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This presentation and discussions resulting from it may include future product
features or fixes, or the expected timing of future releases. This information is
intended only to highlight areas of possible future development and current
prioritizations. Nothing in this presentation or the discussions stemming from it
are a commitment to any future release, new product features or fixes, or the
timing of any releases. Actual future releases may or may not include these
product features or fixes, and changes to any roadmap or timeline are at the
sole discretion of PDF Solutions, Inc. and may be made without any
requirement for updating. For information on current prioritizations and
intended future features or fixes, contact sc

PDF Solutions, Exensio, CV, Cimetrix, the PDF Solutions logo, and the Cimetrix
logo are registered trademarks of PDF Solutions, Inc. or its subsidiaries. All
other trademarks cited in this document are the property of their respective
owners. Exensio visualizations Powered by TIBCO®.
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SiC Industry at a Glance

Demand driven mainly by Electric Vehicles Projected 25x demand growth out to 2030

All-Electric Vehicle AS OF SEP 2023 W caN M sic [ si

/ NUMBERS SCRUBBED
\& Inverter design by technology OBC / DC-DC design by technology
Electric Traction Motor ) s -l

100 100
Power Electronics Controller 90 90
DC/DC Converter 80 80
70 70
Thermal System (cooling) 60 60
50 50
Traction Battery Pack
40 40
30 30
20 20
~ Onboard Charger 10 10
~ Battery (auxillary) 0 0
afdc.energy.gov 2020 25 2030 2020 25 2030
source: https://afdc.energy.gov/vehicles/how-do-all-electric-cars-work source: McKinsey Center for Future Mobility, Sep 2023
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SiC Industry at a Glance

The next 10 years: substrate quality will remain a SiC wafer diameter evolution, Annual
. . . capacity — 8" eqv. (K units), % of total SiC
challenge as the industry is moving to 200 mm wafers wafers shipped

. 2!! 3|| . 4|| . 6" . 8"

200 MM WAFER; XPOL IMAGE: 2019 200 MM WAFER; XPOL IMAGE: 2022 . — —

2005 10 15 20 25 2030

source: Wolfspeed, SEMI Webinar, May 2023 source: McKinsey Center for Future Mobility, Sep 2023
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SiC Manufacturing Process Flow

Boule Growth

Cutting
Grind / Polish
o)
>30/) 4 ' _ Epitaxy
I RCRINE] | |
source: CompoundSemiconductors.net, 2017 product cost ¥ ‘ Wafer Frontend

Backside Process

Wafer Burn-In

Electrical Sort

Assembly

Final Burn-In

Final Test
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Challenges in SiC Manufacturing soule Growth

// Cutting

SiC poses unique challenges to

. . Grind / Polish
manufacturers with high
defectivity at all steps ANy
/ Wafer Frontend
/" PVT sublimation a Laser or SmartCut N Backside Process
growth; very slow (vs wire-saw) ( \ f
, v ) ] Wafer Burn-In
Thermal Insulat " V;ﬂtlz;?rzz':sd ) -:—-: ~ Produce 3 wafer > Off-axis Step flow CVD,

. o very thick epi
= W Grind the wafer to the e yt c ep Electrical Sort

specified thickness.

1. Laser 2. Separation ‘
irradiation 5 min.

5 min. ﬁ
_ P (b) off-axis {0001} Assem bly
3. Ingot grinding

15 min. [0001] -
\ source: DISCO J I Final Burn-In
Induction-Coil Crucible

Water-Cooled
source: ROHM, 2018 . Final Test
\ ’ / \ source: Kimoto & Cooper, 2014 J
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Unique Substrate Defects

__ Boule Growth

Cutting
Extended boule
defects Grind / Polish
Micropipe

(a) Carrot Defect (b) Triangular Defect (c)

Down-Fall
Threading screw

dislocation (TSD)

- StEp-flow Epitaxy
([1120] off )
Threading edge
dislocation (TED) Wafer Frontend
(Perfect) Basal plane
dislocation (BPD)

Backside Process

200 pm 200 pm

source: Kimoto & Cooper, 2014

Wafer Burn-In

Electrical Sort

Defect Inspection

Assembly

|—> Defect Analytics
I—>Yield Impact

Final Burn-In

Final Test

— Substrate Grading
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Who We Are

Top 50 Equipment suppliers use Top 6 Foundries Run on PDF 18 of Top 20 Semi Companies

Cimetrix by PDF for connectivity Solutions Technology use PDF Solutions Products

>55K Fab >40K process tools >350 customers in 20  Leading solution for Fastest growing
tools connected under PDF process countries in Fabless, die traceability company in
using Cimetrix control across the IDM, Foundry, OSAT, through the supply manufacturing test
ecosystem and System chain operations
7] lanmiq {I» ASE ;?30 HLME VE=lal TosHiBa @) syraptics SONY e A Peregrine
Dongbu HiTek = v =)= \ s LCOM ) R -
pli @ . Winbond semvecr  |TIIERERE Mll:gcmn L e Deencnre Qua .!;; g aa E: e
anotbou smig TOHERfGE =~ @blox DM%E onsem Zawswae  COMEE S & Gadpesr | Mwiieos INMEL.
4
ADVANTEST aW.S_, A MéR c . 1T LE ENOVIX g intel. BPIL A KEEEHT & rowerchip
samsune  ASM (53 ‘,‘_;'?;:Semi i Rapidus~ =nvioa KIOXIA Renesas  [fiTime smwom(?/ TERADYNE b ATDK
AMD{1 Mumeam JAB|L I=IZ  @sCIPRESS RS ruiteorc
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Our Solutions for SiC Manufacturing Analytics

“SiC is where silicon was decades ago...” Accelerate your development with analytics

Solutions for Silicon Carbide Manufacturing

Inline + Test Data Lot Genealogy +
Management Wafer Level
Defect | Binmap Traceability

Equipment
Connectivity +
Process Control

ModelOps
with Al/ML
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How We Do It

Proven track-record of interfacing

with majority of Manufacturing
Execution Systems
Material Meta Equipment
Hierarchy Data History
Technology Equipment Equipment
Family Operator Trackin/Out
Process Program Recipe
Product Recipe Operator
Source Lot Date/Time Chamber
Lot Process Flow Rework
Wafer # Stages Reticle
Die Steps

Big Data
Manufacturing
Analytics platform
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CamStar
PROMIS

Oracle

IBM Si View
WorkStream
FACTORYWorks
StationWorks
Wonderware
Miracom

APEX

Inline Data
Defect & Metrology

/‘

Equipment Sensor
Data (FDC)

Electrical Data:
PCM | WAT | Binmap

N—

\
~

Assembly Data
Die Level Traceability | E142

—

Boule Growth

Cutting

Grind / Polish

Epitaxy

Wafer Frontend

Backside Process

Wafer Burn-In

Electrical Sort

Assembly

Final Burn-In

Final Test
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Exensio™ Equipment Process Control for SiC
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Establish correlations
Identify root-cause of low yield

Bring all data under one roof
Use modern data analytics
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Deployment Examples in SiC Manufacturing

Burn-In fails

o root caused to crystal
ANl e oty growth anomalies

r
\

IDM “C”: py—
True End-to-End Deployment a

IDM “B”:
Fab, Sort & Assembly

IDM “A”:
Exensio Manufacturing
Analytics — Fab only

\
. Wafer [> Wafer Packaging Burn-in &
Substrate Processing Test [> Assembly Final Test
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Defect Management Tools

L2 X
Gererd Defect classification
Data aden
N P Defects can be reclassified
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L B 2
—— — Data table -
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Defect : 6, Processing
Step - LYA1, siz2

1.87133957501817, 0.624000012874808,
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LYRT, raughbin - LYRT, roughbin -

roughbin_1, finebin :
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roughbin 2, finebin -
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LYR1. roughbin : roughbin_3. finebin : finebin_243

Fill

100%
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Invert Colors
Reset
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Defect | Binmap Overlays

L) Q| @8 a8 Q&g ™ EH @ | B FIBRERYRER D2 | &G | K g v
Bin + Defect Map - Trellised by Wafer incl. Summary Panel
LOTO03075.1_22 LOTO3075.1_24 Product Map
E #Pass Clean: 103 #Pass Clean: 8 Data Table: PEEEE-‘d DEEH
# Pass Defects: 32 # Pass Defects: 104 binMAP_groupl - -
# Fail Clean: 70 # Fail Clean: 17 Color By
#Fail Defects: 23 # Fail Defects: 99 -
# Dies: 228 # Dies: 228 i T s .
Kill Ratio: 0.0228 Kill Ratio: 0.0000 -
ul R B | Passed Defective
Hit Rate: 41.62% Hit Rate: 48.77% @Passed & Clean -
Yield Impact: 0.0055 Yield Impact: 0.0000 @ Passed & Defective
# Defects: 66 # Defects: 2007 @ Failed & Clean
BIN_YIELD: Yield: 53.21% (135/228) [1] BIN_YIELD: Vield: 43.12% (112/228) [1] (_)Failed & Defective .
fo Failed Clean
(None) ~ -
Defect Map
Defect Table: . .
Defect «
Failed Defective
Selection Mode: -
Defect
Color By:
Processing Step  ~
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< @LYR2
< @LYR3
< @LYR
Shape By:
(None) ¥ Wafer Map Properties ®
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#Fail Clean: @ # Fail Clean: 79 Map Colors Columns:
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Capture Rate: 92.97% Capture Rate: 20.20%
Hit Rate: 55.94% Hit Rate: 43.78% Die Carfiguration Color mode: Group By: Groups
YVield Impact: 0.1667 Yield Impact: 0.0203 9 Linear ~
# Defects: 7082 # Defects: 48 Zones C on
BIN_YIELD: Yield: 43.86% (100/228) [1] BIN_YIELD: Yield: 56.58% (128/228) [1] p—
Map Types & Layout || [ I | Passed Clean
Fonts [l Passed Defective
Die Size [ Faied Clean
Defect Shapes [ | Failed Defecive
Defect Sampling
Labels
Toofips
Legend
Map Style
Trellis
.: Vield: 43.86% (100/228) [1], 7062 defects “Vield: 55.56% (120/228) [1], 45 defects
Data Retrieval Defect Summary Defect Map Defect Zonal Maps KillRatio % DefectImages Page + 9120f9121ows  Omarked  19columns  binMAP_groupl ES S T e TS
Product Map Transparency when Overlaid
Save.. | | Defaut | [oeee Close
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Defect | Binmap Overlays
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Intuitive data
panel

Many more pages with fully customizable visualizations and analysis types
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Exensio™ Defect Management for SiC

Boule Growth

Cutting
Customer use case: identified
. Grind / Polish
root-cause of killer defects
¢ Epitaxy

Defect rebinning by size reveals Wafer Frontend

root-cause for killer defects

Backside Process

Wafer Burn-In

Electrical Sort

Assembly

Final Burn-In

Bon 008 B -n--—‘nu ld’

Susceptor pattern emerges Final Test
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Summary

m The next 5 years in SiC
— SiC CAGR outpaces semiconductors as a whole
— Defectivity will remain high
— Steeper challenges in transition to 200 mm wafers

® QOur solutions

— Exensio is the #1 platform for data analytics across
semiconductor manufacturing

— Continued adoption for SiC
— Those with end-to-end deployments will grow faster
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Product portfolio:

* Equipment connectivity
 Manufacturing analytics
* Process Control

* Test Operations

* Assembly Operations

* Al & ModelOps

Services:

* Data Integration

* Site, tools, data audit
* Building templates

* C(lasses and training
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Thank You
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https://www.facebook.com/pdfsolutionsinc
https://twitter.com/pdf_solutions
https://www.linkedin.com/company/pdf-solutions
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