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PART TEMP RANGE PIN-PACKAGE

MAX5921AESA -40°C to +85°C 8 SO

MAX5921BESA -40°C to +85°C 8 SO
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VEE = 0V, VDD = 48V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C, unless otherwise noted.) (Notes 1, 4)

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.

All Voltages Are Referenced to VEE, Unless Otherwise Noted
Supply Voltage (VDD - VEE )................................-0.3V to +100V
DRAIN, PWRGD, PWRGD ....................................-0.3V to +100V
PWRGD to DRAIN .............................................… -0.3V to +95V
PWRGD to VDD.......................................................-95V to +85V
SENSE (Internally Clamped) .................................-0.3V to +1.0V
GATE (Internally Clamped) ....................................-0.3V to +18V
UV and OV..............................................................-0.3V to +60V
Current into SENSE...........................................................+40mA

Current into GATE...........................................................+300mA
Current into Any Other Pin................................................+20mA
Continuous Power Dissipation (TA = +70°C)

8-Pin SO (derate 5.9mW/°C above +70°C)..................471mW
Operating Temperature Range ...........................-40°C to +85°C
Junction Temperature .....................................................+150°C
Storage Temperature Range .............................-65°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

POWER SUPPLIES

Operating Input Voltage Range VDD 20 80 V

Supply Current IDD
Current into VDD with UV = 3V, OV, DRAIN,
SENSE = VEE, GATE = floating

0.7 2 mA

GATE DRIVER AND CLAMPING CIRCUITS

Gate Pullup Current IPU GATE drive on, VGATE = VEE -30 -45 -60 µA

Gate Pulldown Current IPD VSENSE - VEE = 100mV, VGATE = 2V (Note 2) 24 50 70 mA

External Gate Drive ∆VGATE VGATE - VEE, steady state, 20V ≤ VDD ≤ 80V 10 13.5 18 V

GATE to VEE Clamp Voltage VGSCLMP VGATE - VEE, IGS = 30mA 15 16.4 18 V

CIRCUIT BREAKER

Current-Limit Trip Voltage VCL VCL = VSENSE - VEE 40 50 60 mV

SENSE Input Current ISENSE VSENSE = 50mV -1 -0.2 0 µA

UNDERVOLTAGE LOCKOUT

Supply Internal Undervoltage
Lockout Voltage High

VUVLOH VDD increasing 13.8 15.4 17.0 V

Supply Internal Undervoltage
Lockout Voltage Low

VUVLOL VDD decreasing 11.8 13.4 15.0 V

UV INPUT

UV High Threshold VUVH UV voltage increasing 1.240 1.255 1.270 V

UV Low Threshold VUVL UV voltage decreasing 1.105 1.125 1.145 V

UV Hysteresis VUVHY 130 mV

UV Input Current IINUV UV = VEE -0.5 0 µA

OV INPUT

OV High Threshold VOVH OV voltage rising 1.235 1.255 1.275 V

OV Low Threshold VOVL OV voltage decreasing 1.189 1.205 1.221 V

OV Voltage Reference Hysteresis VOVHY 50 mV

OV Input Current IINOV OV = VEE -0.5 0 µA
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ELECTRICAL CHARACTERISTICS (continued)
(VEE = 0V, VDD = 48V, TA = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C, unless otherwise noted.) (Notes 1, 4)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

PWRGD OUTPUT SIGNAL (REFERENCED TO DRAIN)

DRAIN Input Current IDRAIN VDRAIN = 48V 10 80 250 µA

DRAIN Threshold for PWRGD VDL
VDRAIN - VEE threshold for power-good
condition, DRAIN decreasing

1.1 1.7 2.0 V

GATE High Threshold VGH ∆VGATE - VGATE, decreasing 1.0 1.6 2.0 V

V PWRGD = 80V, VDRAIN = 48V 10PWRGD, PWRGD Output
Leakage

IOH
VPWRGD = 80V, VDRAIN = 0V 10

µA

PWRGD Low Voltage
(V PWRGD - VEE)

VOL
VDRAIN - VEE < VDL, ISINK = 5mA
(A, E versions)

0.11 0.4 V

PWRGD Low Voltage
(VPWRGD - VDRAIN)

VOL VDRAIN = 5V, ISINK = 5mA (B, F versions) 0.11 0.4 V

OVERTEMPERATURE PROTECTION

Overtemperature Threshold TOT(TH) Junction temperature, temperature rising 135 °C

Overtemperature Hysteresis THYS See Thermal Shutdown section 20 °C

AC PARAMETERS

OV High to GATE Low tPHLOV Figures 1a, 2 0.5 µs

UV Low to GATE Low tPHLUV Figures 1a, 3 0.4 µs

OV Low to GATE High tPLHOV Figures 1a, 2 3.3 µs

UV High to GATE High tPLHUV Figures 1a, 3 8.4 ms

SENSE High to GATE Low tPHLSENSE Figures 1a, 4a 1 µs

A, B versions 0.35 0.5 0.65

Current Limit to GATE Low tPHLCL

Time from continuous
current limit to GATE
shutdown (see Overcurrent
Fault Integrator section),
Figures 1b, 4b

E, F versions 1.4 2.0 2.6

ms

Figures 1a, 5a; A and E versions 8.2DRAIN Low to PWRGD Low
DRAIN Low to (PWRGD - DRAIN)
High

tPHLDL
Figures 1a, 5a; B and F versions 8.2

ms

Figures 1a, 5b; A and E versions 8.2GATE High to PWRGD Low
GATE High to (PWRGD - DRAIN)
High

tPHLGH
Figures 1a, 5b; B and F versions 8.2

ms

TURN-OFF

Latch-Off Period tOFF (Note 3) A, B, E, F versions
128 x
tPHLCL

ms

Note 1: All currents into device pins are positive; all currents out of device pins are negative. All voltages are referenced to VEE,
unless otherwise specified.

Note 2: Gate pulldown current after the current limit to GATE low (tPHLCL) time has elapsed.
Note 3: Minimum duration of GATE pulldown following a circuit breaker fault. The MAX5921_ automatically restarts after a circuit

breaker fault. The MAX5939_ is latched off and can be reset by toggling UV low. The GATE pulldown does not release until
tOFF has elapsed.

Note 4: The min/max limits are 100% production tested at +25°C and +85°C and guaranteed by design at -40°C.
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_______________________________________________________________
(VDD = +48V, VEE = 0V, TA = +25°C, unless otherwise noted.)
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MAX5921
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1.255V
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2V

1V

1.205V
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GATE

2 OV GATE

tPHLUV

1.125V
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REFERENCE
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∆VGATE

PWRGD
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VEE
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_____________________________
MAX5921/MAX5939 -48V

MAX5921/MAX5939

MAX5921/MAX5939
MAX5921/MAX5939

____________________________________________________________________

PIN

MAX5921A/
MAX5921E
MAX5939A/
MAX5939E

MAX5921B/
MAX5921F
MAX5939B/
MAX5939F

NAME FUNCTION

1 — PWRGD
Power-Good Signal Output. PWRGD is an active-low open-drain status output referenced
to VEE. PWRGD latches low when VDRAIN - VEE ≤ VDL and VGATE > ∆VGATE indicating a
power-good condition. PWRGD is open drain otherwise.

— 1 PWRGD

Power-Good Signal Output. PWRGD is an active-high open-drain status output refer-
enced to DRAIN. PWRGD latches in a high-impedance state when VDRAIN - VEE ≤ VDL
and VGATE > ∆VGATE - VGH indicating a power-good condition. PWRGD is pulled low to
DRAIN otherwise.

2 2 OV
Overvoltage Detection Input. OV is referenced to VEE. When OV is pulled above VOVH
voltage, GATE pulls low. GATE remains low until the OV voltage reduces to VOVH -
VOVHY.

3 3 UV

Undervoltage Detection Input. UV is referenced to VEE. When UV is pulled above VUVH
voltage, the GATE is enabled. When UV is pulled below VUVL, GATE pulls low.
UV is also used to reset the circuit breaker after a fault condition. To reset the circuit
breaker, pull UV below VUVL. The reset command can be issued immediately after a fault
condition; however, the device will not restart until a tOFF delay time has elapsed after the
fault condition is removed.

4 4 VEE Negative Power-Supply Input. Connect to the negative power-supply rail.

5 5 SENSE

Current-Sense Input. Connect to the external sense resistor and the source of the external
MOSFET. The voltage drop across the external sense resistor is monitored to detect
overcurrent or short-circuit fault conditions. Connect SENSE to VEE to disable the current-
limiting feature.

6 6 GATE Gate Drive Output. Connect to the gate of the external N-channel MOSFET.

7 7 DRAIN
Output Voltage Sense Input. Connect to the output voltage node (drain of external N-
channel MOSFET). Place the MAX5921/MAX5939 such that DRAIN is close to the drain of
the external MOSFET for the best thermal protection.

8 8 VDD
Positive Power-Supply Input. This is the power ground in the negative supply voltage
system. Connect to the higher potential of the power-supply inputs.

PWRGD VEE
VDRAIN -VEE ≤ VDL VGATE > ∆VGATE PWRGD

PWRGD

PWRGD DRAIN
VDRAIN -VEE ≤ VDL VGATE > ∆VGATE -VGH PWRGD

PWRGD DRAIN

OV VEE OV VOVH GATE
OV VOVH -VOVHY GATE

UV VEE UV VUVH GATE
UV VUVL GATE UV

UV VUVL
tOFF

MOSFET
SENSE VEE

N MOSFET

( N MOSFET )
MAX5921/MAX5939 DRAIN MOSFET
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6a -48V
Q1 (Cgd)
|VEE x Cgd / (Cgd + Cgs)| MAX5921/

MAX5939 GATE VEE
Q1 Q1

MAX5921/
MAX5939 GATE VEE

R3

MAX5921/MAX5939
( 6a )

N MOSFET

VEE
45µA Q1

MAX5921/MAX5939 MOSFET C2

IINRUSH = IPU x CL / C2

CL C3 + C4 IPU

6b C2

GATE SENSE ∆VGATE
18V

UV UVLO
MAX5921/MAX5939 MOSFET

MAX5921/MAX5939
VEE

SENSE

MAX5921
MAX5939

VEE
OV

UV

SENSE GATE DRAIN

PWRGD

VDD

-48V RTN

-48V RTN
SHORT PIN

VIN+

VIN-

VICOR
VI-J3D-CY

-48V

GATE IN

C4
100µF

100V

C3
0.1µF
100V

C2
15nF
100V

R3
1kΩ
5%

R2
10Ω
5%

Q1
IRF530

R1
0.02Ω

5%

R4
549kΩ

1%

R5
6.49kΩ

1%

R6
10kΩ

1%

4.7nF

6a /
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VEE SENSE (VCL)
MAX5921/MAX5939 GATE
MOSFET VSENSE - VEE ≤ VCL

VCL/RSENSE GATE
tPHLCL VCL/RSENSE

MAX5921/MAX5939
MOSFET

MAX5921 tOFF
MAX5939 UV

MAX5939 tOFF
FET

VSENSE -VEE > VCL MAX5921/MAX5939
GATE

MOSFET VSENSE -
VEE <VCL MAX5921/MAX5939 45µA(IPU)

GATE

MAX5921/MAX5939
FET VSENSE -VEE

50mV(VCL) GATE (
)

( )

MAX5921/MAX5939 GATE
( )

VSENSE VEE 650mV 
( )
GATE 450mA MOSFET

MAX5921/MAX5939
(VDD -VEE )

I = CL x ∆VIN/∆t (∆VIN/∆t)
VCL/RSENSE

MAX5921/MAX5939
VCL/RSENSE DRAIN

(VDRAIN)

C2 (VGS)
MOSFET DRAIN
( ) C2

( )
RSENSE

UV OV UV OV
130mV(UV)

50mV(OV) UV OV
GATE GATE UV

OV
MAX5921/MAX5939

(UVLO) UV MOSFET
15.4V

UV UV
VUVL

GATE - VEE
10V/div

VEE
50V/div

DRAIN
50V/div

INRUSH
CURRENT
1A/div

4ms/div

6b
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10
R4 = 549kΩ R5 = 6.49kΩ R6 = 10kΩ

38.5V( 43V)
71V

4.5V 2.8V

PWRGD /PWRGD

PWRGD (PWRGD)
MAX59_A(PWRGD)

( 12 ) MAX59_B
(PWRGD) ( 11

)

PWRGD DRAIN
PWRGD VEE

MAX5921A(
) MAX5939A DRAIN VEE

GATE MOSFET Q2
PWRGD ( 13 )

PWRGD
DRAIN VDL GATE ∆VGATE -
VGH Q2 PWRGD

PWRGD LED
( 13 )( )

DRAIN VDL GATE ∆VGATE -
VGH MOSFET Q3 I1 VEE Q2

PWRGD

MAX5921B/MAX5939B(
) DRAIN VEE

GATE MOSFET Q3 I1
MOSFET Q2 PWRGD DRAIN

PWRGD PWRGD MAX5921/MAX5939
(OV)

GATE

GATE UV OV
VUVLOH VSENSE - VEE

50mV 45µA
VEE 13.5V MAX5921/MAX5939

MOSFET GATE 18V
VDD GATE SENSE

FET
GATE ( )

GATE - VEE
10V/div

DRAIN
50V/div

INRUSH
CURRENT
5A/div

1ms/div

7

DRAIN
20V/div

VEE
20V/div

ID (Q1)
2A/div

400µs/div

8
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MAX5921/MAX5939

500µs
32µs 2ms

128µs 32µs 32µs
MAX5921/MAX5939A 500µs

( )
500µs

128 ( )
( 14)

MAX5921/MAX5939
TOT MAX5921/MAX5939

GATE MOSFET MOSFET
MAX5921/MAX5939

MOSFET MAX5921/MAX5939

MOSFET

MAX5921_ tOFF
FET MOSFET

20°C MAX5921_

MAX5939_ MAX5939_
UV

UV FET tOFF

_____________________________

50mV( )

1.5 2.0
(VCL)2/RSENSE

VGATE - VEE
2V/div

ID (Q1)
2A/div

10ms/div

9

VEE

VDD

OV

UV

-48V

 VUV = 1.255
R4 + R5 + R6

R5 + R6

R4

R5

R6

3

2

4

8

  VOV = 1.255
R4 + R5 + R6

R6

MAX5921
MAX5939

-48V RTN
(SHORT PIN)

-48V RTN

10
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PWRGD
I1

VEE

VGH

VDL
∆VGATE

-48V

R1

R2

Q1

R3 C2

MAX5921B/F
MAX5939B/F

VIN+

VIN-

C3

VOUT+

VOUT-

ON/OFF

ACTIVE-HIGH
ENABLE MODULE

DRAIN

GATESENSEVEE

VDD

R4

R5

R6

*

*DIODES INC. SMAT70A

UV

OV

-48V RTN
(SHORT PIN)

-48V RTN

Q2

Q3

11

PWRGD

VEE

VGH

VDL
∆VGATE

-48V

R1

R2

Q1

R3 C2

MAX5921A/E
MAX5939A/E

VIN+

VIN-

C3

VOUT+

VOUT-

ON/OFF

ACTIVE-LOW
ENABLE MODULE

DRAIN

GATESENSEVEE

VDD

R4

R5

R6

*

*DIODES INC. SMAT70A

UV

OV

-48V RTN
(SHORT PIN)

-48V RTN

Q2

12
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•

CL = C2 + C3 +

• ILOAD

•

ICB = 2 x ILOAD

• RSENSE

ICB ±20%

•

• C2

• C1

• R3

• R2 = 10Ω

• 14 LED

5mA
36V LED

= 2.2mA 3.7mA R7 51kΩ

48V LED = 0.9mA 36V = 0.7mA

100V
(TVS) MAX5921/MAX5939

100V Diodes Inc.
SMAT70A TVS

Q1 Q1

BVDSS ≥ 100V

ID(ON) ≥ 3 x ILOAD

DPAK, D2PAK, or TO-220AB

R
V V

I mA
IN NOMINAL

LED
7

2
3 5

  ( )=
−

≤ ≤

R
s

C
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150
2

= µ

C C C x
V V

Vgd
IN MAX GS TH

GS TH
1 2= +
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
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( ) ( ) ( )

( )

C
A x C

I
L

INRUSH
2

45
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µ

I x
mV

R
I or

I I x I

INRUSH
SENSE

LOAD

INRUSH LOAD CB MIN

≤ −

+ ≤

0 8
40

0 8

.

. ( )

R
mV

ISENSE
CB

= 50

MAX5921A
MAX5921E
MAX5939A
MAX5939E

VEE
OV

UV

SENSE GATE DRAIN

PWRGD

VDD

GND

-48V

C3
100µF

100V

C2
15nF
100V

R3
1kΩ
5%

R2
10Ω
5%

Q1
IRF530

R1
0.02Ω

5%

R4
549kΩ

1%

R5
6.49kΩ

1%

R6
10kΩ

1%

PWRGD

*DIODES INC. SMAT70A

R7
51kΩ
5%

-48V RTN
(SHORT PIN)

*

13 PWRGD
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RDS(ON)
14mΩ 540mΩ 100V

Q1
ICB

Q1
SOA

1

ILOAD = 2.5A = 98% VDS = 0.96V
RDS(ON) ≤ 384mΩ D2PAK

RDS(ON)≤ 180mΩ ID(ON) = 10A IRL520NS 100V NMOS
(Vishay Siliconix DPAK RDS(ON) ≤ 25mΩ
ID(ON) = 40A SUD40N10-25 100V NMOS

)

IRL520NS +80°C VDS≤0.625V
≥ 98.6% PD ≥ 1.56W θJC =

3.1°C/W 5°C
SUD40N10-25 99.8%

ICB ILOAD 5A VDS
≤ 1.25V COUT = 4000µF ∆36V
5A

1ms θJC = 0.9°C/W
PD = 6.25W ∆tJC = 5.6°C

2

ILOAD = 10A = 98% VDS = 0.96V RDS(ON) ≤
96mΩ D2PAK IRL530 +25°C RDS(ON) ≤
90mΩ +80°C RDS(ON) ≤ 135mΩ +25°C

9.6W +80°C 14.4W
1.9°C/W +25°C

5°C RDS(ON) ≤
44mΩ IRL540NS η = 99% PD ≤ 4.4W

+25°C TJC = +4°C (θJC=1.1°C/W)

ICB=20A VDS=1.8V
t=0.5ms θJC=0.12°C/W PD 36W ∆tJC=4.3°C

MAX5921/MAX5939 MOSFET
MAX5921/

MAX5939 MOSFET
15

PC Kelvin

t
F x V

A
ms  

.
 = =

4000 1 25
5

1
µ

500µs x 128

VOL

VSENSE

VGATE

t1 t3H t5H

t2L t4L

14 MAX5921A

SENSE RESISTOR

HIGH-CURRENT PATH

MAX5921
MAX5939

SENSE VEE

15 Kelvin
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16 ______________________________________________________________________________________

_____________________________
TRANSISTOR COUNT: 2645

PROCESS: BiCMOS

____________________________________________________________________

PART DCEN POLARITY FAULT MANAGEMENT
MAXIMUM CURRENT-LIMIT

DURATION (ms)
MAXIMUM CURRENT-LIMIT

DUTY CYCLE

MAX5921AESA Active-Low PWRGD Autoretry 0.5 1/128

MAX5921BESA Active-High PWRGD Autoretry 0.5 1/128

MAX5921EESA Active-Low PWRGD Autoretry 2 1/128

MAX5921FESA Active-High PWRGD Autoretry 2 1/128

MAX5939AESA Active-Low PWRGD Latched 0.5 1/128

MAX5939BESA Active-High PWRGD Latched 0.5 1/128

MAX5939EESA Active-Low PWRGD Latched 2 1/128

MAX5939FESA Active-High PWRGD Latched 2 1/128

__________________________ ( )
PART TEMP RANGE PIN-PACKAGE

MAX5921EESA* -40°C to +85°C 8 SO

MAX5921FESA* -40°C to +85°C 8 SO

MAX5939AESA -40°C to +85°C 8 SO

MAX5939BESA -40°C to +85°C 8 SO

MAX5939EESA* -40°C to +85°C 8 SO

MAX5939FESA* -40°C to +85°C 8 SO

* 
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MAX5921
MAX5939

VEE
OV

UV

SENSE GATE DRAIN

PWRGD

VDD

BACKPLANE CIRCUIT CARD

GND
GND

(SHORT PIN)

INPUT1

INPUT2

-48V (INPUT1)

-48V (INPUT2)

VIN+

VIN-

LUCENT
JW050A1-E

N

_________________________________________________________________
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