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EVALUATION KIT AVAILABLE

MAX16141
MAX16141A

General Description

The MAX16141/MAX16141A, ideal diode controllers,
provide system protection against a variety of system faults,
such as reverse current, reverse voltage, overcurrent, input
overvoltage/undervoltage, and overtemperature conditions.
The wide operating voltage range of 3.5V to 36V, combined
with 5pA (typ) of shutdown current, make the MAX16141/
MAX16141A ideal for automotive applications. An integrated
charge pump drives the gate of the back-to-back external
nFETs 9V above the source connection, minimizing power
loss between the source and the load.

A fast-acting comparator allows the MAX16141/MAX16141A
to block reverse-current flow within 1us (max) of the input fall-
ing below the output voltage. An external current-sense resistor
between RS and OUT provides overload monitoring capability.
Two input pins, OVSET and UVSET, provide set points to pro-
tect against input overvoltage and undervoltage events using a
simple resistive-divider.

During startup, the MAX16141/MAX16141A monitor the
voltage drop across the external nFETs (V|N - VouT) and
the load current for overcurrent fault to ensure Voyr is
greater than 0.9 x V|N. Once the startup event is complete,
the MAX16141/MAX16141A are ready to protect against
systems faults. During normal operation, some systems
experience brownouts or short interruptions of power. To
ensure smooth system recovery from these interruptions,
the MAX16141/MAX16141A includes a secondary power
input (Vcc) to keep critical circuits alive. When the main
input power recovers, the MAX16141/MAX16141A enable
the gate in fast mode (70us, typ) to charge the output
capacitor.

Both devices feature a low power mode that is enabled with
a logic input. In low power mode the devices allow limited
current flow from source to the load. For the MAX16141,
the low power mode is enabled using an active low logic
input, SLEEP. For the MAX16141A, the lower power mode
is activated using an active-high logic input (SLEEP).

Additional features include an internal switch that isolates
the monitoring from the UVSET and OVSET resistive network
in shutdown mode to help minimize system power loss.

The MAX16141 is available in a 4mm x 4mm x 0.75mm,
16-pin TQFN package and operates over the automotive
temperature range of -40°C to +125°C.
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3.5V to 36V Ideal Diode Controller

with Voltage and Current Circuit Breaker

Benefits and Features
e Wide Voltage Range
» 3.5V to 36V Operating Voltage Range
» -36V to +60V Input Protection Voltage Range

e Eliminates Discrete Diode Power Dissipation

e |ow-Power Shutdown Reduces Battery Drain
* 5pA (Typ) Shutdown Current
+ Term Switch Isolates UVLO and OVLO Circuitry in
Shutdown

e |solates Failed Supply from Load
 Bidirectional Current Blocking On Open
+ Bidirectional Voltage Blocking On Open
e Current Protection
» Factory Adjustable Overcurrent Trip Thresholds
» Factory Adjustable Reverse-Current Trip Thresholds

e Resistor Adjustable Overvoltage and Undervoltage
Trip Thresholds
e Automotive Qualified
* Operates Down to +3.5V, Riding Out Cold-Crank
Conditions
* -40°C to +125°C Operating Temperature Range

e N-Channel MOSFET Gate Driver of V| + 8V
e Fault Output

* UVLO, OVLO, Overcurrent, Reverse-Current, and
Thermal Shutdown

e AEC-Q100 Qualified MAX16141AAF/V+T

Applications

e Automotive Power Systems
Network/Telecom Power Systems
RAID Systems

Servers

PoE Systems

Ordering Information appears at end of data sheet.
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Simplified Block Diagram
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(SLEEP) IS AN ACTIVE-HIGH INPUT FOR THE MAX16141A.
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MAX16141
MAX16141A

Absolute Maximum Ratings

VIN O GND ... -36V to +60V
VCC, SHDN, FAULT, RS OUT to GND ....-0.3V to +60V
RS, OUTto GND......ovveeeeeeeecee e -0.3V to +60V
VIN to VCC, VIN to SHDN, VIN to TERM.............. -45V to +60V
SRC, GATEtO GND ......ooeiivieeceeieeeeeeee, ..-36V to +50V
SRC to GATE, VIN to VOUT, RS to OUT .............. -36V to +36V
TERM 1O VCC...oooeieeceeee e -15V to +1V
SLEEP, SLEEP, OVSET, UVSET, GRC, GFC, to GND

............................................................................. -0.3V to +6V
Continuous Sink/Source Current

(all pins except FAULT) ...ccooiiiiiiiiirie e +20mA

3.5V to 36V Ideal Diode Controller

with Voltage and Current Circuit Breaker

FAULT Continuous Sink/Source Current...........cccccceennene +5mA
Continuous Power Dissipation (TQFN 16-Pin

derate 25mW/°C above +70°C.)......cccceevernriinirnncnnn. 2000mw
Operating Temperature Range............cccccocee. -40°C to +125°C
Junction Temperature...........ccocvvveiiiiee e +150°C
Storage Temperature Range............... .-60°C to +150°C
Lead Temperature (soldering 10S) ......cccoceeveenieneenieennenn +300°C
Soldering Temperature (reflow) ..o +260°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
16-TQFN

Package Code T1644+4A
Outline Number 21-0139
Land Pattern Number 90-0070
Thermal Resistance, Single-Layer Board:

Junction to Ambient (64) 59.30°C/W
Junction to Case (8,¢) 6°C/W
Thermal Resistance, Four-Layer Board:

Junction to Ambient (6 a) 40
Junction to Case (8,¢) 6
16-TQFN

Package Code T1644Y+4
Outline Number 21-100267
Land Pattern Number 90-0070
Thermal Resistance, Multi-Layer Board:

Junction to Ambient (64) 40°C/W
Junction to Case (8,¢) 6°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.

www.maximintegrated.com
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Electrical Characteristics

(VIN = 12V, CaaTE-SRC = 7nF, Cycc = 0.33pF, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C. All
specs are subject to change.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Voltage Range ViNand Voo Operating range 3.5 36 Vv
Input Protection Voltage Vin .36 +60 Vv
Range
INPUT SUPPLY CURRENT
Input Supply Current N VsHpN = high, V|N = Vsre = VouTt = 12V 2.0 3.8 mA
Input Suplly Current N VsHpN = high, VN = Vsrc = VouT = 36V 2.1 4.0 mA
V =low, V|y = 12V 5 10
Input Supply Current N SHON N MA
VsHDN = low, VN = 36V 6 15
Sleep Mode Supply
Current ISLEEP Internal PFET on, charge pump off 10 15 MA
SRC Input Current IsrRC V|N = 12V, SHDN = high 1 2 mA
Undervoltage Lockout UvVLO VN rising 3.3 \%
OVSET/UVSET Input 100 nA
Current
OVSET/UVSET L
Threshold VN rising 0.485 0.5 0.515 \%
OVSET Threshold ) . 0.05 x
Hysteresis Vov_Hys | OTP configuration-dependent Vov TH \Y
UVSET Thresnhold ) . 0.05 x
Hysteresis Vuv_Hys OTP configuration-dependent Vo TH \%
TERM On-Resistance RTERM 0.7 1.3 kQ
Startup Response Time tsu 450 us
OVSET to GATE Prop Vovser rising from (V14_ov - 100mV) to 10 s
Delay (VTH_ov + 100mV) H
UVSET to Gate Prop VyvseT falling from (VUV_TH +100mV) to 20 s
Delay (Vuv_TH - 100mV) H
OVSET to FAULT Prop ¢ Vovser rising from (Voy TH - 100mV) to 03 us
Delay ov (Vov_TH + 100mV) '
GATE OUTPUT VOLTAGE
VIN = Vsre = Vout = 3.5V, IgaTe = -1HA 5 6.3 8
GATE Output Voltage v VIN = Vsre = Vout = 12V, IgaTe = -1PA 8 9 11 v
High Above Vsrc S ViN = VSRG = VouT = 24V, IGATE = -1HA 7 8.5 1
VIN = VSRC = VOUT =36V, |GATE =-1 |JA 6.25 8 11
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MAX16141
MAX16141A

3.5V to 36V Ideal Diode Controller
with Voltage and Current Circuit Breaker

Electrical Characteristics (continued)

(VIN = 12V, CaaTE-SRC = 7nF, Cycc = 0.33pF, Tp = -40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C. All
specs are subject to change.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
GATE Charge Pump _ _ _
Current IGATE VIN = VGATE = Vsrc = 12V 1200 HA
SHDN, SLEEP, SLEEP

’ ’ Y 1.4 \Y,
Logic-High Input Voltge H
SHF)N, SLEEP, SLEEP Vi 0.4 Vv
Logic-Low Input Voltage
SHDN Input Pulse Width | tpw SHDN 6 HS
SHDN Input Pulldown

| 0.1 1.2 A
Current SPD H
FAULT Ouput Voltage VoL | FAULT sinking 1mA 0.4 v
Low
FAULT Leakage Current IR VEAULT = 12V 0.5 MA
OUT Input Resistance RouT 4 MQ
REVERSE CURRENT THRESHOLD
Reverse-Current
Threshold V(ouT-IN) ! 10 14 mv
Reverse Current-Blocking . _
Response Time tREV Overdrive Threshold Voltage = 40mV 0.3 1 us
Fast Reverse Recovery ¢ tC;a\t/e nsejrgr;wVGND 100Q from GATE to 70 s
Turn-On Time (Note 2) REV_FAST CGSSSC;nF (No'te ) | gate of the MOSFETs H
OVERCURRENT THRESHOLDS
Overcurrent Threshold
(Note 2) V(Rs-0OUT) 22.5 25 27.5 mV
Overcurrent Response Comparator overdrive = 40mV, Response
Time P time is measured from overcurrent event to 0.5 us
FAULT pulling low
Thermal Shutdown THsHDN +145 °C
Thermal Shudown o
Hysteresis THSHDN_HYs 15 c
Power OK Threshold Vour rising 0'\?\/ x \Y
IN
Power OK Threshold Vour falling 0'\;37 X Vv
IN

www.maximintegrated.com
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MAX16141
MAX16141A

3.5V to 36V Ideal Diode Controller
with Voltage and Current Circuit Breaker

Electrical Characteristics (continued)

(VIN = 12V, CgaTE-Src = 7nF, Cycc = 0.33pF, Ta = -40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C. All
specs are subject to change.)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
GATE RAMP RATE CONTROL CURRENT
RgRrc = 10kQ, gate rising from ground to 10
SRC + 3.5V
. ) RgRrc = 20kQ, gate rising from ground to
Gate Rise Time SRC + 3.5V 20 ms
RgRrc = 40kQ, gate rising from ground to 40
SRC + 3.5V
GATE RAMP DOWN
RgEc = 20kQ, GATE is falling from
200
. (Vsrc *8V) to Vgre
Gate Fall Time - us
RgFc =10kQ, Gate falling form (Vgrc + 8V)
100
to Vsre
GATE Pulldown Active during reverse bias detection to
: . 0.280 A
Current achieve 1us (max) response time

Note 1: Tested with MOSFETs, NVD6824NL.

Note 2: Guaranteed by design and bench characterization.

Note 3: Specifications with minimum and maximum limits are 100% production tested at Ta = +25°C and are guaranteed over the
operating temperature range by design and characterization. Actual typical values may vary and are not guaranteed.

www.maximintegrated.com
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MAX16141
MAX16141A

3.5V to 36V ldeal

Diode Controller

with Voltage and Current Circuit Breaker

Typical Operating Characteristics
VN = Vee = 12V, Cycc = 0.33pF, Ta = -40°C to +125°C, unless otherwise noted.
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MAX16141
MAX16141A

3.5V to 36V Ideal Diode Controller
with Voltage and Current Circuit Breaker

Typical Operating Characteristics (continued)
VIN = Vee = 12V, Cycc = 0.33uF, Ta =-40°C to +125°C, unless otherwise noted.

GATE RESPONSE TO
REVERSE VOLTAGE MICROCUT OPERATION STARTUP BEHAVIOR
toc08 toc09 toc10
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Vin 5Vidiv Vi
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— Rioap = OPEN i LoAD Rioap = 5Q,
Vaue ‘ Rosc=10k | W Rene = 10k
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Pin Configuration

TOP VIEW 5 ‘% R
‘E A S 5
BEEEEE
out|18) T {8|eRe
RS | 14] R [T
- 1 MAX16141 | ]
SRC 151 6 |uvseT
GatE | 161 o F Pl 5 |ovseT
EEEINEINTY
[} —
16-TQFN
Pin Description
PIN NAME FUNCTION
1 IN Sense Input. Bypass IN with a 0.1uF ceramic capacitor to GND.
5 Vv Aucxiliary Power Input. V¢ provides power to the MAX16141/MAX16141A during short interruption of
cc power at IN. Connect V¢ to IN through a diode. Bypass V¢ to ground with a 0.1pF capacitor.
3 SHDN Active-Low Shutdown Input. Drive SHDN low to drive GATE low and TERM to high-impedance state. Drive

SHDN high for normal operation.

UVSET/OVSET Voltage-Divider Termination Output. TERM is internally connected to V¢ through a
4 TERM switch. Connect TERM to the high-side of the UVSET/OVSET resistive-divider network for undervoltage
and overvoltage settings.

Overvoltage Threshold Adjustment Input. Connect a resistive-divider from TERM to OVSET and GND to
set the overvoltage threshold.

Undervoltage Threshold Adjustment Input. Connect a resistive-divider from TERM to UVSET and GND to
set the undervoltage threshold.

7 GND Ground
Gate Rise Control Input. Connect a resistor from GRC to ground to set the gate rise time.

5 OVSET

6 UVSET

8 GRC See Electrical Characteristics for appropriate resistor values.

Gate Fall Control Input. A resistor from GFC to ground allows the MAX16141/MAX16141A to disable the gate
9 GFC . . o . .

slower in the event of an overvoltage fault. See Electrical Characteristics for appropriate resistor values.
10 N.C. No Connect. Connect to ground.
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Pin Description (continued)

PIN NAME FUNCTION
1 SLEEP/ | Sleep Mode input. In Sleep mode, the gate drive is disabled and power to the load flows through an inter-
SLEEP nal low-power switch and the body diode of the ORing FET.

12 FAULT Active-Low, Open-Drain Fault Output. FAULT requires a pullup resistor.
Load Current/Output Voltage Sense Input. OUT is internally connected to a current-sense comparator input

13 ouT and a voltage comparator. During normal operation, the MAX16141/MAX16141A monitor the overcurrent
conditions using a sense resistor between RS and OUT. During the reverse-voltage condition, the MAX16141
/MAX16141A enter a fault mode when the voltage between OUT and IN exceeds the set threshold.

14 RS Current Sense Positive Input. RS is internally connected to the positive input of a current-sense resistor.
Connect a sense resistor between RS and OUT to set the overload threshold.

15 SRC Source Input. Connect SRC to the common source connection of the external n-channel
MOSFETs. An external zener diode between SRC and GATE protects the gates of the external MOSFETSs.
Gate-Driver Output. Connect GATE to the gates of the external n-channel MOSFETs. GATE is the charge-

16 GATE pump output during normal operation. GATE is quickly pulled low during a fault condition or when SHDN is
pulled low.
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Functional Diagram
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MAX16141
MAX16141A

Detailed Description

Device Operation

The MAX16141/MAX16141A is an ideal diode controller
featuring several system-level protections, such as
reverse-current, overcurrent, overvoltage, undervoltage,
and overtemperature faults. The MAX16141/MAX16141A
consume only 5pA (typ) in shutdown mode. During
a reverse condition, Voyt > V|N, the MAX16141/
MAX16141A disables the gate within 1us (max) of V|N
falling below VoyT by the factory-set threshold.

An internal charge pump drives the gate above the
source voltage to fully turn on two external back-to-
back N-channel FETs, minimizing power dissipation and
voltage drop across the FETs. The MAX16141/
MAX16141A monitor the load current using a sense
resistor between between RS and OUT and protects
against reverse current flow when V)N fall below Voyr.
This device features gate ramp rate control to provide
correct operation in a variety of situations. For example,
the ramp-up during power-up can be adjusted to avoid
excessive inrush current. In the case of an overvoltage fault,
the ramp down rate is slow enough to avoid large inductive
transients when interrupting high fault currents. On the other
hand, the gate drive responds quickly to transient shorts
of the input to ground, thereby preventing discharge of the
load-side capacitance. When the input recovers, the gate
drive ramps up quickly enough to provide power to the
load before the load voltage can drop excessively.

Power-Up

At power-up, the MAX16141/MAX16141A monitors the
output and releases the gate after 450us of startup delay
(tsu)- During power-up, the gate’s rise time is determined
by value of resistor connected between GRC and GND,
while FAULT remains low and goes high-impedance when
the output voltage is greater than 90% of V|y if no fault
condition is present.

Undervoltage Protection

The MAX16141/MAX16141A monitor the input voltage for
undervoltage fault. An external resistive divider connected
between TERM, UVSET, and GND sets the undervoltage
threshold (TERM is connected to V¢ through a switch
when SHDN is high). When the input voltage falls below
the undervoltage threshold (Vce = VIN < VUVTH - VHYS),
the MAX16141/MAX16141A pull the gate voltage low,
turning off the external MOSFETs, and FAULT asserts.
When the input voltage rises above the undervoltage
threshold (Vcc = VIN > VuvTH), GATE goes high after a
450us startup delay (typ).

www.maximintegrated.com

3.5V to 36V Ideal Diode Controller

with Voltage and Current Circuit Breaker

Overvoltage Protection

The MAX16141/MAX16141A detect an overvoltage
conditions using an external resistive divider connected
between TERM, OVSET, and GND (TERM is connected
to Ve through a switch when SHDN is high). When
the input voltage exceeds the programmed overvoltage
threshold, the MAX16141/MAX16141A isolate the load
from the input and disables GATE low with a slow falling
ramp rate, as selected by the resistor value between GFC
and ground. See Electrical Characteristics for GATE'’s fall
times versus resistor values. During the overvoltage fault
condition, GATE latches low and FAULT stays asserted.

Overvoltage/Undervoltage Threshold
Hysteresis

The MAX16141/MAX16141A offer 6 factory-set overvoltage/
undervoltage threshold hysteresis options. See Figure 5
for available options.

Overcurrent Protection

The MAX16141/MAX16141A detect an overcurrent fault
condition using a sense resistor between RS and OUT.
When the load current exceeds the factory-set threshold,
the MAX16141/MAX16141A isolate the load from the input
and disables GATE low with a slow falling ramp rate, as
selected by the resistor value between GFC and ground.
See Electrical Characteristics table for GATE’s fall times ver-
sus resistor values. During the overcurrent fault condition,
GATE enters the 300ms auto-retry mode while FAULT
stays asserted. Upon termination of an overcurrent fault
condition, the MAX16141/MAX16141A pull the gate volt-
age high and allow the fault to deassert.

The MAX16141/MAX16141A offer 4 factory-set overcur-
rent threshold options. See Figure 5 for available options.

Ideal Diode Reverse-Current Protection

The MAX16141/MAX16141A detect a reverse-current
condition using a comparator that monitors the differential
voltage between IN and OUT. When V| falls below VoyT
by the factory-set thresholds, the MAX16141/MAX16141A
disable the gate drive within 1ys (max) to minimize load
discharge into the source. The gate drive is enabled once
the input rises above the output voltage by 50mV. The
MAX16141/MAX16141A offer 4 factory-set reverse-current
thresholds. See Figure 5 for available options.

Reverse-Voltage Protection

The MAX16141/MAX16141A integrate reverse-voltage
protection, preventing damage to the downstream circuitry
caused by battery reversal or negative transients. The devices
can withstand reverse voltage to -36V. When IN is forced
below ground, an internal circuitry blocks current flow from
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MAX16141
MAX16141A

GND to IN to protect the MAX16141/MAX16141A during
negative transients events. During a reverse-voltage
condition, the two external n-channel MOSFETs are turned
off, protecting the load. Connect a 0.1uF ceramic capacitor
from IN to GND. During normal operation, both MOSFETs
are turned on and have a minimal forward voltage drop,
providing lower power dissipation and a much lower
voltage drop than a reverse-battery protection diode.

Thermal Shutdown Protection

The MAX16141/MAX16141A include thermal shutdown
protection that turns off the external MOSFETs if the
internal die temperature exceeds +145°C (T,). By ensuring
good thermal coupling between the MOSFETs and the
MAX16141/MAX16141A, the thermal shutdown can turn off
the MOSFETs if they overheat. When the junction temperature
exceeds Tj=+145°C (typ), the internal thermal sensor signals
the shutdown logic, pulling the GATE voltage low and allowing
the device to cool. The MAX16141/MAX16141A isolate the
load from the input by pulling the gate to ground with a slow
falling ramp rate to prevent transient overshoots beyond the
input protection voltage and asserts FAULT. When T drops
by 15°C (typ), GATE goes high with a slow rising ramp rate
and the MOSFETSs turn back on. Do not exceed the absolute
maximum junction-temperature rating of Tj = +150°C.

GATE Ramp-Up Control

To ensure proper power-up, the MAX16141/MAX16141A
offers 3 different gate rise-times set with a resistor connected
from GRC to GND. See Electrical Characteristics for more
detail. The gate’s controlled rise-time ensures soft-start
with limited inrush current and is active during power-up,

3.5V to 36V Ideal Diode Controller

with Voltage and Current Circuit Breaker

when exiting shutdown, recovering from undervoltage,
overvoltage, and thermal faults.

Note: The values in the electrical characteristics table are determined
based on a 7nF gate-to-source capacitance. Depending on the gate-
to-source capacitance, the rise time of the gate will be different.

GATE Ramp-Down Control

The MAX16141/MAX16141A control the gate fall time using
a resistor from GFC to ground. The gate’s fall-time control
remains active during overvoltage, undervoltage, overcurrent
and thermal fault is detected. The gate’s fall-time-control is
not active when the MAX16141/MAX16141A enter shut-
down mode or detects reverse current fault condition. See
Electrical Characteristics for more detail.

Sleep Mode

The MAX16141/MAX16141A feature a low power
mode that is enabled with a logic level input. In low
power mode the devices allow limited current flow
from source to the load. For the MAX16141, the low
power mode is enabled using an active-low logic input,
SLEEP. For the MAX16141A, the lower power mode
is activated using an active-high logic input, SLEEP.
In sleep mode, the MAX16141/MAX16141A consume
about 10pA (typ) of current while sources up to 400pA
(typ) to the load. During sleep mode, the gate drive
remains disabled and the MAX16141/MAX16141A
provides power to the load through the body diode of the
MOSFET that is connected to SRC and an internal switch.
See Figure 1 for more detail.

U
Iseep
T i LOAD
Vce GATE SRC ouT]
|—————=
|
[e—
NON
______ |
PFET CHARGE PUMP
[
12l MAX16141/
SIEEP MAX16141A
(SLEEP) N
L~
SLEEP MODE ACTIVE

(SLEEP) IS ACTIVE-HIGH INPUT FOR THE MAX16141A $

Figure 1. Sleep Mode Operation
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Gate Charge Pump

An internal charge pump generates the GATE-to-SRC
voltage to enhance the external MOSFETs. After the
input voltage exceeds the input undervoltage threshold,
the charge pump turns on after a 450us startup (tsy)
delay. During a fault condition, GATE is disabled with a
280mA (typ) pulldown current.

TERM Connection

The TERM connection has an internal switch to Vgc. In
shutdown (SHDN = low), this switch is open. By
connecting the voltage threshold resistive divider to
TERM instead of directly to V¢, power dissipation in the
resistive divider can be eliminated and the supply current
in shutdown mode reduced.

During shutdown mode, the (Vcc - VTERM) can be as
high 60V but (VTERM - Vcc) must be limited to < 1V due
to parasitic diode.

FAULT Output

FAULT is an open-drain output that indicates fault
conditions. During startup, FAULT is initially low and goes
high-impedance when VoyT is greater than 90% of V| if
no fault conditions are present. FAULT asserts low during
shutdown mode, reverse-current, overcurrent, overvoltage,
thermal shutdown, or undervoltage faults, or when Voyt
falls below 90% of V|N.

Auto-Retry

The MAX16141/MAX16141A enter auto-retry mode of
300ms during overcurrent, output short-circuit and thermal
shutdown faults only. In auto-retry mode, the gate drive is
enabled every 300ms (typ) to check if the fault condition is
removed or not. If the fault is active, the gate will be pulled
low after a short duration of 20ms(typ). If the fault condition
is removed, the gate will stay on and the MAX16141/
MAX16141A resume normal operation. During these fault
conditions, FAULT asserts low and deasserts once the
fault conditions are removed.

Applications Information

Setting Overvoltage/Undervoltage Threshold

The MAX16141/MAX16141A features window-detection
threshold comparators. The noninverting input of the
undervotlage comparator shares the same reference
voltage connected to the inverting input of the overvoltage
comparator. This configuration allows using three-resistor
network to set both undervoltage and overvoltage thresholds.

www.maximintegrated.com
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The top of the resistive divider network connects to
TERM. See Figure 2. When the input voltage falls outside
the set window-threshold, the gate voltage is disabled and
the n-channel MOSFETSs are turned off. Use the equations
below to set the thresholds:

R
TOTAL
VuvtH = (VTH‘ VTH_HYS)[—R2+R3]’
RroTAL
VovtH = (VTH)[T],

Where VyyTH and VoyTH are the undervoltage and over-
voltage thresholds respectively, RtotaL = R1 + R2 + R3,
VT1H is the 0.5V for OVSET and UVSET threshold, and the
VTH-HYS is the hysteresis.

Use the steps below to determine values for R1, R2, and
R3.

1) Choose a value for RtoTAL, the sum of R1, R2, and
R3.

2) Calculate R3 based on RToTaL and the desired
overvoltage threshold point, VoyTH:

Y xR
R3 = (TH TOTAL)

VovTH
3) Calculate R2 based on RToT1aL, R3 and the desired
undervoltage threshold point, VovyTH:

(VTH _VTH_HYS) *RroTAL
VUVTH

R2 -R3

4) Calculate R1 based on RToTAL, R2 and R3:

R2=RtoraL ~R2-R3

Maxim Integrated | 14
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The MAX16141 offers factory threshold hysteresis for
undervoltage and overvoltage threshold settings.

Reverse-Voltage Protection

Traditionally, discrete diodes have been used to block
reverse current flow and prevent output capacitor discharge.
However, for high-current applications, ideal diode
controllers (FET-based solutions) are more appealing

3.5V to 36V Ideal Diode Controller
with Voltage and Current Circuit Breaker

due to their low power dissipation. But, unlike a discrete
diode that blocks reverse current instantaneously, a
typical ideal diode controller reacts much more slowly.
To prevent heavy discharge of the load-side capacitor
in the case of a fault that shorts the input to ground, the
MAX16141/MAX16141A disable the gate drive within 1us
(max) of detection of the reverse-voltage condition. See

Figure 3.

Rsense
° ° P ° vV,
A L_E‘EC_ W
Cn N ChoLp
N
IN GATE  SRC RS ouT §
D1 = ‘I VCC 10k2
Cvee
FAULT [—
l MAX16141/
won  MAX16141A
TERM
R Rere
UVSET GRC —AMN\—
Rerc
R2 GFC |—AAN——4
OVSET
GND \
3

Figure 2. UVSET and OVSET Thresholds Setting

(Vour - VIN) = 10mV

0A

— i |la— 1ps (MAX)

ov

Figure 3. Reverse-Voltage Fault
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The MAX16141/MAX16141A protect against negative
input voltage down to -36V. High leakage current of the
back-to-back MOSFETs and diode(D1) between IN and
Ve can cause OUT and V¢ pins to drop below their
minimum ABS max ratings. For proper protection against
negative input voltage, low leakage MOSFETs and diode
is recommended.

Ovecurrent Threshold Setting

Use the formula below to set the overcurrent threshold:
loc = V(Rs-OUTYRSENSE

where,

V(rRs-ouT) is the overcurrent threshold voltage in Volts

RseNsE is the resistor in Ohms connected between RS
and OUT.

Short Power Interruptions

In an automotive environment, systems usually experience
brief power interruptions where the main supply is shorted
to ground. The power interruption may last for several
seconds; and the only source of power to system load is
the output capacitance. To ensure fast recovery, an auxil-
iary input (Vcc) helps keep the MAX16141/MAX16141A
standby mode for 100us (typ). When the main supply
input (IN) recovers, the MAX16141/MAX16141A initiate
a fast recovery mode that allows the gate to reach its
peak voltage within 70us (typ). See Figure 4 for more
detail. Therefore, brief power supply interruptions will
not affect operation of the load, as long as the load-side

3.5V to 36V Ideal Diode Controller
with Voltage and Current Circuit Breaker

capacitance is sufficiently large to power the load during
the interruption.

Since Vg provides power to the MAX16141 when the
main supply is shorted to ground, a low-leakage diode
such as CMPD4150 from V|N to Vcc and a bulk capaci-
tance is required to keep the MAX16141/MAX16141A in
standby mode. See Typical Application Circuit for proper
connection. The size of the bulk capacitance is dictated by
the expected duration of the power interruption and supply
current of the MAX16141/MAX16141A. Below is a simple
bulk capacitance calculation for 100us power interruption
and 1V drop in V¢ voltage.

_ [1gg x 100 10‘6!

Cvce Mo ;

Where Cycc is the bulk capacitance at Vg, Icc is the
supply current in amper, and AV is the desired droop
in Vg in volts.

3x1073  (A)x 100 x 10”8(s)
W

~ 0.33yF

Note: If the input voltage sags slowly and the output follows, the
differential voltage between the input and output may always be
less than factory-set threshold. In this case, the reverse-current
fault may not occur. Instead, an undervoltage fault may eventually
be detected; causing the gate drive to be disabled.

Vout > VIN

VIN
Vout

100ps

1us (MAX) —»

/ VIN > Vout

Vs = Vsre + 3.5V

4— T70ps (TYP)

Figure 4. Short Power Interruption and Recover
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MOSFET Selection

MOSFET selection is critical to design a proper protec-
tion circuit. Several factors must be considered: the
gate capacitance, the drain-to-source voltage rating, the
on-resistance (Rps(oN)), the peak power dissipation
capability, and the average power dissipation limit. In gen-
eral, both MOSFETSs should have the same part number.
For size-constrained applications, a dual MOSFET can
conserve board area. Select the drain-to-source voltage
so that the MOSFETs can handle the highest voltage that
might be applied to the circuit. Gate capacitance is not as
critical, but it does determine the maximum turn-on and
turn-off time. MOSFETs with more gate capacitance tend
to respond more slowly.

MOSFET Power Dissipation

The Rps(on) must be low enough to limit the MOSFET
power dissipation during normal operation. Power
dissipation (per MOSFET) during normal operation can be
calculated using this formula:

2
P =1 oap xRps(oN)

where P is the power dissipated in each MOSFET and
ILoAD is the average load current.

3.5V to 36V Ideal Diode Controller

with Voltage and Current Circuit Breaker

During a fault condition in switch mode, the MOSFETs
turn off and do not dissipate power.

Since limiter mode can involve high switching currents
when the GATE is turning on at the start of a limiting
cycle (especially when the output capacitance is high), it
is important to ensure the circuit does not violate the peak
power rating of the MOSFETs. Check the pulse power
ratings in the MOSFET data sheet.

MOSFET Gate Protection

To protect the gate of the MOSFETs, connect a Zener
clamp diode from the gate to the source. The cathode
connects to the gate, and the anode connects to the
source. Choose the Zener clamp voltage to be above 10V
and below the MOSFET Vgg maximum rating.

MAX16141(A)
REVERSE VOLTAGE OVSET/UVSET
OVERCURRENT SUFFIX SUFFIX
SUFFIX THRESHOLD THRESHOLD THRESHOLD HYS(%)

A 2505

A 25my A 10mv

B oy B 20mvV B 2.5110

c — C 30mvV C 2.5/20

D D

D 100mV 40my R
E 5/10
F 5/20

Figure 5. Selector Guide
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Typical Application Circuit

Rsense
e FILTER +—t [_ Bg_ AMA-—3—9
Cn e ] ChoLo
L i PMIC,
J; SUPERVISORY,
IN_GATE _ SRC RS OUT AND OTHER
D1lpro Veo §10k0 MODULES
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R1 RGRC
UVSET GRC —AAN
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MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker

Ordering Information

PART NUMBER TEMP RANGE PIN-PACKAGE
MAX16141AAF+T -40°C to +125°C 16-TQFN
MAX16141AAF/V+T -40°C to +125°C 16-TQFN
MAX16141AAAF/VY+T* -40°C to +125°C 16-TQFN

+ Denotes a lead(Pb)-free/RoHS-compliant package.
T Denotes tape-and-reel.

/V denotes automotive qualified parts.

*Future product—contact factory for availability.

Note: See the Figure 5 for overcurrent, reverse-current, overvoltage, and undervoltage hysteresis options. Contact factory for
availability of variants not listed in the Ordering Information table (10k units minimum order quantity).

www.maximintegrated.com Maxim Integrated | 19



MAX16141 3.5V to 36V Ideal Diode Controller
MAX16141A with Voltage and Current Circuit Breaker
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OCEAN CHIPS

OxreaH INeKTPOHMUKM
MocTaBKa 3ﬂeKTp0HHbIX KOMMOHEHTOB

Komnanusa «OkeaH DNEKTPOHMKM> MpEeAaraeT 3aK/Il04EHUE JONTOCPOYHbIX OTHOLLIEHMM NpU
MOCTaBKaX MMMOPTHbIX 3/1EKTPOHHbIX KOMMOHEHTOB HA B3aMMOBbIrOZHbIX YC10BMAX!

Hawwu npeumyliectsa:

- NlocTaBKa OpMrMHaIbHbIX UMMNOPTHbBIX 3/IEKTPOHHbIX KOMMOHEHTOB HanNpAMYy C NPOM3BOACTB AMEPUKM,
EBponbl M A3uK, a TaK e C KpYNHEMLIMX CKIaJ0B MMPa;

- LUnMpoKas sMHeMKa NOCTaBOK aKTUBHBIX M MACCMBHBIX MMMOPTHbBIX 3/1EKTPOHHbIX KOMMOHEHTOB (6onee
30 MJIH. HAMMEHOBAHUMN);

- MocTaBKa C/IOXKHbIX, AeDUUMUTHBIX, IM60 CHATLIX C NPOM3BOACTBA NO3ULMIA;

- OnepaTMBHbIE CPOKM NOCTABKM NOA 3aKa3 (0T 5 paboumx AHEN);

- JKCnpecc JoCTaBKa B 06YH0 TOYKY Poccuu;

- Momouwb KoHcTpyKTOpCKOro OTAena 1 KOHCynbTauumu KBaMPULUUPOBAHHBIX MHXEHEPOB;

- TexHM4ecKaa nogaepkka NpoeKTa, NomMollb B NoA6ope aHanoros, NocTaBka NPOTOTUNOB;

- [locTaBKa 3/1EKTPOHHbIX KOMMOHEHTOB NoJ, KOHTposiem BIT;

- CUcTeMa MeHeaXXMeHTa KayecTBa cepTudmumpoBaHa no MexayHapogHomy ctaHgapTy 1SO 9001;

- Mp1 HEO06XOAMMOCTH BCA NPOAYKLUMA BOEHHOIO M adPOKOCMMYECKOrO Ha3HaYeHMA NPOXoAUT

MCMbITaHMA M CEPTUMhMKALMIO B TaGOPATOPMM (MO COrIACOBAHMIO C 3aKa34YMKOM);
- MocTaBKa cneumanusmMpoBaHHbIX KOMMOHEHTOB BOEHHOMO M a3POKOCMMYECKOr0 YPOBHSA KayecTBa

(Xilinx, Altera, Analog Devices, Intersil, Interpoint, Microsemi, Actel, Aeroflex, Peregrine, VPT, Syfer,
Eurofarad, Texas Instruments, MS Kennedy, Miteq, Cobham, E2V, MA-COM, Hittite, Mini-Circuits,
General Dynamics u gp.);

KomnaHua «OkeaH JNEeKTPOHMKKU» ABNAETCA oduuMabHbIM AUCTPUOLIOTOPOM M SKCKJIHO3MBHbBIM
npesctasuteneM B Poccum ofHOrO M3  KpPYMHEMWMX MPOM3BOAMUTENIEM Pa3beEMOB BOEHHOMO W
A3pPOKOCMMYECKOro Ha3sHavyeHuMs <«JONHON», a Tak Xe oduuMaibHbiIM AUCTPUOBIOTOPOM MU
JKCK/II03MBHbIM nNpeacTaBuTenieM B Poccvn npousBoauTENA BbICOKOTEXHOIOMMYHBIX M HaAEXHbIX
peweHun ans nepeaaym CBY curHano «FORSTAR>.

«JONHON> (ocHosaH B 1970 T.)

PasbeMbl crneumanbHOro, BOEHHOMo M A3POKOCMHNYECKOIo
Ha3Ha4YeHHA:

JONHON (MpuMeHsOTCA B BOEHHOM, aBMALMOHHOM, a3POKOCMMYECKOM,

MOPCKOM, KeNe3HOAOPOXKHOM, TOpHO- M HedTeao6biBatoLLeN
0Tpac/AX NPOMbILLIEHHOCTH)

«FORSTAR> (ocHoBaH B 1998 r.)

BY coegmHmnTENN, KOAKCHaNbHbIE Kabenn

’ ) ®
KabenbHble COOPKM M MMKPOBONIHOBbIE KOMMOHEHTbI: FORS 'AR
L

(MpuMeHsaTCA B TEJIEKOMMYHMKAUMAX  FPaXXAaHCKOro M
cneuManbHOrO HasHayeHus, B cpeacTBax cBA3sM, PJIC, a TaK xe
BOEHHOM,  aBMALUMOHHOM M AdPOKOCMMYECKOM  OTpacisx
NPOMBILLNIEHHOCTH).

TenedoH: 8 (812) 309-75-97 (MHOroKaHasbHbIN)

dakc: 8 (812) 320-03-32

DNIeKTpPOHHas noyTa: ocean@oceanchips.ru

Web: http://oceanchips.ru/

Appec: 198099, r. CaHkT-leTepbypr, yn. KananHuHa, 4. 2, Kopn. 4, amT. A




