN = 12V, VSHDN = Wi, VCeLL = GND, VBATT = Vcs = 4.2V, VWaDJ = VREF/2,
VISETIN = VISETOUT = VREF, RTHM = 10kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER ’SYMBOL’ CONDITIONS MIN TYP MAX ‘ UNITS

STATE MACHINE

BATT Undervoltage Threshold

(Note 3) 2.4 25 26 V/cell
BATT Overvoltage Threshold 456 7 it Vieel
(Note 4)

FULLCHG BATT Current

Termination Threshold (Note 5) 250 330 400 mA

% of
BATT Recharge Voltage
Threshold (Note 6) ¥ % % VBéAeTIE "

TIMER1 and TIMER2

Oscillation Frequency 2 233 26 KHz

Prequalification Timer 6.25 7.5 8.75 min
Fast-Charge Timer 81 90 100 min
Full-Charge Timer 81 90 100 min
Top-Off Timer 40.5 45 49.8 min
Temperature Measurement 0.98 112 132 Hy
Frequency

CONTROL INPUTS/OUTPUTS

SHDN Input Voltage High VIH 1.4 V

SHDN Input Voltage Low ViL 0.6 V

VADJ, ISETIN, ISETOUT Input

Voltage Range 0 VReF v

VADJ, ISETIN, ISETOUT Input B

Bias Current VVADJ, VISETIN, VISETOUT = 0 or 4.2V -50 50 nA
SHDN Input Bias Current VSHDN = 0 or VL -1 1 HA
CELL Input Bias Current VCELL = 0 or VyL -5 5 UA

ISETOUT Shutdown Threshold

Voltage (Note 3) 150 220 300 mv

For 1 cell 0 0.5
CELL Input Voltage For 2 cells (floating) 1.5 2.5 \
For 3 cells VREF - 0.3 VRer + 0.3
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, VpcIN = VHSD = Vcssp = VessN = 12V, VSADN = VWL, VCELL = GND, VBaTT = Vcs = 4.2V, Vvaby = VREF/2,

VISETIN = VISETOUT = VREF, RTHM = 10kQ, Ta = 0°C to +85°C, unless otherwise noted. Typical values are at Ta = +25°C.)

PARAMETER ’ SYMBOL ’ CONDITIONS MIN TYP MAX ‘ UNITS
CONTROL INPUTS/OUTPUTS
FASTCHG, FULLCHG, FAULT _
Output Low Voltage VoL ISINK = SmA 0.5 v
FASTCHG, FULLCHG, FAULT VFASTCHG, VFULLCHG, VFAULT = 28V, ’ A
Output High Leakage VSHDN = GND H

ELECTRICAL CHARACTERISTICS

(Circuit of Figure 1, VDcIN = VHSD = Vcssp = VessN = 12V, VSADN = VL, VCELL = GND, VBATT = Vcs = 4.2V, VvabJy = VREF/2,

VISETIN = VISETOUT = VREF, RTHM = 10kQ, TA =-40°C to +85°C, unless otherwise noted.) (Note 7)

PARAMETER | SYMBOL | CONDITIONS | MIN TYP  MAX | UNITS

SUPPLY AND REFERENCE

DCIN Input Voltage Range 6 14 \
VL Output Voltage 5.1 5.7 \
REF Output Voltage 6V < VpCIN < 14V 4.166 4.242 \
REF Line Regulation 6V < VpcIN < 14V 6 mV
SWITCHING REGULATOR

PWM Oscillator Frequency fosc Nondropout fosc 260 340 kHz
HSD to LX On-Resistance VBST = Vix + 4.5V 250 mQ
LX to PGND On-Resistance 2 Q
CS to BATT Hard Current Limit Instantaneous peak current limit 2.2 3.2 A
BATT, CS Input Voltage Range 0 14 \
ACCURACY AND ERROR AMPLIFIERS

Not including VADJ resistor tolerances -0.8 0.8
Absolute Voltage Accuracy - - %
With 1% VADJ resistors -1 1

BATT Regulation Voltage CELL = float, GND, or REF 4.158 4.242 | V/cell
BATT Full-Scale Charge Current 1.3 1.7 A
BATT 1/10-Scale Charge _

Current (Note 1) ViseTouT = VRer/ 10 100 200 mA
BATT Charge Currentin

Prequalification State VBATT < 2.4V per cell 100 200 mA
CSSP to CSSN Full-Scale

Current-Sense Voltage 85 115 mv
CSSP to CSSN 1/10-Scale B

Current-Sense Voltage VISETIN = VReF/ 10 5 1 mv
STATE MACHINE

THM Trip Threshold Voltage VTRT THM low-temp or high-temp current 1.386 1.414 V
THM Low-Temp Current ITLTC VTHMm = 1.4V 46.2 515 pA
BATT Undervoltage Threshold

(Note 3) 2.4 2.6 V/cell
BATT Overvoltage Threshold

(Note 4) 4.55 4.8 V/cell
MNMAXIW 5
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ELECTRICAL CHARACTERISTICS (continued)

(Circuit of Figure 1, VpcIN = VHSD = Vcssp = VessN = 12V, VSHDN = VvL, VCELL = GND, VBATT = Vcs = 4.2V, Vvaby = VREF/2,
VISETIN = VISETOUT = VREF, RTHM = 10kQ, TA =-40°C to +85°C, unless otherwise noted.) (Note 7)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
FULLCHG BATT Current
Termination Threshold (Note 5) 250 400 mA
Temperature Measurement 0.93 137 Hy
Frequency
CONTROL INPUTS/OUTPUTS
SHDN Input Voltage High VIH 1.4 \
SHDN Input Voltage Low ViL 0.6 V

Note 1: When V|seTouT = 0, battery charger turns off.

Note 2: See Thermistor section.

Note 3: Below this threshold, charger reverts to a prequalification mode with IBaTT reduced to 10% of full scale.
Note 4: Above this threshold, charger is disabled.

Note 5: After full-charge state is complete and BATT current falls below this threshold, FULLCHG output switches high. Battery
charging continues until top-off timeout occurs. See Table 1.
Note 6: After charging is complete, when BATT voltage falls below this threshold, a new charging cycle is initiated.

Note 7: Specifications to -40°C are guaranteed by design, not production tested.
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EEE IS
(Circuit of Figure 1, VpcIN = 12V, VSHDN = VL, VCELL = GND, VWwaADJ = VREF/2, VISETIN = VISETOUT = VREF, see Figure 1, Ta = +25°C,
unless otherwise noted.)
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R1. REBEREBOFRH

STATE

ENTRY CONDITIONS

STATE CONDITIONS

Reset

From initial power on
or
From done state if battery voltage < recharge voltage
threshold
or
VDCIN - VBATT < dropout threshold
or
VBATT > battery overvoltage threshold

Timers reset, charging current = 0,
FASTCHG = high, FULLCHG = high,
FAULT = high

Prequalification

From reset state if input power, reference, and internal
bias are within limits

Battery voltage = undervoltage threshold,
charging current = (fast-charge current/ 10),
timeout = 7.5min typ (CTIMER1 = 1nF),
FASTCHG = low, FULLCHG = high,
FAULT = high

Fast Charge
(Constant Current)

From prequalification state if battery voltage >
undervoltage threshold

Undervoltage threshold < battery voltage
< battery regulation voltage,

charging current = charge current limit,
timeout = 90min typ (CTiMER2 = 1nF),
FASTCHG = low, FULLCHG = high,
FAULT = high

Battery voltage = battery regulation
voltage,

Full Charge From fast-charge state if battery voltage = battery charging current = 330mA,

(Constant Voltage) regulation voltage timeout = 90min typ (CTiIMER1 = 1nF),
FASTCHG = high, FULLCHG = low,
FAULT = high
Battery voltage = battery regulation voltage,

Ton.Off From full-charge state if full-charge timer expires charging current < 330mA

(SIO tant Voltage) or timeout = 45min typ

onstant votage If charging current = 330mA (CTIMER1 = 1nF), FASTCHG = high,

FULLCHG = high, FAULT = high
Recharge voltage threshold < battery,

Done From top-off state if top-off timer expires voltage = voltage fimit, charging current = 0,

FASTCHG = high, FULLCHG = high,
FAULT = high

Over/Undertemperature

From fast-charge state or full-charge state if battery
temperature is outside limits

Charge current = 0, timers suspended,
FASTCHG = no change,

FULLCHG = no change,

FAULT = no change

From reset state if battery temperature = maximum
battery temperature

Fault or Charging current = 0, FASTCHG = high,
From prequalification state if prequalification timer expires | FULLCHG = high, FAULT = low
or
From fast-charge state if fast-charge timer expires
10 N AXIMW
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REGULATION VOLTAGE (VgaTTR)

0K
ONCE PER
SECOND ~“FULL CHARGE
FASTCHG = HIGH
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FAULT

TIMEOUT
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