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We are withessing important shifts in the industry

Scale drivers shifting from litho to 3D chips and
advanced packages

System Energy

Efficient Performance®
) [11Js]

Transistor Energy

Efficient Performance?

[(11Js]

Transistor density?

[#/mm?)
™, Device and layout
optimization Litho density?
(Contact Poly Pitch*Metal Pitch)
[10%mm?]

Clock Frequency'
Hz]

1980 1990 2000 2010 2020

Sources: 'Karl Rupp, ASML data and projection using Rupp, *Mark Liu, TSMC, normalized to transistor EEP in 2005 Public

More complex and “More than Moore” devices
require advanced characterization capabilities

Metal Continued dimensional scaling
Pitch

(nm) 40 16 16 16 16-12

Device and material innovations

Metal
Tracks © 6 6 <4T
finFET finFET finFET

CFET
atomic

<4T
CFET

Context-aware interconnect

Capacity investments shifting in location and
intensity

European Chips Act

545B of
semi funding

of salaries for R&D ,

China Big Fund'

573B of semi funding

Korea Special Act
Tax breaks up to 20%;
30-40% tax credit for R&D

India incentive scheme Taiwan SIl amendment

$25B of
semi funding

German R&D Act ’
25% tax free subsidy :

US CHIPS Act

$52B of incremental
semi funding

Spain PERTE CHIP

$12B of |
semi funding

Corporate income tax rate of
20%. Up to 15% of R&D tax
deduction end of year

China Restrictions
US Restrictions

Data Security Law (DSL)
Applies to all data activities in China that
impair the country’s national security

US data center chip sales restrictions

to China and Russia Chip export restrictions on

Russia due to invasion of
Ukraine

US Export Control Reform Act
restricts chip/technology transfers

PDF/SOLUTIONS"

Updates to export restriction list
included cryptographic chip design

M incentive [l Restriction

SiP changing test and assembly landscape w/ use
of characterized KGD from variety of suppliers

Via F}me

iPhone X mainboard (SYSTEMPIus Consulting)
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Observed Best Practices for Desigh Wins for Fabs and IDMs

ﬁ
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DEVELOPMENT MANUFACTURING CUSTOMER
) | |

™ *Shared between Tech Dev and Manufacturing )
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~ PDF end to end platform for semiconductor analytics

ModelOps and
Al Applications

Align, Enrich,

: \ Integrate Data

Monitor, Measure,
Trust, Security, Control, Execute
Scalability Across
The Entire Platform

Create Unique
Data

far)

&

Integrate Across
Equipment, Process
and Supply Chain

* Partner
Integration
and Apps

Customer
Apps

Third Party
Apps

Fully integrated solution to accelerate production ramp, improve overall yield, quality, and efficiency for Semiconductors

PDF/SOLUTIONS"
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Differentiated data on PDF’s platform

Co

Trust, Security,
Scalability Across
The Entire Platform

PDF/SOLUTIONS"

ModelOps and
Al Applications

Align, Enrich,
Integrate Data

Monitor, Measure,
Control, Execute

Create Unique
Data

o

k-

Integrate Across
Equipment, Process
and Supply Chain

* Partner
Integration
and Apps

Customer
Apps

Third Party
Apps
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PDF offerings: Lab to Fab characterization capability

Path Technology
Finding Development

(o

Trust, Security,
Scalability Across
The Entire Platform

ModelOps and
Al Applications

Align, Enrich,
Integrate Data

Monitor, Measure,
Control, Execute

Create Unique
Data

fa=]

i

Integrate Across
Equipment, Process
and Supply Chain

Mass Production

Partner
Integration
and Apps

Customer
Apps

Third Party
Apps

Software

Electrical CV

E-Beam




Increased Focus on Process-Design-Systems Interaction

Capabilities that support and reinforce each other

Layout Analyzers

Software tools
to identify Testchip CV
unique & risky design
layouts

FIRE Analysis Templatyzer
:s. h:;mm Simplified Interface
cyengine  Between Process & Design Testchip data, analytics

& reports

Templatyzer™ std cell library analysis & golden cell generation
= DFMY/IP Hardening by reducing use of unique or risky layouts
= DMCO: design for yield, variability to improve manufacturability

FIRE™ full chip layout analysis

= Statistics on the use of risky layout features and neighborhoods
= Yield entitlement calculation
= Qutput can be used to feed targeted test chips and inspection

PDF/SOLUTIONS"

Characterization Vehicles

Front-end CV - -
Pseudo-Product CV E’ [E_] E

=
BEOL CV — Short Flow g
10km of snakes + & billion VIAs per =
retide tested in 6hrs / wafer ey -

Direct Probe CV
Probe 750 DUTs/mm2 of devices per product
tested in Slmﬁlmblggdm

DPCV: Direct Probing Characterization Vehicle (utilizes lower metal layers for option masks to
measures tens of thousands of transistors in actual product layout)

Characterization suite

= Different types of structures at different stages:
= Definition: Early patterning constructs
= Development: Pseudo-product layouts created from std cells
= Early ramp: Actual product layouts

Statistically valid sampling

Transistor device selection based on FIRE layout extractions
= Unique tester capabilities

Extensive analytics and reports

© 2023 PDF Solutions, Inc.
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Exensio FIRE Software: Fuzzy Pattern Al

m A given systematic fail mode usually comes from, not one, but a “family” of layout
configurations. Traditional rule-based approach is insufficient for the evolving complexity of

product design at advanced nodes

=

~FT

s im B -.a .....
?:: o

) Calaan®®
oo i!r""!
Bt 2 a
ﬁ! | J a -B
S0 l'lI
or o

e . E"n‘.

m Using fuzzy pattern image classification algorithms, PDF’s FIRE software
automatically groups all similar pattern into a “pattern family”

PDF/SOLUTIONS"

“How to Classify Photos of Dogs and
Cats (with 97% accuracy)”

-- machinelearningmastery.com

© 2023 PDF Solutions, Inc. 8



Exensio FIRE Drives More Efficient Inline eBeam Inspect

= FIRE Al algorithm summarizes design m Design Aware Inspection: eProbe knows

characteristics and enables selection of scan Precise pad type and location targeted IN
points to take advantage of HW vector scan  REAL TIME for 10-100X efficiency gains

Capa bil |ty Conventional ebeam Inspection
N |
___—— W |
VECTOR P
fast

71 4D ,

L X

19
4,

!

Features

Grounding variants ¢ Detailed failmode
Current paths per pad  modeling
Redundancies * Parasitic failmodes
Leakage modeling * E-beam brightness
simulation

Continuous
Stage Motion

PDF/SOLUTIONS"



PDF DirectScan System Overview

1. Vulnerable Pattern 2. Fire™ Product Layout

Library Scan For Related Patterns
Systematic Yield Gap Analysis

& Volume Diagnostics

Issue Y: Dlagonal Attackers

mage libimage match count
0.089 3132
ﬁ o 1L
. 1

3. DirectScan product
wafer at layer with
eProbe® 350

producti

- -
‘% 0.095 288
bl
PFA /nformatlon L -
|
0.071 1539
=8 g4
3 I l!. .!
f ? E 0.070 342
Inline o " i
Knowled e ' | B =
information oW g 5] oo 22
1 [} .
| - i L
I % ) 0.069 214
19 s |

456

(4]

TestStructue ta e =] oo

Example for Mx line ends

Unique Vector Scan performs
Billions of measurements/wafer
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4. Failure Pareto

ccogs B >1oh Lchag B 1008 ) e E Er
(=i . D
= | i— R A 2
5] B > -
| | - g O Y
I - .
| - iy
| [ | « @p:

Quantify yield impact in PPB stats

Analyze key fail modes across full
product layout

Characterize product pattern
neighborhood dependence for
each fail mode

Apply in TD and ramp for early
learning & characterization

Apply in production for required
statistically significant monitoring
and resolution

Apply in process splits for
accelerated learning cycles

© 2023 PDF Solutions, Inc. 10



PDF Characterization Vehicle® Test Chips ..

Characterization infrastructure

Area efficient and fast-testable Test Chip solutions for data collection
NPl & Mass Producti}L, Inline & End of Line:
ot | [t | ["proset | oo | CV Infrastructure
Product Product Product Product ? H‘E"» 5th generation
% On product b Bl i o / g a =t pdFasTest®
CV® FUII Ret|CIe and xscribe Cv Product Product Product \p,- uct g — E-Test HW
Short-flow solutions Device, Yield, | o o > ™
ParametrlC, Product Product Product Product i
Leakage, eMetrology | ©e | Die | ole Die
1.

Technology Development and Ramp

m Latest generation is >1000x

Dedicated or MPW - .
oRv Systematic On Product: faster vs. conventional
BEOL CV, || Modes = | Direct Probe CV architectures
XFEOLSRCV:
Parametric Device Custom Product
Process Module Layout Modules Bri
margin,defectivity ring-up = Includes parallel
Device, Lkg, SRAN, | IS capacitance, parallel

Metrology, etc.
eMetrology, etc leakage, and pulsed

PDF Characterization Vehicle® test chip = CV® test chip memory test capa blllty
PDFISOLUTIONS” © 2023 PDF Solutions, Inc. 11




Solutions Impact on Technology and Production Ramp

O o5 Industry Average
n = Learning Rate = 0.93
3 2 —
N PDF Historical
2 1.5 - Learning Rate = 0.85
n
S 1-
()]
._,&)_) 0.5 -+
<5
D O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 3 5 7 9 11 13 15 17 19 21 23

Month of Yield Ramp

Tail = % of wafer with Do > 1.4 x median

m  Learning Rate: DO fraction reduced per month
— Benchmarked LR across nodes, products for 20 years
— Indicator of technology ramp speed and product readiness
— PDF’s claim to fame is 2X reduction in time to ramp

m  Faster time to market, shorter time to volume:
— Significant saving in engineering resources including wafers
— Increased profitability and ASP

PDF/SOLUTIONS"

30.0% -

25.0% -

20.0% 1
Foor variation control

—

oX

A

X

=
= 15.0% -
[o]
A b (m]
Xo o o
Median group & . L =]
10.0% -—usezome kind of gadation improvement) * ' ﬂ E—
a
2 * + ey ®
L]
. . o
5.0% ] 2 o |... b]C
Advanced variation improvement and control
Alluserich content WAT (xSCV in PDF language);
AllPDF Process contral customer
0.0% + t T
0.0 0.2 0.4 0.6 0.8 1.0 1.3

MEDIAN Poisson DO
PDF has brought Tail levels to BIC concurrently with
Technology Ramps across nodes and product mixes
— Additional gain of $40-50M/Q realized for 40KWSPM fabs

Variability reduction results in

— Lower Tail to ~ 4% (BIC) — from 10% would gain 5% more good
dies per wafer for 1 cm2 chip

— Reduce rework rates and excursions

© 2023 PDF Solutions, Inc.
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~ Sapience Manufacturing HUB Connecting the Siloes -an

Data Collecti Data
SOURCE LAYER e o APPLICATIONS LAYER
— O p— e i %ms  ORCHESTRATION LAYER o . ERP & Business
Lanm * DataFlow  Data « Job « Data Intelligence

foTaToTa s Ye"8
OOGTO00

0 EXECUTION
MEs 2 ®

Management Governance Assignment Routing

ANSFORMATION LAYER DATA STORAGE LAYER \

* Transactional
Applications

@ 2 .
2 ‘svsml S . - S
> User interface & : > « Machine Learning
A— = configuration semantic S Applicati
e = . Data Storage DB = pplications
0 Data transformation 0
 Factory Applications o Job definition ] =
« Process & Metrology Tools s Security Streaming Data 5 e Custom & 3 Party
* Custom Applications = ! Applications
+ Data Warehouses
» Devices Ent ise Dat
« 3" Party Systems , « Enterprise Data
. CRM y >y Data Extraction & Load Warehouse

m The “Sapience Manufacturing HUB” is an Enterprise Application Integration (EAI) platform

m Provides the generic ability to connect to any MES, factory data system, device or tool
regardless of location and move data between systems and platforms

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 13
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SAP + PDF Solutions - The Big Picture for Semiconductor Manufacturing

Enterprise Business
Processes

Sapience’

Emzaddad
Manufacturing  amsttes

Manufacturing
(Fab, Assembly, Test)

Top Floor

A

o
=

Litsrp I-'(')'I
Remans 0o

Shop Floor

[ ] Poteel

P sraguree

g

L) e Colabanation &
=
Varagemant

— AN
L*Hﬁﬁf _1JL_,\‘“ s
L [ D

@ e
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@

O ® ©®

A common logical model for Product / Assets
supporting next generation E2E scenarios

Extend business process, logic, and data to the
manufacturing edge

Semantic data model for standard pre-packaged
content ready for consumption

Derive business, product, and service insights from
manufacturing

Opportunity

Simplification
— Business Processes, Information Systems...

Closed-loop business processes
Greater visibility across supply chain

Improved throughput, yield, test efficiency, asset
management, factory planning, NPI, TTM...

© 2023 PDF Solutions, Inc. 14



Exensio Advanced Analytics, Data Quality & Edge Execution

Local data

collection and Process <:| <:| Assembly

tool integration control e
i R . ':> ot

Tool control ) R (ram

Local MES / . A, [

. Data Exchange

via integration
of all front-end
and back-end data

Data Exchange |
Network (DEX) l ' Network (DEX)
Operations

OEE optimization, analysis of

escape prevention { ] Cvi and
and yield recovery
N % DFI data

App integration

Process

Characterization
PDF SW for

Test

Customer data
routing

End-to-end
encryption

Secure
containerized
model
execution

Scalable and fast loading with built in redundancy

PDF/SOLUTIONS"
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Guided Analytics: Wide Range of Use Modes RLLE

Structured Analytics & Performance

Flexibility

Structured Flow Advanced Mode
* Fast, preconfigured analysis Highly flexible tool for
flow with few button clicks deep-dive analysis across
Automated dashboard multiple data sets
assessment and structured Creation of templates
analysis flows

Management User

Casual User
Intermediate User
Advanced User

Guided Analytics enables fast time to meaningful results

PDF/SOLUTIONS" © 2023 FDF clitions, Inc. 16



Gui - ‘n
G U IdEd Ana |yt|cs Guided Analytics Executive View
Yield, Efficiency, Quality

¢

Guided Analytics Modules

Q‘I (4"
‘e ©

GA-Manufacturing Analytics A GA-Test Operations

\'4

Exensio-MA, TO, PC,-AO platform

Manufacturing Test

Process Assembly
Control Operations

Analytics Operations

Easy to learn, high efficiency analysis

PDFISOLUTIONST" © 2023 FF Sclutions, Inc. 17



m High-level dashboard provides assessment
across multiple products

m  Preconfigured analysis framework guides the
user through an issue-based analysis path

Yield trends and gaps to target
Wafer-level systematic signatures
Lower yielding test cell equipment
PCM/WAT OOS wafers
Throughput lower than target

Al/ML driven diagnosis for excursion, low yields and
wafer-level patterns (add-on)

m Effective tool for high number of products

m Profiles for user-specific configurations stored in
database

PDF/SOLUTIONS"

Y.ield_Trend @

Yield Summary Statistics, Bin Pareto, Wafer Maps, Parametric CPK, PCM vs, Yield/Bin

51K 36K 12K

wand7
units lost units lost units lost nore
37.45% yield, 21 Lots 9.,84% yield, ts 0.21% yield, 27 Lots
togap ¥
Tool & Site ©F
Unit Analysis A

Yield & Bin vs. Meta-data Analysis (e.g. Tester, Handler, Test Site, etc.)

52K 21K 11K

units lost units lost units lost

e to lower yield on equipment

PCM/WAT 0OS e

PCM/WAT Out-of-Spec (00S) and Cpk

..and2
3.5% 2.1% 1.1%

..

Guided Analytics: Automated Prioritization of Yield Issues

Wafer Pattern

Wafer Analysis

Systematic Wafer Pattern Analysis and Yield Impact

13K 10K 5.2K
units lost ts lost units lost
2,1% Yield Id Im) 1.5% Y
Lot: Lot:
!
Efficiency
Wafer Analysis
UPH Summary Statistics
1.21% of UPH 1 Te UPH

UPH vs. Target UPH for First Pass

Efficiency

Unit Analysis

UPH Summary Statistics

FTPROD7/FT1

FTPROD1/FT2

..and 1

..and 5

26.23% of UPH Ta... 26.97% of UPH Ta... 28.38% of UPH Ta...

UPH vs. Target UPH

for First Pass

© 2023 PDF Solutions, Inc.
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GA Accelerated Root Cause Diagnosis Powered by Al/ML

Module utilizing Al/ML identifies

Daily Top Yield Issue Summary
Program Signal Yield Impact%. Analysis_type Parameter Name Issue . Insert Date . Start Time .
WS_PROG_TPSHAN G HB  LowYield 2490 Univariate >= 196.7 High 4222022 772772019 12.06:04 AM P C M p arameters an d test e q ul p ment
WS_PROG_TPSHAN_G_H8 Low Yield 2490 Interaction >= 196 7/>= -0 8988 High 42202022 772772019 12 06:04 AM
WS_PROG_TPSHAN_G_SB Low Yield 2490 Univariate >= 196.7 High 4222022 772712019 12:06:04 AM . . . .
WS_PROG_TPSHAN_G_SB  Low Yield 2490  Interaction >= 196 7/>= 08988 Hgh 4222022 712772019 12.05.04 AM ||ke Iy contri but| ng to y| eld IOSS an d
WS_PROG_TPSHAN_C_HB 1-Bin_1 - Other 447 Univanate Inc Tester3 Testerd High 4222022 TI2172019 1206:08 AM
WS_PROG_TPSHAN_C_HB 1-Bin_1 - Other 447 Interaction Inc Tester3 Testerd>= 03276  [altl 42272022 7/2772019 12.06:04 AM . .
WS_PROG_TPSHAN_C_S8 1-Bin_1 - Other 447 Univanate Inc Tester3 Testerd High 42212022 712172019 12.06.04 AM b | n Wafe r S p a t | a I p a tte r n S
WS_PROG_TPSHAN_C_S8 1-Bin_1- Other 447 Interaction Inc Tester3 Testerd(>= 0.3276  |aLtd 4222022 72772019 12.06:04 AM
WS_PROG_TPSHAN_B_HB 1-Bin_1- Other 275 Univanate Inc Prober2, Prober3 High 42212022 2772019 12.06:04 AM
WS PROG TPSHAN B HB 1-Bin 1.0Other 275 Interaction Inc Prober2 Proberd/<= 12 36 High 42212022 772772019 1206 04 AM

Yield Loss Pareto

S >18x faster than manual analysis

T TR T '“'“"" TEEEES (e.g., hours vs. weeks for 2000
gl B S
YT products)

s o
faT 1=
:

Root Cause Summary for BinG Vth Edge

* WIr'Sub.Lot Crt

E‘_E : H .’:: . : ‘}' ::;;v,.lxn
# Wir'Sub-Lot Crit and Percent for Selected Root Cause i " :;:-m
Trets by ne @No
s RO ot e e Parameter correlation chart shows
[ more wafers with il Patterrit_cot . R .
‘ : distinct pattern # Pamemte 5 yield roll-off with increasing
= 1 parameter value
Program » i l |__Inthe case of interaction analysss, the second
= 100.00
900 - . el n R, |00 4w T
= ;: 8O0 - o g« " ’ : B>= Xvakie
Zz g .: Y ® G< xvalue
O P —e 9500 "':1 A os::tp;::_cun
vh 3 9400 B IR
5300 ks I yes
9200 % e
3 o ° l 900
Evaluate and mine 100% of the data all of the time! _—
arameter
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Manufacturmg Analytics: Integrating Frontend & Backend Dat

External — .
| | = . -
! [Data Collection and ] i Data <) | ~
i | Control ! ‘
5 s I|II||
i [Data Collection and ] i Deployment I I
'| Control - i <:|
o | a Interactive visualization
______ Internal :Iml:

: ! Data TITIT] —
' | Data Collection and : - —

i Control — : EX e n S I O Mo B e b NER  Detailed J——" o

| i Platform —

I Online — §

| + Deployment == _W i -

|| Data Collection and : g i e | £ = e | "
| Control — ek — | t ﬂ***""" e =

: i “Automation & Reporting ot CEE o

_________________________

m Provides powerful signature analysis and diagnostics

Industry leading application for high volume data analytics & visualization
PDF/SOLUTIONS" © 2023 PDF Salutions, Inc. 20
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New Product Introduction & Characterization Feature Matrix

H Inc. Fail % Cum. Fail % Cum. Fail Pareto Color by
Exensio s v
Capability Manufacturing Partnership . ws ) | B
Anal ytl CS 6.79% so.16% [ | .
460% 9.81% ] |
Test Program Validation & Optimization 135% 95.16% | | .
. 1.15% %6.31% | |
Test Coverage (Never failing / Redundant tests) N s10% | I
Limits Analysis 0.75% g% | I
0.48% 98.33% | |
Specification, Guard band Limit Setting 0.36% 98.69% | |
0.20% 98.89% |
Product Characterization 016% 99.05% |
0.6 E&Z“] I N_20X20 (20 bins)

Wlde / Sweep Data' Hand“ng I Normal Quantile Plot : I Wafer Map

CP / CPK Analysis, VDD / Temp Char Analysis Zi gy i
15 oo i
Fab / Supplier Matching & Qualification . e v B
Reporting / Templates / Release to Production : BT BT ED:QS:G
Design / Layout Sensitivities to Process -
WS/ FT to WAT: Die Level Process Sensitivity - e i

S BN ESENESEN

. IBox Plot I Bar Chart
On Chip Agents s ) .
o o0 - .
- 5 8.70000. 3 &0 50000 ®0c
Fault Diagnostics / o — L i o . e
8.40000. l @7 @ 70
IDM / FAB . 5T T © E
Linkage with process data (fab, defect, fdc, etc) o o
Split Lot Analysis =T e

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 21
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Exensio Defect Management System

WHAT SETS US APART

B #1 end-to-end Defect and Yield Management across
the entire supply chain

Used by 9 large fabs and IDMs in the US, Asia and EU
Compliant with all standard DMS requirements

Highly scalable deployments on-prem and in the cloud

The first to implement device traceability to enable
tracing electrical fails to inline defects

B Fully independent: equipment agnostic with support 6 serr
of all fab data types A

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 22



DMS: Solutions Overview

m Defect Map - Defect data storage and analysis with
mapping capability and alignment with other data

types

m Defect Map Class — Classification of defects to
group similar defects by type for Kill Rate and
Capture Rate summaries

m Defect Map Gallery — Gallery of inspection and
review images linked to inspection site (thumbnail

gallery)

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 23



DMS: Defect-Bin Overlays Bl 5

/I/ ImEI .
et T o .
5 = "= Electrical Bins + All Inline
\ g . .nnn .
H . Defects in one place
" I’ o = : neew
\ g - A°CE Cm o
N L | | -
K ’ T .
\ ‘i a u = == L]
~ Ll @fl 7 ]

Visualizations by lot, wafer, layer, type, rework, attributes...

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 24



Bitmap Classification and Overlay

Configuration

Tester
HDD
o |:|

PDF/SOLUTIONS"

Classification

Descrambling
Summary,

Alignment,
and Overlay

Raw Bitmap
Tester Log

Back-End

Bitmap
Retrieval

B

A
Ll

[l i §
i
i

ii

|

WRRARARRY 1

Analytics

Defect
Retrieval

M ]
iy TR
wifi ] il T
Ty
—
4 ]

[ T -z':‘.ﬁ'i'::.f
NS (o | {]
||l [LILL TN ] SEras
IR e A i
IO [0
Tl N [T —
L1 ENENENET (] O
NN 00N [ Ni§F | WPENE e
T T e TIE T s
I _\rHl] I [ e
dirif 1 ol o
(AN (3 SNENEAEE B i
* Wi A=

Oy e

- = e
= o] [ommom

= o

Defect-Bitmap

Front-End

Overlay
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Process Control: Advanced FDC for Manufacturing Tools

Substrate Fabs Mask Shop Wafer Fabs Assembly

Interface A, EDA | Il
HSMS, GEM300, ... |

.
Real time execution servers
All FDC data managed in one location on
_ Cassandra/Spark Big Data Platform

— e YN

ML-driven Analytics
Automated SPC, OCAP,
Alerts and Actions

= An Industry leader for FDC control solutions ® FDC based decisions and process control

— Over 40,000 process tools under PDF control at tool and faCtOfV levels:
— Online control & offline analytics (real-time & summary FDC) — Reduced excursions & tool induced process variability
— Advanced analysis, Al, ML, SPC, OCAP, dashboards, automation —~ Reduced maintenance resource costs and requirements

— Tighter yield and parametric distributions

Identify, diaghose, & prevent tool problems
PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 26




" Exensio Process Control Applications for Fabs and IDMs i

PDF

1. Superior data acquisition quality : = e SENSOT PO oy
a. 20+ years experience integrating 200 and 300mm toolset cover =X o = LIy T e -
almost all of tool types = o -
b.  Extra sensor compatibility and Interface-A / EDA compatibility R -
e e o1
c.  Sensor audit based on PDF knowledge base derived from e —
worldwide YAFDC experience fr—prrer o ——
2. On-line control: e Vodel
a.  Control limits & OCAP on FDC Indicators with wafer level alarm & e
interdiction & e
b.  Multi-level limits, Multi-auto limits algorithms, WECO rules and i o cranten
Offsets H |8 ( i
c.  Fab Model provides 10+ times of efficiency improvement © 22 et

B In ET, production tools can be heterogeneous in term of
+  Module Type (different equipments in the same ET)
+  Chamber guantiy

3. Auto reporting and Dashboard:
a. Dynamic statistical reports enable flexible management of global

1
o—

FDC status
b.  Excursion diagnostics drill down to trace level effectively reduce ¥ L
FDC alarms N E @ Baseline
. . . —— ) ® Qualification
c.  Configurable chamber matching auto-reports & analysis el 3 = N
templates for auto-diagnostics [ ,. Y

PDF/SOLUTIONS" © 2023 PDF Solutions, Inc. 27



[ J [ J

Exensio Equipment Engineering System Platform

Secured
Data Streaming

SMH

Online
FDC SPC & AI/ML |

Enterprise $
Resource Planning :
(ERP) 7 .
Exensio EES Platform Exensio EES
Manufacturing
Execution System :: — )
(MES) ¢ —

Exensio EES
, Platform Offline ‘

CEl, EPT, CCR . bC ety

| Guided Analytics |

R2R [ AIM Solutions |
Exensio-MA

\(@128 Al Simulation ]

P
Model Ops Platform }

l [1 7] \\ \ ETP/WTC
s \_
~ [ )

A ']

|
( : Health Monitoring \ [
|
,o / N ModelOps | ______|| ____________ .

I | ) Gl Pla;c_’g\rm DZZP Equipment Insight
Sapience @

Equipment OEM Manufacturing
Hub (SMH

PDFISOLUTIONS” © 2023 PDF Solutions, Inc. 28



AIM - Advanced Insights for Manufacturing

B Big Data Infrastructure to connect and relate ALL of the N
necessary data types & built-in understanding of interactions
between design —fabrication — electrical

Software

e Performance to explore,

User Configurable _ _
visualize, and analyze the

Dynamic Workflows Execution
ENEINE varied types of data and apply

Al & Machine Learning

AIM Decision

e Scale to handle the rapidly
increasing range of data

B Application of these foundational elements to provide types, volume, variety, and
solutions to the specific needs of the I.C. manufacturer velocity
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ModelOps and AIM Solutions

Advanced Insights for
Manufacturing (AIM)SOLUTIONS

Customer, Partner, 3™
Party
Solutions/Models

Intelligent Material Disposition (IMD)

PDF ML Enabled

Solutions Yield Aware FDC (YA-FDC)

Guided Analytics — Al/ML
ModelOps

Train or Bring Your Own, Deploy, Monitor and Manage Predictive Modeling — Burn-in

. Adaptive Signature Diagnostics (ASD)
Advanced Analytics
Equipment Trouble Protection (ETP)

Semi-specific data models

Advanced Outlier Screening (ELF)

Big Data System Consumable Cost Reduction (CCR)

Capacity & Efficiency Improvement (CEl)

Differentiated Data, Data Collection and Control

B Availnow [l 2024 [ Beta
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PDF Platform Model Ops Enables Scaling & Performance

large numbers of models, big data volumes, real-time inference

~Model Storage

training infrastructure SET Bio Diata st
e Attributes
. Results g
m Deploysto Cloud & real-time Edge Metrics

Inference Engines I

. . -Data Store,  ~Model Training — ~-Model Inference ———— ~Live Data—
m Integrated with the Exensio platform ~Engines
. Validati Ed
to leverage semi data access, Training el -
. - Engine m Cloud Upstream
analytics and control End-to-End . "Mfg Data
MFG Production Date 2N
m Central Model Storage System P — o l v.
o Models
N Data Data = '. '
. . Training O eploy
m Dynamically Scalable Big Data model Pipelines \ / had Model

Analytics, Monitoring & Alerting

Model
Comparison,

m Bring-your-own Algorithm / Model/
. Executive & Results, Quality,
Inference Englne Engineering Performance,

Dashboards Drift History Log
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YA-FDC Yield Aware Fault Detection & Classification

m Combination of technology and services that utilizes Exensio’s FDC & YMS ‘big data’ and applies Al/ML
— Implements better characterization of process variation

— Identifies equipment conditions and variability that influence functional and parametric yield & sets appropriate
SPC limits through proprietary analysis and modeling techniques to identify critical parameters

— Automated analysis, dashboards, & reporting that drives fast improvement on yield variation & cost reduction

m Includes Al and Machine learning such as
— Predictive models to for finer control including feed-forward and feed-back control options
— Predictive PM’s to optimize tool availability
— Virtual Metrology driving adaptive sampling for inspection and metrology

+8% YIELD 40% Reduction 7% LR increase

! Reduced Variability Excursion Reduction Faster Yield Ramp
* Al FDC Benefits Demonstrated E .
S | | | | N 28nm Tail% vs. ARIMA
- 8% Yield Improvement % as TlGHI&;[.)SloSA]TTRA,BLL)JTION 8 # - TIGHT MAINDISTRIBUTION :
=, | | e S 8 2 e
— 40% Excursion reduction 3 . rooRvaRMBLITY b =l W i i
S N @ n - 3 >
— 7% Faster Ramp of New Products 21, A = ] / |
o j'; \\,\: © | | EXCURSION(S) : y * % ¥ty
T s .‘: ";" qf_c 1% o ‘: A‘AA 0%
g . Vi & 3 . Mf v ‘\...u 0 0s oazmmliﬁwmgw 0% 0%
yield% yield%
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Yield Aware FDC is built-on a scalable ‘Big Data’
platform with superior performance vs. RDBS

Yield Aware FDC control plans use feedback
(correlations & modeling) to find the important

signals to be tightly monitored & controlled
— Response data (Metrology, NPW, Defect, PCM, Yield, Events)
— Sensor, PM, and FDC event data

Yield aware uses machine learning tools i.e.
advanced MVA, virtual metrology, and predictive
modeling to provide the insights needed for high
quality & reliable parts manufacturing by
improving tool/process control

PDF/SOLUTIONS"

Yield Aware FDC uses ‘Big Data’ and Machine Learning

L
Cgbﬁ Message Bus (HornetQ) h> <:> Outbound API
B <::> %_ Parallel Cluster/M nbdes - :
Summaries
 CE— and
I I ata
<:> s B =

‘ sjool Alquassy qed ‘

=]
[=]g|<—>| 8
| 2
3
Q
>
U
Files / Integration R . - .
DBs 0 B Two main methods of real-time data ingestion:

e Tool integration using an agent — PCE

0 e Data fllc? loading using a ref':!der —.Exl_?eader _
« This includes an extensive integration library for extraction

and pre-processing

it — S ]

Hybrid multi-variate model

Example: Linear + Random Forest (many other algorithms available)
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YA-FDC Solution Examples

* Predict wafer failure at a process or test station using upstream tool sensor data
* |dentify root cause of failures quickly by linking back to significant features

* Using tool sensor data, predict when a tool will go down or need maintenance
* |dentify root cause of tool issues

* Predict Critical Dimensions (CD) for specific process steps using sensor and inline data
* Immediately identify excursions and extend consumable life

* Use data from throughout the fab to predict wafer disposition
* Use data from unit process operations to predict non-product (NPW) responses
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Tor [ ]]]
PDF Solutions Platform Capabilities for Fabs and IDMs

Key functionality that enables customers to achieve high value results
20%
Connects and collects the online manufacturing/test data improved
Industry Brings all the data into the learning process AU
Data Adds context and meaning with industry specific semantic

Industry specific training pipelines 10%

Improved
Utilization

Secure Combines in house and 3rd party models and algorithms

IP Sharing Develops secure and IP protected data sharing, extends
learning beyond single enterprises

2X

Faster time
to Revenue

Enriches process control and test logic with Al & analytics 30%
Industrial Deploys upgradable and flexible equipment integration Improved
Readiness Optimizes equipment and factory availability with Al Quality
Ensures mission critical operation with Al enabled IT Ops
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Al Focused Roadmap of PDF’s Advanced Solutions

<> PDF’s vision and mission . 2023 & 2024 roadmap focus
m Vision: To be the world’s leading data and m Using Al to connect design and analytics
analytics platform spanning the semiconductor together by developing unique data and apps,
and electronics ecosystems. including with partners, for diagnostic

(including DFI) and adaptive test

m  Mission: Provide innovative solutions to create, m Using Al to generate unique observations to
access, and organize data to enable analysis characterize process & product, and feed into
and control for semiconductor and electronics PDF’s overall Exensio platform to help our
companies to achieve better time-to-market, customer to achieve better yield, quality, and
yields, quality, and operational efficiencies. operation efficiency.

PDFISOLUTIONS” © 2023 PDF Solutions, Inc. 36



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

This document and its contents are the Confidential Information of PDF Solutions, Inc. or its
subsidiaries, and are solely for the use of PDF Solutions and the customer in accordance with
written agreements between them. Any reproduction or use of this material outside of the
customer's organization without the written consent of PDF Solutions is prohibited.

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.

© 2023 PDF Solutions, Inc. or its subsidiaries. All rights reserved.
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