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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VIN = (V+ - VEE) = 48V, GATE = PGOOD = PGOOD = unconnected, GND = OUT, HVIN = V+, UVLO = VEE, TJ = 0°C to +125°C, unless 
otherwise noted. Typical values are at TJ = +25°C. All voltages are referenced to VEE, unless otherwise noted.) (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.

V+ to VEE ................................................................-0.3V to +90V
OUT, PGOOD, PGOOD to VEE.....................-0.3V to (V+ + 0.3V)
RCLASS, GATE to VEE ...........................................-0.3V to +12V
UVLO to VEE ............................................................ -0.3V to +8V
PGOOD to OUT ........................................... -0.3V to (V+ + 0.3V)
HVIN, INBIAS, DRNH, XFRMRH, 

XFRMRL to GND.................................................-0.3V to +80V
BST to GND........................................................... -0.3V to +95V
BST to XFRMRH .................................................... -0.3V to +12V
PGND to GND .......................................................-0.3V to +0.3V
DCUVLO, RAMP, CSS, OPTO, FLTINT, RCFF, 

RTCT to GND..................................................... -0.3V to +12V
SRC, CS to GND...................................................... -0.3V to +6V
REGOUT, DRVIN to GND.......................................-0.3V to +12V
REGOUT to HVIN .................................................. -80V to +0.3V
REGOUT to INBIAS ............................................... -80V to +0.3V
PPWM to GND....................................-0.3V to (VREGOUT + 0.3V)

Maximum Input/Output Current (Continuous)
OUT to VEE....................................................................500mA
V+, RCLASS to VEE.........................................................70mA
UVLO, PGOOD, PGOOD to VEE .....................................20mA
GATE to VEE....................................................................80mA
REGOUT to GND ............................................................50mA
DRNH, XFRMRH, XFRMRL, SRC to GND (Average), 

TJ = +125°C..................................................................0.9A
PPWM to GND ..............................................................±20mA

Continuous Power Dissipation* (TA = +70°C)
48-Pin TQFN 7mm X 7mm
(derate 27.8mW/°C above +70°C).............................2222mW
θJA ................................................................................36°C/W

Operating Ambient Temperature Range ................0°C to +85°C
Operating Junction Temperature Range ..............0°C to +125°C
Junction Temperature ......................................................+150°C
Storage Temperature Range .............................-60°C to +150°C
Lead Temperature (soldering, 10s) .................................+300°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

POWERED DEVICE (PD) INTERFACE

DETECTION MODE

Input Offset Current IOFFSET VIN = 1.4V to 10.1V (Note 2) 10 μA

Effective Differential Input
Resistance (Note 3)

dR VIN = 1.4V, up to 10.1V with 1V step 550 kΩ

CLASSIFICATION MODE

Classification Current Turn-Off
Threshold

VTH,CLASS VIN rising (Note 4) 20.8 21.8 22.5 V

Class 0, RRCLASS = 10kΩ 0 2

Class 1, RRCLASS = 732Ω 9.17 11.83

Class 2, RRCLASS = 392Ω 17.29 19.71

Class 3, RRCLASS = 255Ω 26.45 29.55

Classification Current ICLASS

VIN = 12.6V
to 20V,
RDISC =
25.5kΩ
(Notes 5, 6)

Class 4, RRCLASS = 178Ω 36.6 41.4

mA

POWER MODE

Operating Supply Voltage VIN VIN = (V+ - VEE) 67 V

Operating Supply Current IIN
Measure at V+, not including RDISC,
GATE = VEE, HVIN = GND = OUT

0.4 1 mA

MAX5953A/MAX5953C 37.4 38.6 40.2
Default Power Turn-On Voltage VUVLO, ON

VIN
increasing MAX5953B/MAX5953D 34.3 35.4 36.9

V

Default Power Turn-Off Voltage VUVLO,OFF VIN decreasing, MAX5953A/MAX5953C 30 V

*As per JEDEC 51 standard.



_______________________________________________________________________________________ 3

ELECTRICAL CHARACTERISTICS (continued)
(VIN = (V+ - VEE) = 48V, GATE = PGOOD = PGOOD = unconnected, GND = OUT, HVIN = V+, UVLO = VEE, TJ = 0°C to +125°C, unless 
otherwise noted. Typical values are at TJ = +25°C. All voltages are referenced to VEE, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

MAX5953A/MAX5953C 7.1Default Power Turn-On/Off
Hysteresis Voltage

VHYST,UVLO
MAX5953B/MAX5953D 4

V

External UVLO Programming
Range

VIN,EX MAX5953A/MAX5953C only (Note 7) 12 67 V

UVLO External Reference
Voltage

VREF,UVLO VUVLO increasing 2.400 2.460 2.522 V

UVLO External Reference
Voltage Hysteresis

VHYST,UVLO Ratio to VREF, UVLO 19.2 20 20.9 %

UVLO Bias Current IIN,UVLO VUVLO = 2.460V -1.5 +1.5 μA

UVLO Input Ground-Sense
Threshold

VTH,G,UVLO (Note 8) 50 440 mV

UVLO Input Ground-Sense Glitch
Rejection

7 μs

Power Turn-Off Voltage,
Undervoltage Lockout Deglitch
Time

tOFF_DLY VIN, VUVLO falling (Note 9) 0.32 ms

Isolation Switch n-Channel
MOSFET On-Resistance

RON,ISO
Output current = 300mA, VGATE = 5.6V,
measured between OUT and VEE

0.6 1.5 Ω

Isolation Switch n-Channel
MOSFET Off-Threshold Voltage

VGSTH
VGATE - VEE, OUT = V+,
output current < 1μA

0.5 V

GATE Pulldown Switch
Resistance

RG Power-off mode, VIN = +12V 38 80 Ω

GATE Charging Current IGATE VGATE = 2V 4.5 10 16.5 μA

GATE High Voltage VGATE IGATE = 1μA 5.59 5.76 5.93 V

VOUT - VEE decreasing, VGATE = 5.75V 1.16 1.23 1.31 VPGOOD Assertion VOUT
Threshold (Note 10)

VOUTEN
Hysteresis 70 mV

VGATE - VEE increasing 4.62 4.76 4.91 VPGOOD, PGOOD Assertion
VGATE Threshold

VGSEN
Hysteresis 80 mV

PGOOD, PGOOD Output Low
Voltage

VOL,PGOOD ISINK = 2mA, VOUT ≤ (V+ - 5V) (Note 11) 0.2 V

PGOOD Leakage Current GATE = high, V+ - VOUT = 67V (Note 11) 1 μA

PGOOD Leakage Current
GATE = VEE, PGOOD - VEE = 67V
(Note 11)

1 μA
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ELECTRICAL CHARACTERISTICS (DC-DC Controller)
(All voltages referenced to GND, unless otherwise noted. VHVIN = +48V, CINBIAS = 1μF, CREGOUT = 2.2μF, RRTCT = 25kΩ, CRTCT =
100pF, CBST = 0.22μF, VCSS = VCS = 0V, VRAMP = VDCUVLO = 3V, TJ = 0°C to +125°C, unless otherwise noted. Typical values are at
TJ = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input Supply Range VHVIN 11 76 V

OSCILLATOR (RTCT)

PWM Frequency fS 250 kHz

Maximum PWM Duty Cycle DMAX 47 %

Maximum RTCT Frequency fRTCTMAX (Note 12) 1 MHz

RTCT Peak Trip Level VTH,RTCT 0.51 x VREGOUT V

RTCT Valley Trip Level VTL,RTCT 1 V

RTCT Input Bias Current IIN,RTCT ±1 μA

RTCT Discharge MOSFET
RDS(ON)

RDIS,RTCT Sinking 50mA 35 85 Ω

RTCT Discharge Pulse Width 50 ns

LOOK-AHEAD LOGIC (PPWM)

PPWM to Output Propagation
Delay

tPPWM VPPWM rising to VXFRMRL falling 110 ns

PPWM Output High VOH,PPWM Sourcing 2mA 7.0 11.0 V

PPWM Output Low VOL,PPWM Sinking 2mA 0.2 V

PWM COMPARATOR (OPTO, RAMP, RCFF)

Common-Mode Input Range VCM_PWM 0 5.5 V

Input Offset Voltage 10 mV

Input Bias Current -2 +2 μA

RAMP to XFRMRL Propagation
Delay

tCOMPARATOR
From VRAMP (50mV overdrive) rising to
VXFRMRL rising

100 ns

Minimum OPTO Voltage VCSS = 0V, OPTO sinking 2mA 1.47 V

Minimum RCFF Voltage RCFF sinking 2mA 2.18 V

REGOUT LDO (REGOUT)

INBIAS unconnected,
VHVIN = 11V to 76V

8.3 8.75 9.2
REGOUT Voltage Set Point VREGOUT

VINBIAS = VHVIN = 11V to 76V 9.5 10.6 11.0

V

INBIAS unconnected, VHVIN = 15V,
IREGOUT = 0 to 30mA

0.25

REGOUT Load Regulation
VINBIAS = VHVIN = 15V,
IREGOUT = 0 to 30mA

0.25

V

INBIAS unconnected, IREGOUT = 30mA 1.25
REGOUT Dropout Voltage

VINBIAS = VHVIN, IREGOUT = 30mA 1.25
V

REGOUT Undervoltage
Lockout Threshold

REGOUT rising 6.6 7.0 7.4 V

REGOUT Undervoltage
Lockout Threshold Hysteresis

REGOUT falling 0.7 V
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ELECTRICAL CHARACTERISTICS (DC-DC Controller) (continued)
(All voltages referenced to GND, unless otherwise noted. VHVIN = +48V, CINBIAS = 1μF, CREGOUT = 2.2μF, RRTCT = 25kΩ, CRTCT =
100pF, CBST = 0.22μF, VCSS = VCS = 0V, VRAMP = VDCUVLO = 3V, TJ = 0°C to +125°C, unless otherwise noted. Typical values are at
TJ = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

SOFT-START (CSS)

Soft-Start Current ICSS VCSS = 0V 33 μA

INTEGRATING FAULT PROTECTION

FLTINT Source Current IFLTINT 80 μA

FLTINT Trip Point VFLTINT rising 2.7 V

FLTINT Hysteresis 0.75 V

INTERNAL POWER FETs

On-Resistance RON,POWER
VDRVIN = VBST = 9V,
VXFRMRH = VSRC = 0V, IDS = 50mA

0.4 0.8 Ω

Off-State Leakage Current -5 +10 μA

Total Gate Charge Per Power
FET

15 nC

HIGH-SIDE DRIVER

Low to High Latency tLH-HS
Driver delay until FET VGS reaches 0.9 x
(VBST - VXFRMRH) and is fully on

80 ns

High to Low Latency tHL-HS
Driver delay until FET VGS reaches 0.1 x
(VBST - VXFRMRH) and is fully off

40 ns

Output Drive Voltage VBST BST to XFRMRH with high side on 8 V

LOW-SIDE DRIVER

Low to High Latency tLH-LS
Driver delay until FET VGS reaches 0.9 x
VDRVIN and is fully on

80 ns

High to Low Latency tHL-LS
Driver delay until FET VGS reaches 0.1 x
VDRVIN and is fully off

40 ns

CURRENT-LIMIT COMPARATOR (CS)

Current-Limit Threshold
Voltage

VILIM 140 156 172 mV

Current-Limit Input Bias
Current

IBILIM 0 < VCS < 0.3V -2 +2 μA

Propagation Delay to XFRMRL tdILIM
From VCS rising (10mV overdrive) to
VXFRMRL rising

160 ns

BOOST VOLTAGE CIRCUIT (See Figure 9, QB)

Driver Output Delay tPPWMD 200 ns

One-Shot Pulse Width tPWQB 300 ns

QB RDSON Sinking 20mA 30 60 Ω
THERMAL SHUTDOWN

Shutdown Temperature TSH Temperature rising +160 °C

Thermal Hysteresis TH 20 °C
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ELECTRICAL CHARACTERISTICS (DC-DC Controller) (continued)
(All voltages referenced to GND, unless otherwise noted. VHVIN = +48V, CINBIAS = 1μF, CREGOUT = 2.2μF, RRTCT = 25kΩ, CRTCT =
100pF, CBST = 0.22μF, VCSS = VCS = 0V, VRAMP = VDCUVLO = 3V, TJ = 0°C to +125°C, unless otherwise noted. Typical values are at
TJ = +25°C, unless otherwise noted.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

UNDERVOLTAGE LOCKOUT (DCUVLO)

Threshold Voltage VREF,DCUVLO VDCUVLO rising 1.14 1.26 1.38 V

Hysteresis VHYS,DCUVLO 140 mV

Input Bias Current IIN,DCUVLO VDCUVLO = 3V -100 +100 nA

SUPPLY CURRENT

From VHVIN = 11V to 76V,
VCSS = 0V, VINBIAS = 11V

0.7 1.5

From VINBIAS = 11V to 76V,
VCSS = 0V, VHVIN = 76V

4.4 6.4
Supply Current

From VHVIN = 76V, VOPIO = 4V 7

mA

Standby Supply Current VDCUVLO = 0V 1 mA

Note 1: Limits at 0°C are guaranteed by design, unless otherwise noted.
Note 2: The input offset current is illustrated in Figure 1.
Note 3: Effective differential input resistance is defined as the differential resistance between V+ and VEE without any external

resistance.
Note 4: Classification current is turned off whenever the IC is in power mode.
Note 5: See Table 2 in the Classification Mode section. RDISC and RRCLASS must be 1%, 100ppm or better. ICLASS includes the IC

bias current and the current drawn by RDISC.
Note 6: See the Thermal Dissipation section.
Note 7: When UVLO is connected to the midpoint of an external resistor-divider with a series resistance of 25.5kΩ (±1%), the turn-

on threshold set point for the power mode is defined by the external resistor-divider. Make sure the voltage on UVLO does
not exceed its maximum rating of 8V when VIN is at the maximum voltage.

Note 8: When VUVLO is below VTH,G,UVLO, the MAX5953A/MAX5953C set the turn-on voltage threshold internally (VUVLO,ON).
Note 9: An input voltage or VUVLO glitch below their respective thresholds shorter than or equal to tOFF_DLY does not cause the

MAX5953A/MAX5953B/MAX5953C/MAX5953D to exit power-on mode (as long as the input voltage remains above an
operable voltage level of 12V).

Note 10: Guaranteed by design, not tested in production for MAX5953B/MAX5953D.
Note 11: PGOOD references to OUT while PGOOD references to VEE.
Note 12: Output switching frequency is 1/2 oscillator frequency.

IIN

IINi + 1

IINi

IOFFSET

dRi

1VVINi VINi + 1

IOFFSET ≅ IINi - 
VINi

dRi

dRi ≅
(VINi + 1 - VINi)

 =
1V

(IINi + 1 - IINi) (IINi + 1 - IINi)

VIN
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(VIN = (V+ - VEE) = 48V, GATE = PGOOD = unconnected, GND connected to OUT, HVIN connected to V+, UVLO = VEE, CINBIAS = 1μF,
CREGOUT = 2.2μF, RRTCT = 25kΩ, CRTCT = 100pF, CBST = 0.22μF, TJ = 0°C to +125°C, unless otherwise noted. Typical values are
at TJ = +25°C. All voltages are referenced to VEE, unless otherwise noted.)
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vs. TEMPERATURE
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(VIN = (V+ - VEE) = 48V, GATE = PGOOD = unconnected, GND connected to OUT, HVIN connected to V+, UVLO = VEE, CINBIAS = 1μF,
CREGOUT = 2.2μF, RRTCT = 25kΩ, CRTCT = 100pF, CBST = 0.22μF, TJ = 0°C to +125°C, unless otherwise noted. Typical values are
at TJ = +25°C. All voltages are referenced to VEE, unless otherwise noted.)
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1, 2, 3, 5, 7, 12, 13, 14, 17,
19, 35, 38, 46, 47, 48

N.C.
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 (MAX5953A/MAX5953C)

UVLO
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 (MAX5953B/MAX5953D)

N.C.

8 RCLASS

9 GATE

10, 11 VEE

15, 16 OUT
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(MAX5953A/MAX5953B)

PGOOD

18
(MAX5953C/MAX5953D)

PGOOD

20 CS

21 PPWM

22 GND

23 PGND
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PGOOD
PGOOD PGOOD

μ
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25 OPTO

26, 27 SRC

28, 29 XFRMRL

30 DRVIN

31, 32 XFRMRH

33, 34 DRNH

36 BST

37 DCUVLO

39 HVIN

40 INBIAS

41 REGOUT

42 RTCT

43 FLTINT

44 RCFF

45 RAMP

— EP

μ

μ

μ

μ
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μ

≤ ≤

Δ Δ Ω

μ

≤ ≤

Ω

*

CLASS USAGE
RRCLASS

(Ω)
MAXIMUM POWER
USED BY PD (W)

0 Default 10k 0.44 to 12.95

1 Optional 732 0.44 to 3.84

2 Optional 392 3.84 to 6.49

3 Optional 255 6.49 to 12.95

4
Not

Allowed
178 Reserved*

*

CLASS CURRENT SEEN AT VIN (mA)
IEEE 802.3af PD CLASSIFICATION
CURRENT SPECIFICATION (mA)CLASS

RRCLASS
(Ω)

VIN* (V)

MIN MAX MIN MAX

0 10k 12.6 to 20 0 2.00 0 4

1 732 12.6 to 20 9.17 11.83 9 12

2 392 12.6 to 20 17.29 19.71 17 20

3 255 12.6 to 20 26.45 29.55 26 30

4 178 12.6 to 20 36.60 41.40 36 44
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COMPONENT SUPPLIERS WEBSITE

International Rectifier www.irf.com

Fairchild www.fairchildsemi.comPower FETS

Vishay-Siliconix www.vishay.com/brands/siliconix/main.html

Dale-Vishay www.vishay.com/brands/dale/main.html
Current-Sense Resistors

IRC www.irctt.com/pages/index.cfm

ON Semi www.onsemi.com

General Semiconductor www.gensemi.comDiodes

Central Semiconductor www.centralsemi.com

Sanyo www.sanyo.com

Taiyo Yuden www.t-yuden.comCapacitors

AVX www.avxcorp.com

Coiltronics www.cooperet.com

Coilcraft www.coilcraft.comMagnetics

Pulse Engineering www.pulseeng.com
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V+

UVLO

V+

UVLO*

*MAX5953A/MAX5953C ONLY.
**MAX5953C/MAX5953D ONLY.
***MAX5953A/MAX5953B ONLY.

GATE

MAX5953A
MAX5953B
MAX5953C
MAX5953D

CLASSIFICATION RCLASS

PGOOD**

6.8VEN

REF

2.4V
REF

2.4V, 0.8
HYST

21.8V

39V
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VEE

VGATE, 6V

1.2V, REF

5V, REF

Q4

PGOOD***

OUT

Q3

Q1
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Q2
38Ω

EN



______________________________________________________________________________________ 23

OVT
DCUVLO
REFOK
REGOK
OVRLD

T

T

5V

5V

80μA

33μA

IFLT
5V

OVRLD

CPWM

ILIM

DCUVLO

REGOUT

RCFF

FLTINT

RAMP

OPTO

CSS

GND

INBIAS

HVIN

DCUVLO

PPWM

BST

XFRMRH

DRVIN

XFRMRL

DRNH

SRC

PGND

RTCT

CS

REGOK

REG

OVT
REFOK REF

(1.25V)

7.5V

50Ω

GND

Q D

R

Q R

T-FF

SHDN

OSC

50Ω

GND

R

S

Q

CLK

THERMAL
SHUTDOWN OVT

1.25V

DCUVLO

80ns
DELAY

LEADING-
EDGE
DELAY

ONE
SHOT

LEVEL
SHIFT

10MHz

PGND
150mV

QH

QB

QL

0.4Ω

30Ω

0.4Ω

MAX5953A
MAX5953B
MAX5953C
MAX5953D

2.7V/1.9V



24 ______________________________________________________________________________________

PG
OO

D

V+ UV
LO

R1
*

R3
(R

DI
SC

)
25

.5
kΩ

C1
68

nF
D1 60

V-4
8V

RT
N

-4
8V

R2
*

R R
CL

AS
S

4 6 8
RC

LA
SS

18

DC
UV

LO

37

HV
IN

39

DR
NH

PP
W

M BS
T

33
, 3

4
21

36

XF
RM

RH
31

, 3
2

XF
RM

RL
28

, 2
9

IN
BI

AS
40

V E
E

10

RC
FF

44

RA
M

P
45

DR
VI

N
30

GA
TE

9

OU
T

16

RE
GO

UT

FL
TI

NT

43
42

24

RT
CT

CS
S

22GN
D

25OP
TO

41

23PG
ND

PG
ND

E

U2
FO

D2
71

2

C

LE
D FB

GN
D

CO
M

P

20

CS

26
, 2

7SR
C

OU
T

SG
ND

M
AX

59
53

A

U1

*R
1 

AN
D 

R2
 A

RE
 O

PT
IO

NA
L 

AN
D 

W
HE

N 
US

ED
, T

HE
Y 

M
US

T 
TO

TA
L 

25
.5

kΩ
 A

ND
 R

EP
LA

CE
 R

3,
 2

5.
5k
Ω

.



______________________________________________________________________________________ 25

PROCESS: BiCMOS
PART

PGOOD or
PGOOD

UVLO

MAX5953A PGOOD Adjustable

MAX5953B PGOOD Fixed

MAX5953C PGOOD Adjustable

MAX5953D PGOOD Fixed

TOP VIEW

MAX5953A
MAX5953B
MAX5953C
MAX5953D

THIN QFN
7mm x 7mm

13

14

15

16

17

18

19

20

21

22

23

24

N.C.

N.C.
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OUT
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RAMP
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REGOUT
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DCUVLO

*UVLO FOR MAX5953A/MAX5953C
  N.C. FOR MAX5953B/MAX5953D
** PGOOD FOR MAX5953A/MAX5953B
     PGOOD FOR MAX5953C/MAX5953D
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