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5 Pin Configuration and Functions
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Z 5-1. Pin Functions

PIN

NAME

LM74720-Q1

DRR-12 (WSON)

TYPE

DESCRIPTION

GATE

1

Diode controller gate drive output. Connect to the GATE of the external
MOSFET.

Anode of the ideal diode. Connect to the source of the external MOSFET.

VSNS

Voltage sensing input

SwW

Voltage sensing disconnect switch terminal. VSNS and SW are internally
connected through a switch. Use SW as the top connection of the battery
sensing or OV resistor ladder network. When EN is pulled low, the switch is
OFF, disconnecting the resistor ladder from the battery line, thereby cutting off
the leakage current. If the internal disconnect switch between VSNS and SW
is not used, then short them together and connect to C pin.

ov

Adjustable overvoltage threshold input. Connect a resistor ladder across SW
to OV terminal. When the voltage at OV exceeds the overvoltage cut-off
threshold, then the PD is pulled low turning OFF the HSFET. PD is driven high
when the sense voltage goes below the OV falling threshold.

EN

EN Input. Connect to A or C pin for always ON operation. In this mode, the
device consumes an 1Q of 35 pA (maximum). Can be driven externally from a
micro controller 1/0. Pulling the pin low below 0.5 V enters the device in low Iq
shutdown mode.

GND

Connect to the system ground plane.

PD

Pull down connection for the external load disconnect FET. Connect to the
GATE of the external FET to PD pin.
Leave PD pin floating if the load disconnect FET is not used.

LX

Switch node of the internal boost regulator. This node must be kept small on
the PCB for good performance and low EMI. Connect the boost inductor
between this pin and the DRAIN connection of the external FET.

CAP

10

Boost Regulator Output. This pin is used to provide a drive voltage to the gate
driver of the ideal diode stage as well as drive supply for the HSFET. Connect
a 1-pF capacitor between this pin and the VS pin.

VS

1

Supply voltage pin

12

Cathode of the ideal diode. Connect to the DRAIN of the external MOSFET.
The voltage sensed at this pin is used to control the external MOSFET GATE.

RTN

Thermal Pad

Leave exposed pad floating. Do not connect to GND plane.
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6 Specifications

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

MIN MAX UNIT
Ato GND -65 70
VS, C to GND -0.3 70
VSNS, SW, EN, OV to GND, V(5> 0V -0.3 70 \Y
VSNS, SW, EN, OV to GND, Vipy <0V Via) (70 + V(a))
Input Pins
RTN to GND -65 0.3
| | -1 10
VSNS: lsw mA
lens lov, V(a)> 0V -1
lens lov, Viay <0V Internally limited
CAPtoC -0.3 15.9
CAP to A -0.3 85
Output Pins
GATE to A -0.3 15 Vv
LX, CAP, PD to GND -0.3 85
Output to Input Pins CtoA -5 85
Operating junction temperature, T; @) - 40 150 e
Storage temperature, Tsig -40 150

(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
- Corner pins (GATE, EN, GND,
V(Esp) Electrostatic discharge Charged device model (CDM), ) pins ( +750 Vv
per AEC Q100-011
Other pins +500
(1) AEC-Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specifications.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")
MIN NOM MAX UNIT
Ato GND -60 65
Input Pins C to GND 65 \Y
EN to GND -60 65
External A 0.1 uF
capacitance VS, CAPto C 1 uF
External
Inductor LX 100 uH
External
MOSFET max |GATE to A 15 Y
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
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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

LM74720-Q1
THERMAL METRIC(") DRR (WSON) UNIT
12 PINS
Roua Junction-to-ambient thermal resistance 61.6 °C/W
R0 yc(top) Junction-to-case (top) thermal resistance 50 °C/W
Ry Junction-to-board thermal resistance 32.7 °C/W
Wr Junction-to-top characterization parameter 1.4 °C/W
LU Junction-to-board characterization parameter 32.7 °C/W
R yc Junction-to-case (bottom) thermal resistance 6.9 °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics

Ty = -40°C to +125°C; typical values at T; = 25°C, V(p) = V(vs) = 12V, C(cap) = 1 UF, Veny = 2 V, over operating free-air
temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE
VA POR Rising threshold 3.1 34 3.85 \Y
V(a POR) -
VA POR Falling threshold 22 2.6 2.9 \
Vvs) Minimum Voltage at VS 3 Vv
I(sHDN) Shutdown Supply Current Ven =0V 1.5 3.3 uA
=2 el ol 7w
l) Total System Quiescent Current - —
VEn) = 2 V Active I?ecnfler Controlleor o7 35 uA
In Regulation, -40°C < T; < +125°C
ENABLE INPUT
V(EN_IH) Enable input high threshold v
VEN_IL) Enable input low threshold 0.5 0.85 1.2
V(EN_Hys) Enable Hysteresis 380 mV
lEN) Enable sink current Ven =12V 52 155 nA
Vanope to Vcathobe (Va - ¢)
V(ac REG) Regulated Forward V(ac) Threshold 9 16.4 227 mV
V(ac_Fwp) V(ac) threshold from RCB to oFCB 75 105 140 mV
Viac_Rev) ?)/I%\g‘)( it:g;eshold for reverse current 12 -565 “13] mv
GATE DRIVE
Veate) =~ Vi) 3V <Vyg <65V 9.5 13 \
Peak sink current Vi = Vigy= -~20mvV 2.5 A
oate) Regulation max sink current Vi = Vig =0V, 14 26 39| pA
Vieate) =~ Vo =5V
. Viay - Vioy= -20mV,
Reate GATE pulldown resistance V:G)ATE) —(C)\/(A) 100 my 1.2 Q
BOOST REGULATOR
Vicap) = V(vs) Boost output rising threshold 13 15.5 \Y
Hysteresis 11 Vv
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6.5 Electrical Characteristics (continued)

Ty= -40°C to +125°C; typical values at T; = 25°C, V(p) = V(vs) = 12V, C(cap) = 1 UF, Ven) = 2 V, over operating free-air
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
licar) Boost load capacity Vicapr) - Vivs) =7.5V 29 mA
) o Vi) =12V 110 140 170 mA
liLx) Peak inductor current limit threshold
Vs) =3V 210 mA
RiLx) Low side switch On-Resistance 1.3 2.7 5.1 Q
BATTERY SENSING (VSNS, SW) AND OVER VOLTAGE DETECTION (OV, PD)
Risw) IIﬁiieastitsetraynieenS|ng disconnect switch 104 296 430 Q
V(ovRr) Overvoltage threshold input, rising 1.13 1.231 1.33 \Y
V(ovF) Overvoltage threshold input, falling 1.03 1.125 1.215 \Y
V(ov_Hys) OV Hysteresis 110 mV
lov) OV Input leakage current 0V<Vpy<5V 50 110 nA
liPD_src) Pullup current 3V <Vys) <65V 43 50 60 uA
Peak pulldown current 55 88 117 mA
po_sinig DC pulldown current Viow>Viowmy 7 10 14| mA
CATHODE (C)
licy CATHODE sink current Vi =12V Vi = Vi) = ~100mV 85 15 bA
Viay= -14V,Vc)=14V 10.6 18] pA

6.6 Switching Characteristics

Ty = -40°C to +125°C; typical values at T = 25°C, V(p) = V(vs) = 12V, C(cap)= 1 UF, Ven) = 2 V, over operating free-air
temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

ENtoLy A (low to high) to GATE Turn On delay | Y ' Viapor) 10 Vigate - 4> 5V, 200| ps

C(GATE - A) =10 nF,
Reverse voltage detection to Gate Turn Vig = Viey= +30mVto - 100 4 1

teATE_OFF(DLY) Off delay mV, Vigatg) = Via)< 1V, CGate - A) = 0.47 0.8 us
10 nF

¢ Forward voltage detection to Gate Tum | “® ~ Vi© = ~ 100 mVto +700 _ 19 29

GATE_ON(DLY) On delay mV, V(GATE) - V(A) >5YV, C(GATE -A) T . . us
10 nF

tEN_OFF(DLY)PD EN to PD Delay EN | toPD | 6.5 12 MS

tOVﬁOFF(DLY)PD OV to PD Delay OV t toPD | 0.9 15 us

tPD_Pk Peak Pull Down duration I(PD_SINK, Pk) t to I(PD_SINK, DC) I 11 38 65 MS
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6.7 Typical Characteristics
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6.7 Typical Characteristics (continued)
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7 Parameter Measurement Information
30 mV

VGATE

VGATE - VA

— teatE_OFF(DLY)

Veare — Va
o
<

€ teate_onpLy) — P

Vowr + 0.1 Vl
8
>
oV - —— e ——— .
- Vep
2
o
>
|
g
>
OV —m — e o — — — _—
<4— tov_orr(oLy)pD —
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8 Detailed Description
8.1 Overview

The LM74720-Q1 ideal diode controller drives and controls external back-to-back N-Channel MOSFETs to
emulate an ideal diode rectifier with power path ON and OFF control and overvoltage protection. The wide input
supply of 3 V to 65 V allows protection and control of 12-V and 24-V automotive battery powered ECUs. 1Q
during operation (EN = High) is < 35 pA and < 3.3 pA during shutdown mode (EN = Low). The device can
withstand and protect the loads from negative supply voltages down to - 65 V. An integrated ideal diode
controller (GATE) drives the first MOSFET to replace a Schottky diode for reverse input protection and output
voltage holdup. A strong 29-mA boost regulator and short turn-ON and turn-OFF delay times of comparators
ensures fast transient response ensuring robust and efficient MOSFET switching performance during automotive
testing such as 1ISO16750 or LV124 where an ECU is subjected to input short interruptions and AC superimpose
input signals up to 100-kHz frequency. The device features an adjustable over voltage cut-off protection feature
for load dump protection.

The LM74720-Q1 controls the GATE of the MOSFET to regulate the forward voltage drop at 17 mV. The linear
regulation scheme in these devices enables graceful control of the GATE voltage and turns off of the MOSFET
during a reverse current event and ensures zero DC reverse current flow.

Low quiescent current (< 35 pA) in operation enables always ON system designs. With a second MOSFET in the

power path, the device allows load disconnect control using EN pin. Quiescent current reduces to 3.3 1 A with
EN low.

8.2 Functional Block Diagram

VBATT

A
L [
Reverse Current Boost ﬁ
Protection controller and Conc\:/oer:ttfgland —,
Gate Dri
ate Driver 88 mA
10 mA
ov RTN
A+10V
Va Bias Rails —»
RTN )
A » Reverse
Protection Logic
GND
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8.3 Feature Description
8.3.1 Dual Gate Control (GATE, PD)

The LM74720-Q1 features two separate gate control and driver outputs. That is, GATE and PD to drive back-to-
back N-channel MOSFETs.

8.3.1.1 Reverse Battery Protection (A, C, GATE)

A, C, GATE comprises of Ideal Diode stage. Connect the Source of the external MOSFET to A, Drain to C and
Gate to GATE pin. The LM74720-Q1 has integrated reverse input protection down to - 65 V.

In LM74720-Q1, the voltage drop across the MOSFET is continuously monitored between the A and C pins, and
the GATE to A voltage is adjusted as needed to regulate the forward voltage drop at 17 mV (typical) for
LM74720-Q1. This closed loop regulation scheme enables graceful turn-off of the MOSFET during a reverse
current event and ensures zero DC reverse current flow. This scheme ensures robust performance during slow
input voltage ramp down tests. Along with the linear regulation amplifier scheme, the LM74720-Q1 also
integrates a fast reverse voltage comparator. When the voltage drop across A and C reaches Vac Rrev)
threshold, then the GATE goes low within 0.5 ys (typical). This fast reverse voltage comparator scheme ensures
robust performance during fast input voltage ramp down tests such as input micro-shorts. The external MOSFET
is turned back ON when the voltage across A and C hits V(ac_rwp) threshold within 1.9 ps (typical). For ideal
diode only designs, connect LM74720-Q1 as shown in [ 8-1.

Q1
vBATT [ > VOUT,
12V 1Y)
T § =
D1 GATE C VS CAP LX PD
SMBJ36CA A
— VSNS
- SwW
R LM74720-Q1
BATT MON
EN— on[oFF
ov

GND
uE

| 8-1. Configuring LM74720-Q1 for Ideal Diode Only

8.3.1.2 Load Disconnect Switch Control (PD)

PD pin provides a 50-pA drive and 88-mA peak pulldown strength for the load disconnect switch stage. Connect
the Gate of the FET to PD pin. Place a 18-V Zener (Dz) across the FET gate and source.

For inrush current limiting, connect Cyyq7 capacitor and R as shown in %] 8-2.
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A 8-2. Inrush Current Limiting

The Cgygt capacitor is required for slowing down the PD voltage ramp during power up for inrush current
limiting. Use 77723\ 1 to calculate Cyyq4t capacitance value.

I

PD_DRV
C =

dvdT — I COUT

INRUSH (1 )

where lpp pry is 50 1 A (typical), linrush is the inrush current, and Coyr is the output load capacitance. An extra
resistor, R4, in series with the Cyyq1 capacitor improves the turn-off time.

PD is pulled low during the following conditions:

* During an OV event with the OV pin voltage rising above the V(oyr) threshold
* When the EN pin is pulled low with V gy driven lower than V gy ) level
* When the voltage at VS pin drops below the V(ys por, falling threshold

During these conditions, the FET Q1 turns OFF with its GATE connected to its SOURCE terminal through the
external Zener (Dz).

The peak power dissipated in the LM74720-Q1 at the instance of PD pulldown can be calculated approximately
using /7 £ 2.

Peb_peak = Vout % Ipp_sink @)

where

*  Ippsink peak is the peak sink current of 88 mA (typical)

In the system designs with input voltage above 48 V, Tl recommends to place a resistor, Rpp, in series with the
PD pin as shown in ¥ 8-2. The peak power dissipation during the pulldown events gets distributed in RPD and
the internal PD switch. A resistor value in the range of 270 Q to 330 Q can be selected to limit the device power
dissipation within the safe limits. [¥/ 6-12 shows the turn-OFF delay characteristics with various resistors.

8.3.2 Overvoltage Protection and Battery Voltage Sensing (VSNS, SW, OV)

Connect a resistor ladder as shown in [§] 8-3 for overvoltage threshold programming.

12 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: LM74720-Q1


https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSOW4
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSOW4B&partnum=LM74720-Q1
https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1

13 TEXAS
INSTRUMENTS LM74720-Q1
www.ti.com.cn ZHCSOW4B - SEPTEMBER 2021 - REVISED MARCH 2022

VBATT

SNS

_(7% EN

LM74720-Q1

¥ PD_OFF
1231v A | L
1125V y

& 8-3. Programming Overvoltage Threshold and Battery Sensing

A disconnect switch is integrated between VSNS and SW pins. This switch is turned OFF when EN pin is pulled
low. This action helps to reduce the leakage current through the resistor divider network during system shutdown
state (IGN_OFF state).

8.3.3 Boost Regulator

The LM74720-Q1 integrates a boost converter to provide voltage necessary to drive the external N-channel
MOSFETSs for the ideal diode and the load disconnect stages. The boost converter uses hysteretic mode control
scheme for the output voltage (Vcap — Vys) regulation along with the constant peak inductor current limit (I, x).
When the CAP - VS voltage is below its nominal value of typically 11.9 V, the low side switch of the boost is
turned on and the inductor current rises with the slope of VS/L approximately. After the current hits the limit of
I.x , that is,140 mA (typical), then the low side switch is turned off and the inductor current discharges to the
output till it reaches zero. The low side switch is turned on again and the switching cycle repeats until the CAP -
VS voltage has risen above the boost rising threshold of 13 V (typical). After this threshold level is reached, the
boost converter switching is turned OFF to reduce the quiescent current.

For the boost converter to be enabled, the EN pin voltage must be above the specified input high threshold,
V(enr)- The boost converter has a maximum output load capacity of 29-mA typical. If EN pin is pulled low, then
the boost converter remains disabled.

8.4 Device Functional Mode (Shutdown Mode)

The LM74720-Q1 enters shutdown mode when the EN pin voltage is below the specified input low threshold,
V(en_iL)- Both the gate drivers (GATE and PD) and the boost regulator are disabled in shutdown mode. During
shutdown mode, the LM74720-Q1 enters low 1Q operation with a total input quiescent consumption of 1.5 pA

(typical).
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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

LM74720-Q1 controls two N-channel power MOSFETs with GATE used to control diode MOSFET to emulate an
ideal diode and PD controlling second MOSFET for power path cut-off when disabled or during an overvoltage
protection and provide inrush current limiting. 1Q during operation (EN = High) is < 35 pA and <3.3 pA during
shutdown mode (EN = Low). LM74720-Q1 can be placed into low quiescent current mode using EN = low, where
both GATE and PD are turned OFF.

9.2 Typical 12-V Reverse Battery Protection Application

A typical application circuit of LM74720-Q1 configured to provide reverse battery protection with overvoltage
protection and inrush current limiting is shown in ¥ 9-1.

VBATT
12V
D1
SMBJ36CA 4
— GATE CVSCAP LX PD
—A =
—VSNS

SW
LM74720-Q1

EN — oON|oFF
ov

GND
s

K 9-1. Typical Application Circuit - 12-V Reverse Battery Protection and Overvoltage Protection
9.2.1 Design Requirements for 12-V Battery Protection
The system design requirements are listed in 3% 9-1.

% 9-1. Design Parameters - 12-V Reverse Battery Protection and Overvoltage Protection

DESIGN PARAMETER EXAMPLE VALUE
Operating input voltage range 12-V battery, 12-V nominal with 3.2-V cold crank and 35-V load dump
Output power 50 W
Output current range 4-A nominal, 5-A maximum
Input capacitance 0.1-pyF minimum

Output capacitance 0.1-yF minimum, (optional 220 pF for E-10 functional class A performance)
Overvoltage cut-off 37V, output cut-off > 37 V

AC super imposed test 2-V peak-peak 30 kHz, extendable to 6-V peak-peak 30 kHz

Automotive transient immunity compliance 1ISO 7637-2, ISO 16750-2 and LV124

Battery monitor ratio 8:1

9.2.2 Automotive Reverse Battery Protection
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9.2.2.1 Input Transient Protection: ISO 7637-2 Pulse 1

ISO 7637-2 pulse 1 specifies negative transient immunity of electronic modules connected in parallel with an
inductive load when the battery is disconnected. A typical pulse 1 specified in ISO 7637-2 starts with battery
disconnection where supply voltage collapses to 0 V followed by - 150 V 2 ms applied with a source impedance
of 10 Q at a slew rate of 1 ys on the supply input. LM74720-Q1 blocks reverse current and prevents the output
voltage from swinging negative, protecting the rest of the electronic circuits from damage due to negative
transient voltage. MOSFET Q1 is quickly turned off within 0.5 us by fast reverse comparator of LM74720-Q1. A
single bidirectional TVS is required at the input to clamp the negative transient pulse within the operating
maximum voltage across cathode to anode of 85 V and does not violate the MOSFET Q1 drain-source
breakdown voltage rating.

< 9-2 shows ISO 7637-2 pulse 1 performance of LM74720-Q1.

N I et o e o ot s ot ) B ot B ot o ) B B B By S St e Bt e Bt B T
—Vour
.i VIN
i.
|
14 —_—
IIN
a'j r W M S — — — — —— S— — —
L
3 VGATE
L i L
M1
|
TIN5 (VS B 2 S . 2] S 4 5 (5T S 4 A5 (S 5 e 25
“Iﬂ.mﬂdiv 1MQ By:20.0M WED.V 1.0ms A “\-Z.I)V 1.0ms/div 100MS/s 10.0ns/pt
@ 20.0vidiv 1MQ §y:20.0M ;}“0"“ Normal Preview Single Seq 1
@ 20.0Vidiv MO 8y:20.0M 0acqs RL:1.0M
@i 20.0/div 1MQ 8:20.0M Cons

& 9-2. Performance During ISO 7637-2 Pulse 1 Test

9.2.2.2 AC Super Imposed Input Rectification: ISO 16750-2 and LV124 E-06

All electronic modules are tested for proper operation with superimposed AC ripple on the DC battery voltage.
AC super imposed test specified in ISO 16750-2 and LV124 E-06 requires AC ripple of 2-V peak-peak on a 13.5-
V DC battery voltage, swept from 15 Hz to 30 kHz. LM74720-Q1 rectifies the AC superimposed voltage by
turning the MOSFET Q1 OFF quickly to cut off reverse current and turning the MOSFET Q1 ON quickly during
forward conduction. Active rectification of 2-V peak-peak 5-kHz AC input by LM74720-Q1 is shown in 9-3.
Fast turn-OFF and quick turn-ON of the MOSFET reduces power dissipation in the MOSFET Q1 and active
rectification reduces power dissipation in the output hold-up capacitor's ESR by half. Active rectification of 2-V
peak-peak 30-kHz AC input is shown in |5 9-4.
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& 9-3. AC Super Imposed Test - 2-V Peak-Peak 5 9-4. AC Super Imposed Test - 2-V Peak-Peak 30
kHz kHz

9.2.2.3 Input Micro-Short Protection: LV124 E-10

E-10 test specified in LV124 standard checks for immunity of electronic modules to short interruptions in power
supply input due to contact issues or relay bounce. During this test (case 2), micro-short is applied on the input
for a duration as low as 10 us to several ms. For a functional pass status A, electronic modules are required to
run uninterrupted during the E-10 test (case 2) with 100-us duration. When input micro-short is applied for 100
us, LM74720-Q1 quickly turns off MOSFET Q1 by shorting GATE to ANODE (source of MOSFET) within 0.5 us
to prevent the output from discharging and the PD remains ON keeping MOSFET Q2 ON, enabling fast recovery
after the input short is removed.

9-5 shows performance of LM74720-Q1 during E10 input power supply interruption test case 2. After the input
short is removed, input voltage recovers and MOSFET Q1 is turned back ON within 200 ys. Note that dual-gate
drive topology allows MOSFET Q2 to remain ON during the test and helps in restoring the input power faster.
Output voltage remains unperturbed during the entire duration, achieving functional status A.

Vi ‘ : ‘ Vin
| '1
Vour i Vour
et Vet R LT e TE o i e ViéaTE RN
2 r_"—( e J—f
s ’/\/—-————J @ f
| D |
"77||N‘ - 777\{7 B
s o Ty = = e
& 9-5. Input Micro-Short - LV124 E10 TC 2 100 us | & 9-6. Input Micro-Short - LV124 E10 TC 2 100 ps
With PD
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9.2.3 Detailed Design Procedure
9.2.3.1 Design Considerations

#* 9-1 summarizes the design parameters that must be known for designing an automotive reverse battery
protection circuit with overvoltage cut-off. During power up, inrush current through MOSFET Q2 must be limited
so that the MOSFET operates well within its SOA. Maximum load current, maximum ambient temperature, and
thermal properties of the PCB determine the Rpgon of the MOSFET Q2 and maximum operating voltage
determines the voltage rating of the MOSFET Q2. Selection of MOSFET Q2 is determined mainly by the
maximum operating load current, maximum ambient temperature, maximum frequency of AC super imposed
voltage ripple, and ISO 7637-2 pulse 1 requirements. Overvoltage threshold is decided based on the rating of
downstream DC/DC converter or other components after the reverse battery protection circuit. A single
bidirectional TVS or two back-back unidirectional TVS are required to clamp input transients to a safe operating
level for the MOSFETs Q1, Q2, and LM74720-Q1.

9.2.3.2 Boost Converter Components (C2, C3, L1)

Place a minimum of a 1- u F capacitor across drain of the FET to GND (C2) and across CAP pin of LM74720- Q1
to drain of the FET (C3). Use a 100- 1 H inductor (L1) with saturation current rating > 175 mA. Example:
XPL2010-104ML from coil craft.

9.2.3.3 Input and Output Capacitance
Tl recommends a minimum input capacitance C1 of 0.1 yF and output capacitance Cqyt of 0.1 pF.
9.2.3.4 Hold-Up Capacitance

Usually bulk capacitors are placed on the output due to various reasons such as uninterrupted operation during
power interruption or micro-short at the input, hold-up requirements for doing a memory dump before turning of
the module and filtering requirements as well. This design considers minimum bulk capacitors requirements for
meeting functional status "A" during LV124 E10 test case 2 100-us input interruption. To achieve functional pass
status A, acceptable voltage droop in the output of LM74720-Q1 is based on the UVLO settings of downstream
DC/DC converters. For this design, a 1-V drop in output voltage for 100 s is considered and the minimum hold-
up capacitance required is calculated by

I
LOAD_MAX
CHOLD_UP_MIN =———x100us

OouT (3)
Hold-up capacitance required for 1-V drop in 100 ps is 470 pF.
9.2.3.5 Overvoltage Protection and Battery Monitor

Resistors R4, Ry, and R3 connected in series are used to program the overvoltage threshold and battery monitor
ratio. The resistor values required for setting the overvoltage threshold Vqy to 37 V and battery monitor ratio
VBatT MON : VBaTT t0 1:8 are calculated by solving Equation 3 and Equation 4.

R,
-3 XV
O R+R,+R, @
v R,+R, v

=—————X
BAT_MON BATT
R,+R,+R, (5)

For minimizing the input current drawn from the battery through resistors R¢, R, and R3, Tl recommends to use
higher value of resistance. Using high value resistors adds error in the calculations because the current through
the resistors at higher value become comparable to the leakage current into the OV pin. Maximum leakage
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current into the OV pin is 1 pA and choosing (R1 + Ry + R3) < 120 kQ ensures current through resistors is 100
times greater than leakage through OV pin.

Based on the device electrical characteristics, Voyr is 1.23 V and battery monitor ratio (Vgart mon / VBaTT) IS
designed for a ratio of 1:8. To limit (R1 + Ry + R3) < 120 k@, select (R4 + Ry) = 100 k Q. Solving Equation 3 gives
R3 = 3.45 k Q. Solving Equation 4 for R2 using (Rq + Ry) = 100 kQ and R3 = 3.45 kQ, gives R, = 9.48 kQ and
R4 =90.52kQ.

Standard 1% resistor values closest to the calculated resistor values are R1 =90.9kQ,R2=9.09kQ, and R3 =
3.48kQ.

9.2.3.6 MOSFET Selection: Blocking MOSFET Q1

For selecting the blocking MOSFET Q1, important electrical parameters are the maximum continuous drain
current Ip, the maximum drain-to-source voltage Vpsax), the maximum drain-to-source voltage Vgsax), 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, Vpsax), must be high enough to withstand the highest differential
voltage seen in the application. This action includes all the automotive transient events and any anticipated fault
conditions. Tl recommends to use MOSFETs with Vpg voltage rating of 60 V along with a single bidirectional
TVS or a Vpg rating 40-V maximum rating along with two unidirectional TVS connected back-to-back at the
input.

The maximum Vgs LM74720-Q1 can drive is 14 V, so a MOSFET with 15-V minimum Vgg rating must be
selected. If a MOSFET with < 15-V Vgg rating is selected, a zener diode can be used to clamp Vgg to safe level,
but this results in increased Iq current.

To reduce the MOSFET conduction losses, lowest possible Rps(on is preferred, but selecting a MOSFET based
on low Rpg(on) cannot be beneficial always. Higher Rps(on) provides increased voltage information to LM74720-
Q1's reverse comparator at a lower reverse current. Reverse current detection is better with increased Rps(on).-
Choosing a MOSFET with < 50-mV forward voltage drop at maximum current is a good starting point. Based on
the design requirements, BUK7Y4R8-60E MOSFET is selected

9.2.3.7 MOSFET Selection: Load Disconnect MOSFET Q2

The Vps rating of the MOSFET Q2 must be sufficient to handle the maximum system voltage along with the
input transient voltage. For this 12-V design, transient overvoltage events are during suppressed load dump 35
V 400 ms and ISO 7637-2 pulse 2 A 50 V for 50 us. Furthermore, ISO 7637-2 Pulse 3B is a very fast repetitive
pulse of 100 V 100 ns that is usually absorbed by the input and output ceramic capacitors and the maximum
voltage on the 12-V battery can be limited to < 40 V the minimum recommended input capacitance of 0.1 pF.
The 50-V SO 7637-2 Pulse 2 A can also be absorbed by input and output capacitors and its amplitude can be
reduced to 40-V peak by placing sufficient amount of capacitance at input and output. Choose a MOSFET with
= 40-V Vpg rating.

The VGS rating of the MOSFET Q2 must be higher than that maximum boost drive output of 15.5 V. FET with
VGS absolute maximum rating of +/ - 20 VGS is selected.

Inrush current through the MOSFET during input hot-plug into the 12-V battery is determined by output
capacitance. External capacitor on PD, Cpypr, is used to limit the inrush current during input hot-plug or startup.
The value of inrush current determined by 4 #2£3 1 must be selected to ensure that the MOSFET Q2 is
operating well within its safe operating area (SOA). To limit inrush current to 1.8-A, value of Cpypt is 10.43 nF,
closest standard value of 10.0 nF is chosen.

Duration of inrush current is calculated by:

12
dTgusy = I X Cour
INRUSH (6)
18 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: LM74720-Q1


https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSOW4
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSOW4B&partnum=LM74720-Q1
https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1

13 TEXAS
INSTRUMENTS LM74720-Q1
www.ti.com.cn ZHCSOW4B - SEPTEMBER 2021 - REVISED MARCH 2022

Calculated inrush current duration is 3.13 ms with 1.8-A inrush current.

MOSFET BUK7Y4R8-60E having 60-V Vpg and +20-V Vg rating is selected for Q2. Power dissipation during
inrush is well within the MOSFET's safe operating area (SOA).

9.2.3.8 TVS Selection

Tl recommends a 600-W SMBJ TVS such as SMBJ33CA for input transient clamping and protection. For
detailed explanation on TVS selection for 12-V battery systems, refer to TVS Selection for 12-V Battery Systems.
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9.2.4 Application Curves
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] 9-11. Inrush Current with 60-Q Load

& 9-12. Hot-Plug into 12 V
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17. Overvoltage Recovery

& 9-18. Turn-on Delay - PD

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: LM74720-Q1

Submit Document Feedback

21


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSOW4
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSOW4B&partnum=LM74720-Q1
https://www.ti.com.cn/product/cn/lm74720-q1?qgpn=lm74720-q1

13 TEXAS
INSTRUMENTS

LM74720-Q1
ZHCSOW4B - SEPTEMBER 2021 - REVISED MARCH 2022 www.ti.com.cn
VW Vi’
_ NVour Vour
SUNPYFAE et R W W - SIS - I A S
Venre - s s st P s
Lad @
@ vox
'
e B Ve
4 - 4
_— e o " e o e
&l 9-19. Turn-off Delay - GATE & 9-20. Turn-off Delay - PD

9.3 Do's and Don'ts

* Leave the exposed pad (RTN) of the IC floating. Do not connect the exposed pad to the GND plane.
Connecting RTN to GND disables the reverse polarity protection feature.

* Connect a limiting resistor Rpp in series with the PD pin in the system application designs with input voltage
above 48 V. This resistor value can be chosen in the range of 270 Q to 330 Q.
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10 Power Supply Recommendations
10.1 Transient Protection

When the external MOSFETs turn OFF during the conditions, such as overvoltage cut-off, reverse current
blocking, EN causing an interruption of the current flow, the input line inductance generates a positive voltage
spike on the input and output inductance generates a negative voltage spike on the output. The peak amplitude
of voltage spikes (transients) depends on the value of inductance in series to the input or output of the device.
These transients can exceed the Absolute Maximum Ratings of the device if steps are not taken to address the
issue.

Typical methods for addressing transients include:

* Minimizing lead length and inductance into and out of the device

* Using large PCB GND plane

* Using a Schottky diode across the output and GND to absorb negative spikes

* Using a low value ceramic capacitor (Cy) to approximately 0.1 1 F) to absorb the energy and dampen the
transients.

The approximate value of input capacitance can be estimated with 75725 7.
Lan

Cin (7)

Vspike(Absolute) = V(iN) T (Load) *

where

* V() is the nominal supply voltage

* lLoap) is the load current

* Ly equals the effective inductance seen looking into the source
* Cqn) is the capacitance present at the input

Some applications can require additional Transient Voltage Suppressor (TVS) to prevent transients from
exceeding the Absolute Maximum Ratings of the device. These transients can occur during EMC testing such as
automotive ISO7637 pulses.

The circuit implementation with optional protection components (a ceramic capacitor, TVS, and Schottky diode)
is shown in [ 10-1.

LM74720-Q1

ENT— ON|OFF

(o)
z
lw]

|||—

" Optional components needed for suppression of transients

& 10-1. Circuit Implementation With Optional Protection Components for LM74720-Q1
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10.2 TVS Selection for 12-V Battery Systems

In selecting the TVS, important specifications are breakdown voltage and clamping voltage. The breakdown
voltage of the TVS+ must be higher than 24-V jump start voltage and 35-V suppressed load dump voltage and
less than the maximum ratings of LM74720-Q1 (65 V). The breakdown voltage of TVS - must be beyond than
maximum reverse battery voltage - 16 V, so that the TVS - is not damaged due to long time exposure to
reverse connected battery.

Clamping voltage is the voltage the TVS diode clamps in high current pulse situations and this voltage is much
higher than the breakdown voltage. In the case of an ISO 7637-2 pulse 1, the input voltage goes up to - 150 V
with a generator impedance of 10 Q. This action translates to 15 A flowing through the TVS -, and the voltage
across the TVS is close to its clamping voltage.

The next criterion is that the absolute maximum rating of cathode to anode voltage of the LM74720-Q1 (85 V)
and the maximum Vpg rating MOSFET are not exceeded. In the design example, 60-V rated MOSFET is chosen
and maximum limit on the cathode to anode voltage is 60 V.

During ISO 7637-2 pulse 1, the anode of LM74720-Q1 is pulled down by the ISO pulse, clamped by TVS - and
the MOSFET Q1 is turned off quickly to prevent reverse current from discharging the bulk output capacitors.
When the MOSFET turns off, the cathode to anode voltage seen is equal to (TVS Clamping voltage + Output
capacitor voltage). If the maximum voltage on output capacitor is 16 V (maximum battery voltage), then the
clamping voltage of the TVS - must not exceed, (60V - 16) V= -44 V.

The SMBJ33CA TVS diode can be used for 12-V battery protection application. The breakdown voltage of 36.7
V meets the jump start, load dump requirements on the positive side and 16-V reverse battery connection on the
negative side. During ISO 7637-2 pulse 1 test, the SMBJ33CA clamps at - 44 V with 12 A of peak surge current
as shown in and it meets the clamping voltage < 44 V.

SMBJ series of TVS' are rated up to 600-W peak pulse power levels and are sufficient for ISO 7637-2 pulses.
10.3 TVS Selection for 24-V Battery Systems

For 24-V battery protection application, the TVS and MOSFET in 9-1 must be changed to suit 24-V battery
requirements.

The breakdown voltage of the TVS+ must be higher than 48-V jump start voltage, less than the absolute
maximum ratings of anode and enable pin of LM74720-Q1 (70 V) and must withstand 65-V suppressed load
dump. The breakdown voltage of TVS - must be lower than maximum reverse battery voltage - 32 V, so that
the TVS - is not damaged due to long time exposure to reverse connected battery.

During ISO 7637-2 pulse 1, the input voltage goes up to - 600 V with a generator impedance of 50 Q. This
translates to 12 A flowing through the TVS - . The clamping voltage of the TVS - cannot be same as that of 12-
V battery protection circuit. Because during the 1ISO 7637-2 pulse, the Anode to Cathode voltage seen is equal
to (- TVS Clamping voltage + Output capacitor voltage). For 24-V battery application, the maximum battery
voltage is 32V, then the clamping voltage of the TVS- must not exceed, 85V - 32V =53 V.

Single bidirectional TVS cannot be used for 24-V battery protection because breakdown voltage for TVS+ = 65
V, maximum clamping voltage is < 53 V and the clamping voltage cannot be less than the breakdown voltage.
Two un-directional TVS connected back-to-back must be used at the input. For positive side TVS+, TI
recommends SMBJ58A with the breakdown voltage of 64.4 V (minimum), 67.8 (typical). For the negative side
TVS -, Tl recommends SMBJ28A with breakdown voltage close to 32 V (to withstand maximum reverse battery
voltage - 32 V) and maximum clamping voltage of 42.1 V.

For 24-V battery protection, TI recommends a 75-V rated MOSFET to be used along with SMBJ28A and
SMBJ58A connected back-to-back at the input.
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11 Layout

11.1 Layout Guidelines

* For the ideal diode stage, connect A, GATE and C pins of LM74720-Q1 close to the MOSFET's SOURCE,
GATE and DRAIN pins.

* The high current path of for this solution is through the MOSFET; therefore, it is important to use thick and
short traces for source and drain of the MOSFET to minimize resistive losses.

* The GATE pin of the LM74720-Q1 must be connected to the MOSFET GATE with short trace.

* Boost converter switching currents flow into LX, CAP, GND pins and C3 (across DRAIN of the FET to GND).
The loops formed by capacitor across CAP pin and DRAIN of the FET and C3 to GND must be minimized by
placing these capacitors as close as possible. Keep the GND side of the C3 capacitor close to GND pin of
LM74720-Q1.

* Place transient suppression components like input TVS and output Schottky close to LM74720-Q1.

11.2 Layout Example

K 11-1. LM74720-Q1 Layout Example
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12 Device and Documentation Support
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12.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
P R bR BN S H A E Y7 .
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 NiER
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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 ©)
@ ©)
LM74720QDRRRQ1 Active Production WSON (DRR) | 12 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 L74720
LM74720QDRRRQ1.A Active Production WSON (DRR) | 12 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 L74720

@ 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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