Automotive Semiconductor
Reliability — A New
Collaborative Approach

Contamination management
and maturity of the
ecosystems
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90% of auto innovation is
driven by electronics
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The Necessity to Create Frameworks
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Pervasive Contamination
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Critical particle size and total metals
identified by the IRDS roadmap
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AMC contamination concerns by technology node

A range of contaminants that cannot be seen
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Entegris value proposition

Materials Purification Packaging
and Co-optimizing the solution and Enabling pure delivery DeIivery

Chemistries Filtration

Monitoring

« Pattern miniaturization
 New architectures
« Atomic scale control

» Speed to yield

* New cleanliness
requirements

* High throughput

» Safety
» End-to-end integrity
* Process conftrol

Enabling the Roadmap Enabling Yield Preserving Integrity
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Capture the Root Cause of Latent Defects

Functional Safety
Appetizer Statements

In-line Fab monitoring reaches its limits
when reliability defects are out of the
S |

15 ram wader patlicles : SP7° detection limit - you do not see!

N Can we capture those latent defects on

5 an electrical basis via smart testing ?

g 26 nm: SP3®

py No, only to a limited extent =» testing
= .

cannot compensate this

E | 35 ~ 40nm : Discovery 7 ¢ What to do ?

A Quality assurance is a through the

approach - electrical

“Invisible Range"

supply-chain

Contamination Control — air, wafer, chemistry

material supply chain
management, filtration & purification
needs to be effectively applied to capture
the root cause of latent defects.

10 20 30 40 50 & 70 a0 90 100 - -
Defect size [nm) Here,
Entegris / VWAG, IQPC — ' :
The Zero Defect Conference En
for Semiconductors, 30 Sept. E“

— 2 Oct. 2019 1940 1970 1980 1990

iGragh source: AEM | Z008, 2015, 70150

@ Compliance to safety = Re-think the assurance chain — who can do what?

EEE ITC 2019, Thursday 14™ Nowvember, K6, Andreas Aal, Volkswagen
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Addressing Weak Links in Auto Reliability

Test

Device yield,
reliability

Contamination
Control

The air, wafer,
and chemistries

Inspection

Inline, patterned,
and unpatterned




Contamination Management Strategy

The Wafer The Chemistries

Chemical Maker

Fab Facilities
In The Fab

Wafer ME
Finished Wafer

AMC Control Wafer Management Clean Delivery

Grower
Clean-
room
Process
Tool

Point of Use
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New Filtration Strategies with Auto IC

Historical Filtration Strategies with “1:4 Rule” Improvement of Latent Defect Management with “1:10 Rule”
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Management across supply chain

Material ECO System
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Sustain the strategy

Optimized solutions in place

Improve total quality
without relying solely

Planning preventive maintenance

©

on inspection and testing
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Case studies, case studies, case studies...
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How does the ecosystem perform?

Contamination Control Solution Location A Location B Location C Location D Location E
Lithography  Bulk Solvent Purification (]
Resist Packaging
Dispense Pumps
POU Filter — Resist [ )
POU Filter/Purifier — Solvent
Reticle Pod
AMC Filter (]
Etch & Bulk Filter
Clean POU Filter — FEOL
POU Filter — BEOL
Metal Purification DIW
Metal Purification IPA
Post-Etch Clean
CMP Bulk Filter
Particle Monitoring (]

Benchmark for
contamination control

* A list of reference
* A comparator

e A tool

* An indicator of maturity

Concentration Monitoring
CMP FEOL POT Filter
CMP BEOL POT Filter
Pad Conditioner
Brush
Post-CMP Clean
Deposition CVD Deposition Precursor Delivery
Plating Chemistries

Cu Plating Filtration
Implant GeFy
Insitu cleaning gas
Gas AsH3
Gas PH3
Gas BF3
Fab Facility Bulk Gas Purification
AMC Filter (]
FOUP or SMIF Pods
Finished Wafer Shipper (HWS) ()

When compared to the
optimized solution, the
current solution in place:

@ s not adequate

Can be improved
@ s equal or better
() Is not known
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Maturity of the car maker’s ecosystem

Lithography

Etch &
Clean

CMP

Deposition

Implant

Fab Facility

Contamination Control Solution
Bulk Solvent Purification
Resist Packaging

Dispense Pumps

POU Filter — Resist

POU Filter/Purifier — Solvent
Reticle Pod

AMC Filter

Bulk Filter

POU Filter — FEOL

POU Filter — BEOL

Metal Purification DIW
Metal Purification IPA
Post-Etch Clean

Bulk Filter

Particle Monitoring
Concentration Monitoring
CMP FEOL POT Filter

CMP BEOL POT Filter

Pad Conditioner

Brush

Post-CMP Clean

CVD Deposition Precursor Delivery
Plating Chemistries

Cu Plating Filtration

GeFy

Insitu cleaning gas

Gas AsH3

Gas PH3

Gas BF;

Bulk Gas Purification

AMC Filter

FOUP or SMIF Pods

Finished Wafer Shipper (HWS)

Maturity LocationA Location B
[ ]

LocationC LocationD LocationE

Maturity of the Ecosystem

Percentage of the players who have
an adequate solution in place:

3 Minimum 75%
2 Between 50% and 75%

1 Less than 50%

When compared to the
optimized solution, the
current solution in place:

@ s not adequate
Can be improved
@ s cqual or better

(O Is not known

Example: assessment of the
28N ecosystem

1.

Deposition, Implant,
and Fab Facility are
more mature

Litho and CMP are less
mature

Etch & Clean is an area
of focus
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Current SiC Industry Challenges
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CAPACITY

Increased demand leading to
capacity constraints in SiC fabs
and substrate manufacturers

©

QUALITY

High efficiency devices require
high-quality substrates with
low defectivity

S

COST OF
OWNERSHIP

Achieving consistent yields at
low cost of ownership while
maintaining quality
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SiC— A New Collaborative Approach

At the wafer and device manufacturing level

&

FRAGILE WAFER
HANDLING

7

GATE OXIDE
BREAKDOWN

POLISHING TIME AND
MICROSCRATCHES ,

Achieve consistent low surface Prevent contamination at Address both edge defects
roughness and low defectivity deposition and cleaning steps and shipping damage
()

Entegris




A New Collaborative Approach

Holistic — Test, inspection and contamination control

“The Air, the Wafer, the Chemistries”

Maintain the strategy over the long term

5™ Trailer: P?el Discussion GAAG:Eollaboratio...
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Mitigation of
Pattern Collapse
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Links to joint paper and
panel discussion:

A Collaborative Approach
for Automotive Electronics

(semiconductordigest.com)
April/May 2021 edition

SEMI — ENTEGRIS — CARIAD
SE (Volkswagen) Panel
Discussion | SEMI

July 2021

O

Entegris



https://magazine.semiconductordigest.com/html5/reader/production/default.aspx?pubname=&edid=331f1fdf-c10e-4fb7-bcd8-072622fe71c8
https://blog.entegris.com/connecting-automotive-and-semiconductor-supply-chains-to-drive-functional-safety-excellence

Thank you!

Entegris®, the Entegris Rings Design®, and other product names are trademarks OfEntegris, Inc. as listed on| \ &)

! -
All product names, logos, and company names are trademarks or registered tradeqnarks of their respective oWnersSUse of them d(’)es - Entegl'ls

not imply any affiliation, sponsorship, or endorsement by the-trademark own@@@PR021 Entegris, Inc. All righitSireServed:



http://www.entegris.com/trademarks

