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OUTPUT
1.8V, 6A

INPUT
2.9V TO 5.5V

BST

LX

OUT

IN

EN

VDD

CTL2

CTL1

PGND

FB

VDDCOMP

PWRGD

FREQ

REFIN

SS

GND

MODE

MAX15039

19-4321; Rev 0; 10/08

PART TEMP RANGE PIN-PACKAGE

MAX15039ETG+ -40°C to +85°C 24 Thin QFN-EP*

+
*
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VIN = VEN = 5V, CVDD = 2.2μF, TA = TJ = -40°C to +85°C, typical values are at TA = +25°C, circuit of Figure 1, unless otherwise
noted.) (Note 3)

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.

IN, PWRGD to GND..................................................-0.3V to +6V
VDD to GND..................-0.3V to the lower of +4V or (VIN + 0.3V)
COMP, FB, MODE, REFIN, CTL1, CTL2, SS, 

FREQ to GND ..........................................-0.3V to (VDD + 0.3V)
OUT, EN to GND ......................................................-0.3V to +6V
BST to LX..................................................................-0.3V to +6V
BST to GND............................................................-0.3V to +12V
PGND to GND .......................................................-0.3V to +0.3V
LX to PGND ..................-0.3V to the lower of +6V or (VIN + 0.3V)
LX to PGND ..........-1V to the lower of +6V or (VIN + 1V) for 50ns
ILX(RMS) (Note 1) ......................................................................6A

VDD Output Short-Circuit Duration .............................Continuous
Converter Output Short-Circuit Duration ....................Continuous
Continuous Power Dissipation (TA = +70°C)

24-Pin TQFN (derate 27.8mW/°C above +70°C) ........2222mW
Thermal Resistance (Note 2)
θJA.................................................................................36°C/W
θJC ..................................................................................6°C/W

Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

Note 1: LX has internal clamp diodes to PGND and IN. Applications that forward bias these diodes should take care not to exceed
the IC’s package power dissipation limits.

Note 2: Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-
layer board. For detailed information on package thermal considerations, refer to www.maxim-ic.com.cn/thermal-tutorial.

PARAMETER CONDITIONS MIN TYP MAX UNITS

IN

IN Voltage Range 2.9 5.5 V

VIN = 3.3V 4.9 8
IN Supply Current fS = 1MHz, no load

VIN = 5V 5.2 8.5
mA

VIN = 5V, VEN = 0 10 20
Total Shutdown Current from IN

VIN = VDD = 3.3V, VEN = 0 45
μA

3.3V LDO (VDD)

VDD rising 2.6 2.8

VDD falling 2.35 2.55
V

VDD Undervoltage Lockout
Threshold

LX starts/stops switching
Minimum glitch-width
rejection

10 μs

VDD Output Voltage VIN = 5V, IVDD = 0 to 10mA 3.1 3.3 3.5 V

VDD Dropout VIN = 2.9V, IVDD = 10mA 0.08 V

VDD Current Limit VIN = 5V, VDD = 0 25 40 mA

BST

BST Supply Current VBST = VIN = 5V, VLX = 0 or 5V, VEN = 0 0.025 μA

PWM COMPARATOR

PWM Comparator Propagation
Delay

10mV overdrive 20 ns

PWM Peak-to-Peak Ramp
Amplitude

1 V

PWM Valley Amplitude 0.8 V
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_______________________________________________________________________________________ 3

ELECTRICAL CHARACTERISTICS (continued)
(VIN = VEN = 5V, CVDD = 2.2μF, TA = TJ = -40°C to +85°C, typical values are at TA = +25°C, circuit of Figure 1, unless otherwise
noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

ERROR AMPLIFIER

COMP Clamp Voltage, High VIN = 2.9V to 5V, VFB = 0.5V, VREFIN = 0.6V 2 V

COMP Clamp Voltage, Low VIN = 2.9V to 5V, VFB = 0.7V, VREFIN = 0.6V 0.7 V

COMP Slew Rate VFB step from 0.5V to 0.7V in 10ns 1.6 V/μs

COMP Shutdown Resistance
From COMP to GND, VIN = 3.3V, VCOMP = 100mV,
VEN = VSS = 0

6 Ω

Internally Preset Output Voltage
Accuracy

VREFIN = VSS, MODE = GND -1 +1 %

FB Set-Point Value CTL1 = CTL2 = GND, MODE = GND 0.594 0.6 0.606 V

FB to OUT Resistor All VID settings except CTL1 = CTL2 = GND 5.5 8 10.5 kΩ

Open-Loop Voltage Gain 115 dB

Error-Amplifier Unity-Gain
Bandwidth

28 MHz

Error-Amplifier Common-Mode
Input Range

VDD = 2.9V to 3.5V 0 VDD - 2 V

VFB = 0.7V, sinking 1Error-Amplifier Maximum Output
Current

VCOMP = 1V,
VREFIN = 0.6V VFB = 0.5V, sourcing -1

mA

FB Input Bias Current CTL1 = CTL2 = GND -125 nA

CTL_

VCTL_ = 0 -7.2
CTL_ Input Bias Current

VCTL_ = VDD 7.2
μA

Low, falling 0.8

Float VDD/2
CTL_ Input Threshold

High, rising
VDD -
0.8

V

Hysteresis All VID transitions 50 mV

REFIN

REFIN Input Bias Current VREFIN = 0.6V -185 nA

REFIN Offset Voltage VREFIN = 0.9V, FB shorted to COMP -4.5 +4.5 mV

LX (All Pins Combined)

VIN = VBST - VLX = 3.3V 35
LX On-Resistance, High Side ILX = -2A

VIN = VBST - VLX = 5V 26 45
mΩ

VIN = 3.3V 25
LX On-Resistance, Low Side ILX = 2A

VIN = 5V 20 35
mΩ

High-side sourcing 9 11

Low-side sinking 11LX Current-Limit Threshold

Zero-crossing current threshold, MODE = VDD 0.2

A

VLX = 0 -0.01
LX Leakage Current VIN = 5V, VEN = 0

VLX = 5V -0.01
μA
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4 _______________________________________________________________________________________

ELECTRICAL CHARACTERISTICS (continued)
(VIN = VEN = 5V, CVDD = 2.2μF, TA = TJ = -40°C to +85°C, typical values are at TA = +25°C, circuit of Figure 1, unless otherwise
noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

RFREQ = 49.9kΩ 0.9 1 1.1
LX Switching Frequency VIN = 2.9V to 5.5V

RFREQ = 23.6kΩ 1.8 2 2.2
MHz

Switching Frequency Range 500 2000 kHz

LX Minimum Off-Time 78 ns

LX Maximum Duty Cycle RFREQ = 49.9kΩ 92 95 %

LX Minimum Duty Cycle RFREQ = 49.9kΩ 5 15 %

Average Short-Circuit IN Supply
Current

OUT connected to GND, VIN = 5V 0.35 A

RMS LX Output Current 6 A

ENABLE

EN Input Logic-Low Threshold EN falling 0.9 V

EN Input Logic-High Threshold EN rising 1.5 V

EN Input Current VEN = 0 or 5V, VIN = 5V 0.01 μA

MODE

Logic-low, falling 26

Logic VDD/2 or floating, rising 50MODE Input-Logic Threshold

Logic-high, rising 74

%VDD

MODE Input-Logic Hysteresis MODE falling 5 %VDD

MODE = GND -5
MODE Input Bias Current

MODE = VDD 5
μA

SS

SS Current VSS = 0.45V, VREFIN = 0.6V, sourcing 6.7 8 9.3 μA

THERMAL SHUTDOWN

Thermal-Shutdown Threshold Rising 165 °C

Thermal-Shutdown Hysteresis 25 °C

POWER GOOD (PWRGD)

VFB falling, VREFIN = 0.6V 88 90 92
Power-Good Threshold Voltage

VFB rising, VREFIN = 0.6V 92.5
%

VREFIN

Power-Good Edge Deglitch VFB rising or falling 48
Clock
Cycles

PWRGD Output-Voltage Low IPWRGD = 4mA 0.03 0.1 V

PWRGD Leakage Current VIN = VPWRGD = 5V, VFB = 0.7V, VREFIN = 0.6V 0.01 μA

HICCUP OVERCURRENT LIMIT

Current-Limit Startup Blanking 112
Clock
Cycles

Autoretry Restart Time 896
Clock
Cycles
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EFFICIENCY 
vs. OUTPUT CURRENT

M
AX
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VOUT = 2.5V

VOUT = 1.8V

VOUT = 1.2V

EFFICIENCY 
vs. OUTPUT CURRENT

M
AX

15
03
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to

c0
2

OUTPUT CURRENT (A)
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)
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VOUT = 2.5V

VOUT = 1.8V

VOUT = 1.2V

VIN = 3.3V

FREQUENCY
vs. INPUT VOLTAGE

M
AX

15
03

9 
to

c0
3

INPUT VOLTAGE (V)

FR
EQ

UE
NC

Y 
(M

Hz
)

5.04.53.0 3.5 4.0

1.85

1.90

1.95

2.00

2.05

2.10

2.15

2.20

1.80
2.5 5.5

TA = +85°C

TA = +25°C

TA = -40°C

RFREQ = 23.2kΩ

FREQUENCY
vs. INPUT VOLTAGE

M
AX

15
03

9 
to

c0
4

INPUT VOLTAGE (V)

FR
EQ

UE
NC

Y 
(M

Hz
)

5.04.53.0 3.5 4.0

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

0.80
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TA = +85°C
TA = +25°C

TA = -40°C

RFREQ = 49.9kΩ

LOAD REGULATION

M
AX
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to
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5a

LOAD CURRENT (A)
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-V
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 C
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)

5 641 2 3
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-0.50
0 7

VOUT = 1.2V

VOUT = 1.8V
VOUT = 2.5V

LINE REGULATION (LOAD = 6A)

M
AX

15
03

9 
to

c0
5b

INPUT VOLTAGE (V)

OU
TP

UT
-V

OL
TA

GE
 C

HA
NG

E 
(%

)

5.04.54.03.53.0

-0.10

-0.08

-0.06

-0.04

-0.02

0

-0.12
2.5 5.5

VOUT = 1.2V

VOUT = 1.8V

(Typical values are VIN = VEN = 5V, VOUT = 1.8V, RFREQ = 49.9kΩ, IOUT = 6A, TA = +25°C, circuit of Figure 1, unless otherwise noted.)

ELECTRICAL CHARACTERISTICS (continued)
(VIN = VEN = 5V, CVDD = 2.2μF, TA = TJ = -40°C to +85°C, typical values are at TA = +25°C, circuit of Figure 1, unless otherwise
noted.) (Note 3)

PARAMETER CONDITIONS MIN TYP MAX UNITS

FB Hiccup Threshold VFB falling 70
%

VREFIN

Hiccup Threshold Blanking Time VFB falling 28 μs

Note 3: Specifications are 100% production tested at TA = +25°C. Limits over the operating temperature range are guaranteed by design.
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6 _______________________________________________________________________________________

(Typical values are VIN = VEN = 5V, VOUT = 1.8V, RFREQ = 49.9kΩ, IOUT = 6A, TA = +25°C, circuit of Figure 1, unless otherwise noted.)

LOAD TRANSIENT
MAX15039 toc06

40μs/div

VOUT
AC-COUPLED
100mV/div

2A

IOUT

0A

SWITCHING WAVEFORMS
(FORCED PWM, 2A LOAD)

MAX15039 toc07

400ns/div

AC-COUPLED
50mV/div

VOUT

ILX

VLX

2A/div

0A

5V/div

SWITCHING WAVEFORMS
(SKIP MODE, NO LOAD)

MAX15039 toc08

2μs/div

AC-COUPLED
100mV/div

VOUT

ILX

VLX

1A/div

0A

0V

5V/div

SOFT-START WAVEFORM
(RLOAD = 0.5Ω)

MAX15039 toc09

400μs/div

VEN
5V/div

0V

VOUT
1V/div

SHUTDOWN WAVEFORM
(RLOAD = 0.5Ω)

MAX15039 toc10

10μs/div

VEN
5V/div

0V

VOUT
1V/div

INPUT SHUTDOWN CURRENT
vs. INPUT VOLTAGE

M
AX

15
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9 
to

c1
1

INPUT VOLTAGE (V)
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T 
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UT
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W
N 
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RR

EN
T 

(μ
A)

5.04.54.03.53.0
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7
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9

10
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5
2.5 5.5

VEN = 0V

MAXIMUM OUTPUT CURRENT
vs. OUTPUT VOLTAGE

M
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15
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to
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2

OUTPUT VOLTAGE (V)

M
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IM
UM
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T 
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T 

(A
)

2.01.51.0
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9

10

2
0.5 2.5
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_______________________________________________________________________________________ 7

(Typical values are VIN = VEN = 5V, VOUT = 1.8V, RFREQ = 49.9kΩ, IOUT = 6A, TA = +25°C, circuit of Figure 1, unless otherwise noted.)

HICCUP CURRENT LIMIT
MAX15039 toc13

400μs/div

1V/div

5A/div

1A/div

0V

0A

0A

VOUT

IOUT

IIN

RMS INPUT CURRENT DURING 
SHORT CIRCUIT vs. INPUT VOLTAGE

M
AX

15
03

9 
to

c1
4

INPUT VOLTAGE (V)
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S 
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T 
CU

RR
EN

T 
(A

)

5.04.54.03.53.0

0.1

0.3

0.2

0.5

0.4

0.7

0.6

0.8

0
2.5 5.5

VOUT = 0V

EXPOSED PAD TEMPERATURE
vs. AMBIENT TEMPERATURE

M
AX
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03

9 
to
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5
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80604020
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MEASURED ON A MAX15039EVKIT

6A LOAD

FEEDBACK VOLTAGE
vs. TEMPERATURE

M
AX

15
03

9 
to

c1
6

TEMPERATURE (°C)

FE
ED

BA
CK

 V
OL

TA
GE

 (V
)

6035-15 10

0.57

0.58

0.59

0.60

0.62

0.61

0.63

0.64

0.56
-40 85

SOFT-START WITH REFIN
MAX15039 toc17

200μs/div

1A/div

0.5V/div

2V/div

0A

1V/div

0V

0V

0V

IIN

VPWRGD

VREFIN

VOUT

STARTING INTO PREBIASED OUTPUT
(MODE = VDD, VOUT = 2.5V, 2A LOAD)

MAX15039 toc18

200μs/div

5V/div

1V/div

5V/div

0V

2A

0A

0V

0V

VEN

VPWRGD

VOUT

IOUT

STARTING INTO PREBIASED OUTPUT
(MODE = VDD/2, VOUT = 2.5V, 2A LOAD)

MAX15039 toc19

200μs/div

5V/div

1V/div

5V/div

0V

2A

0A

0V

0V

VEN

VPWRGD

VOUT

IOUT
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8 _______________________________________________________________________________________

(Typical values are VIN = VEN = 5V, VOUT = 1.8V, RFREQ = 49.9kΩ, IOUT = 6A, TA = +25°C, circuit of Figure 1, unless otherwise noted.)

STARTING INTO PREBIASED OUTPUT
(MODE = VDD, VOUT = 2.5V, NO LOAD)

MAX15039 toc20

200μs/div

VEN
2V/div

VOUT
1V/div

VPWRGD
2V/div

0V

0V

0V

STARTING INTO PREBIASED OUTPUT
(MODE = VDD/2, VOUT = 2.5V, NO LOAD)

MAX15039 toc21

200μs/div

VEN
2V/div

VOUT
1V/div

VPWRGD
2V/div

0V

0V

0V

STARTING INTO PREBIASED OUTPUT
ABOVE NOMINAL SET POINT (VOUT = 1.5V)

MAX15039 toc22

1ms/div

VEN
2V/div

VOUT
1V/div

VPWRGD
2V/div

0V

0V

0VVMODE = VDD,
NO LOAD

STARTING INTO PREBIASED ABOVE
NOMINAL SET POINT (VOUT = 1.5V)

MAX15039 toc23

1ms/div

VEN
2V/div

VOUT
1V/div

VPWRGD
2V/div

0V

0V

0V
VOUT = 1.5V,
VMODE = VDD/2,
NO LOAD

TRANSITION FROM SKIP MODE 
TO FORCED PWM MODE

MAX15039 toc24

2ms/div

VMODE
5V/div

VLX
5V/div

VOUT
0.5V/div

0V
NO LOAD

TRANSITION FROM FORCED PWM  
TO SKIP MODE

MAX15039 toc25

4ms/div

VMODE
5V/div

VLX
5V/div

VOUT
0.5V/div

0V
NO LOAD
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1 MODE

2 VDD

3 CTL1

4 CTL2

5 REFIN

6 SS

7 GND

8 COMP

9 FB

10 OUT

11 FREQ

12 PWRGD

13 BST

14, 15,
16

LX

17–20 PGND

21, 22,
23

IN

24 EN

— EP

μ

μ

μ
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CONTROL
LOGIC

IN

LX

PGND

MODE

IN

BST

THERMAL
SHUTDOWN

SOFT-START

VOLTAGE
REFERENCE

BIAS
GENERATOR

OSCILLATOR
1VP-P

SHUTDOWN
CONTROL

UVLO
CIRCUITRY

3.3V LDO

VDD

SHDN
FB

0.9 x VREFIN

SS

FB

COMP

GND

PWRGD

FREQ

ERROR
 AMPLIFIER PWM

COMPARATOR

CURRENT-LIMIT
COMPARATOR

CURRENT-LIMIT
COMPARATOR

BST SWITCH

COMP CLAMPS

EN

REFIN

VID
VOLTAGE-
CONTROL
CIRCUITRY 

OUT

CTL2

CTL1

 8kΩ

MAX15039
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C10
0.1μFC6

22μF OUTPUT
1.8V, 6A

INPUT
2.9V TO 5.5V

C7
0.1μF

C5
2.2μF

BST

LX

OUT

IN

VDD

CTL2

CTL1
PGND

FB

C1
33pF

C2
1500pF

VDD
R1
20kΩ

R2
2.67kΩ

COMP

L1
0.47μH

C3
560pF

C4
0.022μF

R4
49.9kΩ

C8
22μF

C9
0.01μF

R3
158Ω

PWRGD

EN

FREQ

REFIN

SS

GND

MODE

MAX15039

2.2Ω

C15
1000pF

OPTIONAL

±

Ω Ω
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MAX15039

L

COUT

EXTERNAL RESISTIVE DIVIDER

INTERNAL PRESET VOLTAGES

VOUT

R3

R4

R1
COMP

FB

OUT

CTL1

CTL2

LX

C1

C3

R2

C3

R2

C2

MAX15039

L

a)

b)

COUT

VOUT

R3
8kΩ

R1

COMP

OUT

FB

CTL1VOLTAGE
SELECT

CTL2

LX

C1

C2

CTL1 CTL2 VOUT (V)

GND GND 0.6

VDD VDD 0.7

GND Unconnected 0.8

GND VDD 1.0

Unconnected GND 1.2

Unconnected Unconnected 1.5

Unconnected VDD 1.8

VDD GND 2.0

VDD Unconnected 2.5
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MODE CONNECTION OPERATION MODE

GND Forced PWM

Unconnected or
VDD/2

Forced PWM. Soft-start up into a
prebiased output (monotonic startup).

VDD
Skip Mode. Soft-start into a prebiased
output (monotonic startup).
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