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Semiconductors are essential for modern premium cars

=, 6.000-10.000

a
:.: Semiconductors

se e /vehicle

¥ QUID

Connected

100 ECUs per Car
work together
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A car has not only CMOS Technology
Example: ADAS

Mid-Range-Radar
hinten rechts
Mid range radar rear right

Frontkamera
Front camera

Umgebungskamera e
Aussenspiegel (li/re) e
Left / right side
360° environment camera /

Mid-Range-Radar
vorne rechts

Mid range radar
front right

Umgebungskamera hinten
Rear 360° environment camera

Mid-Range-Radar
hinten links
Mid range radar rear left

Umgebungs-
kamera vorn sechs Ultraschallsensoren
Front 360° hinten
environment Six rear ultra sonic sensors
camera

sechs Ultraschallsensoren vornj

Long-Range-Radar
Long range radar Gateway
Six front ultra sonic sensors

zentrales
Fahrerassistenzsteuergerdt (zFAS)
Central driver assistance controller (zFAS)

Mid-Range-Radar vorne links
Mid range radar front left

Different Technologies & Different Vendors

¥ QUID
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Technologies in cars are changing

> New vehicle technologies like BEV bring new
kind of semiconductors (SiC, GaN) and new
operating conditions (i.e. charging) into the
car.

>New electronic architectures
(zonal) and customer features lead
to higher robustness requirements

» Always-on and connected //F . ‘O/
functions need longer @

semiconductor lifetime



7 AUDI AG I/ES-E1 Extended Lifetime Evaluation 09.10.2025

Agenda

¥ QUID

Extended Lifetime
Evaluation



8 AUDI AG I/ES-E1 Extended Lifetime Evaluation 09.10.2025

Actual AEC Qualification @ G[m

SAMPLE NUMBER ACCEPT TEST
Automotive Electronics Cou ncil STRESS ABV # NOTES SIZE [ LOT OF LOTS CRITERIA METHOD ADDITIONAL REQUIREMENTS
Component Technical Committee

Wafer
Fabrication

For devices containing NVM, endurance preconditioning
must be performed before HTOL per Q100-005.

Grade 0: +150°C Ta for 1000 hours.

Grade 1: +125°C Ta for 1000 hours.

Grade 2: +105°C Ta for 1000 hours
Example:

Grade 3: +85°C Ta for 1000 hours
HTOL NOTES:
TestGroup C TestGroup D H TO L 1) HTOL stress times for the appropriate grade Ta are the
IE Package min requirement; the Tj of the test (measured or
Assembly Test Group E calculated ) should be available.
TestGroup F WEP}« P 2) Tj may be used instead of Ta when performing HTOL
BST External provided that Tj of the device under HTOL conditions is
Visual al to or higher than the Tj maximum operatin
SBS PC . equa g ) perating
{BCH High Temperature H P B . JEDEC (Tjopmax) of the particular device, but below the
PD ; HTOL | B1 |D.G.K 77 3 0 Fails o P
L DefectScreening Operating Life TR JESD22-A108 absolute maxirmum Tj

LI (e.g., Burn-In) E 3) If Tj is used to set the HTOL conditions, the minimum

@ I stress of 1000 hours at the Ta of the device is to be

- shown using activation energy of 0.7ev or other value

technically justified
Electrical Verification Test 4) V. (max) at which dc and ac parametrics are guaranteed.
Thermal shut-down of the device shall not occur during
hd this test. TEST before and after HTOL at roomzcold,
and finally hot temperature
TestGroup A TestGroup B TestGroup E TestGroup G order is to test at room, hot and finally cold
v ¥

temperature.
5) If applicable, a drift analysis on the key pedormance and

E E
Test@ Room,| Test@ Test@
Cold, & Hot Room Room

& Hot & Hot

Test@ Room,
Cold, & Hot

be performed to confirm a proper selection of guard bands

analysis, refer to AEC-Q100-009

Test @ Room,|
Het, & Cold

Table A7.1: Example Basic Calculations for AEC-Q100 Stress Test Conditions and Durations

. Example Mission Profile - Acceleration Model Calculated Test Q100 Test
Loading input Stress Test | Stress Conditions (all temperatures in K, not in °C) Model Parameters Duration Duration
Arrhenius
t, = 12,000 hr E 1 13 E,=0.7eV )
(average operating use . N A = S [ (activation energy; 0.7 eV is a = 13.93 hr
g° operaling High Te=125°C . T ay ;
time aver 15 yr) Tegm rature hunclion ky \ I T) typical value, actual values (test time)
. P ) depend on failure mechanism and 1000 hr
Operation T, = B7°C Qpeldtlng temperature in _ range from -0.2 10 1.4 €V)
Eaverage Junction Life test Also applicable for High : : =t
temperature in use (HTOL) environment) Te&npe«ah.lredSujlrage Llfe_{HTSL} ke = 8.61733 x 10°% eVIK Ar
environment) an N\er Endurance, Ddlfﬂ (Boltzmann's Constant)
Retention Bake, & Operational Life
(EDR)
| u u u u
tanaar ualitication covers lifetime up to ~
u u

Good for the past - Insufficient for the future!
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Longer Lifetime needs special Qualification
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according to Appendix 7/

11

Basic Assessment

Determine Mission Profile
on ECU level

Determine mission profile
of the component
including loading

Basic
calcuiation?

Calculate test duration
with standard acceleration
models for standard tests
and test conditions

Compare with AEC-Q100
test conditions

Critical/
Marginal?

Perform Qualification
according to AEC-Q100
Test conditions*®

Determination of reliability test criteria fora new component based
on mission profile requirements of intended application

Process at Component Manufacturer (CM);
Assess whether a new component can be qualified according to AEC-Q100 test conditions

Mission Profile Validation on Component Level

Determine critical Failure
Mechanisms

Determine acceleration
models

Calculate test duration
with selected acceleration
modeis for standard tests

and test conditions

Perform testing
according to Mission
Profile specific test
conditions*®

Responsibility

Define additional tests

Possible?
and/or test conditions :

Robustness Validation
on Component Level

Perform Robustness
Validation with
detailed alignment
between SCM and
Tier 1 0n mission
profile and/or critical
failure mechanisms*

* Note that this flow chart does not cover
the consideration of AEC acceptance
criteria based on LTPD-sampling plan
(max of 1% failures allowed) versus the
Robustness Validation failure rate
extrapolation

Figure A7.1: Flow Chart 1 — Reliability Test Criteria for New Component

11

Assessment on ECU level

Determine Misston Profile
onECU level

!

Determine mission profile
ofthe ¢

¥ QUID

Assessment of available qualification data against a specific
mission profile

Assess whether a certain electronic component fulfills the requirements of the
mission profile of a new ECU

Process at Component Manufacturer (CM):
Assess whether an existing component qualified according to AEC-Q100 test
conditions Tulfills the requirements of the mission profile of a new application

Responsibility

-] BN [EC]

including loading

13

14

Calculate tast duration
with standard acceleration
modelsfor standard tests
andtest conditions

Compare withAEC-QL100
test conditions

AEC-0100 test conditions
exceed / are sufficient”

Mission Profile Validation on Component Level

Determine critical Fajlure
Mechanisms

Determine acceleration
models

Calculate test duration
with selected acceleration Mission Profile
models for standard tests validated*
and test conditions

More severe =
thenAEC- Ciitical/

Q100? Marginal

Additional ; % Additional
data data can
available? be created?

Robustness Validation
on Component Level

Perform Robustness
Validation with
detailed alignment
betweenSCM and
Tier 1 on mission
profile and/or critical
failure mechanisms®

* Notethat thisflow chart does not cover
h of AEC aitena
based on LTPD-sampling plan (max of 1%
failures allowed) versusthe Robustness
Validationfailure rate extrapolation

Figure A7.2: Flow Chart 2 - Assessment of Existing, Qualified Component

Appendix 7 should be the exception, but it becomes more and

more the usual procedure. That’s not the intention of a standard.
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Extended lifetime evaluation like Appendix 7: @ (m
High efforts for whole supply chain

» Simulation of whole ECU to
get detailed stress data

» Evaluation of every semiconductor
device, if it will pass lifetime stress

» Additional tests with test cars S S S
and longer test time is necessary.
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Which lifetime do we need? @ G[ZBD

Some practical examples:

Sum active
Active Times Time ECU
[h]
ECU Drive (Kl 15 on) Charging Conditioning bidi - Charging Parking (inkl. ON Grid)
Time [h] Ambient Temperature ECU Time [h] Ambient Temperature ECU Time [h] Ambient Temperature ECU Time [h] Ambient Temperature ECU Time [h] Ambient Temperature ECU
Tminin °C Tmax in °C Tminin °C Tmax in °C Tminin°C | Tmaxin°C Tminin °C Tmax in °C Tminin°C | Tmaxin°C

ECU1 8500 -40 70 13350 -40 60 3800 -40 60 28500 10 55 0 54150 \/(
ECU2 8500 -40 85 18980 -40 80 365 -40 85 0 9542 -40 85 37387 V|,
ECU3 8500 -40 75 12000 -40 75 3200 -40 75 0 1800 -40 75 25500 |
ECU4 8000 -40 85 6200 -40 85 800 -40 85 15000 \//
ECUS5S 8000 -40 85 6200 -40 85 800 -40 85 15000 \/
ECU6 8000 -40 85 6200 -40 85 800 -40 85 15000 \//
ECU7 8000 -40 80 6200 -40 80 800 -40 80 15000 \/(
ECUS8 8000 -40 80 6800 -40 80 500 -40 80 15300 ~/_
ECU9 8000 -40 70 30000 -40 65 38000 \//
ECU 10 8000 -40 80 12000 10 75 8000 -40 75 28500 10 75 74900 -40 75 131400)(

ECU 11 8000 -40 90 13350 -40 90 3800 -40 90 28500 -40 90 0 0 0 53650 \/,
ECU 12 8000 30000 38000 \/
ECU 13 8000 6200 14200 \//
ECU14 | 8000 13333 2800 24133 )
ECU 15 8000 6200 39500 53700 \//
ECU 16 8000 6200 8300 22500 \/
ECU 17 8000 24800 6200 39000 \/
ECU 18 8000 -40 130 (600s - 140°C) 13350 -40 75 21350 \/

With an active time of 55.000 h, 95% of all use cases will be covered. J
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Proposal for lifetime grades @ (m

TempGradeO | TempGradel | TempGrade2 | TempGrade3 . ] ]
150°C 125°C 105°C 8s’c_+— One Qualification can cover different grades.
Life Tirqe Grade 0 .__// /
Full Active /
131.400 h v
Life Time Grade 1 |
Charging
55.000 h » set of few Standardized (umbrella) Mission Profiles
* cover most new use cases
it T orade 2|  extract standardized extended test conditions
Extended Basic
Functions
16.000 h
Life Time Grade 3 |AECQ | Aecq | Aeca | AEcQ
Basic Functions
8000 h

Standardized Extended Lifetime Requirements (SELR)

Using SELR combines the advantage of @asy to communicate and developing requirement
optimized products



13 AUDI AG I/ES-E1 Extended Lifetime Evaluation 09.10.2025

Agenda
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Activities of the AEC
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Definition of new standards @ (m)

Wide Bandaan Semicond SIC. GaN

® Discussion since 2017 ongoing
® Products are in the market, no AEC-standard available

®* No transparency from the AEC working group regarding to schedule, milestones and goals
for WBG

E led Lifeti Eval .
® Discussion since 2017 ongoing
® Products are in the market, no AEC-standard available

® No transparent AEC schedule with clear milestones and goals for extended lifetime
evaluation

Future Chiplet Standard

® No information available

o Speed of the AEC
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China Car Chip Standard System (C3S) @ Cm

Car-Chip Standard System Technical Structure

Basic and

general Product and technology application
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China Car Chip Standard System (C3S) - Timeline @ (m

Dec 2023 Dec 2025

MIIT* announces the guideline
of tech. standards for
automotive chips in China

1st planned milestone
30 standards formulated

Dec 2026

essssssssssnns
faansssnsnEnEnnny

Interim milestone
50-60 standards formulated

Dec 2027

Gesssssnssssnnn
faansssnsnEnEnnny

final planned milestone
76 chip + 1 chiplet standards formulated

ECCCLLLELL LN
cssssmssmsmmEnEs

Matching test

Sep 2025 [ orstrlense # Snderd ]

1| kWisendapril | 19|  204-1 Technical Specification of Cybersecurity for Automotive Chip SSEESHTEERSRZANTE | 6eB(fN)
KW24 mid. 3011 General Technical Requirements and Testing Methods for Automotive Control Chips acm
. mid. June E o frements o Te
=3 | Jan 2024 11 drafts released for comments | ¢ e o= vjarlis pa s 9t vaied
KW24 mid. June 3014 Technical Requirements and Testing Methods for Control Chips of Autemotive Chassis sys acm
i 3 . 23 CREERRGEISH AR
~ 6 months approval period for SRRSO AR S8k
* . . W27 end June 304.3 Technical Requirements and Testing Methods for Chips of Automotive Satellite Positioning acr
MIIT* released the gwdellne final blicati 4 41 S DR A AR BRI
Inal publication W31 end i 0114 ® it Method for Semiconductor Devi acr
s 5 SRR A T SR
Kw31 end Juli 201-15 Reliability Verification Method for Electrical/Electronic Modules of Automotive Chips ac/T
5 15/ B HAES/ T BRI i '
Kw31 end Juli 3073 Tech Requirements & Testing Methods for Power Modules of Electric Vehicles - Part 2: SiC ac/t
7 & S SR IR R RS 3 B !
K31 end Juli 2075 Tech Requirements &Testing Methods for Power Discrete Devices of EV - Part 2: SiC ac/ i
3| 65 A RNEST N R I ES
KW31 end Juli 307 Technical Requirements and Testing Methods for Power Modules of Electric Vehicles - ac i
9 62| Part 1: IGBTEEANS G ARSI b AR R IH IR /5 8 12655 1IGBT "
Technical Requirements and Testing Methods for Power Discrete Devices of EV - Part 11 IGBT
Kw31 end Juli 3074 _ o o & N C/ |
10 o A IS VR R AR S B (68T acm !
KW31 begin A 30812 Technical Requirements & Testing Methods for Chips of Auto Ethernet 100Mbps Physical ac/T
11 eEnAvE| 5| 12 Layer Interface (PHY) SRZELIKFI100MbpsHIE R (PHY)S S AR B AE

China will release standards in a very fast way!

* MIIT Ministry of Industry & Information Technology department of P.R. China
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:;\E(A;Dlélc/:?;;ration Wlth an OEM @ 11D
* Only review role for new standards
- Review after AEC ballot always too late
- Remarks will be implemented in best case in the next revision

« No possibility to actively influence AEC

« The AEC leadership does not respond to official requests from the OEM

\ The cooperation between OEMs and the AEC must be improved! \



Volkswagen Group is an electronic company
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Members of the AEC @ (m)

Members with limited relevance to automotive semiconductors
Some members are neither Tier 1 suppliers nor IDMs
OEMs, as end customers and market introducers, are not represented

But: OEMs are increasingly designing and manufacturing electronics in-
house

The AEC charter is no longer fit for purpose
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Summary @ m

Speed of the AEC is insufficient!
There is a big gap between AEC standards and market requirements
New standardization organizations publish standards in a faster way

Cooperation between AEC and OEMs has to be improved
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Outlook @ (m

OEMs are considering their own standards

Will AEC stay the relevant automotive standardization organization in
the future?

Change from AEC as leading standardization organization for
automotive semiconductors to another organization could be possible

AEC should think about its future role, work and cooperation

Is there an interest of AEC to intensify the cooperation with Volkswagen
Group (as OEM and Tier1)?



Audi Vorsprung durch Technik
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