KNOWLEDGE BASE - RTSTAND LV124 [ LV148
ECU OUTPUTS AS POWER SUPPLY

Electronic Control Units (ECUs) in modern vehicles do
much more than just process data - they actively
supply power to various components. This
presentation explores the different types of ECU
outputs, their applications as power suppliers, and
the rigorous testing requirements they must meet to
ensure reliability and safety in automotive electrical
systems.

Author: Ronald Kaempf, CEO WKS Informatik



Types of ECU Outputs

High-Side Driver (HSD) Low-Side Driver (LSD)

A switch in the positive A switch in the ground
branch that supplies voltage branch that pulls the load to
to the consumer. Particularly ground. Often used when
suitable for detecting and multiple voltage rails or loads
protecting against short permanently connected to
circuits to ground. positive need to be switched.

Half-Bridge (HB)

Combines a high-side and low-side switch at one output. Allows
the same output to be switched to both +Vbatt and ground,
enabling bidirectional control.
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Electronic Fuses (E-Fuses)

(D Intelligent Protection

Acts as a smart fuse, continuously monitoring current and
voltage, automatically disconnecting in case of overcurrent or
short circuit.

t_J; Reversible Operation

Unlike traditional fuses, electronic fuses can be reset after fault
conditions are resolved, eliminating the need for replacement.

Integrated Diagnostics

Modern E-Fuses like Infineon’'s PROFET™ provide integrated
protection and diagnostic functions against overload, short
circuit, and overtemperature.
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Terminal Designhations in Vehicles

Terminal 30 Terminal 31

Direct battery voltage (+UBatt, Ground connection (Battery-)
permanently supplied)

Terminal 30G Terminal 15
Switched permanent plus (controlled Y Ignition plus (switched by ignition)
by ECU)

These terminal designations originate from the DIN 72552 standard and are used consistently across
manufacturers. They appear in pin assignments of control units and serve as supply inputs and outputs.
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Summary of ECU Output Types

High-Side Switches

Connect loads to positive voltage, ideal for Half-Bridges

detecting ground shorts Combination of both, enabling bidirectional control
1 2 3 4
Low-Side Switches Electronic Fuses
Connect loads to ground, useful for multiple Protected outputs with integrated monitoring
voltage rails and safety features

These designations are commonly used across datasheets and by many OEMs, while terminal designations are
standardized through norms. In the next section, we'll examine what functions these various outputs perform in vehicles.
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Sensor Power Supply

Voltage Regulation

1 ECUs provide regulated voltages for sensors, typically
generated internally via voltage regulators or DC/DC
converters

Multiple Supply Rails

Some ECUs offer multiple sensor supply rails with different
voltages (e.g., 5V, 8.5V, or 10V)
Short Circuit Protection

@ These supply outputs are typically protected against short
circuits to ensure stable voltage supply for sensitive
sensors

Application Examples

Pressure and position sensors connected to the engine
control unit's 5-volt sensor supply
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Actuator and Load Switching =

Direct Power Supply

Body Control Modules (BCM) or lighting and comfort
control units use their HSD outputs to directly supply lamps,
motors, or heaters with 12V

Intelligent Switching

The ECU output stage acts as an intelligent switch that can
connect a vehicle lamp to battery plus but can switch off
in case of overcurrent

Diagnostic Functions

High-Side outputs with integrated current measurement
enable diagnostic functions such as lamp failure detection
or short circuit recognition

PWM Control

Outputs can use pulse-width modulation for brightness
control of lamps or speed control of motors
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Power Distribution for Other ECUs

Central Power Hub

588 Distributes power to multiple systems

Electronic Protection

Multiple protected output channels

Solid State Power Distribution

55

Replaces traditional fuse boxes

In complex network architectures, a central control unit can serve as a hub for multiple downstream modules.
Zone controllers or distributor control units in modern vehicles use electronic fuses to feed multiple lines that can
supply both sensors and small satellite ECUs. This concept, known as "Solid State Power Distribution,” can replace
traditional fuse boxes with software-controlled shutdown and current feedback to the microcontroller.
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Terminal 15 Replacement

Traditional Ignition
Switch

In older vehicles, a
mechanical ignition switch
directly controlled all
consumers
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Modern ECU Control

In modern vehicles, an ECU
(e.g., BCM) takes over the
distribution of "Terminal 15"
signals

Electronic Distribution

The ECU provides battery
voltage to specific
consumers once the
ignition or vehicle state is
"switched on”

Power Management

These outputs can be
specifically switched on and
off during starting or in
sleep modes, contributing
to energy management



Evolution of ECU Outputs

Traditional Role

Simple signal or control line
drivers

Intelligent Distribution

Central role in power
management

Pa
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Power Sources

Active current sources for
consumers

Protection Functions

Integrated safety and diagnostic
features

ECU outputs have evolved from simple signal or control line drivers to active power sources for consumers. This

ranges from a few milliamperes for sensors to double-digit ampere ranges for motors, lamps, or even powering

entire control units. The trend toward intelligent power distribution significantly increases the importance of such

outputs.
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12-Volt Systems

Standard in Passenger Cars High-Side Switch Variety

12-volt systems remain the standard in passenger High-side switches in 12V systems are available in a
cars, with ECU outputs primarily supplying 12V wide variety - from small low-current drivers to high-
consumers. The actual voltage in the electrical system current switches for >50A (e.g., for fans, heaters).
fluctuates between approximately 9V (during These semiconductors increasingly replace relays and
cranking) and 15V (charging voltage) depending on fuses in primary power distributions.

the operating state.

ECUs in 12V networks must be equipped with Infineon emphasizes that mechanical relays/fuses
components that have approximately 40V voltage often no longer meet the requirements of modern E/E
resistance to withstand transient overvoltages architectures; therefore, primary and secondary
according to ISO 16750 or LV124 pulse profiles. electrical systems are being partially or fully

electrified.
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24-Volt Systems

Ly Commercial Vehicle Application

24-volt systems are found in commercial
vehicles (trucks, buses) and sometimes in
special machines. The nominal voltage is 24V
with charging voltages up to ~28V.

Specific Testing Standards

Many test standards (e.g., ISO 16750, LV124)
define test points for 24V as well. In practice, the
same switch families are often offered in 12V and
24V variants.
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Lower Current Requirements

The tasks of ECU outputs do not differ from 12V
systems - however, the currents for the same
power are lower, and the required voltage
resistance of the electronics is higher.

Higher Voltage Tolerance

24V high-side drivers must withstand
approximately 60-80V transiently but are
otherwise functionally identical to 12V drivers.
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48-Volt Systems

Mild Hybrid Applications

Relatively new addition in vehicles, mainly used in mild hybrid and electrification applications

Parallel Network

2 Runs parallel to the 12V network to supply power-hungry consumers
more efficiently

Enhanced Safety Requirements

3 Requires specific tests and standards - LV148
supplements LV124 with tests for 48V components

Control units operating in the 48V electrical system require appropriate power outputs. For example, active
stabilizers or e-chargers are controlled with 48V, with a control unit regulating these actuators via half-bridge
outputs (often in the form of complex power electronics). Due to the higher voltage, outputs in 48V ECUs must
withstand up to about 60V continuous voltage and significantly higher transient overvoltages.
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Voltage System Comparison

System Typical Voltage Required Applicable

Application Range Component Standards

Rating

12V Passenger 9-15V ~40V ISO 16750,

cars LV124
24V Commercial 18-28V 60-80V ISO 16750,

vehicles LV124, MAN

3499

48V Mild hybrids 36-52V 80-100V LV148 = e ==

In summary, 12V and 24V are classic electrical system voltages with
widely established use of ECU outputs as power suppliers. 48V is being i i —
developed and requires specialized outputs with higher voltage e N
resistance and appropriate standard tests (LV148). Many modern LTI IIIIIIIIIIIIII LI IANNNS R
vehicles combine 12V and 48V - here, the control unit outputs must -\
remain in their own network.
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Standardization of Designhations

Industry-Wide Standards

Terminal designations like 30, 31, 15 originate from DIN
72552. This standard is applied by almost all OEMs
(especially in German-speaking countries), so
Terminal 30 always means permanent plus (Battery+),
Terminal 31 means ground, and Terminal 15 means
ignition plus.

These standardized names are found in circuit
diagrams, specifications, and often on the housings of
control units. Many manufacturers mark the supply
pins with numbers according to DIN 72552, which
makes integration easier for the user.
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De-facto Technical Terms

Abbreviations like HSD, LSD, HB, or EFD are not
standardized by norms but are de-facto widely
understood in technical language. HSD (High Side
Driver) and LSD (Low Side Driver) are used by
semiconductor manufacturers, developers, and often
OEM documentation to describe the type of power

output.

Some OEMs have their own internal abbreviations - for
example, one manufacturer might speak of a "Plus-
Switch” instead of HSD - but in conversations between
suppliers and semiconductor manufacturers, HSD/LSD
are common.
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Frequency of Use as Power Sources

100+ 5V 6bA

Outputs Per Vehicle Sensor Supply Current Capacity
Modern vehicles may have over a Common voltage for sensor power Modern electronic switches can
hundred ECU outputs functioning as supplies from ECUs handle up to 65A, replacing
power sources mechanical relays

ECUs very frequently function as active power sources for other consumers, with increasing tendency. In every modern vehicle,
there are numerous examples: sensor supplies from engine, transmission, and chassis control units; actuator supplies for
valves, lamps, motors; distribution functions through electronic fuse boxes or power distribution units; and newer zone
controller architectures where virtually every power branch is implemented via semiconductors.
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Advantages of Electronic WS |

Power Distribution

TRADITIONAL SYSTEM W ELECTRONIC SYSTEM

Faster Response

Electronic switches operate in microseconds compared to
milliseconds for relays, providing much faster protection in
safety-critical systems like ADAS.

8|ojufofo]of

No Wear

Semiconductor switches don't wear out like mechanical
relays, which have limited switching cycles. Electronic
switches can perform millions of cycles without degradation.

Diagnostic Capability
alololals Electronic outputs can report their status, current flow, and
retuty falale fault conditions back to the ECU, enabling advanced
diagnostics and preventive maintenance.
| Software Control
g Power distribution can be dynamically controlled by software,

allowing for adaptive strategies based on vehicle state, fault
conditions, or power management needs.




Technical Implementation
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Intelligent Power Devices
(IPDs)

The technical implementation
typically uses intelligent power
switches that combine a power
MOSFET with control and protection
logic. Examples include Infineon's
PROFET™, Texas Instruments High-
Side Switches, and
STMicroelectronics VIPower™.
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Microcontroller Control

The microcontroller of the control
unit controls such IPDs either
directly via switching signals
(on/off, possibly PWM) or via bus
systems (SPI interface for multi-
channel switches).

Software Fuses

Some systems implement "software
fuses” where the logic of a fuse is
implemented in software. The
current actual value of an output is
continuously measured, and the
MCU decides when an overcurrent
has existed long enough to switch
off the output.
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Power Distribution Architectures

_ Traditional
e Direct supply via fuses and relays
. Hybrid
Mix of traditional fuses and electronic distribution
RO VT, 3 Zone Controllers
LEisi Distributed electronic power management
q Fully Electronic

Complete solid-state power distribution

There's often a division of supply paths: permanent plus direct vs. switched
plus via ECU. Critical components (e.g., airbag control unit, OBD port) often
remain directly connected to Terminal 30 with their own fuse to ensure
they are always supplied independently of software. Less critical or
specifically controllable consumers, however, are increasingly placed
behind a control unit.
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LV124 Requirements for ECU Outputs

1 Short Circuit Tests ﬁ@

A central requirement is that all outputs of a
control unit are short-circuit proof against supply
and ground. This means that if the output pin is
accidentally connected directly to +Battery
(Terminal 30) or ground (Terminal 31), this must
not lead to failure or damage.

Overcurrent Tests &

LV124 requires testing behavior under fault
current (overcurrent) in two stages. This could
mean: A consumer draws 150% of its nominal
current permanently - how does the output
react?
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Interruption Tests

LV124 contains test EI13 "Pin interruption,” where
individual pins of the control unit are briefly
disconnected. The goal is to test how the control
unit reacts to loose contacts or line interruptions.

Thermal Tests

For active outputs, thermal aspects are
particularly important - therefore, standards also
prescribe high-temperature operation under
load, as well as lifetime tests with switching of
the outputs.
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LV148 Additional Requirements for 48V

LV148 extends LV124 with tests for 48V components. It requires, among other things, stricter isolation tests and
takes into account the combination of 12V+48V in one vehicle. Outputs in 48V ECUs must withstand up to about
60V continuous voltage and significantly higher transient overvoltages. Short-circuit currents are also more
energy-rich here - a 48V battery can deliver enormous power, which places higher demands on the protection

circuits.
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Functional Classes in LV124/LV148

Class A 2

Full functionality during and after the
test

Class E

Loss of function with possible damage
to the device 4
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Class B

Temporary limited functionality during
the test, full functionality after the test

Class C

Temporary limited functionality
during and after the test, full
functionality after reset or restart

Class D

Limited functionality during and after
the test, full functionality after repair

For the evaluation of function after the test, LV124/LV148 define so-called functional classes (A, B, C, D, E). Typically,
functional status C is required for outputs, which means that the control unit may be temporarily limited after the
short circuit (e.g., shut down and come back after cooling down) but subsequently functions normally again.
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RTStand LV124/LV148 Test System

Comprehensive Test Platform

The RTStand LV124/LV148 from WKS
Informatik is designed to perform
the various tests of LV124/LV148 in a
fully automated manner and
includes hardware and software for
simulating vehicle network
conditions.
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Fully Automated Testing

RTStand contains modular devices
to represent the short-circuit and
interruption tests required in LV124.
For example, an Ultra-Fast
Interrupter (UFI) module allows the
insertion of ultra-fast interruptions
into the supply or at pins.
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Comprehensive Analysis

The system not only controls the
test sequences but also captures all
relevant measurement data
(voltages, currents, failure times)
with a high sampling rate. The
software automatically generates
protocols from this raw data.
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Supported Standards and Flexibility

The RTStand system is very flexible and covers not only the core standards but also a variety of OEM-specific
requirements. According to the manufacturer, VW 80000 (2013, 2017, 2021 editions), Audi LV derivatives, BMW
GS95024, Mercedes MBN 10567, 1SO 16750 (12V/24V), 1SO 21780 (48V), and many more are supported. This means

that predefined test sequences and pulse shapes for all these standards are already included in the software
package.
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Testing ECU Outputs Under Real Loads

Realistic Load Simulation Overcurrent Simulation

RTStand can connect electronic correctly, or realistic Overcurrent conditions can also be simulated by
replacement loads to test an output - for example, an gradually increasing the load. Through the integrated
HSD path with a 5A lamp load - and then perform measurement and switching technology, such tests
standard tests such as short circuit or interruption. For are very precise - significantly more accurate and
example, a high-side output can first be operated with safer than manual testing with wire bridges.

nominal load, and then the system creates a short

circuit to ground; it is measured whether the current ,
For the device under test (DUT), these tests are often

limiter responds correctly and the device remains ,
stressful; RTStand ensures that they run in a controlled

undamaged. , o
manner (e.g., defined only X seconds of short circuit,

then switch off) to remain standard-compliant.
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Benefits of Automated Testing

Time Efficiency

O

Automated testing
significantly reduces
the time required to
complete
comprehensive test
cycles. Tests can run
overnight or on
weekends without
human supervision.
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/1~ Reproducibility
R/

Every test runis
script-controlled and
identical, eliminating
human errors from
manual interventions
such as incorrect
connections or timing
errors.

5

Documentation

Automatic generation
of standardized test
reports with curves,
limit value
evaluations, and
status assessments
ensures consistent
documentation for
OEM verification.

R

Test Depth

Complex scenarios
can be automatically
played through,
allowing for more
thorough testing than
would be practical
with manual
methods.
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Future Trends in ECU Power Distribution

Higher Integration
More channels per chip with advanced diagnostics and protection

Zone Architecture

2

Distributed power management with local intelligence
. Higher Voltage Systems

Expansion of 48V systems and integration with 12V networks
) Enhanced Safety Features

More sophisticated protection algorithms and redundancy

The trend is clearly moving toward more electronic power distribution in vehicles. Future E/E architectures will rely heavily on
zone controllers with integrated power distribution, reducing traditional wiring harnesses and fuse boxes while improving
diagnostics and flexibility.
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Key Takeaways

52, Evolution of ECU Outputs

ECU outputs have evolved from simple signal drivers to sophisticated
power sources with integrated protection and diagnostics

Multiple Voltage Systems

12V, 24V, and 48V systems each have specific requirements and
applications, with standardized testing procedures

Robust Protection

LV124/LV148 standards ensure ECU outputs can withstand harsh
automotive conditions including short circuits and transients

Automated Testing

Systems like RTStand LV124/LV148 enable comprehensive,
reproducible validation of ECU outputs as power sources



Conclusion

Transformation of Vehicle
Electronics

ECU outputs have transformed
from simple switching outputs
to highly developed power
supply sources in vehicles,
taking on increasingly
important roles in modern
electrical/electronic
architectures.

Future Development

Safety and Reliability

Industry standards and
rigorous testing ensure these
outputs operate safely and
reliably under all conditions.
Short-circuit resistance,
defined shutdown during
overcurrent, and robustness
against interference are
mandatory.

This evolution contributes to less wiring effort, higher diagnostic
capability, and better control of vehicle electronics. As vehicles
become increasingly electrified and complex, intelligent ECU
outputs and their thorough testing form a cornerstone for electrical

reliability and safety.
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About WKS Informatik WES

1995

1995-2014

2014 and 2016
2015
2018

2019-2020

2022

2022- present
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Founded as test bench manufacturer and testing solution provider
Transition from Testbench specialist to LV124 [ LV148 focus
First software and hardware developments for LV124 [ LV148 testing

Technical Innovation Awards for LV124 [ LV148 automation platform and hardware components

First half automated testing system for LV124 [ LV148 fooh =

First series of fully LV124/LV148 automated testing systems

First LV124/LV148 systems sold in the US and Asia %
—Z

Fully automated integration for Automotive Ethernet 1000base-T1 and GMSL testing

Continuous improvements and customer setup integrations

New market entries and partnerships
New developments for Automotive Ethernet 10G base-T1 and GMSL 2




RTStand LV124 [ LV148 Fully automated testing system for automotive ECUs WEKS
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Reduced testing time of up to 75% through fully automating C;

testing
xq
CcC—
Improved testing workflow through generic setup and
meaningful report structure —

Improved testing insights by combining high resolution
analog data with bus communication data

Fast support and engineering services

Regular maintenance and updates l
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RTStand LV124 [ LV148 Let's accelerate your testing
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Konrad Technologies Inc.

27300 Haggerty Rd Suite F-10
Farmington Hills MI 48331

United States

Tel. (248) 489-1200
info-usa@konrad-technologies.com
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Chroma ATE Inc.
No. 88, Wenmao Rd.

. Guishan Dist,, Taoyuan City
WKS Informatik GmbH 333001 taiwan

Ulmer Strasse 8 Info@chromaate.com
88212 Ravensburg

Germany

Tel. +49 751768 792 30

contact@wks-informatik.de
wks-informatik.de
Ivi24-rtstand.com
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