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PDF Solutions: Leading the Digital Transformation of 
Semiconductor Manufacturing

We collect and create data from across the 
supply chain. Then we use AI to enable deeper 
insights and rapid improvements in yield, quality 
and operational efficiency.
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Leading 
provider of 
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manufacturing
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PDF Solutions overview

Connectivity

Yield Management

Factory Operations Exensio® PC
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www.pdf.com 
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Data Collected in Semiconductor Manufacturing

• WAT / PCM
• Wafer Sort

• Bins
• Parametric
• BIT

• WIP / MES
• Equipment 

logs & traces
• Lot Genealogy
• Inline 
• Metrology
• Inspection

Wafer MfgDesign

http://images.anandtech.com/doci/8562/APL1011_TMET05_166628_Poly_blog_blocks_575px.png

• Design Data
• Chip
• Reticle

Final Test

• Traceability
• Die Bins
• Process Data

• PCB / System 
Level Testing 

• In-field monitors
• RMA

FieldAssembly & Test

terabytes of data per day; often 15+ yr retention 

Legend
• BIT: built-in test
• MES: manufacturing exec. sys. 
• PCM: process control monitors
• WIP: work in progress
• WAT: wafer acceptance test
• RMA: returned merchandise auth

http://images.anandtech.com/doci/8562/APL1011_TMET05_166628_Poly_blog_blocks.png
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Customer Base in Compound Semi

Fab Technology

Customer Description* Si SiC GaAs GaN

A In top 10 in Power IC’s & modules ✓ ✓

B In top 10 suppliers of RFIC ✓ ✓

C In top 10 suppliers of RFIC ✓ ✓ ✓

D In top 5 suppliers of LED’s ✓ ✓ ✓ ✓

E In top 10 in Power IC’s & modules ✓ ✓

F In top 10 in Power IC’s & modules ✓ ✓ ✓

G In top 3 GaN DM ✓

H In top 10 in Power IC’s & modules ✓ ✓

I In top 10 in ADAS and IoT ✓ ✓ ✓

J In top pure-play foundry for SiC ✓ ✓

K Niche power IC ✓
fabless

Select DM’s with a focus on compound semi Notable customers as of 2024-E

Other technologies, (e.g. InP) omitted 
due to the low wafer volume 

Big Data Analytics 

is deployed in 

12 large manufacturers 

IDM / Fabless / Foundry

+ Material Suppliers
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Deployment Examples in SiC Manufacturing 

IDM “A”: 
Exensio Manufacturing 
Analytics – Fab only

Burn-In fails 
root caused to crystal 
growth anomalies

FDC

Burn-In

‘boule’ & 
Substrate 

Epi 
Wafer 

Processing
Wafer 
 Test 

Packaging 
Assembly

Burn-in & 
Final Test

IDM “B”: 
Fab, Sort & Assembly

IDM “C”: 
True End-to-End Deployment
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Example of SiC Manufacturing Boule Growth

Epitaxy 

Wafer Frontend

Assembly

Cutting 

Grind / Polish

Electrical Sort

Final Test

Final Burn-In

Wafer Burn-In

Backside Process

source: CompoundSemiconductors.net, 2017

source: SICC, 2024

>30% 
of the final 

product cost
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Examples of End-to-End Analytics Boule Growth

Epitaxy 

Wafer Frontend

Assembly

Cutting 

Grind / Polish

Electrical Sort

Final Test

Final Burn-In

Wafer Burn-In

Backside Process

# Use Case

1 Defect stacking and re-binning for root-cause analysis

2 Reconstructing boule defectivity from epitaxial defects

3 Etch process parameters to metrology correlation

4 Substrate defect yield impact & Defect Kill ratio analysis 

5 Die screening and ink-out maps for automotive

6 Predictive Burn-In

(1)

(2)

(4)

(5)

(3)

(6)

(6)

Applying production-proven tools for Compound Semiconductors
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1. Defect Management for Root-Cause Analysis

# stacking by filtering by
a --- ---
b +epi product ---
c +substrate supplier +defect type
d +epi reactor +defect size

Too little data Too much data Just enough data Actionable data

Identified epi process issues 
that are substrate-dependent
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2. Puck defectivity from epitaxial defects Boule Growth

Epitaxy 

Wafer Frontend

Assembly

Cutting 

Grind / Polish

Electrical Sort

Final Test

Final Burn-In

Wafer Burn-In

Backside Process

(2)

pre-epi: attribute A

post-epi: attribute B

stack by 
substrate 
supplier 

stack across 
pucks with high 
defectivity at epi

Data Aggregation Multi-Variate Screening

Identified supplier quality issues
Improve “ink” rules

Ink 
map

Crystal defects that were not 
detected by incoming QC

Slice #  
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3. Etch Parameters to Metrology Correlation

Model the Dependency

Compare vs “Golden” Chamber

Problem: InP 
etch exhibits 

high excursions 
in etch rate

Univariate Corr. Screening

Automated root-cause analysis
• Equipment traces are extracted as indicators
• Indicators correlated to process outcomes
• Excursions in outcomes are tied to the 

excursions in equipment trace data
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In the Silicon World

4. Defect Yield Impact & Defect Kill ratio analysis 

PASS FAIL

CLEAN

a b

DIRTY

c d

KR = 1 −
𝑌𝐷

𝑌𝐶

 = 1 −
𝑐

𝑎
∙

𝑎 + 𝑏

𝑐 + 𝑑

In Compound Semi

substrate

epi

In-line

burn-In

reconstructed 
from final test

KR

Insertions 
1, 2

Complexity / Defectivity / Data Volume / Traceability
→ better models are needed



4. Defect Yield Impact & Defect Kill ratio analysis 

◼ Using defect maps to 
predict die state 
(pass/fail)

◼ Used for:
– SiC epi substrate grading 

– Epi supplier benchmarking

– Substrate-product 
assignment 

ACTUAL PREDICTED DELTA
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5. Die screening and ink-out maps for automotive Boule Growth

Epitaxy 

Wafer Frontend

Assembly

Cutting 

Grind / Polish

Electrical Sort

Final Test

Final Burn-In

Wafer Burn-In

Backside Process

(5)

Ink-out map for assemblyProbe-Defect Map

Screen-out defective die for yield and quality
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Under the Hood: Big Data Platform

Integrated solution to 

accelerate production ramp, 

improve overall yield, quality, 

and efficiency 

for semiconductors
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Under the Hood: Full Traceability

Wafer Sort / BI

Front-End Assembly and Final Test

Material Manufacturing
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Final Notes

◼ Compound Semi industry is 

decades behind CMOS in maturity

◼ But progress can be accelerated 

using data analytics 

Take your 
next step
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pdf-solutions pdfsolutionsinc pdfs.inc pdf_solutions pdfs_cn

Thank You

https://www.facebook.com/pdfsolutionsinc
https://twitter.com/pdf_solutions
https://www.linkedin.com/company/pdf-solutions
https://www.instagram.com/pdfs.inc/
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