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PART TEMP RANGE
PIN-
PACKAGE

PKG
CODE

MAX1540AETJ -40°C to +85°C
32 Thin QFN
5mm x 5mm

T3255-4

MAX1540AETJ+ -40°C to +85°C
32 Thin QFN
5mm x 5mm

T3255-4

MAX1541ETL -40°C to +85°C
40 Thin QFN
6mm x 6mm

T4066-5

MAX1541ETL+ -40°C to +85°C
40 Thin QFN
6mm x 6mm

T4066-5
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ABSOLUTE MAXIMUM RATINGS

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.

Note 1: For the MAX1540A, the gate-driver input supply (VDD) is internally connected to the fixed 5V linear-regulator output
(LDOOUT), and the linear-regulator input supply (LDOIN) is internally connected to the battery voltage input (V+).

V+, LDOON to GND ...............................................-0.3V to +28V
LDOOUT to GND (MAX1540A, Note 1)....................-0.3V to +6V
LDOOUT to GND (MAX1541, Note 1) ....................-0.3V to +28V
VDD to GND (MAX1541, Note 1) ..............................-0.3V to +6V
VCC, ON_ to GND.....................................................-0.3V to +6V
SKIP, PGOOD_ to GND............................................-0.3V to +6V
FB_, CSP_, ILIM_ to GND.........................................-0.3V to +6V
TON, OVP/UVP, LSAT to GND ...................-0.3V to (VCC + 0.3V)
REF, OUT_ to GND.....................................-0.3V to (VCC + 0.3V)
LDOIN to GND (MAX1541).....................................-0.3V to +28V
REFIN1, GATE, OD, FBLDO to GND (MAX1541).....-0.3V to +6V
FBLANK, CC1 to GND (MAX1541).............-0.3V to (VCC + 0.3V)
DL_ to GND (Note 1) ..................................-0.3V to (VDD + 0.3V)
CSN_ to GND ............................................................-2V to +30V

DH_ to LX_..................................................-0.3V to (BST + 0.3V)
LX_ to GND................................................................-2V to +30V
BST_ to LX_ ..............................................................-0.3V to +6V
REF Short Circuit to GND...........................................Continuous
Continuous Power Dissipation (TA = +70°C)

32-Pin 5mm x 5mm Thin QFN (derated 21.3mW/°C
above +70°C).............................................................1702mW
40-Pin 6mm x 6mm Thin QFN (derated 26.3mW/°C 
above +70°C).............................................................2105mW

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

ELECTRICAL CHARACTERISTICS
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

INPUT SUPPLIES (Note 1)

MAX1540A: battery voltage, V+ > VLDOOUT 5.5 28
VIN

MAX1541: battery voltage, V+ > VLDOOUT 2 28

VBIAS VCC, VDD (MAX1541) 4.5 5.5Input Voltage Range

VLDOIN
MAX1541: LDO input supply,
VLDOIN > VLDOOUT

4.5 28

V

FB1 and FB2 forced above the regulation
point, LSAT = GND

0.7 1.5

Quiescent Supply Current (VCC) ICC
FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC, VLSAT > 0.5V

1.8

mA

Quiescent Supply Current
(VDD, MAX1541 Only)

IDD
FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC

<1 5 μA

MAX1540A: FB1 and FB2 forced above the
regulation point, ON1 or ON2 = VCC,
VLDOON = V+ = 28V

150

Quiescent Supply Current (V+) IV+

MAX1541: ON1 or ON2 = VCC,
VLDOON = V+ = 28V

25 40

μA

Quiescent Supply Current
(LDOIN, MAX1541 Only)

ILDOIN

FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC,
VLDOON = V+ = 28V

110 μA

Standby Supply Current (VCC) ON1 = ON2 = GND, VLDOON = V+ = 28V <1 5 μA
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Standby Supply Current
(VDD, MAX1541 Only)

ON1 = ON2 = GND, VLDOON = V+ = 28V <1 5 μA

MAX1540A: ON1 = ON2 = GND,
LDOON = V+ = 28V, VCC = 0 or 5V

105

Standby Supply Current (V+)
MAX1541: ON1 = ON2 = GND,
LDOON = V+ = 28V, VCC = VDD = 0 or 5V

<1 5

μA

Standby Supply Current
(LDOIN, MAX1541 Only)

ON1 = ON2 = GND, VLDOON = V+ = 28V 100 μA

Shutdown Supply Current (VCC) ON1 = ON2 = LDOON = GND <1 5 μA

Shutdown Supply Current
(VDD, MAX1541 Only)

ON1 = ON2 = LDOON = GND <1 5 μA

MAX1540A: ON1 = ON2 = LDOON = GND,
V+ = 28V, VCC = 0 or 5V

4 15

Shutdown Supply Current (V+)
MAX1541: ON1 = ON2 = LDOON = GND,
V+ = 28V, VCC = VDD = 0 or 5V

<1 5

μA

Shutdown Supply Current
(LDOIN, MAX1541 Only)

LDOON = GND 4 10 μA

PWM CONTROLLERS

FB1 = GND 1.782 1.80 1.818
VOUT1

Preset output,
V+ = 5.5V to 28V,
SKIP = VCC FB1 = VCC 1.188 1.20 1.212MAX1540A Main Output-Voltage

Accuracy (OUT1) (Note 2)

VFB1
Adjustable output, V+ = 5.5V to 28V,
SKIP = VCC

0.693 0.70 0.707

V

FB2 = GND 2.475 2.50 2.525
VOUT2

Preset output,
V+ = 5.5V to 28V,
SKIP = VCC FB2 = VCC 1.485 1.50 1.515

MAX1540A Secondary Output-
Voltage Accuracy (OUT2)
(Note 2)

VFB2
Adjustable output, V+ = 5.5V to 28V,
SKIP = VCC

0.693 0.70 0.707

V

MAX1541 Main Feedback-
Voltage Accuracy (FB1)

VFB1
V+ = 4.5V to 28V,
SKIP = VCC

REFIN1 = 0.35 x REF 0.693 0.70 0.707 V

FB2 = GND 2.475 2.50 2.525
VOUT2

Preset output,
V+ = 4.5V to 28V,
SKIP = VCC FB2 = VCC 1.782 1.80 1.818

MAX1541 Secondary Output-
Voltage Accuracy (OUT2)
(Note 2)

VFB2
Adjustable output, V+ = 4.5V to 28V,
SKIP = VCC

0.693 0.70 0.707

V

Load-Regulation Error ILOAD = 0 to 3A, SKIP = VCC 0.1 %

Line-Regulation Error VCC = 4.5V to 5.5V, V+ = 4.5V to 28V 0.25 %

FB_ Input Bias Current IFB_ -0.1 +0.1 μA

Output Adjust Range 0.7 5.5 V
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

FB_ = GND 70 145 350

MAX1540A FB_ = VCC or
adjustable

50 115 220

FB1 = OUT1 400 700 1500

FB2 = GND 90 170 350

OUT_ Input Resistance ROUT_

MAX1541
FB2 = VCC or
adjustable

60 130 270

kΩ

OUT_ Discharge Mode On-
Resistance

RD IS C H ARGE 10 25 Ω

OUT_ Synchronous-Rectifier
Discharge-Mode Turn-On Level

0.2 0.3 0.4 V

Soft-Start Ramp Time tSS Rising edge on ON_ to full current limit 1.7 ms

TON  =  GN D  ( 620kH z) 149 169 190

TON = REF (485kHz) 191 216 242

TON  =  op en ( 345kH z) 274 304 335
DH1 On-Time tON1

V+ = 15V,
VOUT1 = 1.5V
(Note 3)

TON = VCC (235kHz) 402 447 491

ns

TON  =  GN D  ( 460kH z) 201 228 256

TON = REF (355kHz) 260 296 331

TON  =  op en ( 255kH z) 371 412 453
DH2 On-Time tON2

V+ = 15V,
VOUT2 = 1.5V
(Note 3)

TON = VCC (170kHz) 556 618 679

ns

On-Time Tracking tON2 with respect to tON1 (Note 3) 120 135 150 %

Minimum Off-Time tOFF(MIN) (Note 3) 400 500 ns

LINEAR REGULATOR (LDO) (Note 1)

0 < ILDOOUT < 10mA 4.85 5.0 5.10MAX1540A LDO Output-Voltage
Accuracy

VLDOOUT
ON1 = ON2 = GND,
V+ = 6V to 28V 0 <  ILD OOU T <  100m A 4.70 5.10

V

0 < ILDOOUT < 10mA 4.85 5.0 5.10MAX1541 LDO Output-Voltage
Accuracy (Fixed VLDOOUT)

VLDOOUT

FBLDO = ON1 =
ON2 = GND,
VLDOIN = 6V to 28V 0 <  ILD OOU T <  100m A 4.70 5.10

V

0 < ILDOOUT < 10mA 1.212 1.25 1.275
MAX1541 LDO Feedback
Accuracy (Adjustable VLDOOUT)

VFBLDO

FBLDO = LDOOUT,
ON1 = ON2 = GND,
VLDOIN = 4.5V to
28V 0 <  ILD OOU T <  100m A 1.175 1.275

V

MAX1541 LDO Output
Adjust Range

1.175 24 V

LDOOUT Short-Circuit Current 130 mA

FBLDO Input Bias Current IFBLDO -0.1 +0.1 μA

MAX1540A: V+ - VLDOOUT, ILDOOUT = 50mA 500 800

Dropout Voltage MAX1541: VLDOIN - VLDOOUT,
ILDOOUT = 50mA

500 800
mV
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

REFERENCE (REF)

TA  =  + 25° C  to + 85° C 1.986 2.00 2.014
Reference Voltage VREF

VCC = 4.5V to 5.5V,
IREF = 0V TA = 0° C   to +85°C 1.983 2.00 2.017

V

Reference Load Regulation ΔVREF IREF = -10μA to +50μA -0.01 +0.01 V

REF Lockout Voltage VREF(UVLO) Rising edge, hysteresis = 350mV 1.95 V

REFIN1 (MAX1541)
Voltage Range

VREFIN 0.7 VREF V

REFIN1 (MAX1541)
Input Bias Current

IREFIN1 0.01 0.05 μA

FAULT DETECTION

Overvoltage Trip Threshold
With respect to error-comparator threshold,
OVP/UVP = VCC

12 16 20 %

Overvoltage Fault-Propagation
Delay

tOVP FB forced 2% above trip threshold 10 μs

Output Undervoltage-Protection
Trip Threshold

With respect to error-comparator threshold,
OVP/UVP = VCC

65 70 75 %

Output Undervoltage-Protection
Blanking Time

tBLANK From rising edge of ON_ 10 35 ms

Output Undervoltage Fault-
Propagation Delay

tUVP 10 μs

PGOOD_ Lower Trip Threshold
With respect to error-comparator threshold,
hysteresis = 1%

-13 -10 -7 %

PGOOD_ Upper Trip Threshold
With respect to error-comparator threshold,
hysteresis = 1%

+7 +10 +13 %

PGOOD_ Propagation Delay tPGOOD_ FB forced 2% beyond P GOOD _ trip threshold 10 μs

PGOOD_ Output Low Voltage ISINK = 4mA 0.3 V

PGOOD_ Leakage Current IPGOOD_
FB = REF (PGOOD high impedance),
PGOOD forced to 5.5V

1 μA

FBLANK = VCC 120 220 320

FBLANK = open 80 140 205
Fault-Blanking Time
(MAX1541 Only)

tFBLANK

FBLANK = REF 35 65 95

μs

LDOON = VCC +150
Thermal-Shutdown Threshold TSHDN Hysteresis = 10°C

LDOON = GND +160
°C

VCC Undervoltage-Lockout
Threshold

VUVLO(VCC)
Rising edge, PWM disabled below this
level, hysteresis = 20mV

4.1 4.25 4.4 V

CURRENT LIMIT

ILIM_ Adjustment Range 0.25 2 V

CSP_ 0 2.7
Current-Limit Input Range

CSN_ -0.3 +28
V

CSP_/CSN_ Input Current 0.5 μA
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Dual Mode Maxim Integrated Products, Inc.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Valley Current-Limit Threshold
(Fixed)

VLIM_ (VAL) VCSP_ - VCSN_, ILIM_ = VCC 45 50 55 mV

VILIM_ = 250mV 15 25 35Valley Current-Limit Threshold
(Adjustable)

VLIM_ (VAL) VCSP_ - VCSN_
VILIM_ = 2.00V 170 200 230

mV

Current-Limit Threshold
(Negative)

VNEG
VCSP_ - VCSN _, SKIP = ILIM_ = VCC,
TA = +25°C

-90 -65 -45 mV

Current-Limit Threshold
(Zero Crossing)

VZX

With respect to valley current-limit
threshold, VCSP_ - VCSN _, SKIP = GND,
ILIM_ = VCC

2.5 mV

LSAT = VCC 180 200 220

LSAT = open 157 175 193
Inductor-Saturation Current-Limit
Threshold

With respect to
valley current-
limit threshold,
ILIM_ = VCC LSAT = REF 135 150 165

%

ILIM_ Saturation Fault Sink
Current

IILIM_ (LSAT)
VCSP - VCSN > inductor saturation current
limit, 0.25V < VILIM_ < 2.0V

4 6 8 μA

ILIM_ Leakage Current
VCSP_ - VCSN _ < inductor saturation current
limit

0.1 μA

GATE DRIVERS

DH_ Gate-Driver On-Resistance RDH BST_-LX_ forced to 5V 1.5 5 Ω
DL_, high state 1.5 5

DL_ Gate-Driver On-Resistance RDL
DL_, low state 0.6 3

Ω

DH_ Gate-Driver Source/Sink
Current

IDH DH_ forced to 2.5V, BST_-LX_ forced to 5V 1 A

DL_ Gate-Driver Source Current
IDL

(SOURCE)
DL_ forced to 2.5V 1 A

DL_ Gate-Driver Sink Current IDL (SINK) DL_ forced to 2.5V 3 A

DL_ rising 35
Dead Time tDEAD

DH_ rising 26
ns

INPUTS AND OUTPUTS

OD On-Resistance ROD GATE = VCC 10 25 Ω
OD Leakage Current GATE = GND, OD forced to 5.5V 1 200 nA

Logic Input Threshold
ON1, ON2, SKIP, GATE rising edge,
hysteresis = 225mV

1.2 1.7 2.2 V

LDOON Input Trip Level Rising edge, hysteresis = 250mV 1.20 1.25 1.30 V

Logic Input Current ON1, ON2, LDOON, SKIP, GATE -1 +1 μA

High 1.9 2.0 2.1
Dual Mode™ Threshold Voltage

FB1 ( M AX 1540A) ,
FB2 ( M AX 1540A/
M AX1541) Low 0.05 0.1 0.15

V

ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = 0°C to +85°C, unless otherwise noted. Typical
values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

High
VCC -
0.4V

Open 3.15 3.85

REF 1.65 2.35

Four-Level Input Logic Levels
TON, OVP/UVP,
LSAT, SKIP,
FBLANK

Low 0.5

V

Four-Level Logic Input Current
TON, OVP/UVP, LSAT, SKIP, FBLANK
forced to GND or VCC

-3 +3 μA

ELECTRICAL CHARACTERISTICS
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = -40°C to +85°C, unless otherwise noted.) (Note 4) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS

INPUT SUPPLIES (Note 1)

MAX1540A: battery voltage, V+ > VLDOOUT 5.5 28
VIN

MAX1541: battery voltage, V+ > VLDOOUT 2 28

VBIAS VCC, VDD (MAX1541) 4.5 5.5Input Voltage Range

VLDOIN
MAX1541: LDO input supply,
VLDOIN > VLDOOUT

4.5 28

V

FB1 and FB2 forced above the regulation
point, LSAT = GND

1.5

Quiescent Supply Current (VCC) ICC
FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC, VLSAT > 0.5V

1.8

mA

Quiescent Supply Current
(VDD, MAX1541 Only)

IDD
FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC

5 μA

MAX1540A: FB1 and FB2 forced above the
regulation point, ON1 or ON2 = VCC,
VLDOON = V+ = 28V

150

Quiescent Supply Current (V+) IV+

MAX1541: ON1 or ON2 = VCC, VLDOON =
V+ = 28V

40

μA

Quiescent Supply Current
(LDOIN, MAX1541 Only)

ILDOIN

FB1 and FB2 forced above the regulation
point, ON1 or ON2 = VCC,
VLDOON = V+ = 28V

110 μA

Standby Supply Current (VDD) ON1 = ON2 = GND, VLDOON = V+ = 28V 5 μA

Standby Supply Current
(VDD, MAX1541 Only)

ON1 = ON2 = GND, VLDOON = V+ = 28V 5 μA

MAX1540A: ON1 = ON2 = GND, LDOON =
V+ = 28V, VCC = 0 or 5V

105

Standby Supply Current (V+)
MAX1541: ON1 = ON2 = GND, LDOON =
V+ = 28V, VCC = VDD = 0 or 5V

5

μA

Standby Supply Current
(LDOIN, MAX1541 Only)

ON1 = ON2 = GND, VLDOON = V+ = 28V 100 μA
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = -40°C to +85°C, unless otherwise noted.)
(Note 4) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS

Shutdown Supply Current (VCC) ON1 = ON2 = LDOON = GND 5 μA

Shutdown Supply Current
(VDD, MAX1541 Only)

ON1 = ON2 = LDOON = GND 5 μA

MAX1540A: ON1 = ON2 = LDOON = GND,
V+ = 28V, VCC = 0 or 5V

15

Shutdown Supply Current (V+)
MAX1541: ON1 = ON2 = LDOON = GND,
V+ = 28V, VCC = VDD = 0 or 5V

5

μA

Shutdown Supply Current
(LDOIN, MAX1541 Only)

LDOON = GND 10 μA

PWM CONTROLLERS

FB1 = GND 1.773 1.827
VOUT1

Preset output,
V+ = 5.5V to 28V,
SKIP = VCC FB1 = VCC 1.182 1.218MAX1540A Main Output-Voltage

Accuracy (OUT1) (Note 2)

VFB1
Adjustable output, V+ = 5.5V to 28V,
SKIP = VCC

0.689 0.711

V

FB2 = GND 2.462 2.538
VOUT2

Preset output,
V+ = 5.5V to 28V,
SKIP = VCC FB2 = VCC 1.477 1.523

MAX1540A Secondary Output-
Voltage Accuracy (OUT2)
(Note 2)

VFB2
Adjustable output, V+ = 5.5V to 28V,
SKIP = VCC

0.689 0.711

V

REFIN1 = 0.35 x REF 0.689 0.711MAX1541 Main Feedback
Voltage Accuracy (FB1) VFB1

V+ = 4.5V to 28V,
SKIP = VCC REFIN1 = REF 1.97 2.03

V

FB2 = GND 2.462 2.538
VOUT2

Preset output,
V+ = 4.5V to 28V,
SKIP = VCC FB2 = VCC 1.773 1.827

MAX1541 Secondary Output-
Voltage Accuracy (OUT2)
(Note 2)

VFB2
Adjustable output, V+ = 4.5V to 28V,
SKIP = VCC

0.689 0.711

V

TON  =  G N D  ( 620kH z) 149 190

TON  =  RE F ( 485kH z) 191 242

TON  =  op en ( 345kH z) 274 335
DH1 On-Time (Note 3) tON1

V+ = 15V,
VOUT1 = 1.5V

TON  =  V CC ( 235kH z) 402 491

ns

TON  =  G N D  ( 460kH z) 201 256

TON  =  RE F ( 355kH z) 260 331

TON  =  op en ( 255kH z) 371 453
DH2 On-Time (Note 3) tON2

V+ = 15V,
VOUT2 = 1.5V

TON  =  V CC ( 170kH z) 556 679

ns

On-Time Tracking tON2 with respect to tON1 (Note 3) 118 152 %

Minimum Off-Time tOFF(MIN) (Note 3) 500 ns

LINEAR REGULATOR (LDO) (Note 1)

0 < ILDOOUT < 10mA 4.85 5.10MAX1540A LDO Output-Voltage
Accuracy

VLDOOUT
ON1 = ON2 = GND,
V+ = 6V to 28V 0 <  IL D OOU T <  100m A 4.65 5.10

V
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ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = -40°C to +85°C, unless otherwise noted.)
(Note 4) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS

0 < ILDOOUT < 10mA 4.85 5.10MAX1541 LDO Output-Voltage
Accuracy (Fixed VLDOOUT)

VLDOOUT

FBLDO = ON1 =
ON2 = GND,
VLDOIN = 6V to 28V 0 <  IL D OOU T <  100m A 4.65 5.10

V

0 < ILDOOUT < 10mA 1.212 1.275
MAX1541 LDO Feedback
Accuracy (Adjustable VLDOOUT)

VFBLDO

FBLDO = LDOOUT,
ON1 = ON2 = GND,
VLDOIN = 4.5V to
28V 0 <  IL D OOU T <  100m A 1.175 1.275

V

MAX1540A: V+ - VLDOOUT, ILDOOUT = 50mA 800

Dropout Voltage MAX1541: VLDOIN - VLDOOUT,
ILDOOUT = 50mA

800
mV

REFERENCE (REF)

Reference Voltage VREF VCC = 4.5V to 5.5V, IREF = 0 1.98 2.02 V

REFIN1 Input Bias Current IREFIN1 0.05 μA

FAULT DETECTION

Overvoltage Trip Threshold
With respect to error-comparator threshold,
OVP/UVP = VCC

10 21 %

Output Undervoltage-Protection
Trip Threshold

With respect to error-comparator threshold,
OVP/UVP = VCC

64 76 %

PGOOD_ Lower Trip Threshold
With respect to error-comparator threshold,
hysteresis = 1%

-14 -5 %

PGOOD_ Upper Trip Threshold
With respect to error-comparator threshold,
hysteresis = 1%

+5 +14 %

PGOOD_ Output Low Voltage ISINK = 4mA 0.3 V

VCC Undervoltage-Lockout
Threshold

VUVLO(VCC)
Rising edge, PWM disabled below this
level, hysteresis = 20mV

4.1 4.4 V

CURRENT LIMIT

CSP_ 0 2.7
Current-Limit Input Range

CSN_ -0.3 +28.0
V

Valley Current-Limit Threshold
(Fixed)

VLIM_ (VAL) VCSP_ - VCSN_, ILIM_ = VCC 40 60 mV

Valley Current-Limit Threshold
(Adjustable)

VLIM_ (VAL) VCSP_ - VCSN_, VILIM_ = 2.00V 160 240 mV

INPUTS AND OUTPUTS

Logic Input Threshold
ON1, ON2, SKIP, GATE, rising edge,
hysteresis = 225mV

1.2 2.2 V

LDOON Input Trip Level Rising edge, hysteresis = 250mV 1.2 1.3 V

High 1.9 2.1
Dual Mode Threshold Voltage

FB1 (MAX1540A),
FB2 (MAX1540A/MAX1541) Low 0.05 0.15

V
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____________________________________________________________________
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

ELECTRICAL CHARACTERISTICS (continued)
(V+ = 15V, VCC = VDD = ON1 = ON2 = 5V, SKIP = GND, LDOIN (MAX1541) = V+, TA = -40°C to +85°C, unless otherwise noted.)
(Note 4) 

PARAMETER SYMBOL CONDITIONS MIN MAX UNITS

High
VCC -
0.4V

Open 3.15 3.85

REF 1.65 2.35

Four-Level Input Logic Levels
TON, OVP/UVP, LSAT, SKIP,
FBLANK

Low 0.5

V

Note 1: For the MAX1540A, the gate-driver input supply (VDD) is internally connected to the fixed 5V linear-regulator output
(LDOOUT),
and the linear-regulator input supply (LDOIN) is internally connected to the battery voltage input (V+).

Note 2: When the inductor is in continuous conduction, the output voltage has a DC regulation level higher than the error-comparator
threshold by 50% of the ripple. In discontinuous conduction (SKIP = GND, light load), the output voltage has a DC regulation
level higher than the trip level by approximately 1.5% due to slope compensation.

Note 3: On-time and off-time specifications are measured from 50% point to 50% point at the DH_ pin with LX_ = GND, VBST_ = 5V,
and a 250pF capacitor connected from DH_ to LX_. Actual in-circuit times may differ due to MOSFET switching speeds.

Note 4: Specifications to -40°C are guaranteed by design, not production tested.

OUT2 EFFICIENCY vs. LOAD CURRENT
(VOUT2 = 2.5V)

M
AX

15
40

A 
to

c0
1

LOAD CURRENT (A)

EF
FI

CI
EN

CY
 (%

)

10.1

55

60

65

70

75

80

85

90

95

100

50
0.01 10

SKIP = GND
SKIP = VCC

VIN = 7V

VIN = 12V

VIN = 20V

2.5V OUTPUT VOLTAGE (OUT2)
vs. LOAD CURRENT

M
AX

15
40

A 
to

c0
2

LOAD CURRENT (A)

OU
TP

UT
 V

OL
TA

GE
 (V

)

4321

2.49

2.50

2.51

2.52

2.53

2.54

2.55

2.48
0 5

SKIP = GND
SKIP = VCC

OUT1 EFFICIENCY vs. LOAD CURRENT
(VOUT1 = 1.0V)

M
AX

15
40

A 
to

c0
3

LOAD CURRENT (A)

EF
FI

CI
EN

CY
 (%

)

10.1

55

60

65

70

75

80

85

90

95

100

50
0.01 10

SKIP = GND
SKIP = VCC

VIN = 7V

VIN = 12V

VIN = 20V
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___________________________________________________________________ ( )
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

1.0V OUTPUT VOLTAGE (OUT1)
vs. LOAD CURRENT

M
AX

15
40

A 
to

c0
4

LOAD CURRENT (A)

OU
TP

UT
 V

OL
TA

GE
 (V

)

431 2

0.99

1.00

1.01

1.02

0.98
0 5

SKIP = GND
SKIP = VCC

OUT2 SWITCHING FREQUENCY
vs. LOAD CURRENT

(VOUT2 = 2.5V)

M
AX

15
40

A 
to

c0
5

LOAD CURRENT (A)

SW
IT

CH
IN

G 
FR

EQ
UE

NC
Y 

(k
Hz

)

4321

100

200

300

400

500

600

0
0 5

SKIP = GND
SKIP = VCC

OUT1 SWITCHING FREQUENCY
vs. LOAD CURRENT

(VOUT1 = 1.0V)

M
AX

15
40

A 
to

c0
6

LOAD CURRENT (A)

SW
IT

CH
IN

G 
FR

EQ
UE

NC
Y 

(k
Hz

)

4321

100

200

300

400

500

600

0
0 5

SKIP = GND
SKIP = VCC

SWITCHING FREQUENCY
vs. INPUT VOLTAGE

M
AX

15
40

A 
to

c0
7

INPUT VOLTAGE (V)

SW
IT

CH
IN

G 
FR

EQ
UE

NC
Y 

(k
Hz

)

2420161284

250

300

350

400

450

200
0 28

4A LOAD

NO LOAD

2.5V OUTPUT
SKIP = VCC

MAXIMUM OUTPUT CURRENT
vs. INPUT VOLTAGE

M
AX

15
40

A 
to

c0
8

INPUT VOLTAGE (V)

M
AX

IM
UM

 O
UT

PU
T 

CU
RR

EN
T 

(A
)

242012 1684

4.2

4.4

4.6

4.8

5.0

5.2

5.4

5.6

5.8

6.0

4.0
0 28

2.5V OUTPUT

NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE

(FORCED-PWM OPERATION)

M
AX

15
40

A 
to

c0
9

INPUT VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

2420161284

4

8

12

16

20

0
0 28

IBIAS

IIN

SKIP = ON1 = ON2 = VCC

NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE

(PULSE-SKIPPING OPERATION)

M
AX

15
40

At
oc

10

INPUT VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

12 16 20 244 8

0.10

1.00

0.01
0 28

IN

IBIAS

SKIP = GND
ON1 = ON2 = VCC

2.0V REFERENCE LOAD REGULATION

M
AX

15
40

A 
to

c1
1

REFERENCE LOAD CURRENT (μA)

RE
FE

RE
NC

E 
VO

LT
AG

E 
DE

VI
AT

IO
N 

(m
V)

100806040200

-3

-2

-1

0

1

2

3

4

-4
-20

REFERENCE DISTRIBUTION
M

AX
15

40
A 

to
c1

2

REFERENCE VOLTAGE (V)

SA
M

PL
E 

PE
RC

EN
TA

GE
 (%

)

2.0052.0001.995

10

20

30

40

50

0
1.990 2.010

SAMPLE SIZE = 50
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___________________________________________________________________ ( )
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

LINEAR-REGULATOR OUTPUT (LDOOUT)
vs. LOAD CURRENT

M
AX

15
40

A 
to

c1
3

LDO LOAD CURRENT (mA)

LD
O 

OU
TP

UT
 V

OL
TA

GE
 (V

)

806020 40

3.22

3.24

3.26

3.28

3.30

3.32

3.34

3.36

3.20
0 100

VLDOIN = 5V

VLDOIN = 12V

STARTUP WAVEFORM
(HEAVY LOAD)

MAX1540A  toc14

3.3V

0

2.5V

0

B

D

C

A

400μs/div

4A

2A

0

0

A. ON2, 5V/div
B. INDUCTOR CURRENT,
    2A/div

 0.5Ω LOAD

C. OUT2, 2V/div
D. PGOOD2, 5V/div 

STARTUP WAVEFORM
(LIGHT LOAD)

MAX1540A  toc15

3.3V

0

2.5V

0

B

D

C

A

200μs/div

4A

2A

0

0

A. ON2, 5V/div
B. INDUCTOR CURRENT,
    2A/div

100Ω LOAD

C. OUT2, 2V/div
D. PGOOD2, 5V/div 

SHUTDOWN WAVEFORM
(DISCHARGE MODE DISABLED)

MAX1540A  toc16

3.3V

0

5V

0

B

D

C

A

10ms/div

2.5V

0

0

0

A. ON2, 5V/div
B. OUT2, 2V/div
C. INDUCTOR CURRENT,
    2A/div

100Ω LOAD, OVP/UVP = REF OR GND

D. DL2, 5V/div
E. PGOOD2, 5V/div 

5V
E
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___________________________________________________________________ ( )
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

SHUTDOWN WAVEFORM
(DISCHARGE MODE ENABLED)

MAX1540A  toc17

3.3V

0

5V

0

B

D

C

A

1ms/div

2.5V

0

0

0

A. ON2, 5V/div
B. OUT2, 2V/div
C. INDUCTOR CURRENT,
2A/div

100Ω LOAD, OVP/UVP = VCC OR OPEN

D. DL2, 5V/div
E. PGOOD2, 5V/div 

5V
E

2.5V OUTPUT LOAD TRANSIENT
(FORCED PWM)

MAX1540A  toc18

4A

0

4A

0

B

D

C

A

40μs/div

2.5V

2.4V

2.6V

A. IOUT2 = 0 TO 4A, 5A/div
B. VOUT2 = 2.5V, 100mV/div

SKIP = VCC

C. INDUCTOR CURRENT, 5A/div
D. LX2, 10V/div 

12V

0

2.5V OUTPUT LOAD TRANSIENT
(PULSE SKIPPING)

MAX1540A  toc19

4A

0

4A

0

B

D

C

A

40μs/div

2.5V

2.4V

2.6V

A. IOUT2 = 0.1A TO 4A, 5A/div
B. VOUT2 = 2.5V, 100mV/div

SKIP = GND

C. INDUCTOR CURRENT, 5A/div
D. LX2, 10V/div 

12V

0

LINEAR-REGULATOR
LOAD TRANSIENT

MAX1540A  toc20

100mA

0

B

A

100μs/div

3.3V

3.2V

3.4V

A. ILDOOUT = 1mA TO 100mA, 50mA/div
B. VLDOOUT = 3.3V, 100mV/div

SKIP = GND
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___________________________________________________________________ ( )
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

LINEAR-REGULATOR
LINE TRANSIENT

MAX1540A  toc21

20V

10V

20V

10V

3.8V

3.3V

2.8V

C

A

B

200μs/div

A. INPUT (VIN), 10V/div
B. LDOIN (10V TO 20V), 10V/div

C. LDOOUT (3.3V), 500mV/div

20mA LOAD

OUTPUT OVERLOAD
(UVP DISABLED)

MAX1540A  toc22
20A

0

2.5V

10A

B

D

C

A

40μs/div

0

5A
0

5V

A. LOAD (0 TO 150mΩ), 10A/div
B. INDUCTOR CURRENT, 10A/div

OVP/UVP = OPEN OR GND

C. 2.5V OUTPUT, 2V/div
D. PGOOD2, 5V/div 

0

OUTPUT OVERLOAD
(UVP ENABLED)

MAX1540A  toc23
20A

0

2.5V

10A

B

D

C

A

20μs/div

0
5A

0

5V

A. LOAD (0 TO 150mΩ), 10A/div
B. INDUCTOR CURRENT, 10A/div
C. DL2, 5V/div

OVP/UVP = VCC OR REF

D. 2.5V OUTPUT, 2V/div
E. PGOOD2, 5V/div 

E

0

5V

INDUCTOR-SATURATION PROTECTION
(LSAT DISABLED)

MAX1540A  toc24

0

2.5V
B

D

C

A

20μs/div

5A

7.5A

A. IOUT2 = 0 TO 5A, 5A/div
B. 2.5V OUTPUT, 200mV/div

LSAT = GND, L = 3.3μH 3.5A

C. ILIM, 100mV/div
D. INDUCTOR CURRENT, 5A/div

0.67V

0
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___________________________________________________________________ ( )
(MAX1541 circuit of Figure 12, VIN = 12V, VDD = VCC = 5V, SKIP = GND, TON = REF, TA = +25°C, unless otherwise noted.)

INDUCTOR-SATURATION PROTECTION
(ΔVILIM = 200mV)

MAX1540A  toc25

0

2.5V
B

D

C

A

20μs/div

5A

7.5A

A. IOUT2 = 0 TO 5A, 5A/div
B. 2.5V OUTPUT, 200mV/div

LSAT = REF, L = 3.3μH 3.5A

C. ILIM, 200mV/div
D. INDUCTOR CURRENT, 5A/div

0.67V

0

0.47V

INDUCTOR-SATURATION PROTECTION
(ΔVILIM = 400mV)

MAX1540A  toc26

0

2.5V

1.5V
B

D

C

A

20μs/div

5A

5A

A. IOUT2 = 0 TO 5A, 5A/div
B. 2.5V OUTPUT, 1V/div
C. PGOOD, 5V/div

LSAT = REF, L = 3.3μH 3.5A

D. ILIM, 400mV/div
E. INDUCTOR CURRENT, 5A/div

5V

0

0.67V

E

0.27V

MAX1541
DYNAMIC OUTPUT-VOLTAGE TRANSITION

(CREFIN1 = 100pF)
MAX1540A  toc27

-5A

1.5V B

D

C

A

40μs/div

5V

5A

A. GATE, 5V/div
B. OUT1 (1.0V TO 1.5V), 0.5V/div
C. REFIN1, 0.5V/div

200mA LOAD, SKIP = GND

D. PGOOD1, 5V/div
E. INDUCTOR CURRENT, 5A/div

1.5V

0

1V

E

5V

0

MAX1541
DYNAMIC OUTPUT-VOLTAGE TRANSITION

(CREFIN1 = 1nF)
MAX1540A  toc28

-5A

1.5V
B

D

C

A

100μs/div

5V

5A

A. GATE, 5V/div
B. OUT1 (1.0V TO 1.5V), 0.5V/div
C. REFIN1, 0.5V/div

200mA LOAD, SKIP = GND

D. PGOOD1, 5V/div
E. INDUCTOR CURRENT, 5A/div

1.5V

0

1V

E

5V

0
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MAX1540A MAX1541

1 1 OVP/UVP
    

2 2 SKIP
    

3 3 LSAT     

     

4 4 TON

5 5 VCC

— 6 GATE

— 7 CC1

_______________________________________________________________________

/ 4 OVP
UVP ( 7) OVP

116% UVP 70% OVP
OVP/UVP

VCC = OVP UVP
Open = OVP UVP
REF = OVP UVP
GND = OVP UVP

(ON_)

4

VCC = OUT1 OUT2 PWM
Open = OUT1 PWM OUT2
REF = OUT1 OUT2 PWM
GND = OUT1 OUT2

4 ILIM
LSAT

VCC = 2 x ILIM(VAL)
Open = 1.75 x ILIM(VAL)
REF = 1.5 x ILIM(VAL)
GND = LSAT

4 DH_ K
( (TON) ) TON (GND) REF VCC

TON

VCC = 235kHz (OUT1) / 170kHz (OUT2)
Open = 345kHz (OUT1) / 255kHz (OUT2)
REF = 485kHz (OUT1) / 355kHz (OUT2)
GND = 620kHz (OUT1) / 460kHz (OUT2)

20Ω (+4.5V +5.5V)
1μF VCC

1 47pF 470pF ( 47pF) CC1
(GND) MAX1541 (OUT1)

N MOSFET GATE MOSFET
OD GATE MOSFET OD
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MAX1540A MAX1541

6 8 ILIM1

7 9 ILIM2

8 10 REF

— 11 REFIN1

— 12 OD

9 13 CSP2

10 14 CSN2

11 15 FB2

12 16 OUT2

_____________________________________________________________________ ( )

1 ILIM1 VCC 50mV
CSP1 CSN1 ILIM1 (

250mV 2.5V) 1/10 50mV VCC - 1V
ILIM1 6μA (ILIM_)

2 ILIM2 VCC 50mV
CSP2 CSN2 ILIM2 (

250mV 2.5V) 1/10 50mV VCC - 1V
ILIM2 6μA (ILIM_)

2.0V 0.1μF REF
50μA REF REF

MAX1540A/MAX1541

1 REFIN1 MAX1541 (VFB1 = VREFIN1)

GATE

2 CSP2 14 9
ILIM2 PWM

2 CSN2 14 9
ILIM2 PWM

2
MAX1540A FB2 VCC +1.5V (GND)
+2.5V (0.7V 5.5V) FB2

OUT2 FB2 +0.7V
MAX1541 FB2 VCC +1.8V (GND)
+2.5V (0.7V 5.5V) FB2

OUT2 FB2 +0.7V

2
( 1 12) OUT2 MOSFET

OUT2 10 OVP/UVP
OUT2 10Ω
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MAX1540A MAX1541

13 17 PGOOD2

14 18 DH2

15 19 LX2

16 20 BST2

17 21 GND

18 22 DL2

19 23 V+

— 24 LDOIN

— 25 VDD

20 26 LDOOUT

— 27 FBLDO

21 28 DL1

22 29 LDOON

23 30 BST1

___________________________________________________________________ ( )

10%
( ) PGOOD2

PGOOD2

2 DH2 LX2 BST2

2 LX2 DH2

2 8
BST2 DH2

2 DL2 GND LDOOUT (MAX1540A) GND
VDD (MAX1541)

V+ DH
( 2V 28V) MAX1540A V+

1Ω V+ 4.5V 28V
4.7μF LDOIN GND MAX1540A LDOIN

V+ MAX1541 LDO LDOIN VDD

MAX1541 DL_ (+4.5V +5.5V)
1μF VDD MAX1540A LDOOUT DL_

(VDD = LDOOUT)

5mA ( ) 1μF 4.7μF
LDOOUT MAX1540A LDOOUT DL_ (VDD

LDOOUT)

GND 5V
(1.25V VLDOIN - 0.6V) FBLDO LDOOUT (GND)

FBLDO +1.25V MAX1540A FBLDO GND
5V

1 DL1 GND LDOOUT (MAX1540A) GND
VDD (MAX1541)

V+ LDOIN (MAX1541)
GND

1 8
BST1 DH1

GND
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MAX1540A MAX1541

24 31 LX1

25 32 DH1

26 33 PGOOD1

27 34 OUT1

28 35 FB1

29 36 CSN1

30 37 CSP1

— 38 FBLANK

___________________________________________________________________ ( )

1 LX1 DH1

1 DH1 LX1 BST1

10% (
) PGOOD1

PGOOD1 MAX1541 FBLANK
GATE PGOOD1 ( )

1
( 1 12) OUT1 MOSFET
MAX1540A OUT1 10

OVP/UVP OUT1 10Ω

1
MAX1540A FB1 VCC +1.2V (GND)
+1.8V (0.7V 5.5V) FB1

OUT1 FB1 +0.7V
MAX1541 FB1 REFIN1

1 CSN1 14 9
ILIM1 PWM

1 CSP1 14 9
ILIM1 PWM

4
PWM (tFBLANK) 1 PGOOD1 OVP/UVP

MAX1541 GATE
GATE 1 tFBLANK
PWM FBLANK

VCC : 220μs tFBLANK
Open : 140μs tFBLANK
REF : 65μs tFBLANK
GND : 140μs tFBLANK

Electrical Characteristics tFBLANK
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MAX1540A MAX1541

31 39 ON2

32 40 ON1

— — EP

_____________________________________________________________________ ( )

1.
MAX1540A MAX1541

COMPONENT
PWM1 PWM2 PWM1 PWM2

Input Voltage (VIN) 7V to 24V 7V to 24V 7V to 24V 7V to 24V

Output Voltage (VOUT_) 1.8V 2.5V 1.0V/1.5V 2.5V

Load Current (IOUT_) 4A 8A 4A 4A

S w i tchi ng  Fr eq uency
( fS W_) 

TON = REF (485kHz) TON = REF (355kHz) TON = REF (485kHz) TON = REF (355kHz)

Input Capacitor (CIN)
(2) 10μF, 25V

Taiyo Yuden TMK432BJ106KM
(2) 4.7μF, 25V

Taiyo Yuden TMK325BJ475KM

Output Capacitor
(COUT_)

220μF, 6.3V, 12mΩ
Sanyo POSCAP

6TPD220M

330μF, 4V, 12mΩ
Sanyo POSCAP

4TPD330M

470μF, 4V, 10mΩ
Sanyo POSCAP

4TPD470M

220μF, 6.3V, 12mΩ
Sanyo POSCAP

6TPD220M

High-Side MOSFET
(NH_)

35mΩ, 30V
Fairchild 1/2 FDS6982S

20mΩ, 30V
Fairchild FDS6690

35mΩ, 30V
Fairchild 1/2 FDS6982S

35mΩ, 30V
Fairchild 1/2 FDS6982S

Low-Side MOSFET
(NL_)

22mΩ, 30V
Fairchild 1/2 FDS6982S

12.5mΩ, 30V
Fairchild FDS6670S

22mΩ, 30V
Fairchild 1/2 FDS6982S

22mΩ, 30V
Fairchild 1/2 FDS6982S

Low-Side Schottky
(DL_)

(if needed)

1A, 30V Schottky
Nihon EP10QS03L

1A, 30V Schottky
Nihon EP10QS03L

1A, 30V Schottky
Nihon EP10QS03L

1A, 30V Schottky
Nihon EP10QS03L

Inductor (L_)
2.5μH, 6.2A, 15mΩ

Sumida
CDEP105(H)-2R5

2.2μH, 10A, 4.4mΩ
Sumida

CDEP105(L)-2R2

1.8μH, 9.0A, 6.2mΩ
Sumida

CDEP105(S)-1R8

4.3μH, 6.8A, 8.7mΩ
Sumida

CDEP105(L)-4R3

RSENSE_

15mΩ ±1%, 0.5W
IRC LR2010-01-R015F

or Dale WSL-2010-R015F

5mΩ ±1%, 0.5W
IRC LR2010-01-R005F

or Dale WSL-2010-R005F

15mΩ ±1%, 0.5W
IRC LR2010-01-R015F

or Dale WSL-2010-R015F

15mΩ ±1%, 0.5W
IRC LR2010-01-R015F

or Dale WSL-2010-R015F

OUT2 ON2 GND 2 (OUT2) VCC
OVP/UVP OUT2 GND 10Ω

VOUT2 0.3V DL2 OVP/UVP
OUT2 DL2 LX2 ON1 ON2

OUT1 ON1 GND 1 (OUT1) VCC
OVP/UVP OUT1 GND 10Ω

VOUT1 0.3V DL1 OVP/UVP
OUT1 DL1 LX1 ON1 ON2
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1. MAX1540A

MAX1540A

+5V BIAS
SUPPLY

OUTPUT 1
1.8V, 4A (MAX)

REF
(485kHz/355kHz)

POWER GROUND

ANALOG GROUND

POWER-GOOD

ON

OFF

OPEN (ILIM(VAL) x 1.75)

OUTPUT 2
2.5V, 8A (MAX)

INPUT (VIN)*
7V TO 20V

LDOOUT

DH1

BST1

LX1

CSP1

DL1

CSN1

OUT1

FB1

SKIP

TON

REF

ILIM1

ILIM2

EP
PGOOD2

PGOOD1

VCC

ON2
ON1

LDOON

LSAT

OVP/UVP

FB2

OUT2

CSN2

CSP2

GND

DL2

LX2

BST2

DH2

V+

R7
100kΩR6

100kΩ

C2
1μF

R1
20Ω

COUT2
330μF

RCS2
5mΩ

L2
2.2μH

DL2DL1

RCS1
15mΩ

COUT1
220μF

L1
2.5μH

NL1 NL2

NH1 NH2

CBST2
0.1μF

CBST1
0.1μF

DBSTDBST

C1
22μF

CREF
0.22μF

C3
470pF

C4
470pF

R2
100kΩ

R3
49.9kΩ

R4
200kΩ

R5
49.9kΩ

SEE TABLE 1 FOR COMPONENT SPECIFICATIONS.

*LOWER INPUT VOLTAGES REQUIRE
ADDITIONAL INPUT CAPACITANCE.

+5V BIAS
SUPPLY

CIN
(2) 10μF
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_______________________________
MAX1540A ( 1) 1.8V

2.5V MAX1541 ( 12)
(OUT1)

2.5V (OUT2)

1 2

______________________________
MAX1540A/MAX1541 3

Quick-PWM
100mA

MAX1540A/MAX1541 Maxim Quick-PWM

Quick-PWM
PWM

PWM

MAX1540A
5V MAX1541

4.5V 28V
1.25V ( 50mA

800mV)

MAX1540A/MAX1541

(
)

MAX1540A (DRAM)
CPU I/O 0.7V MAX1541

MAX1540A
32 QFN

/ MAX1541 40 QFN
/

+5V (VCC VDD)

MAX1540A/MAX1541 5V
5V MAX1540A/MAX1541

95% 5V
IC

5V (MAX1541)
MAX1540A (VDD)

5V (LDOOUT)

5V VCC (PWM ) VDD (
)

IBIAS = ICC + fSW (QG(LOW) + QG(HIGH)) 
= 4mA 50mA ( )

ICC 1.1mA ( ) fSW QG(LOW)
QG(HIGH) MOSFET VGS = 5V

22 ______________________________________________________________________________________

2.
SUPPLIER PHONE WEBSITE

Central
Semiconductor

631-435-1110
(USA)

www.centralsemi.com

Coilcraft
800-322-2645

(USA)
www.coilcraft.com

Fairchild
Semiconductor

888-522-5372
(USA)

www.fairchildsemi.com

International
Rectifier

310-322-3331
(USA)

www.irf.com

Kemet
408-986-0424

(USA)
www.kemet.com

Panasonic

65-6231-3226
(Singapore),

408-749-9714
(USA)

www.panasonic.com

Sanyo
619-661-6835

(USA)
www.sanyovideo.com

Siliconix
(Vishay)

203-268-6261
(USA)

www.vishay.com

Sumida
408-982-9660

(USA)
www.sumida.com

Taiyo Yuden

03-3667-3408
(Japan),

408-573-4150
(USA)

www.t-yuden.com

TDK

847-803-6100
(USA),

81-3-5201-7241
(Japan)

www.component.tdk.com

TOKO
858-675-8013

(USA)
www.tokoam.com



4.5V 5.5V V+
5V (VCC VDD) 5V

(ON1 ON2 )

PWM

Quick-PWM
( 2)

ESR
PWM Quick-PWM

( 400ns)

(TON)

PWM

V+ (VIN = V+)
OUT_

K ( ) TON ( 3)

1) 455kHz IF
2)

(DH1) (200kHz 300kHz
420kHz 540kHz) 15% (DH2)

15%

Electrical Characteristics
(540kHz 420kHz

±12.5% 300kHz 200kHz ±10%)
Electrical Characteristics

Electrical Characteristics
MOSFET —

MOSFET PCB
—

PWM (SKIP = VCC)

LX_

VDROP1
PCB VDROP2

PCB
tON MAX1540A/MAX1541

fSW
OUT_ DROP1

ON IN DROP1 DROP2

V + V

t V + V - V
=

( )On-Time
V
V
OUT

IN
=

⎛

⎝
⎜

⎞

⎠
⎟K
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X
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2. MAX1540A/MAX1541

VALLEY
CURRENT
      LIMIT

ZERO 
CROSSING

SATURATION
LIMIT

VALLEY
CURRENT
LIMIT

ZERO 
CROSSING

SATURATION
LIMIT

*V+

TON

SKIP

ILIM1

CSP1

CSN1

BST1

DH1

LX1

*VDD

DL1

**CC1

GND

LSAT

ILIM2

CSP2

CSN2

BST2

DH2

LX2

*VDD

VCC

DL2

GND

REF

13R
0.7V

7R

CURRENT
LIMIT 1

(FIGURE 5)

CURRENT
LIMIT 2

(FIGURE 5)

PWM
CONTROLLER 1

(FIGURE 3)

PWM
CONTROLLER 2

(FIGURE 3)

FB1 DECODE
(FIGURE 10)

POWER-GOOD AND
FAULT PROTECTION 1

(FIGURE 9)

FB2 DECODE
(FIGURE 10)

INTERNAL
MAX1540A/MAX1541

OPTION

POWER-GOOD AND
FAULT PROTECTION 2

(FIGURE 9)

FB1

**REFIN1

OUT1

ON1

PGOOD1

FB2

OUT2

2.0V
REF

ON2

PGOOD2

FAULT1

INT REF1INT FB1 INT FB2

FAULT2

QUAD-LEVEL
DECODE

QUAD-LEVEL
DECODE AND

TIMER

**FBLANK

**OD

OVP/UVPBLANK
ENABLE OVP
ENABLE UVP

LINEAR REGULATOR
(FIGURE 13)

*LDOIN

*LDOOUT

**FBLDO

LDOON

**GATE
MAX1541

CONTROLLER 1
ONLY

MAX1540A/MAX1541

INT REF2

*FOR THE MAX1540A:
  LDOIN IS CONNECTED TO V+.
  LDOOUT IS CONNECTED TO VDD.
**MAX1541 CONTROLLER ONLY.



( SKIP )

4 SKIP
( 4)

DL_

PWM ( PWM )

PFM ( 3)

(CSP_ CSN_)
VCSP_ - VCSN_ 5% (

50mV 2.5mV) DL_ ( 3)
PFM PWM

(
) PFM/PWM

ILOAD(SKIP) -
( 4)

K ( 3) MAX1541
( 12) (K = 3.0μs, VOUT2 = 2.5V, VIN =

12V, L = 4.3μH)

( )

PFM
-

(
)

(
)

MAX1540A/MAX1541

50% (IOUT <
ILOAD(SKIP))

1.5%

  
.

.
2.5V 3 s

2 4.3 H
12V -2.5V

12V
×

×

⎛

⎝
⎜

⎞

⎠
⎟
⎛
⎝
⎜

⎞
⎠
⎟ =

0
0 69

μ

μ
A

  ILOAD(SKIP)
OUT IN OUT

IN

V K
2L

V -V
V

≈
⎛
⎝
⎜

⎞
⎠
⎟
⎛

⎝
⎜

⎞

⎠
⎟
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3. K
CONTROLLER 1 (OUT1) CONTROLLER 2 (OUT2)

NOMINAL TON
SETTING (kHz)

K-FACTOR
ERROR (%)

TYPICAL
K-FACTOR

(μs)

MINIMUM VIN AT
VOUT1 = 1.8V*

(V)

TYPICAL
K-FACTOR

(μs)

MINIMUM VIN AT
VOUT2 = 2.5V*

(V)

200kHz (TON = VCC) ±10 4.5 (235kHz) 2.28 6.2 (170kHz) 2.96

300kHz (TON = open) ±10 3.0 (345kHz) 2.52 4.1 (255kHz) 3.18

420kHz (TON = REF) ±12.5 2.2 (485kHz) 2.91 3.0 (355kHz) 3.48

540kHz (TON = GND) ±12.5 1.7 (620kHz) 3.42 2.3 (460kHz) 3.87

* (h = 1.5 K )

4. SKIP
SKIP OUT1 MODE OUT2 MODE

VCC Forced PWM Forced PWM

Open Forced PWM Pulse skipping

REF Pulse skipping Forced PWM

GND Pulse skipping Pulse skipping



M
A

X
15

40
A

/M
A

X
15

41

PWM

PWM

DH_
VOUT_ / VIN PWM

PWM
5V 4mA 40mA

MOSFET

PWM
MAX1541

(GATE )
PWM

PWM
FBLANK MAX1541

PWM — 220μs (FBLANK = VCC)
140μs (FBLANK = open GND) 65μs (FBLANK = REF)

(ILIM_)

CSP_
CSN_ ( 1)

PWM
( 3 5)

6
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3. MAX1540A/MAX1541 PWM

VALLEY CURRENT
LIMIT

ON-TIME
COMPUTE

V+
TON

ERROR
AMP

SATURATION
LIMIT

S

R
Q

S

R
Q DH DRIVER

1-SHOT
TRIGQ

tOFF(MIN)

1-SHOT
TRIGQ

tON

OUT_ ZERO
CROSSING

FAULT
PROTECTION

DL DRIVER

INT REF_

INT FB_

SLOPE COMPCC1

*MAIN MAX1541
CONTROLLER (OUT1) ONLY

CC1

7R

R

Gm = 80
              

A
V

4. /

IN
DU

CT
OR

 C
UR

RE
NT

ILOAD = IPEAK/2

ON-TIME0 TIME

IPEAK
L

VIN - VOUTΔI
Δt

=



PWM MAX1540A/MAX1541
VOUT

120%
ILIM

ILIM_
2μA 20μA

25mV 200mV
ILIM_ 1/10 ILIM_

VCC 50mV 50mV
VCC - 1V

PCB
CSP_ CSN_

Kelvin

M
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5. MAX1540A/MAX1541

S

R
Q

QUAD-LEVEL
DECODE

SATURATION
LIMIT

VALLEY CURRENT
LIMIT

ZERO
CROSSING

DH DRIVER
9R

R

0.5V

CSP_

SKIP

CSN_

ILIM_

6μA

VCC - 1.0V

LSAT

6. 

IN
DU

CT
OR

 C
UR

RE
NT

ILIMIT

ILOAD

0 TIME

IPEAK

ILIM(VAL) = ILOAD(MAX)  1- LIR
2( )
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(LSAT = GND)

( 5)
ILIM

20% LIR (
)

1.5 x ILIM(VAL) (LSAT = REF) LIR

MAX1540A/MAX1541

MAX1540A/MAX1541
DH_ ILIM_

6μA ( 7) ILIM_
ΔVILIM

ILIM (IILIM(LSAT)) 6μA (
Electrical Characteristics ) 50mV

(ILIM_ = VCC) ILIM_
( 5)

ILIM_ ILIM_

(UVP ) MAX1540A/
MAX1541 ILIM_

GND ILIM_
τ = (RA//RB) x CILIM τ 5 10

ΔVILIM ILIM_ 30%
RA RB

LSAT
( 14)

R with set at

R

A
REF

ILIM(LSAT)

ILIM

ILIM(SET)

ILIM

ILIM(SET)

B
A

REF

ILIM(SET)

V
I

V
V

V
V

R

V
V

-

=
⎛

⎝
⎜

⎞

⎠
⎟

⎛

⎝
⎜

⎞

⎠
⎟

=
⎛

⎝
⎜

⎞

⎠
⎟

Δ Δ
30

1

%

ΔV IILIM
A B

A B
ILIM(LSAT)-

R R
R +R

=
⎛

⎝
⎜

⎞

⎠
⎟
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MAX1540A
MAX1541

REF

ILIM

6μA

CREF

TO VALLEY
CURRENT-LIMIT

COMPARATOR
(FIGURE 2)

FROM LSAT
COMPARATOR

AND LOGIC
(FIGURE 2)

CILIM

RB

RA

7.

5. LSAT
LSAT INDUCTOR-SATURATION THRESHOLD

VCC 2.00 x ILIM(VAL)

Open 1.75 x ILIM(VAL)

REF 1.50 x ILIM(VAL)

GND Disabled

30%



MOSFET (DH_ DL_ )

DH_ DL_ MOSFET
MOSFET

VIN - VOUT
DL_ MOSFET DL_

DH_
MOSFET DH_

DL_ DH_
MOSFET

MAX1540A/MAX1541
MOSFET

( MOSFET 1
50mil 100mil)

DL_ 0.6Ω ( )
(LX_) VIN

DL MOSFET

-
LX_ MOSFET

LX_ DL_ MOSFET -
(CRSS) - (CISS-CRSS)

BST_ 10Ω
MOSFET

( 8)

POR UVLO

(POR) VCC 2V
PWM

VCC 4.25V ( ) VCC
(UVLO)

DH_ DL_ ( OVP )
( OVP ) ( 7) VCC 4.25V

ON_ PWM

MAX1540A/MAX1541 5
20%

425μs

20% 1.7ms

( )

(PGOOD_ )

PGOOD_
PGOOD_

FB_
±10% PGOOD_

10% 10%
MAX1540A/MAX1541 MOSFET ( 9)

(PGOOD_)
PGOOD1 PGOOD2 ON1 ON2

VCC 1V
PGOOD_ VCC

100kΩ

V VGS(TH) IN
RSS

ISS

C
C

>
⎛

⎝
⎜

⎞

⎠
⎟
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X
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8. 

MAX1540A
MAX1541

VDD

BST

DH

LX

(RBST)*

(CNL)*

DBST

CBST

CBYP

INPUT (VIN)

NH

L

VDD

DL

PGND

NL

(RBST)* OPTIONAL—THE RESISTOR LOWERS EMI BY DECREASING
THE SWITCHING NODE RISE TIME.
(CNL)* OPTIONAL—THE CAPACITOR REDUCES LX TO DL CAPACITIVE
COUPLING THAT CAN CAUSE SHOOT-THROUGH CURRENTS.
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(MAX1541 FBLANK)

MAX1541 (OUT1) (
GATE ) PWM

FBLANK MAX1541
PWM ( 6— 220μs

(FBLANK = VCC) 140μs (FBLANK = open GND)
65μs (FBLANK = REF)

(FBLANK = VCC open REF)
MAX1541 OUT1
FBLANK ( 6) PGOOD1

MAX1541
(ΔVOUT1) REFIN1 (ΔVREFIN1)

PGOOD1

(ON_)

(OVP/UVP VCC )
ON_ OVP

( 7) OUT_
10Ω

DL_ PWM
0.3V DL_
LX_

0.3V 0.3V

OVP/UVP REF GND
DL_

OVP/UVP

MAX1540A/MAX1541 / ( 9)
7 OVP/UVP

(OVP)

116% OVP
(OVP/UVP = VCC open) OVP

Quick-PWM DH1 DH2
DL1 DL2 MOSFET

100%
OV

LC DL_

( MOSFET
) MAX1541 GATE

(FBLANK ) OUT1 OVP
ON1 ON2 VCC 1V

OVP/UVP REF GND OVP ( 7)
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6. FBLANK

FBLANK
OUT1 FAULT
BLANKING

FORCED-PWM
DURATION (MIN/TYP)

(μs)

VCC Enabled 120/220

Open Enabled 80/140

REF Enabled 35/65

GND Disabled 80/140

9.

20ms
TIMER

FAULT
LATCH

POR

0.9 x
INT REF_

1.1 x
INT REF_

0.7 x
INT REF_

1.16 x
INT REF_

INT FB_

ENABLE OVP

ENABLE UVP

*BLANK

FAULT

POWER-
GOOD

*MAIN MAX1541 CONTROLLER (OUT1) ONLY

POWER-GOOD FAULT PROTECTION



(UVP)

70% UVP
(OVP/UVP = VCC REF)

( (ON_)
) 0.3V DL

GND 10ms
(ON_ ) GATE ( MAX1541
FBLANK ) UVP ON1 ON2

VCC 1V

OVP/UVP GND UVP ( 7)

MAX1540A/MAX1541
(LDOON = GND)

+160°C (LDOON = VCC)
+150°C

PGOOD1 PGOOD2

OVP/UVP
ON1 ON2 VCC 1V

10°C

MAX1540A/MAX1541
( 10) MAX1540A

(OUT1) FB1 GND 1.8V
VCC 1.2V FB1

OUT1 0.7V MAX1540A
(OUT2) FB2 GND 2.5V
VCC 1.5V FB2 OUT2

0.7V MAX1541 (OUT1)
REFIN1 (VFB1 = VREFIN1)

MAX1541 (OUT2) FB2
GND 2.5V VCC

1.8V FB2 OUT2 0.7V
8

M
A

X
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7. 
OVP/UVP ON_ DISCHARGE* UVP PROTECTION OVP PROTECTION THERMAL PROTECTION

VCC

Yes. Output discharged
through a 10Ω resistor,
and DL forced high when
output drops below 0.3V.

Yes. UVP fault activates
the discharge sequence.

Yes. DH pulled low and DL
forced high immediately.

Yes. Thermal fault activates
the discharge sequence.

Open

Yes. Output discharged
through a 10Ω resistor,
and DL forced high when
output drops below 0.3V.

No. UVP disabled.
Yes. DH pulled low and DL
forced high immediately.

Yes. Thermal fault activates
the discharge sequence.

REF
No. DL forced low when
shut down.

Yes. UVP fault activates
the discharge sequence.

No. OVP disabled.
Yes. Thermal fault activates
the discharge sequence.

GND
No. DL forced low when
shut down.

No. UVP disabled. No. OVP disabled.
Yes. Thermal fault activates
the discharge sequence.

*



M
A

X
15

40
A

/M
A

X
15

41

FB_ VOUT

( 11) 0.7V 5.5V
MAX1540A FB1 FB2 0.7V
MAX1541 FB1 REFIN1

FB2 0.7V MAX1541
(OUT1)

MAX1540A VFB_ = 0.7V MAX1541
VFB1 = VREFIN1 VFB2 = 0.7V

( MAX1541 OUT1)
MAX1541 FB1 REFIN1
REFIN1 MAX1541

12 REFIN1
GATE

(OD) REFIN1
REFIN1 GATE

N MOSFET OD GATE
N MOSFET OD

(FB1 = OUT1)

MAX1541 (OUT1) GATE
PWM FBLANK ( 6)

PWM REFIN1
PWM

PWM

MAX1541 (OUT1)
FBLANK ( 6) PGOOD1

V V

V V

OUT1(LOW) REF

OUT1(HIGH) REF

R9
R8+R9

(R9+R10)
R8+(R9+R10)

=
⎛
⎝
⎜

⎞
⎠
⎟

=
⎡

⎣
⎢

⎤

⎦
⎥

V VOUT_ FB_
C

D

R
R

= +
⎛

⎝
⎜

⎞

⎠
⎟1
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10. MAX1540A/MAX1541

MAX1540A/MAX1541
TO ERROR

AMPLIFIER

FB_

REF
(2.0V)

FIXED OUTPUT
FB = GND

FIXED OUTPUT
FB = VCC

OUT_

9R

R

8.
OUT1 OUT2

MAX1540A MAX1541 MAX1540A MAX1541

FB_ = VCC Fixed 1.2V
Not

allowed
Fixed 1.5V

Fixed
1.8V

FB_ = GND Fixed 1.8V
Not

allowed
Fixed 2.5V

Fixed
2.5V

FB_ = OUT_
or adjustable

0.7V VREFIN1 0.7V 0.7V



REFIN1

REFIN1
REFIN1

REFIN1 GND
REFIN1

REFIN1 REQ x
CREFIN1 REQ

12 REFIN1

REFIN1

(LDO)

28V
50mA 800mV ( ) (VLDOIN(MIN) =

VLDOOUT + VDROPOUT) 4.7μF
(LDOOUT)

5mA 1μF LDO
100mA

MAX1540A 5V
( 1)

(LDOIN =
V+)

(VDD = LDOOUT) 13

MAX1541
5V ( 1) FBLDO

GND 5.0V
1.25V 5.5V ( 12)

MAX1541 FBLDO 1.25V

VFBLDO = 1.25V LDOON
GND MAX1541

V V
R
RLDOOUT FBLDO= +

⎛
⎝
⎜

⎞
⎠
⎟1

11
12

τNEG REFIN1
R8 R9
R8+R9

=
×⎛

⎝
⎜

⎞
⎠
⎟C

τPOS = REFIN1
R8 (R9+R10)
R8+(R9+R10)

×⎡

⎣
⎢

⎤

⎦
⎥ C

I I C
d
dOAD OUT
V

t
LIMIT L> +  
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11. FB_ VOUT

MAX1540A/MAX1541
DL_

GND

LX_
L

FB_

CSN_

CSP_

RD

RC

COUT

RSENSE

NL

OUT_
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12. MAX1541

MAX1541

+5V BIAS
SUPPLY

OUTPUT 1
VOUT(HIGH) = 1.5V
VOUT(LOW) = 1.0V

POWER GROUND

ANALOG GROUND

POWER-GOOD

ON

OFF

OPEN (ILIM(VAL) x 1.75)

OUTPUT 2
VOUT2 = 2.5V

INPUT (VIN)*
7V TO 20V

VDD

DH1

BST1

LX1

CSP1

DL1

CSN1

OUT1

FB1

CC1

SKIP

REF

ILIM1

ILIM2

PGOOD2

LDOIN

PGOOD1

VCC

ON2
ON1

LDOON

LSAT

REF (485kHz/355kHz)TON

OVP/UVP

FB2

OUT2

CSN2

CSP2

GND

DL2

LX2

BST2

DH2

V+

R7
100kΩR6

100kΩ

C2
1μF

C3
4.7μF

R1
20Ω

COUT2
220μF

RCS2
15mΩ

L2
4.3μH

DL2DL1

RCS1
15mΩ

L1
1.8μH

NL1 NL2

NH1 NH2

CBST
0.1μF

CBST1
0.1μF

DBSTDBST

C1
1μF

CREF
0.22μF

COUT1
470μF

CILIM1
470pF

CILIM2
470pF

R2
100kΩ

R3
49.9kΩ

R4
100kΩ

R5
49.9kΩ

SEE TABLE 1 FOR COMPONENT SPECIFICATIONS.

*LOWER INPUT VOLTAGES REQUIRE
ADDITIONAL INPUT CAPACITANCE.

CCC1
47pF

VOUT(LOW)

VOUT(HIGH)

GATE

FBLANK

REFIN1

OD
EP

OPEN
(ENABLED, 140μs)

REF

R9
75kΩ

R10
150kΩ

R8
75kΩ

CREFIN
470pF R12

20kΩ

+5V BIAS
SUPPLY

CIN
(2) 4.7μF

VOUT(LOW) = VREF 

VOUT(HIGH) = VREF 

R9
R8 + R9( )

(R9 + R10)
R8 + (R9 + R10)[ ]

LDOOUT

FBLDO

+5V BIAS
SUPPLY

R13
10Ω

R11
32.4kΩ

C4
22μF

LDO OUTPUT
VLDOOUT = 3.3V

( )



________________________________
( )

4

• (VIN(MAX))
AC (VIN(MIN))

•
(ILOAD(MAX))

(ILOAD)
MOSFET

•
VIN2 MOSFET

MOSFET

•

(
)

20% 50% (
SKIP ) PFM/PWM

M
A

X
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/M
A

X
1541
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13.

VL REG
AND REF GATE DRIVER

AND ERROR
AMP

LDOOUT

*VDD

*MAX1541 ONLY.

*FBDLO

LDOON

*LDOIN

V+

0.2V

FIXED 5V

INTERNAL FBLDO
OPTION BETWEEN

THE MAX1540A/MAX1541

INTERNAL LDOIN
OPTION BETWEEN
THE MAX1540A/MAX1541

INTERNAL VDD
OPTION BETWEEN
THE MAX1540A/MAX1541
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ILOAD(MAX) = 4A VIN = 12V VOUT2 = 2.5V fSW =
355kHz 30% LIR = 0.3

200kHz

(IPEAK)

1 .0μH
1.5μH 2.2μH 3.3μH

LIR
( )

LIR

VIN -
VOUT

tOFF(MIN) ( Electrical Characteristics
) K 3

ILOAD(MAX)

ILIM(VAL)
(RSENSE) 50mV

40mV

ILIM_ VCC 50mV
ILIM_

1/10 REF (GND)
ILIM_

250mV 2V 25mV
200mV 1%

10μA

( 14)
( 9)

(VLIM(VAL)) 50mV 100mV

RSENSE = VLIM(VAL) / ILIM(VAL)

1% 14a

MOSFET (NL_) ( 14b)
CSN_ NL_ CSP_

NL_
(LSAT = GND)

MOSFET

I I
V V V

V f L
OUT IN MIN OUT

IN MIN SW
LIM(VAL) LOAD(MAX) -

-
>

⎛

⎝
⎜

⎞

⎠
⎟

( )

 
( )

( )  2

V
I L

C VSOAR
LOAD(MAX)

OUT OUT

2

≈
( )

×

Δ

2

V

L )
V K

V
+ t

V - V K

V
- t

SAG

LOAD(MAX)
OUT

IN
OFF(MIN)

OUT OUT
IN OUT

IN
OFF(MIN)

2

=

×⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

×
( )×⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

(ΔI

C V2

I I
LIR

PEAK LOAD(MAX)= +
⎛
⎝
⎜

⎞
⎠
⎟1

2

 
.

L
kHzx A

=
×

× ×
=

2.5V (12V - 2.5V)
12V 3 4 0

4.65 H
55 3

μ

L
V V V

V f x I LIR
=

( )
× ×

OUT IN OUT

IN SW LOAD(MAX)

-
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MAX1540A/MAX1541 MOSFET
(RSENSE = RDS(ON)) CSN_

NL_ CSP_ NL_ ( 14c)
MOSFET RDS(ON)

RDS(ON)
0.5%

(LSAT = GND)
MOSFET

RC
( 14d)

RL DC
(RSENSE = RL)

RL

(ESR)

ESR

ESR

ESR

ESR
ESR

ESR
ESR

( OS-CON
)

VSAG VSOAR

(
VSAG VSOAR )

ESR (
)

R
V

I LIRESR
RIPPLE

LOAD(MAX)
≤

×Δ

R
V

IESR
STEP

LOAD(MAX)
≤
Δ

L
R

=C R
L

EQ EQ×

M
A

X
1540A

/M
A

X
1541
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9.

METHOD
CURRENT-SENSE

ACCURACY
INDUCTOR-SATURATION

PROTECTION
CURRENT-SENSE POWER LOSS

(EFFICIENCY)

a) Output current-sense resistor High
Allowed

(highest accuracy)
RSENSE x IOUT

2

b) Low-side current-sense resistor High
Not allowed

(LSAT = GND)

c) Low-side MOSFET on-resistance Low
Not allowed

(LSAT = GND)
No additional loss

d) Equivalent inductor DC resistance Low Allowed No additional loss

1- OUT

IN
SENSE OUT

2V
V

R I
⎛

⎝
⎜

⎞

⎠
⎟ × ×
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14.

MAX1540A
MAX1541

VOUT

COUT

VIN

L

INDUCTOR

RL

CIN

LSAT

d) LOSSLESS INDUCTOR SENSING

CSN

CSP

GND

DL

DH

LX

DISABLE
LSAT

CEQREQ

RBIAS = REQ

MAX1540A
MAX1541

VOUT

COUT

VIN

L

CIN

LSAT

c) LOW-SIDE MOSFET SENSING

CSP

GND

CSN

DL

DH

LX

DISABLE
LSAT

MAX1540A
MAX1541

VOUT

COUT

VIN

L

CIN

RSENSE

LSAT

b) LOW-SIDE SERIES RESISTOR SENSING

CSP

GND

CSN

DL

DH

LX

CONNECT TO
PREFERRED

LSAT SETTING

MAX1540A
MAX1541

VOUT

COUT

VIN

L

CIN

LSAT

a) OUTPUT SERIES RESISTOR SENSING

GND

DL

DH

LX

CONNECT TO
PREFERRED

LSAT SETTING
CSN

CSP

RSENSE



Quick-PWM ESR

300kHz ESR 95kHz
50kHz OS-CON

ESR 25kHz
25mVP-P ESR 25mV/1.2A = 20.8mΩ
220μF/4V (TPE) 15mΩ ( )
ESR 48kHz

ESR

ESR
400ns

ESR

/

(IRMS)

( OS-CON)

MAX1540A/MAX1541

RMS 10°C

MOSFET

MOSFET (>20V)

MOSFET (NH) VIN(MIN) VIN(MAX)
VIN(MIN)

VIN(MAX)
VIN(MIN)

NH

VIN(MAX) NH
VIN

MOSFET (NH)

MOSFET (NL) (RDS(ON))
( 8 SO DPAK D2PAK

) MAX1540A /MAX1541
DL_

MOSFET -
MOSFET

VIN

I2OUTX  VOUTX  (VIN - VOUTX)
2

Σ
X = 1IRMS =

                        

                           

f
f

where:                  

f
1

2 R C

ESR
SW

ESR
ESR OUT

≤

=

π

π

M
A

X
1540A

/M
A

X
1541
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MOSFET

MOSFET (NH)

MOSFET

RDS(ON) MOSFET
(RDS(ON))

15V

MOSFET (NH)

PCB

NH

CRSS NH IGATE
/ ( 1A)

C x VIN2 x fSW MOSFET
RDS(ON)

MOSFET VIN(MAX)
MOSFET

MOSFET (NL)

MOSFET
ILOAD(MAX)

IVALLEY(MAX)
MOSFET

(Schottky) (DL)
MOSFET

1/3

______________________________

(200kHz)

TON K
( 3)

( VSAG
)

(ΔIDOWN) (ΔIUP)
h = ΔIUP/ΔIDOWN

1 h 1

VSAG

h 1.5
VSAG

h

VDROP1 (
(TON) ) tOFF(MIN) Electrical Characteristics

K 3 h = 1

VIN(MIN)

VSAG VSAG

V
V V

h t

K

IN(MIN)
OUT DROP1

OFF(MIN)
-

=
+

×⎛

⎝
⎜

⎞

⎠
⎟

 

1

I I
V V V

V f L
OUT IN OUT

IN SW
LOAD VALLEY(MAX) +=

−⎛

⎝
⎜

⎞

⎠
⎟

(   )
  2

PD (N  Resistance) -
V

V
(I ) RL

OUT

IN(MAX)
LOAD DS(ON)

2=
⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

×1

PD (N  Switching)H
IN(MAX) RSS SW LOAD

GATE

2

=
( ) × ×V C f I

I

PD (N  Resistance)
V
V

(I ) RH
OUT

IN
LOAD DS(ON)

2=
⎛

⎝
⎜

⎞

⎠
⎟ ×
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• VOUT2 = 2.5V

• fSW = 355kHz

• K = 3.0μs KMIN = 3.3μs

• tOFF(MIN) = 500ns

• VDROP1 = 100mV

• h = 1.5

h = 1 K (K = 3.3μs)

VIN 3.06V
3.47V

( MAX1541 OUT1)

MAX1541 (OUT1)
DAC

3

15 4
REFIN1

GATE 1μs
PWM

PWM (SKIP = VCC )
OD

( MAX1541 OUT1)

DDR
DDR

MAX1541
(OUT1) REFIN1

MAX1541 (OUT1)
PWM (SKIP = VCC )

16 DDR MAX1541
GATE FBLANK

GND

ESRCOUT x ΔILOAD

AC DC

17 OUT_ FB_
MAX1540A/MAX1541

MAX1540A/
MAX1541 VOUT_

VOUT(VPS) = VOUT(NO LOAD) - RSENSE x ILOAD

18

PCB

PCB
( 19)

PCB

•

•
PCB (2oz 1oz)

V
V V

ns
s

VIN(MIN)
-

=
+

×⎛

⎝
⎜

⎞

⎠
⎟

= 
. .

.

 .
2 5 0 1

1
1 500

3 3

3 06

μ

V
V V

ns
s

VIN(MIN)
-

=
+

×⎛

⎝
⎜

⎞

⎠
⎟

= 
. .

.
.

 .
2 5 0 1

1
1 5 500

3 0

3 47

μ
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X
1540A

/M
A

X
1541

______________________________________________________________________________________ 41

15.

MAX1541

REF

REFIN1

GND

GATE

R4

R3
A

C1 R2

R1

B

1000pF1.5kΩ

1000pF1.5kΩ
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1% PCB

• (RSENSE_) CSP_ CSN_

•
MOSFET

MOSFET

• (BST_ LX_ DH_ DL_)
(REF FB_ CSP_ CSN_)

1) (NL_ CIN
COUT_ DL_ )

2) IC MOSFET NL_ NH_
LX_ GND DH_ DL_

DL_ DH_ (
MOSFET 1 50mil

100mil)

3) (BST_ VDD )

4) 1 12 DC-DC

5)
DC-DC

42 ______________________________________________________________________________________

16.

MAX1541

COUT

VIN

L

CIN

OD

SKIP

REFIN1

GATE

10kΩ

10kΩ

FBLANK
VDDQ = DDR MEMORY SUPPLY VOLTAGE
VTT = TERMINATION SUPPLY VOLTAGE

GND

DL1

10nF

DH1

LX1

CSN1

CSP1

RSENSE

FB1

OUT1

VDDQ VCC

VTT =
VDDQ

2
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17. 

MAX1540A
MAX1541

C2

VOLTAGE-POSITIONED
OUTPUT (VOUT(VPS))

COUT

INPUT (VIN)

+5V BIAS
SUPPLY

DBST

CBST L1 RSENSE

NH

NL

CIN

VCC VDD

FB

VOUT(VPS) = VOUT(NO LOAD) - RSENSEIOUT

CSN_

OUT_

CSP_

GND

DL_

DH_

BST_

V+

C1

R1

LX_

DL

18. 

B

50mV/div

1.4

1.4
A

A. CONVENTIONAL CONVERTER
B. VOLTAGE-POSITIONED OUTPUT

VOLTAGE POSITIONING THE OUTPUT

VOUT

ESR VOLTAGE STEP
(ISTEP x RESR)

CAPACITIVE SOAR
(dV/dt = IOUT/COUT)

RECOVERY
CAPACITIVE SAG

(dV/dt = IOUT/COUT)

ILOAD
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______________________________
TRANSISTOR COUNT: 8612

PROCESS: BiCMOS
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19. PCB

INDUCTOR

COUT

COUT

CIN OUTPUT

INPUT GROUND

INPUT

OUTPUT

COUT

CIN

GROUND

INDUCTOR

HIGH-POWER LAYOUT LOW-POWER LAYOUT

MAX1540A
BOTTOM LAYER

MAX1540A
TOP LAYER

DL
LX
DH

DUAL
N-CHANNEL
MOSFET

KELVIN-SENSE VIAS
UNDER THE SENSE RESISTOR
(REFER TO EVALUATION KIT)

SINGLE
N-CHANNEL

MOSFETS

VIA TO VCC PIN
VIA TO REF PINVIA TO REF

BYPASS CAPACITOR

VIA TO VCC
BYPASS CAPACITOR

VIA TO POWER
GROUND

CONNECT GND
AND PGND TO THE
CONTROLLER AT
ONE POINT ONLY
AS SHOWN

CONNECT THE
EXPOSED PAD TO
ANALOG GROUND
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TOP VIEW

THIN QFN

MAX1541

40

39

38

36

37

35

34

ON1

ON2

FBLANK

CSP1

CSN1

FB1

OUT1

33PGOOD1

11

12

13

14

15

16

17

REFIN1

OD

CSP2

CSN2

FB2

OUT2

PGOOD2

18

23242526272829

V+LD
OI

N

V D
D

LD
OO

UT

FB
LD

O

DL
1

LD
OO

N

8765432

IL
IM

1

CC
1

GA
TEV C

C

TO
N

LS
AT

SK
IP

1
OV

P/
UV

P
30

BS
T1

32DH1

31LX1

19

DH2

LX2

20 BST2

2122

GN
D

DL
2

109

RE
F

IL
IM

2

A "+" SIGN WILL REPLACE THE FIRST PIN INDICATOR ON LEAD-FREE PACKAGES.

___________________________ ( )
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