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5 Pin Configuration and Functions

)
Gate [ ﬁ [ ] DRAIN
SOURCE[_| 2 7 ] ne
vear | 3 1] en
sw | 4 5 |_]enD
—

& 5-1. DDF Package 8-Pin SOT-23 (LM74501-Q1 Top View)

& 5-1. LM74501-Q1 Pin Functions

PIN
1o DESCRIPTION
NO. NAME
1 GATE O Gate drive output. Connect to the gate of the external N-channel MOSFET.
Connect to the source of the external N-channel MOSFET. This pin also acts as the input
2 SOURCE | :
supply for the device.
3 VCAP (0] Charge pump output. Connect to an external charge pump capacitor.
Voltage sensing disconnect switch terminal. SOURCE and SW are internally connected
4 SW through a switch when EN is high. A resistor ladder from this pin to GND can be used to
monitor battery voltage. When EN is pulled low, the switch is OFF, disconnecting the resistor
ladder from the battery line, thereby cutting off the leakage current.
5 GND G Ground pin
6 EN | Enable pin. Can be connected to SOURCE for always ON operation.
7 N.C NA No connect. Keep this pin floating.
8 DRAIN | Connect to the drain of the external N-channel MOSFET.
(1) 1= Input, O = Output, G = GND
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 3

Product Folder Links: LM74501-Q1


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/lm74501-q1?qgpn=lm74501-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSOA6
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSOA6A&partnum=LM74501-Q1
https://www.ti.com.cn/product/cn/lm74501-q1?qgpn=lm74501-q1

13 TEXAS
LM74501-Q1 INSTRUMENTS
ZHCSOAGA - JULY 2021 - REVISED FEBRUARY 2022 www.ti.com.cn

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
SOURCE to GND - Veiawe - 1) 65 v
EN, SW to GND, V(source) > 0 V -0.3 65 v
Input pins EN to GND, V(sourcg) < 0V V(SOURCE) 65 + V(sourcE) \%
SW to GND, V(source) <0V Visource) 0.3 + V(sourcE) \Y
Isw -1 10 mA
Output pins GATE to SOURCE -0.3 15 \%
VCAP to SOURCE -0.3 15 \
Output pins DRAIN to SOURCE -5 VeLawp Vv
Operating junction temperature(?) -40 150 °C
Storage temperature, Tgg -40 150 °C

(1) Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(") 4+2000
HBM ESD classification level 2 -
V Electrostatic discharge Corner pins (GATE, \%
(ESD) 9% | charged device model (CDM), per AEC Q100-011 | S\ GND, D(RA,N) £750
CDM ESD classification level C4B
Other pins +500

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")

MIN NOM MAX| UNIT
SOURCE to GND -18 60
Input pins Vv
EN to GND -18 60
Input pins DRAIN to GND 60 V
Input to output pins SOURCE to DRAIN - VeLavp 5 \
) SOURCE 0.1 uF
External capacitance
VCAP to SOURCE 0.1 uF
Externql MOSFET maximum GATE to SOURCE 15 vV
Vs rating
T, Operating junction temperature range(® - 40 150 °C

(1) Recommended Operating Conditions are conditions under which the device is intended to be functional. For specifications and test
conditions, see Electrical Characteristics.
(2) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 125°C.
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6.4 Thermal Information

DDF (SOT)
THERMAL METRIC(") UNIT
8 PINS
Roua Junction-to-ambient thermal resistance 133.8 °C/W
R0 Jc(top) Junction-to-case (top) thermal resistance 72.6 °C/W
R s Junction-to-board thermal resistance 54.5 °C/W
wr Junction-to-top characterization parameter 4.6 °C/W
LU Junction-to-board characterization parameter 54.2 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

6.5 Electrical Characteristics

TJ = -40°Cto +125°C; typlcal values at TJ = 25°C, V(SOURCE) =12 V, ClN = C(VCAP) = COUT =0.1 }JF, V(EN) =3.3 V, over
operating free-air temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Vsource SUPPLY VOLTAGE
VeLamp VDS clamp voltage V(EN) =0V 19 24 V
V(soURCE) Operating input voltage 4 60 Vv
v VSOURCE POR rising threshold 3.9 \Y
(SOURCE POR) - [\/SOURCE POR falling threshold 22 28 31| v
V(SOURCE POR(Hys)) VSOURCE POR hysteresis 0.44 0.67 \Y
I(SHDN) Shutdown SUpply current V(EN) =0V 0.9 1.5 |JA
l) Operating quiescent current 80 130 UA
ENABLE INPUT
VEN_IL) Enable input low threshold 0.5 0.9 1.22 Y
V(EN_IH) Enable input high threshold 1.06 2 2.6
V(EN_Hys) Enable hysteresis 0.52 1.35 V
lENn) Enable sink current Ven =12V 3 5 A
GATE DRIVE
l(GaTE) Peak source current 5::2':) (EOKV/(LOOEE:E)) -5V 3 11 mA
RDSon discharge switch RDSoy xrz:;; O_V\’/(SOURCE) 100 mV 24 30 36| kQ
SW
Battery sensing disconnect switch
R(SW) resistance 4V <V(SOURCE) <60V 10 19.5 46 Q
CHARGE PUMP
Charge pump source current (charge
| pum[?or?) P ( 9 V(VCAP) - VSOURCE =7V 162 300 600 uA
(VCAP) -
Charge pump sink current (charge
pum;?of?) P (charg Vvcap) = Vsource = 14V 5 10|  pA
Charge pump voltage at V| =
3o Vg pump g (SOURCE) lvoap) < 30 pA ) V
Viveap) - Charge pump turn-on voltage 10.3 11.6 13 \%
V(SOURCE) Charge pump turn-off voltage 11 12.4 13.9 \Y
Charge pump enable comparator 0.4 08 12 Vv
hysteresis ’ ' '
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6.5 Electrical Characteristics (continued)

TJ = -40°C to +125°C; typlcal values at TJ =25°C, V(SOURCE) =12V, CIN = C(VCAP) = COUT =01 UF, V(EN) =3.3V, over
operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
V, -V UV release at
(VCAP) (SOURCE) -
rising edge Vsource - Vprain = 100 mV 5.7 6.5 7.5 \%
Viveap uno) V V UV threshold at
- reshold a
fa(Hvlcr:Q]P)edge (SOURCE) VSOURCE - VDRAIN =100 mV 5.05 54 6.2 \
DRAIN
lDRAIN) DRAIN sink current g(\S}OURCE) =Ven = - 14 V. Voran) = 4] pA

6.6 Switching Characteristics
TJ = -40°C to +125°C; typlcal values at TJ =25°C, V(SOURCE) =12V, CIN = C(VCAP) = COUT =0.1 LJF, V(EN) =3.3V, over
operating free-air temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYP MAX| UNIT

ENTpLy

Enable (low to high) to gate turn-on
delay

V(vcap) > V(vcAP UVLOR)

75 10| ps

6 Submit Document Feedback

Product Folder Links: LM74501-Q1

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com.cn/product/cn/lm74501-q1?qgpn=lm74501-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSOA6
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSOA6A&partnum=LM74501-Q1
https://www.ti.com.cn/product/cn/lm74501-q1?qgpn=lm74501-q1

13 TEXAS
INSTRUMENTS

www.ti.com.cn

LM74501-Q1
ZHCSOABA - JULY 2021 - REVISED FEBRUARY 2022

6.7 Typical Characteristics
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& 6-1. Shutdown Supply Current vs Supply Voltage
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&l 6-8. Charge Pump ON/OFF Threshold vs Temperature
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6.7 Typical Characteristics (continued)
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K] 6-9. Charge Pump UVLO Threshold vs Temperature & 6-10. VSOURCE POR Threshold vs Temperature
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7 Parameter Measurement Information

3.3V
VEN
oV —_——— e e —— .
VGATE
Y 90%
Veate — Vsource
oV _ -
47 ENTDLY 4’
K 7-1. Timing Waveforms
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8 Detailed Description
8.1 Overview

The LM74501-Q1 controller has all the features necessary to implement an efficient and fast reverse polarity
protection circuit. This easy-to-use reverse polarity protection controller is paired with an external N-channel
MOSFET to replace other reverse polarity protection schemes such as a P-channel MOSFET. An internal charge
pump is used to drive the external N-Channel MOSFET with a typical gate drive voltage of 12 V. The Gate
Discharge Timer feature of the device enables meeting automotive 1ISO7637 pulse 1 transient requirements
without an additional TVS Diode (TVS less) under certain load conditions. The LM74501-Q1 has integrated
switch (SW), which enables input battery voltage monitoring by connecting an external resistor divider from the
SW pin to GND. An enable pin, EN, is available to place the LM74501-Q1 in shutdown mode, disabling the N-
Channel MOSFET and minimizing the quiescent current.

8.2 Functional Block Diagram

VBATT P vout
|

LYl
| !‘lj
GATE DRAIN
SOURCE 4 VCAP 5
|_|_| L]
T ;—:\ Veap
k Vs + Z l
sw ]—_L EN Internal
Rails Veap_uv
Ri Gate Driver and
BATT_MON Gate Discharge
Veap Charge Timer Control
R; > Pump

Vs Enable
— Logic
p— VDS Clamp

oA >—= ‘

09V *
Reverse
Protection Logic

GND LM74501-Q1

|||—[

8.3 Feature Description
8.3.1 Input Voltage

The SOURCE pin is used to power the internal circuitry of the LM74501-Q1, typically drawing 80 pA when
enabled and 1 pA when disabled. If the SOURCE pin voltage is greater than the POR rising threshold, the
LM74501-Q1 operates in either shutdown mode or conduction mode in accordance with the EN pin voltage. The
LM74501-Q1 can withstand input reverse voltage up to - 18 V.

8.3.2 Charge Pump

The charge pump supplies the voltage necessary to drive the external N-channel MOSFET. An external charge
pump capacitor is placed between VCAP and SOURCE pins to provide energy to turn on the external MOSFET.
In order for the charge pump to supply current to the external capacitor, the EN pin voltage must be above the
specified input high threshold, V(gn_ ). When enabled, the charge pump sources a charging current of 300 pA
(typical). If EN pins is pulled low, then the charge pump remains disabled. To ensure that the external MOSFET
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can be driven above its specified threshold voltage, the VCAP-to-SOURCE voltage must be above the
undervoltage lockout threshold, typically 6.5 V, before the internal gate driver is enabled. Use £zl 1 to
calculate the initial gate driver enable delay.

Tiorv_en) = 75 US + Civear) X Vivear_uvior)

where

* Cvcap) is the charge pump capacitance connected across SOURCE and VCAP pins.
* Vvcap_uvLoR) is 6.5 V (typical).

To remove any chatter on the gate drive, approximately 800 mV of hysteresis is added to the VCAP
undervoltage lockout. The charge pump remains enabled until the VCAP-to-SOURCE voltage reaches 12.4 V
(typical), at which point the charge pump is disabled decreasing the current draw on the SOURCE pin. The
charge pump remains disabled until the VCAP-to-SOURCE voltage is below to 11.6 V (typical), at which point
the charge pump is enabled. The voltage between VCAP and SOURCE continues to charge and discharge
between 11.6 V and 12.4 V as shown in & 8-1. By enabling and disabling the charge pump, the operating
quiescent current of the LM74501-Q1 is reduced. When the charge pump is disabled, it sinks 5 pA (typical).

Torv_EN Ton Tore
> e >l «—
VIN 1 | [ ]
“““““ — i |
| | I I
| | 0 \
| | I I
Vsource | \ L !
\ \
0 \
| | I I
| | 0 \
oV | | I I
| | 0 \
| I I
I —+ ]
I \
Ven } I I
I I
! 0 \
| I I
| 0 \
\
|
I
\

Veap-Vsource
6.5V

GATE DRIVER
ENABLE

Kl 8-1. Charge Pump Operation

8.3.3 Enable

The LM74501-Q1 has an enable pin, EN. The enable pin allows for the gate driver to be either enabled or
disabled by an external signal. If the EN pin voltage is greater than the rising threshold, the gate driver and
charge pump operates as described in Gate Driver and Charge Pump sections. If the enable pin voltage is less
than the input low threshold, the charge pump and gate driver are disabled placing the LM74501-Q1 in shutdown
mode. The EN pin can withstand a voltage as large as 65 V and as low as - 18 V. This feature allows for the EN
pin to be connected directly to the SOURCE pin if enable functionality is not needed. In conditions where EN is
left floating, the internal sink current of 1 1 A pulls the EN pin low and disables the device.
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8.3.4 Gate Driver

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

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

* The EN pin voltage must be greater than the specified input high voltage.

* The VCAP to SOURCE voltage must be greater than the undervoltage lockout voltage.
* The SOURCE voltage must be greater than the VSOURCE POR rising threshold.

If the above conditions are not achieved, then the GATE pin is internally connected to the SOURCE pin, assuring
that the external MOSFET is disabled. After these conditions are achieved, the gate driver operates in the full
conduction mode.

8.3.5 SW (Battery Voltage Monitoring)

The LM74501-Q1 has an SW pin to enable battery voltage monitoring in automotive systems. When the device
is enabled, an internal switch connects the SW pin to SOURCE. This connection enables monitoring battery
voltage using an external resistor divider connected from SW pin to GND. When LM74501-Q1 is put in shutdown
mode by pulling down the EN pin to ground, an internal switch between SW and SOURCE pin is disconnected.
This disconnection ensures there is no quiescent current drawn by the resistor ladder when system is put into
low power shutdown mode. When not used, the SW pin can be left floating.

VBAT
SOURCE
-
SW ( EN

l —

Ry
BATT_MON

R

A 8-2. LM74501-Q1 SW Functionality

8.3.6 Gate Discharge Timer

The LM74501-Q1 has a unique gate discharge timer feature, which enables TVS less reverse polarity protection
solution in case of ISO7637-2 pulse 1 event. An additional capacitor (Ct) across external N-FET's GATE to
SOURCE terminal keeps external N-FET on for specific time window even when input voltage falls below Vpogrr
threshold of SOURCE pin or when the EN pin is pulled low. This gate discharge feature allows reverse current
back to input source by keeping external MOSFET on for extended time duration set by gate discharge timer
capacitor (Ct) and enables automotive systems to meet TVS less ISO 7637-2 pulse 1 operation. Use /525 2 to
calculate the typical gate discharge time.

tp = - [Rp * (Ct + Ciss) x In (V1 / Vgarte)] (2)

Where

* Rpis the LM74501-Q1 internal GATE discharge resistor (typically 30 kQ).

Ciss is the external MOSFET input capacitance.

Cr is the timer capacitor connected between GATE and SOURCE of an external MOSFET.
V7 is the gate-to-source threshold voltage of an external MOSFET.
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*  Vgate is the nominal GATE pin voltage of LM74501-Q1 (12.4-V typical).

External FET remains ON

1SO7637-2 pulse 1 during ISO7637-2 pulse 1
185V Vin - - l_"_l <-———- Vour
1 o P T
I ) i COUTI
~Viso — SOURCE ~ GATE  DRAIN L H-Bridge
- —|; = driving motor load
VCAP
Vour | 135V f J
LM74501-Q1 |
—@xVe) sw en b |
Ri oN|orr |
BATTON ! High Side Switch L
GND I =
T | R

= A Inductive
: Load
— — — —p»  Current direction during ISO7637-2 pulse 1 |
Transient event p— —

Kl 8-3. Typical Application Scenario During 1ISO7637-2 Pulse 1 Events

8-3 shows equivalent the LM74501-Q1 circuit operation during an ISO7637-2 pulse 1 event. Note that reverse
current flows back to the input source from output loads such as a high-side switch followed by schottky diode or
MOSFET H-bridge driving motor load. Thus, to achieve TVS less operation during 1ISO7637-2 pulse 1 events,
output loads must be capable of withstanding the peak reverse current during ISO7637-2 pulse 1 event.

8-4 shows the TVS-less ISO7637-2 pulse 1 performance of the LM74501-Q1 with output loads capable of
handling reverse current during an ISO7637-2 pulse 1 event, similar to loads configuration shown in & 8-4.

" N

LM74501-Q1 GATE keeps external FET ON during

e — ISOEEE?MZ PulsE 1 - __.._m._m_;“
.-//7__'- &

Output of LM74501-Q1 gets clamped to body
diode drop of H-Bridge / HSS+Schottkey ~ (-1.6V) "

CATHODE

CURRENT

7 o 2 amn o am W 1m m 18 m

AWems
G 625 MSA 16 vt
L 125 Mgt O IEAN

K 8-4. TVS Less Operation During 1ISO7637-2 Pulse 1
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The other short duration transient events such as ISO7637-2 pulse 2A, 3A, or 3B usually get filtered out by input
and output capacitors and do not affect the system performance.

For the loads that cannot handle peak reverse current during an ISO 7637-2 pulse 1 transient event but can
handle negative voltage for a short duration, a schottky diode capable of handling peak reverse current can be
placed from output to ground to clamp the output voltage to negative forward voltage drop of the Schottky diode

(= VE).
8.4 Device Functional Modes
8.4.1 Shutdown Mode

The LM74501-Q1 enters shutdown mode when the EN pin voltage is below the specified input low threshold
V(en_iL)- Both the gate driver and the charge pump are disabled in shutdown mode. During shutdown mode, the
LM74501-Q1 enters low lq operation with the SOURCE pin only sinking 1 pA. When the LM74501-Q1 is in
shutdown mode, forward current flowing through the external MOSFET is not interrupted but is conducted
through the body diode of the MOSFET.

8.4.2 Full Conduction Mode

For the LM74501-Q1 to operate in full conduction mode the gate driver must be enabled as described in the
Gate Driver section. If these conditions are achieved, the GATE pin is internally connected to the VCAP pin,
resulting in the GATE to SOURCE voltage being approximately the same as the VCAP to SOURCE voltage. By
connecting VCAP to GATE, the external MOSFET is fully enhanced reducing the power loss of the external
MOSFET.

8.4.3 VDS Clamp

The LM74501-Q1 has an integrated VDS clamp feature that turns on an external MOSFET whenever voltage
difference between DRIAN and SOURCE exceeds VDS clamp threshold (20 V typical) when enable pin is pulled
low. This use case scenario is specially true when the LM74501-Q1 is used to drive inductive loads and
overshoot can happen at the DRAIN pin due to regenerative action of the motor load. Also, if the gate discharge
timer designed to keep external MOSFET on during an ISO7637-2 pulse 1 event expires within stipulated time
window due to component level tolerances, the LM74501-Q1 VDS clamp feature provides second level of
protection to keep maximum voltage across FET to 20 V.
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9 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

9.1 Application Information

The LM74501-Q1 is used with an N-Channel MOSFET controller in a typical reverse polarity protection
application. The schematic for the 12-V battery protection application is shown in %] 9-2 where the LM74501-Q1
is used to drive a MOSFET Q1 in series with a battery. The LM74501-Q1 enables TVS-less operation with its
integrated gate discharge timer feature.

9.1.1 Reverse Battery Protection

P-FET based reverse polarity protection is a very commonly used scheme in automotive applications to achieve
low insertion loss protection solution. A low loss reverse polarity protection solution can be realized using the
LM74501-Q1 with an external N-FET to replace P-FET based solution. The LM74501-Q1-based reverse polarity
protection solution offers input TVS-less performance during ISO7637-2 pulse 1 event, better cold crank
performance (low VIN operation) and smaller solution size compared to P-FET based solution. 5| 9-1 compares
the performance benefits of LM74501-Q1 + N-FET over a traditional P-FET based reverse polarity protection
solution.

* As shown in [4 9-1, a given power level LM74501-Q1 + N-FET solution can be 50% smaller than a similar
power rated P-FET solution.

* The second advantage that the LM74501-Q1 offers over a traditional P-FET is TVS-less operation for the
body control module load driving paths where reverse current blocking is not a must-have feature and output
loads are capable of handling negative voltage and reverse current for a short duration of the time.

* As PFET is self biased by simply pulling its gate pin low, P-FET shows poorer cold crank performance (low
VIN operation) compared to the LM74501-Q1. During severe cold crank where battery voltage falls below 4 V,
P-FET series resistance increases drastically as shown in [¥] 9-1. This increase leads to higher voltage drop
across the PFET. Also, with a higher gate-to-source threshold (V7), this can sometimes lead to system reset
due to turning off of the P-FET. On the other side, the LM74501-Q1 has excellent severe cold crank
performance. The LM74501-Q1 keeps the external FET completely enhanced even when input voltage falls
to 3.2 V during severe cold crank operation.
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& 9-1. PFET vs LM74501-Q1 Reverse Polarity Protection Solution Comparison
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9.2 Typical Application
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B — VCAP = =
LM74501-Q1
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BATT_MON
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& 9-2. Typical Application Circuit

9.2.1 Design Requirements
A design example, with system design parameters, is presented in 5 9-1.

% 9-1. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
12-V battery, 12-V nominal with 3.2-V cold crank, and 35-V load
Input voltage range d
ump
Output voltage 3.2-V during cold crank to 35-V load dump
Output current range 3-A nominal, 5-A maximum
Output capacitance 47-uF typical holdup capacitance
Automotive EMC compliance 1ISO 7637-2 and ISO 16750-2

9.2.2 Detailed Design Procedure
9.2.2.1 Design Considerations

* Input operating voltage range, including cold crank and load dump conditions
* Nominal load current and maximum load current

9.2.2.2 MOSFET Selection

The important MOSFET electrical parameters are the maximum continuous drain current, Ip, the maximum
drain-to-source voltage, Vpsuax), the maximum source current through body diode, 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 would include any anticipated fault conditions. As the LM74501-Q1 has an
integrated VDS clamp control with threshold of 20 V (typical), MOSFETs with voltage rating of 40 V can be used
with the LM74501-Q1. The maximum GATE pin voltage of the LM74501-Q1 can drive is 13.9 V, so a MOSFET
with 15-V minimum Vgg must be selected. If a MOSFET with < 15-V Vg rating is selected, a Zener diode can
be used to clamp Vgg to safe level. During start-up, inrush current flows through the body diode to charge the
bulk holdup capacitors at the output. The maximum source current through the body diode must be higher than
the inrush current that can be seen in the application.
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To reduce the MOSFET conduction losses, the lowest possible Rps(on) is preferred. Selecting a MOSFET with
forward voltage drop of < 50 mV is a good starting point and gives good trade off between power dissipation and
cost.

The BUK7Y3R0-40H MOSFET is selected to meet this 12-V reverse battery protection design requirements and
it is rated at:

* 40-V Vpgmax) and £20-V Vggmax)
* Ros(on) 255 m© (typical) and 3-m @ maximum rated at 10-V Vs

Thermal resistance of the MOSFET must be considered against the expected maximum power dissipation in the
MOSFET to ensure that the junction temperature (T,) is well controlled.

9.2.2.3 Gate Discharge Timer Capacitor Selection (Cy)

A gate discharge timer decides the time duration for which external MOSFET is kept on after the LM74501-Q1
fall below its PoR threshold (Vporg) or when EN pin is pulled low. A 1ISO7637-2 pulse 1 transient lasts for
typically 2 ms. At the end of 2-ms ISO7637-2 pulse 1, amplitude has already fallen to 10% of its peak value.
Assuming a ISO7637-2 pulse 1 transient with amplitude of - 150 V, at the end of 2 ms, the voltage seen by the
LM74501-Q1 is around - 15 V. With a VDS rating of external MOSFET of 40 V, the gate discharge timer
capacitor, C+, can be selected such that external FET remains on for less than 2 ms. A C+ timer capacitor value
of 22 nF is selected for the given MOSFET as per Equation 2.

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

* VCAP: minimum recommended value of VCAP (uF) = 10 x (CissvosreT) + Ct) MF
*  C;y: minimum 100 nF of input capacitance
* Couyr: typical 10 pF to 47 uF of output capacitance
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9.2.3 Application Curves
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10 Power Supply Recommendations

The LM74501-Q1 controller is designed for the supply voltage range of 3.2 V < Vgoyurce < 65 V. If the input
supply is located more than a few inches from the device, TI recommends an input ceramic bypass capacitor
higher than 100 nF placed close to SOURCE pin to GND. To prevent Lthe M74501-Q1 and surrounding
components from damage under the conditions of a direct output short circuit, use a power supply having
overload and short-circuit protection.

11 Layout
11.1 Layout Guidelines

* Connect SOURCE, GATE, and DRAIN pins of LM74501-Q1 close to the MOSFET's SOURCE, GATE, and
DRAIN pins.

* 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.

* Place the input capacitor close to the SOURCE pin to Ground (GND) to minimize long ground loop.

* Keep the charge pump capacitor across VCAP and SOURCE pins away from the MOSFET to lower the
thermal effects on the capacitance value.

* Avoid excessively thin and long trace for the gate pin connection. The Gate pin of the LM74501-Q1 must be
connected to the MOSFET gate with short trace.

* Use of series gate resistor (typical 10 Q) can help with better EMI performance.

11.2 Layout Example

O  Power Via

[N Top layer

K 11-1. LM74501-Q1 Layout Example
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12 Device and Documentation Support
12.1 Device Support
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TI E2E™ is a trademark of Texas Instruments.
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12.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Si. \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
LM74501QDDFRQ1 Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L7501
LM74501QDDFRQ1.A Active Production SOT-23-THIN (DDF) | 8 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 L7501

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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