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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)

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.

USB, DC, PEN1 to AGND.......................................-0.3V to +16V
SYS, BAT, PV1, PV2, PV3 to AGND..........................-0.3V to +6V
PG1, PG2, PG3, AGND .........................................-0.3V to +0.3V
PV1, PV2, PV3 to SYS............................................-0.3V to +0.3V
VL to AGND...........................................................-0.3V to +4.0V
CISET, DISET, BVSET, CT, THM to AGND..-0.3V to (VVL + 0.3V)
PV4, PV5, BP, FB1, FB2, FB3 to AGND ....-0.3V to (VSYS + 0.3V)
PEN2, USUS, CEN, EN, PWM to AGND ..................-0.3V to +6V
CST1, CST2, DOK, UOK to AGND...........................-0.3V to +6V
OUT4, FB4 to AGND .................................-0.3V to (VPV4 + 0.3V)

OUT5, FB5 to AGND .................................-0.3V to (VPV5 + 0.3V)
LX1, LX2, LX3 Continuous RMS Current (Note 1).................1.5A
BAT Continuous Current .......................................................1.5A
SYS Continuous Current .......................................................1.5A
Continuous Power Dissipation (TA = +70°C)

40-Pin, 5mm x 5mm, Thin QFN (derate 35.7mW/°C 
above +70°C)..............................................................2857mW

Operating Junction Temperature.....................................+150°C
Storage Junction Temperature Range ..............-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DC POWER INPUT (VDC = 5.0V, EN = low)

Operating voltage 4.1 6.6
DC Voltage Range VDC

Withstand voltage 0 14
V

SYS Regulation Voltage VSYS_REG
VDC = 6V, USUS = low, CEN = high, system
current is less than the input current limit

5.2 5.3 5.4 V

DC Undervoltage Threshold VDCL VDC rising, 500mV typical hysteresis 3.95 4.00 4.05 V

DC Overvoltage Threshold VDCH VDC rising, 400mV typical hysteresis 6.8 6.9 7.0 V
PEN1 = low,
PEN2 = low,
USUS = low

90 95 100

PEN1 = low,
PEN2 = high,
USUS = low

450 475 500
DC Current Limit IDCLIM

VDC = 6V, VSYS = 5V
USB unconnected,
CEN = low,
TA = +25°C,
VL = no load
(Note 3) PEN1 = high,

RDISET = 3kΩ
950 1000 1050

mA

RDISET Resistance Range 3 6 kΩ
PEN1 = low, USUS = high 0.11
USUS = low, CEN = low;
ISYS = 0mA, IBAT = 0mA, EN = low;
VL no load

1.1
DC Quiescent Current IDCIQ

USUS = low, CEN = high;
ISYS = 0mA, VEN = 0V, VL no load

0.7

mA

Minimum DC-to-BAT Voltage
Headroom

VDC falling, 200mV hysteresis 0 15 30 mV

Minimum DC-to-SYS Voltage
Headroom

VDC falling, 200mV hysteresis 0 15 30 mV

DC-to-SYS Dropout Resistance RDS VDC = 5V, ISYS = 400mA, USUS = low 0.325 0.600 Ω

Note 1: LX_ has internal clamp diodes to PG_ and PV_. Applications that forward bias these diodes must take care not to exceed
the package power dissipation limits.
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Starting DC when no USB present 1.0 ms
DC-to-SYS Soft-Start Time tSS-D-S

Starting DC with USB present 35 μs

DC Thermal-Limit Temperature
Die temperature at which current limit is
reduced

+100 °C

DC Thermal-Limit Gain
Amount of input current reduction above
thermal-limit temperature

5 %/°C

USB POWER INPUT (VUSB = 5.0V, EN = low)

Operating voltage 4.1 6.6
USB Voltage Range VUSB

Withstand voltage 0 14
V

SYS Regulation Voltage VSYS_REG

VUSB = 6V, USUS = low, CEN = high,
system current is less than the input current
limit

5.2 5.3 5.4 V

USB Undervoltage Threshold VUSBL VUSB rising, 500mV hysteresis 3.95 4.0 4.05 V

USB Overvoltage Threshold VUSBH VUSB rising, 400mV hysteresis 6.8 6.9 7.0 V

PEN2 = low,
USUS = low

90 95 100

USB Current Limit IUSBLIM

VUSB = 6V, VSYS = 5V, DC
unconnected, CEN = low,
TA = +25°C,
IVL = 0A (Note 3)

PEN2 = high,
USUS = low

450 475 500

mA

USUS = high 0.11

USUS = low, CEN = low;
ISYS = 0mA, IBAT = 0mA, VL no load

1.1 2.0
USB Quiescent Current IUSBIQ

USUS = low, CEN = high;
ISYS = 0mA, VL no load

0.7 1.3

mA

Minimum USB-to-BAT Voltage
Headroom

VUSB falling, 200mV hysteresis 0 15 30 mV

Minimum USB-to-SYS Voltage
Headroom

VUSB falling, 200mV hysteresis 0 15 30 mV

USB-to-SYS Dropout Resistance RUS VUSB = 5V, ISYS = 400mA, USUS = low 0.325 0.600 Ω
USB-to-SYS Soft-Start Time tSS-U-S 1.0 ms

USB Thermal-Limit Temperature
Die temperature at which current limit is
reduced

100 °C

USB Thermal-Limit Gain
Amount of input current reduction above
thermal-limit temperature

5 %/°C

SYSTEM (VDC = 5.0V, EN = low)

System Operating Voltage Range VSYS 2.6 5.5 V

System Undervoltage Threshold VUVLO_SYS SYS falling, 100mV hysteresis 2.45 2.50 2.55 V

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

BAT is sourcing
105mA

65 82 115
BAT-to-SYS Reverse Regulation
Voltage

VBSREG
DC or USB and BAT
are sourcing current BAT is sourcing

905mA
130

mV

DC and USB unconnected, EN = low,
VBAT = 4V

0 10

VDC = VUSB = 5V, USUS = high,
PEN1 = low, EN = low, VBAT = 4V

0 10

DC and USB unconnected, EN = high,
VBAT = 4V (step-down converters are not in
dropout), PWM = low (Note 4)

155 285

DC and USB unconnected, EN = high,
VBAT = 2.8V (at least one step-down
conver ter  i s i n d r op out) , P W M  =  l ow  ( N ote 4) 

425 550

VDC = VUSB = 5V, USUS = high, EN = high,
VBAT = 4V, PWM = low (Note 4)

180 320

μA

Quiescent Current

IPV1 +
IPV2 +
IPV3 +
IPV4 +
IPV5 +
ISYS

DC and USB unconnected, EN = high,
VBAT = 4.0V, PWM = high

9 mA

BATTERY CHARGER (VDC = 5.0V, EN = low)

BAT-to-SYS On-Resistance RBS VUSB = 0V, VBAT = 4.2V, ISYS = 1A 0.08 0.16 Ω
TA = +25°C 4.174 4.200 4.221BVSET = VL or

BVSET unconnected TA = -40°C to +85°C 4.145 4.200 4.242

TA = +25°C 4.073 4.100 4.121
BVSET = AGND

TA = -40°C to +85°C 4.047 4.100 4.141

TA = +25°C 4.325 4.350 4.376

BAT Regulation Voltage
(Figure 6)

VBATREG

RBVSET = 49.9kΩ to
AGND TA = -40°C to +85°C 4.297 4.350 4.398

V

BAT Recharge Threshold VBATRCHG (Note 5) -170 -120 -70 mV

BAT Prequalification Threshold VBATPRQ VBAT rising, 180mV hysteresis, Figure 6 2.9 3.0 3.1 V

RCISET Resistance Range
Guaranteed by BAT fast-charge current
limit

3 15 kΩ

CISET Voltage VCISET RCISET = 7.5kΩ, IBAT = 267mA, Figure 9 0.9 1.0 1.1 V

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Low-power USB charging from the USB
input, DC unconnected, RCISET = 3kΩ,
PEN2 = low, USUS = low

87 92 100

Low-power USB charging from the DC
input, RCISET = 3kΩ, PEN1 = low,
PEN2 = low, USUS = low

87 92 100

High-power USB charging from the USB
input, DC unconnected, RCISET = 3kΩ,
PEN2 = high, USUS = low

450 472 500

High-power USB charging from the DC
input, RCISET = 3kΩ, PEN2 = high,
USUS = low

450 472 500

AC-to-DC adapter charging from the DC
input, RDISET = 3kΩ, RCISET = 15kΩ,
PEN1 = high

170 200 230

AC-to-DC adapter charging from the DC
input, RDISET = 3kΩ, RCISET = 7.5kΩ,
PEN1 = high

375 400 425

BAT Fast-Charge Current Limit

AC-to-DC adapter charging from the DC
input, RDISET = 3kΩ, RCISET = 3.74kΩ,
PEN1 = high

750 802 850

mA

BAT Prequalification Current VBAT = 2.5V, RCISET = 3.74kΩ 65 82 100 mA

Top-Off Threshold TA = +25°C, RCISET = 3.74kΩ (Note 6) 20 30 40 mA

No DC or USB power
connected

0 +5

BAT Leakage Current
EN = low,
TA = +25°C DC and/or USB power

connected, CEN = high
-5 1 +5

μA

Slew rate 450 mA/ms

Time from 0mA to 500mA 1.10

Time from 0mA to 100mA 0.22
Charger Soft-Start Time tSS_CHG

Time from 100mA to 500mA 0.88

ms

Timer Accuracy CCT = 0.15μF -20 +20 %

Timer Suspend Threshold
CISET voltage when the fast-charge timer
suspends; 300mV translates to 20% of the
maximum fast-charge current limit

250 300 350 mV

Timer Extend Threshold
CISET voltage when the fast-charge timer
suspends; 750mV translates to 50% of the
maximum fast-charge current limit

700 750 800 mV

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Prequalification Time tPQ CCT = 0.15μF 33 min

Fast-Charge Time tFC CCT = 0.15μF 660 min

Top-Off Time tTO 15 s

THERMISTOR INPUT (THM) (VDC = 5.0V, EN = low)

THM Threshold, Cold VTHMC VTHM rising, 65mV hysteresis 73.0 74.0 75.5
% of
VVL

THM Threshold, Hot VTHMH VTHM falling, 65mV hysteresis 27.0 28.4 30.0
% of
VVL

THM = AGND or VL, TA = +25°C -0.100 0.001 +0.200
THM Input Leakage Current ITHM

THM = AGND or VL, TA = +85°C 0.01
μA

POWER SEQUENCING (Figures 11 and 12)

EN to REG3 Enable Delay tD1 120 μs

REG1 Soft-Start Time tSS1 2.6 ms

REG3 to REG1/2 Delay tD2 0.4 ms

REG2 Soft-Start Time tSS2 2.6 ms

REG3 Soft-Start Time tSS3 2.6 ms

REG1/2 to REG4 Delay tD3 0.3 ms

REG4 Soft-Start Time tSS4 3.0 ms

REG5 Soft-Start Time tSS5 3.0 ms

REGULATOR THERMAL SHUTDOWN

Thermal Shutdown Temperature TJ rising +165 °C

Thermal Shutdown Hysteresis 15 °C

REG1—SYNCHRONOUS STEP-DOWN CONVERTER

Input Voltage PV1 supplied from SYS VSYS V

Maximum Output Current L = 4.7μH, RL = 0.13Ω (Note 7) 425 mA

FB1 Voltage (Note 8) 0.997 1.012 1.028 V

Adjustable Output Voltage Range 1 VSYS V

TA = +25°C -50 -5 +50
FB1 Leakage Current VFB1 = 1.012V

TA = +85°C -5
nA

Load Regulation PWM mode 4.4 %/A

Line Regulation PWM mode (Note 9) 1 %/D

p-Channel On-Resistance VPV1 = 4V, ILX1 = 180mA 165 330 mΩ
n-Channel On-Resistance VPV1 = 4V, ILX1 = 180mA 200 400 mΩ

p-Channel Current-Limit
Threshold

0.555 0.615 0.675 A

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Skip Mode Transition Current (Note 10) 60 mA

n-Channel Zero-Crossing
Threshold

10 mA

Maximum Duty Cycle 100 %

Minimum Duty Cycle PWM mode 12.5 %

Internal Oscillator Frequency 1.8 2.0 2.2 MHz

Internal Discharge Resistance in
Shutdown

EN = low, resistance from LX1 to PG1 0.5 1.0 2.0 kΩ

REG2—SYNCHRONOUS STEP-DOWN CONVERTER

Input Voltage PV2 supplied from SYS VSYS V

Maximum Output Current L = 4.7μH, RL = 0.13Ω (Note 7) 425 mA

FB2 Voltage (Note 8) 0.997 1.012 1.028 V

Adjustable Output Voltage Range 1 VSYS V

TA = +25°C -50 -5 +50
FB2 Leakage Current VFB2 = 1.012V

TA = +85°C -50
nA

Load Regulation PWM mode 4.4 %/A

Line Regulation PWM mode (Note 9) 1 %/D

p-Channel On-Resistance VPV2 = 4V, ILX2 = 180mA 200 400 mΩ
n-Channel On-Resistance VPV2 = 4V, ILX2 = 180mA 150 265 mΩ

p-Channel Current-Limit
Threshold

0.555 0.615 0.675 A

Skip Mode Transition Current (Note 10) 60 mA

n-Channel Zero-Crossing
Threshold

10 mA

Maximum Duty Cycle 100 %

Minimum Duty Cycle PWM mode 12.5 %

Internal Oscillator Frequency 1.8 2.0 2.2 MHz

Internal Discharge Resistance in
Shutdown

EN = low, resistance from LX2 to PG2 0.5 1.0 2.0 kΩ

REG3—SYNCHRONOUS STEP-DOWN CONVERTER

Input Voltage PV3 supplied from SYS VSYS V

Maximum Output Current L = 4.7μH, RL = 0.13Ω (Note 7) 425 mA

FB3 Voltage (Note 8) 0.997 1.012 1.028 V

Adjustable Output Voltage Range 1 VSYS V

TA = +25°C -50 -5 +50
FB3 Leakage Current VFB2 = 1.012V

TA = +85°C -50
nA

Load Regulation PWM mode 4.4 %/A

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Line Regulation PWM mode (Note 9) 1 %/D

p-Channel Current-Limit
Threshold

0.555 0.615 0.675 A

Skip Mode Transition Current (Note 10) 60 mA

n-Channel Zero-Crossing
Threshold

10 mA

p-Channel On-Resistance VPV3 = 4V, ILX3 = 180mA 230 460 mΩ
n-Channel On-Resistance VPV3 = 4V, ILX3 = 180mA 120 210 mΩ
Maximum Duty Cycle 100 %

Minimum Duty Cycle PWM mode 12.5 %

Internal Oscillator Frequency 1.8 2.0 2.2 MHz

Internal Discharge Resistance in
Shutdown

EN = low, resistance from LX3 to PG3 0.5 1.0 2.0 kΩ

REG4—LINEAR REGULATOR

PV4 Operating Range VPV4 1.7 VSYS V

PV4 Undervoltage Lockout
Threshold

VPV4 rising, 100mV hysteresis 1.55 1.60 1.65 V

FB4 Voltage No load 0.582 0.600 0.618 V

TA = +25°C -50 -5 +50
FB4 Leakage Current VFB4 = 0.6V

TA = +85°C -5
nA

PV4 to OUT4, VPV4 = 3.3V 0.45
Drop-Out Resistance

PV4 to OUT4, VPV4 = 2.0V 0.75 1.8
Ω

VFB4 = 0.54V 200 230 265
Current Limit

VFB4 = 0V 235
mA

Output Noise
10Hz to 100kHz;
COUT4 = 3.3μF, IOUT4 = 10mA, VPV4 = 2V,
VOUT4 set for 1.8V

120 μVRMS

f = 1kHz, IOUT4 = 10mA, VPV4 = 2V,
VOUT4 set for 1.8V

67

PSRR
f = 10kHz, IOUT4 = 10mA, VPV4 = 2V,
VOUT4 set for 1.8V

50

dB

Internal Discharge Resistance in
Shutdown

EN = low, resistance from OUT4 to AGND 0.5 1.0 2.0 kΩ

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

REG5—LINEAR REGULATOR

PV5 Operating Range VPV5 1.7 VSYS V

PV5 Undervoltage Lockout
Threshold

VPV5 rising, 100mV hysteresis 1.55 1.60 1.65 V

FB5 Voltage No load 0.582 0.600 0.618 V

TA = +25°C -50 -5 +50
FB5 Leakage Current VFB5 = 0.6V

TA = +85°C -5
nA

VPV5 to OUT5, VPV5 = 3.3V 0.45
Drop-Out Resistance

VPV5 to OUT5, VPV5 = 2.0V 0.75 1.8
Ω

VFB5 = 0.54V 200 230 265
Current Limit

VFB5 = 0V 235
mA

Output Noise
10Hz to 100kHz,
C OU T5  =  2.2μF, IOU T5  =  10m A, V P V 5 =  3.5V ,
V OU T5  set for 3.3V 

180 μVRMS

f = 1kHz, IOUT5 = 10mA, VPV5 = 3.5V,
VOUT5 set for 3.3V

62

PSRR
f = 10kHz, IOUT5 = 10mA, VPV5 = 3.5V,
VOUT5 set for 3.3V

44
dB

Internal Discharge Resistance in
Shutdown

EN = low, resistance from OUT5 to AGND 0.5 1.0 2.0 kΩ

VL—LINEAR REGULATOR

VL Voltage VVL IVL = 0mA to 3mA 3.0 3.3 3.6 V

LOGIC (UOK, DOK, PEN1, PEN2, USUS, CEN, CST1, CST2, EN, PWM)

Logic Input-Voltage Low
VUSB or VDC = 4.1V to 6.6V, VSYS = 2.6V to
5.5V

0.6 V

Logic Input-Voltage High
VUSB or VDC = 4.1V to 6.6V, VSYS = 2.6V to
5.5V

1.3 V

TA = +25°C 0.001 1
Logic Input Leakage Current VLOGIC = 0V to 5.5V

TA = +85°C 0.01
μA

Logic Output-Voltage Low ISINK = 1mA 10 30 mV

TA = +25°C 0.001 1Logic Output-High Leakage
Current

VLOGIC = 5.5V
TA = +85°C 0.01

μA

TRI-STATE INPUT (BVSET)

BVSET Input-Voltage Low VUSB or VDC = 4.1V to 6.6V 0.3 V

BVSET Input-Voltage Mid VUSB or VDC = 4.1V to 6.6V 1.2
VVL -
1.2

V

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)



12 ______________________________________________________________________________________

Note 2: Limits are 100% production tested at TA = +25°C. Limits over the operating temperature range are guaranteed through cor-
relation using statistical quality control (SQC) methods.

Note 3: The USB/DC current limit does not include the VL output current. See the VL Linear Regulator section for more information.
Note 4: Quiescent current excludes the energy needed for the REG1–REG5 external resistor-dividers. All typical operating charac-

teristics include the energy for the REG1–REG5 external resistor-dividers. For the circuit of Figure 1, the typical quiescent
current with DC and USB unconnected, EN = high, VBAT = 4V, and PWM = low is 175μA.

Note 5: The charger transitions from done to fast-charge mode at this BAT recharge threshold (Figure 7).
Note 6: The charger transitions from fast-charge to top-off mode at this top-off threshold (Figure 7).
Note 7: The maximum output current is guaranteed by correlation to the p-channel current-limit threshold, p-channel on-resistance,

n-channel on-resistance, oscillator frequency, input voltage range, and output voltage range. The parameter is stated for a
4.7μH inductor with 0.13Ω series resistance. See the Step-Down Converter Output Current section for more information.

Note 8: The step-down output voltages are 1% high with no load due to the load-line architecture. When calculating the external
resistor-dividers, use an FB_ voltage of 1.000V.

Note 9: Line regulation for the step-down converters is measured as ΔVOUT/ΔD, where D is the duty cycle (approximately
VOUT/VIN).

Note 10: The skip mode current threshold is the transition point between fixed-frequency PWM operation and skip mode operation.
The specification is given in terms of output load current for inductor values shown in the typical application circuits.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

BVSET Input-Voltage High VUSB or VDC = 4.1V to 6.6V
VVL -
0.3

VVL +
0.3

V

Internal BVSET Pullup Resistance 52.5 kΩ

External BVSET Pulldown
Resistance for Midrange Voltage

RBVSET 45 50 55 kΩ

ELECTRICAL CHARACTERISTICS (continued)
(DC, USB, BVSET, UOK, DOK, LX_ unconnected; VTHM = VL/2, VPG_ = VAGND = 0V, VBAT = 4V, CEN = low, USUS = low, EN = high,
VPEN1 = VPEN2 = 3.3V, VPWM = 0V, COUT4 = 1μF, COUT5 = 1μF, CSYS = 10μF, PV1 = PV2 = PV3 = PV4 = PV5 = SYS, RDISET = 3kΩ,
RCISET = 3kΩ, CVL = 0.1μF, CCT = 0.15μF, CBP = 0.01μF, VFB1 = 1.1V, VFB2 = 1.1V, VFB3 = 1.1V, TA = -40°C to +85°C, unless other-
wise noted.) (Note 2)
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POWER SOURCE DOK UOK PEN1 PEN2 USUS

DC INPUT

CURRENT

LIMIT

USB INPUT

CURRENT

LIMIT

MAXIMUM

CHARGE

CURRENT*

AC-to-DC Adapter at
DC Input

L X H X X IDCLIM

Lower of ICHGMAX
and

IDCLIM

L X L L L 100mA
Lower of ICHGMAX

and
100mA

L X L H L 500mA
Lower of ICHGMAX

and
500mA

USB Power at DC Input

L X L X H Suspend

USB input off,
DC input has

priority

0

H L X L L 100mA
Lower of ICHGMAX

and
100mA

H L X H L 500mA
Lower of ICHGMAX

and
500mA

USB Power at USB
Input, DC Unconnected

H L X X H Suspend 0
DC and USB
Unconnected

H H X X X

No DC input

No USB input 0

*

•

•

•
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UOK

UOK

UOK

μ

μ

UOK
VUSBL
4.0V RISING (typ)
500mV HYST

VUSBH
6.9V RISING (typ)
400mV HYST

USB

USB
UNDERVOLTAGE

USB
OVERVOLTAGE

AGND

MAX8671X
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° °

°

DOK

DOK

DOK

I
V

RDCLIM
DISET

= ×2000
1 5.

R
V

IDISET
ADPTR

≥ ×2000
1 5.

500

700

600

800

900

1000

3.0 4.0 4.53.5 5.0 5.5 6.0

RDISET (kΩ)

I D
CL

IM
 (m

A)

DC INPUT CURRENT LIMIT vs.
DC INPUT CURRENT-LIMIT RESISTOR 

PEN1 = HIGH

RDISET (kΩ) IDCLIM (mA) RDISET (kΩ) IDCLIM (mA)

3.01 997 4.32 694

3.09 971 4.42 679

3.16 949 4.53 662

3.24 926 4.64 647

3.32 904 4.75 632

3.40 882 4.87 616

3.48 862 4.99 601

3.57 840 5.11 587

3.65 822 5.23 574

3.74 802 5.36 560

3.83 783 5.49 546

3.92 765 5.62 534

4.02 746 5.76 521

4.12 728 5.90 508

4.22 711 6.04 497



28 ______________________________________________________________________________________

•

•

•
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•

Ω Ω
Ω ±

CEN CEN CEN

μ

CEN CEN

DOK
VDCL
4.0V RISING (TYP)
500mV HYST

VDCH
6.9V RISING (TYP)
400mV HYST

DC

USB
UNDERVOLTAGE

USB
OVERVOLTAGE

AGND

MAX8671X
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CST[1:2] = 11

LOW

0

ITO

ICHGMAX

VBATPRQ

VBATREG

PREQUALIFICATION FAST-CHARGE
(CONSTANT CURRENT)

FAST-CHARGE
(CONSTANT VOLTAGE)

DONETOP-OFF

CS
T[

1:
2]

BA
TT

ER
Y

CH
AR

GE
 C

UR
RE

NT
BA

TT
ER

Y 
VO

LT
AG

E

IPQ

HIGH-Z

CST[1:2] = 00

FOR SIMPLICITY, THIS FIGURE ASSUMES THAT ISYS ~ 0mA
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μ
μ

CHARGER DISABLED
CST[1:2] = 11

UOK AND/OR DOK = 1
ICHG = 0mA

TIMER FAULT
CST [1:2] = 10

ICHG = 0mA
UOK AND/OR DOK = 1

TIMER EXTEND
CST [1:2] = 00

(ISET x 20%) < ICHG < (ICHGMAX x 50%)

THERMISTOR SUSPEND
ICHG = 0mA

CST[1:2] = 01
UOK AND/OR DOK = 1

THERMISTOR SUSPEND
ICHG = 0mA

CST[1:2] = 01
UOK AND/OR DOK = 1

THERMISTOR SUSPEND
ICHG = 0mA

CST[1:2] = 01
UOK AND/OR DOK = 1

ICHGMAX =            x 1.5V
RCISET

PREQUALIFICATION
CST[1:2] = 00

UOK AND/OR DOK = 1
ICHG = ICHGMAX/10

TOP-OFF
CST[1:2] = 11

UOK AND/OR DOK = 1
VBAT = VBATREG

DONE
CST[1:2] = 11

UOK AND/OR DOK = 1
(VBATREG + VBATRCHG) < VBAT ≤ VBATREG

ICHG = 0mA

FAST-CHARGE
CST[1:2] = 00

UOK AND/OR DOK = 1

NO INPUT POWER
CST [1:2] = 11

UOK = 0, DOK = 0 
ICHG = 0mA

t > tPREQUAL

VBAT > 3.0V
IC SETS TIMER = 0

VBAT < 2.82V
IC SETS TIMER = 0

ICHG < ICHGMAX x 53%
OR VBAT = VBATREG

IC RESUMES TIMER

ICHG < ICHGMAX x 4%
AND VBAT = 4.2V
IC SETS TIMER = 0

ICHG > ICHGMAX x 7%
IC SETS TIMER = 0

CEN = 0
USUS = 0
IC SETS TIMER = 0

t > tFST-CHG

ICHG < ICHGMAX x 50%
AND VBAT < VBATREG

IC EXTENDS TIMER BY 2x

VBAT < 
(VBATREG + VBATRCHG)

IC SETS TIMER = 0

t > 15s

 THM OUT OF RANGE

THM WITHIN RANGE

THM WITHIN RANGE
IC RESUMES TIMER

THM OUT OF RANGE
IC SUSPENDS TIMER

CEN = 1
OR

USUS = 1

USB AND DC =  INVALID

USB AND/OR DC =  INVALID

2000

ANY STATE

TIMER SUSPEND
CST [1:2] = 00

ICHG < (ICHGMAX x 20%)

ICHG < ICHGMAX x 23%
AND VBAT = VBATREG
IC RESUMES TIMER

ICHG < ICHGMAX x 20%
AND VBAT < VBATREG
IC SUSPENDS TIMER

t > 15s

THM WITHIN RANGE
IC RESUMES TIMER

THM OUT OF RANGE
IC SUSPENDS TIMER
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μ μ

μ CEN

R
V

ICISET
CHGMAX

= ×2000
1 5.

t sTO =15

t
C

F

t
C

F

PQ
CT

FC
CT

= ×

= ×

33
0 15

660
0 15

min
.

min
.

μ

μ

CST1 CST2 CHARGING STATE

0 0 Yes
Prequalification or

fast charge

0 1 No Thermistor suspend

1 0 No Timer fault

1 1 No
No input power or

top-off or
done

CHARGE, PREQUALIFICATION,
AND TOP-OFF CURRENT

vs. CHARGE SETTING RESISTOR

RCISET (kΩ)

CU
RR

EN
T 

(m
A)

5 10

10

100

1000

1
0 15

ICHGMAX

IPQ

ITO

CCT (nF) tPQ (min)
tFC (min)

100% to 50%

tFC (min)

50% to 20%

68 15.0 299 598

100 22.0 440 880

150 33.0 660 1320

220 48.4 968 1936

470 103.4 2068 4136
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Ω

I
V

R
I I

I I

CHGMAX
CISET

PQ CHGMAX

TO CHGMAX

= ×

= ×

= ×

2000
1 5

10

4

.

%

%

MONITORING THE BATTERY CHARGE
CURRENT WITH VCISET

BATTERY CHARGING CURRENT (A)

DISCHARGING

1.5

0

0 x

RCISET

2000
x IBATVCISET =

V C
IS

ET
 (V

)

2000
1.5V
RCISET

RCISET (kΩ) ICHGMAX (mA) IPQ (mA) ITO (mA)

3.01 1000 100 40

4.02 746 75 30

4.99 601 60 24

6.04 497 50 20

6.98 430 43 17

8.06 372 37 15

9.09 330 33 13

10.0 300 30 12

11.0 273 27 11

12.1 248 25 10

13.0 231 23 9

14.0 214 21 9

15.0 200 20 8
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μ

Ω

VDO = ILOAD (RP + RL)

°

μ

μ
μ

μ
μ

R R
V

VFBH FBL
OUT= × −

⎛
⎝
⎜

⎞
⎠
⎟

1 0
1

.



34 ______________________________________________________________________________________

μ

—

—

—

—

—

I
I

V D
f L

R R
D

f L

OUTMAX
LIM

OUT

N L

=
−

−
× ×

+ +
−
× ×

( )

( )

1
2

1
1

2

D
V I R R
V I R R
OUT OUTTAR N L

IN OUTTAR N P
=

+ +

+ −

( )
( )

I I
I

L PEAK LOAD
P P

_ = + −
2

I
V V V

V f LP P
OUT SYS OUT

SYS S
− =

−

× ×

( )

MANUFACTURER SERIES
INDUCTANCE

(μH)
ESR (Ω)

CURRENT RATING

(mA)
DIMENSIONS (mm)

CDRH2D11HP 4.7 190 750 3.0 x 3.0 x 1.2 = 10.8mm3

Sumida
CDH2D09 4.7 218 700 3.0 x 3.0 x 1.0 = 9.0mm3

NR3012 4.7 130 770 3.0 x 3.0 x 1.2 = 10.8mm3

Taiyo Yuden
NR3010 4.7 190 750 3.0 x 3.0 x 1.0 = 9.0mm3

VLF3012 4.7 160 740 2.8 x 2.6 x 1.2 = 8.7mm3

TDK
VLF3010 4.7 240 700 2.8 x 2.6 x 1.0 = 7.3mm3

DE2812C 4.7 130 880 3.0 x 2.8 x 1.2 = 10.8mm3

TOKO
DE2810C 4.7 180 640 3.0 x 2.8 x 1.0 = 8.4mm3
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μ

μ

μ

μ

Ω

μ
Ω

μ

R R
V

VFBH FBL
OUT= × −

⎛
⎝
⎜

⎞
⎠
⎟

0 6
1

.

Efficiency
V
VLDO
OUT

IN
≈

TO FIND THE MAXIMUM OUTPUT CURRENT FOR REG WITH V V TO V V V L H
AND R m

D
V I R R
V I R R

V A
V A

IN OUT
L

OUT OUTTAR N L

IN OUTTAR N P

3 3 2 5 3 1 2 4 7
20 130

1 2 0 425 0 12 0 13
5 3 0 425 0 12 0

= = =
± =

=
+ +

+ −
=

+ +

+ −

. . , . , .
%,  :

( )
( )

. . ( . . )

. . ( .

μ
Ω

Ω Ω

Ω .. )
.

( )

( )

.
. ( . )

( . ) ( . . )

( . . )
.

( . )

23
0 249

1
2

1
1

2

0 555
1 2 1 0 249

2 1 8 10 4 7 10 0 8

1 0 12 0 13
1 0 249

2 1 8 10

6 6

6

Ω

Ω Ω

=

=
−

−
× ×

+ +
−
× ×

=

−
−

× × × × ×

+ +
−

× ×

−
I

I
V D

f L

R R
D

f L

A
V

Hz H

Hz

OUTMAX
LIM

OUT

N L
×× × ×

=

−( . . )

.

4 7 10 0 8

0 482

6 H

A
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– –

USBOVLO

USBUVLO

SYSOK

DCOVLO

DCUVLO

2MHz
OSC

BIAS
&

REF

64 CYCLE
DELAY
(32ms)

SYSOK

REGON

USBPOK

DCPOK

REGON

REG3OK

REG1OK

REG2OK

REG4OK

PV5OK

EN OK

SOFT-START

REG5

EN OK

SOFT-START

REG4

EN OK

SOFT-START

REG2

EN OK

SOFT-START

REG1

EN OK

SOFT-START

REG3

REG3OK

REG1OK

REG2OK

REG4OK

REG5OK

REGON

REGON

REG3OK

REGON

REG3OK

REG1OK

REG2OK

PV4OKDT165

DT165

+165°C

DIE TEMP

4.0V RISING
500mV HYST

6.9V RISING
400mV HYST

4.0V RISING
500mV HYST

6.9V RISING
400mV HYST

1.6V RISING
100mV HYST

1.6V RISING
100mV HYST

2.5V FALLING
100mV HYST

PV4OK

PV5OK

EN

SYS

PV4

PV5

USB

DC

MAX8671X
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μ

VEN

VOUT1

VOUT2

VVL

VUSB

INTERNAL
DISCHARGE
RESISTORS  

VSYS VBAT VBAT

tSS5

VUOK
HIGH-Z

VDC

VOUT3

VOUT4

VOUT5

HIGH-Z
VDOK

HIGH-Z

HIGH-Z

VBAT < VSYS < (VUSB OR VDC)

tSS4

tD3

tSS3

tD2

tSS2

tSS1

tD1
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– Ω

UOK
DOK

–

UNPLUG
EVENT

VUSB 3.5V

HIGH-Z

UNPLUGGING USB WITH NOTHING TO DISCHARGE CUSB (VBAT = 3.3V). V5 SET FOR 3.3V

IF VBAT ≥ 3.4V, VPV5 WILL REGULATE TO 3.3V
IF VBAT ≤ 3.4V, VPV5 WILL BE SLIGHTLY LESS
THAN VBAT (DROPOUT)

VUOK

V5

5V

tDDREG5 = 120μs (typ) 

RAPID DISCHARGE UNTIL VUSB DECAYS
TO THE HIGHER OF 3.5V OR VBAT + 5OmV

SLOW DISCHARGE AS THE MAX8671X
DRAWS USB QUIESCENT CURRENT
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UOK
DOK

–

–

° °

°

°
°

°

± Ω

SINGLE-LAYER PCB MULTILAYER PCB

Continuous
Power

Dissipation

1777.8mW

Derate 22.2mW/°C
above +70°C

2857.1mW

Derate 35.7mW/°C
above +70°C

*θJA 45°C/W 28°C/W

θJC 1.7°C/W 1.7°C/W

*θ



40 ______________________________________________________________________________________

°
° Ω

Ω ° Ω
Ω

Ω
° Ω

β

°

R R e
TT = ×
+

−
⎛
⎝
⎜

⎞
⎠
⎟

⎧
⎨
⎩

⎫
⎬
⎭

25
1
273

1
298

β

THERMISTOR BETA (ß [K]) 3000 3250 3500 3750 4250 4250

RTB (kΩ) 10 10 10 10 10 10

RTP (kΩ) Open Open Open Open Open 120

RTS (kΩ) Short Short Short Short Short Short

Resistance at +25°C [kΩ] 10 10 10 10 10 10

Resistance at +50°C [kΩ] 4.59 4.30 4.03 3.78 3.32 3.32

Resistance at 0°C [kΩ] 25.14 27.15 29.32 31.66 36.91 36.91

Nominal Hot Trip
Temperature [°C]

55 53 51 49 46 45

Nominal Cold Trip
Temperature [°C]

-3 -1 0 2 5 0

T

THM

AGND

ESD
DIODE

0.74 x VL

0.284 x VL
HOT

COLD

TEMPERATURE
SUSPEND

VL

CEN

RTB

BOTH COMPARATORS
HAVE 65mV HYSTERESIS

RTP

RTS

T

ALTERNATE THERMISTOR
CONFIGURATION

MAX8671X
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TOP VIEW

THIN QFN

5mm x 5mm x 0.8mm

8671XE
TLyww

+   aaaa

PROCESS: BiCMOS
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MAX8671X

THIN QFN
5mm x 5mm x 0.8mm

TOP VIEW

35

36

34

33

12

11

13

DC FB
5

PV
5

OU
T5

PG
2

14

US
US

PV
3

PG
3

PG
1

VLFB
3

DI
SE

T

LX
1

PV
1

1 2

BAT

4 5 6 7

27282930 26 24 23 22

SYS

PEN1

AGND

BVSET

PV4

OUT4

US
B

LX
3

3

25

37CST2 BP

38

39

40

UOK

CST1

PEN2

FB4

DOK

FB2

THM

32

15

FB1CT

31

16

17

18

19

20 EN

LX
2

PV
2

CE
N

PW
M

8 9 10

21

CISET

+
EXPOSED PADDLE (EP)
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