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Load Dump Protection Using Ideal Diode Controllers
Wonsoo Moon, LSDW Product Line Manager, Diodes Incorporated

Introduction

The automotive sector is undergoing a major transformation driven by advancements in semiconductor technology. These components enable
critical innovations such as autonomous driving, enhanced passenger protection, and seamless vehicle-to-vehicle connectivity. As safety
remains the cornerstone of advanced driver-assistance systems (ADAS), manufacturers are increasingly incorporating specialized ICs to
improve reliability and safeguard passengers.

One of the most important factors in achieving system-level safety is designing robust power management and protection circuits that can
withstand high-energy transients. Without proper safeguards, these pulses can cause severe damage to downstream electronics. This
application note explores strategies for mitigating load dump events in automotive systems, following ISO 16750-2 guidelines for Test A
(without centralized suppression) and Test B (with centralized suppression). These scenarios correspond to the former ISO 7637-2
classifications 5a and 5b.

Before diving into strategies for shielding electronic modules from load dump transients, it's essential to grasp the foundational layout of
modern automotive power systems.

Vehicles are generally categorized by their electrical demands. Passenger cars fall under the light-duty segment and typically operate on a
12-volt electrical system, while commercial and industrial vehicles such as trucks, agricultural machinery, and construction equipment rely on
24-volt configurations to support heavier loads.

At the heart of any vehicle’s electrical infrastructure lies a network composed of key elements: the battery, an alternator for power generation,
protective circuitry, voltage conversion stages (DC-DC converters), and a series of downstream electronics. These downstream blocks include
low-dropout regulators (LDOs) and various electronic control units (ECUs), each responsible for specific vehicle functions.

Among these, the downstream electronics are particularly vulnerable to voltage fluctuations. Designers face the critical task of maintaining
stable voltage levels from the battery to ensure reliable operation of sensitive components such as sensors and microprocessors embedded
within the ECUs.

With this system architecture in mind, we can now explore the phenomenon of load dumps—what triggers them, and why they pose a serious
threat to the integrity of automotive subsystems.

What is Load Dump?

Load dump transients in automotive electrical systems occur when the alternator continues supplying current after the battery connection is
unexpectedly interrupted. This situation typically arises if a depleted battery becomes disconnected while the alternator is actively charging
and other electrical loads remain tied to the alternator circuit. Figure 1 illustrates this scenario.
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Figure 1. Load dump generation

To evaluate the impact of a load dump event on downstream electronics, it's essential to break down its key characteristics. A load dump
consists of two primary parameters: the peak voltage (VPEAK) and the pulse duration (tD). The peak voltage is influenced by alternator speed
and the level of field excitation at the moment the battery disconnects. The duration, on the other hand, is determined by the excitation circuit’s
time constant and the magnitude of VPEAK, as illustrated in Figure 2. In severe cases, VPEAK can reach up to 202V and persist for as long
as 350ms before decaying. The total energy delivered to the load is further affected by the source’s internal resistance (Ri), shown in Figure 1.
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Figure 2. Output voltage of an alternator during a load dump event showing nominal battery voltage.

Load Dump Protection

Automotive electronics require robust strategies to withstand load dump transients. This application note highlights three proven approaches
for mitigating these events and examines the advantages and limitations of each.

The first approach focuses on isolating sensitive circuits from the source of the transient. The second method employs voltage clamping to
ensure the surge remains within the absolute maximum rating of the front-end DC-DC converter. Finally, a hybrid technique combines isolation
and clamping to deliver enhanced protection and system reliability.

Approach #1. Isolate the load from the transient source using AP74502Q

One effective way to mitigate load dump transients is by isolating the source from sensitive downstream circuits. This can be achieved by
using power MOSFETs as high-side switches, controlled by the AP74502Q protection IC, as illustrated in Figure 4. The AP74502Q
continuously monitors the input voltage, and when it detects an overvoltage condition, it immediately turns off the MOSFET to disconnect the
transient source from the load.

The AP74502Q offers a flexible design with programmable overvoltage and undervoltage thresholds, allowing system designers to configure
limits across a wide operating range using external resistors. Its robust protection capability, covering voltages from -75V to +80V, ensures
reliable defense against load dump surges and battery-reversal scenarios. These features make the AP74502Q an excellent choice for
automotive applications requiring high reliability and safety.
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Figure 3. Isolation of the load dump source from the downstream load

To extend the protection capability of the AP74502Q, designers can add a Zener diode to the positive input pin (IN) along with a series current-
limiting resistor (RP), as shown in Figure 5. During a severe load dump event, if the input voltage rises above +90V, the Zener diode clamps
the voltage at this level while RP restricts the current flowing through the diode.
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Selecting the right MOSFET for this configuration is critical because the full load dump voltage will appear across its drain and source
terminals. The MOSFET should have a Vpgs rating at least 1.2 times higher than the peak surge voltage. However, keep in mind that higher
Vbss devices typically exhibit greater Rps(on), Which can reduce system efficiency under normal operating conditions.

This approach offers comprehensive protection against multiple electrical hazards, including load dump surges, cold-crank conditions, and
reverse polarity events. Configuring overvoltage and undervoltage thresholds is straightforward—simply adjust the resistor network to achieve

the desired limits.
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Figure 4. Increase the protection range of AP74502(H)Q

Approach #2. Clamp the Load Dump Pulse Using a TVS Diode

Another effective strategy for mitigating load dump surges is to clamp the transient voltage to a level that the DC-DC converter can safely
tolerate. This is typically achieved using a transient voltage suppressor (TVS) diode, as shown in Figure 5. The TVS diode absorbs the surge
energy and limits the voltage spike to a predefined safe level.

According to ISO 16750-2 Test A specifications, the alternator’s internal resistance (Ri) generally falls between 1Q and 8Q, which helps
restrict the total energy delivered to the TVS device. However, selecting the correct TVS diode is critical because the energy absorbed
depends on several factors: the clamping voltage, the pulse duration, and the source resistance. Proper sizing ensures reliable protection
without overstressing the diode during high-energy events.
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Figure 5. Clamp the load dump pulse to a safe operation voltage

To illustrate the limitations of TVS-based protection, let's analyze a load dump scenario using ISO 16750-2 Test A parameters: Vs, = 151V,
Ri =1Q, tp = 100ms, and a clamping voltage (Vciawe) of 38V. In this case, the TVS diode must absorb a significant amount of energy while
maintaining the voltage within safe limits for the DC-DC converter.
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Figure 6. Approximate area of a pulse absorbed by a TVS diode during a load dump

Vo — Vepawp 151—138
Ipgax = - == —=1134
I

Poic = Ipgax X Verawp = 113 X 38 = 4.294kW

Assuming a triangular pulse shape, the conduction time for the TVS diode (tconouct) and the absorbed energy can be estimated based on the
peak current (lpgak = 113A) and a duration of approximately 74.83ms.

Vs 151V

Disconnect - 100ms
Vs —Verawe (151 —38) X 100ms

Slope of Pulse 151

Slope of Pulse =

= 74.83ms

tconpucer =

Energy(E) absorbed by the TVS diode can be calculated using the following

tconbucr tconpuct 174 x I Xt
E= f VxIdt= VCLAMPf I dt = cLamp PE,;K CONDUCT _ 46
0 0

While this approach works in theory, the practical challenge lies in selecting a TVS diode that can handle both the peak power and the required
pulse duration. As shown in Figure 7, TVS devices exhibit an inverse relationship between peak power capability and pulse duration—higher
power ratings typically allow shorter pulses. For example, common devices range from 15kW down to 400W, each with different duration
limits.
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Figure 7. Peak pulse vs maximum pulse duration of a typical TVS diode
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Compounding the issue, ISO 16750-2 requires systems to survive 10 consecutive pulses with one-minute intervals. Each event degrades the
TVS diode, making it increasingly difficult to design a solution that relies solely on TVS protection for high-energy load dump conditions. For
robust automotive designs, engineers often combine clamping with active protection circuits, such as those implemented using the AP74502Q,
to achieve reliable and repeatable performance.

Approach #3. Isolate the load from the transient source using the AP74502Q and a TVS
diode

A combined protection approach leverages both isolation and clamping techniques to overcome the limitations of using either method alone.
Isolation with a series MOSFET and a protection IC, such as the AP74502Q, is constrained by the IC’s voltage range and the MOSFET’s
breakdown rating. Similarly, clamping with a TVS diode is limited by its peak power dissipation capability.

By integrating both solutions, the TVS diode can be configured with a higher clamping voltage, reducing its energy absorption requirement,
while the AP74502Q disconnects the downstream load from the surge source. This dual-layer design significantly improves system robustness
against severe load dump conditions, as illustrated in

Figure 8.
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Figure 8. Load dump protection using a TVS diode and AP74502Q

We calculate the peak power of an ISO 16750-2 Test A pulse where Vs, = 151V, Ri = 1Q, tp = 100ms, and Ve ame = 120V.
Vo —Vepamp 150 — 120

Ippak = R, = 1
Pox = Ippax X Vepaup = 120 X 30 = 3.6kW

Ppoy per TVS = - = 1.8kW

= 304

Calculating tconoucr,

Vs —Verawr _ (151—120) X 100ms

= = =109.
tconpuer Slope of Pulse 151 9-86ms

Energy(E) absorbed by the TVS diode can be calculated using the following,

tconpucr tconpucr 17 X I X t
E= f VxIdt= VCLAMPf [ de = JeLamp PE,;K CONDUCT
0

= 35.74]

In this combined approach, the TVS diode handles the initial surge by clamping the voltage, while the AP74502Q provides isolation to protect
downstream circuits. By raising the TVS clamping voltage, the diode dissipates less energy—around 1.8kW for a pulse duration of 19.86ms—
making it easier to select an appropriate device. To further extend the protection range of the AP74502Q, a Zener diode with a series current-
limiting resistor (RP) can be added, similar to the technique used in the isolation method.
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This hybrid design offers an additional advantage: it allows the use of a lower-voltage MOSFET, reducing conduction losses during normal
operation. For calculating the peak current through the Zener diode (lzener px), the same formulas apply as before, assuming post-TVS
conditions of Vs_‘rvs = 120V, VZENER_CLAMP = 85V, and RP = 1kQ.

I — VS,TVS B VZENER,CLAMP — 120 — 85
ZENER_PK RP 1000
Ppi = Izener peak % Vzener camp = 85 X 35 = 2.975kW
PowerDissipation Across Rp = (Vs — Vs 1vs) X Izgngr pic = (120 — 85) x 0.035 = 1.225W

After determining the maximum power rating required, we selected an appropriate Zener diode and series resistor (RP) for the design. One
critical consideration is the value of RP: increasing RP improves surge current limiting but also slows the system’s response to detect
overvoltage and undervoltage conditions. This delay occurs because RP, together with capacitor Cyn, introduces a time constant in the
sensing circuit, as illustrated in Figure 9.
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Figure 9. Time constant introduced by Rp/CVIN
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
WITH REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with
Diodes’ products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are
responsible for (a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their
intended applications, (c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory
requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including
testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to
minimize the risks associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages
and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign
trademarks and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any
third parties (including third parties whose products and services may be described in this document or on Diodes’ website) under this
document.

5. Diodes’ products are provided subject  to Diodes’ Standard Terms  and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document
does not alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect
of any products purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or
sale is prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any
applicable laws or regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any
damages, losses or penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives
and agents harmless against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating
to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may
contain technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is
error-free and Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves
the right to make modifications, enhancements, improvements, corrections or other changes without further notice to this document and any
product described herein. This document is written in English but may be translated into multiple languages for reference. Only the English
version of this document is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2025 Diodes Incorporated. All Rights Reserved.
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