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LM74501-Q1 7VS Less Automotive Reverse Battery Protection Controller

1 Features

* AEC-Q100 qualified with the following results
— Device temperature grade 1:
—40°C to +125°C ambient operating
temperature range
— Device HBM ESD classification level 2
Device CDM ESD classification level C4B
. 3 2-V to 65-V input range (3.9-V start-up)
» —18-V reverse voltage rating
» Charge pump for external N-channel MOSFET
» Gate discharge timer: meets automotive
ISO7637-2 pulse 1 transient without additional
TVS diode (TVS less)
* 1-pA shutdown current (EN = low)
» 80-pA typical operating quiescent current (EN =
high)
* 20-V VDS clamp (EN = low)
» Integrated battery voltage monitoring switch (SW)
* 8-pin SOT-23 package 2.90 mm x 1.60 mm

2 Applications

» Body electronics and lighting
— Body control module (BCM)
— Wiper module

* Automotive infotainment and cluster
— Digital cockpit processing unit

* ADAS domain controller
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LM74501-Q1 Typical Application Schematic for
Automotive Battery Reverse Polarity Protection

3 Description

The LM74501-Q1 operates in conjunction with an
external N-channel MOSFET as a low loss reverse
polarity protection solution. The device supports wide
supply input range of 3.2 V to 65 V. The 3.2-
V input voltage support is particularly well suited
for severe cold crank requirements in automotive
systems. The device can withstand and protect the
loads from negative supply voltages down to —18
V. The LM74501-Q1 does not have reverse current
blocking functionality and is suitable for input reverse
polarity protection of loads that can potentially deliver
energy back to the input supply such as automotive
body control module motor loads.

The LM74501-Q1 controller provides a charge pump
gate drive for an external N-channel MOSFET. The
LM74501-Q1 has a unique integrated feature that
allows systems to meet automotive 1ISO7637 pulse
1 transient requirements without an additional TVS
Diode (TVS less). The LM74501-Q1 features an
integrated switch to enable battery voltage monitoring
with an external resistor divider. With the enable pin
low, the controller is off and draws only around 1 pA of
current, thus offering low system current when put into
sleep mode.

Device Information
PACKAGE("

SOT-23 (8)

PART NUMBER
LM74501-Q1

BODY SIZE (NOM)
2.90 mm x 1.60 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

CURRENT Reverse current flows from output loads back to input source
S

TVS Less 1ISO7637-2 Pulse 1 Operatlon

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

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

Table 5-1. LM74501-Q1 Pin Functions

PIN
/o DESCRIPTION
NO. NAME

1 GATE (0] Gate drive output. Connect to the gate of the external N-channel MOSFET.

2 SOURCE | Connect to the source of the external N-channel MOSFET. This pin also acts as the input
supply for the device.

3 VCAP (6] Charge pump output. Connect to an external charge pump capacitor.
Voltage sensing disconnect switch terminal. SOURCE and SW are internally connected

4 SwW 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
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6 Specifications

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

MIN MAX UNIT

SOURCE to GND —(VeLawp - 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(souRrcE) \Y,

SW to GND, V(source)y <0V Visource) 0.3+ V(source) \

lsw 1 10 mA

GATE to SOURCE -0.3 15 \
Output pins

VCAP to SOURCE -0.3 15 \Y
Output pins DRAIN to SOURCE -5 Velawp v
Operating junction temperature(® —-40 150 °C
Storage temperature, T —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(") £2000
HBM ESD classification level 2 -
V Electrostatic discharge Corner pins (GATE, \%
(D) 9 | charged device model (CDM), per AEC Q100-011 | gy GND, D(RAIN) £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 \Y
EN to GND -18 60
Input pins DRAIN to GND 60 \Y
Input to output pins SOURCE to DRAIN —Veiamp 5 \%
SOURCE 0.1 uF
External capacitance
VCAP to SOURCE 0.1 uF
External 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.

6.4 Thermal Information

DDF (SOT)
THERMAL METRIC(") UNIT
8 PINS
Rgya ‘Junction-to-ambient thermal resistance 133.8 °C/W
4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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DDF (SOT)
THERMAL METRIC(") UNIT
8 PINS
ReJuc(top) Junction-to-case (top) thermal resistance 72.6 °C/W
Rgus Junction-to-board thermal resistance 54.5 °C/W
Wt Junction-to-top characterization parameter 4.6 °C/W
Y Junction-to-board characterization parameter 54.2 °C/W

M
report.

6.5 Electrical Characteristics

T, =—-40°C to +125°C; typical values at T; = 25°C, V(source) = 12 V, Cin = Cvcar) = Cout = 0.1 WF, Vign) = 3.3 V, over
operating free-air temperature range (unless otherwise noted)

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Vsource SUPPLY VOLTAGE
VCLAMP VDS clamp voltage V(EN) =0V 19 24 \Y
V(sOURCE) Operating input voltage 60 Vv
v VSOURCE POR rising threshold 3.9 \Y
(SOURCEPOR) — 1\/SOURCE POR falling threshold 2.2 2.8 31| v

V(SOURCE POR(Hys)) VSOURCE POR hysteresis 0.44 0.67 Vv
l(sHDN) Shutdown supply current Ven =0V 0.9 1.5 A
l) Operating quiescent current 80 130 A
ENABLE INPUT
VEN_IL) Enable input low threshold 0.5 0.9 1.22 v
V(EN_IH) Enable input high threshold 1.06 26
V(EN_Hys) Enable hysteresis 0.52 1.35 \%
lEn) Enable sink current Ven =12V 3 5 uA
GATE DRIVE
l(GaTE) Peak source current \E/(n;tﬂ:) gci\/’\(lsfur;g;): 5V 3 11 mA
RDSon discharge switch RDSgy xg:;;f\\/’;souma — 100 mV 24 30 36| kQ
SW

Battery sensing disconnect switch
R(sw) resistance 4V < V(source) < 60 V 10 19.5 46 Q
CHARGE PUMP

Charge pump source current (charge
| pumpgor?) P ( 9 V(VCAP)_ Vsource =7V 162 300 600 uA
(VCAP) -

Charge pump sink current (charge

g pume (har8e vy cap) - Vsource = 14V 5 10 A

Charge pump voltage at V, =

3o Vg pump g (SOURCE) livcap)y < 30 A 8 Vv
V(vcap) — Charge pump turn-on voltage 10.3 11.6 13 Vv
V(SOURCE) Charge pump turn-off voltage 11 12.4 13.9 \Y

Charge pump enable comparator 0.4 08 12 Vv

hysteresis ’ ' '

Y -V, UV release at
y I’ié\i/f?gAngge(SOURCE) VSOURCE —_ VDRAIN =100 mV 57 6.5 7.5 \Y

(VCAP UVLO)
Vv -V, UV threshold at
(VCAP) — V(SOURCE) -

falllng edge VSOURCE — VDRAIN 100 mV 5.05 5.4 6.2 \Y

DRAIN

Copyright © 2022 Texas Instruments Incorporated
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6.5 Electrical Characteristics (continued)

T, =-40°C to +125°C; typical values at T; = 25°C, V(source) = 12 V, Cin = Cvear) = Cout = 0.1 WF, Vien) = 3.3 V, over
operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

lorRAIN) DRAIN sink current x(SOURCE) =View =14V, Vioran) =0 4] pA

6.6 Switching Characteristics
T, =—40°C to +125°C; typical values at T; = 25°C, V(source) = 12 V, Cin = Cvcar) = Cout = 0.1 WF, Vign) = 3.3 V, over
operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Enable (low to high) to gate turn-on
ENtpLy delay ( ghjtog V(vcap) > V(vcAP UVLOR) 75 10| s
6 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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6.7 Typical Characteristics
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Figure 6-1. Shutdown Supply Current vs Supply Voltage
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Figure 6-2. Operating Quiescent Current vs Supply Voltage
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6.7 Typical Characteristics (continued)
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Figure 6-7. Enable to Gate Turn On Delay vs Temperature

Charge Pump On/Off Threshold (V)

Figure 6-8. Charge Pump ON/OFF Threshold vs Temperature
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7 Parameter Measurement Information
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Figure 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 iy vouTt
>

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
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, Ve ). 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

10 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated
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MOSFET 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 Equation 1 to
calculate the initial gate driver enable delay.

Tiorv_en) = 75 US + Cuyvear) X Vivear_uvior)

where

*  Cvcar) is the charge pump capacitance connected across SOURCE and VCAP pins.
* V(vcap_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 Figure 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 Torr
> e > e «—
VIN | | 1l |
“““““ — 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
\

16V

Veap-Vsource
6.5V

GATE DRIVER
ENABLE

Figure 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 pA pulls the EN pin low and disables the device.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 11
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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
R+
BATT_MON
Rz

Figure 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 Equation 2
to calculate the typical gate discharge time.

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

Where

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

» Ciss is the external MOSFET input capacitance.

* Cqis the timer capacitor connected between GATE and SOURCE of an external MOSFET.
» Vg is the gate-to-source threshold voltage of an external MOSFET.

*  Vgare is the nominal GATE pin voltage of LM74501-Q1 (12.4-V typical).
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Transient event p— —

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

Figure 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 ISO7637-2 pulse 1
events, output loads must be capable of withstanding the peak reverse current during ISO7637-2 pulse 1 event.

Figure 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 Figure 8-4.

v X

. LM74501-Q1 GATE keeps external FET ON during
M ISO7637-2 Pulse 1 e

= W = — o o—

————

Output of LM74501-Q1 gets clamped to body
. / diode drop of H-Bridge / HSS+5chottkey ~ (-1.6V) s

CATHODE

CURRENT

3 Ly 2 dwn G " )

i Al d 20 ms
" o [ a . ! B ol S G2 5 NS 16 et
ELLE Mgt @ 6%

Singlel 0 /1

Figure 8-4. TVS Less Operation During 1SO7637-2 Pulse 1

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.
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For the loads that cannot handle peak reverse current during an 1ISO 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
(=VF).

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_i)- 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 1ISO7637-2 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

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

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 Figure 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. Figure 9-1
compares the performance benefits of LM74501-Q1 + N-FET over a traditional P-FET based reverse polarity
protection solution.

* As shown in Figure 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 Figure 9-1. This increase leads to higher voltage
drop across the PFET. Also, with a higher gate-to-source threshold (V1), 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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Parameter P-channel MOSFET LM74501-Q1 + N-channel MOSFET
at VBATT ar vout
o
]
Typical Application a
Diagram I SOURCE GATE DRAIN I
= =
VCA:F_ VCAP | M74501-Q1
EN |-
— sw
LM74501 + NFET (Q1) +
Solution Size PFET (Q1) +TVS (D1) + Ccveap + Cr
(Load current > 6 A) | Zener (D2) + Resistor 6.3 mm x 8 mm
(R1) (50.4 mm?)
12.3 mm x 8.5 mm
(104.5 mm?) TVS Less solution with
50% reduction in size
0.05
é 0.04
Low Viy/ Cold-Crank § oo \ Better cold crank performance compared to
Performance & I \ N PFET based solution. External N-FET
& o0.02 R s
= I \\M remains fully enhanced even if input voltage
& oo1 | e fallsto 3.2 V.
V1) i
o o 2 4 6 8 10
Vs - Gate-to-Source Voltage (V)

Figure 9-1. PFET vs LM74501-Q1 Reverse Polarity Protection Solution Comparison
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9.2 Typical Application

High Side Switch

. vour ] . To

' r 1T Load
I—‘ Cour _l
] 47 pF——=
Cin Cr W —
0.1 uF 22 nF
Cveap
220 nF—= l
SOURCE  GATE DRAIN 1
B — VCAP = =
LM74501-Q1
R, SW EN —
91kQ on loFF
BATT_MON
- GND

1=

Figure 9-2. Typical Application Circuit

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

Table 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 1ISO 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 Vgspax)
* Ros(on) 2.55 mQ (typical) and 3-mQ maximum rated at 10-V Ves

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, Ct, 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 % (C|SS(MOSFET) + CT) UF
e Cyn: minimum 100 nF of input capacitance
*  Cour: typical 10 pF to 47 pF of output capacitance
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9.2.3 Application Curves
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Figure 9-3.1SO 7637-2 Pulse 1
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Figure 9-4. Response to ISO 7637-2 Pulse 1
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SOURCE
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Figure 9-9. Start-up with 5-A Load

Figure 9-10. Input Reverse Polarity Hot Plug
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10 Power Supply Recommendations

The LM74501-Q1 controller is designed for the supply voltage range of 3.2 V £ Vgource £ 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

Figure 11-1. LM74501-Q1 Layout Example
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Third-Party Products Disclaimer

TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES NOT
CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR SERVICES

OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR SERVICES, EITHER
ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

12.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

12.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
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.

“: \ 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.

12.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

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 Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
LM74501QDDFRQ1 ACTIVE SOT-23-THIN DDF 8 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 L7501

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents Tl'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. Tl 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 TI 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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM74501QDDFRQ1 SOT- DDF 8 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
23-THIN
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TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\‘ /}#\
. 7
\\ /
T
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM74501QDDFRQ1 SOT-23-THIN DDF 8 3000 210.0 185.0 35.0
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PACKAGE OUTLINE
DDFOOO08A SOT-23 - 1.1 mm max height

PLASTIC SMALL OUTLINE
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NOTE 3 1.95 %
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1.55 iy ~—11 ALTERNATIVE PACKAGE
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i [\ } / \[ 008 1YP
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— SEE DETAIL A
GAGE PLANE
0°-8
DETAIL A
TYPICAL
4222047/D 04/2024
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.
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EXAMPLE BOARD LAYOUT
DDFOOO08A SOT-23 - 1.1 mm max height

PLASTIC SMALL OUTLINE

8X (1.05) ﬁ SYMM
¢

| 6
N I
8X (0.45) —
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— _ - a
ey 1 (]
6X (0.65) | ‘
o N
| |
(R0.05) ‘ ‘
TYP | (2.6) |
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X
SOLDER MASK
SOLDER MASK METAL UNDER
OPENING \ METAL SOLDER MASK ~ \ fOPEN'NG
”””” \
| |
0.05 MAX AL ERPOSED 0.05 MIN JL EXPOSED
ALL AROUND ALL AROUND METAL
NON SOLDER MASK SOLDER MASK

DEFINED DEFINED

SOLDER MASK DETAILS

4222047/D 04/2024

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.
5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

SOT-23 - 1.1 mm max height
PLASTIC SMALL OUTLINE

DDFOO08A

8X (1.05) —1

8X (0.45) —

sy

— €51 | CO
6X (0.65)
L R — 5
4 |

(2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4222047/D 04/2024

NOTES: (continued)
6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate

design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.
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