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PART TEMP RANGE
PIN-

PACKAGE

PKG

CODE

MAX8716ETG -40°C to +85°C
24 Thin QFN
4mm x 4mm

T2444-4

MAX8716ETG+ -40°C to +85°C
24 Thin QFN
4mm x 4mm 
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MAX8717ETI -40°C to +85°C
28 Thin QFN
5mm x 5mm
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2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS (Note 1)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

VDD, VCC, CSL1, CSH1, CSL2, CSH2 to AGND ......-0.3V to +6V
ON1, ON2, SKIP1, SKIP2, PGOOD1, 

PGOOD2 to AGND...............................................-0.3V to +6V
FB1, FB2, ILIM1, ILIM2, FSEL to AGND...................-0.3V to +6V
REF to AGND..............................................-0.3V to (VCC + 0.3V)
BST1, BST2 to AGND.............................................-0.3V to +36V
LX1 to BST1..............................................................-6V to +0.3V
LX2 to BST2..............................................................-6V to +0.3V 
DH1 to LX1 ..............................................-0.3V to (VBST1 + 0.3V)
DH2 to LX2 ..............................................-0.3V to (VBST2 + 0.3V)
DL1, DL2 to PGND .....................................-0.3V to (VDD + 0.3V)
AGND to PGND.....................................................-0.3V to +0.3V

REF Short Circuit to AGND.........................................Continuous
REF Current ......................................................................+10mA
Continuous Power Dissipation (TA = +70°C)

24-Pin Thin QFN 4mm x 4mm (derate 20.8mW/°C 
above +70°C)..........................................................1666.7mW
28-Pin Thin QFN 5mm x 5mm (derate 21.3mW/°C
above +70°C)..........................................................1702.1mW

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
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, 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

VIN 26
Input Voltage Range

VBIAS VCC, VDD 4.5 5.5
V

VCC rising 3.9 4.15 4.4VCC Undervoltage-Lockout
Threshold

VUVLO
200mV typical
hysteresis VCC falling 3.7 3.95 4.2

V

MAX8716, MAX8717,
MAX8757

0.8 1.3
Quiescent Supply Current (VCC) ICC

CSL_ and FB_ forced
above their regulation
points MAX8756 1 1.8

mA

Quiescent Supply Current (VDD) IDD
CSL_ and FB_ forced above their regulation
points

< 1 5 μA

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

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

MAIN SMPS CONTROLLERS

MAX8716, MAX8717,
MAX8757

3.265 3.30 3.365PWM1 Output Voltage in
Fixed Mode

VOUT1

VIN = 6V to 26V,
SKIP1 = VCC,
zero to full load MAX8756 1.484 1.50 1.530

V

MAX8716, MAX8717,
MAX8757

4.94 5.00 5.09PWM2 Output Voltage in
Fixed Mode

VOUT2

VIN = 6V to 26V,
SKIP2 = VCC,
zero to full load MAX8756 1.778 1.800 1.832

V

VIN = 6V to 26V, FB1 or FB2,
duty factor = 20% to 80%

0.990 1.005 1.020
Feedback Voltage in Adjustable
Mode (Note 2)

VFB_ VIN = 6V to 26V, FB1 or FB2,
duty factor = 50%

0.995 1.005 1.015
V

MAX8716, MAX8717,
MAX8757

1.0 5.5
Output-Voltage-Adjust Range Either SMPS

MAX8756 1.0 2.3
V

Note 1: For the 24-pin TQFN version, AGND and PGND refer to a single pin designated GND.
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, TA = 0°C to +85°C, unless otherwise noted.
Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

FB1, FB2 Fixed-Mode Threshold
Voltage

Dual Mode comparator 1.9 2.1 V

Feedback Input Leakage Current FB1 = 1.1V, FB2 = 1.1V -0.1 +0.1 μA

DC Load Regulation Either SMPS, SKIP_ = VCC, zero to full load -0.1 %

Line-Regulation Error Either SMPS, 4V < VIN < 26V 0.03 %/V

FB_ Input Bias Current IFB_ VFB_ = 0 to 5.5V -0.1 +0.1 μA

MAX8716, MAX8717,
MAX8757

170 200 230
FSEL = GND

MAX8756 215 250 285

FSEL = REF (Note 3) 270 300 330

MAX8716, MAX8717,
MAX8757

425 500 575

Operating Frequency fOSC

FSEL = VCC
MAX8756 340 400 460

kHz

FSEL = GND 97.5 99

FSEL = REF (Note 3) 97.5 99Maximum Duty Factor DMAX

FSEL = VCC 97.5 99

%

Minimum On-Time tON(MIN) (Note 4) 200 ns

40 %
SMPS1 to SMPS2 Phase Shift SMPS2 starts after SMPS1

144 Degrees

Soft-Start Ramp Time tSSTART
Measured from the rising edge of ON_ to full
scale, REF = 2V

2 ms

Soft-Stop Ramp Time tSSTOP
Measured from the falling edge of ON_ to full
scale

4 ms

CURRENT LIMIT

ILIM_ Adjustment Range 0.5 VREF V

Current-Limit Threshold (Fixed) VLIMIT_ VCSH_ - VCSL _, ILIM_ = VCC (Note 3) 45 50 55 mV

VILIM_ = 2.00V 190 200 210Current-Limit Threshold
(Adjustable)

VLIMIT_ VCSH_ - VCSL _
VILIM_ = 1.00V 94 100 106

mV

VCSH_ - VCSL _, SKIP_ = ILIM_ = VCC
(Note 3)

-67 -60 -53 mV
Current-Limit Threshold
(Negative)

VNEG
VCSH_ - VCSL _, SKIP_ = VCC, adjustable
mode, percent of current limit

-120 %

Current-Limit Threshold
(Zero Crossing)

VZX VCSH_ - VCSL _, SKIP_ = GND or REF 3 mV

ILIM_ = VCC (Note 3) 6 10 14 mV

Idle Mode™ Threshold VIDLE
VCSH_ - VCSL _,
SKIP_ = GND

With respect to
current-limit
threshold

20 %
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, TA = 0°C to +85°C, unless otherwise noted.
Typical values are at TA = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

M AX 8716, M AX 8717,
M AX 8757

2.5 5 7.5VCSH_ - VCSL_
SKIP_ = REF
ILIM_ = VCC (Note 3) MAX8756 1 2.5 4

mV

M AX 8716, M AX 8717,
M AX 8757

10
Low-Noise-Mode Threshold VIDLE VCSH_ - VCSL_

SKIP_ = REF with
respect to current-
limit threshold

MAX8756 5
%

ILIM_ Leakage Current 0.1 μA

Reference Load Regulation ΔVREF IREF = 0μA to 50μA 10 mV

Reference Sink Current 10 μA

REF Lockout Voltage VREF(UVLO) Rising edge, hysteresis = 50mV 1.8 V

FAULT DETECTION

Output Overvoltage Trip
Threshold

MAX8716/MAX8717/MAX8756 only 11 15 19 %

Output Overvoltage
Fault-Propagation Delay

tOVP
50mV overdrive,
MAX8716/MAX8717/MAX8756 only

10 μs

Output Undervoltage-Protection
Trip Threshold

With respect to error-comparator threshold 65 70 75 %

Output Undervoltage
Fault-Propagation Delay

tUVP 50mV overdrive 10 μs

Output Undervoltage-Protection
Blanking Time

tBLANK From rising edge of ON_ 6144 1/fOSC

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

-12.5 -10 -8.0 %

PGOOD_ Propagation Delay tPGOOD_ Falling edge, 50mV overdrive 10 μs

PGOOD_ Output Low Voltage ISINK = 4mA 0.4 V

PGOOD_ Leakage Current IPGOOD_ High state, PGOOD_ forced to 5.5V 1 μA

Thermal-Shutdown Threshold TSHDN Hysteresis = 15°C +160 °C

GATE DRIVERS

DH_ Gate-Driver On-Resistance RDH BST_ - LX_ forced to 5V (Note 5) 1.5 5 Ω

DL_, high state 1.7 5DL_ Gate-Driver On-Resistance
(Note 5)

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

2 A

DL_ Gate-Driver Source Current
IDL

(SOURCE)
DL_ forced to 2.5V 1.7 A

DL_ Gate-Driver Sink Current IDL (SINK) DL_ forced to 2.5V 3.3 A

DL_ rising 35
Dead Time tDEAD

DH_ rising 26
ns

LX_, BST_ Leakage Current VBST_ = VLX_ = 26V < 2 20 μA
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PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

INPUTS AND OUTPUTS

Logic Input Current ON1, ON2 -1 +1 μA

ON_ Input Voltage Rising edge, hysteresis = 225mV 1.2 1.7 2.2 V

Tri-Level Input Logic SKIP1, SKIP2, FSEL, high
VCC -
0.2

V

Input Leakage Current SKIP1, SKIP2, FSEL, 0V, or VCC -3 +3 μA

Input Leakage Current ILIM1, ILIM2, 0V, or VCC -0.1 +0.1 μA

Input Leakage Current CSH_, 0V, or VDD -0.1 +0.1 μA

Input Bias Current CSL_, 0V, or VDD 25 50 μA

ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, TA = 0°C to +85°C, unless otherwise noted.
Typical values are at TA = +25°C.)

ELECTRICAL CHARACTERISTICS
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, TA = -40°C to +85°C, unless otherwise
noted.) (Note 6)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

INPUT SUPPLIES

VIN 26
Input Voltage Range

VBIAS VCC, VDD 4.5 5.5
V

MAX8716, MAX8717,
MAX8757

1.3
Quiescent Supply Current (VCC) ICC

CSL_ and FB_
forced above their
regulation points MAX8756 1.8

mA

Quiescent Supply Current (VDD) IDD
CSL_ and FB_ forced above their regulation
points

5 μA

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

Shutdown Supply Current (VDD) ON1 = ON2 = GND 5 μA

MAIN SMPS CONTROLLERS

MAX8716, MAX8717,
MAX8757

3.255 3.375PWM1 Output Voltage in
Fixed Mode

VOUT1

VIN = 6V to 26V,
SKIP1 = VCC,
zero to full load MAX8756 1.480 1.534

V

MAX8716, MAX8717,
MAX8757

4.925 5.105PWM2 Output Voltage in
Fixed Mode

VOUT2

VIN = 6V to 26V,
SKIP2 = VCC,
zero to full load MAX8756 1.773 1.838

V

Feedback Voltage in
Adjustable Mode

VFB_
VIN = 6V to 26V, FB1 or FB2,
duty factor = 20% to 80% (Note 1)

0.987 1.023 V

MAX8716, MAX8717,
MAX8757

1.0 5.5
Output Voltage Adjust Range Either SMPS

MAX8756 1.0 2.3
V

FB1, FB2 Fixed-Mode
Threshold Voltage

Dual Mode comparator 1.9 2.1 V
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ELECTRICAL CHARACTERISTICS (continued)
(Circuit of Figure 1, VIN = 12V, FSEL = REF, SKIP_ = 0, VON_ = VILIM_ = VCC = VDD = 5V, TA = -40°C to +85°C, unless otherwise
noted.) (Note 6)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

MAX8716, MAX8717,
MAX8757

170 230
FSEL = GND

MAX8756 215 285

FSEL = REF (Note 3) 270 330

MAX8716, MAX8717,
MAX8757

425 575

Operating Frequency fOSC

FSEL = VCC
MAX8756 340 460

kHz

FSEL = GND 97.5

FSEL = REF (Note 3) 97.5Maximum Duty Factor DMAX

FSEL = VCC 97.5

%

Minimum On-Time tON(MIN) (Note 4) 200 ns

CURRENT LIMIT

ILIM_ Adjustment Range 0.5 VREF V

Current-Limit Threshold (Fixed) VLIMIT_ VCSH_ - VCSL _, ILIM_ = VCC (Note 3) 44 56 mV

VILIM_ = 2.00V 188 212Current-Limit Threshold
(Adjustable)

VLIMIT_ VCSH_ - VCSL _
VILIM_ = 1.00V 93 107

mV

REFERENCE (REF)

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

FAULT DETECTION

O utp ut O ver vol tag e Tr i p  Thr eshol d MAX8716/MAX8717/MAX8756 only 11 19 %

Output Undervoltage-Protection
Trip Threshold

With respect to error-comparator threshold 65 75 %

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

-12.5 -8.0 %

PGOOD_ Output Low Voltage ISINK = 4mA 0.4 V

GATE DRIVERS

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

(Note 5)
RDL

DL_, low state 3
Ω

INPUTS AND OUTPUTS

ON_ Input Voltage Rising edge, hysteresis = 225mV 1.2 2.2 V

High
VCC -
0.2

REF 1.7 2.3Tri-Level Input Logic SKIP1, SKIP2, FSEL

GND 0.5

V

Note 2: When the inductor is in continuous conduction, the output voltage will have a DC regulation level lower than the error-com-
parator threshold by 50% of the ripple. In discontinuous conduction, the output voltage will have a DC regulation level higher
than the error-comparator threshold by 50% of the ripple.

Note 3: Default setting for the MAX8716.
Note 4: Specifications are guaranteed by design, not production tested.
Note 5: Production testing limitations due to package handling require relaxed maximum on-resistance specifications for the thin QFN

package.
Note 6: Specifications from 0°C to -40°C are guaranteed by design, not production tested.
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___________________________________________________________________
(Circuit of Figure 1, MAX8717, VIN = 12V, VDD = VCC = 5V, SKIP_ = GND, FSEL = REF, TA = +25°C, unless otherwise noted.)
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________________________________________________________________
(Circuit of Figure 1, MAX8717, VIN = 12V, VDD = VCC = 5V, SKIP_ = GND, FSEL = REF, TA = +25°C, unless otherwise noted.)
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________________________________________________________________
(Circuit of Figure 1, MAX8717, VIN = 12V, VDD = VCC = 5V, SKIP_ = GND, FSEL = REF, TA = +25°C, unless otherwise noted.)
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B. PGOOD1, 10V/div
C. PGOOD2, 10V/div

D. OUT2, 2V/div
E. OUT1, 2V/div

3.3V

5V

A

B

C

D

E

VCC UVLO WAVEFORMS
MAX8716/17/57 toc21

4ms/div

0

0

A. VCC, 2V/div
B. OUT2, 2V/div
C. PGOOD2, 5V/div

D. DL2, 5V/div
E. ILX2, 2.5AV/div

5V

5V

5V

5V

A

B

C

D

E

100Ω LOAD ON OUT2
SKIP2 = VCC

STEADY-STATE WAVEFORMS
MAX8716/17/57 toc22

2μs/div

0

0

A. OUT2, 50mV/div
B. LX2, 10V/div
C. VIN, 50mV/div

D. OUT1, 50mV/div
E. LX1, 10V/div

5V

12V

12V

3.3V

A

B

C

D

E

1.0A LOAD ON OUT1, 1.0A LOAD ON OUT2
SKIP1 = VCC,  SKIP2 = VCC

DROPOUT WAVEFORMS
MAX8716/17/57 toc23

2μs/div

0

0

A. OUT2, 50mV/div
B. LX2, 10V/div
C. VIN, 50mV/div

D. OUT1, 50mV/div
E. LX1, 10V/div

4.9V

5V

5V

5V

3.3V

A

B

C

D

E

1.0A LOAD ON OUT1, 1.0A LOAD ON OUT2
SKIP1 = VCC,  SKIP2 = VCC
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________________________________________________________________
(Circuit of Figure 1, MAX8717, VIN = 12V, VDD = VCC = 5V, SKIP_ = GND, FSEL = REF, TA = +25°C, unless otherwise noted.)

SKIP1 TRANSITION
MAX8716/17/57 toc27

20μs/div

0

A. SKIP1, 5V/div
B. LX1, 10V/div

C. OUT1, 50mV/div
D. ILX1, 2.5A/div

0

0

12V

3.3V

2.5A

A

B

C

D

30mA LOAD ON OUT1

MAX8756 NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE (FORCED-PWM MODE)

M
AX

87
16

/1
7/

57
 to

c2
8

INPUT VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

204 16128

8

4

12

20

16

28

24

0
0 24

SKIP1 = SKIP2 = VCC
ON1 = ON2 = VCC

IBIAS

IIN

MAX8756 OUT2 IDLE MODE CURRENT
vs. INPUT VOLTAGE

M
AX

87
16

/1
7/

57
 to

c3
0

INPUT VOLTAGE (V)

ID
LE

 M
OD

E 
CU

RR
EN

T 
(m

A)

204 16128

0.6

1.0

1.4

1.6

2.0

0.0

0.8

1.2

1.8

0.2

0.4

0 24

SKIP2 = GND

SKIP2 = REF

MAX8756 NO-LOAD SUPPLY CURRENT
vs. INPUT VOLTAGE (IDLE MODE)

M
AX

87
16

/1
7/

57
 to

c2
9

INPUT VOLTAGE (V)

SU
PP

LY
 C

UR
RE

NT
 (m

A)

204 16128

0.01

0.1

1

10

0.001
0 24

ON1 = ON2 = VCC

IBIAS

IIN
SKIP_ = GND

IIN
SKIP_ = REF

OUT1 LOAD TRANSIENT
MAX8716/17/57 toc24

20μs/div

0

0

A. CONTROL, 5V/div
B. OUT1, 50mV/div

C. ILX1, 3A/div
D. LX1, 10V/div

0

3.3V

3A

12V

A

B

C

D

SKIP1 = VCC  

SKIP1 TRANSITION
MAX8716/17/57 toc25

20μs/div

0

A. SKIP1, 5V/div
B. LX1, 10V/div

C. OUT1, 50mV/div
D. ILX1, 2.5A/div

0

0

12V

3.3V

2.5A

A

B

C

D

30mA LOAD ON OUT1

SKIP1 TRANSITION
MAX8716/17/57 toc26

20μs/div

0

A. SKIP1, 5V/div
B. LX1, 10V/div

C. OUT1, 50mV/div
D. ILX1, 2.5A/div

0

0

12V

3.3V

2.5A

A

B

C

D

30mA LOAD ON OUT1
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MAX8716

MAX8717/

MAX8756/

MAX8757

1 1 VCC

2 2 SKIP1

3 3 REF

4 4 SKIP2

FSEL MAX8717/MAX8757 (kHz) MAX8756 (kHz)
—

VCC 500 400

REF 300 300

5 FSEL

GND 200 250

5 6 ON1

6 7 ON2

— 8 ILIM2

7 9 PGOOD2

8 10 FB2

9 11 CSL2

10 12 CSH2

11 13 BST2

12 14 DH2

13 15 LX2

Ω μ

SKIP1
SKIP1

μ
μ

SKIP2
SKIP2

%
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______________________________

=

_____________________________________________________________________

MAX8716

MAX8717/

MAX8756/

MAX8757

14 16 DL2

15 17 VDD

16 — GND

— 18 PGND

— 19 AGND

17 20 DL1

18 21 LX1

19 22 DH1

20 23 BST1

21 24 CSH1

22 25 CSL1

23 26 FB1

24 27 PGOOD1

— 28 ILIM1

EP EP EP

%
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VDD

DH1

BST1

DL1

LX1

CSH1

CBST2
0.1μF

NH2

DL2

RCS2
7mΩ

L2
5.7μH

COUT2
150μF

+5V BIAS

POWER-GOOD 1

POWER-GOOD 2

NL2

CBST1
0.1μF

NH1

NL1

RCS1
7mΩ

COUT1
220μF

DL1L1
5.7μH

DBST1 DBST2

C1
1μF

+5V BIAS

3.3V PWM
OUTPUT

(1.5V FOR MAX8756)

INPUT (VIN)

SEE TABLE 1 FOR COMPONENT SPECIFICATIONS.

FB1

POWER GROUND

ANALOG GROUND

MAX8716
MAX8717
MAX8756
MAX8757

CIN
(2) 10μF

REF (300kHz)

SKIP1

SKIP2

ILIM1

ILIM2

BST2

LX2

DL2

*PGND

*AGND

CSH2

CSL2

FB2

DH2

CSL1

DEFAULT
CURRENT

LIMIT

ON1

ON2
ON OFF

5V PWM
OUTPUT
(1.8V FOR MAX8756)

VCC

PGOOD1

R1
20Ω

C2
1μF

R2
100kΩ

PGOOD2

FSEL

REF

R3
100kΩ

VCC

PULSE-
SKIPPING
CONTROL

VCC

VCC

VCC

CREF
0.22μF

MAX8717/MAX8756/MAX8757 ONLY

*FOR THE MAX8716 AGND AND PGND, 
  REFER TO A SINGLE
  PIN DESIGNATED GND.
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± %
μ

μ μ

__________________________

COMPONENT
MAX8716/MAX8717/MAX8757

5V/5A, 3.3V/5A, 300kHz

MAX8716/MAX8717/MAX8757

5V/5A, 3.3V/5A, 500kHz

MAX8756

1.8V/5A, 1.5V/5A, 300kHz

Input Voltage VIN = 7V to 24V VIN = 7V to 24V VIN = 7V to 24V

CIN, Input Capacitor
(2) 10μF, 25V

Taiyo Yuden TMK432BJ106KM
(2) 10μF, 25V

Taiyo Yuden TMK432BJ106KM
(2) 10μF, 25V

Taiyo Yuden TMK432BJ106KM

COUT1, Output Capacitor
220μF, 4V, 25mΩ

low-ESR capacitor,
SANYO 4TPE220M

150μF, 4V, 25mΩ
low-ESR capacitor,
SANYO 4TPE150M

220μF, 4V, 18mΩ
low-ESR capacitor,

SANYO 4TPE220MIC2

COUT2, Output Capacitor
150μF, 6.3V, 25mΩ
low-ESR capacitor,
SANYO 6TPE150M

100μF, 6.3V, 25mΩ
low-ESR capacitor,
SANYO 6TPE100M

220μF, 4V, 18mΩ
low-ESR capacitor,

SANYO 4TPE220MIC2

NH_ High-Side MOSFET

Fairchild Semiconductor
FDS6612A

International Rectifier
IRF7807V

Fairchild Semiconductor
FDS6612A

International Rectifier
IRF7807V

Fairchild Semiconductor
FDS6612A

International Rectifier
IRF7807V

NL_ Low-Side MOSFET

Fairchild Semiconductor
FDS6670S

International Rectifier
IRF7807VD1

Fairchild Semiconductor
FDS6670S

International Rectifier
IRF7807VD1

Fairchild Semiconductor
FDS6670S

International Rectifier
IRF7807VD1

DL_ Schottky Rectifier
(if needed)

Nihon EC21QS03L
2A, 30V, 0.45Vf

Nihon EC21QS03L
2A, 30V, 0.45Vf

Nihon EC21QS03L
2A, 30V, 0.45Vf

L_ Inductor
5.7μH

Sumida CDEP105-5R7NC
3.9μH

Sumida CDRH124-3R9NC
3.1μH

Sumida CDRH125-3R1NC

RSENSE_

7mΩ ±1% 0.5W resistor
IRC LR2010-01-R007F or
Dale WSL-2010-R007F

7mΩ ±1% 0.5W resistor
IRC LR2010-01-R007F or
Dale WSL-2010-R007F

7mΩ ±1% 0.5W resistor
IRC LR2010-01-R007F or
Dale WSL-2010-R007F

SUPPLIER WEBSITE

AVX www.avx.com

Central Semiconductor www.centralsemi.com

Coilcraft www.coilcraft.com

Coiltronics www.coiltronics.com

Fairchild Semiconductor www.fairchildsemi.com

International Rectifier www.irf.com

KEMET www.kemet.com

Panasonic www.panasonic.com/industrial

SANYO www.secc.co.jp

Sumida www.sumida.com

Taiyo Yuden www.t-yuden.com

TDK www.component.tdk.com

TOKO www.tokoam.com

Vishay (Dale, Siliconix) www.vishay.com

http://www.avx.com
http://www.centralsemi.com
http://www.coilcraft.com
http://www.coiltronics.com
http://www.fairchildsemi.com
http://www.irf.com
http://www.kemet.com
http://www.panasonic.com/industrial
http://www.secc.co.jp
http://www.sumida.com
http://www.t-yuden.com
http://www.component.tdk.com
http://www.tokoam.com
http://www.vishay.com


______________________________________________________________________________________ 15

FB1

DH1

BST1

DL1

LX1

PWM1
CONTROLLER

(FIGURE 3)

PGND

FB
DECODE

(FIGURE 5)

FSEL

ILIM1

CSH1

CSL1

PGOOD1 POWER-GOOD AND
FAULT PROTECTION

(FIGURE 7)

IN
TE

RN
AL

 F
B

FA
UL

T

OSC

MAX8717/MAX8756/MAX8757
VCC

REF

R

R
2.0V
REF GND

FB2

DH2

BST2

DL2

VDD

LX2

PWM2
CONTROLLER

(FIGURE 3)

FB
DECODE

(FIGURE 5)

ILIM2

CSH2

CSL2

PGOOD2POWER-GOOD AND
FAULT PROTECTION

(FIGURE 7)

IN
TE

RN
AL

 F
B

FA
UL

T

SKIP1

ON1

SKIP2

ON2

VDD
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%
SKIP_

S

R
Q

R

S
Q

DH DRIVER

DL DRIVER

SLOPE COMP

OSC

FB

REF / 2

-1.2 x VLIMIT

AGND

SKIP

VLIMIT

3mV

CSL

CSH

SOFT-START
SOFT-STOP

ON

SKIP
DECODE

0.2 x VLIMIT0.1 x VLIMIT

(0.05 x VLIMIT FOR MAX8756)
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SKIP_

SKIP_

% SKIP_ =

% 
SKIP_ = I

V V V
LVLOAD SKIP

IN OUT OUT

IN OSC
( )

( )
=

−

ƒ2

FSEL
MAX8717/

MAX8757 (kHz)
MAX8756 (kHz)

VCC 500 400

REF 300 300

GND 200 250

tON(SKIP) = 
VOUT

VIN x fOSC

IN
DU

CT
OR

 C
UR

RE
NT

ILOAD(SKIP)

TIME
ON-TIME

0

ILOAD = 
ILOAD(SKIP)

2
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%

%
= Δ

V V I ROUT PFM NOM
SW

OSC
IDLE ESR( )   = +

ƒ

ƒ

⎛

⎝
⎜

⎞

⎠
⎟

1
2

V V
A V V

V
V

OUT PWM NOM
SLOPE IN NOM

IN

RIPPLE
( )

( )
= −

−⎛

⎝
⎜

⎞

⎠
⎟ −

⎛
⎝
⎜

⎞
⎠
⎟1

2

SKIP_ MODE COMMENTS

VCC
Forced-PWM

mode

Fixed-frequency operation.
Constant output ripple voltage.
Able to source and sink current.

GND Skip mode
High efficiency at light loads.
Source-only applications.

REF
Low-noise
skip mode

Good efficiency at light loads.
(VIDLE / VLN) times smaller no-load
ripple and (VIDLE / VLN)2 times higher
frequency compared with skip mode.
Source-only applications.

MODE CONDITION COMMENT

Power-Up VCC UVLO

DL_ tracks VCC as VCC rises from 0V to +5V.
When ON_ is low, DL_ tracks VCC as VCC falls.
When ON_ is high, DL_ is forced low as VCC falls below the
3.95V (typ) falling UVLO threshold. DL_ is forced high when
VCC falls below 1V (typ).

Run ON1 or ON2 enabled Normal operation.

Output Overvoltage
Protection (OVP)

MAX8716/MAX8717/
MAX8756 Only

Either output > 115% of nominal level

When the overvoltage (OV) comparator trips, the faulted side
sets the OV latch, forcing PGOOD_ low and DL_ high. The
other controller is not affected.
The OV latch is cleared by cycling VCC below 1V or cycling
the respective ON_ pin.

Output Undervoltage
Protection (UVP)

Either output < 70% of nominal level,
UVP is enabled 6144 clock cycles
(1/fOSC) after the output is enabled

(ON_ going high)

When the undervoltage (UV) comparator trips, the faulted
side sets the UV latch, forcing PGOOD_ low and initiating the
soft-shutdown sequence by pulsing only DL_. DL_ goes high
after soft-shutdown. The other controller is not affected.
The UV latch is cleared by cycling VCC below 1V or cycling
the respective ON_ pin.

Shutdown ON1 and ON2 are driven low
DL_ stays high after soft-shutdown is completed.
All circuitry is shut down.

Thermal Shutdown TJ > +160°C
Exited by POR or cycling ON1 and ON2.
DL1 and DL2 remain high.
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Ω

%

μ μ

R R
V

V
OUT

FB
1 2 1= −

⎛

⎝
⎜

⎞

⎠
⎟

_

_

CSL

TO ERROR
AMPLIFIER

FB

2V

FIXED OUTPUT
FB = VCC

ADJUSTABLE
OUTPUT
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Ω

Ω

=

%
%

Ω

%

V V
C
CGS TH IN

RSS

ISS
( ) >

⎛

⎝
⎜

⎞

⎠
⎟

MAX8716
MAX8717
MAX8756
MAX8757

VDD

BST

DH

LX

(RBST)*

(CNL)*

DBST

CBST

CBYP

INPUT (VIN)

NH

L

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.

VDD

POWER-
GOOD

FAULT

0.9 x
INT REF_

1.15 x
INT REF_

0.7 x
INT REF_

FAULT
LATCH

POWER-GOOD

FAULT
PROTECTION

INTERNAL FB

TIMER

POR
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%

°

°

______________________________

•

•

•

•

% %
SKIP

= = = =
% =

μ μ μ μ

Δ

L
V V V

V kHz A
H=

× −

× × ×
=

5 12 5
12 300 5 0 3

6 50
( )

.
. μ

L
V V V

V I LIR
OUT IN OUT

IN OSC LOAD MAX
=

−

ƒ

( )

( )
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Δ
Δ

%
μ

RSENSE_ = VLIM_ / ILIM_

=

L
R

C R
L

EQ EQ= ×

I I
I

LIMIT LOAD MAX
INDUCTOR> +

⎛
⎝
⎜

⎞
⎠
⎟( )

Δ

2

V
I L

C VSOAR
LOAD MAX

OUT OUT
≈

( )( )Δ 2

2

V
L I

C V D V

I T T

CSAG
LOAD MAX

OUT IN MAX OUT

LOAD MAX

OUT
=

× −
+

−( )

( )

( )( ) ( )Δ Δ Δ2

2

I I
I

PEAK LOAD MAX
INDUCTOR= +( )

Δ

2

ΔI
V V V

V LINDUCTOR
OUT IN OUT

IN OSC
=

−

ƒ

( )
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VRIPPLE(P-P) = RESRILOAD(MAX)LIR

=

V
V R
RRIPPLE P P
IDLE ESR

SENSE
( )− =

MAX8716
MAX8717
MAX8756
MAX8757

COUT

INPUT (VIN)

INDUCTORCIN

b) LOSSLESS INDUCTOR SENSING

CSL_

CSH_

PGND

DL_

DH_

LX_

CEQREQ

RBIAS = REQ

MAX8716
MAX8717
MAX8756
MAX8757

COUT

INPUT (VIN)

NH

NL

NH

NL

L

CIN

DL

DL

a) OUTPUT SERIES RESISTOR SENSING

PGND

DL_

DH_

LX_

CSL_

CSH_

RSENSE
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= Ω μ
Ω

% ≥

VRIPPLE ≤ 0.02 x VOUT

Δ
=

RESR ≤ 0.04 x L x ƒOSC

˚

ƒ =ESR
ESR OUTR Cπ

1
2

ƒ
ƒ

≤ESR
SW
π

INPUT CAPACITOR RMS CURRENT
vs. INPUT VOLTAGE

VIN (V)

I R
M

S 
(A

)

181612 14108

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

0
6 20

IN PHASE

5V/5A AND 3.3V/5A

50/50 INTERLEAVING

40/60 OPTIMAL
INTERLEAVING

INPUT RMS CURRENT FOR INTERLEAVED OPERATION

INPUT RMS CURRENT FOR SINGLE-PHASE OPERATION

(IOUT1 - IIN)2 (DLX1 - DOL) + (IOUT2 - IIN)2 (DLX2 - DOL) + 
(IOUT1 + IOUT2 - IIN)2 DOL + IIN2 (1 - DLX1 - DLX2 + DOL)

DLX1 = 

VOUT (VIN - VOUT)
VIN

IRMS = ILOAD                              

DOL = DUTY-CYCLE OVERLAP FRACTION VOUT1
 VIN 

VOUT1 IOUT1 + VOUT2 IOUT2
 VIN 

DLX2 = 
VOUT2
 VIN 

(                        )

              IIN =      

IRMS = 
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°

I I
I

LOAD LIMIT
INDUCTOR= −

⎛
⎝
⎜

⎞
⎠
⎟

Δ

2
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μ

μ

= 

μ

______________________________

= 

Δ

Δ

=

SKIP

•

•

%

V V
tIN SKIP OUT

OSC ON MIN
( )

( )
=

ƒ

⎛

⎝
⎜

⎞

⎠
⎟

1

V V V h
D

V VIN MIN OUT CHG
MAX

OUT DIS( ) ( )= + + −
⎛

⎝
⎜

⎞

⎠
⎟ +

1
1

C
nC
mV

FBST = =
13

100
0 065. μ

C
Q

mVBST
GATE=

200
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_____________________________
TRANSISTOR COUNT: 5879

PROCESS: BiCMOS
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VIA TO POWER
GROUND

MAX8717/MAX8756/MAX8757
TOP LAYER

MAX8717/MAX8756/MAX8757
BOTTOM LAYER

VIA TO REF
BYPASS CAPACITOR

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

CONNECT THE
EXPOSED PAD TO

ANALOG GND

INDUCTOR

COUT

COUT
C

IN

INPUT

KELVIN-SENSE VIAS
UNDER THE SENSE

RESISTOR
(REFER TO THE EVALUATION KIT)

GROUND

OUTPUT

INDUCTOR

COUT

INPUT

GROUNDOUTPUT

DH

LX

DL

HIGH-POWER LAYOUT LOW-POWER LAYOUT

DUAL
n-CHANNEL

MOSFET
SINGLE

n-CHANNEL
MOSFETS

VIA TO VCC PIN
VIA TO VCC
BYPASS CAPACITOR

VIA TO REF PIN

C
IN

PART TEMP RANGE
PIN-

PACKAGE

PKG

CODE

MAX8717ETI+ -40°C to +85°C
28 Thin QFN
5mm x 5mm 

T2855-6

MAX8756ETI+ -40°C to +85°C
28 Thin QFN
4mm x 4mm 

T2855-6

MAX8757ETI+ -40°C to +85°C
28 Thin QFN
5mm x 5mm 

T2855-6
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