PDF /SOLUTIONS

AIEXECUTIUE ‘
CONFERENCE

Anali’/tiz_cs and Al W
Helping Transformation

Aziz Safa

Vice President & General Manager
Intel Corporation

intel foundry



Exponential Increase In

Demand for Data and Compute
We're
here

[ |
Mobile +
Cloud Era 10*
10B Cloud Peta
Connected
DISVITW=IS

PCEra
1B Internet Connected

1012
Tera

1980 1990 2000 2010 2020

PDF Solutions Al Executive Conference intel I:OU nd ry



Explainable Al: Unlock the black box of
data with Analytics and Al
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Explainable Data and Al: Integrated data, traceability and
algorithms for Analytics and Al

Fab-Sort Advanced Packaging

Wafer Level Assembly
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Solutions enabling fast Assembly, Sort to inline Fab correlation analysis

PDF Solutions Al Executive Conference intel foundry



Explainable Data: Unlock Analytics and Al with a data strategy

Historical Relational Data
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Sort/Class Data

We’re here

Approaching one
Exabyte by 2026

740 PB and growing

Wafer/Unit Defect Maps Wafer Maps

Challenge: Making all the data easily accessible for Analytics and Al
Fast | Pre-Pivoted | Pre-Joined | Pre-Summarized
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Al-ready data

Manufacturing Leadership

: Q< : :
B amy
Labor Productivity . Equipment Productivity . Factory Productivity . Yield & Quality

{{IDEAL Al/ML Libraries f e
imBigData - =
Intel Mfg. Big Data (On-Prem, Petabyte Scale Data Systems)

Intel Mfg. Cloud (On-Prem Private Cloud, Deployed Globally)
CPU | GAUDI
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Intel Foundry Private Cloud: imCloud
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F11x (New Mexico) 4,208 26TB
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F24 (Ireland) 8,304 50TB KM/S33
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F28 (Israel) 8,304 50TB
F32 (Arizona) 8,304 50TB
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imCloud Sites

CDC (Arizona) 4,208 26TB [/
CD/S46 (Chengdu) 4,208 2678 Transactional/Analytics Systems Purpose Built Al Training
< KM/S33 (Kulim) 4,208 26TB

Die Prep Advanced Packaging Mask
VN (Vietnam) 4,208 26TB

\ PG (Penang) 4,208 26TB
S
' ‘i CR (Costa Rica) 4,208 2618

IMO (Santa Clara) 1440 30TB
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imCloud enabling new Al/analytics projects
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imCloud enabling virtual metrology imCloud enabling autonomous equipment control
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In-line real time manufacturing usage
Machine learning as a service

Inline
data

mmmmd  !deal Algorithms

Significantly improved poly
i gate height control
ML Adapter .—> P"T'::;e’ "B v APC

In situ

Offline { Algofile ) sensing data
SR

Data Handling Utility Model Utility Simulation . T ¥ IdealACE

Raw Data Structured

Variables structuring variables for

(incoming (Pre- ACE models
NMT, Post processing, (Last n rates, n
NMT, screening, so pressures, rate

Prod..) label) by head/pad,
Incoming NMT)

3-5x increase in deployment velocity | 15-30% variability reduction with conventional APC models
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Process Variability Reduction

Run-to-Run Control to automatically adjust tool recipes to compensate for process variations
and keep Critical Dimensions at targets utilizing linear & Machine Learning models

Goal: Drive variation down to Cpk > 1.33

Base model explains 80% of variation.
With APC simulation improves variation by
42% and 23% for APC and ML-APC

Basic FF
APC

10 to 60+% variability reductions

APC FF+FB
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WAFER_RADIUS
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Wafer-to-Wafer Within-Wafer PM Life
Feedforward Added Zone based Extend polisher pad
adjustments Feedback adjustments life by compensating
for reduced for better for tighter for wafers runs

variability targeting wafer profile

®

Wafer Losses Throughput

Manufacturing Costs

Manufacturing Quality @

Yields

®

PDF Solutions Al Executive Conference

intel foundry

10



Al assisted Process Flow Optimization

Condition Actual V ‘

Adjustec :
B dpsted Predicted
[0}

Target (69) —ﬁ%

Actual wafer Actual wafer

méasurements measurements with

customized Al correction

\ Al Model /v\/

Predicted
outcome

Result: With data trained Al model - customized correction reduced 1o variation by 5X.

This opened many new Al opportunities
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Autonomous Machine Learning Discovery & Prediction

FAB

Predictive Die Kill (PDK)

Per unit test optimization

Automated Modeling and Prediction System

Test Time Reduction Yield and Quality

-
=
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~10% Yield on MCP
Sustained over

product life
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Utilization of LLM models for Labor and Equipment Efficiency

e Internal On Prem using A8
e Qur fGenAl platform for serving Large Language Models (LLMs)

®* On-prem mode supports hosting LLMs fully within the MFG firewall
and is targeted to run on the Intel Gaudi platform

e |Leverages ~750K docs across domains (process docs, wiki stores,
service tickets, tech manuals, etc.) ¥90% accuracy in responses; .

* In development: LLM models for tool error and quality events
® Tool error response through historical precedent

e Troubleshooting through maintenance data system accessing

e Expected to provide 4-7% MA benefits

Mfg Data, Maintenance Similarities,
Autowiki Schedules Emails

Intel Vision 2024 Live Demo At Arizona Fab

Enterprise Enterprise

>

Data Outcomes

Flexible Infrastructure Orchestration
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PDF Exensio for Intel Advanced Packaging

Exensio Manufacturing Analytics for Assembly, Test, Advanced Packaging and Substrate

from multiple process © Templates standardize, streamline and
steps and data sources. workflows via

Template View Summary
R o 1 sy A S « Pre-select programs (Test sockets /
s Products)
Fa b Sort ETeSt s « Template generalized across
00 : 2 sockets/prods
T 2 « Select lot(s) for raw test data
2 : i visualization

+ On demand raw data
extraction/visualization

« Visualize aggregate heatmap of
EMIB 10 Fails

« Integrated and interactive design
visualization

Die Prep — Wafer Level Assembly

« Zoomed view of EMIB 10 GFA
= Visualizations inform indicator
creation

) Je =]

Package Assembly Test

Substrate

Wafer to Die Root Cause Analysis Substrate Defect Analysis
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PDF Exensio for Intel Advanced Packaging

Stacked Die: COEMIB - Assembly Health Monitor Test)

Trend for Yields and Custom Bin Group

Test Bin and Functional Bin Data

EMIB 10 Unit GFA

Integrate First Level Interconnect Design

Complex disaggregated products require:

* Custom Indicators (On demand)

* Ability to integrate and visualize design information
* Commonality across all manufacturing data.
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Transformatlon |s a journe
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Core =<
Infrastructure

Al education and tools
and algorithms to
enable our workforce

Al-ready data

ML based operations
control systems

PDF Solutions Al Executive Conference

. . t v“* fopstimff |
Delivering '

Advanced
Processes

Reducing variation
through advanced
analytics to meet Cpk
targets

Operationalize and
transfer new sustaining
models for Al based
process control systems

Enabling
Foundry

Advanced Statistical
Control systems for
optimized factory and
process control

Generative Al and Al

factory modeling for

labor, planning and
virtual metrology

Moore’s Law

Research

Industry Al solutions

enabling fast Sort to

inline Fab correlation
analysis ,

Accelerate Equipment
Digital Twins using
Industry Standards
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All product and service plans, and roadmaps are subject to change without notice. Any forecasts of products, services or technologies needed for Intel's operations are provided for discussion purposes only. Intel will
have no liability to make any purchase in connection with forecasts published in this document. Code names are often used by Intel to identify products, services or technologies that are in development and usage may
change over time. Product, service and technology performance varies by use, configuration and other factors. No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by
this document. Learn more at www.Intel.com/Performancelndex and www.Intel.com/Processinnovation.

Reference to research results, including comparisons to products, services or technology performance are estimates and do not imply availability. The products and services described may contain defects or errors
which may cause deviation from published specifications. Current characterized errata are available on request. Intel disclaims all express and implied warranties, including without limitation, the implied warranties of
merchantability, fitness for a particular purpose, and non-infringement, as well as any warranty arising from course of performance, course of dealing, or usage in trade. Statements in this document that refer to future
plans or expectations are forward-looking statements. These statements are based on current expectations and involve many risks and uncertainties that could cause actual results to differ materially from those

expressed or implied in such statements. For more information on the factors that could cause actual results to differ materially, see our most recent earnings releases, annual report on form 10-K and other SEC filings
at www.intc.com.

© Intel Corporation. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Other names and brands may be claimed as the property of others. This document contains
information on products and technologies in development.


http://www.intel.com/PerformanceIndex
http://www.intel.com/ProcessInnovation
http://www.intc.com/
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