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PART
MINIMUM SYS

VOLTAGE
(V)

BATTERY
REGULATION
VOLTAGE (V)

MAX8903AETI+ 3.0 4.2

MAX8903CETI+ 3.4 4.2

MAX8903DETI+ 3.4 4.1

PART TEMP RANGE PIN-PACKAGE

MAX8903AETI+ -40°C to +85°C 28 Thin QFN-EP**

MAX8903CETI+ -40°C to +85°C 28 Thin QFN-EP**

MAX8903DETI+ -40°C to +85°C 28 Thin QFN-EP**
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ELECTRICAL CHARACTERISTICS
(VDC = VUSB = 5V, VBAT = 4V, circuit of Figure 2, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)
(Note 1)

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.

PARAMETER CONDITIONS MIN TYP MAX UNITS

DC INPUT

DC Operating Range 4.15 16 V

No valid USB input 3.9 4.0 4.1
DC Undervoltage Threshold

When VDOK goes low, VDC
rising, 500mV typical hysteresis Valid USB input 4.0 4.3 4.4

V

DC Overvoltage Threshold
When VDOK goes high, VDC rising, 500mV typical
hysteresis

16.5 17 17.5 V

Charger enabled, no switching, VSYS = 5V 2.3 4

Charger enabled, f = 3MHz, VDC = 5V 15

C har g er  enab l ed , V C E N =  0V , 100m A U S B m od e ( N ote 2) 1 2

C har g er  enab l ed , V C E N =  5V , 100m A U S B m od e ( N ote 2) 1 2

DC Supply Current

VDCM = 0V, VUSUS = 5V 0.10 0.25

mA

DC High-Side Resistance 0.15 Ω
DC Low-Side Resistance 0.15 Ω
DC-to-BAT Dropout Resistance 0.31 Ω

DC-to-BAT Dropout Voltage
When SYS regulation and charging stops, VDC falling,
200mV hysteresis

0 15 30 mV

VDC = 8V, VBAT = 4V 4
Switching Frequency

VDC = 5V, VBAT = 3V 3
MHz

DC Step-Down Output Current-
Limit Step Range

0.5 2 A

RIDC = 3kΩ 1900 2000 2100

RIDC = 6kΩ 950 1000 1050
DC Step-Down Output Current
Limit

VDC = 6V, VSYS = 4V

RIDC = 12kΩ 450 500 550

mA

No valid USB input 1 ms
DC Soft-Start Time

Valid USB input before soft-start 20 μs

ABSOLUTE MAXIMUM RATINGS
DC, LX, DCM to GND.............................................-0.3V to +20V 
DC to SYS .................................................................-6V to +20V 
BST to GND ...........................................................-0.3V to +26V 
BST TO LX ................................................................-0.3V to +6V
USB to GND .............................................................-0.3V to +9V
USB to SYS..................................................................-6V to +9V
VL to GND ................................................................-0.3V to +6V
THM, IDC, ISET, CT to GND .........................-0.3V to (VL + 0.3V)
DOK, FLT, CEN, UOK, CHG, USUS,

BAT, SYS, IUSB, CS to GND ................................-0.3V to +6V
SYS to BAT ...............................................................-0.3V to +6V
PG, EP (exposed pad) to GND .............................-0.3V to +0.3V
DC Continuous Current (total in two pins)......................2.4ARMS
USB Continuous Current.......................................................1.6A

LX Continuous Current (total in two pins).......................2.4ARMS
CS Continuous Current (total in two pins) ......................2.4ARMS
SYS Continuous Current (total in two pins) .......................3ARMS
BAT Continuous Current (total in two pins) .......................3ARMS
Continuous Power Dissipation (TA = +70°C)

28-Pin Thin QFN-EP
Multilayer (derate 28.6mW/°C above +70°C) ..........2286mW

28-Pin Thin QFN-EP
Single-Layer (derate 20.8mW/°C above +70°C)...1666.7mW

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature Range ............................-40°C to +150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C
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PARAMETER CONDITIONS MIN TYP MAX UNITS

DC Output Current
500mA USB Mode (Note 3)

VDCM = 0V, VIUSB = 5V 450 475 500 mA

DC Output Current
100mA USB Mode (Note 2)

VDCM = 0V, VIUSB = 0V 90 95 100 mA

SYS to DC Reverse Current
Blocking

VSYS = 5.5V, VDC = 0V 0.01 μA

USB INPUT

USB Operating Range 4.1 6.3 V

USB Standoff Voltage 8 V

USB Undervoltage Threshold When VUOK goes low, VUSB rising, 500mV hysteresis 3.95 4.0 4.05 V

USB Overvoltage Threshold When VUOK goes high, VUSB rising, 500mV hysteresis 6.8 6.9 7.0 V

VIUSB = 0V (100mA setting) 90 95 100
USB Current Limit

VIUSB = 5V (500mA setting) 450 475 500
mA

ISYS = IBAT = 0mA, VCEN = 0V 1.3 3

ISYS = IBAT = 0mA, VCEN = 5V 0.8 2USB Supply Current

VUSUS = 5V (USB suspend mode) 0.115 0.25

mA

Minimum USB to BAT Headroom 0 15 30 mV

USB to SYS Dropout Resistance 0.2 0.35 Ω
VUSB rising 1 ms

USB Soft-Start Time
VDC falling below DC UVLO to initiate USB soft-start 20 μs

SYS OUTPUT

MAX8903A 3.0
Minimum SYS Regulation Voltage

ISYS = 1A,
VBAT < VSYSMIN MAX8903C/MAX8903D 3.4

V

Regulation Voltage ISYS = 0A 4.3 4.4 4.5 V

Load Regulation ISYS = 0 to 2A 40 mV/A

CS to SYS Resistance VDC = 6V, VDCM = 5V, VSYS = 4V, ICS = 1A 0.07 Ω
SYS to CS Leakage VSYS = 5.5V, VDC = VCS = 0V 0.01 μA

BAT to SYS Resistance VDC = VUSB = 0V, VBAT = 4.2V, ISYS = 1A 0.05 0.1 Ω

BAT to SYS Reverse Regulation
Voltage

VUSB = 5V, VDC = 0V, VIUSB = 0V, ISYS = 200mA 50 75 100 mV

SYS Undervoltage Threshold SYS falling, 200mV hysteresis (Note 4) 1.8 1.9 2.0 V

BATTERY CHARGER

TA = +25°C 4.179 4.2 4.221MAX8930A/
MAX8903C TA = -40°C to +85°C 4.158 4.2 4.242

TA = +25°C 4.079 4.1 4.121
BAT Regulation Voltage IBAT = 0mA

MAX8903D
TA = -40°C to +85°C 4.059 4.1 4.141

V

Charger Restart Threshold Change in VBAT from DONE to fast-charge -150 -100 -60 mV

BAT Prequal Threshold VBAT rising, 180mV hysteresis 2.9 3 3.1 V

Prequal Charge Current Percentage of fast-charge current set at ISET 10 %

ELECTRICAL CHARACTERISTICS (continued)
(VDC = VUSB = 5V, VBAT = 4V, circuit of Figure 2, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)
(Note 1)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

RISET = 600Ω 1800 2000 2200

RISET = 1.2kΩ 900 1000 1100Fast-Charge Current

RISET = 2.4kΩ 450 500 550

mA

DONE Threshold Percentage of fast-charge, IBAT decreasing 10 %

RISET Resistor Range 0.6 2.4 kΩ
ISET Output Voltage 1.5 V

ISET Current Monitor Gain 1.25 mA/A

No DC or USB input 0.05 4
BAT Leakage Current

With valid input power, VCEN = 5V 1 6
μA

Charger Soft-Start Time 1.0 ms

Charger Thermal Limit
Temperature

100 °C

Charger Thermal Limit Gain Charge current = 0 at + 120°C 5 %/°C

CHARGER TIMER

Prequalification Time CCT = 0.15μF 33 min

Fast-Charge Time CCT = 0.15μF 660 min

Timer Accuracy -15 +15 %

Timer Extend Current Threshold
Percentage of fast-charge current below which the timer
clock operates at half-speed

40 50 60 %

Timer Suspend Current Threshold
Percentage of fast-charge current below which timer
clock pauses

16 20 24 %

Charge Done Delay Time
From done threshold detection until charger turns off and
CHG goes high

15 s

THERMISTOR MONITOR

THM Threshold, Hot When charging is suspended, 1% hysteresis
0.27 x
VVL

0.28 x
VVL

0.29 x
VVL

V

THM Threshold, Cold When charging is suspended, 1% hysteresis
0.73 x
VVL

0.74 x
VVL

0.75 x
VVL

V

THM Threshold, Disabled THM function is disabled below this voltage
0.0254
x VVL

0.03 x
VVL

0.036 x
VVL

V

THM = GND or VL; TA = +25°C -0.1 +0.001 +0.2
THM Input Leakage

THM = GND or VL; TA = +85°C 0.01
μA

THERMAL SHUTDOWN, VL, AND LOGIC I/O: CHG, FLT, DOK, UOK, DCM, CEN, USUS, IUSB

High level 1.3

Low level 0.4
VLogic-Input Thresholds

(DCM, CEN, USUS, IUSB)
Hysteresis 50 mV

TA = +25°C 0.001 1Logic-Input Leakage Current
(DCM, CEN, USUS, IUSB)

VINPUT = 0 to 5.5V
TA = +85°C 0.01

μA

ELECTRICAL CHARACTERISTICS (continued)
(VDC = VUSB = 5V, VBAT = 4V, circuit of Figure 2, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)
(Note 1)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

Sinking 1mA 8 50Logic Output Voltage, Low
(CHG, FLT, DOK, UOK) Sinking 10mA 80

mV

TA = +25°C 0.001 1Open-Drain Output Leakage
C ur rent, Hi g h (CHG , FLT, DOK, UOK) 

VOUT = 5.5V
TA = +85°C 0.01

μA

VL Output Voltage VDC = VUSB = 6V, IVL = 0 to 1mA 4.6 5 5.4 V

VL UVLO Threshold VVL falling; 200mV hysteresis 3.2 V

Thermal Shutdown Temperature 160 °C

Thermal Shutdown Hysteresis 15 °C

ELECTRICAL CHARACTERISTICS (continued)
(VDC = VUSB = 5V, VBAT = 4V, circuit of Figure 2, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.)
(Note 1)

Note 1: Limits are 100% production tested at TA = +25°C. Limits over the operating temperature range are guaranteed by design.
Note 2: For the 100mA USB mode using the DC input, the step-down regulator is turned off and a low-dropout linear regulator is

connected from DC to SYS.
Note 3: For the 500mA USB mode, the actual current drawn from USB is less than the output current due to the input/output current

ratio of the DC-DC converter. 
Note 4: For short-circuit protection, SYS sources 25mA below VSYS = 400mV, and 50mA for VSYS between 400mV and 2V.

(TA = +25°C, unless otherwise noted.)
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(TA = +25°C, unless otherwise noted.)
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(TA = +25°C, unless otherwise noted.)
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(TA = +25°C, unless otherwise noted.)
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CURRENT-
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REGULATOR
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PWR
OK VL
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FLT
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CHARGE
TERMINATION
AND MONITOR

CHARGE
TIMER

THERMISTOR
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(SEE FIGURE 7)

CEN

INPUT AND
CHARGER

CURRENT-LIMIT
SET LOGIC

DCM

IUSB

USUS

IDC

500mA

100mA
USB
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DC
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ADAPTER

GND

 DC MODE

USB
SUSPEND

TO
SYSTEM
LOAD

LX CSBST

SET
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LIMIT
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—

COMPONENT
(FIGURES 2 AND 3)

FUNCTION PART

CDC, CUSB Input filter capacitor 4.7μF ceramic capacitor

CVL VL filter capacitor 1.0μF ceramic capacitor

CSYS SYS output bypass capacitor 10μF ceramic capacitor

CBAT Battery bypass capacitor 10μF ceramic capacitor

CCT Charger timing capacitor 0.15μF low TC ceramic capacitor

RPU (X4) Logic output pullup resistors 100kΩ

THM Negative TC thermistor
Philips NTC thermistor, P/N 2322-640-63103, 0kΩ
±5% at +25°C

RT THM pullup resistor 10kΩ
RIDC DC input current-limit programming resistor 3kΩ ±1%, for 2A limit

RISET Fast-charge current programming resistor 1.2kΩ ±1%, for 1A charging

L1 DC input step-down inductor 1μH inductor with ISAT > 2A

IBAT x RON

4.2V
4.4V

VBAT

VSYSMIN

VSYS

MAX8903A
MAX8903C
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DOK

DOK

DOK

UOK
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μ

RISET = 1200/ICHGMAX

POWER SOURCE DOK UOK DCM IUSB USUS
DC STEP-DOWN

OUTPUT
CURRENT LIMIT

USB INPUT
CURRENT LIMIT

MAXIMUM
CHARGE

CURRENT**

AC Adapter at DC Input L X H X X 6000/RIDC

Lesser of
1200/RISET and

6000/RIDC

L X L L L 100mA
Lesser of

1200/RISET and
100mA

L X L H L 500mA
Lesser of

1200/RISET and
500mA

USB Power at DC Input

L X L X H USB suspend

USB input off. DC
input has priority.

0

H L X L L 100mA
Lesser of

1200/RISET and
100mA

H L X H L 500mA
Lesser of

1200/RISET and
500mA

USB Power at USB Input,
DC Unconnected

H L X X H USB suspend 0

DC and USB Unconnected H H X X X

No DC input

No USB input 0

**

www.ic-cn.com.cn
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CHG
CHG

CHG

μ CHG
μ CHG

FLT

FLT

CEN

μ FLT
μ FLT

FLT FLT

t
C

F

t
C

F
t s

PREQUAL
CT

FST CHG
CT

TOP OFF

= ×
μ

= ×

=

−

−

33
0 15

660
0 15

15

min
.

min
. μ

1.5

0

MONITORING THE BATTERY
CHARGE CURRENT WITH VISET

0 1200/RISET

BATTERY CHARGING CURRENT (A)

DISCHARGING

VISET (V)
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Ω °
°

° Ω
Ω ° Ω

Ω

FAULT
UOK AND/OR DOK = LOW
CHG = HIGH IMPEDANCE

FLT = LOW 
 ICHG = 0mA

PREQUALIFICATION
UOK AND/OR DOK = LOW

CHG = LOW
FLT = HIGH IMPEDANCE

0 < VBAT < 3V
ICHG ≤ ICHGMAX/10

DONE
UOK AND/OR DOK = 0

CHG = HIGH IMPEDANCE
FLT = HIGH IMPEDANCE

4.1V < VBAT < 4.2V
ICHG = 0mA

FAST-CHARGE
UOK AND/OR DOK = LOW

CHG = LOW
FLT = HIGH IMPEDANCE

3V < VBAT < 4.2V
ICHG ≤ ICHGMAX

NOT READY
UOK AND DOK = HIGH IMPEDANCE

CHG = HIGH IMPEDANCE
FLT = HIGH IMPEDANCE 

 ICHG = 0mA

TIMER > tPREQUAL

VBAT > 3.0V 
RESET TIMER

VBAT < 2.82V 
RESET TIMER = 0

ICHG < ITERM 
AND VBAT = 4.2V 
AND THERMAL
OR INPUT LIMIT
NOT EXCEEDED;
RESET TIMER

ICHG > ITERM
RESET TIMER

VBAT < 4.1V 
RESET TIMER

TIMER > 15s

UOK AND/OR DOK = LOW
CEN = 0
RESET TIMER

CEN = HI OR
REMOVE AND RECONNECT
THE INPUT SOURCE(S)

ANY STATE

TOGGLE CEN OR
REMOVE AND RECONNECT

THE INPUT SOURCE(S)

TIMER > tFSTCHG
(TIMER SLOWED BY 2x IF
ICHG < ICHGMAX/2, AND
PAUSED IF ICHG < ICHGMAX/5 WHILE VBAT < 4.2V)

TOP-OFF
UOK AND/OR DOK = LOW
CHG = HIGH IMPEDANCE
FLT = HIGH IMPEDANCE

VBAT = 4.2V
ICHG = ITERMTEMPERATURE SUSPEND

ICHG = 0mA
UOK OR DOK PREVIOUS STATE

CHG = HIGH IMPEDANCE
FLT = HIGH IMPEDANCE

ANY CHARGING
STATE

THM NOT OK
TIMER SUSPEND

THM OK
TIMER RESUME

VBAT < 2.8V
RESET TIMER
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Ω ° Ω
Ω Ω

β
Ω ° °

Ω

° Ω

β

°

β
β

Ω °
° °

°

R R eT T= × +
−

⎛
⎝
⎜

⎞
⎠
⎟

⎧
⎨
⎩

⎫
⎬
⎭25

1
273

1
298

β

THM

GND

THM
OUT OF
RANGE

DISABLE
CHARGER

VL

CEN

VL

0.74 VL

0.28 VL

0.03 VL

COLD

HOT

RTB

THERMISTOR
CIRCUITRY

ENABLE THM
RT

RTS

RTP

ALTERNATE
THERMISTOR
CONNECTION

RT

ALL COMPARATORS
60mV HYSTERESIS

MAX8903A
MAX8903C
MAX8903D

Thermistor ß (K) 3000 3250 3500 3750 4250

RTB (kΩ) (Figure 7) 10 10 10 10 10

Resistance at +25°C
(kΩ)

10 10 10 10 10

Resistance at +50°C
(kΩ)

4.59 4.30 4.03 3.78 3316

Resistance at 0°C (kΩ) 25.14 27.15 29.32 31.66 36.91

Nominal Hot Trip
Temperature (°C)

55 53 50 49 46

Nominal Cold Trip
Temperature (°C)

-3 -1 0 2 4.5
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28-PIN 4mm x 4mm THIN QFN

SINGLE-LAYER PCB MULTILAYER PCB

Continuous
Power
Dissipation

1666.7mW

Derate 20.8mW/°C
above +70°C

2286mW

Derate 28.6mW/°C
above +70°C

θJA 48°C/W 35°C/W

θJC 3°C/W 3°C/W
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DC INPUT VOLTAGE
RANGE, CHARGING

CURRENT
RECOMMENDED INDUCTOR

4.5V to 5.5V, 2 A
1μH inductor, 1072AS-1R0N, TOKO,
DE2818 series, 3.2mm x 3mm x
1.8mm, 25mΩ, 2.6 A

4.5V to 5.5V, 1 A
1.5μH inductor, MDT2520-CN1R5M,
TOKO, 2.5mm x 2mm x 1.2mm,
95mΩ, 1.25A

10.8V to 13.2V, 2A
1μH inductor, 1072AS-1R0N, TOKO,
DE2818 series, 3.2mm x 3mm x
1.8mm, 25mΩ, 2.6A

10.8V to 13.2V, 1A
2.2μH inductor, MDT2520-CN2R2M,
TOKO, 2.5mm x 2mm x 1.2mm,
105mΩ, 1.20A
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28 TQFN-EP T2844-1 21-0139
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