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1 System Overview

1.1 System Description

Reverse polarity is the typical protection required in an automotive environment. During maintenance or
service, the battery of the car are typically detached and reconnected. There is a probability of connecting
the wires to wrong terminals of the battery. This error can be fatal and damage the components in
electronic control units. To avoid any such damages, there is a need for reverse polarity protection.
Schottky diodes will have high power loss. The LM5050-1-Q1 along with N-channel MOSFET can be used
to reduce the power dissipation.

1.2 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATION MIN TYP MAX UNIT
Vinput DC input voltage —-60 — 60 \%
Output current Q1 configurable — 5 — A
12V — 460 — us
Gate voltage (turnon time) 24V — 368 — us
48V — 317 — us
122V — 9.5 — ms
Gate voltage (turnoff time) 24V — 2.95 — ms
48 V — 2.06 — ms
12 V: Jumper J5 closed — 1.8 — mA
Operating current 24 V: Jumper J5 closed — 3.4 — mA
48 V: Jumper J5 closed — 6.92 — mA
12 V: Jumper J5 open — <10 — nA
Quiescent current 24 V: Jumper J5 open — <10 — nA
48 V: Jumper J5 open — <10 — nA

1.3 Block Diagram
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Figure 1. Block Diagram
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1.4 Highlighted Products

14.1 LM5050-1-Q1

The LM5050-1/LM5050-Q1 High-Side ORing FET Controller operates in conjunction with an external
MOSFET as an ideal diode rectifier when connected in series with a power source. This ORing controller
allows MOSFETSs to replace diode rectifiers in power distribution networks thus reducing both power loss
and voltage drops.

The LM5050-1/LM5050-Q1 controller provides charge pump gate drive for an external N-channel
MOSFET and a fast response comparator to turn off the FET when current flows in the reverse direction.
The LM5050-1/LM5050-Q1 can connect power supplies ranging from 5 to 75 V and can withstand
transients up to 100 V.
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Figure 2. LM5050-1-Q1 Functional Block Diagram

Key features include:

» Available in standard and AEC-Q100 qualified versions LM5050Q0MK-1 (up to 150°C T,) and
LM5050Q1MK-1 (up to 125°C T,)

» Wide operating input voltage range, V: 1 to 75 V (Vgas required for V,y, < 5V)
e 100-V transient capability

e Charge pump gate driver for external N-channel MOSFET

» Fast 50-ns response to current reversal

* 2-A peak gate turnoff current

*  Minimum Vg clamp for faster turnoff
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2 System Design Theory

2.1 Automotive Conducted Transients

In an automotive environment, batteries are connected to various electronic control units, loads, and
sensor and load systems. Due to several parameters, conducted transients are seen on power lines for
electronic control units. A short overview of such electrical transients are shown in Figure 3.

us ISO7637-2 Pulse 3b
U7 .............................................................................. e
1SO16750-2: 4.6.4
Test A/B
R T ISQ7637-2 Pulse 2
Us R . Jump Start
Ub
ua.
U3. ..................
Reverse Polarity
S .1S07637-2 Pulse 1
UL iSoresrzpulsesal
Figure 3. Overview of Transients
Description, behavior and impact of automotive power line electrical transients are specified/defined in
standards listed in Table 2.
Table 2. List of Automotive Electrical Transients Standards
STANDARD OR SPECIFICATION INSTITUTE OR COMPANY
ISO 7637-2 Road vehicles: Electrical disturbances from conduction and coupling
1SO 16750-2 Roa_d vehicles: Environmental conditions and testing for electrical and electronic
equipment
LV124 Group of OEMS (Audi, BMW, Porsche, VW, and so on)
SAEJ1113-11 USA Standard by the Society of Auto Engineers
JASO A-1 Japanese automobile standard
4 Automotive Reverse Polarity Protection Reference Design TIDUC42—-November 2016
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Specification of these standards are not limited to this list; auto manufacturers have their own internal
standards. Although changes are typically only in a few parameters of different tests or limits, the essence
of the requirements are the same.

ISO 7637 is titled Road vehicles — Electrical disturbances from conduction and coupling, and part 2 is
specifically "Electrical transient conduction along supply lines only". The standard defines a test
procedure, including the description of test pulses, to test the susceptibility of an electrical subsystem to
transients, which could potentially be harmful to its operation. Each pulse is modeled to simulate a
transient that could be created by a real event in the car. This design mainly focus for reverse polarity
protection and ORing applications, which is predominantly placed next to battery.

ISO 16750 is titled Road vehicles — Environmental conditions and testing for electrical and electronic
equipment, and part 2 is specifically "Electrical loads." An easy way to think of this standard is that it
essentially defines a series of "supply voltage quality” events—variations of the battery supply voltage
under various conditions. For the most part, these conditions are not harmful to the electrical subsystem,
but can affect its state of operation. The tests in this standard are designed to see how the subsystem
behaves before, during, and after these events.

211 ISO 7637-2 Pulse 1

This test is a simulation of transients due to supply disconnection from inductive loads. It is applicable to
DUTs which, as used in the vehicle, remain connected directly in parallel with an inductive load.
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' Control Unit
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Figure 4. 1SO 7637-2 Pulse 1

Key features include:

* Ignition switch and main relay or relevant

* Inductive load (relays, solenoids or motors, and so on)

» Load resistance (effective load on the power supply)

e Control Unit or DUT (exposed to transients)

* Battery

Pulse 1 occurs when switch(1) is open. The pulse itself, simulating an inductive kick in a parallel system,

is a high-voltage, negative-going transient. The waveform and its parameters are given in Figure 5 and
Table 3:
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Figure 5. ISO 7637-2 Pulse 1 Waveform
Table 3. ISO 7637-2 Pulse 1 Parameters
PARAMETER 12-V SYSTEM 24-V SYSTEM

Ug —75to -100 V —450 to —600 V

R 10Q 50 Q

ty 2ms 1ms

0 0

t (1—0.5 )“S (3-1 5 )Hs
t,@ 05t05s

t, 200 ms
t,@ <100 ps

@ 1 must be chosen such that the DUT is correctly initialized before the application of the next pulse.
@

t3 is the smallest possible time necessary between the disconnection of the supply source and the application of the pulse.

Pulse specification and parameters might vary based on OEM and vehicle configuration.
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21.2 ISO 7637-2 Pulse 2a

Pulse 2a simulates transients due to sudden interruption of currents in a device connected in parallel with
DUT due to inductance of the wiring harness.
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Control Unit
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[
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Figure 6. ISO 7637-2 Pulse 2a Simulation Picture

Key features include:

» Ignition switch and main relay or relevant

e Inductance (wiring harness)

e Control Unit or DUT (exposed to transients)

* Load resistance (effective load on the power supply)
* Load switch

* Battery

The pulse itself, simulating an inductive kick from the wiring harness, is a high-voltage, positive-going
transient. The waveform and its parameters are given in Figure 7 and Table 4:
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Figure 7. ISO 7637-2 Pulse 2a Waveform
Table 4. Pulse 2a Parameters
PARAMETER 12-V SYSTEM 24-V SYSTEM

Us 37t050 V

R; 2Q

ty 0.05 ms

t (178.5 )HS
t,@ 0.2to5s

@ The repetition time t, can be short, depending on the switching. The use of a short repetition time reduces the test time.

Pulse specification and parameters might vary based on OEM and vehicle configuration.
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2.1.3 ISO 7637-2 Pulses 3a and 3b

These test pulses are a simulation of transients that occur as a result of the switching processes. The
characteristics of these transients are influenced by distributed capacitance and inductance of the wiring
harness.
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Figure 8. ISO 7637-2 Pulse 3a and 3b Simulation Picture

Key features include:

* Wiring harness with distributed inductance and capacitance
* Ignition switch and main relay or relevant

» Control Unit or DUT (exposed to transients)

* Inductive load (relays, solenoids or motors, and so on)

* Battery

Pulse 3a is seen in control unit or DUT when supply is turned ON or load is switched before the control
unit. A burst of negative arching transients are seen due to relay on and off.
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Figure 9. ISO 7637-2 Pulse 3a Waveform

Table 5. ISO 7637-2 Pulse 3a Parameters

PARAMETER 12-V SYSTEM 24-V SYSTEM
Us 112 to 150 V 150 to 200 V
R; 50 Q
t (175" us
t, 5ns+15ns
t 100 ps
t, 10 ms
ts 90 ms
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Pulse 3a is seen in control unit or DUT when load is switched after the control unit. A burst of positive
arching transients are seen due to relay on and off.

U

t fs F

Figure 10. ISO 7637-2 Pulse 3b Waveform

Table 6. ISO 7637-2 Pulse 3b Parameters

PARAMETER 12-V SYSTEM 24-V SYSTEM
Us 75 to 100 V 150 to 200 V
R 50 Q
ty (0.1+8'1)us
t, 5ns+15ns
ty 100 ps
t, 10 ms
ts 90 ms

Pulse specification and parameters might vary based on OEM and vehicle configuration.

2.1.4 ISO 16750-2 4.6.4 Load Dump

This test is a simulation of load dump transient, occurring in the event of a discharged battery being
disconnected while the alternator is generating charging current and with other loads remaining on the
alternator circuit at this moment. Load dump may occur on account of a battery being disconnected as a
result of cable corrosion, poor connection or of intentional disconnection with the engine running. This
pulse was actually moved from ISO 7637 to ISO 16750.

The actual load dump event is extremely high energy and high voltage, which would be very difficult (and
expensive) to protect against on every subsystem in the vehicle. Instead, every OEM installs a clamping
circuit to the alternator, which limits the voltage to a more manageable level for the subsystem. This
clamped voltage varies from OEM to OEM, but is typically in the range of 30 to 40 V.

DUT
+
== 2 G 3 or
Control Unit
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Figure 11. 1ISO 16750-2 Test B Simulation Picture
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Key features include:
» Battery connection (loose contact or disconnection)
» Alternator with internal clamping
e Control Unit or DUT (exposed to transients)
* Battery
Ul ty
Iy
Us
0,9(Ug-Up)
0,1(Ug-Up)
Up
0
t
Figure 12. 1ISO16750-2 Test B Waveform
Table 7. 1ISO16750-2 Test B Parameters
TYPE OF SYSTEM
PARAMETER
Uy=12V Uy=24V
Us® (V) 79 < Ug <101 151 < Ug < 202
Us (V) 35 65
Ri () 05<R <4 1<R <8
ty (Ms) 40 <ty < 400 100 < ty < 350
t (ms) 10(2)

Pulse specification and parameters might vary based on OEM and vehicle configuration.
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2.15 ISO 16750-2 4.7 Reverse Voltage

This test checks the ability of a control unit to withstand against the connection of a reversed battery when
using an auxiliary starting device. During the service or while repairing the car, there is a possible risk of
mis wire or wrong connections of system wiring harness to battery. In such case electronic control units
needs to have protection for reverse battery voltage.

In automotive systems, the alternator is directly connected to battery without any fuse. Rectifier diodes in
the alternator can withstand the reverse voltage for 60 s. If the diodes in alternator are damaged, then
there is a scope for damage of wires and possible fire inside the system. Once the fuses or alternator are
replaced, the rest of the devices are expected to run with class A. So the control units are expected to
withstand the reverse voltage for at least 60 s + 6 s.

Table 8. 1ISO16750-2 Reverse Voltage Parameters

NOMINAL VOLTAGE TEST VOLTAGE
Uy (V) Ua (V)
12 14
24 28

Pulse specification and parameters might vary based on OEM and vehicle configuration.
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3 Getting Started Hardware

3.1 Undervoltage (V,<5V)

When the battery voltage is less than 5 V, the LM5050-1-Q1 is in undervoltage mode, and the gate
voltage of Q1 will follow the source. The body diode of Q1 is in forward conduction, Vo will follow the V,
voltage with the voltage drop of body diode in Q1. Behavior of the LM5050-1-Q1 is same irrespective of
the state of Enable pin.

3.2 Normal Operation BV sV sS75V)

Status of the Enable pin will have an impact on the state of the LM5050-1-Q1 in normal operation mode. If
the Enable pin is high, the ground pin of the LM5050-1-Q1 is connected to system ground. VFD_D4 and
RDS_ON_Q2 will have an impact on offset voltage between the ground of the LM5050-1-Q1 and system
ground. Toeeser VOItage is negligible based on the operating voltage of the battery. As the Enable pin is
high, Q2 will turn ON, and the LM5050-1-Q1 ground pin is above the system ground with an offset. The
VS pin is around 5 V above the ground pin, and the gate pin of the LM5050-1-Q1 will start charging the
gate of Q1 with 32 pA through an internal charge pump current source. Select Q1 based on the battery
and type of system. Load current and maximum reverse voltage are the key parameters.

If Enable is low, the gate of Q2 is low or less than the turnon gate-to-source threshold voltage of Q2. If Q2
is turned off, the voltage difference between the VS pin to ground of the LM5050-1-Q1 is low. The internal
biasing circuit will be in an OFF state, resulting the LM5050-1-Q1 gate pin to follow the source pin due to
internal diode. Q1 will be turned OFF due to low or basing voltage. Normally, Vq; will follow the input
voltage with the body diode of Q1. So, if the Enable pin is high, there is less voltage drop and power
dissipation in Q1. If the Enable pin is low, Q1 will act as simple diode with high power dissipation.

3.3 Reverse Protection

12vo g 12v o et
IN |GATE out IN[GATE| _|ouT
LM5050-1-Q1 uB LM5050-1-Q1 uB
L ] —> X —
12V (B
12V o gm B 48V DC-DC ¢
IN [GATE out IN |GATE ouT

LM5050-1-Q1
*»

LM5050-1-Q1
&

Copyright © 2016, Texas Instruments Incorporated

Figure 13. Typical Applications

When the OUT pin voltage is higher than V,, + threshold, then the LM5050-1-Q1 will quickly discharge the
gate of Q1 with a strong drive strength, which could be minimum of 1.8 A. Typical reverse threshold
voltage to turn OFF Q1 is on average —28 mV. Connections of IN and OUT pins must be short and close
to the source and drain pins of Q1.
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4 Testing and Results
Test setup for automotive polarity protection has been done as shown in Figure 14.

DC power supply
0to60V/2A

DC load
100 W

Jumper J5
Close: Green LED ON
Open: Green LED OFF
Copyright © 2016, Texas Instruments Incorporated

Figure 14. Test Setup

To check the performance of the LM5050-1-Q1, the TIDA-00992 board has been tested until 60-V DC.
Thermal performance of the designs are checked with 5 A flowing through Q1. To simulate diode
behavior, Jumper J5 has been removed. Figure 7 and Table 4 shows the difference in thermal behavior of
the TIDA-00992.

The CSD19532Q5B has been used for Q1.

* Rosonqu =4 MQ

 Loadcurrent=5A

* Power dissipationinQ1l=5x5x4m=01W

* Ry o1 = 50°C/W

* T,;=Ta+ Rya ou X Power dissipation = T, + 50°C/W x 0.1 W =T, + 5°C

As per Figure 15, ambient temperature on the board is around 31°C, whereas temperature of Q1 is
around 5°C higher.

Figure 15. LM5050-1-Q1 at 5-A Load Current
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When Q1 is turned OFF, current flows through diode of Q1. Forward voltage drop of the diode is in range
of 0.4 V. For the load current of 5 A, power dissipation of the diode will be around 2 W. Power dissipation
in the diode is around 20 times higher than the power dissipation in Q1, as is the delta temperature in Q1.
As per Figure 16, 138.1°C is observed during the temperature tests with body diode in the TIDA-00992.

Figure 16. Diode at 5-A Load Current

4.1 Operational Tests

CH1: V,y input voltage
CH2: Vg output voltage
CH3: Gate (TP2)

CH4: Enable (TP4)

|, Battery input voltage = 12 V
Turnon time: 460 ps

imebase -796 pd (Trigger
200 psidiviNormal 4.2V
100 kS 50 MS/sJEdge  Positive|

X1= 580ns AX= 46010 ps
X2= 46068 us 1AX= 217344 kHz

Figure 17. Turnon Behavior
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| CH1: V,y input voltage
i ! ; CH2: Vg output voltage
; —— T T > CH3: Gate (TP2)
|
|
S

CH4: Enable (TP4)

S N

. T

C3|

" SRS S IR S S O S USRS SR S S S ——
|

—1

|
|
A

o

|
i
|
|
|

Battery input voltage = 12 V
Turnoff time: 11.1 ms

Measure P1:max(C1) P2:max(C4) P3fall(C2) P4:max(C2) P5:--- P6:--- PT--- P8:---
value 1432V 9.0V 9520167 ms 187V
status v v v v

base 186 (Trigger @
5.00 ms/div|Normal 42V
100kS 2.0 MS/s|Edge Negative]

X1= 46.0ps  AX= 11.1355ms
X2= 111815 ms 1/AX= 89.803 Hz

Figure 18. Turnoff Behavior

CH1: V,y input voltage

f : : CH2: Vg output voltage

CH3: GND_LM5050-1-Q1
CH4: Enable (TP4)

; ! ; i i ™ Battery input voltage = 12 V
ce ! ! ! : Turnon time: 460 ps

H H i H
Measure P1max(C1)  P2:max(C4) P3rise(C2)  P4:max(C2)  P5:max(C3) P6:--- PT:--- P8:---
value 1439V 934V 496.3625us 1797V 1246V

status 4 v v

v v
imebase  -20 ps] (Trigger
5.00 Vidiv| 5.00 V/div| 5.00 Vudiv| 5.00 Vrdiv| 500 psidivjNormal 325V
0 mV offse] 0 mV offsef] -9.900 V ofsi] -14.900 V| 100 kS 20 MS/s|Edge  Positive)

Figure 19. Turnon Behavior With GND
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———t |
L

b

(o} T H
f . f I
._ : ¥
i i |
i
P1:max(C1) P2:max(C4)

bbb B e e

Measure P3fall(C2) P4:max(C2) P5:max(C3) P6:--- PT--- P8:---
value 1433V 930V 9.166800 ms 177V 1256V
status v v v v v

2.00ms/diviNormal 326V

100kS 5.0 MS/s|Edge Negative]

X1= 80us AX= 10.7608 ms

X2= 10.7688 ms 1/AX= 92930 Hz

Figure 20. Turnoff Behavior With GND

|

|
i

[

|
)
!
cz i %
|
c2 !
|
ci |
1
|
Measure P1max(C1) P2Zmax(C2) Pamax(C3) P4max(C4) P5irise(C3) P&i---
value 251 ¥ 247V 2713V a4V 250.3380ps

status v v v v

X1= 368.62ps A=
X2= 570ns 1A= -2.71702kHz

-368.05us

Figure 21. Turnon Behavior at 24 V

CH1: V,y input voltage
CH2: V7 output voltage
CH3: GND_LM5050-1-Q1
CH4: Enable (TP4)

Battery input voltage = 12 V
Turnoff time: 10.76 ms

CH1: V,y input voltage
CH2: Vg output voltage
CH3: Gate (TP2)

CH4: Enable (TP4)

Battery input voltage = 24 V
Turnon time: 368 us
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CH1: V,y input voltage
CH2: V7 output voltage
CH3: Gate (TP2)
) CH4: Enable (TP4)
"
i ! | i i Battery input voltage = 24 V

o : j : j Turnoff time: 5 ms

Measure V F’1 max(C1) . P2Zmax(C2) P3:max(C3) Pd.max(C;i) V P5:- - - PG---

value 251 ¥ 250V 279Y 86V

status s v v

rigger
[GE] /
Edge

| CH1: V,y input voltage

I CH2: Vg output voltage
CH3: Gate (TP2)

I : CH4: Enable (TP4)

|

|

|

Battery input voltage = 48 V
Turnon time: 317 ps

Measure P1max(C1) P2max(C2) P3max(C3) Pa-max(C4) PS:rise(C3) PE---

value 49.5Y 494V s20v 9TV 77725
v v v A

status

rigger  (E)EH)

Figure 23. Turnon Behavior at 48 V
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! CH1: V,y input voltage

| l ; : ! CH2: V7 output voltage
! ; ! CH3: Gate (TP2)
! CH4: Enable (TP4)

|
|
c3 ] I
|
o — i
1 . i ! Battery input voltage = 48 V
d : I Turnoff time: 2.06 ms
L
i i i R i i i
Measure P1:max(C1) P2:rmax(C2) P3:max(C3) P&:max(C4) P5:fall{C3) PB:---
value 802 49.4V 520V 430 my 2065247 ms

v v
rigger ()T
5.1

Normal 520V
500k 10 Edge Either

Figure 24. Turnoff Behavior at 48 V

CH1: V,y input voltage
CH2: Vg output voltage
CH3: Gate (TP2)

CH4: Enable (TP4)

Battery input voltage = 12 V
Reverse polarity

=
- o s — |
[=)
No output voltage and zero output current
- r
Measure P1:mean{C1) PZ:mean(C2) PZmean(C3) P4:meani{C4) P&5--- PG---
value -12.14Y -463 mv. -12.28V -80mv

status

Figure 25. Reverse Polarity at 12 V
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CH1: V,y input voltage
CH2: Vg7 output voltage
CH3: Gate (TP2)

j CH4: Enable (TP4)
Battery input voltage = 24 V
Reverse polarity

C3)

c2

= R o
No output voltage and zero output current

i | !

Measure P1:mean(C1) PZmean(C2) P3mean{C3) P4:mean(C4) P5--- PG:-- -

value -23.92V -474 MV -2443V -61 my

status v v v v

g (Trigger

10.0 Vidiv| 20.0 Vidiv -600 m

-9.50 ¥ ofst] 0.00V offset]

Figure 26. Reverse Polarity at 24 V

CH1: V, input voltage
CH2: Vg output voltage
CH3: Gate (TP2)

CH4: Enable (TP4)

Battery input voltage = 48 V
Reverse polarity

==
No output voltage and zero output current
H " H H ! H H
Measure P1:mean{C1) PZmean(CZ3) P3:mean(C3) P4mean(C4) P& - - PB:-- -
value -47.87 v -455 mv -48.55V -87 mv

status

Figure 27. Reverse Polarity at 48 V
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4.2 Transient Tests

CHZ1: Generator pulse waveform

Battery input voltage = 12 V
ISO 7637-2 Pulse 1.1

AX =500.000000000ms 1/AX = 2.0000Hz AY(1) = -150.000V
+= Mode ++ Source X Y 2 Yl O Y2 [ Y1 v2
Normal 1 v 0.0V -150.000V

Figure 28. ISO 7637-2 Generator Pulse 1.1 at 12V

CH1: V,y input voltage
CH2: Vg output voltage

' I ' Battery input voltage = 12 V
i ISO 7637-2 Pulse 1.1

AX = 500.000000000ms 1/AX = 2.0000Hz AY(1) = -36.5000V
+= Mode += Source X Y 2 Yl O Y2 L) Y1 v2
Normal 1 % 0.0V -36.5000V

Figure 29. TIDA-00992 Pulse 1.1 at 12-V Behavior
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] 2] [ @ CH1: Generator pulse waveform
Battery input voltage = 12 V
ISO 7637-2 Pulse 2a
2
AX =500.000000000ms 1/AX = 2.0000Hz AY(1) = 116.250V
43 Coupling +2 Imped BW Limit Vernier Invert Probe
DC 1M Ohm ] | | ~

Figure 30. ISO 7637-2 Generator Pulse 2a at 12 V

1] B [ 2

N

AX =100.000000000ms 1/AX = 10.000Hz AY(1) = 21.8750V
+= Mode ++ Source X Y 2 Yl O Y2 ) Y1 Y2
Normal 1 v 12.5000V 34.3750V

Figure 31. TIDA-00992 Pulse 2a at 12-V Behavior

CH1: V,y input voltage
CH2: V7 output voltage

Battery input voltage = 12 V
ISO 7637-2 Pulse 2a
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CH1: Generator pulse waveform

Battery input voltage = 12 V
ISO 7637-2 Pulse 3a

AX = 100.000000000ms 1/AX = 10.000Hz AY(1) = -220.000V
+5 Mode += Source X Y 2 Yl O Y2 L) Y1 Y2
Normal 1 v 12.500V -207.500V

Figure 32. ISO 7637-2 Generator Pulse 3aat 12V

CH1: V,y input voltage
CH2: V7 output voltage

Battery input voltage = 12 V
e SO 7637-2 Pulse 3a

e T W L

2

AX =100.000000000ms 1/AX = 10.000Hz AY(2) =-5_1250V
+= Mode += Source X Y 2 Y 4D L) Y1v2
2 11.0000V

Y2
Normal v 17.1250V

Figure 33. TIDA-00992 Pulse 3a at 12-V Behavior
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AX = 100.000000000ms 1/AX = 10.000Hz AY(1) = 150.000V
+5 Mode += Source
Normal 1

x Y flo.n ISERZ )
v I 12,500V 162,500 l vz

Figure 34. ISO 7637-2 Generator Pulse 3b at 12 V

N

it i mpermmamsiisnnmprmrms il (L] | ‘. VS W A Y P e AT

iAX = 100.000000000ms

1/AX = 10.000Hz AY(2) = 6.7500V
+= Mode ++ Source X Y 2 Yl O Y2 ) Y1 Y2
Normal 2 v 10.3750V 17.1250V

Figure 35. TIDA-00992 Pulse 3b at 12-V Behavior

CH1: Generator pulse waveform

Battery input voltage = 12 V
ISO 7637-2 Pulse 3b

CH1: V,y input voltage
CH2: V7 output voltage

Battery input voltage = 12 V
ISO 7637-2 Pulse 3b
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CH1: Generator pulse waveform

Battery input voltage = 12 V
|| 1SO 16750-2 4.6.4 load dump

AX = 994.000000000ms 1/AX = 1.0060Hz AY(1) = 40.0000V
+5 Mode += Source X Y 2 Y O Y2 L) Y1 Y2
Normal 1 v 0.0V 40.0000V

Figure 36. ISO 16750-2 Generator Pulse Load Dump at 12 V

1) g [ [ d CH1: V,y input voltage

g

CH2: V7 output voltage

Battery input voltage = 12 V
ISO 16750-2 4.6.4 load dump

iAX = 994.000000000ms |I/AX = 1.0060Hz IAY(] ) = 40.0000V

42 Coupling 4+ Imped BW Limit Vernier Invert Probe
DC 1M Ohm | Cl O ~

Figure 37. TIDA-00992 Load Dump at 12-V Behavior
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) / 8 [ [ [1] CH1: Generator pulse waveform

Battery input voltage = 24 V
ISO 7637-2 Pulse 1.1

AX = 100.000000000ms 1/AX = 10.000Hz AY(1) = 600,000V
5 Mode @Sot]m:e XY Io 0Y01v SYRZ lo 1 v2

Normal v -600.000V

Figure 38. ISO 7637-2 Generator Pulse 1.1 at 24 V

i 2| [ [ i J [1] CH1: V,y input voltage
CH2: V7 output voltage

Battery input voltage = 24 V
ISO 7637-2 Pulse 1.1

N

AX =100.000000000ms 1/AX = 10.000Hz AY(1) = -53.7500V
+4 Mode += Source X Y 2 Y1 2 Y2 ) Y1 v2
Normal 1 v 0.0V -53.7500V

Figure 39. TIDA-00992 Pulse 1.1 at 24-V Behavior
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] 2] [ 2 i CH1: Generator pulse waveform
Battery input voltage = 24 V
ISO 7637-2 Pulse 2a
AX =100.000000000ms 1/AX = 10.000Hz AY(1) = 112500V
+5 Mode += Source X Y 2 Yl O Y2 L) Y1 Y2
Normal 1 v 27.500V 140.000V
Figure 40. ISO 7637-2 Generator Pulse 2a at 24 V
20000/ 200V B 20,008 6100087 Step WENAINSIBVE ¢y v, input voltage
CH2: V7 output voltage
Battery input voltage = 24 V
ISO 7637-2 Pulse 2a
29
AX =100.000000000ms 1/AX = 10.000Hz AY(2) = 30.2500V
+4 Mode += Source X Y 2 Y1 2 Y2 ) Y1 v2
Normal 2 v 27.0000V 57.2500V
Figure 41. TIDA-00992 Pulse 2a at 24-V Behavior
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AX = 100.000000000ms 1/AX = 10.000Hz AY(1) = -300.000V
Ohm | || ~

43 Coupling +2 Imped BW Limit Vernier Invert Probe
DC 1M [l

Figure 42. ISO 7637-2 Generator Pulse 3a at 24 V

2

AX =100.000000000ms 1/AX = 10.000Hz AY(2) = 11.0000V
+2 Mode ++ Source X Y 2 Yl ) Y2 ) Y1 Y2
Normal 2 v 21.5000V 32.5000V

Figure 43. TIDA-00992 Pulse 3a at 24-V Behavior

CH1: Generator pulse waveform

Battery input voltage = 24 V
ISO 7637-2 Pulse 3a

CH1: V,y input voltage
CH2: V7 output voltage

Battery input voltage = 24 V
ISO 7637-2 Pulse 3a
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CH1: Generator pulse waveform

Battery input voltage = 24 V
ISO 7637-2 Pulse 3b

AX = 100.000000000ms 1/AX = 10.000Hz AY(1) = 300.000V
+5 Mode += Source X Y D Yl O Y2 L) Y1 Y2
Normal 1 v 27500V 327.500V

Figure 44. ISO 7637-2 Generator Pulse 3b at 24 V

] 2] [ [ ' ' " CH1: V, input voltage
CH2: V7 output voltage

) ("1‘

i Battery input voltage = 24 V

R rde ‘f.-m.’.—u-*.\,-‘-s. Aiprerit, f W qf'\%w__,m:\“. .~'A_‘,“-_‘,-.,‘.-‘v..»-'.,'..w.,c-wrrr-w- e LT T TR ISO 7637-2 PUISe 3b
2M
AX =100.000000000ms 1/AX = 10.000Hz AY(2) = 17.2500V
+2 Mode ++ Source X Y 2 Yl O Y2 ) Y1 Y2
Normal 2 v 23.5000V 40.7500V

Figure 45. TIDA-00992 Pulse 3b at 24-V Behavior
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[1] CH1: Generator pulse waveform

Battery input voltage = 24 V
ISO 16750-2 4.6.4 load dump

AX = 994.000000000ms 1/AX = 1.0060Hz AY(1) = 57.0000V
+5 Mode += Source X Y 2 Y 2 Y2 D Y1 Y2
Normal 1 v 0.0V 57.0000V

Figure 46. ISO 16750-2 Generator Pulse Load Dump at 24 V

CH1: V,y input voltage
CH2: Vg output voltage

Battery input voltage = 24 V
ISO 16750-2 4.6.4 load dump

. I e I e I e R A R R

AX =994.000000000ms 1/AX = 1.0060Hz AY(2) = 57.0000V
+5 Mode += Source X Y < Y1 2 Y2 PY) Y1 v2
Normal 2 % 0.0V 57.0000V

Figure 47. TIDA-00992 Load Dump at 24-V Behavior
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5 Design Files

5.1 Schematics
To download the schematics, see the design files at TIDA-00992.

5.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00992.

5.3 PCB Layout Recommendations

PCB layout has to be done with appropriate measures to ensure the smooth operation of functionality of
LM5050-1-Q1 and support reverse polarity protection

1. Check the Q1 for power dissipation, and set the layer thickness and area appropriately.
2. Place vias appropriately to share the current on both sides of PCB.

3. Place minimum length tracks for voltage sense pins of IN and OUT(4 and 6 of LM5050-1-Q1) to drain
and source pins of Q1.

Figure 48. LM5050-1-Q1 Layout
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4. Place Q2 and D4 in a short length to GND pin of the LM5050-1-Q1.

Figure 49. Ground Switch LM5050-1-Q1

5. Place D1, C1, and C2 very near to connector pins.

5.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-00992.

5.4 Gerber Files
To download the Gerber files, see the design files at TIDA-00992.

5.5 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00992.

6 Related Documentation

1. Texas Instruments, AN-2087 LM5050-1EVAL Evaluation Board, LM5050-1 User's Guide (SNVA458)

6.1 Trademarks
All trademarks are the property of their respective owners.

7 About the Author

RAMA KAMBHAM (Rama Chandra Reddy) is an automotive system engineer working in Texas
Instruments Deutschland. Rama brings to this role his extensive experience in Battery Management
Systems and Engine Management Systems in the automotive domain. Rama earned his bachelor of
engineering degree from Osmania University Hyderabad, India.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl products, and
no additional obligations or liabilities arise from TI providing such reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has all the necessary expertise to create and implement
safeguards that (1) anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the
likelihood of failures that might cause harm and take appropriate actions. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY
ESTOPPEL OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR
INTELLECTUAL PROPERTY RIGHT OF Tl OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right,
copyright, mask work right, or other intellectual property right relating to any combination, machine, or process in which Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above may require a license from a
third party under the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual
property of TI.

TI REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, INCLUDING BUT NOT LIMITED TO ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE
WARRANTY AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-
INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT,
SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH
OR ARISING OUT OF THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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