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Load Dump and Cranking Protection for Automotive
Backlight LED Power Supply

Atul Singh

ABSTRACT

Automotive electronic systems can be subjected to wide input voltage variations resulting from cold
cranking and load dump conditions. The need for over voltage protection is particularly common in
automotive 12 V and 24 V systems where peak load dump transients can be as high as 60 V. Cranking
condition sags the battery voltage to a low value when the battery is supplying current to an electric starter
motor. This application report presents a power supply design using LM5088-Q1 (wide input range non
synchronous buck controller) with protection for load dump, reverse polarity and cold cranking conditions
conducive to the automotive environment.

Contents

1 (0] (o 3 =T o1 1 T 2
2 00 = o I T o ] o 3
3 RV =T E=T= T o] P A @ T =T o 1o o 4
4 Y] o] o= 1o o TN O {0 5
5 RESPONSE TIME MEASUIEIMENT . uutiuteiusttate e iaeeras s rraas s st e et e s s s e s s st s s st s s n e s a e aanesanneannes 6

List of Figures
1 Typical Battery Voltage Profile Under a Cold-Cranking Condition .....c.ueeviiieisiiiiiieiiiieiriiniineeanns 2
2 Simplified Application Schematic LIM5088. ... ...uuiiiuiiiiiiiiiie i aaanens 3
3 Typical Load DUMP CONIION ..ttt iaiateessate et s s e e saan e e ssaan s e s saaan e s saannssaaannessaannnsssnnnes 3
4 0 T= o I T o ] 0 U 4
5 Reverse Polarity Protection With N-Channel Mosfet......oociviiiiiiiii e 4
6 Load Dump Protection AppliCation CIFCUIL . .. ...eiieees it i raar e s i e raane e ssan e s ssann s s aaannesaannns 5
7 Functional BIOCK Diagram TLABLA ... euiiietetiiuteeirastessaasessaaasssssasanssaaassestsassnsssaansesssansnessannns 5
8 Response Time Measurement With C2 = 10 pF at the Output (Delayed ReSpoNSe) .....vvvvvvieiiiniiiineinnenns 6
9 Response Time Measurement With C2 = 1 pF at the Output (Fast RESPONSE)....cvviieiiiiiiiiiiiiieiniinenss 6
10 Application Schematic: Automotive Power Supply for Backlight LED Driver Using LM5088-Q1 ................. 7

List of Tables
1 Typical Values of the Unsuppressed 1SO7637-2:2004[1] Pulse 5 (load dump pulSe) ......ccvvivviiieininiinnnnnns 4

All trademarks are the property of their respective owners.

SNVA681A—March 2015 Load Dump and Cranking Protection for Automotive Backlight LED Power 1

Submit Documentation Feedback Supply
Copyright © 2015, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNVA681A

13 TEXAS
INSTRUMENTS

Cold Cranking www.ti.com

1

Cold Cranking

Variation of the battery voltage is common in automotive applications. Normally, the output of a 12 V
vehicle battery varies from 9 V to 16 V. Therefore, all circuits powered by the battery should be designed
to account for the input-voltage variation. Furthermore, if a cold-cranking condition is to be considered, the
battery voltage can drop down to 3V £ 0.2 V, that is, 2.8 V in the worst case, for a short duration of
around 15 ms. Then, the battery voltage goes up to 6 V, where it remains for a few seconds, before
returning to the nominal voltage range within a rise time of a few seconds. Under a cold-cranking
condition, the battery voltage profile is similar for different automotive manufacturers. But with respect to
the voltage level and timing, there will be variations among the different manufacturers. Figure 1 illustrates
typical battery voltage profile under a Cold Cranking Condition at low temperatures. Although the duration
of the condition is not long, important automotive equipment like LCD panels and safety electronics are
still required to maintain normal operation during this period.
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Figure 1. Typical Battery Voltage Profile Under a Cold-Cranking Condition

It is becoming increasingly important for automotive subsystems to operate during engine cold-cranking
conditions. To increase fuel economy, some new automobiles are being equipped with automated start-
stop systems that shut down the combustion engine when the automobile is stopped at a traffic light or in
a traffic jam. As the brake pedal or the clutch is released, the electric starter motor cold cranks the battery
to get the combustion engine operating. For safety and convenience, the power management system must
sustain the input operating voltage levels in such start-stop systems to insure continuous operation of
electronic components found in navigation systems, dashboard electronics, LED brake lights, or
headlights. This requires power management solutions capable of operation at very low minimum input
operating voltages. LM5088-Q1 Automotive Grade 1 qualified controller can be configured to operate over
an ultra-wide input voltage range of 4.5 V to 75 V. For systems where the voltage level is 4.5 V or above,
the LM5088-Q1 provides a good solution. The system operation, when the input goes below the output of
the controller (LM5088-Q1), can be taken care by having a bridge rectifier followed by a Super Cap or
high value aluminum electrolytic capacitors at the input, thus, providing continuous operation in cold-
cranking condition for the duration specified in Figure 1.

The LM5088 is available in two versions: the LM5088-1 provides a +5% frequency dithering function to
reduce the conducted and radiated EMI, while the LM5088-2 provides a versatile restart timer for overload
protection. Additional features include a low dropout bias regulator, tri-level enable input to control
shutdown and standby modes, soft-start and oscillator synchronization capability. The device is available
in a thermally enhanced TSSOP-16EP pin package. Figure 2 shows the simplified application schematic
of the controller.
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Figure 2. Simplified Application Schematic LM5088
2 Load Dump
A load dump occurs when the load to which a generator is delivering current is abruptly disconnected. In
automotive electronics, this applies to disconnecting a battery while it is being charged by the alternator. It
can be "as high as 120 V and may take up to 400 ms to decay". Figure 3 shows typical load dump
condition, when the alternator gets disconnected from the battery.
1
X
( A ’ L Load
Figure 3. Typical Load Dump Condition
ISO7637-2:2004[1] pulse 5 (load dump pulse) is designed to simulate the voltage surge produced by
spinning alternators when the battery or some other significant load is accidentally disconnected. The
basic method of protecting an automotive electronic subsystem is to shunt the supply voltage at the ESA
input with a semiconductor transient suppressor. In many cases, however, the device has to absorb more
energy than it can safely handle, leading to the failure of the system. The unsuppressed ISO7637-
2:2004[1] pulse 5 (load dump pulse) is shown in Figure 4.
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Figure 4. Load Dump Pulse

The typical values of the unsuppressed 1ISO7637-2:2004[1] pulse 5 (load dump pulse) for a 12 V and 24 V
battery system is shown in Table 1:

Table 1. Typical Values of the Unsuppressed 1SO7637-2:2004[1] Pulse 5 (load dump pulse)

Parameter 12 V System 24 V System
U 65V to 87V 123 Vto 174V
R; 05Qt04Q 1Qt08Q
ty 40 ms to 400 ms 100 ms to 350 ms
0
: (o5

An alternative approach to address the load dump transients is to disconnect the input supply to the
controller or electronic subsystem for the specified duration of the pulse and then reconnect with a fixed
delay when conditions return to normal. LM5088-Q1 has the input operating range up to 75 V that is
acceptable for typical load dump transients, thus, allowing the controller operation but for transients above
the controller upper operating range, input supply needs to be disconnected.

Reverse Polarity Connection

Automotive systems need to be prevented against reverse polarity connection. The electronic subsystem
can be disconnected in case the system operation is not so critical. It can be done using a N-channel or
P-channel Mosfet in series with the supply. Figure 5 presents the typical application circuit for the reverse
polarity protection. N-channel Mosfet is typically preferred because of the lower RdAsON when compared to
a P-channel Mosfet.

VB

s
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Figure 5. Reverse Polarity Protection With N-Channel Mosfet

But for the automotive systems where the reverse polarity connection errors are unavoidable, a bridge
rectifier at the input supply is the cheapest but less efficient solution as the continuous power dissipation in
the diodes reduces the system efficiency.
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4 Application Circuit

The circuit in Figure 6 is the series disconnect circuit used to prevent LM5088-Q1 against load dump

transients. The circuit is designed using TL431A precision programmable reference used for precision
series disconnect.
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Figure 6. Load Dump Protection Application Circuit

The circuit above uses TL431A for precision series disconnect; for a 12 V battery system the trip point can
be selected to be 20 V, whereas, for 24 V battery system 30 V can be set as the trip point. The TL431A is
a three-terminal adjustable shunt regulator, with specified thermal stability over applicable automotive,
commercial, and military temperature ranges. The output voltage can be set to any value between Vref
(approximately 2.5 V) and 36 V, with two external resistors. These devices have a typical output
impedance of 0.2 Q. Active output circuitry provides a very sharp turn-on characteristic, making these
devices excellent replacements for Zener diodes in many applications such as onboard regulation,
adjustable power supplies and switching power supplies. Figure 7 shows the functional block diagram of
TL431A . The internal reference voltage of the comparator Vref (inverting input) is 2.5 V. The non-inverting

end of the comparator can be set accordingly to drive the output transistor that finally decides the trip
point.
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\
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Figure 7. Functional Block Diagram TL431A

The ON state voltage of TL431A is 2 V, which turns OFF the N-channel Mosfet (Q2) having
Vgs(min)=2.5V. P-channel Mosfet (Q1) also turns OFF, thereafter, disconnecting the input load dump
transient. The trip point can be selected anywhere above 2.5 V as below it, the FET’s Q1 and Q2 enter
the OFF state because of insufficient input voltage to satisfy gate to source thresholds of the FET’s. Zener
diodes D1 and D2 are necessary to clamp the gate to source voltage of the FET’s, which should not
exceed beyond Vgs max (typically 20 V) of the FET's Q1 and Q2. The Vtrip point can be calculated as:

R1+ R6
Vtrip=2-5x( 6 j
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5 Response Time Measurement

The response of load dump protection circuitry with C2 = 10 pF (Figure 6) is shown in Figure 8. The trip
point voltage decays slowly because of C2 (10 pF) at the output, the nature of the expected load dump
transient with the available capacitance will determine the actual response time. Figure 9 shows the
response time with C2 = 1 uF at the output.

i Bine

Figure 9. Response Time Measurement With C2 = 1 pF at the Output (Fast Response)

The load dump protection circuit has no protection for reverse polarity connection as the body diode of the
P-channel FET conducts in case of reverse connection. The reverse polarity protection for the application
circuit is provided by means of the bridge rectifier so that the circuit remains functional even in case of
reverse polarity connection. Figure 10 shows the complete application schematic for the automotive
backlight LED power supply having load dump, reverse battery and cold cranking protection.
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Figure 10. Application Schematic: Automotive Power Supply for Backlight LED Driver Using LM5088-Q1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI 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 such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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