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SEQ1
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2021 19 17 16 15

SEQ2

SEQ3

OUT2

SET2

DISC3

OUT3

MAX16050

AB
P
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_O

UT

3

18

*EP

28 8CP_OUT SET3

TIMEOUT

23 13 DISC2DELAY

22 14 EN_HOLDSHDN

THIN QFN
(4mm x 4mm)

TOP VIEW

19-1013; Rev 0; 11/07

PART
MONITORED

VOLTAGES

VOLTAGES

SEQUENCED
PIN-PACKAGE PACKAGE CODE

MAX16050ETI+ 5 4 28 TQFN-EP* T2844-1

MAX16051ETI+ 6 5 28 TQFN-EP* T2844-1

° °

*
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ABSOLUTE MAXIMUM RATINGS

ELECTRICAL CHARACTERISTICS
(VCC = 2.7V to 13.2V, VEN = VABP, TA = TJ = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.) (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.

(All voltages referenced to GND.)
VCC.........................................................................-0.3V to +30V
REM, OUT_, DISC_.................................................-0.3V to +30V
RESET, SHDN, SET_, FAULT, EN_HOLD, EN, DELAY, 

OV_OUT, ABP, TIMEOUT, SEQ_...........................-0.3V to +6V
CP_OUT.........................................................-0.3V to (VCC + 6V)
RESET Current ....................................................................50mA
DISC_ Current ...................................................................180mA
Input/Output Current (all other pins) ...................................20mA

Continuous Power Dissipation (TA = +70°C)
28-Pin (4mm x 4mm) Thin QFN (derate 28.6mW/°C 
above +70°C) ............................................................2285mW*

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

*As per JEDEC51 Standard (Multilayer Board).

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Operating Voltage Range
(Note 2)

VCC
Voltage on VCC to ensure the device is fully
operational

2.7 13.2 V

Operating Voltage VCCR
VDISC_ = VOUT_ = VRESET = low, voltage on
VCC rising

1.8 V

Regulated Supply Voltage VABP
IABP = 1mA (external sourcing current from
ABP)

2.45 2.90 V

Undervoltage Lockout VUVLO Minimum voltage on ABP, ABP rising 2.1 2.3 V

Undervoltage Lockout Hysteresis VUVLO_HYS ABP falling 100 mV

Supply Current ICC VCC = 3.3V, all OUT_ = high, no load 0.7 1.1 mA

MONITORED ANALOG INPUTS

SET_ Threshold VTH SET_ falling 0.492 0.5 0.508 V

SET_ Threshold Hysteresis VTH_HYS SET_ rising 0.5 %VTH

SET1–SET4 Input Current ISET VSET_ = 0.5V -100 +100 nA

SET5 Input Current ISET5 VSET5 = 0.5V (MAX16051 only) -30 +30 μA

SET_ Threshold Tempco ΔVTH/_TC 30 ppm/°C

Overvoltage Threshold VTH_OV SET_ falling 0.541 0.55 0.558 V

Overvoltage Threshold Hysteresis SET_ rising 0.5 %VTH_OV

EN Threshold VTH_EN EN_ falling 0.492 0.5 0.508 V

EN Threshold Hysteresis VEN_HYS EN_ rising 0.5 %VTH_EN

EN Input Current IEN VEN = 0.5V -100 +100 nA

SEQUENCING, CAPACITOR DISCHARGE, AND SEQUENCE TIMING OUTPUTS

VCC = 3.3V, ISINK = 3.2mA 0.3
OUT_ Output Low Voltage VOL_OUT

VCC = 1.8V, ISINK = 100μA 0.3
V

OUT_ Leakage Current ILKG_OUT VOUT_ = 12V, OUT_ asserted 1 μA

DISC_ Output Pulldown Current IOL_DISC
Pulldown current during fault condition or
power-down mode, VDISC_ = 1V

85 mA

DISC_ Output Leakage Current ILKG_DISC VDISC_ = 3.3V, not in power-down mode 1 μA

DISC_ Power Low Threshold VTH_PL DISC_ falling 200 250 300 mV
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ELECTRICAL CHARACTERISTICS (continued)
(VCC = 2.7V to 13.2V, VEN = VABP, TA = TJ = -40°C to +85°C, unless otherwise noted. Typical values are at TA = +25°C.) (Note 1)

Note 1: Specifications are guaranteed for the stated global conditions, unless otherwise noted. 100% production tested at TA =
+25°C and TA = +85°C. Specifications at TA = -40°C are guaranteed by design.

Note 2: When the voltage is below the VUVLO and above VCCR, OUT_ and RESET are asserted low.
Note 3: SEQ1–SEQ3 are inputs with three logic levels: high, low, and high-impedance.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

DELAY, TIMEOUT Output Source
Current

IDT VDELAY = VTIMEOUT = 0V 1.7 2.5 3.0 μA

DELAY, TIMEOUT Threshold
Voltage

VTH_DT 1.218 1.250 1.281 V

DIGITAL INPUTS/OUTPUTS

SHDN, FAULT, EN_HOLD Input-
Logic Low Voltage

VIL 0.4 V

SHDN, FAULT, EN_HOLD Input-
Logic High Voltage

VIH 2 V

EN_HOLD Input Current II 1 μA

EN_HOLD to OUT Delay tEN_OUT 3 μs

FAULT, SHDN to ABP Pullup
Resistance

RP 60 100 160 kΩ

SHDN to OUT_ Delay tOUT 12 μs

VCC = 3.3V, ISINK = 3.2mA 0.3
RESET Output Low Voltage VOL

VCC = 1.8V, ISINK = 100μA 0.3
V

REM, FAULT Output Low Voltage VOL_RF VCC = 3.3V, ISINK = 3.2mA 0.3 V

FAULT Pulse Width tFAULT_PW 1.9 μs

SET_ to FAULT Delay Time tSET_FAULT SET_ falling below respective threshold 2.5 μs

SEQ1–SEQ3 Logic-High Level VIH_SEQ MAX16050 only
VABP -
0.35

V

SEQ1–SEQ3 Logic High-
Impedance (No Connect) Level

VIX_SEQ MAX16050 only 0.92 1.45 V

SEQ1–SEQ3 Logic-Low Level VIL_SEQ MAX16050 only 0.33 V

SEQ1–SEQ3 High-Impedance
State Tolerance Current

IIX MAX16050 (Note 3) -6 +6 μA

RESET CIRCUIT

RESET, REM, OV_OUT Output
Leakage

ILKG VRESET = VREM = VOV_OUT = 5V 1 μA

RESET Timeout Period tRP TIMEOUT = ABP 50 128 300 ms

OUT_, FAULT, SHDN to RESET
Delay

tRST TIMEOUT = unconnected 3 μs

CHARGE-PUMP OUTPUT

CP_OUT Voltage VCP_OUT ICP_OUT = 0.5μA
VCC +

4.6
VCC +

5
VCC +

5.8
V

CP_OUT Source Current ICP_OUT VCP_OUT = VCC + 2V 17 25 30 μA
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(VCC = 5V; VEN = VABP, TA = +25°C, unless otherwise noted.)
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(VCC = 5V; VEN = VABP, TA = +25°C, unless otherwise noted.)

OV_OUT LOW VOLTAGE 
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REVERSE SEQUENCE POWER-DOWN USING SHDN
(CDELAY = CTIMEOUT = OPEN)

MAX1650/51 toc12

40μs/div

SHDN
5V/div
V1
5V/div

V2
5V/div

V3
5V/div

V4
5V/div

SIMULTANEOUS POWER-DOWN USING EN
(CDELAY = CTIMEOUT = OPEN)

MAX1650/51 toc13

40μs/div

EN
5V/div
V1
5V/div

V2
5V/div

V3
5V/div

V4
5V/div

DAISY-CHAINING TWO DEVICES
WITH SHDN RISING (FIGURE 7)

MAX1650/51 toc14a

100μs/div

CDELAY (U1) = CDELAY (U2) = 100pF
SHDN = 5V/div
V1–V7 = 5V/div

SHDN

V1

V2

V3

V7

V6

V5

V4

DAISY-CHAINING TWO DEVICES
WITH SHDN FALLING (FIGURE 7)

MAX1650/51 toc14b

10μs/div

CDELAY (U1) = CDELAY (U2) = 100pF
SHDN = 5V/div
V1–V7 = 5V/div

SHDN

V1

V2

V3

V7

V6

V5

V4
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MAX16050 MAX16051

1 1 VCC

2 2 GND

3 3 ABP

4 4 EN

5 5 SET4

6 6 OUT4

7 7 DISC4

8 8 SET3

9 9 OUT3

10 10 DISC3

11 11 SET2

12 12 OUT2

13 13 DISC2

14 14 EN_HOLD

15 15 REM

16 16 DISC1

17 17 OUT1

*

μ

μ

*

*

*

EN_HOLD SHDN
EN_HOLD

*
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MAX16050 MAX16051

18 18 SET1

19 19 OV_OUT

20 20 RESET

21 21 FAULT

22 22 SHDN

23 23 DELAY

24 24 TIMEOUT

25 — SEQ1

26 — SEQ2

27 — SEQ3

28 28 CP_OUT

— 25 DISC5

— 26 OUT5

— 27 SET5

— — EP

OV_OUT
OV_OUT

SHDN
FAULT RESET RESET

FAULT SHDN
FAULT FAULT FAULT Ω

SHDN SHDN
Ω

μ

μ

μ
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MAX16050
MAX16051

RESET

ABP

OUT1–OUT4
(OUT1–OUT5)

DISC1–DISC4
(DISC1–DISC5)

INTERNAL
VCC/UVLO

VCC

CONTROL
LOGIC

CHARGE
PUMP

CP_OUT

SET1–SET4
(SET1–SET5)

EN

GND DELAYTIMEOUT

COMP

VREF

COMP

COMP

EN_HOLD

(  ) ARE FOR MAX16051 ONLY.

SEQ1–SEQ3
(MAX16050 ONLY)

250mV

85mA

OV_OUT

REM

ABP

FAULT

ABP
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tDELAY

tDELAY

tDELAY

V1

V3

V2

V4

VTH_EN

VTH

VTH

VTH

VTH

EN

REM

tRP

VTH_PL

SHDN

RESET

SHDN
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tDELAY

tDELAY

VTH_EN VTH_EN

VTH

tRP

VTH_PL

SHDN

RESET

VTH

VTH

VTH

tDELAY

tDELAY

V1

V3

V2

V4

EN

REM
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VTH_PL

RESET

tDELAY

VTH_PL
V1

V3

V2

V4

REM

FAULT

tFAULT-PW
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V1

V3

V2

EN

V4

PART DOES NOT RESPOND TO EN FALLING...
...UNTIL EN_HOLD GOES HIGH

CONNECTED TO REM OF THE SECOND IC

EN_HOLD
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–

μ

RESET

RESET FAULT
μ

SEQUENCE ORDER
SEQ1 SEQ2 SEQ3

FIRST SUPPLY SECOND SUPPLY THIRD SUPPY FOURTH SUPPLY

High-Z High-Z High-Z OUT1 OUT2 OUT3 OUT4

High-Z High-Z Low OUT1 OUT2 OUT4 OUT3

High-Z High-Z High OUT1 OUT3 OUT2 OUT4

High-Z Low High-Z OUT1 OUT3 OUT4 OUT2

High-Z Low Low OUT1 OUT4 OUT2 OUT3

High-Z Low High OUT1 OUT4 OUT3 OUT2

High-Z High High-Z OUT2 OUT1 OUT3 OUT4

High-Z High Low OUT2 OUT1 OUT4 OUT3

High-Z High High OUT2 OUT3 OUT1 OUT4

Low High-Z High-Z OUT2 OUT3 OUT4 OUT1

Low High-Z Low OUT2 OUT4 OUT1 OUT3

Low High-Z High OUT2 OUT4 OUT3 OUT1

Low Low High-Z OUT3 OUT1 OUT2 OUT4

Low Low Low OUT3 OUT1 OUT4 OUT2

Low Low High OUT3 OUT2 OUT1 OUT4

Low High High-Z OUT3 OUT2 OUT4 OUT1

Low High Low OUT3 OUT4 OUT1 OUT2

Low High High OUT3 OUT4 OUT2 OUT1

High High-Z High-Z OUT4 OUT1 OUT2 OUT3

High High-Z Low OUT4 OUT1 OUT3 OUT2

High High-Z High OUT4 OUT2 OUT1 OUT3

High Low High-Z OUT4 OUT2 OUT3 OUT1

High Low Low OUT4 OUT3 OUT1 OUT2

High Low High OUT4 OUT3 OUT2 OUT1
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FAULT Ω
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OV_OUT
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EN_HOLD SHDN
SHDN

EN_HOLD
EN_HOLD

tDELAY = 10μs + (500kΩ x CDELAY)

μ

RESET

tRP = 10μs + (500kΩ x CTIMEOUT)

μ

±

Ω Ω

R
V R

V V2
TH 1
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e V
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A 1TH

SET
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×

V V 1
R1
R21TH TH= × +
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⎜
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⎠
⎟

MAX16050
MAX16051

SET_

VCC

GND

VBUS

RESET

V1TH

R1

R2
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FAULT
FAULT

SHDN

EN_HOLD
SHDN

μ

μ
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MANUFACTURER PART
VDS

(V)

VGSth

(V)

RDSON AT VGS = 4.5V

(mΩ)

IMAX AT 50mV

VOLTAGE DROP (A)

Qg (nC)

(TYP)
FOOTPRINT

FDC633N 30 0.67 42 1.19 11
Super

SOTTM-6

FDP8030L
FDB8030L

30 1.5 4.5 11.11 120
TO-220

TO-263AB

FDD6672A 30 1.2 9.5 5.26 33 TO-252

Fairchild

FDS8876 30
2.5

(max)
17 2.94 15 SO-8

Si7136DP 20 3 4.5 11.11 24.5 SO-8

Si4872DY 30 1 10 5 27 SO-8

SUD50N02-09P 20 3 17 2.94 10.5 TO-252Vishay

Si1488DH 20 0.95 49 1.02 6
SOT-363
SC70-6

IRL3716 20 3 4.8 10.4 53
TO220AB

D2PAK
TO-262

IRL3402 20 0.7 10 5 78 (max) TO-220AB

IRL3715Z 20 2.1 15.5 3.22 7
TO220AB

D2PAK
TO-262

International

Rectifier

IRLML2502 20 1.2 45 1.11 8
SOT23-3
Micro3TM
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