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MAX1515
LX

GND

VCC

FB

COMP

PGND

IN

REFOUT

PGOOD

VBIAS
(3.0V TO 3.6V)

VIN
(1.3V TO 3.6V)

VOUT = VTT

VREFOUT = VTTR
VDDQ
(2.5V OR 1.8V)

MODE

FBSEL1

BSTVDD

SHDN

SKIP
FBSEL0

SS
REFIN

REF

TOFF

_________________________

PART TEMP RANGE
PIN-
PACKAGE

PKG CODE

MAX1515ETG -40°C to +85°C
24 Thin QFN
4mm x 4mm

T2444-4

MAX1515ETG+ -40°C to +85°C
24 Thin QFN
4mm x 4mm

T2444-4

+
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VIN = +3.3V, VCC = VDD = SHDN = MODE = +3.3V, VREFIN = VREF, SKIP = GND, TA = 0°C to +85°C, unless oth-
erwise noted. Typical values are at TA = +25°C.)

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.

VCC, VDD, LX, SHDN to GND ...................................-0.3V to +4V
MODE, IC to GND ....................................................-0.3V to +4V
COMP, FB, REF, REFIN, REFOUT, PGOOD

to GND.........................................................-0.3V to (VCC + 0.3V)
FBSEL0, FBSEL1, TOFF, SKIP, SS to GND ...-0.3V to (VCC + 0.3V)
VDD to VCC ...........................................................-0.3V to + 0.3V
IN to VDD ....................................................-0.3V to (VDD + 0.3V)
PGND to GND ...................................................... -0.3V to +0.3V
LX to BST................................................................. -4V to +0.3V
BST to GND.......................................................... -0.3V to +8.0V

LX Current (Note 1).............................................................±4.7A
REF Short Circuit to GND...........................................Continuous
REFOUT Short Circuit to GND....................................Continuous
Continuous Power Dissipation (TA = +70°C)

24-Pin Thin QFN (derate 20.8mW/°C above +70°C; 
part mounted on 1in2 of 1oz copper)........................1667mW

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

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PWM CONTROLLER

VIN 1.3 3.6
Input Voltage Range

VCC, VDD 3.0 3.6
V

Output Adjust Range VOUT ≤ VIN 0.5 2.7 V

TA = +25°C
to +85°C

-3 0 +3
VFB -

VREFIN

VIN = +3.3V, ILOAD = 0,
MODE = VCC TA = 0°C to

+85°C
-4 0 +4

mV

TA = +25°C
to +85°C

2.463 2.5 2.537FBSEL0 = VCC,
FBSEL1 = VCC,
REFIN = REF TA = 0°C to

+85°C
2.450 2.5 2.550

TA = +25°C
to +85°C

1.782 1.800 1.827FBSEL0 = VCC,
FBSEL1 = GND,
REFIN = REF TA = 0°C to

+85°C
1.773 1.800 1.836

TA = +25°C
to +85°C

1.477 1.500 1.523FBSEL0=GND
FBSEL1=VCC
REFIN=REF TA = 0°C to

+85°C
1.470 1.500 1.530

TA = +25°C
to +85°C

0.492 0.500 0.508

Feedback Voltage Accuracy

VFB

VIN = +3.3V,
ILOAD = 0,
MODE = low

FBSEL0=GND
FBSEL1=GND
REFIN=0.5V TA = 0°C to

+85°C
0.490 0.500 0.510

V

Feedback Load-Regulation Error
VIN = +1.3V to +3.6V, ILOAD = 0 to 3A,
SKIP = VCC

0.1 %

Note 1: LX has clamp diodes to PGND and IN. If continuous current is applied through these diodes, thermal limits must be observed.
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = +3.3V, VCC = VDD = SHDN = MODE = +3.3V, VREFIN = VREF, SKIP = GND, TA = 0°C to +85°C, unless oth-
erwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Sink-Mode Detect Threshold
VFB -

VREFIN
MODE = VCC, VREFIN = +0.5V to +1.5V +18 +32 mV

Source-Mode Detect Threshold
VFB -

VREFIN
MODE = VCC, VREFIN = +0.5V to +1.5V -32 -18 mV

MOSFET On-Resistance RNMOS VCC = VDD = VIN = +3.3V, ILOAD = 0.5A 0.04 0.10 Ω
Switching Frequency fSW (Note 2) 1 MHz

Maximum Output Current IOUT(RMS) (Note 3) 3.3 A

ILIMIT_P
VIN = +3.3V, MODE = GND or VCC,
positive or sourcing mode

3.60 4.2 4.85
Current-Limit Threshold

ILIMIT_N MODE = VCC, negative or sinking mode -3.0

A

Pulse-Skipping Current Threshold ISKIP_P
VIN = +3.3V, MODE = GND or VCC, positive
or sourcing mode

0.5 0.8 1.1 A

IZX_P
VIN = +3.3V, MODE = GND or VCC, positive
or sourcing mode

200
Zero Cross Current Threshold

IZX_N MODE = VCC, negative or sinking mode -350

mA

FB Input Bias Current FB = 1.01 x VTARGET (Note 4) -50 +50 nA

RTOFF = 33.2kΩ 0.270 0.34 0.405

RTOFF = 110kΩ 0.85 1.00 1.15Off-Time tOFF
VFB > 0.3 x VTARGET
(Note 4)

RTOFF = 499kΩ 3.8 4.5 5.2

μs

Extended Off-Time tOFF(EXT) VFB < 0.3 x VTARGET (Notes 2, 4)
4 x
tOFF

μs

Minimum On-Time tON(MIN) (Note 2) 180 ns

Maximum On-Time tON(MAX) 5 11 μs

SS Source Current ISS(SRC) 3.50 5.25 6.75 μA

SS Sink Current ISS(SNK) 100 μA

MODE = GND,
FBSEL0 = GND,
FBSEL1 = GND,
VFB = 1.01 x
VTARGET

450 800

No-Load Supply Current
ICC + IDD

+ IIN
VIN = 3.3V
(not switching) (Note 4)

MODE = VCC,
VFB = VTARGET

700 1200

μA

ICC + IDD
+ IIN

SHDN = MODE = GND, LX = 0V or 3.3V 0.2 20

IIN SHDN = MODE = GND, LX = 0V 0.2 20
Shutdown Supply Currents

ILX SHDN = MODE = GND, LX = 3.3V 0.1 20

μA
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = +3.3V, VCC = VDD = SHDN = MODE = +3.3V, VREFIN = VREF, SKIP = GND, TA = 0°C to +85°C, unless oth-
erwise noted. Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

REFERENCE

TA = +25°C to
+85°C

1.0923 1.100 1.1077

Reference Voltage VREF VCC = +3.0V to +3.6V
TA = 0°C to
+85°C

1.0907 1.100 1.1094

V

Reference Load Regulation IREF = -1μA to +50μA 10 mV

REFIN Input Voltage Range VREFIN VCC = +3.0V to +3.6V 0.5 1.5 V

VREFIN = +0.5V to +1.5V
IREFOUT = -1mA
to +1mA

-10 +10

REFOUT Output Accuracy
VREFIN -
VREFOUT

VREFIN = +0.5V to +1.5V
IREFOUT = -5mA
to +5mA

 -20 +20

mV

REFIN Input Bias Current IREFIN VREFIN = 1.1V -50 +50 nA

FAULT DETECTION

Thermal Shutdown TSHDN Rising, hysteresis = 15°C +165 °C

Undervoltage-Lockout Threshold VCC(UVLO) VCC rising, 2% falling-edge hysteresis 2.5 2.7 2.9 V

PGOOD Trip Threshold (Lower) No load, falling edge, hysteresis = 1% -13 -10 -7 %

PGOOD Trip Threshold (Upper) No load, rising edge, hysteresis = 1% +7 +10 +13 %

PGOOD Propagation Delay tPGOOD
FB forced 2% beyond PGOOD trip
threshold

10 μs

PGOOD Output Low Voltage ISINK = 1mA 0.1 V

PGOOD Leakage Current
Condition

High state, for ced  to 3.6V ; V CC =  V DD =  3.6V 1 μA

INPUTS AND OUTPUTS

Logic Input High Voltage SKIP, SHDN, MODE, FBSEL0, FBSEL1 2.0 V

Logic Input Low Voltage SKIP, SHDN, MODE, FBSEL0, FBSEL1 0.8 V

Logic Input Current SKIP, SHDN, MODE, FBSEL0, FBSEL1 -0.5 +0.5 μA
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ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VIN = +3.3V, VCC = VDD = SHDN = MODE = +3.3V, VREFIN = VREF, SKIP = GND, TA = -40°C to +85°C, unless
otherwise noted. Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PWM CONTROLLER

VIN 1.3 3.6
Input Voltage Range

VCC, VDD 3.0 3.6
V

Output Adjust Range VOUT ≤ VIN 0.5 VCC V

VFB -
VREFIN

VIN = +3.3V, ILOAD = 0, MODE = VCC -5 +5 mV

FBSEL0 = VCC,
FBSEL1 = VCC,
REFIN = REF

2.438 2.562

FBSEL0 = VCC,
FBSEL1 = GND,
REFIN = REF

1.755 1.845

FBSEL0 = GND,
FBSEL1 = VCC,
REFIN = REF

1.463 1.538

Feedback Voltage Accuracy

VFB
VIN = +3.3V, ILOAD = 0,
MODE = low

FBSEL0 = GND,
FBSEL1 = GND,
REFIN = 0.5V

0.487 0.513

V

Sink-Mode Detect Threshold
VFB -

VREFIN
MODE = VCC, VREFIN = +0.5V to +1.5V +15 +35 mV

Source-Mode Detect Threshold
VFB -

VREFIN
MODE = VCC, VREFIN = +0.5V to +1.5V -35 -15 mV

nFET On-Resistance RNMOS VCC = VDD = VIN = +3.3V, ILOAD = 0.5A 0.10 Ω
Switching Frequency fSW (Note 2) 1 MHz

Current-Limit Threshold ILIMIT_P
VIN = +3.3V, MODE = GND or VCC,
positive or sourcing mode

3.35 5.05 A

Pulse-Skipping Current Threshold ISKIP_P
VIN = +3.3V, MODE = GND or VCC,
positive or sourcing mode

0.4 1.2 A

RTOFF = 33.2kΩ 0.250 0.425

RTOFF = 110kΩ 0.8 1.2Off-Time tOFF
VFB > 0.3 x VTARGET
(Note 4)

RTOFF = 499kΩ 3.8 5.2

μs

Maximum On-Time tON(MAX) 5 μs

SS Source Current ISS(SRC) 3 7 μA

SS Sink Current ISS(SNK) 100 μA
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Note 2: Guaranteed by design. Not production tested.
Note 3: Not tested; guaranteed by layout. Maximum output current may be limited by thermal capability to a lower value.
Note 4: VTARGET is the set output voltage determined by VREFIN, FBSEL0, and FBSEL1.
Note 5: Specifications to -40°C are guaranteed by design, not production tested.

ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = +3.3V, VCC = VDD = SHDN = MODE = +3.3V, VREFIN = VREF, SKIP = GND, TA = -40°C to +85°C, unless
otherwise noted. Note 5)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

MODE = GND,
FBSEL0 =
FBSEL1 = GND,
VFB = 1.01 x
VTARGET

900

No-Load Supply Current
ICC + IDD

+ IIN
VIN = 3.3V
(Note 4)

MODE = VCC
VFB = VTARGET

1300

μA

ICC + IDD
+ IIN

SHDN = MODE = GND, LX = 0V or 3.3V 20

IIN SHDN = MODE = GND, LX = 0V 20
Shutdown Supply Currents

ILX SHDN = MODE = GND, LX = 3.3V 20

μA

REFERENCE

Reference Voltage VREF VCC = +3.0V to +3.6V 1.086 1.114 V

Reference Load Regulation IREF = -1μA to +50μA 12 mV

REFIN Input Voltage Range VREFIN VCC = + 3.0V  to + 3.6V , V CC >  V RE FIN  +  1.35V 0.5 1.5 V

VREFIN = +0.5V to +1.5V
IREFOUT = -1mA
to +1mA

-15 +15

REFOUT Output Accuracy
VREFIN -
VREFOUT

VREFIN = +0.5V to +1.5V
IREFOUT = -5mA
to +5mA

-25 +25

mV

FAULT DETECTION

Undervoltage-Lockout Threshold VCC(UVLO) VCC rising, 2% falling-edge hysteresis 2.40 2.95 V

PGOOD Trip Threshold (Lower) No load, falling edge, hysteresis = 1% -13 -7 %

PGOOD Trip Threshold (Upper) No load, rising edge, hysteresis = 1% +7 +13 %

INPUTS AND OUTPUTS

Logic Input High Voltage SKIP, SHDN, MODE, FBSEL0, FBSEL1 2.0 V

Logic Input Low Voltage SKIP, SHDN, MODE, FBSEL0, FBSEL1 0.8 V
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_______________________________________________________________
(MAX1515 Circuit of Figure 1, VIN = 2.5V, VDD = VCC = SHDN = MODE = 3.3V, TA = +25°C, unless otherwise noted.)
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SWITCHING FREQUENCY
vs. LOAD CURRENT
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____________________________________________________________ ( )
(MAX1515 Circuit of Figure 1, VIN = 2.5V, VDD = VCC = SHDN = MODE = 3.3V, TA = +25°C, unless otherwise noted.)

REF VOLTAGE
vs. REF LOAD CURRENT
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REFOUT VOLTAGE REGULATION
vs. LOAD CURRENT
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PEAK CURRENT LIMIT
vs. SS VOLTAGE
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VIN = 2.5V
VOUT = 1.25V
RTOFF = 110kΩ

STARTUP AND SHUTDOWN WAVEFORM
(HEAVY LOAD)

MAX1515 toc12

500μs/div

3.3V
A

B

C

D

E

0

0

0

1A

0
1.25V

0

A: PGOOD, 5V/div
B: SS, 2V/div
C: SHDN, 5V/div

D: INDUCTOR CURRENT, 1A/div
E: OUTPUT VOLTAGE, 1V/div

SKIP = GND, RLOAD = 10Ω
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____________________________________________________________ ( )
(MAX1515 Circuit of Figure 1, VIN = 2.5V, VDD = VCC = SHDN = MODE = 3.3V, TA = +25°C, unless otherwise noted.)

STARTUP AND SHUTDOWN WAVEFORM
(LIGHT LOAD)

MAX1515 toc13

1ms/div

3.3V
A

B

C

D

E

0

0

0

1A

0
1.25V

0

A: PGOOD, 5V/div
B: SS, 2V/div
C: SHDN, 5V/div

D: INDUCTOR CURRENT, 1A/div
E: OUTPUT VOLTAGE, 1V/div

SKIP = GND, RLOAD = 100Ω

DDR-MODE LOAD TRANSIENT
MAX1515 toc14

20μs/div

2.5V
A

B

C

D

0

0

2A

0

2A

1.25V

A: LX, 2V/div
B: LOAD CONTROL, 
    5V/div

C: INDUCTOR CURRENT, 2A/div
D: OUTPUT VOLTAGE, 50mV/div

SKIP = GND

DDR-MODE LOAD TRANSIENT
MAX1515 toc15

20μs/div

2.5V
A

B

C

D

0

0

2A

0

-2A

1.25V

A: LX, 2V/div
B: LOAD CONTROL, 
    5V/div

C: INDUCTOR CURRENT, 2A/div
D: OUTPUT VOLTAGE, 50mV/div

SKIP = GND

DDR-MODE LOAD TRANSIENT
MAX1515 toc16

20μs/div

2.5V
A

B

C

D

0

0

2A

0

-2A

1.25V

A: LX, 2V/div
B: LOAD CONTROL, 
    5V/div

C: INDUCTOR CURRENT, 2A/div
D: OUTPUT VOLTAGE, 50mV/div

SKIP = GND
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____________________________________________________________ ( )
(MAX1515 Circuit of Figure 1, VIN = 2.5V, VDD = VCC = SHDN = MODE = 3.3V, TA = +25°C, unless otherwise noted.)

DDR-MODE LOAD TRANSIENT
MAX1515 toc17

20μs/div

2.5V
A

B

C

D

0

0

2A

0

-2A

1.25V

A: LX, 2V/div
B: LOAD CONTROL, 
    5V/div

C: INDUCTOR CURRENT, 2A/div
D: OUTPUT VOLTAGE, 50mV/div

SKIP = GND

DDR-MODE LOAD TRANSIENT
MAX1515 toc18

20μs/div

2.5V
A

B

C

D

0

0

2A

0

-2A

1.25V

A: LX, 2V/div
B: LOAD CONTROL, 
    5V/div

C: INDUCTOR CURRENT, 2A/div
D: OUTPUT VOLTAGE, 50mV/div

SKIP = GND

REFIN TRANSITION
MAX1515 toc19

50μs/div

3.3V
A

B

C

D

0
1.5V

1.0V
1.5V

1.0V

2A

0A

-2A

A: PGOOD, 5V/div
B: REFIN, 0.5V/div

C: OUTPUT VOLTAGE, 0.5V/div
D: INDUCTOR CURRENT, 2A/div

SKIP = GND

REFOUT LOAD TRANSIENT
MAX1515 toc20

10μs/div

A

B

+10mA

-10mA

1.25V

1.26V

1.24V

A: REFOUT LOAD, 20mA/div B: REFOUT VOLTAGE, 10mV/div
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5 REFOUT
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8 TOFF

9 FB
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13 REF
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16 MODE
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PGND

PGND

MOSFET REFOUT (+3.0V +3.6V) 1μF 
( ) PGND VDD REFOUT

REFIN MODE = VCC REFIN 0.47μF
GND MODE = GND REFOUT

SS GND

10% PGOOD
PGOOD PGOOD

TOFF GND

DDR (MODE = VCC) FB REFIN

DDR (MODE = GND)

COMP VCC 470pF

10Ω (+3.0V +3.6V) 1μF ( )
GND

GND

+1.1V 1.0μF GND 50μA

DDR (MODE = VCC) REFIN FB DDR (MODE = GND)
REFIN REF

SHDN MODE MAX1515

SHDN MODE

REFOUT

REFOUT

DDR REFOUT

DDR REFOUT

MODE DDR DDR REFOUT MODE = 
VCC MAX1515 DDR REFOUT MODE = GND MAX1515

DDR REFOUT (MODE)

MODE = GND FBSEL1 MODE = VCC GND
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19 SKIP

20 BST

21, 22 LX

23, 24 IN

MODE = GND FBSEL0 MODE = VCC GND
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_________________________
MAX1515 ( 1) DDR

1 2

_______________________________________

MAX1515 PWM DC-DC
+1.3V +3.6V VIN +0.5V

+2.7V MAX1515 3A
40mΩ NMOS

( 2)

________________________________________________________________ ( )

1.

COMPONENT
±2A AT 1.25VOUT

DDR MODE (MODE = VCC)
±2A AT 0.9VOUT

DDR MODE (MODE = VCC)

Input Voltage (VIN) 2.3V to 2.7V 1.6V to 2.0V

Output Voltage (VOUT) 1.25V 0.9V

CIN, Input Capacitor
33μF, 6.3V, ceramic

TDK C3225XR0J336V
33μF, 6.3V, ceramic

TDK C3225XR0J336V

Switching Frequency (fSW) 250kHz 500kHz 250kHz 500kHz

L, Inductor
2.5μH, 4.5A, Sumida

CDRH8D28-2R5
1.2μH, 6.8A, Sumida
CDR7D28MN-1R2

2.5μH, 4.5A, Sumida
CDRH8D28-2R5

1.2μH, 6.8A, Sumida
CDR7D28MN-1R2

COUT, Output Capacitor
330μF, 18mΩ

Sanyo 2R5TPE330MI
POSCAP

220μF, 18mΩ
Sanyo 2R5TPE220MI

POSCAP

330μF, 18mΩ
Sanyo 2R5TPE330MI

POSCAP

220μF, 18mΩ
Sanyo 2R5TPE220MI

POSCAP

RTOFF 221kΩ, 1% 110kΩ, 1% 221kΩ, 1% 110kΩ, 1%

2.
SUPPLIER WEBSITE

Coilcraft www.coilcraft.com

Coiltronics www.coiltronics.com

Kemet www.kemet.com

Panasonic www.panasonic.com

Sanyo www.sanyo.com

Sumida www.sumida.com

Taiyo Yuden www.t-yuden.com

TDK www.component.tdk.com

TOKO www.tokoam.com

VCC PWM GND

( 1) 0.01μF

LX NMOS NMOS LX

+1.3V +3.6V IN
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MAX1515
LX

GND

VCC

FB

COMP

PGND

IN

REFOUT

PGOOD

VBIAS
(3.0V TO 3.6V)

VCC
(DDR MODE)

VIN
(1.3V TO 3.6V)

VOUT = VTT = VDDC / 2

VREFOUT = VTTR

VDDQ
(2.5V OR 1.8V)

MODE

FBSEL1

BSTVDD

SHDN

SKIP

FBSEL0

SS
REFIN

REF

TOFF

R1
10Ω

R2
100kΩ

RTOFF
110kΩ

RSS (OPTIONAL)

CSS
0.01μF

CBST
0.01μF

PWM MODE
SKIP MODE

ON
OFF

R3
10kΩ
1%

R4
10kΩ

1%

SEE TABLE 1 FOR COMPONENT SPECIFICATIONS

CVDD
1μF

CIN
33μF

COUT
220μF

CREFOUT
0.47μF

L
1.2μH

CVCC
1μF

CREFIN
0.01μF

CCOMP
470pF

CREF
1μF

ERR

MAX1515

LX

SNK/SRC
THRESHOLD SRC

SNK

IN

PGND

FB

FB GAIN

SINK/
SOURCE
LOGIC

SS

SOFT-
START

PWM
LOGIC

COMP

TOFF

TIMER
CURRENT

SENSE
ZX(+)

CURRENT
SENSE (+/-)

ZX(-)

GND

BST

SHDN

MODE

FBSEL0FBSEL1

FBSEL
DECODE

SKIP

VDD

L-SIDE
DRIVER

H-SIDE
DRIVER

PGOOD

PGOOD
LOGIC

VDD

REF BUF

REFIN

REFOUT

REF
REF
1.1V

VCC

MODE

Gm

1. 

2. 
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+3.3V (VCC VDD)

MAX1515 3.3V
(95%) 3.3V

3.3V VCC (PWM ) VDD (
)

IBIAS = ICC + IREFOUT + fSW (QG(LOW) + QG(HIGH))

ICC 450μA fSW QG(LOW)
QG(HIGH) MOSFET 1nC

3.0V 3.6V
( VIN) 3.3V ( VCC VDD)
3.3V

(SHDN )

MAX1515 /
MOSFET

4.2A MOSFET

ISOURCE_MAX ILIMIT_P
( 4.2A) tOFF

3.7A

MAX1515 -3.2A

ISINK_MAX ILIMIT_N
( -3.0A) tDLY

500ns tOFF
-2.5A

SS
GND CSS

( 2.6V)
SHDN 5μA ( )

SS SS
0.7V 0.7V 1.8V

( Electrical Characteristics)

I SS(SRC) Electrical Characteristics

SS

ILIMIT_P Electrical Characteristics
1.8V

( 3)

MAX1515 NMOS
4.2A

SS GND RSS
RSS x CSS

ILIMIT ILIMIT_P
ISS(SRC) Electrical Characteristics

SSI
V V

V
ILIMIT

SS

REF
LIMIT P= ×

− 0 7.
    _

t
C V

I
SS

SS SRC
=

× 1 8.

( )

V
I t

CSS
SS SRC

SS
=

×( )

I I
V t V V t

LSINK MAX LIMIT N
OUT OFF IN OUT DLY

_ _= +
( )− −2

2

I I
V t

LSOURCE MAX LIMIT P
OUT OFF

_ _=
×

×
−

2
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/

MAX1515
VFB < 0.3 x VTARGET MAX1515

PWM 4 x tOFF
NMOS

NMOS
(tOFF) NMOS

NMOS
RMS

VFB > 0.3 x VTARGET
MAX1515

( 2)

NMOS
COMP

COMP (
)

MAX1515

COMP VCC CCOMP
470pF

(MODE)

MODE MAX1515 DDR (MODE = 
VCC) DDR (MODE = GND) DDR

SKIP ( ( )
( ) ) MAX1515

DDR REFOUT REFIN
DDR SKIP

MAX1515 DDR REFOUT

( SKIP)

MAX1515
SKIP GND

PWM

(EMI)
Maxim www.maxim-ic.com.cn

PWM

MAX1515 SKIP VCC
PWM PWM

(
) RTOFF NMOS

1MHz

PWM NMOS

NMOS

4.2A ( ) NMOS
(t OFF)

NMOS NMOS
tOFF PWM

NMOS

1.8V

0.7V

ILIMIT_P

VSS (V)

ILIMIT (A)

SHDN

3. 



M
A

X
15

15

DDR

16 ______________________________________________________________________________________

( )

SKIP GND MAX1515

PWM (
800mA) PWM

MAX1515

VFB < VREFIN LX
VFB < VREFIN NMOS

800mA
(ISKIP_P = 800mA) NMOS

NMOS
200mA

( )

MAX1515 DDR (MODE = VCC)
(SKIP = GND) MAX1515 /

/ (VREFIN ±25mV)
MAX1515

( ( )
) MAX1515

MAX1515
NMOS NMOS

(tOFF) NMOS NMOS

(-350mA)

PWM

PFM PWM

DDR

DDR (MODE = GND VREFIN = VREF)
2.5V 1.8V 1.5V

FB FBSEL0 FBSEL1
4

3.

SHDN
MODE

PIN
SKIP

REFOUT
BUFFER

STEP-DOWN
REGULATOR MODE

STEP-DOWN
REGULATOR CURRENT

Low Low X Off, High-Z Off Off

Low High X On Off Off

High Low Low Off, High-Z
On, non-DDR mode.

FB regulates to preset voltage or 0.5V.
Source only.

Pulse-skipping mode.

High Low High Off, High-Z
On, non-DDR mode.

FB regulates to preset voltage or 0.5V.
Source/sink.

Forced-PWM mode.

High High Low On
On, DDR mode.

FB regulates to REFIN.
Source/sink.

Pulse-skipping mode.

High High High On
On, DDR mode.

FB regulates to REFIN.
Source/sink.

Forced-PWM mode.

4.

FBSEL0 FBSEL1
OUTPUT

VOLTAGE

GND GND
Adjustable

VFB = VREFIN

GND VCC 1.5V

VCC GND 1.8V

VCC VCC 2.5V

X = 
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FBSEL0 FBSEL1 GND
REFIN REF ( 5)
VFB = VREFIN RB 100kΩ
RA

VREF = 1.1V

REFIN REF

REFIN

DDR

DDR (MODE = VCC) MAX1515 FB
REFIN DDR

1 MAX1515
DDR

(REFOUT)

MODE = VCC
(VREFIN)

0.47μF

±5mA
(VREFIN) ±20mV

0.5V 1.5V MODE =
GND

(PGOOD)

PGOOD
PGOOD

±10% PGOOD
10%

MOSFET PGOOD ( 2) PGOOD
VCC

100kΩ

+165°C
VSHDN

+150°C

θJA
θJA

IC
QFN

Maxim www.maxim-ic.com.cn

MAX1515

( —PSL)

PSL = C x VIN2 x fSW

V V
R

R RFB REF
B

A B
=

+

⎛

⎝
⎜

⎞

⎠
⎟

LOAD
CURRENT

INDUCTOR
CURRENT

OUTPUT
VOLTAGE

LX
VOLTAGE

VREFIN

VIN

VOUT

GND

0

-2A
0

-2A

tOFF

MAX1515

LX

GND

FB

PGND

VOUT

FBSEL1

FBSEL0

MODE

REFIN

REF

RB

RA
COUT

L

4. 

5. REFIN VOUT
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C = 5nF

fSW

(PCL)

PCL = IOUT2 x RNMOS

IOUT = 

RNMOS = NMOS

____________________________
DDR 1

5

1) PWM
6

2)

3) RTOFF

4) -

MAX1515 PWM
RTOFF RTOFF

PWM NMOS

tOFF = 

VIN = 

VOUT = 

fPWM = PWM

RTOFF

VRTOFF 1.1V 0.35μs 4.5μs
RTOFF 33.2kΩ 499kΩ

PWM MAX1515 tOFF (
RTOFF ) VIN VOUT

VCHG = FET RNMOS DCR

VDISCHG = FET RNMOS DCR

f
V V V

t V V VPWM
IN OUT CHG

OFF IN CHG DISCHG

   

    
=

+( )
− −

−

R t s
k

sTOFF OFF= ( )− .
.

0 035
110
1 00

μ
μ

Ω

t
V V

f VOFF
IN OUT

PWM IN
=

×

−

0

200

600

400

800

1000

FR
EQ

UE
NC

Y 
(k

Hz
)

MAXIMUM RECOMMENDED OPERATING
FREQUENCY vs. INPUT VOLTAGE

VIN (V)
1.5 2.52.0 3.0 3.5

NO LOAD

VOUT = 1.25V VOUT = 0.9V
VOUT = 2.5V

VOUT = 1.8V

VOUT = 1.5V

6. 

5. (IOUT = 3A)
VIN
(V)

VOUT
(V)

fPWM
(kHz)

L
(μH)

COUT
(μF)

RTOFF
(kΩ)

3.3 2.5 400 1.5 100 49.9

3.3 1.8 400 2.2 150 110

3.3 1.5 480 2.2 180 110

3.3 1.2 420 2.2 220 150

2.5 1.8 430 1.2 100 49.9

2.5 1.5 320 1.8 150 110

2.5 1.2 440 1.5 180 110
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VCHG VDISCHG

VCHG VDISCHG

RDROP MOSFET (40mΩ )

(L)
(IPEAK) LIR

LIR

25% (LIR = 0.25)

1.125

1A/μs

1.125 x 
IOUT(MAX)

IN 5mm 0.1μF ESR ESL

RMS

MAX1515
VRIPPLE ≥ 1% x VOUT

ESR

DDR
(ESR)

ESR

ESR ESR

ESR
ESR
ESR

R
V

I LIRESR
RIPPLE

OUT MAX
≤

( )  

R
V

IESR
STEP

OUT MAX
≤

( )Δ

ESR
L

tOFF
 %  ≥ ×1

I I
V V V

VRMS OUT MAX
OUT IN OUT

IN
=

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

−( )
( )

I I
V t

LPEAK OUT MAX
OUT OFF= +

×

×
   ( ) 2

L V V
s

AMIN IN MAX OUT      ( )≥ ( ) ×−
1
1
μ

L
V t

I LIR
OUT OFF

OUT MAX
=

×

×( )

Δf
I R

V tPWM
OUT DROP

IN OFF
=

×

×
−
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ESR

ESR
( OS-CON

)

VIN - VOUT

ΔIOUT

(ΔIOUT = 
ILOAD(MAX)) DDR

(ΔIOUT) 

/ (MODE = VCC SKIP =
GND) ( )

(VREFIN ±20mV)

_______________________________________

MAX1515 10μs

( VSAG )

(ΔIDOWN)
(ΔIUP) h = ΔIUP/ΔIDOWN

1 h 1
VSAG

h 1.5 h
VSAG

h

VCHG VDISCHG
( ) tON(MAX)
Electrical Characteristics tOFF

h = 1

VIN(MIN)
VSAG tOFF

VSAG

VOUT = 2.5V

tOFF = 1μs

VCHG = VDISCHG = 100mV

h = 1.5

= 2.99V

REFIN MAX1515
REFIN

V V V
s V V

sIN MIN( ) . .
. ( . . )

= + +
× × +

2 5 0 1
1 5 1 2 5 0 1

10
μ

μ

V V V
h t V V

tIN MIN OUT CHG
OFF OUT DISCHG

ON MAX
( )

( )

( )
= + +

× × +

V
I L

C VSOAR
OUT

OUT OUT
≈

( )Δ 2

2

ΔI I IOUT SOURCE MAX SINK MAX= +( ) ( )

V
I L V t

L C V V
V t
L C

I t
C

SAG
OUT OUT OFF

OUT IN OUT

OUT OFF

OUT

OUT OFF

OUT

≈
+

× −( )
+

×

+

( )Δ

Δ

2 2

2 2
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n MOSFET

REFIN PWM

PWM

REFIN

REFIN
REFIN

(VOUT)
(VREFIN) REFIN GND REFIN

REFIN GND REFIN
REQ X CREFIN REQ

7 REFIN

REFIN

PCB

MAX1515 

1)
PGND

GND

2) IN 5mm
1mm 2.5mm

3) LX

4)

____________________________
TRANSISTOR COUNT: 8258

PROCESS: BiCMOS

τPOS REFIN
R R
R R

C=
×

+

⎡

⎣
⎢

⎤

⎦
⎥

1 2
1 2

τPOS REFIN
R R R
R R R

C=
× +

+ +

⎡

⎣
⎢

⎤

⎦
⎥

1 2 3
1 2 3

( )

V V
R

R R

V V
R R

R R R

OUT LOW REF

OUT HIGH REF

( )

( )

=
+

⎛

⎝
⎜

⎞

⎠
⎟

=
+

+ +

⎛

⎝
⎜

⎞

⎠
⎟

2
1 2

2 3
1 2 3

MAX1515

LX

GND

FB

PGND

VOUT

FBSEL1

SKIP

FBSEL0

MODE

REFIN

REF

R3

R2

R1

VOUT(LOW)
VOUT(HIGH)

COUT

VCC L

CREFIN

7.  
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18 17 16 15 14 13

1 2 3 4 5 6

7

8

9

10

11

12

24

23

22

21

20

19

MAX1515

THIN QFN
(4mm x 4mm)

TOP VIEW

SKIP

BST

LX

LX

IN

IN

+

GND

VCC

COMP

FB

TOFF

PGOOD

SS

RE
FO

UTV D
DIC

PG
ND

PG
ND

FB
SE

L1

FB
SE

L0

M
OD

E

SH
DN

RE
FI

N

RE
F

____________________________
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24
L 
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FN
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.E

P
S

PACKAGE OUTLINE,

21-0139 2
1

E

12, 16, 20, 24, 28L THIN QFN, 4x4x0.8mm

( www.maxim-ic.com.cn/packages )
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