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MAX16171 Ideal Diode Controller with Reverse-Current
Protection

General Description

The MAX16171 is an ideal diode controller that protects
the load against damaging automotive transients down to
-42V and blocks reverse-current flow within 600ns. The
MAX16171 operates over a wide supply voltage range of
4V to 57V and withstands input transients up to 76V. In
light load applications, the device regulates the voltage
drop across the external MOSFET to 20mV, allowing
smooth, ring-free operation. At heavy load, the charge
pump drives the gate of the external MOSFET into an en-
hanced mode of operation and significantly improves ef-
ficiency and power dissipation compared to traditionally
used Schottky diodes.

The MAX16171 consumes only 1uA of current during
shutdown mode (VgN = GND) to extend battery life while
providing standby power to the load through the body
diode of the external MOSFET. An internal 2.5MQ resistor
between GATE and SRC keeps the external MOSFET off
when the input voltage drops below ground.

The MAX16171 is available in a tiny 2mm x 3mm x
0.75mm, 8-pin TDFN package with side-wettable flanks
and operates over the -40°C to +125°C automotive tem-
perature range.

Applications

Automotive Power Systems
Network Telecom Power Systems
Redundant Power Supplies

RAID Systems

Servers

Typical Application Circuit

Benefits and Features

-42V to +76V Protection Range

Relaxes TVS Diodes Requirements

4V to 57V Operating Range

* Accommodates Wide Automotive Supply Rails
9V Gate Drive Voltage with Respect to SRC

» Reduces MOSFET Power Dissipation

Enable Input

+ Provides On-the-Fly System Control

1pA Shutdown Current
» Extends Battery Life

600ns Reverse-Current Blocking Time with 10mV

Overdrive

» Extends System Operation Time During Power
Interruption

-40°C to +125°C Automotive Temperature Range
2mm x 3mm, Side-Wettable TDFN Package

Ordering Information appears at end of data sheet.
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MAX16171

Absolute Maximum Ratings

IN, SRC, GATE, EN to GND -42V to +76V
OUT to GND -0.3V to +76V
IN to OUT ....... -76V to +76V
INtOSRC ..o -1V to +76V
INtO GATE ..o -15V to +76V
INtOEN ... -42V to +76V
GATE 10 SRC ...t -0.3V to +15V

Ideal Diode Controller with Reverse-Current

Protection

SRCHOEN ..o -42V to +76V
Continuous Sink/Source Current (all pins).....-100mA to +100mA

Continuous Power Dissipation (Multilayer Board) (TDFN
(T823Y+3C) Tp = +70°C, derate 16.7mW/°C above
O O TR 1333.3mW
Operating Temperature Range.............cccccceeene. -40°C to +125°C

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.

Package Information

8 TDFN-CU
Package Code T823Y+3C
Outline Number 21-100417
Land Pattern Number 90-0091
Thermal Resistance, Single-Layer Board:
Junction to Ambient (84)
Junction to Case (6,¢c)
Thermal Resistance, Four-Layer Board:
Junction to Ambient (64) 60°C/W
Junction to Case (8,¢) 11°C/W

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages.
Note that a “+”, “#”, or “-” in the package code indicates RoHS status only. Package drawings may show a different
suffix character, but the drawing pertains to the package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a
four-layer board. For detailed information on package thermal considerations, refer to www.maximintegrated.com/

thermal-tutorial.

Electrical Characteristics

(VIN =12V, CgaTE-SRC = 3.5nF, Ta =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage Range VIN Operating range 4 57 V
Input Protection Voltage Vin 42 +76 v
Range
INPUT SUPPLY CURRENT
VEN = high, V|N = Vsre = VouT = 12V 150 190

Input Supply Current N VEN = h!gh, VIN = VscR = Vour = 24V 150 200 uA
VEN = high, V|N = VgRrc, VouT =57V, 250
Ta=+125°C

Shutdown Current VEN = low, V|y = 12V 1 3 pA

Undervoltage Lockout VuvLo VN rising 2.35 3.5 V

www.maximintegrated.com
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MAX16171

Ideal Diode Controller with Reverse-Current

Electrical Characteristics (continued)
(VIN =12V, CeaTE-SRC = 3.5nF, Tp =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.)

Protection

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Enable to Gate Startup ¢ EN (low to high) to GATE starting to go 120 s
Delay SU high (GATE rise to IN + 0.1V) H
GATE OUTPUT VOLTAGE
GATE Output Voltage v VIN = Vout =4V, IgaTE = -1HA 3.5 5.4 12 v
High above VsRrc cs Vin = VouT = 12V to 57V, IgaTE = -1pA 6 9 12
Source-to-Drain
Regulation Voltage VsD 10 20 35 mV
GATE Pulldown Current laPD VIN =12V, VgaTE - VscRr = 8V 400 mA

EN goes from low to high, GATE short to
GATE Pullup Current lgPu SRC, measure charge current from 8 15 pA
GATE pin
EN Logic-High Input
Voltage ViH 14 v
EN Logic Low Input
Voltage ViL 0.4 v
EN Input Pull Down
Current lePD 1 WA
OUT Input Current louTt EN = high, IN/SRC = OUT =12V 4 pA
REVERSE-CURRENT THRESHOLD
Reverse-Current
Threshold VREV_TH 4 10 16 mV
Reverse-Current _
Recover Threshold VIN - Vour = 40mV 40 mV
Reverse-current (Vour - VscR) = -0.1V to (VRev_TH +
Blocking Response t ' - 0.6 21 S
Tie 19 esP REV 0.01V), IGATE_SINK = 100pA !

www.maximintegrated.com
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Protection
Typical Operating Characteristics
(VIN=Vscr=12V, ToA=TmiNtO T unless otherwise noted.
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MAX16171 Ideal Diode Controller with Reverse-Current

Protection
Typical Operating Characteristics (continued)
(VIN = VscRr = 12V, Ta = Tmin to Tiax unless otherwise noted.)
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vs. OVERDRIVE VOLTAGE vs. LOAD CURRENT foct2
600 . . focl 160 . . . toc11 v T
= Viy=12v 140 V=12V ‘ ‘ ‘ ‘ Vi
2 550 IRFR4510PbF 4
= \ Z 1 ‘ - \‘,/
© 50 w NVD6824NL
£ 2 100 —
s 5 ]
(&3 )
3 450 S 80 [saM70060EL GE3—14] Veare] 1idiv
= 3 | <
E 400 AN g 0 /T
g \\\\N 3 /1 = ‘
w o
- Ve b P .
& 300 0
0 01 02 03 04 05 06 07 08 09 1 0 1 2 3 4 5 6 7 8 9 10 400psidiv
OVERDRIVE VOLTAGE (V) LOAD CURRENT (A)

Vey LOW TO GATE-DISABLE TIME

toct3

v

Voate 1Vidiv

4 "
5Vidiv

Ven

100ps/div
Pin Configuration
TOP VIEW
GATE j E out
2 7 | N.C.
e | 2] MAX16171 i
IN Z‘ E N.C.
EN Z‘ E GND
8 TDFN

www.maximintegrated.com Maxim Integrated | 7



MAX16171

Pin Descriptions

Ideal Diode Controller with Reverse-Current
Protection

PIN NAME FUNCTION
1 GATE Gate-Driver Output. Connect GATE to the gate of the external n-channel MOSFET (nFET). GATE
shorts to SRC during reverse-current conditions and when EN is forced low.
9 SRC Source Input. SRC is the return path of the gate during fault conditions or when EN is pulled low.
Connect SRC as close as possible to the source input of the of the external MOSFET.
3 IN Supply Input. Bypass IN with 0.1uF capacitor to ground.
Enable Input. Drive EN low to place the MAX16171 in shutdown mode. EN has an internal pullup
4 EN ) : . .
to V|N. Leave EN floating or drive high for normal operation.
5 GND Ground
6,7 N.C. No Connect. Connect to ground for proper operation.
8 ouT Output Sense Input. Connect OUT to the drain of the nFET.

Functional Diagram

Block Diagram

SRC GATE ouT

MAX16171

LOGIC

EN CTRL

10mV

[
5]
3
B3
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MAX16171 Ideal Diode Controller with Reverse-Current
Protection

Detailed Description

The MAX16171 is a high-voltage, ideal diode controller that provides system protection against reverse voltage, reverse-
current flow, and destructive automotive transient voltages. The MAX16171's charge pump is designed to regulate the
forward-voltage drop across the MOSFET to 20mV in light load applications. At higher load currents, the charge pump
provides the necessary gate drive to fully enhance the external MOSFET to minimize power dissipation. A fast-acting
comparator allows the MAX16171 to disable the gate drive within 600ns, thus preventing reverse-current flow when the
input falls below the output. The MAX16171 consumes only 1pA (typ) of current in shutdown mode, which helps extend
battery life and enables the system to operate in standby mode.

Input Voltage Range

The MAX16171 operates over a wide supply voltage range of 4V to 57V while protecting itself against an input-transient
range of -42V to +76V. The MAX16171's wide protection range helps minimize power dissipation in TVS diodes used
for extended protection at the input. When the input transient exceeds the maximum operating voltage of 57V, the
MAX16171 disables the gate to prevent damage to the external MOSFET.

Ideal Diode Reverse-Current Protection

The MAX16171 triggers reverse-voltage protection to prevent reverse-current flow 600ns after the input falls 10mV below
the reverse-voltage threshold level. See Electrical Characteristics for more detail. Disabling the gate drive in such a short
time helps prevent reverse-current flow from the holdup capacitor at the output into the source, thus preventing damage
to the battery and effectively increasing system runtime. See Figure 1 for more detail.

tREV

A

VREV_TH + 10mV

Figure 1. Reverse Voltage vs. GATE Response Timing Characteristics

Charge Pump

The MAX16171 uses a charge pump to generate the gate drive with respect to SRC voltage. Under heavy load
conditions, the charge pump generates up to a 9V gate drive to ensure the MOSFET is operated in enhanced mode and
minimizes power dissipation. During light load conditions, the MAX16171 regulates the gate drive to maintain a 20mV
drop between the source and the drain of the MOSFET. In the event of a fault condition, the device disables the charge
pump and an internal switch shorts GATE to SRC with 400mA (typ) pulldown current.

EN Input

A logic input (EN) enables/disables the gate drive of the MAX16171 during normal operation. The MAX16171 enables
the gate in 200us (typ) when EN is forced high. When EN is forced low, the MAX16171 enters shutdown mode and GATE
is shorted to SRC by an internal switch. During shutdown mode, the power flows from the source to the load through

www.maximintegrated.com Maxim Integrated | 9



MAX16171 Ideal Diode Controller with Reverse-Current
Protection

the body diode of the nFET, but the shutdown current of the part remains at a low 1pA (typ). This helps support low-
power system operation while extending battery life due to the MAX16171 low shutdown current consumption. EN has
an internal pullup resistor to the input voltage and can be left floating for normal operation.

Reverse-Voltage Protection

The MAX16171 integrates reverse-voltage protection, thus preventing damage to the downstream circuitry caused by
battery reversal or negative transients. The MAX16171 withstands a reverse voltage to -42V without damage to itself or
the load. During a reverse-voltage condition, an internal 2.5MQ resistor between GATE and SRC pulls GATE to SCR to
keep the MOSFET off and isolate the load from the source.

www.maximintegrated.com Maxim Integrated | 10



MAX16171 Ideal Diode Controller with Reverse-Current
Protection

Applications Information

MOSFET Selection

MOSFET selection is critical to designing a proper protection circuit. Several factors must be considered: gate
capacitance, maximum drain-to-source voltage rating, on-resistance (Rps(on)), peak power dissipation capability, and
the average power dissipation limit. Select the drain-to-source voltage so that the MOSFET can handle the highest
voltage that might be applied to the circuit. Gate capacitance is not as critical, but it does determine the length of turn-on
and turn-off times. MOSFETSs with more gate capacitance tend to respond more slowly.

MOSFET Power Dissipation

Since all load current goes through the external MOSFET, the RDS(ON) must be low enough to limit the MOSFET power
dissipation during normal operation. Power dissipation during normal operation can be calculated using this formula:

P = (ILoAD)2 x Rps(0ON)
where P is the power dissipated in each MOSFET and | pap is the average load current.

Extended Protection

The MAX16171 can tolerate -42V to +76V at its input. In cases where the input voltage is expected to exceed the
MAX16171's protection range, external TVS diodes can be used to clamp input transients. Figure 2 shows the connection
scheme for the TVS diode at the input of the MAX16171. In the figure, D1 clamps positive voltage excursions and D2
clamps negative voltage excursions. Select the TVS voltage ratings so that the worst-case voltages do not exceed the
ratings of the part. In addition, ensure that the selected TVS diodes have the capability to absorb the input transient
energy.

nFET
VBAT * Vout
Cout
Y Y
SRC  GATE
v N MAX16171
D2
-+ CIN1 out
GND
N
N

Figure 2. Extended Protection Scheme

Redundant Power Supplies

Many high-reliability applications require a redundant power-supply scheme to ensure the availability of power at all
times. When one of the supplies is lost, the other supply must take over to keep the system operating without interruption.
The MAX16171 supports redundant power-supply applications. See Figure 3 for an application circuit example. When
one of the input rails falls below the output, the MAX16171 stops regulating the voltage across the external MOSFET and
shorts GATE to SRC to prevent reverse-current flow and allow the secondary power source to support the load.

www.maximintegrated.com Maxim Integrated | 11



MAX16171 Ideal Diode Controller with Reverse-Current

Protection
at
VIN1
I+l
j_ Coumt
SRC GATE l
T N MAX16171
CIN1 out
l —EN ¢ LOAD
GND
Q2
VIN2 : T

Cout2
SRC  GATE l

MAX16171

CiN2 J_ out
l |
GND

Layout Recommendations
To optimize device operation, use the following recommendations:

e Bypass the input voltage (IN) to ground with at least a 0.1uF capacitor connected as close as possible between the
input and ground pins.

e Minimize trace length and impedance connecting SRC and OUT to the source and drain pins of the external MOSFET,
respectively.

e Connect GATE to the gate of the external MOSFET directly with no vias in between.

e Minimize stray capacitance between GATE and the gate of the MOSFET to minimize gate response time fault
conditions.

e For high-current applications, minimize IR losses and heat dissipation by mounting the appropriate heat sink, air-flow,
and low-resistance traces between the source and load.

e Connect the exposed pad to the ground pin of the IC and do not use the exposed pad as the only ground connection.

IN

Figure 3. Redundant Power Supply Circuit
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MAX16171 Ideal Diode Controller with Reverse-Current
Protection
Typical Application Circuit
Typical Operating Circuit
SQM70060EL
VIN . * Vourt
'i' —L 100uF
SRC GATE
IN
0.1pF MAX16171 OUT
EN
GND
Ordering Information
PART NUMBER TEMP RANGE PIN-PACKAGE
MAX16171ATANVY+T -40°C to +125°C 8 TDFN-CU

www.maximintegrated.com
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MAX16171 Ideal Diode Controller with Reverse-Current

Protection
Revision History
REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 9/20 Release for intro —

For pricing, delivery, and ordering information, please visit Maxim Integrated’s online storefront at https://www.maximintegrated.com/en/storefront/storefront.html.
Maxim Integrated cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim Integrated product. No circuit patent

licenses are implied. Maxim Integrated reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max
limits) shown in the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.

Maxim Integrated and the Maxim Integrated logo are trademarks of Maxim Integrated Products, Inc. © 2020 Maxim Integrated Products, Inc.
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