
________________________________
MAX8553 4.5V 28V
DDR MAX8553 VTT

VTTR 1/2 VREFIN VTT VTTR
1% 1/2 VREFIN MAX8554 4.5V 28V

0.6V
MAX8553/MAX8554 Maxim Quick-PWMTM

25A
MAX8553/MAX8554

95%
5µA

MOSFET
MAX8553/MAX8554

MAX8553/MAX8554 16
QSOP

________________________________

ASIC CPU

LCD-PC

DDR I DDR II

AGTL

________________________________
♦ 25A

♦ Quick-PWM

♦ 95%

♦ 4.5V 28V

♦
♦ 0 3.6V REFIN (MAX8553) 

♦ VTT VTTR ±1% 
1/2VREFIN- (MAX8553) 

♦ 0.6V (MAX8554) 

♦ 200kHz/300kHz/400kHz/550kHz

♦
♦
♦

M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

________________________________________________________________ Maxim Integrated Products 1

____________________________

MAX8553

DHEN/HSD

+5V

POK

VIN

VOUT

VTTR

V+

REFIN

LX

DL

VTTRGND

POK

REFIN

VL

BST

V+

REF

ILIM

FSEL

PGND

VTT

PART TEMP RANGE PIN-PACKAGE

MAX8553EEE -40°C to +85°C 16 QSOP

MAX8554EEE -40°C to +85°C 16 QSOP

_________________________

19-3017; Rev 0; 10/03

Maxim Maxim
Maxim

Maxim www.maxim-ic.com.cn

Quick-PWM Maxim Integrated Products Inc.



M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

2 _______________________________________________________________________________________

ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0V, ILIM = VL,
PGND = LX = GND, BST = VL, TA = 0°C to +85°C. Typical values are at TA = +25°C, unless otherwise specified.)

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.

V+, EN/HSD, EN, HSD to GND...............................-0.3V to +30V
PGND to GND .......................................................-0.3V to +0.3V
VTT, REFIN, POK, OUT, FB, VL to GND...................-0.3V to +6V
REF, VTTR, DL, ILIM, FSEL to GND ............-0.3V to (VVL + 0.3V)
LX to PGND ...............................................................-2V to +30V
BST to GND............................................................-0.3V to +36V
DH to LX ...................................................................-0.3V to +6V
LX to BST..................................................................-6V to +0.3V

REF Short Circuit to GND...........................................Continuous
Continuous Power Dissipation (TA = +70°C)

16-Pin QSOP (derated 8.3mW/°C above +70°C) ........667mW
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 CONDITIONS MIN TYP MAX UNITS

V+ Input Voltage Range VL not connected to V+ 6 28 V

V+ Input Voltage Range VL connected to V+ 4.5 5.5 V

EN/HSD Input Voltage Range MAX8553 enabled 1.5 28.0 V

EN Input Voltage Range MAX8554 enabled 1.5 28.0 V

EN Input Current 2 3 µA

HSD Input Voltage Range MAX8554 enabled 1.5 28.0 V

HSD Input Current 20 40 µA

REFIN Input Voltage Range 0 3.6 V

V+ Supply Current (MAX8553) VVTT = +1.35V 0.8 1.2 mA

V+ Supply Current (MAX8554) VFB = 630mV 0.62 0.90 mA

REFIN Supply Current 125 250 µA

EN/HSD Supply Current 5 10 µA

VL Supply Current VVL = VV+ = 5.5V, VVTT = +1.35V 0.8 1.2 mA

V+ Shutdown Supply Current EN/HSD = GND 3 5 µA

REFIN Shutdown Supply Current EN/HSD = GND 1 µA

VL Shutdown Supply Current VVL = VV+ = +5.5V, VEN/HSD = 0V 5 12 µA

VL Undervoltage-Lockout Threshold Rising edge, typical hysteresis = 40mV 4.05 4.25 4.40 V

VTT

VTT Input Bias Current VVTT = +1.25V -0.15 0 µA

VTT Feedback Voltage Range 0 1.8 V

VREFIN = VEN/HSD = +1.8V 49.5 50 50.5
VTT Feedback Voltage Accuracy

VREFIN = VEN/HSD = +3.6V 49.5 50 50.5
% VRE FIN 

FB Input Bias Current MAX8554, VFB = +600mV -0.15 0 µA
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ELECTRICAL CHARACTERISTICS (continued)
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0V, ILIM = VL,
PGND = LX = GND, BST = VL, TA = 0°C to +85°C. Typical values are at TA = +25°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

FB Regulation Voltage MAX8554, VOUT = +2.5V, FSEL unconnected 0.598 0.607 0.616 V

Output Adjust Range MAX8554 (Note 1) 0.6 3.5 V

VTT Line Regulation VEN/HSD ±10%, VVTT = +1.25V, IOUT = 0A ±0.325 %

FB Line Regulation
MAX8554, VHSD ±10%, VOUT = +2.5V,
IOUT = 0A, FSEL unconnected

±0.325 %

VTT Load Regulation 0 < IOUT < +7A, VVTT = +1.25V 0.2 %

FB Load Regulation
MAX8554, 0 < IOUT < +7A, VOUT = +2.5V,
FSEL unconnected

0.2 %

REFERENCE

Reference Output Voltage VV+ = VVL = +4.5 to +5.5V, IREF = 0 1.97 2.00 2.03 V

Reference Load Regulation VV+ = VVL = +5V, IREF = 0 to 50µA 10 mV

Reference UVLO VV+ = VVL = +5V, reference rising, hysteresis = 27mV 1.5 1.6 1.7 V

VTTR

VTTR Output Voltage Range 0 1.8 V
IVTTR = -5mA to +5mA 49.5 50 50.5

IVTTR = -25mA to +25mA, VREFIN = +1.8V 49 50 51VTTR Output Accuracy

IVTTR = -25mA to +25mA, VREFIN = +3.6V 49.5 50 50.5

% VRE FIN 

 Thermal Shutdown  Rising temperature, typical hysteresis = 15°C    +160    °C

SOFT-START

 ILIM Ramp Period
 Ramps the ILIM trip threshold from 20% to 100% in
20% increments

0.8  1.7 3.0 ms

 Output Predischarge Period
 Rising edge of EN/HSD to the start of internal digital
soft-start

0.8  1.7 3.0 ms

OSCILLATOR

 FSEL = VL    200  
 FSEL = unconnected    300  
 FSEL = REF    400   Oscillator Frequency

 FSEL = GND    550  

 kHz

 FSEL = VL  2.18  2.5  2.83

 FSEL unconnected  1.45  1.67  1.89

 FSEL = REF  1.09  1.25  1.41
 On-Time

 MAX8553, VVTT = +1.25V
(Note 2)

 FSEL = GND  0.82  0.91  1.00

 µs

 FSEL = VL  0.89  1.02  1.16

 FSEL unconnected  0.61  0.71  0.80

 FSEL = REF  0.43  0.49  0.56
 On-Time

 MAX8554, VOUT = +2.5V
(Note 2)

 FSEL = GND  0.33  0.37  0.41

 µs

 Off-Time  (Note 2)    350  400  ns
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ELECTRICAL CHARACTERISTICS (continued)
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0V, ILIM = VL,
PGND = LX = GND, BST = VL, TA = 0°C to +85°C. Typical values are at TA = +25°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

CURRENT LIMIT

LX to PGND, ILIM = VL 80 100 115

LX to PGND, RILIM = 100kΩ 35 50 65
Current-Limit Threshold (Positive
Direction)

LX to PGND, RILIM = 400kΩ 160 200 230

mV

Current-Limit Threshold (Negative
Direction)

LX to PGND, ILIM = VL, with respect to positive
current-limit threshold

-130 -110 -90 %

ILIM Input Current 5 µA

FAULT DETECTION

MAX8553 (VREFIN > +1V) 57 60 63 % VRE FIN 

MAX8553 (VREFIN ≤ +1V) 0.576 0.600 0.624Overvoltage Threshold

MAX8554 0.696 0.720 0.744
V

VL REGULATOR

 Output Voltage  +6V < VV+ <+28V, 1mA < IVL < 35mA  4.80  5.0  5.33  V
 Line Regulation  +6V < VV+ < +28V, IVL = 10mA   0.2   %
 RMS Output Current     35  mA

 Bypass Capacitor  ESR < 100mΩ  2.2    µF

DRIVER

DH Gate-Driver On-Resistance VBST - VLX = +5V 1.4 2.5 Ω

DL Gate-Driver On-Resistance
(Source)

DL high state 1.6 3.0 Ω

DL Gate-Driver On-Resistance
(Sink)

DL low state 0.75 1.25 Ω

DL rising 32
Dead Time

DL falling 30
ns

FSEL LOGIC

Logic Input Current -3 +3 µA

Logic Low (GND) 0.5 V

Logic REF Level FSEL = REF 1.65 2.35 V

Logic Float Level FSEL unconnected 3.15 3.85 V

Logic VL Level FSEL = VL VVL - 0.4 V

EN/HSD OR EN LOGIC

EN/HSD or EN Shutdown Current Max IEN/HSD for VEN/HSD < +0.8V or VEN < +0.8V 0.5 3.0 µA

Logic High VVL = VV+ = +4.5 to +5.5V, 100mV hysteresis 1.5 V

Logic Low VVL = VV+ = +4.5 to +5.5V 0.8 V
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ELECTRICAL CHARACTERISTICS (continued)
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0V, ILIM = VL,
PGND = LX = GND, BST = VL, TA = 0°C to +85°C. Typical values are at TA = +25°C, unless otherwise specified.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

POWER-OK OUTPUT

Upper VTT and VTTR Threshold MAX8553 55 56 57 % VRE FIN 

Lower VTT and VTTR Threshold MAX8553 43 44 45 % VRE FIN 

Upper Threshold MAX8554 0.646 0.672 0.698 V

Lower Threshold MAX8554 0.504 0.528 0.552 V

POK Output Low Level ISINK = 2mA 0.4 V

POK Output High Leakage VPOK = +5V 5 µA

ELECTRICAL CHARACTERISTICS 
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0, ILIM = VL, PGND
= LX = POK = GND, BST = VL, TA = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER CONDITIONS MIN MAX UNITS

V+ Input Voltage Range VL not connected to V+ 6 28 V

V+ Input Voltage Range VL connected to V+ 4.5 5.5 V

EN/HSD Input Voltage Range MAX8553 enabled 1.5 28.0 V

EN Input Voltage Range MAX8554 enabled 1.5 28.0 V

EN Input Current 3 µA

HSD Input Voltage Range MAX8554 enabled 1.5 28.0 V

HSD Input Current 40 µA

REFIN Input Voltage Range 0 3.6 V

V+ Supply Current (MAX8553) VVTT = +1.35V 1.2 mA

V+ Supply Current (MAX8554) VFB = 630mV 0.90 mA

REFIN Supply Current 250 µA

EN/HSD Supply Current 10 µA

VL Supply Current VVL = VV+ = 5.5V, VVTT = +1.35V 1.2 mA

V+ Shutdown Supply Current EN/HSD = GND 5 µA

REFIN Shutdown Supply Current EN/HSD = GND 1 µA

VL Shutdown Supply Current VVL = VV+ = +5.5V, VEN/HSD = 0V 12 µA

VL Undervoltage-Lockout Threshold Rising edge, typical hysteresis = 40mV 4.05 4.40 V

VTT

VTT Input Bias Current VVTT = +1.25V -0.2 0 µA

VTT Feedback Voltage Range 0 1.8 V

VREFIN = VEN/HSD = +1.8V 49.5 50.5
VTT Feedback Voltage Accuracy

VREFIN = VEN/HSD = +3.6V 49.5 50.5
% VRE FIN 

FB Input Bias Current MAX8554, VFB = +600mV -0.2 0 µA

FB Regulation Voltage MAX8554, VOUT = +2.5V, FSEL unconnected 0.598 0.616 V

Output Adjust Range MAX8554 (Note 1) 0.6 3.5 V
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ELECTRICAL CHARACTERISTICS (continued)
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0, ILIM = VL, PGND
= LX = POK = GND, BST = VL, TA = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER CONDITIONS MIN MAX UNITS

REFERENCE

Reference Output Voltage VV+ = VVL = +4.5 to +5.5V, IREF = 0 1.97 2.03 V

Reference Load Regulation VV+ = VVL = +5V, IREF = 0 to 50µA 10 mV

Reference UVLO VV+ = VVL = +5V, reference rising, hysteresis = 27mV 1.5 1.7 V

VTTR

VTTR Output Voltage Range 0 1.8 V

IVTTR = -5mA to +5mA 49.5 50.5

IVTTR = -25mA to +25mA, VREFIN = +1.8V 49 51VTTR Output Accuracy

IVTTR = -25mA to +25mA, VREFIN = +3.6V 49.5 50.5

% VRE FIN 

SOFT-START

 ILIM Ramp Period
 Ramps the ILIM trip threshold from 20% to 100% in
20% increments

0.8  3.0 ms

 Output Predischarge Period
 Rising edge of EN/HSD to the start of internal digital
soft-start

0.8  3.0 ms

OSCILLATOR       
 FSEL = VL  2.18   2.83

 FSEL unconnected  1.45   1.89

 FSEL = REF  1.09   1.41
 On-Time

 MAX8553, VVTT = +1.25V
(Note 2)

 FSEL = GND  0.82   1.00

 µs

 FSEL = VL  0.89   1.16

 FSEL unconnected  0.61   0.80

 FSEL = REF  0.43   0.56
 On-Time

 MAX8554, VOUT = +2.5V
(Note 2)

 FSEL = GND  0.33   0.41

 µs

 Off-Time  (Note 2)    420  ns

CURRENT LIMIT

LX to PGND, ILIM = VL 80 115

LX to PGND, RILIM = 100kΩ 30 65
Current-Limit Threshold (Positive
Direction)

LX to PGND, RILIM = 400kΩ 150 230

mV

Current-Limit Threshold (Negative
Direction)

LX to PGND, ILIM = VL, with respect to positive
current-limit threshold

-130 -90 %

ILIM Input Current µA

FAULT DETECTION

MAX8553 (VREFIN > +1V) 57 63 %

MAX8553 (VREFIN ≤ +1V) 0.576 0.624Overvoltage Threshold

MAX8554 0.696 0.744
V

 VL REGULATOR      
 Output Voltage  +6V < VV+ < +28V, 1mA < IVL < 35mA  4.80   5.33  V
 RMS Output Current     35  mA

 Bypass Capacitor  ESR < 100mΩ  2.2    µF
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ELECTRICAL CHARACTERISTICS (continued)
(VV+ = VHSD = +12V, VEN/HSD = VREFIN = +2.5V, VEN = +5V, CVL = 4.7µF, CVTTR = 1µF, CREF = 0.22µF, VFSEL = 0, ILIM = VL, PGND
= LX = POK = GND, BST = VL, TA = -40°C to +85°C, unless otherwise specified.) (Note 3)

PARAMETER CONDITIONS MIN MAX UNITS

DRIVER

DH Gate-Driver On-Resistance VBST - VLX = +5V 2.5 Ω

DL Gate-Driver On-Resistance
(Source)

DL high state 3.0 Ω

DL Gate-Driver On-Resistance
(Sink)

DL low state 1.25 Ω

FSEL LOGIC

Logic Input Current -3 +3 µA

Logic Low (GND) 0.5 V

Logic REF Level FSEL = REF 1.65 2.35 V

Logic Float Level FSEL unconnected 3.15 3.85 V

Logic VL Level FSEL = VL VVL - 0.4 V

EN/HSD OR EN LOGIC

EN/HSD or EN Shutdown Current Max IEN/HSD for VEN/HSD < +0.8V or VEN < +0.8V 0.5 3.0 µA

Logic High VVL = VV+ = +4.5 to +5.5V, 100mV hysteresis 1.5 V

Logic Low VVL = VV+ = +4.5 to +5.5V 0.8 V

POWER-OK OUTPUT

Upper VTT, and VTTR Threshold MAX8553 55 57 % VRE FIN 

Lower VTT, and VTTR Threshold MAX8553 43 45 % VRE FIN 

Upper Threshold MAX8554 0.646 0.698 V

Lower Threshold MAX8554 0.504 0.552 V

POK Output Low Level ISINK = 2mA 0.4 V

POK Output High Leakage VPOK = +5V 5 µA

Note 1: Consult factory for applications that require higher than 3.5V output.
Note 2: On-time and off-time specifications are measured from 50% point to 50% point at the DH pin with LX forced to 0V, BST

forced to 5V, and a 250pF capacitor connected from DH to LX. Actual in-circuit times may differ due to MOSFET switching
speeds.

Note 3: Specifications to -40°C are guaranteed by design and are not production tested.
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_________________________________________________________________
(VV+ = 12V, VOUT = 1.8V, circuit of Figure 1, TA = +25°C, unless otherwise noted.)

100

30
0.1 1.0 10.0

EFFICIENCY vs. LOAD  CURRENT
(CIRCUIT OF FIGURE 2)

60

M
AX

85
53

/4
 to

c0
1

LOAD CURRENT (A)

EF
FI

CI
EN

CY
 (%

)

70

40

50

80

90

VIN = 1.8V
VOUT = 0.9V

VIN = 2.5V
VOUT = 1.25V

0.1 10.0 100.0

EFFICIENCY vs. LOAD  CURRENT
(CIRCUIT OF FIGURE 1)

M
AX

85
53

/4
 to

c0
2

LOAD CURRENT (A)

EF
FI

CI
EN

CY
 (%

)

1.0

100

30

40

50

60

70

90

80 VOUT = 1.8V

VOUT = 2.5V

400

450

550

500

600

650

-8 -4 -2-6 0 2 4 6 8

SWITCHING FREQUENCY vs.
OUTPUT CURRENT (CIRCUIT OF FIGURE 2)

M
AX

85
53

/4
 to

c0
3

OUTPUT CURRENT (A)

SW
IT

CH
IN

G 
FR

EQ
UE

NC
Y 

(k
Hz

)

200

240

220

280

260

300

320

6 8 10 12 14 16 18 20 22 24 26 28

SWITCHING FREQUENCY
vs. INPUT VOLTAGE (CIRCUIT OF FIGURE 3)

M
AX

85
53

/4
 to

c0
4

INPUT VOLTAGE (V)

SW
IT

CH
IN

G 
FR

EQ
UE

NC
Y 

(k
Hz

)

160

180

170

200

190

210

220

-40 -15 10 35 60 85

FREQUENCY vs. TEMPERATURE
M

AX
85

53
/4

 to
c0

5

TEMPERATURE (°C)

FR
EQ

UE
NC

Y 
(k

Hz
)

0

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

4.5

5.0

4 8 12 16 20 24 28

MAX8554 SHUTDOWN SUPPLY CURRENT
vs. INPUT VOLTAGE

M
AX

85
53

/4
 to

c0
6

INPUT VOLTAGE (V)

SH
UT

DO
W

N 
SU

PP
LY

 C
UR

RE
NT

 (µ
A)

V+ = HSD, EN = GND

0

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

4.5

5.0

4 8 12 16 20 24 28

MAX8553 SHUTDOWN SUPPLY CURRENT
vs. INPUT VOLTAGE

M
AX

85
53

/4
 to

c0
7

INPUT VOLTAGE (V)

SH
UT

DO
W

N 
SU

PP
LY

 C
UR

RE
NT

 (µ
A)

EN = GND
1.74

1.78

1.76

1.82

1.80

1.84

1.86

0 4.0 8.0 12.0 16.0 20.0

LOAD REGULATION
(CIRCUIT OF FIGURE 1)

M
AX

85
53

/4
 to

c0
8

LOAD CURRENT (A)

OU
TP

UT
 V

OL
TA

GE
 (V

)



M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

_______________________________________________________________________________________ 9

____________________________________________________________ ( )
(VV+ = 12V, VOUT = 1.8V, circuit of Figure 1, TA = +25°C, unless otherwise noted.)

LOAD TRANSIENT 0A TO 20A TO 0A
(CIRCUIT OF FIGURE 1)

MAX8553/4 toc10

40µs/div

IOUT 10A/div

100mV/div
AC-COUPLEDVOUT
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(CIRCUIT OF FIGURE 2)
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VTT CONNECTED TO THE OUTPUT
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(CIRCUIT OF FIGURE 2)
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VTT CONNECTED AS SHOWN IN FIGURE 2
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____________________________________________________________ ( )
(VV+ = 12V, VOUT = 1.8V, circuit of Figure 1, TA = +25°C, unless otherwise noted.)

POWER-UP WAVEFORMS WITH 20A LOAD
(CIRCUIT OF FIGURE 1)
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MAX8553 MAX8554

EN/HSD —
1

— HSD

REFIN —

2

— EN

3 POK POK

VTT —

4
— FB

5 ILIM ILIM

6 FSEL FSEL

7 REF REF

8 GND GND

VTTR —

9

— OUT

10 V+ V+

11 VL VL

12 DL DL

13 PGND PGND

14 BST BST

15 DH DH

16 LX LX

/ 5.1kΩ N MOSFET
GND ( 2) EN/HSD N

MOSFET

N MOSFET

REFIN VVTT VVTTR 1/2VREFIN REFIN 0 +3.6V

EN EN EN
V+

POK VTT VTTR 12%
POK

VTT VTT

FB
0.6V

ILIM GND ILIM
VL

1 2 FSEL

REF GND 0.22µF

VTTR VTTR GND 1µF VTTR
25mA

OUT MOSFET

VL 0.22µF

VL GND 2.2µF +4.5V
+5.5V VL V+

MOSFET N MOSFET DL

N MOSFET BST LX 0.1µF

MOSFET N MOSFET DH
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ERROR
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0.6V
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2V
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MAX8553

FSEL
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Σ

Σ

Q

S

R

Q TRIG

ONE-SHOT

TRIG Q

ONE-SHOT

TON

ON-TIME
COMPUTE

OUT

LATCH

Q

R S

FB

POK

ERROR
COMP

OVP

VL

5V
REG

2V
REF

/10

5µA

MAX8554

FSEL

POK

GND

REF

VL

FB

PGND

DL

V+

LX

DH

BST

ILIM

EN

HSD

0.672V

0.528V

0.720V

0.600V
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C4
0.47µF
10V Q1

IRF7832

Q2
2xIRF7832

L1
1.0µH
30A

R6
1Ω

C8
4700pF

OPTIONAL

R2
19.1kΩ

R3
6.04kΩ

C6
3x470µF
4V

C5
10µF
6.3V

VOUT

PGND

C3
4.7µF
6.3V

D1
CMPSH-3

2.5V AT
20A

12V VIN

C2
2x470µF
16V

C1
10µF
16V

MAX8554

VL

POK

R1
20kΩ

ON
OFF

C7
0.22µF

10V

R4
25.5kΩ

R5
110kΩ

POK

V+

EN

HSD

REF

ILIM

GND

FSEL VL

BST

DH

LX

DL

PGND
OUT

FB

1.  1 12V 2.5V/20A 200kHz

C4
0.47µF
6.3V

Q1
IRF7821

Q2
IRF7821

L1
0.68µH

9A

C5
10µF
6.3V

C6
4x470µF
2V

VOUT

PGND

C3
4.7µF
6.3V

D1
CMPSH-3

1.25V AT
8A

2.5V VIN

C2
2x330µF
6V

C1
10µF
6.3V

MAX8553

POK

R3
20kΩ

C8
0.22µF

10V

6V TO 28V

R1
143kΩ

R6
54.9kΩ

POK

V+

REFIN

EN/HSD

REF

ILIM

GND

FSEL

VL

BST

DH

LX

DL

PGND
VTT

VTTR VTTRC7
1µF
6.3V

VL

V+

REFIN

C9
0.47µF

25V

SDN

R5
100kΩ

Q3
2N7002K

TO VOUT

R2
5.1kΩ

R4
0.002Ω

C10
2200µF

R7
3Ω

R8
20Ω

C11
1µF

2.  2 2.5V 1.25V VTT ( 8A) 1.25V VTTR ( 25mA) 550kHz
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+5V (VL) PWM
MOSFET

+5V (LDO) MOSFET
35mA +4.5V

+5.5V VL V+
VL IC

PWM

EN/HSD
( MAX8554 HSD)

455kHz IF

MAX8553 (tON)

VEN/HSD VOUT EN/HSD
K = 1.7µs N FSEL 1

MAX8554 (tON)

VHSD VOUT HSD
K = 1.7µs N FSEL 2

 
t K N

V
VON

HSD
OUT  = × × ×1

 
t K N

V
VON

EN HSD
OUT  

/
= × × ×1

C4
0.47µF
10V Q1

IRF7807V

Q2
IRF7821

L1
2.5µH
10A

R6
3Ω

C8
2200pF

R2
12.1kΩ

R3
6.04kΩ

C6
2x470µF
4V

C5
10µF
6.3V

VOUT

PGND

C3
4.7µF
6.3V

D1
CMPSH-3

1.8V AT
8A

17V TO 21V VIN

C2
470µF
16V

C1
10µF
16V

MAX8554

VL

POK

R1
20kΩ

ON
OFF

C7
0.22µF

10V

R4
61.9kΩ

R5
80.6kΩ

POK

V+

EN

HSD

REF

ILIM

GND

FSEL VL

BST

DH

LX

DL

PGND
OUT

FB

3.  3 19V 1.8V/8A 300kHz
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RDSONH MOSFET RDC

VREFIN = 2.5V
550kHz ( )
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MOSFET

MOSFET

HSD

VTTR ( MAX8553)

MAX8553 VTTR 25mA
VTTR REFIN

1µF VTTR

REF 2.00V REF GND
0.22µF

EN HSD ( MAX8554)

EN MAX8554
EN V+ EN
MAX8554 5µA (

)

HSD MOSFET
MOSFET HSD

MOSFET

EN/HSD ( MAX8553)

MAX8553
EN/HSD EN/HSD

5µA ( )
5.1kΩ EN/HSD

MOSFET ( 2) EN/HSD
MOSFET ( )

EN/HSD
MOSFET

 
D

V I R R

V I R R
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1.  FSEL (MAX8553)

 FSEL CONNECTED TO  N  tON (µs)  FREQUENCY (kHz)  CONDITION

 Ground  1.07  0.91  550  VOUT / VEN/HSD = 0.5

 REF  1.33  1.15  400  VOUT / VEN/HSD = 0.5

 Floating  2.00  1.70  300  VOUT / VEN/HSD = 0.5

 VL  3.00  2.55  200  VOUT / VEN/HSD = 0.5

2.  FSEL (MAX8554)

 FSEL CONNECTED TO  N  tON (µs)  FREQUENCY (kHz)  CONDITION

 Ground  1.07  0.37  550  VHSD = 12V, VOUT = 2.5V

 REF  1.33  0.49  400  VHSD = 12V, VOUT = 2.5V

 Floating  2.00  0.71  300  VHSD = 12V, VOUT = 2.5V

 VL  3.00  1.02  200  VHSD = 12V, VOUT = 2.5V
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MAX8553/MAX8554
GND EN/HSD (EN) MAX8553

(MAX8554) VDL
VVL MOSFET GND

LC

PGND (Schottky)
( PGND)
1.7ms VTTR

VTTR

MAX8553/MAX8554 5

20% 425µs
20%

(1.7ms )
ILIM

ILIM

(POK)

POK
MAX8553 VTT VTTR MAX8554 FB

POK
12% POK

(OVP)

120% OVP
PWM DH

DL
MOSFET

DL
OVP LC

PGND (Schottky) (
PGND) EN

MOSFET
PWM

( 4)
MOSFET

VOUT
110%

ILIM
ILIM

(RILIM) ILIM 5µA
50mV 200mV

ILIM 1/10 2kΩ/mV
RILIM ILIM

VL 100mV 100mV
VVL - 1V

MOSFET ILIM VOUT



PCB
LX PGND
MOSFET Kelvin

MOSFET PC

Quick-PWM
PWM

ESR (
) DDR
±40mV (

)

2 (R4)

MOSFET

DH DL 25A
MOSFET DL

MOSFET DL
DL MOSFET

MAX8553/

MAX8554 MOSFET

( MOSFET 1 50mil
100mil) 30ns 
( ) (DH )

32n s( )

____________________________

MAX8553 VVTT VREFIN 50%

MAX8554 ( 1 3
R2 R3) 600mV 3.5V

1kΩ 10kΩ R3
R2

VFB 0.6V

(L)
(IPEAK) (RDC)

30% (LIR=0.3)
LIR

fS

RMS

(ILOAD(MAX))

 
L

V V V

V x f x I x LIR
OUT IN OUT
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=

( )−

( )

 
R R

V
V
OUT

FB
2 3   =







 -  1

M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

18 ______________________________________________________________________________________

TIME

IN
DU

CT
OR

 C
UR

RE
NT

IVALLEY

ILOAD

IPEAK

4.  



M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

______________________________________________________________________________________ 19

ESR
(ESL)

3

ESR ESL

ESR

ESL

VRIPPLE (ESL) = (VIN x ESL) / (L+ESL)

IP-P

ESR x ∆ILOAD +
ESL x di/dt 100ns

OSCON
ESR ESL

ESR

fS

300kHz ESR
95kHz 50kHz

ESR

/

(CIN)

CIN
(IRMS)

IRMS
ILOAD/2

10°C

 
I I

V V V

VRMS LOAD
OUT IN OUT

IN
= ×

× ( )
  

  
 

 -  

 
f

R CESR
ESR OUT

=
× ×

  
1

2π

 
f

f
ESR

S  <
π

 
I

V V
VP P

IN OUT OUT
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-

S

- V
f L

  
 

 =
×

×

 
V

I
C fRIPPLE C

P P

OUT S
( )    =

× ×
-

8

 
V I ESRRIPPLE ESR P P( )     = ×-

 
V V V VRIPPLE RIPPLE ESR RIPPLE C RIPPLE ESL     ( ) ( ) ( )= + +

 
I I

LIR
IPEAK LOAD MAX LOAD MAX    ( ) ( )= + 





×
2



MOSFET
ILIM GND

(RILIM_) 50mV 200mV (
MOSFET ) RILIM

IVALLEY RDS(ON) MOSFET

RDS(ON)
MOSFET

ILIM
(RFOBK) ILIM GND (RILIM)

( 5) RILIM RFOBK

PFB VOUT
VOUT

15% 30%

RILIM RDS(ON)
MOSFET PFB

FSEL MAX8553/MAX8554
EN/HSD (HSD)

6 EN/HSD (HSD)

K = 1.7µs N 1 2
10kΩ 100kΩ R2

R1

EN/HSD
(HSD) 1.5V

 

V R

R R
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×
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1 2
1 5
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K N
R
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R
S

1
1 2
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f
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1 2
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V
OUT

- 10  ×  R
DS(ON)

 ×  I
VALLEY

 ×  1 - P
FB( )( )

 

RFOBK =
PFB × VOUT

5µA 1 - P
FB( )

 
R

I
A

RILIM
VALLEY

DS ON= × ×      ( )10
5µ

M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

20 ______________________________________________________________________________________

MAX8553
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5.  RILIM RFOBK



M
A

X
8

5
5

3
/M

A
X

8
5

5
4

4.5V 28V PWM
DDR

______________________________________________________________________________________ 21

2
RDRP (R4) VDRP RDRP

RDRP

RDRP

MOSFET

MAX8553/MAX8554 N MOSFET
( )

(RDS(ON))

(VDSS) MOSFET
20%

(QG QGD QGS)

VGS= 4.5V RDS(ON) MOSFET

MOSFET
(

) MOSFET
MOSFET dV/dt

QGD/QGS MOSFET
dV/dt

(
MOSFET VIN(MAX) MOSFET

VIN(MIN) VIN(MAX))
MOSFET MOSFET

MOSFET
(PLSCC)

(PLSDC) (PLSDR)

TJ(MAX) RDS(ON)

VF tDT ( 3 0ns)
fS

MOSFET
CISS DL

RDL ( 1.2Ω) MOSFET
(RGATE) ( 2Ω) MOSFET

MOSFET
(PHSCC) VI (PHSSW)
(PHSDR) MOSFET

MOSFET

 
P C V f

R
R RLSDR ISS GS S

GATE

GATE DL
= × ( ) × ×

+
     

  
2

 P I V t fLSDC LOAD F DT S= × × × ×2

 
P

V
V

I RLSCC
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LOAD DS ON=





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× ( ) × ( )1 2-

 
P R ID DRP DRP OUT MAX( ) ( ) = × ( )2

R
V V V

IDRP
OUT TYP OUT MIN RIPPLE

OUT MAX
<  

 / ( ) ( )

( )

-  -  2

MAX8553

GND

FSEL

ILIM

REF

EN/HSD

REFIN

V+

POK

VTTR

VTT

PGND

DL

LX

DH

BST

VL

R2
R6

10kΩ

Q3
2N7002

SDN

R1
VIN

6 (R1 R2)
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MOSFET
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DH DL
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MOSFET MAX8553
VTTR (IVTTR)
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____________________________
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2) GND PGND

3)
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1%

1

4) MOSFET LX PGND
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SO-8 MOSFET
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5)
MOSFET

MOSFET

6) FB
( )

(fESR < fS/π)

7)

8)

9) GND VL ( ILIM )
PGND

____________________________
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