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Typical Application
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VOUT VIN @ VOUT
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Cour Ci Cour
'S GATE  SRC Vs GATE  SRC
= R, CVCAP—L B
VCAP  Mx74502 VCAP MX74502
ov EN/UVLO— ov EN/UVLOf—
ON|OFF ON|OFF
GND R, GND
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Terminal assignments

S 1 8 | VCAP

GATE| 2
Thermal pad
sRCf 3 ¢ i
GND MX74502 EN/UVLO
MX74502D23
Pin Description
Name No.
Vs 1 Ir}put power supply pin to the controller. Connect a 100-nF capacitor across VS and GND
pins.
GATE 2 Gate drive output. Connect to gate of the external N-channel MOSFET
SRC 3 Source pin. Connect to common source pf)int of external back-to-back connected N-channel
MOSFETs or the source pin of the high side switch MOSFET.
GND 4 Ground pin
EN/UVLO Input. Connect to VS pin for always ON operation. Can be driven externally from a micro
EN 5 controller I/0. Pulling the pin low below V(enr) makes the device enter into low 1Q shutdown mode. For
UVLO, connect an external resistor ladder from input supply to EN/UVLO to ground.
NC 6 No connection
Adjustable overvoltage threshold input. Connect a resistor ladder from input supply to OV pin to ground.
oV 7 When the voltage at OV pin exceeds the overvoltage cutoff Fhreshold then the GATE is pulled low. GATE
turns ON when the OV pin voltage goes below the OVP falling threshold. Connect OV pin to ground when
OV feature is not used.
VCAP 8 Charge pump output. Connect to external charge pump capacitor.
Thermal pad No connection.
WUXIMAXINMICRO 2/16 T WA T A IRA R
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Block diagram
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Internal Driver
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Enable Logic
Logic
UVLOb EN |OV ol |::|OV
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oov | AT
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I
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L
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Electrical characteristics

TJ =-40°C to +150°C; typical values at TJ = 25°C, V(VS) =12 V, C(VCAP) = 1 pyF, V(EN/UVLO) = 3 V, over operating free-air

temperature range (unless otherwise noted)

Symbol PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vs SUPPLY VOLTAGE
Vs) Operating input voltage 4 85 \
V. VS POR Rising threshold 3.10 | 340 | 410 |V
(VS-POR) VS POR Falling threshold 305 | 335 [ 375 [V
V (Vs POR(Hys)) VS POR Hysteresis 50 mV
I(supN) Shutdown Supply Current VEnuvio) = 0V 0.3 0.7 1.2 uA
| 1)) Operating Quiescent Current Ignp, 100 150 210 | pA
Trev) VS pin leakage current during input 0V < Vivs < -65V 25 UA
reverse polarit
ENABLE INPUT
V(EN_UVLOF) Enable/UVLO falling threshold 1.08 | 1.16 125 |V
V(EN_UVLOR) Enable/UVLO rising threshold 1.10 | 1.20 140 |V
Vienm Enable threshold voltage for low IQ 030 | 070 090 | v
shutdown
V(EN Hys) Enable Hysteresis 40 mV
IenuvLo) Enable sink current VEnuvio) = 12V 1 A
GATE DRIVE
Peak source current Vatg) — Vsre) =5V 5 12 20 mA
IGaTE) . EN= High to Low
Peak sink current Vioats) - Visro) = 5 V 2.3 A
. . EN = High to Low
Rpson discharge switch Rpson Vioats — Visre) = 100 mV 1.6 5 Q
CHARGE PUMP
Charge Pump source current Vivear — Vivs = 7V 50 110 300 | uA
(Charge pump on)
Tevear) Charge Pump sink current (Charge v Vs = 14V 40 55 | uA
pump off) (vear) — V(vs) . .
Vvear) —V(vs) gii;ge pump voltage at Vivs) = Ivear) < 30pA 8 v
Vear) —Vvs) Charge pump turn on voltage 10.3 11.6 130 |V
Vear) —Vvs) Charge pump turn off voltage 112 | 129 142 |V
Vivear —Vavs) gharge Ppmp Enable comparator 13 v
ysteresis
Vveap uvioy Zi‘;‘;’“’) - Vi UV release atrising 531 62 | 71 |V
Vvear uvio) V(V.CAP) — V) UV threshold at 47 51 56 v
falling edge
OVERVOLTAGE PROTECTION
Vovr) Overvoltage threshold input, rising 1.33 | 143 1.53 |V
Viovr) Overvoltage threshold input, falling 1.30 | 1.40 1.50 |V
V(ov_nys) OV Hysteresis 30 mV
Loow OV Input leakage current 0V <Vov) <5V 50 100 | nA
SWITCHING CHARACTERISTICS
V(vcap) > V(VCAP UVLOR),
ENTDLY EN high to Gate Turn On delay V@ENUVLO) >V(EN UVLOR) tO V(GATE- 25 55 110 | ps
sro) > 5V, CaTe-sro= 1.5nF
GATE Turnoff delay during V@ENuvLo) | to V(GATE-sre) <
LUVLO_OFFeg) GATE | EN/UVLO 1V,Cioate-sre) = 1.5nF ! R
tOVP_OFF(deg) GATE GATE Turnoff delay during OV ;:CO)\;) lT ;?qu (@aTE-SRC) < 1V, Cgare- 1 2 3 us
tOVP_ON(deg) GATE GATE Turn on delay during OV V(O\i) | to V(ate-sre) > 5V, CGate- 4 7 10 us
sro)= 1.5nF
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Characteristic plots

T1=25°C, Vanopg) =12V, Cvcar) =1uF, VEn) =3V (unless otherwise noted).

1Q VS WS ISHDN VS VS
270
260 4.5
250 e— CCAP=100nF
530 .
9
500 CCAP=1uF < 3
< 190 3 25
2 180 =
2 i z
150 15
140 1
130
120 0.5
110
100 0
90 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
WS(V)
VVS(V)
IEN ICAP VS VCAP
20 250
18 230
16 210
14 190
i 12 < 170
=10 Z 150
=z o
S s g 130
6 110
4 90
2 70
0 50
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 12 14 16 18 20 2 24
VEN(V) VCAP(V)
ICAP VS VCAP ICAP VS VCAP
199 140
179
120
159
139 100
< 119 < 80
< =
‘,:_; 99 % 60
o 79 -
40
59
39 20
19 0
1 42 52 62 7.2 82 9.2 10.211.212.213.214.215.216.217.2
3 45 6 75 9 10.5 12 VCAP(V)
VS(V)

WUXI MAXIN MICRO

Vil

5/12

TR T PR A




@, MAXINMICRO

MX74502D23

FLECIRONICS Low 1Q High Side Switch Controller with Reverse Polarity and Overvoltage Protection

GATE Turn off delay during OV

EN turn on when output is 12V3A

EN turn on when output is 60V3A

EN turn off when output is 60V3A
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Parameter Measurement Information
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Detailed description

Overview

The MX74502D23 controller has all the features necessary to

implement an efficient and fast reverse polarity protection circuit

with load disconnect feature. This easy to uses reverse polarity

protection controller is paired with an external back-to-back

connected N-channel MOSFETS to replace other reverse polarity

schemes such as a P-channel MOSFETs. The wide input supply

range of 4V to 85V allows protection and control of 12V, 24V |

48V and 60V input supply systems. The device can withstand
and protect the loads from negative supply voltages down to —
90V. An integrated charge pump drives external back-to-back
connected N-channel MOSFETs with gate drive voltage of
approximately 13V. MX74502D23 with its fast gate drive
strength of 8mA peak is suitable for applications which need fast
turn-on and turn-off of external MOSFET switch. MX74502D23
features adjustable overvoltage protection using the OV pin.
With the enable pin low during the standby mode, both the
external MOSFETs and controller off and draws a very low
shutdown current of 1pA.

Input Voltage

The VS pin is used to power the MX74502D23's internal
circuitry, typically drawing 150pA when enabled and 1pA when
disabled. If the VS pin voltage is greater than the POR Rising
threshold, then MX74502D23 operates in either shutdown mode
or conduction mode in accordance with the EN/UVLO pin
voltage. The voltage from VS to GND is designed to vary from
85V to —90V, allowing the MX74502D23 to withstand negative

voltage transients.

Charge Pump (VCAP)

The charge pump supplies the voltage necessary to drive the
external N-channel MOSFET. An external charge pump
capacitor is placed between VCAP and VS pin to provide energy
to turn on the external MOSFET. For the charge pump to supply
current to the external capacitor the EN/UVLO pin voltage must
be above the specified input high threshold, VEn uvLor). When
enabled the charge pump sources a charging current of 110puA
typically. If EN/UVLO pins is pulled low, then the charge pump
remains disabled. To ensure that the external MOSFET can be
driven above its specified threshold voltage, the VCAP to VS
voltage must be above the undervoltage lockout threshold,

typically 6.2V, before the internal gate driver is enabled. Use the

following equation to calculate the initial gate driver enable delay

Torv_eny = 758S + Cycapy X V(VC%ISXOR)
where

* Cvcap) is the charge pump capacitance connected across VS and
VCAP pin

* V(vcap_uvLor) = 6.2V (typical)

To remove any chatter on the gate drive approximately 1000mV of
hysteresis is added to the VCAP undervoltage lockout. The charge
pump remains enabled until the VCAP to VS voltage reaches 12.9V,
typically, at which point the charge pump is disabled decreasing the
current draw on the VS pin. The charge pump remains disabled
until the VCAP to VS voltage is below to 11.6V typically at which
point the charge pump is enabled. The voltage between VCAP and
VS continues to charge and discharge between 11.6V and 12.9V as
shown in following figure. By enabling and disabling the charge
pump, the operating quiescent current of the MX74502D23 is
reduced. When the charge pump is disable, it sinks 1pA typical
when 12V input.

————

GATE DRIVER
(GATE to SRC).
ENABLE

Gate Driver (GATE, SRC)

The gate driver is used to control the external N-Channel MOSFET
by setting the appropriate GATE to SRC voltage.

Before the gate driver is enabled, the following three conditions
must be achieved:

e The EN/UVLO pin voltage must be greater than the specified
input high voltage.

» The VCAP to VS voltage must be greater than the undervoltage
lockout voltage.

» The VS voltage must be greater than VS POR rising threshold.

If the above conditions are not achieved, then the GATE pin is

WUXI MAXIN MICRO
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internally connected to the SRC pin, assuring that the external
MOSFET is disabled. After these conditions are achieved, the
gate driver operates in the conduction mode enhancing the

external MOSFET completely.

Enable (EN/UVLO)

The MX74502D23 has an enable pin, EN/UVLO. The enable pin
allows for the gate driver to be either enabled or disabled by an
external signal. If the EN/UVLO pin voltage is greater than the
rising threshold, the gate driver and charge pump operate as
described in the Gate Driver (GATE, SRC) and Charge Pump
(VCAP) sections. If the enable pin voltage is less than the input
low threshold, the charge pump and gate driver are disabled
placing the MX74502D23 in shutdown mode. The EN/UVLO
pin can withstand a voltage as large as 85V and as low as —85V.
This feature allows for the EN/UVLO pin to be connected
directly to the VS pin if enable functionality is not needed. In
conditions where EN/UVLO is left floating, the internal sink
current of 2uA pulls EN/UVLO pin low and disables the device.
An external resistor divider connected from input to EN/UVLO
to ground can be used to implement the input Undervoltage
Lockout (UVLO) functionality in the system. When EN/UVLO
pin voltage is lower than UVLO comparator falling threshold
(Venwvior) but higher than enable falling threshold (Venr), the
device disables gate drive voltage, however, charge pump is kept
on. This action ensures quick recovery of gate drive when UVLO
condition is removed. If UVLO functionality is not required,

connect EN/UVLO pin to VS.

Overvoltage Protection (OV)

MX74502D23 provides programmable overvoltage protection
feature with OV pin. A resistor divider can be connected from
input source to OV pin to ground in order to set overvoltage
threshold. An internal comparator compares the input voltage
against fixed reference (1.43V) and disables the gate drive as
soon as OV pin voltage goes above the OV comparator reference.
When the resistor divider is referred from input supply side,
device is configured for overvoltage cutoff functionality. When
the resistor divider is referred from output side (Vour), the device
is configured for overvoltage clamp functionality.

When OV pin voltage goes above OV comparator Vovr
threshold (1.43V typical), the device disables gate drive,
however, charge pump remains active. When OV pin voltage

falls below Vovr threshold (1.39V typical), the gate is quickly

turned on as charge pump is kept on and the device does not go
through the device start-up process. When OV pin is not used, it

can be connected to ground.

Device Functional Modes

Shutdown Mode
The MX74502D23 enters shutdown mode when the EN/UVLO pin

voltage is below the specified input low threshold Vnr). Both the
gate driver and the charge pump are disabled in shutdown mode.
During shutdown mode the MX74502D23 enters low Iq operation
with the VS pin only sinking 1pA of current.

Conduction Mode

For the MX74502D23 to operate in conduction mode the gate
driver must be enabled as described in the Gate Driver (GATE,
SRC) section. If these conditions are achieved the GATE pin is
Internally connected to the VCAP for fast turn-on of external FET
in case of MX74502D23 gate drive is disabled when OV pin
voltage is above Vovr threshold or EN/UVLO pin voltage is lower

than Venuveor threshold.
Application and Implementation

Application Information

The MX74502D23 is used with back-to-back connected N-Channel
MOSFETs in a typical reverse polarity protection with load
disconnect application. The schematic for the 48V input supply
reverse polarity protection is shown in Typical Application diagram,
where the MX74502D23 is used to drive the back-to-back
connected MOSFETs Q1 and Q2 in series with a 48V supply.

Typical Application
VN m Q2 vouT
48V l o LI Ja.
C()UT
. MX10TO3AHT r 2204F
0.1uF
Vs GATE  SRC
— VCAP -
R, 1uF
395k VCAP  Mx74502D23
ov EN/UVLO[—
ON|OFF
R,

GND
10k
L

Design Requirements
A design example, system design parameters are shown in the

following table.
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DESIGN PARAMETER EXAMPLE VALUE ‘
Input voltage range 48V nominal
Overvoltage protection 58V
Output current 8A full load
) 220pF typical output
Output capacitance )
capacitance

Design Considerations
* Input operating voltage range (including overvoltage
protection)

* Maximum load current

MOSFET Selection

The important MOSFET electrical parameters are the maximum
continuous drain current Ip, the maximum drain-to-source
voltage Vbsmmax), the maximum gate-to-source voltage Vaosmax)
and the drain-to-source on resistance Rpson.

The maximum continuous drain current, Ip, rating must exceed
the maximum continuous load current. The maximum drain-to-
source voltage, Vpsmax), must be high enough to withstand the
highest differential voltage seen in the application. This
requirement would include any anticipated fault conditions. The
maximum Vgs MX74502D23 can drive is 13.8V, so a MOSFET
with 15V minimum Vgs rating must be selected. If a MOSFET
with Vgs rating < 15V is selected, a Zener diode can be used
between GATE to SRC pin to clamp Vgs to safe level.

To reduce the MOSFET conduction losses, lowest possible
Rps(on) is preferred. Selecting a MOSFET with Rps(on) that gives
VDS drop 20mV to 50mV provides good trade off in terms of
power dissipation and cost. As the load current is 8A, the
MOSFET MX10TO3AHT is ok for this application which the
RDS(ON) is 4m€Q maximum.

Thermal resistance of the MOSFET must be considered against
the expected maximum power dissipation in the MOSFET to

ensure that the junction temperature (Ty) is well controlled.

Overvoltage Protection
Resistors R1 and R2 connected in series is used to program the
overvoltage threshold. Connecting R1 to VIN provides
overvoltage cutoff and switching the connection to VOUT
provides overvoltage clamp response. By calculating the
following formula, the resistance value required to set the
overvoltage threshold Vov to 58V is obtained.

Vovr = —RZ X Jov

Ri +R;

For minimizing the input current drawn from the supply through
resistors R1 and R2, it is recommended to use higher value of
resistance. Using high value resistors adds error in the calculations
because the current through the resistors at higher value becomes
comparable to the leakage current into the OV pin. Select (R1 +R2)
such that current through resistors is around 100 times higher than
the leakage through OV pin. Based on the device’s electrical
characteristics, Vovr is 1.43V, select (R1) =395kQ and R2 = 10kQ

as a standard resistor value to set overvoltage cutoff of S8V.

Charge Pump VCAP, Input and output Capacitance
Minimum required capacitance for charge pump VCAP and input
and output capacitance are:

* Cvcar: minimum recommended value of VCAP (uF) >50 x
Effective Cissqvosren)(UF), 0.22pF is selected

» Cin: typical input capacitor of 0.1uF

* Cour: typical output capacitor 220uF

Input Surge Stopper Using MX74502D23

Many industrial applications need to comply with input overvoltage
transients and surge events specified by standards such as
IEC61000-4-x. MX74502D23 can be configured as input surge
stopper to provide overvoltage along with input reverse supply

protection.

Vin Ql
24-V Nominal
200-V Transient

“ Vour
N OV Cle
0.1uF (OV Clamp)

Viv
GATE  SRC OV cut-off

ov

MX74502

VCAP
EN/UVLO

)
Z
S}

=

As shown in the figure above MOSFET Q1 is used to turn off or
clamp output voltage to acceptable safe level and protect the
MOSFET Q2 and MX74502D23 from input transient. Note that
only the VS pin is exposed to input transient through a resistor, R1.
A 60V rated Zener diode is used to clamp and protect the VS pin
within recommended operating condition. Rest of the circuit is not
exposed to higher voltage as the MOSFET Q1 can either be turned

off completely or output voltage clamped to safe level.

VS Capacitance, Resistor R1and Zener Clamp (Dz)
A minimum of 0.1pF Cyvs capacitance is required. During input
overvoltage transient, resistor R1 and Zener diode Dz are used to

protect VS pin from exceeding the maximum ratings by clamping

WUXI MAXIN MICRO
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Vvs to 60V. Choosing R1 = 10kQ, the peak power dissipated in
Zener diode Dz can be calculated as follows.

(Vinmax) — Vbz)
Ppz = Vpz X - R,
1
Where Vpz is the breakdown voltage of Zener diode. Select the
Zener diode which can handle peak power requirement.
Peak power dissipated in resistor R1 can be calculated as follows
(Vinemax) — Vpz)?
Po=——p—
1
Select a resistor package which can handle peak power and

maximum DC voltage.

Fast Turn-On and Turn-Off High Side Switch Driver Using
MX74502D23

In applications such as industrial motor drives and safety power
line communication digital output modules, N-Channel
MOSFET based high side switch is very commonly used to
disconnect the loads from supply line in case of faults such as
overvoltage event. MX74502D23 can be used to drive external
MOSFET to realize simple high side switch with overvoltage
protection. The following diagram shows a typical application
circuit where MX74502D23 is used to drive external MOSFET
Q1 as a main power path connect and disconnect switch. A
resistor divider from input to OV pin to ground can be used to set
the overvoltage threshold.

If VOUT node (SRC pin) of the device is expected to drop in
case of events such as overcurrent or short-circuit on load side,
then additional Zener diode is required across gate and source pin

of external MOSFET to protect it from exceeding its maximum

Vs rating.
Q V.
VIN q"j out | High Side .
T L " Switch OAD3
. Cour
€
VS GATE  SRC Low Side
VIN — = Switch PLOAD2
= Cyear
Ry
CAP
MX74502 DC/DC LoADS
R, o—ov EN/UVLO[— Converter ’
L T ON|OFF
OFF GND
N L

OV pin used as logic input for
fast turn ON/OFF of FET Q1

Many industrial safety applications require fast switching off of
MOSFET to verify proper functioning of the high side disconnect
switch for diagnostic purposes. MX74502D23H OV pin can be
used as control input to realize fast turn-on and turn-off load
switch functionality. With OV pin pulled above Vovr threshold
of (1.43V typical), MX74502D23H turns off the external
MOSFET (with Ciss =4.7nF) within 1ps typically. When the OV

pin is pulled low, MX74502D23H with its peak gate drive strength
of 8 mA turns on external MOSFET with turn on speed of 8ps

typical.
Power Supply Recommendations

The MX74502D23 reverse polarity protection controller is
designed for the supply voltage range of 4V < Vs <85V. If the input
supply is located more than a few inches from the device, MAXIN
recommends an input ceramic bypass capacitor higher than 0.1pF.
To prevent MX74502D23 and surrounding components from being
damaged under the conditions of a direct output short circuit, use a

power supply having overload and short-circuit protection.

Layout

Layout Guidelines

* Place the input capacitor Cix of 0.1uF minimum close to VS pin
to ground. This typically helps with better EMI performance.

* Connect GATE and SRC pin of MX74502D23 close to the
MOSFET's GATE and SOURCE pin.

« Use thick traces for source and drain of the MOSFET to minimize
resistive losses because the high current path of for this solution is
through the MOSFET.

* The charge pump capacitor across VCAP and VS pin must be kept
away from the MOSFET to lower the thermal effects on the
capacitance value.

» The GATE pin of the MX74502D23 must be connected to the
MOSFET gate with short trace. Avoid excessively thin and long

running trace to the Gate Drive.
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Package information

| LN
T
| l |
* = nininln
1 b e[
o -

Al

DFN2*3-8L for MX74502D23

MILLIMETERS
SYIEDIL ‘ MIN NOM MAX

A 0.5 0.55 0.6
Al 0 0.025 0.05
A3 0.152BSC

D 1.95 2 2.05
E 2.95 3 3.05
D1 1.5 1.65 1.75
El 1.65 1.8 1.9
b 0.2 0.25 0.3

S 0.500BSC

L 0.3 0.4 0.5

WUXI MAXIN MICRO 12/12 B S T RA ]

Vi1




MX74502D23
@ MAXINMICRO

ELECTRONICS Low 1Q High Side Switch Controller with Reverse Polarity and Overvoltage Protection

Restrictions on Product Use
4 MAXIN micro is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of
the buyer, when utilizing MAXIN products, to comply with the standards of safety in making a safe design for the entire system, and to
avoid situations in which a malfunction or failure of such MAXIN products could cause loss of human life, bodily injury or damage to
property.
@ In developing your designs, please ensure that MAXIN products are used within specified operating ranges as set forth in the most
recent MAXIN products specifications.
@ The information contained herein is subject to change without notice.

Version update record:

Preliminary: the original version.

V11: updated detailed electrical characteristics and block diagram.
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