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 PART  TEMP RANGE  PIN-PACKAGE

 MAX8524EEI  -40°C to +85°C  28 QSOP

 MAX8524EEI+  -40°C to +85°C  28 QSOP

 MAX8525EEI  -40°C to +85°C  28 QSOP

 MAX8525EEI+  -40°C to +85°C  28 QSOP
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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.

REF, COMP, VID0 to VID5, OSC, CLKI, 
CLKO to GND ..........................................-0.3V to VCC + 0.3V

RS+, RS-, ILIM to GND .................................-0.3V to VCC + 0.3V
PWM_ to GND...............................................-0.3V to VCC + 0.3V
EN, PWRGD, VCC to GND........................................-0.3V to +6V
CS1_3-, CS2_4-, CS_+ to GND ....................-0.3V to VCC + 0.3V
Continuous Power Dissipation (TA = +70°C) 

28-Pin QSOP (derate 10.8mW/°C above +70°C).........860mW

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
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = 0°C to +85°C, unless otherwise
noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

GENERAL

VCC Operating Range 4.5 5.5 V

Rising 4.0 4.25 4.5 V
VCC UVLO Trip Level

Hysteresis 270 mV

VCC Shutdown Supply Current VCC < 3.75V, VID_ = GND 0.7 3 mA

VCC Standby Supply Current EN = 0V, VCC = 5.5V 13 20 mA

VCC Operating Supply Current RS+ = 1.2V (no switching), set VID code for 1.100V 13 20 mA

Thermal Shutdown Rising temperature, typical hysteresis = 15°C 165 °C

REFERENCE

Reference Voltage IREF = 200μA
2.0

- 0.4%
2.0

2.0
+ 0.4%

V

Reference Load Regulation 100μA < IREF < 500μA -0.05 %

Reference Line Regulation 4.5V < VCC < 5.5V -0.05 +0.05 %

Reference UVLO Trip Level Rising edge, has 80mV typical hysteresis 1.74 1.84 1.95 V

SOFT-START

Soft-Start Step Size 12.5 mV

Soft-Start Time per Step Soft-start counts from EN rising (Note 1) 17 20 23 μs

VOLTAGE REGULATION

RS+ Input Bias Current VRS+ = 1.1V 0.1 1 μA

RS- Input Bias Current VRS- = 0.2V 0.1 1 μA

VID_ = 1.1V, TA = +25°C -0.4 +0.4
VOUT Initial Accuracy

VID_ = 1.1V -0.6 +0.6
%

VOUT Droop Accuracy (CS_+) = 1.125V ±5 %

COMP Output Current (VO+) - (RS+) = 200mV 385 μA

GMV Amplifier Transconductance 2 mS

GMV Amplifier Gain-Bandwidth
Product

5 MHz
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PARAMETER CONDITIONS MIN TYP MAX UNITS

CURRENT-SENSE AMPLIFIERS

CS_+, CS_- Input Bias Current CS_+ = CS_- = 2V, RS+ = 0V 0.2 5 μA

Average Current-Limit Trip Level
Accuracy

VILIM = 1.5V, TA = +85°C -10 +10 %

ILIM Input Bias Current VILIM = 1.5V 0.01 1 μA

ILIM Default Program Level VILIM ≥ VCC - 0.2V 1 V

Peak Current-Limit Delay Time 20 ns

OSCILLATOR

Oscillator Frequency Accuracy 10 %

Switching Frequency Range
(per Phase)

150 1200 kHz

Slave-Mode CLKI/Set Frequency
Ratio

0.8 4.0

Maximum CLKO Duty-Cycle
Skew

CLKO load < 50pF and ROSC = 40.2kΩ 2 %

LOGIC INPUTS (EN)

Input Low Level VCC = 4.5V to 5.5V 0.8 V

Input High Level VCC = 4.5V to 5.5V 2.8 V

Input Pullup Level Internal pullup VCC V

Input Pullup Resistance Internal pullup 50 100 200 kΩ
LOGIC INPUTS (CLKI)

Input Low Level VCC = 4.5V to 5.5V 1.2 V

Input High Level VCC = 4.5V to 5.5V 3.6 V

Input Pulldown Level Internal pulldown GND V

Input Pulldown Resistance Internal pulldown 50 100 200 kΩ
MAX8524 LOGIC INPUTS (VID0–VID4)

Input Low Level VCC = 4.5V to 5.5V 0.8 V

Input High Level VCC = 4.5V to 5.5V 1.6 V

Input Pullup Level VCC V

Input Pullup Resistance Internal pullup resistance 10 15 20 kΩ
MAX8525 LOGIC INPUTS (VID0–VID5)

Input Low Level VCC = 4.5V to 5.5V 0.4 V

Input High Level VCC = 4.5V to 5.5V 0.8 V

PWRGD OUTPUT

Output Low Level IPWRGD = 4mA 0.4 V

Output High Leakage VPWRGD = 5.5V 1 μA

 PWRGD Blanking Time  From EN rising, tracks CLKO  3   5  ms

ELECTRICAL CHARACTERISTICS (continued)
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = 0°C to +85°C, unless otherwise
noted.)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

Output rising
VID +
0.125

VID +
0.175

PWRGD Upper Threshold

Output falling
VID +
0.075

VID +
0.125

V

Output falling
VID -
0.250

VID -
0.200

PWRGD Lower Threshold

Output rising
VID -
0.175

VID -
0.125

V

OVP PROTECTION

MAX8524 output rising
VID +
0.20

VID +
0.25Output Overvoltage Trip

Threshold, OVP Action
MAX8525 output rising

VID +
0.175

VID +
0.225

V

PWM, CKLO OUTPUTS

Output Low Level IPWM_ = -5mA 0.1 0.4 V

Output High Level IPWM_ = +5mA 4.5 4.9 V

Source Current VPWM_ = VCC - 2V 84 mA

Sink Current VPWM_ = 2V 83 mA

Rise/Fall Times 10 ns

PWM Selection Threshold VCC = 4.5V to 5.5V 0.8 2.3 3.1 V

ELECTRICAL CHARACTERISTICS (continued)
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = 0°C to +85°C, unless otherwise
noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS

GENERAL

VCC Operating Range 4.5 5.5 V

VCC UVLO Trip Level Rising, typical hysteresis 270mV 4.0 4.5 V

VCC Shutdown Supply Current VCC < 3.75V, VID_ = high 3 mA

VCC Standby Supply Current EN = 0V, VCC = 5.5V 20 mA

VCC Operating Supply Current RS+ = 1.2V (no switching), set VID code for 1.100V 20 mA

REFERENCE

Reference Voltage IREF = 200μA
2.0 -
0.5%

2.0 +
0.4%

V

Reference Load Regulation 100μA < IREF < 500μA -0.05 %

Reference Line Regulation 4.5V < VCC < 5.5V -0.05 +0.05 %

Reference UVLO Trip Level Rising edge, has 80mV typical hysteresis 1.74 1.95 V

ELECTRICAL CHARACTERISTICS
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = -40°C to +85°C, unless otherwise
noted.) (Note 2)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

SOFT-START

Soft-Start Time per Step Soft-start counts from EN rising (Note 1) 17 23 μs

VOLTAGE REGULATION

RS+ Input Bias Current VRS+ = 1.1V 1 μA

RS- Input Bias Current VRS- = 0.2V 1 μA

VOUT Initial Accuracy VID_ = 1.1V -1 +1 %

CURRENT-SENSE AMPLIFIERS

CS_+, CS_- Input Bias Current CS_+ = CS_- = 2V, RS+ = 0V 5 μA

ILIM Input Bias Current VILIM = 1.5V 1 μA

OSCILLATOR

Switching Frequency Range
(per Phase)

150 1200 kHz

Slave-Mode CLKI/Set Frequency
Ratio

0.8 4.0

LOGIC INPUTS (EN)

Input Low Level VCC = 4.5V to 5.5V 0.8 V

Input High Level VCC = 4.5V to 5.5V 2.8 V

Input Pullup Resistance Internal pullup 50 200 kΩ
LOGIC INPUTS (CLKI)

Input Low Level VCC = 4.5V to 5.5V 1.2 V

Input High Level VCC = 4.5V to 5.5V 3.6 V

Input Pulldown Resistance Internal pulldown 50 200 kΩ
MAX8524 LOGIC INPUTS (VID0–VID4)

Input Low Level VCC = 4.5V to 5.5V 0.8 V

Input High Level VCC = 4.5V to 5.5V 1.7 V

Input Pullup Resistance Internal pullup resistance 10 20 kΩ
MAX8525 LOGIC INPUTS (VID0–VID5)

Input Low Level VCC = 4.5V to 5.5V 0.4 V

Input High Level VCC = 4.5V to 5.5V 0.8 V

ELECTRICAL CHARACTERISTICS (continued)
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = -40°C to +85°C, unless otherwise
noted.) (Note 2)
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PARAMETER CONDITIONS MIN TYP MAX UNITS

PWRGD OUTPUT

Output Low Level IPWRGD = 4mA 0.4 V

Output High Leakage VPWRGD = 5.5V 1 μA

 PWRGD Blanking Time  From EN rising, tracks CLKO  3   5  ms

Output rising
VID +
0.125

VID +
0.175

PWRGD Upper Threshold

Output falling
VID +
0.075

VID +
0.125

V

Output falling
VID -
0.250

VID -
0.200

PWRGD Lower Threshold

Output rising
VID -
0.175

VID -
0.125

V

OVP PROTECTION

MAX8524 output rising
VID +
0.20

VID +
0.25Output Overvoltage Trip

Threshold, OVP Action
MAX8525 output rising

VID +
0.175

VID +
0.225

V

PWM, CLKO OUTPUTS

Output Low Level IPWM_ = -5mA 0.4 V

Output High Level IPWM_ = +5mA 4.5 V

PWM Selection Threshold VCC = 4.5V to 5.5V 0.8 3.1 V

ELECTRICAL CHARACTERISTICS (continued)
(VCC = 5V, VID_ = high, ILIM = 1.5V, EN = open, RS- = GND = 0V, CLKI = open, CLKO = open, ROSC = 95.3kΩ to GND, PWRGD =
100kΩ to VCC, PWM_ = open, COMP = 1V, CS_+ = 1.1V, CS1_3- = CS2_4- = RS+ = 1.1V, TA = -40°C to +85°C, unless otherwise
noted.) (Note 2)

Note 1: Total soft-start time equals the soft-start time per step times the VID voltage divided by 12.5mV.
Note 2: Specifications at -40°C are guaranteed by design.
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EFFICIENCY vs. LOAD CURRENT
AT 1.45V OUTPUT

M
AX

85
24

 to
c0

1

LOAD CURRENT (A)

EF
FI

CI
EN

CY

10

10

20

30

40

50

60

70

80

90

100

0
1 100

VIN = 5V

VIN = 12V

OUTPUT VOLTAGE 
vs. LOAD CURRENT

M
AX

85
24

 to
c0

2

LOAD CURRENT (A)

V O
UT

908010 20 30 50 6040 70

1.025

1.050

1.075

1.100

1.125

1.150

1.175

1.200

1.000
0 100

VIN = 12V

OUTPUT LOAD TRANSIENT
MAX8524 toc03

10μs

IOUT 

VOUT
50mV/div

POWER-
GOOD
OUTPUT

0A

80A

4-PHASE ACTIVE CURRENT SHARING

M
AX

85
24

 to
c0

4

LOAD CURRENT (A)

IN
DU

CT
OR

 C
UR

RE
NT

 (A
)

908070605040302010

5

10

15

20

25

0
0 100

DYNAMIC VID RESPONSE,
250mV STEP VOLTAGE

MAX8524 toc05

40μs

POWER-GOOD
OUTPUT

PHASE 1
INDUCTOR
CURRENT 
10A/div

OUTPUT
VOLTAGE
200mV/div

SOFT-START WAVEFORMS
AT 1.45V OUTPUT

MAX8524 toc06

1ms

ENABLE
INPUT

INPUT
CURRENT

0.5A/div

POWER-
GOOD
OUTPUT

OUTPUT
VOLTAGE
0.5V/div

SOFT-STOP WAVEFORMS
AT 1.45V OUTPUT

MAX8524 toc07

400μs

ENABLE
INPUT

INPUT
CURRENT

0.5A/div

POWER-
GOOD
OUTPUT
0A

OUTPUT
VOLTAGE
0.5V/div

IOUT = 0A

(VIN = 12V, VOUT = 1.2V, IOUT_MAX = 80A, fSW = 250kHz, TA = +25°C, unless otherwise noted.)
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(VIN = 12V, VOUT = 1.2V, IOUT_MAX = 80A, fSW = 250kHz, TA = +25°C, unless otherwise noted.)

CURRENT-SENSE THRESHOLD vs. VILIM

M
AX

85
24

 to
c1

0

OUTPUT CURRENT (A)
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M
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)

908070605040302010
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0 100

REFERENCE VOLTAGE
vs. TEMPERATURE

M
AX

85
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 to
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1

TEMPERATURE (°C)
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NC

E 
VO

LT
AG

E 
(V

)

100806040200-20

1.995

2.000

2.005

2.010

1.990
-40 120

REFERENCE VOLTAGE LOAD REGULATION

M
AX

85
24

 to
c1

2

REFERENCE LOAD CURRENT (μA)

RE
FE

RE
NC

E 
VO

LT
AG

E 
(V

)

100 200 300 400

2.001

2.002

2.000
0 500

CLOCK FREQUENCY vs. ROSC

M
AX
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24

 to
c1

3

ROSC RESISTOR (kΩ)

CL
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K 
FR
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Y 

(k
Hz

)

100

700
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1300
1600
1900
2200
2500
2800
3100
3400
3700
4000
4300
4600
4900

400
10 1000

CLOCK FREQUENCY vs. TEMPERATURE

M
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85
24

 to
c1

4

TEMPERATURE (°C)
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Y 
(M

Hz
)

100806040200-20

1

2

3

4

5

0
-40 120

ROSC = 43.2kΩ

ROSC = 105kΩ

ROSC = 294kΩ

CLKO RISE AND FALL TIME
vs. TEMPERATURE

MAX8524 toc15

TEMPERATURE (°C)
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 (n
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12010060 800 20 40-20
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3
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9
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0
-40

FALL

RISE

SHORT-CIRCUIT AND
RECOVERY WAVEFORMS

MAX8524 toc09

1ms

POWER-
GOOD
OUTPUT

PHASE 1
INDUCTOR
CURRENT
10A/div

OUTPUT
VOLTAGE
0.5V/div



8-PHASE ACTIVE CURRENT SHARING
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150126101775226
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8-PHASE OPERATION: 
DYNAMIC VID RESPONSE

MAX8524 toc18

40μs

POWER-
GOOD
OUTPUT

PHASE 1
INDUCTOR
CURRENT
10A/div

OUTPUT 
VOLTAGE
200mV/div

(VIN = 12V, VOUT = 1.2V, IOUT_MAX = 80A, fSW = 250kHz, TA = +25°C, unless otherwise noted.)

MAX8524 MAX8525

1 1 PWM3

2 2 PWM1

3 3 CS1+

4 4 CS1_3-

5 5 CS3+

6 6 VCC

7 7 GND

8 8 COMP

9 9 REF

10 10 ILIM

11 11 OSC

12 12 PWRGD

INTERLEAVED 8-PHASE OPERATION:
LX WAVEFORMS

MAX8524 toc16

1μs

MASTER PH1

MASTER PH2

MASTER PH3

MASTER PH4

SLAVE PH1

SLAVE PH2

SLAVE PH3

SLAVE PH4

μ

± ≤ μ
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MAX8524 MAX8525

13 13 CLKO

14 14 CLKI

15–19 16–20 VID0–VID4

— 15 VID5

20 — N.C.

21 21 EN

22 22 RS-

23 23 RS+

24 24 CS2+

25 25 CS2_4-

26 26 CS4+

27 27 PWM4

28 28 PWM2

Ω

Ω

Ω
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VID5 VID4 VID3 VID2 VID1 VID0 VOUT

0 1 1 0 1 0 1.2125

1 1 1 0 0 1 1.2250

0 1 1 0 0 1 1.2375

1 1 1 0 0 0 1.2500

0 1 1 0 0 0 1.2625

1 1 0 1 1 1 1.2750

0 1 0 1 1 1 1.2875

1 1 0 1 1 0 1.3000

0 1 0 1 1 0 1.3125

1 1 0 1 0 1 1.3250

0 1 0 1 0 1 1.3375

1 1 0 1 0 0 1.3500

0 1 0 1 0 0 1.3625

1 1 0 0 1 1 1.3750

0 1 0 0 1 1 1.3875

1 1 0 0 1 0 1.4000

0 1 0 0 1 0 1.4125

1 1 0 0 0 1 1.4250

0 1 0 0 0 1 1.4375

1 1 0 0 0 0 1.4500

0 1 0 0 0 0 1.4625

1 0 1 1 1 1 1.4750

0 0 1 1 1 1 1.4875

1 0 1 1 1 0 1.5000

0 0 1 1 1 0 1.5125

1 0 1 1 0 1 1.5250

0 0 1 1 0 1 1.5375

1 0 1 1 0 0 1.5500

0 0 1 1 0 0 1.5625

1 0 1 0 1 1 1.5750

0 0 1 0 1 1 1.5875

1 0 1 0 1 0 1.5875

VID5 VID4 VID3 VID2 VID1 VID0 VOUT

0 0 1 0 1 0 0.8375

1 0 1 0 0 1 0.8500

0 0 1 0 0 1 0.8625

1 0 1 0 0 0 0.8750

0 0 1 0 0 0 0.8875

1 0 0 1 1 1 0.9000

0 0 0 1 1 1 0.9125

1 0 0 1 1 0 0.9250

0 0 0 1 1 0 0.9375

1 0 0 1 0 1 0.9500

0 0 0 1 0 1 0.9625

1 0 0 1 0 0 0.9750

0 0 0 1 0 0 0.9875

1 0 0 0 1 1 1.0000

0 0 0 0 1 1 1.0125

1 0 0 0 1 0 1.0250

0 0 0 0 1 0 1.0375

1 0 0 0 0 1 1.0500

0 0 0 0 0 1 1.0625

1 0 0 0 0 0 1.0750

0 0 0 0 0 0 1.0875

1 1 1 1 1 1 OFF

0 1 1 1 1 1 OFF

1 1 1 1 1 0 1.1000

0 1 1 1 1 0 1.1125

1 1 1 1 0 1 1.1250

0 1 1 1 0 1 1.1375

1 1 1 1 0 0 1.1500

0 1 1 1 0 0 1.1625

1 1 1 0 1 1 1.1750

0 1 1 0 1 1 1.1875

1 1 1 0 1 0 1.2000
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VID4 VID3 VID2 VID1 VID0 VOUT

0 0 0 0 0 1.850

0 0 0 0 1 1.825

0 0 0 1 0 1.800

0 0 0 1 1 1.775

0 0 1 0 0 1.750

0 0 1 0 1 1.725

0 0 1 1 0 1.700

0 0 1 1 1 1.675

0 1 0 0 0 1.650

0 1 0 0 1 1.625

0 1 0 1 0 1.600

0 1 0 1 1 1.575

0 1 1 0 0 1.550

0 1 1 0 1 1.525

0 1 1 1 0 1.500

0 1 1 1 1 1.475

1 0 0 0 0 1.450

1 0 0 0 1 1.425

1 0 0 1 0 1.400

1 0 0 1 1 1.375

1 0 1 0 0 1.350

1 0 1 0 1 1.325

1 0 1 1 0 1.300

1 0 1 1 1 1.275

1 1 0 0 0 1.250

1 1 0 0 1 1.225

1 1 0 1 0 1.200

1 1 0 1 1 1.175

1 1 1 0 0 1.150

1 1 1 0 1 1.125

1 1 1 1 0 1.100

1 1 1 1 1 Shutdown

NO. OF PHASES PIN CONNECTIONS fCLKO

2 PWM2 = PWM4 = VCC 4 x fSW

3 PWM4 = VCC 3 x fSW

4 — 4 x fSW

6 PWM4 = VCC 3 x fSW

8 — 4 x fSW
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L RDC IOUT

VRDC = RDC x IOUT

R

RDC IS THE INDUCTOR DC RESISTANCE.

C

CS_+ CS_-

ESL RS IOUT

VRS = RS x IOUT

R C

CS_+ CS_-

ESL IS THE PARASITIC INDUCTANCE OF PRECISION
CURRENT-SENSE RESISTOR.

MANUFACTURER AND

PART NO.

BI Technologies
HM73-40R50

0.5μH/50A

Panasonic
ETQP1H0R6BFA

0.6μH/30A

Sumida
CDEP149(H)
0.45μH/32A

Coiltronics
HC2-0R68

0.68μH/50A

RDC (mΩ)
0.78 (typ)
1.0 (max)

0.9 (max)
0.9 (typ)
1.1 (max)

0.6 (max)
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MAX8524/
MAX8525

R3
100Ω

R1
50Ω

R4
100Ω

R2
50Ω C1

470pF
C1
470pF

TO POWER GROUND OF VRM

TO POSITIVE OUTPUT OF VRM

TO REMOTE-SENSE LOCATION

RS+

RS-
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MAX8524 fig04

40μs

POWER-GOOD
OUTPUT

INDUCTOR
CURRENT
OF PH1

OUTPUT VOLTAGE
0.2V/div

CLKOUT

PHASE 1

PHASE 2

PHASE 3

PHASE 4

PHASE 1

PHASE 2

PHASE 3

PHASE 4

CLKIN

EIGHT-PHASE  OPERATION
MASTER IC PHASE CLOCK

SLAVE IC PHASE CLOCK
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