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WHERE DO WE COME FROM

THE GOOD OLD TIMES ©

Main 3 States

* Ignition
« Radio
« (Car off

Only very less systems always power supplied:
For e.g., car alarm system

If car is not starting — Primary Root Cause Analysis:
-Battery Failure
The battery may be discharged, damaged, or unable to provide sufficient power for engine start.

Electrical Harness Defects
Potential short circuits, broken wires, or loose connections in the wiring harness affecting the starting circuit.

Water Ingress
Moisture or water entry in critical components causing electrical malfunctions.
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THE VALLEY OF TEARS

SOMETIMES OUT OF CONTROL ©

With the introduction of more and more software functions in the vehicle, it has
become increasingly important to keep ECUs continuously powered, as these
vehicle systems often need to operate even without the customer being present.
Therefore, it is no longer possible to rely on a person with a key.

As a result, systems were created that can be woken up via the bus or even through the network. Sleep
mechanisms were generally managed according to current NM principles.

*Open Alliance TC10 — standardized automotive wake-up protocol

*CAN Wake-Up - via standard or high-speed CAN with selective node activation
*Traditional Wake-Up Lines — using dedicated hardware lines

Please note:
Robust startup and shutdown of a vehicle in many operating states and transitions is one of the most
challenging tasks in the automotive field!

Challenges remain, as each ECU must handle its own shutdown, and disruptions can still occur, occasionally
draining the battery to its starting limit.
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THE VALLEY OF TEARS

SOMETIMES OUT OF CONTROL ©

* 99% SW Problems.
»The Software-off” « Extremely complex.
scenario. * Huge number of sporadic errors.
« Extremely difficult to test.
« Remote Software updates is an additional
challenge.
* Not robust as expected.
 Big Quality Problems

Bus or NW Connection

*Wake Up
*Shut Down Some OEMs have already introduced additional power
management features:
The actual shutdown and switch to stand by is *Switched Power Domains + Hard-Off
handled locally by each ECU, and any fault - Different groups of components have separate
directly affects overall vehicle shutdown power switches.
robustness. « Groups that are not needed can be completely

powered off.
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LIGHT AT THE END OF THE TUNNEL.

E-FUSES ACCELERATING IN IMPLEMENTATION AND INNOVATION

An e-Fuse is a semiconductor-based, smart replacement
for traditional wire fuses in vehicles. Rather than melting

Replaces

under overload, it uses electronic circuitry to detect faults
such as overcurrent, overvoltage, reverse current, or
thermal stress—and then safely disconnects power.

Source: onsemi

Key Advantages

Fast and Precise Protection

Can interrupt fault currents in microseconds
Resettable & Intelligent

Auto-resets once the fault is cleared, and offers diagnostic signals (e.g., “power-good” or fault flags), inrush
current control, ....

Supports Modern Vehicle Architectures

Especially useful in zonal and software-defined vehicle systems, where e-Fuses are embedded within zone
modules and communicate with vehicle control systems for remote diagnostics and control.

Each E-Fuse can be used as a switch, controllable via a
centralized vehicle management system.
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LIGHT AT THE END OF THE TUNNEL.

E-FUSES ACCELERATING IN IMPLEMENTATION AND INNOVATION
E-Fuses are still more expensive than classic melt fuses — so why is there such
a big trend?

A) The power supply is no longer a classic, robust “monster” of lead-acid starter battery. Instead, it consists
of highly sensitive, complex battery cells that require protection against overload.

B) Additionally, there is a growing demand for technically advanced safe power supply solutions, where the
need for controlled shutdowns and precise power management is becoming increasingly important.

C) In the Zonalization Approach the E-Fuses are the main enablers for having a good use of power zones.

The cost down in Zonal Approaches are so high, that the higher costs of E-Fuses are more than
compensated. And please don't forget — “Silicon will always have big cost downs on high volume”

E-Fuses are paving the way for next-generation vehicle power management.
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ZONAL REFERENCE ARCHITECTURE

WITH INTEGRATED E-FUSE SYSTEM

Vehicle
HW & SW
Legacy

Vehicle
HW & SW
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Electromechanical
BODY
Chassis
Audio System
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BODY
Chassis
Audio System
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START UP SEQUENCE Example Scenario:

EXAMPLE *Main Power Distributor (EF1) — always on.
«Zone Controller (Vehicle State Master)

. !)etects inputs (1/0, pus signals,
internal states) — triggers startup of
semsorshct  LocalECUs T the Zone Controller.
111 N - Checks vehicle scenario and switches
e ‘ all zones, including HCP, on.
Legacy Wakes up the Power Distributor via

Electz)é]ge[;:?alwical CAN.
AudioSysten Powers all Zone Controllers by
switching EF2, EF3, and EF4 on.
Switches additional E-Fuses (EFn) on
as needed.
-System Startup
 First system is powered on.
« Additional states can be changed or
triggered via bus communication or
directly via the power supply.

Main Power Distributer
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START UP SEQUENCE Example Scenario:

EXAMPLE « EF1 (Main Power Distributor)- always on.
« Zone Controller (Vehicle State Manager)

Ethernet Switch « Detects inputs (I/0, bus signals,
°°“‘”“‘e Platror internal states) — triggers startup of

the Zone Controller.

ETHERNET BACKBONE . .
Checks vehicle scenario and

switches all zones, including HCP, on.
Wakes up the Power Distributor via
CAN.
Powers all Zone Controllers by
switching EF2, EF3, and EF4 on.
Switches additional E-Fuses (EFn) on
as needed.
-System Startup

 First system is powered on.

« Additional states can be changed or
triggered via bus communication or
directly via the power supply.

Main Power Distributor

Technica
Engineering



SHUT DOWN SEQUENCE

EXAMPLE

Sensors/Act Local ECUs Local Power

1h1 LEr1] [Erz ] [EF3 ] [EF4]++» [EEn]

Vehicle
HW & SW

_Legacy Rl to sleep” — E-Fuses off
ooy « Bad case: ECUs do not signal
—— — master switches E-Fuses off
anyway
Final state: Only essential
components remain powered; all other
subsystems off

Example Scenario — Sleep Mode:
System fully on
Sleep requested — shutdown
processes triggered (NM or
equivalent)
*E-Fuse handling:

» Good case: ECUs signal “ready

EH

We don‘t have the key any more. But a SW Component in the car has now
hundreds of them to switch on and off as needed. The Control is back !
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SHUT DOWN SEQUENCE

EXAMPLE

Sensors/Act Local ECUs Local Power

1h1 LEr1] [Erz ] [EF3 ] [EF4]++» [EEn]

Vehicle
HW & SW

_Legacy Rl to sleep” — E-Fuses off
ooy « Bad case: ECUs do not signal
—— — master switches E-Fuses off
anyway
Final state: Only essential
components remain powered; all other
subsystems off

Example Scenario — Sleep Mode:
System fully on
Sleep requested — shutdown
processes triggered (NM or
equivalent)
*E-Fuse handling:

» Good case: ECUs signal “ready

EH

We don‘t have the key any more. But a SW Component in the car has now
hundreds of them to switch on and off as needed. The Control is back !
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SHUT DOWN SEQUENCE

EXAMPLE

REA DY Ethernet Switch
Compute Platform
ETHERNET BACKBONE
]

Main Power Distributor

Example Scenario — Sleep Mode:

«System fully on
Sleep requested — shutdown processes
triggered (NM or equivalent)
*E-Fuse handling:
» Good case: ECUs report “ready to
sleep”
— E-Fuses off
« Bad case: ECUs do not send status—
master switches E-Fuses off anyway

‘ *Final state: Only essential components
LLS) remain powered; all other subsystems off

We don‘t have the key anymore. But a SW Component in the car has now
hundreds of them to switch on and off as needed. The Control is back !
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CONCLUSION

FULL CONTROL IS RESTORED

"The physical key is no longer required. A dedicated software component could now control hundreds of
functions within the vehicle, enabling precise on/off switching as needed. Full control is restored."

The introduction of active E-Fuse control fundamentally changes vehicle power
management. Many components can how be switched on and off directly,
reducing reliance on bus-based wake-up solutions. By keeping bus wake-up
simple and focusing on a minimal feature set, the network remains efficient,

cost-effective, and easier to manage. Control is smarter, faster, and more flexible
than ever.
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| ABSTRACT

Wakeup of Ethernet ECUs is done today mostly via switching clamps, wakeup lines, or a parallel. All of which
either limit the wakeup or mean additional wires. OPEN Alliance TC10 defined an Ethernet-based solution for
reducing the number of wires, while allowing more flexible (re)waking of ECUs. One of the challenging
problems the OPEN TC10 solution had to solve first, was the forwarding of wakeups through switches.

As the OPEN TC10 solution started to roll out, a huge trend emerged: more modern E/E Architectures, like
Zonal Architectures. One of the biggest benefits of Zonal Architectures is an improved software-defined power
distribution concept, which on the one hand enables more flexible power management and on the other hand
is the root cause of cable harness reduction potential in Zonal Architectures.

As Zonal Architectures are rolling out quickly with many OEMs worldwide, what does this mean for the
OPEN TC10 approach, which was designed with more traditional E/E Architectures in focus?

In this presentation, we present our experience of designing and implementing modern E/E Architectures, like
Zonal Architectures. We show trends for next generation Zonal Architectures and the direction the wakeup
concepts are evolving. And we will discuss what that means for the OPEN TC10 solutions and others.
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