Cost Effective and Technically
Competitive Nova Lake 8nm PCH

Negotiated $235M in value, enabled
platform compatibility

Cost Capability

NRE, IP cost coverage Supplier Design service
Switching cost payment $ 235 M Intel/39 party IP porting

5 . T
30% lower die cost NRE/price |P customization

Capacity reduction value Cooperation

Supply assurance through ‘24-'28 Engineering collaboration

Flexible supply/ purchase excellence
commitment terms oadmap based engagement

Enabling multiple generations of desktop CPU to market

YEAR 2024 2025 2026 2027

Leading Client
Platform

PCH MTL-PCH (14nm) NVL-PCH (8nm)

Arrow Lake Panther Lake Nova Lake Razor Lake

Supporting CCG’s architectural evolution

Platform compatiblty and

PCle5 upgrade across 3
5\ CPU generations at the
A%\ - total lowest cost.

Reuse of external 14nm
Power Efficiency + Al at Scale Leadership Performance/Watt pr O d U Ct Wlth m | N | m al
platform cost.

Team Acknowledgement:
EMS, TEG,DEG, FTE, CCG
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GEMS SHOULD PRICE MODELS

Authors: Jelena Culic-Viskota, Sandeep Kumar, Beilei Zhu
Kousik Ganesan, Ana Phillips, Daniela Stickel, Max Wu, Srini Moola

Fab-to-Finish Cost-Efficiency Unleashed:
Counters Competition and Bolsters Intel's Market Position

Relationship Intelligence

Trust and collaboration .

with Intel Products Jalicziigs bottomls 4P

& Intel Foundry >$-I B anatysis
| CCGPnL ¢

Mode Impact Influence

Cover Packaging, Sort Drive pricing negotiation
and Test insertions & Benchmarking

Methodology:
ethodology $ / hour or $/ unit

Margin

[teration of inflatio

Utilization, yield,
Overhead,
Margin etc.

Should Tool
Price

Should

Lab
abor Cost

Material

Bump and Assembly Should Price Model Report

SotETTat FTETTat FTETTat

EOL (sec) PRO(sec) EOQOL(sec) PRO(sec)

Packaging choice impacts $

. (. R EO PRO EOL (se
GEMS Fmal 1est bt !
o g Sort cold | T
(ZEMS St P =Taa) 1000
. t _ _ _ _ 8] 10.0
MG Final test cold Price information hidden 75.00 75,00
MY Firal fest extreme oold . . Fi=laa 200
e — for security compliance S s
A Sort cold _ 7o T
Pl et FimaEl Test bl e 0 500
. aw Lhe Fopew Uit Pr

~0.8X
~0.7X

Foveros 2.3D-BT 2.3D-RDL

GOTO/GEMS-SPM ﬂ Azure Cloud Centralized and On-
r?l demand Analytics with Self-service Power Bl
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Product Package Development
forIDM 2.0

Enable Intel Products with Worldwide Assembly Capability and Capacity

Comprehensive Complex supply chain

Full Portfolio
of packaging

product applications management

solutions for
IDM 2.0 Extensive Si foundry

Cost effectiveness : ]
Integration

Packaging Product NPI Portfolioand Summary
- IIE!!

Thunderbolf 3
hat does it all

5 Product 5 Si Foundry 8 OSAT 5 Substrate = 5 Component & 22 Products
Architectures 10 Si nodes Factories ST0] o] o IT=T- TN \Y =10 g [T gVARSTV] o] o] [[=145

Packaging Product Development Highlights

Resilient supply chain Competitive product Effective Strategy &

for: cost: Methodology:
 IncreasethelF $6M lifetime saving and e Streamline key
flexibility: qualified first ahead of time for FmP2 & deliverables & roadmap
PCH(MTL/ARLPCH) WhP2 by increasing strip Create automatic NP|
w/two OSATSs. dashboards for
Enable Intel Product N GEMS/BUs with

w/OSAT: Huddle Bay to 7 email/message time
meet cost/time req as reduction of 15%.
the first Intel 16 product.
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Maximize profitability through excess liability
management and innovative revenue sources

Contact Authors

Retail Channels

Amazon
Newegg

Excess Liabilities

Demand Generation
Scrap, Cleanup

Enhanced

Cost Mat. Profitability Intel Benefit

Spending Discipline e-purpose Excess Drives to
Capital Reuse & Resale Intel Network

|OG Excess Material Liabilities Cost Management Benefits to Intel
» Inventory Management » Operating Margin Task Force
» Demand Variability » Supplier tier pricing & negotiations

> Scrap Avoidance > Assetreuse andresale - >$25M cash
impact to Intel

.m.
@)
N

$Millions

» Supplier Negotiations

April'23 April'24

Revenue & Cost Avoidance

$806K revenue thru sales of excessclient Wl Saved Intel $444K by using Intel Network to
drives to Amazon and Newegg re-purpose excess drives

Total Revenue thru Retail Channels = $806K Savings by Product Family

$180,000

$103,968
$17.100 7160,000

$140,000

$120,000

$184,710 100,000

$500,625 ’

$80,000

$60,000

$40,000

$20,000

I — —

S_
COLD COLD PYRAMID MANSION  ALDER  BRIGHTON  OX CREEK
" 305P360G = P1600X58GB = P1600X 118GB 905P 1.5T STREAM  STREAMDP  GLACIER BEACH STREAM BEACH
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Quality First,
Success Always

Impactful outcomes through a dedica_ted quallty mt'gtcijcsne;c]; o
» Fasterresponse time to bug sightings & quicker |mplgmen nd solver overhaul.
features via high coding practices in SCIPIO Supply/Dema

DRB.
 Reduce excursions by 75%in 2022 & 2023; 2024 YTD has O MRB/
* Cutdown excursion closure time by 40% in 2023.

Boost 2023 EES quality score by 15% (2024 EES results on Circuit in July).
° OO

Bugs Reported & Resolution Time

B Bugs Reported  ss#s=Time to Close (days)

. Q1'23 Q2'23
) Q4'22
Q2'22 Q

Optane MRB/DRB Cumulative Excursion Count
\

= MRB DRB

I—
e

B

B

I—.

_—— pgenca

- v 1 -
lity 2023 202
~ a
« What is QU 2021
— LML Framey « Why Quality —— g ”
y CU\tUre What are Quality 1ssuU€
.\

+ |
Address Quality |
oals a Build/ Measure/
LEAD oy examp\’eﬁ.«ﬂ ty in every ”fy : i «.1;\‘3 = How 10
« Re the VO A .. 1“.

e | Optane Quality Culture Refresh Class is
ind improve AUet - work by 1de Optane Quality Goal/ Current ok - \
mp avone to perform Qe rev = Optane

Action -
veryo NVhat's Next/ Call to cti
e ev y / \I

: | | designed to enhance understanding otf ;
s Intel's commitment to quality, suppo

a Summary
o Reward ¥'= = ent

and 1IMPIrov

' sletter that
by Optane Quality New

) ‘1‘1‘: ymer feedbd 1 ) o H 1 I t Work'
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LEARN COnt anging custor Cusines ——~resses OB thelnto
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\ BT, stressing n
* - stom ‘ you EZ .
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l‘ t escapes ternal Cus interconnections pe:
\ To preVen to our In customear goals ang WE DELIVER
\ revent escapeS s e issuesm QUALITY
| P o ed and caug
\ creat team
‘ same
| gof & by the
vents
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di
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ot example and be the voice of importance of 3
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‘ Quaht}lﬂ CL{I andraise @
' Pat Gelsi :
ll Es(ﬂpcs Irel s committead n:,_nu at 'EISIHXET The objec
\
\ - —_—
‘ " Time
|

How Does infel Use Afin Ma
using Al to sotve compilex m
Rrocesse: and avercome hi
challenges. in this tak ve o
engineers, eguipped with g

algarnithms thar automagtical
. Causes, con enadle timely
cC hieove personalizea unit testin
—

improve al product neatth j

number of defects through

&_ b ut a CapACity. Join us 1o break fr
/ \

Tradifional radesi pet rEEr
e B

Recogniring good quality ix
important to Quality Culture
achieving Quality Outcomes!
variety of quality awirds gre ayaf
o recognize contributions at diff
bevels. To lesrn miore, elick HER

B Feedback to this newsletter? Send suggestions to
opk.mc‘vrnesc.qu.rll!-,'

Sintef.com

Kathleen Bauguess
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Volatility and The
utsourcing Paradox

External Manutacturing Can Actually Help Intel Foundry's Bottom Line

\4 Nouar

u
o llls A ‘ Ollf=s
o \© /

~ $700M of capital decisions in Q1'24 were mformed by GEMS analysis
» Volatility-based guardrails for capital pull-in/push-out are being

implemented in Q224 LRP
» Additional projects underway to explore dual-drive opportunities to flex demand
in/out to help optimize Intel Foundry internal loading while minimizing capex

Predicting market/product demand
can be challenging

And more challenging to predict wafer

demand (which adds risk to capacity planning)

Demand Forecast Volatility

“Bullwhip Effect” for PC TAM SOM/TAM impacted by MSS shifts

PC TAM FC- Actuals (% error)
Client market stabilized ~ 2016 (prior to that was
% , 400
_ losing share to tablets and large form factor phones) =
g 0% 350 g

PC SOM/TAM FC- Actuals
so%  Significant MSS erosion post Zen 2 (2019), M1(202Q 4y,

] \r OUt —

__FI
Server TAM FC- Actuals (% error) Server SOM/TAM FC- Actuals all nodes
30 b 120%
T 2 so%
25 = 100%
o 40%
— 20 = %
- 5 30% 80% =
= ) o Z
15 g 2 20% 60% §
z = 2 1o 5 We see > 50% forecast variability for wafers
o 016 2017 2018 2019\ 2020/ 2021 2022 2023 10 - 40%
o 0% L/
= = _=
5 @ 10% 2014 2015 2016 2017 2018 2019, 2020/2021 2022 2023 20%
20% 0%
— — Is e — Qtrs out from ForecastPeriod
/ o Sources :LRP Demand Q418 - Q3’22

FOrecaSt \/a rla bl | |ty Forecast error: (Forecast — Actuals)/Actuals

, LRP Delta/Act
Data from Data for 5/7/16/28nm nodes across all external suppliers

% J, :!:
| |
|

300% o o
Forecast error: (Forecast — Actuals)/Actuals S50% T
1
|

50" B &
0% - g hx} q
b 8 2 2
i = § &
L
2 qtes out 3 gtrs out 4 gtrs out 5 qtrs out & gtrs out 7 gtrs out B gtrs out O gtrs out
Root Mean Square Error (RMSE, similar to
standard deviation) is a good metric for variance
100%

All Data Staggers (LRP FCvs Actuals)

mmmmmmmmmmmmmmmmmmmm
NNNNNNNNNNNNNNNNNNNN
HHHHHHHHHHHHHHHHHHHH

OOOOOOOOOOOOOOOOOOOO

| eads to underutilization and/or lost

demand upside
We have seen 50+% volatility within capacity lead time

Looking to develop sourcing strategy that maintains high internal loading by shifting volatility risk to external (“volatility
insurance”)

Utilization as a Function of Forecast Lost Demand as a Function of Forecast
Factory capacity = 100% of demand \/ ‘ tlt
94% Utilization Volatility Y
(Lost demand =5%) 100% 50%
20% g Fully Utilizated but Demand Lost 5 40%
| 90% =
aaaaaaaa F © 200
L S 20%
II b 70% E 10%
Lo 09
I t | - 60% = o . o oy
EFEEBREBEEENSREREREEE 20% 40% 60% 809 100% % 209 40% 60% 100%
mm“’@““wmmmaa::uumm::ﬁ RMSE RMSE
Fac ryS (/ fD emand) Factory Size (% of Demand)
—120% =——1109 —90% =——809 —120% ——110% 00% =——90% =—80
ity = 50% of deman Forecast volatility significantly impacts utilization (and ..But “overbooking the plane” significantly limits
80% Utilization Can't be m|t|gated byJust "Overbooking the plane") Ourabilit\/ to service customer upSide demahd...
(Lost demand =20%)
ul Utilzated but Demand Los ..and can significantly impact customer goodwill
F % Capacity
% 15%
E 10% o/ u I n n
- 80% utilization

S SRR RN RN RN o
S E S S B EESBEEEESEREEE Volatilit
i i i Some Sour Y “IFS helps IDM and IDM helps IFS”
- Schede Changes Pat @ Investor Day 2022
e YieldEn ttl ement —Pat @ Investor Day
« Market Fo t/TAIVI .
Volatility significantly “flattens” demand Market Sh ast (productc mp etitiveness) EUt Intel Foundry Txﬁler?gl.guit())mers will make
probability plot..eads to lower utilization and « Product mix h ft (p oduct competitiv ) orecasts more volatile (initially
more potential lost demand upside . Cu tome er/Pr d ct Portfolio
 Sourcing Decisions/Relationship Dynamic
GEMS analysis based on norma | demand distribution.RMSE = mean square for or (volatility as a % of demand). Owner: Mike Jacobso

And can’t be mltlgated Completely by
changing factory size (relative to
demand)

The size of the problem*

« Multiple Billion $ of capex and underutilization is
at risk from volatility on each new node

A robust external corridor allows:

1. Developmentofa“smart” sourcing strategy to
help the reduce the risk to internal loadings
2. BU access to best available external process
(equal to or greater than competition)
3. Accesstoadditional capacity to help cover
extreme demand upside cases

Good results but partial success so far:

Volatility analysis used in partnership with FMSC
Strategic Planning to inform Intel Foundry Capacity
strategy in 2024

..full benefit requires Cooperation from Intel
Products, Intel Foundry, and Intel Corp. to develop
comprehensive end-to-end capacity strateqgy

. using industry benchmarks and published capacity plans
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PRF Volatility Dashboard

Using data and transparency to reduce cost and
improve supply of external wafers

Forecast volatility lead's to...

f Expedite Fees
Inventory Buy-ahead risk M

Cash‘ Supplier distrust

Forecas' Volatility

But by reducing volatility, we can... @

Safely reduce safety stock

Stabilize supply = Stabilize BU impact

Avoid expedite fees/premiums

@ And also...
@ = Trust

Negotiating Position

<
-
-

_ \(Highlighted Cycle | [ Bias
Capacity Group
90 56(y OrderMonth OrderMonth-1 OrderMonth-2 OrderMonth-2  OrderMonth-4
: 0
T5MC - 006 i _4.54% 14.77% -9.40% -13.05% _10.61%
Accuracy
e ~ d Underestimation Ohverestimation
——5L X PRFOrderMonth @ PRFOrderMonth-1 @& PRFOrderMonth-2 @ PRFOrderMonth-3 PRFOrderMonth-4 Highlighted Cycle

20K

10K

o8 )

- 6\ect Team:

2\
® N Sachin Rastogi Tian H
0K lan e
202309 202310 202311 202312 202401 202402 202403 202404 20 Rob O|SZtYI:\ Dave Bonner
Fiscal Month Bernhard Flegl
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Foundry Business Model
Python Refactor

Foundry Business Model is a Top-Down End-to-End Profit
and Loss Simulation of a Foundry

Anticipate Price Developments
Help BUs/IFS

+5% Delta

Support FSM Compared to
Actual PnL

Set Reference Prices

Assess Production Expenses
Aid TD/MSO

Major Improvements

Microsoft®

Excel VBA

» @ python

Maintainability Reduced Cyclomatic Complexity by 90%
Flexibility Modular Code Simplifies Feature Addition

e Cyclomatic Complexity Score Improvement

140

HVBA B Python
120
100
80
60

40

20

Input Data Report Investment Economy of Scale Update Company Facility Copy Paste
Structure Investment Capacity
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intel

Manufacturing Disc
Ensure ProductY

OPTANE

Manufacture
PMEM SMT Yield 99.

\

\

DFT, Design for
Test

PMEM >99% 1Ist Pass Yield

M

B — >

ey oyl o
“:// rvg "t | T 1 \
/i ,‘/‘7,(‘ | ,\Vt\\\\\ )
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Al-Powered Manufacturing

Revolutionizing High Volume Manufacturing for Superior Yield Outcomes!

Al based EWS ~1% Yield Improvement
Al- Early Warning System ~$2M COSt Saving

Wafer Pattern Recognition CMP Brush Count Restricted: Avg Yield improved by ~1% for high volume
Al/machine learning model used into -
External Manufacturing HVM product
flow for detecting yield defects.
Annual cost reduction of

$4M

~1% YIELD BOOST

SORT WEEK

14nm CMP
Brush Count

Restriction
Success Story

One Intel

. ONE INTEL
Inﬂuence MUItl Strong Collaboration between Intel’s

Cross function Departments:
PrOdUCtS Al Solutions Group & External

ADPSHVM) & MTPS®en Manufacturing EMP

Artificial Intelligence-based Water Auto Crash flow
identified yield loss correlating to Chemical
Mechanical Polishing (CMP) brush lifetime resulting
into ~1% yield gain and minimum of $2M in cost saving

t I Global External Manufacturing and Sourcing Poster Pop-Up 2024 .'-
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Needle in high volume
manufacturing...

Enabling automation and fast external manufacturing data and KP|

adCCeESS.
Multiply

£ 77 '

l

° ]
[ ]
‘e @ ¢
® ® R
o Azure orchestration Early Warning System
° eMap issues and transactional
system
® O
@
0°0
relap deliver failure Use AISG wafer pattern recognition
=Bump map sent instead of ] ] ]
eMap to improve speed of failure detection
. .
d re@’ - -
\ ) ° ° — Regional Innovation Hubs
. ® Automated ingestion WIP
Lack of consolidated .
WIP information of data and PowerBi management
‘ , .. ° dashboards Dashboard
o
0r°0 Aland ML
»Manual Excel Drive Approach trainiﬁg fC-'lr
*Error prone
*No central dashboard whole
organization
. .
o ‘e
0@ °.
Missing consolidated @
Yield and Target
® infrastructure
@
eco0°
® 0

=Yield actual and targetin
different sources
Dave Bonner - Optane -No Ul to help planner

Ben Sala - Optane
RockKe-FTE

Bermnhard Fiegl - EMSP OE
Sachin Rastogi - EMSP
EMSP Jun Sung Kang - EMSP
EMSP CE OE
EMP->FM, APM, TM, MOE
FTE Deepali GB 2 - EMSP OE
EMS
Q&R Patrick Huang - EMP ->
APM
Sylvia Zheng-EMP ->
APM
SyuanYi (Kevin) Lee —
EMP -= APM

Rahardjo, Emmanuel
Santosa—EMP->TM
Mengjiao Zhao —EMP ->
™
Jeevan Kumar - DE

Arnab Chakraborty - DE Jessica Hu -EMP -> FM
JitendraX - DE Yu Sheng (Victor) Ho -

AnkitX - DE EMP ->FM

SharonYu-D5S Joe Chiu— Q&R

Yuanbo Wang - D5
Adrian Crisan Wee Hong Goh - MQE
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Efficient Diagnosis / FIFA for RCA
in MTL Products

More than 1.6K wafer impacted — Impacted yield ~0.6% below the
Q124 goal

Problem FIFA

Process defect / excursion Diagnosis / further
has impacted FA delayering /

1.6k wafers affecting ~0.69 M h TEM/EDX analysis
yield Ore t a n confirmation

Root Cause _ CIP
oWF remaining cannot be SaVI n gs Several Foundry

detected from KLA (in-line) CIPin place
Cell-aware/chain diagnosis arée 39 party FIFA vendor
demonstrated ool procedure improvement

Case: | - Bin 21
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Other Cases Supported for Yield Improvement:
Case: |l -Bin 8
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Find Sensitive Layout Patterns

Find layout patterns that cause systematic defects
in High-Volume Manufacturing Production

Rich Data

based on 50K wafers
per every week

Realtime Analytic
with Volume-Diagnostic

Sustainable

with layout pattern
catalog database

Time-to-develop
by utilizing EDA engine

Capture & Matching Result (Hits/ Matches)

ID#] pattern has been repeated 12 times in entire chip layout

1D | Fault Type

) M

= #1  Open-1 Vi

o M

M

O My

) M-

)

© M

¥ 43 Bridge VN+3
-both N+2

M2

M6
#4 %F;iﬁ Ve 6 131,704,20
I\/|N+5

Analysis Results
Certain net with ID#1 has been checked 6 times in different fail Dies (L/W/D)

Lot A-Waferd Lot B-Wafer22 Lot C-Waferll Lot C-Waferl/

Pattern Analysis
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Cell-Aware Diagnostics

A Technique to Refine the Failure Analysis Candidate Selection

Motivation
= Cell faults can be one of the significant failure mechanisms

» Cell-aware diagnostics can enhance Physical Failure Analysis
(PFA) candidate selection by pinpointing faults within specific cell
locations.

= Suspect area can be reduced to 10%-1% of the cells” area

Challenges
* The absence of cell-aware patterns

= Unavallability of cell-aware diagnostics flow during production

» Unavailability of the DFM —Aware User Defined Fault Model
(UDFM) library (N6)

Solutions

S * Developed the augmented diagnostics flow that operates offline
Analysis Flow as needed

» Used the existing production Stuck-at patterns and failure logs for
the cell-aware diagnostics

» Developed and validated the DFM-Aware UDFM library (N6)

= Validated the effectiveness of cell-aware diagnostics with a few
PFASs

Results

. Layout : : . . . .
SPF Netls o * Library creation methodology is being disseminated to the relevant
Xlraction
ntel teams

» Ready to deploy for HVM of new designs with advanced nodes (N6
Cell-aware Analog and N3B)

Fault Model Defect Fault : : -
Generation [l Matrix Simulation = Can analyze logic failures within standard cells

Analysis

" ail_sat pT— Dnagnoms report: /nfs/pdx/disks/emp05/lohlayho/MTL/SOCMCO/mtlsocm_thunderball/BBOutput_IC342Y8303__132110.W116/SOCN/MTSCO_IC3¢
. WL . Frigunat P, B4/ D02 masl HEfAZ MIEESVTLL OALTI WG paps_anat/rt_bary p_mul 4, 0W02_ mult ¢ by T TR0E SN_LATDUT s d "F"’-‘ Al e Logic
Foall_tntasnel I"-"'“'""":‘- wtatsl '-"-"h'-""""'- Fmilte=l22 . . 1 ¥ yaptonss] #suspectss]l CPU_tises2004 87sec fail loge /rfs/pde/disks/ enp0 /Lol aphe/MTL/SOCAC0wt L socm_thurderbal L /BEOUt put_TCBZTEROE 132110 WILE/SOCN/MTSC0_LCBZT
sudpeit Score Teol_sateh pass scssstels bypa witlion  Lofalasn |ayeu ] Ei‘{‘,‘j wll6_r0_x2_y0_csocn pq et -‘1]‘_“')-;. gl3eF I'..B-;
100 o (ELL_BFIDGE - D2 ""‘*T‘["’Lp"”:’“.‘" 167, #passing patterne 3942
106 B BL1 - BATRGE i DA ¢ "I-' o | Pursaplaired fauling patte nrlJ
158 a CELL_ BRIEGE . BLE N .
L] a CELL_BRICSGE n];.‘_m [ﬂ'\l "I'- i symptom=l #mmpectyl fesplained patterne= 167
11 17 19 7 L s e 101 122
CRLL_Fa rtgunat Lps_lrmk /ri_baryl 403 MDESVTIL OATIT W mt 1l c ey TETG0E LOCA 1% 134 153 183 151 NE I 22 32
sl e ewl_call inta Foulte=1da IH-l'n- 420 430 [ % 471 480 441 £ 10 00
i Sara B vilus  locatash Laysul_lay 7 318 %22 33 4 M3 384 34 383
i e g o 5857 623 662 ™ % T4 T ™M g
L : e rd & B/ THE OTHR OMOA Bl2 B34 936 AT 1014 1051
e T B EPRL: B -3 ; 1068 1081 1082 1142 1144 1187 1254 1297 1261 1280
:lm ¥ 0  CELLBAIC A3E ]fq::',paz SAC. B2 B/ 1310 1320 1575 1423 1550 1380 16X 1658 LA LETD
T CELL BRIDGE 139PR3 [FN. PR 1 1674 1713 1734 1761 1803 1833 1897 1848 1866
e — PR S 1869 1513 1927 1540 2014 2035 2085 2083 X492 2093
2 ETERHINATE 1 Firigun PLps_ Lmt Sri_bary 1] [i_coril T o 2 el HOEEY R TP O ] = orgl F irgr 1 L=l 2102 2116 XX 2163 XE6T T4 NTE 22 X151
.t B g, St SoEartand,  Spotartinl e - ik s T3XT 231 IS 2398 I MI0 42 2449 2470
LLELE -rl-_'a- wrral_failte 12l HTT HEY B /M0 Mle 1% XHiE il XN AL
score Feal_ tch Eype valum locakion leysd lw it t es ITI 3T 3734 WO MWIE MIT 1SS TEE M7
srmmseemsassmsrassneas 1| 79%1 399% 3004 3030 03T 0RO 974 308l 3917
i CELL o b i ELARL el L ar - =il 1.7¢ L, o 3320 3328 3365 337E 33ES M1Y 311 37X 7S
S tnLtL piee Ln i - wl LB " IT46 ITEL 3769 1798 A1l 3856 3936
FLL BRICGE i 12/ et T - - A3 171 saspact BCore satch pass_missatch type Wl pin_pathnass cell_rase ret_pathrass st I
ELL.MM . 147 P Gk TE - - A fi sEassssss SEsssssssEEsEEEsEsEsEEEE SRS EEEEESEEREEEEEES
CELL GPEM E 1.-\;:.;__.; Tl 1 100 o CELL o fgtefx_wrap/otefn/greunatlfgre_gligre_q doul fmult_48_ 527U S3T/CT FALD1IBWP2M0HPITCPOLYT sotefs_wrap/gt
CELL_GPEN DLERAT 14 A3 U3 wf wSgrounat Ligr _a doud /mal t_48 "5-?’tl€ e A0 LOCATION_IN_LATOUT
CHLL_BRIDGE DLAS/FPR: DRN- -FFR i1, @ #eall_i nal_suspactes ] total_ce 'l-_ L s Y
WLL BAIDGH D130,/ SAL - -HAD 1. @ e Fail ma s missatch 1) valus locetion 1wyous
CELL_ToM DLXS/M: DRM--MMB: S8R0 0 b I ssssssssssssssssssssassasssassssssssas s s E s EEEE TRt RS R E SRR R R R R R R R
ELL_GPEN DL346,9P0: SRL- -W0O - i {0y &7 6 0 CELL_T ol - 01 31 /D L ]
ELL_TOFF DT3P DRM - MM BRL L. DG 0 OPf 0G5 B
ELL_TOFFE 01 7T1/7P0: DP8- -APD- SPC L DG ¥ SRE [T N T
CELL_ BRIGGE e v 10 - O a ﬁ I FELL BPER D343 /e
{ELL BAICAGE [ Bl P - - AR § ratdl
L 1.3 100 167 [+ un.l._. e g g r T
L = D0 AL - - MPD- SAC L & B 1.6 109 167 l:' L_BRIDGE bl3/mMal rat 4323510
’ D109 D - - ML D o 1.7 106 167 -:£r. _BRIDGE OS5/ PPE3L: 5 - -3): /1. O
;1!1 m-n p . s . ) : LS
: il il H ' \1 TR T T %
L 23 e b 4 ; 3
L : 9 i . . J 2 i a :
l #

H%H \i'\ !H :W'l
(H ‘ Or "

Global External Manufacturing and Sourcing Poster Pop-Up 2024
Saghir A Shaikh saghir.shaikh@intel.com

Lay Hoon | Giyounqg Yanq | Parkash Palanisamy | Jim Lee



mailto:saghir.shaikh@intel.com

Advanced Yield Management
Developed a High Efficiency Yield Management System

Yield Roadmap Yield Management

Define Roadmap with Foundry Leverage YE/S.DA and PBI DB
SOC-M L B e A R R R R

Yield(%) Qty(pcs) O Volume OCOF
80 T/P: 14E/F TP 14G 10000 - ADP-S ARL-50C-5 MTL-GPU-M

o B Sl Intel Yield Goal '
78 159 76.2 76.4 ’ 9000 B0 Roo oMt e oIOMI0IN | 96 T2 OO 0f2, o985 .69 9859 997 9987 % 98,7 Yog%

ODLY% ®PLY% OFF Yield% ®BUTgt_FF% ®EngTgt_FF%

: 4 896 894
76 74.4 743 ARL-S0C-S 83 1 880 883 0 84 T8
- . . .3 afls -.. -
- ARL-SOC-S Si  BAaEHSEEHE S+ " 40544044
_ 73.3 733
4 . 2§ 39 88 157372398308465697 1120 812

72 oM "
INK loss MTL-GPU-M v
70 22101331754 - 2368 4322 5339
S e S Y e Y LY B

6 MTL-GPU-P MTL-GPU-P MTL-IOE-P MTL-S0C-M
MTL GPU-P
4P D
66 gr s ooame s s BAVIIFTIIETIIETORBTNNR | e . 922 8+102 9:’-1_95'-‘ PRSP LIS IR
' Scbelclcd-dedhchobad=0-0

ca $3¢- *é&n'téiil't'm;
LA N
62 53 88-4-33
778 713

- . rrart Fidat: vt

State of Art
Yield Management

System
g within EMP

Yield Pareto Analysis

Sensor Analysis (L1)

¢ N Wafer GFA
: > h 4 -

- Volume Diagnosis | [Drill-down Yield Analysis|

Gap to baseline (Open)

Partition Yield Analysis

Gap (exp-actual)[%]

v
Design Analysis

[9]eos boT] enjea-d

8'o clock

Edge Ring Local

> e Profiling ando
sttimitﬂrt)ic ’ e ; \ Foundry's PFA Result Foundry's KLA Image

efect” i :
L J esign Margin? .. . - / r F ||<_|.I_OA
CIP »
Shift to Design Scaitch N f ” Non-patte i L11
(B shifttoProces B r > ' KLA
‘ j e POR CIP

m

Systems and Tools Diagnostics

Yield Partition, Sensitive Layout State of art Layout/Cell Aware,
Pattern (SLP), Al WPR, FIFA app AVD/FMA trending, Call out + SLP

Integrated an efficient HVM yield management
system in EMP with start of art tools and metrologies.
Contribute to savings in $$ Millions Annually
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Scan Yield Loss debug

MTL SoC South ScanYield Loss of +1% & +2% is debugged by utilizing
Yield to design marginality timing closure feedback loop. Preventing
future products Yield Loss (save $$) via co-developed TFM
Improvement

SortYield
Segregation

Design Profiling

ScanYield loss Design signoft:
Diagnostics IR drop aware STA

Scan Mode Yield segregation to narrow down design and %Yield impact

. . Variability Chart for PARGBE_L
Chain Failures
100.0% g : Volt
99.5% 5-. 3 = 3 ® MAX
99.0% ® > ® NOM
98.5% Iy s ! ! ® MIN
> 98.0% T =2, A
o 97.5% . ' &
(-]
Q9 97.0%
& 96.5% .
= «
96.0%
95.5% 1
95.0%
i OSSO M NS DO I EOS D OSSN DS DSOS TS DS TSNS - DNS WY 94‘5?/5
N TN e 0l NN TN RN NN TN e R R RO AN AN AN 200 SN BT IV RE D = —— —
IR oS s e o3 U 12 TR o (5 B et T T o e T B TR e P 8 o D e D s st o o B Mool e B U T ol T Tl b T T T T T 94.0% : I 4
PP EEEEEE R e e e e e R R R E R R MAX NOM MIN MAX NOM MIN MAX MIN Volt
""""""""""""""""""""""""" CHAIN ATPG | TRANS Test

SORT_WAFER
Device_Skew il T
SubPartition o __EAReBE

Scan
Mode IR

% | 99.68% | 99.51% | 89.35%

00% [ o7.01% | o=.19% [NEAEOR drop >>
Functional

100% Mode
90%
£ 80%
B PRE-DVD 5 175
number of End = 0 ' —— Net('pargbe/vccaon_0p7...) Total Demand Current
Points '-:o 70% —— Net(‘pargbe/vccaon_Op7...Total Demand Current#1
c 15
€ 60%
=
s 50% 1.25
c
m POST-DVD o -
S 0
number of End 3 40% E; 11
Points = 0 g
2 30% 075
(=) -
X 20% ”
0.5
10%
Abs SI 0.25
0% '
less than O less than 5ps less then less than less than More than
10ps 15ps 20ps 20ps 0-

PRE and POST DVD back annotation - Timing Endpoints Distribution

= . : | 1 . | 1 | " !
W J | V| | M/
H POST-DVD number of End Points 4 6 57 129 370 1757 0.0 0.5 1.0 15 20 25
B PRE-DVD number of End Points 0 0 0 47 96 9904 time (sec) le-8

IR drop Induced VDD droop increases hold timing slack and tails

Global External Manufacturing and Sourcing Poster Pop-Up 2024

Intel@ Sidharth Rastogi | sidharth.rastogi@intel.com


mailto:sidharth.rastogi@intel.com

Generative Al:
Revolutionizing Intel

How Generative Al Fuels Productivity, Sparks Innovation, and
Enhances Decision-Making Through Tangible Success Stories

Development Documentation

25% time-saving 20% Iincrease
for software developers in productivity

Accelerating

Innovation Excellence Communication

15% enhancement 109 reduction in
on creative output miscommunication

Improvements on different use cases

Data Analytics Creative Thinking Coding/Debugging
Calculation Email Coach Job Description  Proof of Concepts
Reasoning Data Visualization Translation Content Creation
.. Experiments . . Automated
Prediction Perir Meeting Minutes .
Design Documentation
Evaluate Cyclomatic Balancing Advantages and Considerations
Complexity of a VBA
Program Advantages Considerations
* [Increased Productivity « Data Security
* Enhanced Creativity * Accuracy Risks
» Streamlined Processes » Ethical Use
y * Improved Communication » Responsible
0 Implementation
P
o
Y The Future of Gen Alin GEMS
AGS based GEMS RAG Chatbot - Pilot 4024 )
* Exploring more use cases to increase e
oroductivity and efficiency
m_ * Inspiring Gen Alinsights in weekly open forum
W/O GENAI W/ GENAI ontact Author
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14nm PCH

Total Management of Supplier Excursion

Sireliability detected, root-cause identified, customer recall
prevented, materials screened, scrapped and replaced at $0 to Intel

Data Driven One Intel Team

. GEMS Engineering
Al detection, DOEs, O&R. Production

Screening Development
Scrap DEE RN $'I 8 M Foundry Account Team

| ogistics & Plannino

Supplier Partnersh Value Execution

Fab root-cause - .
Containment & Prevention n 2024 Tt S.hlpm.ent M_g.mt
Materials Disposition

Compensation _
2uild ahead Replacement & Credit

Subplier Fab E .

Total Impacted ~7 Weeks of Wafer Supply
13,644 wafers (~8Mu) (Shortage Avoided by Build Ahead)
Shipped to Intel Scrapped at Supplier
12,279 wafers (7Mu) 1,365 wafers (~1Mu)
Released Scrapped at Intel ~ $670M Potential Recall Avoided
7127 wafers 5152 wafers (Intel Reputation Protected)
(4Mu) (3Mu) $18M Si Compensated

Metal Excursion, Supplier Tool Risk Groups & Decision
400
o 2/6 Start 3/31 End VPDUR,:;:::NM 550
aiia Date ' | " Date 300
£ oo Lo | |
=007 |oe E | | 250
o I°, P3a ] | S 200
5 OF * P3b, o
8 ;: :0-0. °o® |4_P4_§ : = 150
i i it o
o | l (R -
0
I I l
g v 8 ¥ glo = w ol x 2 z 3 2 8 2 2 & 5 ¢ 0

NNNNNNN

: & & 5 5 8 8/ 8 8 & 3 8 8 8§ 8 5§ 5 8 & 8 P -a P3-b P4 Ref

P2 P3
Screen
Trace Metal Excursion SCRAP @

Team Acknowledgement: EMP, OnR, EMS
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Time to Yield Acceleration

On-Site Wafer Sort Enabling 2Q Pulled-in & 5% Fmax Push

Wafer Sort

= >$10M wafers +
($15 million) fre 2'3X 1V N
* Physical Failure ImprOvement

by TSMC

>$10M

Fast CIP & Yield RECMEEEY AR| NPIImpact
FeedbaCk ~2Q Yleld = Earlier Sort PO (3 days)

. = Atom bugidentified: lead to quick Al
Pull-in 2 i

» Shortenyieldlearning cycle = CIPdatalweekbefore SDS

= 5% Improved FMAX
* Quick TAT for ARL HPC driv

2-3X Turnaround Time Reduction

‘' ne L

A
,g&&wﬁ”ll
T
NN
T

.
: "y Ll B
W smi g Yy
: e »
L TRY

Full Silicon Wafer Die Chop/Prep Singulated Die Sorton HDMT

(SDx)
7-14 days

Full Silicon Wafer

3-5 days VS.

Faster Failure Analysis (FA), Yield Debug and Performance Improvement

09| . ) — | grouping

z:: . .. .: : gigjgll 1000u
Driving Devices to Target . Bycupsessmmpmmm:
Scan/X-9Y-6 : M5 pattern fail ozt P o+

0814
0.8+
0.78+

| = ‘-,'é‘- .
. O.T‘?T!;OO | '."3-00 | 75:00 | ’7:00 l ’9'00 81-03 33‘00 | 8.506 g700
|{ Improving Product Yield
Pushing Product Fmax >
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N3B Yield Improvement

N3B ARL S816 A2DTCO toimprove yield by >10%
Timely resolution enabled healthy ARL BO production Silicon

Problem

= A2 Sishowed
vield loss from
Bin4+Binl9

= 10% loss highe

projection >'| O%
hitting 678

A2 Yield
increased by

Root Cause DTCO

RISO
M12 broken due to = ARL unique M12
interaction of ~2Q Yield Litho focus optimization
= M1l low density Pull-in = Tailor process tfor design

= MI12 unique layout
* Litho process

FF Yield, Bind and Bin1988 Trend Chart

20% 46.6% 44.2% 55.0% 56.6% 58.0% 63.1% 59.0% 64.9% 70.7% 77.3% 71.5% Mean @

Scan FA: M12 broken

70%
=axYield
50%
40%

259 21.3% 21.2% 17.1% 17.4% 17.0% 14.6% 15.8% 11.6% 6.8% 5.5% 7.3% Mean

20% @ -
-

R 15% m
2 Bind \/‘\\\’/‘ s =1
5%

0%

12% 6.4% 7.8% 4.4% 3.6% 3.3% 2.3% 3.2% 1.9% 0.4% 0.6% 0.7% Mean
10%

R 8%
§ 6%
@ 4% -
. BInl9
0% —@ ®

45 46 47 48 49 50 51 52 1 2 9
2023 2024
BL M12 Focus CIP

CIP /Sort Year / Sort WW

 Baseline
¢ M12focusCIP
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Meteor Lake- flawless 5 Tiles
execution to PRQ

Total $176M cost savings /$158M cost avoidance GEMS
contributed to production since 2023

Disaggregat
architecture

N6 SOC/IOE , N5 Enabled:

intel 4 CPU assem
together by Fover

N6 SOC, IOE

| | At DPM <400
FA/Yield Learnin and beat

FA for systematic defec ie | d & D P 20 proactive CIPs to reduce
reduction and led to BEOL voids enabling bake

effective process CIP. ta ge et removal.

N6/N5 yield trend with CIP implemented

95% [ CIP: Fully implement CJCIP: STR/Soft-landing

t
80%
74.4% 74.5% 75.0% 76.'6%
75% -=€)
70% :
. 9% 51
. 65% |
S e " A0 =
' [
O o = ] I
@) — == B B Qa IPs count-in (#) — Ll
m 1 0% —_— — —
50% =l e - [ =
— 15
CIPs count-in (#) — 1 |l 2l |2 e B (= jal _ & o
a5% n 9 10 DB B - o = B B
POR = = = — — n
: 23 60% 12
“BEAEEHE AL B’
22Q1 22Q2 22-Jul. Aug Oct Nov Dec g Mar Apr. May . | Sep. 23Q4 24Q 22Q1 22Q2 ‘ZZ-JUI Oc ec ’ FZ: Apr ' ug 3Q. ‘ 4Q ‘

Meteorlake CPU architecture  TSMC N5 GPU speed boost

e BKM7/

e BKM®6.3
—
=| TGT
(o}
©
O

RO% +1.5%
-4% TGT +4%

Speed _ulL

Global External Manufacturing and Sourcing Poster Pop-Up 2024 “m

InteL Yuan Zhao | yuan.zhao@intel.com


mailto:yuan.zhao@intel.com

Initiating, Driving, & Executing /2 Node
Performance on TSMC N3B through
Post Si Tuning with Iso-Design

Aggressive Targets Development Partner

Work with TSMC for
>10 device CIPs
executingin <3 qtr

Set up clear perf targets
beating PDKI1.0

102%
Speed at

0.8X Pre-Si
Pwr T gt

Acceleration Joint Ratification

Drive left shift w/
V93K & MPE for
Perf data collection with2X TP T

Finalize Proc POR
w/ CCG, MPE, DEG

Risk /Decision Matrix

|
Core (5G) Vmin

ARR Ring Vmi cd
TSMCRO% | TSMC RO Poff Total SICC 'ng Ymin yn Yield (FF+DF) | Tsmc
¢IP Gorup ULVT P45/51 | ULVT Pas/s1 MLC t T (CIP/BSL) | Rel risk
1.09V Vs te LLCDATA (% tet) e
St3 rting BSL [ﬁ.ﬂfﬁl] 1.0X ,f 0.7X " 1.09 Il 0.5X 0.62 lﬂ.?%,f 82% 82%
74.8% (81F)
Opti+ Opt2 (A2 BSL 11X/ 0.8X 1.07 | o0.:5x 0.60 110%/83%
pti+Opt2 (A2 BS1) / 76.4% (81G)
o
- 1LOX/1.2X | 1.06 0.8X 0.58 TP issue/84% 70%/82%
4-in-1 94% / 94% 1.2x/1.ax | 1.01 0.8X 0.59 111%/84% 71%/81%
_— 98% | 06% 15X / 1.3X <1 | o 0.60 111%/84% 85%/78% GO WW4723

N3B ARL $816 Speed Improvment
PP45: +7% to 102% for core

N3B ARL 5816 FMax [mprovement

105%

din1

'En jint |
2 100% sint#LowR Sinf+B Step
% 95%
=
2
T 90%
E ——eeeeee—— 4 1 ) M Hz
3

B85%

BSL  Opt2 2inl 4inl  5inl
—g— PP45 ULVT INV D4 SMP @0.95V —a—PP51 ULVT INV D4 SMP @0.95V 4'8G 5'0G 5'2G 5'55G
Frequency
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FTE FTiP: External Technology Pathfinding
Bringing Technology to Intel Products

First Creek Second Creek

PPA /yield verification. Low Vdd performance / yield
validation.

BZMZ2 | BZMZ2 BZMZ2 | BZM2

BZMZ2 | BZMZ2 BZMZ2 | BZM?2
BZMZ2 BZMZ2 | BZMZ2
_ BZMZ2 | BZM?2
Test vehicle

enablement of
external
eCOSystem SI vOuage_Stackmg = Logic/Memﬁory powemeuzery
and packaging - kel B
technology. Full Design

Voltage Stacking Subsystem

T::- die (e.. CPU die) r._—-
- - .- . E .= = EE E. 8 Hbump <—Backside RDL
ER XN ———ITEXIEIEN XX ¥ NS ]
| eve | r
SEAM chiplet

Eor — ey I
w W SERERE

Muddy Creek Tower Creek

Low-cost memory disaggregation ubump 3DIC: voltage stacking, logic /
through new packaging options. memory disaggregation, and power
delivery noise reduction.

Enabling external Si and packaging technology
through Proof-of-Concept test vehicle design / test /
optimization in support of Intel’s roadmap.
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3D vertical integration of
modular memory chiplets

Achieving low-cost 3D vertical integration of
SRAM memory chiplets

High Bandwidth

102 GB/s die-to-die
x512 lanes (64B)

Modular

Reusable, Scalable

3D integration
of Memory
Chiplets

Low Latency
<5ns Read/Write latency

Low Energy

<0.3pJ/bitat1.6GT/s

‘ Compute chiplet .J L Peripheral chiplet
s B sl a sl p gl il l eee oo o oo oo o g f g 8 5 rE e e e .

myT By EyE By BgE Eg BgE mgm g mg S 3
| Memory chiplet | | Bridge chiplet |
| i o m iy r—

Leverage supply chain to enable new capabilities

Muddy Creek Test Vehicle Die-to-die Channel

Top die (e.g. CPU die) : ESD

g o —— Write | % e
- .- EEEEE O . data clkr>_|> e
HElE E N ____HEIIIIIIN N X I : ZF

SRAM chiplet
T - T T T e i
v v v O v data T da 5

i
P

|
|

. — i— d—clk 4 < —
|

SRAM chiplet integration
as embedded bridge
w/ 25um ubump pitch

Power consumption [%]

30%
25%

Cool Creek Test Vehicle 212;
Top die (e.g. CPU die) o
B B KL zj

SRAM chiplet

SRAM chiplet integration
as direct attach CoW
w/ 15um ubump pitch

Intel.

ChptoChp Ro t ng to On-chip Memory Leakage

:nable

nigh ba

rrrrrr Routing

ow-power, low-latency and
ndwidth interface between dies
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Ext Mfg Order Report

Aligning historic Actuals/SL/CP stitch to data from SDA horizon. Result
of collaboration between FOP SC, DCP, FOPO, DSPA, FOP OE & IT.

AS-IS Gaps Active User | Total View _

36
Person owned
OWNERS Qo= 261800
15/550
PROC ESS IVIanuaI, Time, 10350
Unsound Logic . I

SYSTEM Par i 04'23 0124 Q224 Q324

Non-traceable

* with projected New Users

Productivity Standardization
> 15hr/wk savings 450hr‘5 Single Align Source

savings to- N
Data Integrity date Scalability

: DEICIELG
Enterprise tools g . .
Decision Science analytics

Work Week Fiscal Quarter 2022 2023 2024 ‘ Snapshot Date: 4/6/2024

ol K7 BBY K28 B L I 1
EInDrng Stage ‘ Solve Group ltem Group ‘Suh Capacity Grp Die Name Design Name 202204 | 202205 | 202206 | 202207 | 202208 ‘202209 202210 | 2
5 CCD = ASSEMBLY | & Burnside Bridge | @ ASSEMBLY-BBR8040-FC-CSP2F-105 | = BURNSIDE BRIDGE | @ BBR8040 SL 0 2323422 1,713,653 4086381 4
| CP 0 2323422 1,713,653 4,086,381 4
Act 298,415 2083465 2658773 4499505 4
= BUMP = Burnside Bridge | © BUMP-BBRB040-N/A- = = BURNSIDE BRIDGE | @ BBR8040 SL 2,068 2,132 2,357 1,197 2,015 1,194 1,817
- 2,018 2,182 2,030 1,524 1,816 1,393 1,616
gd 2283 1,947 2,156 1,594 1,586 1,391 2,069
5 Bumnside Bridge | © FAB-C28 5 HPC/Non-UTM | © BURNSIDE BRIDGE | @ BBR8040 | SL 0 0 0 0 0 0 0
CP 2,222 1,468 1,551 1,925 1,525 782 3,277
Act JEEEL 1,348 1,457 2,121 1,370 720 3,336

= HNISHED
GOOD

= Burnside Brnidge TEST-BBR&010-FC-C5P2F-105 = =] BURNSIDE ERIDGE | ® BBR&010 69,000 223000 984000  &33.,000
0 297,000 1,107,000 633,000

0 459000 822,000 633,000

= TEST-BBR&040-FC-CSP2F-105 -] BURNSIDE BRIDGE | 2 BBR8040 SL 513,000 2,354,000 5257567 2,187,998 4
CP &3,520  2,195480 5879.670 2,187,998 4
Act €3,520 3,041,254  5170,793 3645480 3

Snapshot Date PInOrgCd Solve Group Iltem Group Sub Capacity Group

LA
= |5

™
)

P
it
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Product PHD (Predictive & Holistic Digital Strategy)

Authors: Marta Teixeira, Beilei Zhu, Virginia Pulmano

Strategic Analytics Unleashed:
O Revolutionizing GEMS Strategic Planning and Spending

® >4Khours ﬁ

O-5yrs.
Evergreen Forecast

* Pioneer Unification of 3 Planning
horizons (SDA/MRP/LRP) Reporting for
Comprehensive Product and Supplier
Analytics

» External Manufacturing One Stop
Shop for Biz Units, Supplier Management
and Planning Teams

* Near real-time reporting capabilities
forabout1/7 of Intel’'s LRP COS

0% Data
Manipulation

» Dataload automation of >3.5k data
entries and over 50k attributes

* Improved data protection by
elimination of decentralized data
sources highly susceptible to data
breaches

* Automated Volume and Pricing Data
Feed reduced Financial reporting time
from 8 business days to ~1 hour

0-

Saved
per Year

e Report output time from 4-5 weeks to
less than 1week

 Publication of datasets time reduction
from 24 to 1.5 hours

* |ncreased focus on Value-add,
Strategic work

Azure Cloud
a Centralized

I ?1 Analytics

» Safeguarded Azure Cloud
Infrastructure

 OnDemand end -to —end Analytics

* Dynamic Data Source with Versioning
and "What If" Scenarios

» Strengthened Self-Service Bl Process

 Embarking onan Al Odyssey to
Uncover Strategic Insights!

100%
Employee &
Stakeholder
Satisfaction

« Data Quality, Reliability and Readiness
has continuously improved stakeholder
satisfaction cycle over cycle

* Improved Work-Life balance - no more
working extra-hours or weekends with

‘noticeable stress reduction

Global External Manufacturing and Sourcing Poster Pop-Up 2024 “m
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N3B Best-in-Class CPU Yield

Exceeding 6% product yield target before PRQ

Great Collaboration with ssful Collaboration
MPE Sort/Yield SMC

= Established workflow to MFOC ENG wafers for
ensure content bring up with PrOd uct learning

reasonable stability YIe|d target PFA TPT support
achieved

>$100M

| Cost savings
FIFA Acceleration Fulfill ES2 Upside

» ARR Raster/SCN SPOFI Demand
enabled <5 wks from first Si Meet EOL | |
at sort = 2X more LNL design wins
100+ PFA samples done at > ) € = |ncrease Intel true Al PC
Intel PFA labs in F |
PNG/Oregon/ IDC ar
TSMC -

Relentless Yield Enhancent aliisiilmproving SDS Yleld Steadlly over
with Highest Quality Standard @ Entire NPI Cycle
=T e A0SR s

LNL_CPU SDS Yield% (FF)
80 1000

75 900
SDS/SDT Collaboration YE Data Integration Yield Debug Feedback-loop 70 800

65 700
FTE ]
1!-1}

>

510) | 600
55 500
50 400
45 300
40 200
35 100
30

WAFER QTY

SDS YIELD (%)

Increasing Test Coverage

100+ yield debug FA performed
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Quality Mindset 15t

Zero Defect Zero Excursion

Quality as Top Priority in meeting Primary Customer’s Expectation
Strong Partnership with our External Supplieras One INTEL
Influence Value of Quality Mindset First
Avoid Supply Chain Impact & Cost Saving

Excursion Reduction (Prevention) Program
ﬁLine of Defense \

- $|hsk II?ased ( = Systemic Defense
" 'r;I 'nEJ& = Early Warning System
Inase * Equipment
Competency Management
. gﬁpplé Chain * Best Known Method
; are Safeguard Excellence - Supplier Quality
nin :
carning Strateqgy Drive Assessment
Plan

< Ly

Impact
Evaluation

Act Spring into

N
Action Check

» Post-Mortem

. Cross Product " Leading indices

(Line stability)

Learning
« Continual " Lagging i.ndices
Improvement J L (Quality) /
-
Quality Incident Trend
® Major W Minor M Pre-alert Partnering with Our Suppliers
w makes Total Quality Defense
= F _— Never have to say Sorry
2021 2022 2023 2024 to your Customer

Quality performance of a Foundry Supplier

Global External Manufacturing and Sourcing Poster Pop-Up 2024 “m
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Torrid CT for 2.5D
Assembly

Cost-Effective Solution for Accelerated Si Debug
with TW TaT for Assembly

Shorter Time-to- Low Cost

Debug 30% Cost Reduction
Accelerate Si FA/FI -IQ to -IW Fully GEMS Owned

Assembl
IW TaT for 2.5D Cycle Timye Simplified Flow

Si Assembly 1-Stop Shop for Design-

Innovative pre-assembly Assembly-Fabrication

Simplified flow in GEMS Package Debug Assembly

Package IS pic Ol Package | il

DeS|gn and : : ] : o

T Stacking ; e

Fabrication i e e

1-Stop capability enabled by GEMS Debug
............................................. PackagingTeam ~ I e I
12 week gain in Yield 3 months for Assembly
Improvement TaTl VS

FF Yield & Bin4, Bl Trend
A1 ~A2

w 51.6% (171pcs)
" e 72.5% e e dEag

=
-

1week for Assembly
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High velocity
OSAT Cycle Time

35% CT reduction for production volume

Partnership Intelligence

Collaboration Data driven approach

Negotiation with OSAT $7 M Benchmarking

Positive cash

Capacity Execution

Supply improvement ﬂOW Disciplined monitoring
Enhanced supply flexibility Continuous improvement

Optimizing end-to-end CT across manufacturing stages by 1-2 weeks

Products OSAT CT improvement

Thunderbolt ‘) From 34 to 25 days

WIFI — From 27 to 18 days

2023 Cycle Time Trend by Stage

- 35% / \
~ Established
systemized approach
“ for application to
other products and
technologies, e.g
QL-PU

BUMP ASSY TEST
B Original CT Final CT
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MTL HVM Achievements

Developed a promising system for foundry management and test stability

Foundry Early Warming

Management System
Inline & Tool correlation $ 8 M E-test, Yield, Bins, Para &

Diagnosis

Task Force Pull-in Value Implement CIP

Test stability & foundry in 2024 Risk assessment, Yield
excursion management evaluation

Milestone & KPI

Device Tuning Yield +0.2%

Test Overkill Reduction Yield Roadmap

ILLIAD rule tightening
Hold rate reduction 10%

N~

Most power-efficient processor we’ve ever-built
=

Hold
rate

03 0l o1 o2 o3l os
2ams
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.~ Change Control Board
& Powering Intel's IDM 2.0
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1. Contributed $9.8M for 1. Contributed Revenue
cost saving and $2.8M support of $2 Billion
for cost avoidance 2. Avoided revenue

2. Evaluated over 100 interruption for 10K+
BKM from 4 foundries wafers and 10+

products annually.

AP

=

1. Further enhance 1. Zero excursion to
wafer quality and CCB change in 2022

reliability and 2023
2. Achieved 6.5% VBD

improvement by BKM
implementation
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Long Road to the Victory

14nm PCH Foundry Excursion Management

Impacted
13,644 wafers
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Work accomplished by One Intel Team
GEMS EMP FM, MQE, EMS, OnR, F24/F28/CDAT/VNAT
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GEIMS

Global Externa
' ourcin

Wi-Fi 7
Yield +3%t

WIRELESS

Outstanding Products

GEMS secures billions in revenue
oreservation and over $10 million
in cost saving by foundries’:

Sustainable Delivery

Second-source photoresist sustained
business continuity plan and prevented
$2.6 billion in cost losses.

Continuous Process

Improvements
l in Wi-Fi 6E with strategic Si gate height
MVT Yield control, contributing $1.82 million cost

avoidance from module yield enhancement.

Wi-Fi /7 executed defect reduction and device
optimization, leading to $11.76 million cost saving
from a 3% yield gain.

Capability
Affordability
Stability

9 Bluetooth

= I Global External Manufacturing and Sourcing Poster Pop-Up 2024
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Manufacturing
Affordability

L +50 Products Sustain

L +]131M Affordability Contribution

-=-==0One Intel---

Yield Improvement
Excursion Prevention
Logistics Boost

i "H"] H"l‘ l!| ‘H l’ll I., ] .I | |
| | i) [

“|| !]t || | I!ill k;ll.
| ‘ Wb
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- . -. PROPELLING 28NM
-7 . 7" PRODUCTION YIELD

"= TO GLORY

S Achieved cost savings of $6.9 million
\ 4 through collaboration with BU and Foundry

Synergized with BU to achieve
Qj‘ﬁ“) remarkable yield improvement

+$4.0M +$1.4M
Yield +2.8% Yield +33.0%

————

One Intel

Engineered foundry l

+ 6 9 CIPs to elevate
& product quality
Yield +0.8%
" b

Investigated device window and
strategically prioritized to fulfill
customer demand

Customer First LF+%$1.2M |

J

- t I Global External Manufacturing and Sourcing Poster Pop-Up 2024 .'-
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EARLY WARNING SYSTEM
IN HVM

Monitoring overall exceeds 400 diverse items to early detect abnormality
including inline/device performance/testing automatically daily.

PCM Datalog Performance

BSL Drift & Variation  BSL Drift & * RO performance
Excursion abnormal Variation monitoring
(Lot/Wafer/Site) - U WiW Uniformity

Ael iagno

* Yield P90&P10 monitor + FMA for Logic
* Field related index » Signature analysis
\ for ARR f

) —

&

Automation System 3 Execute in ARL/LNL

Achievement | 2024 Goal |

Accuracy

Daily Warning reinforcement

Trigger rate
Monitoring

Global External Manutacturing and Sourcing Poster Pop-Up 2024 ‘m
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Excellence in Foundry Excursions
Castaway

Contributors: EMP_FM and GSMOQOR

Event Prevention

Review
85%*
o aosl | Event Library
MRB/DRB reduction (léj
from 20172023 1=~» CostAffordability

Efficient preventive actionreview Waeb-view event library cross suppliers

Annual Si-Foundry Excurtion Trend

Prevention & Detective Tool

OQA @OVL @PM ®Q-time @Thickness @ WAT @WS
15 . 2202 028 Company A N28 SEAL SiN dep. Tool A nozzle broken Christine
0 ; g 2202 030 Company A N16 HBIN3+4 CIP Lawrence
0 1 O 9 2203 034 Company A N28 Device MOM cap issue Vicky,
0 ’ I - 2203 036 Company A N7 DLCP to SICC performance William
1 1
2015 2016 2017 2018 2019 2020 2021 2022 2023 o N %ﬁmcﬁe - — 2203 033 Company € N28 ST SiN mb Defect s Cistine

Leads to save invisible cost
affordability

Global External Manufacturing and Sourcing Poster Pop-Up 2024 “m
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Torrid Fast Cycle Time

Expedited >6,000 days for >430 NPI lots without extra cost
(average pull-in 2 weeks/lot)

Relationship Intelligence

| ocal Connections | ocal Channels

Influences $-I 05 M Negotiations

| Pull-in Value :

Talent in 2023 Executhn
50+ Years” Work Local Fab & HO Planning
| ocal Foundry Experiences Collaborations

NPl Wafers Pull-in

Meteor Lake QENAAIEMIAEWS] Time-to-market
Lunar Lake 36 lots, 10 days
Arrow Lake 53 lots, 22 days

Pull-in Value YoY +$70M TPT Goal Improved & Further Pull-in

Lot count —Original TPT -~ Improved TPT —Drive-to TPT

$105 M

+300% - Improved 21%
:
‘
$35 M .
N -—
2022 2023 SSHL USHL
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Packaging ldea to Production

External Packaging End to End Solution to Enable IDM2.0

Take Full Advantage Advanced Packaging
of Global Ecosystem Enablement

IDM 2.0

Diverse Packaging Enabler Enhance
Product Development Intel Foundry

& Production Packaging Portfolio

NPI| Project Summary

vV & (B ke

9 PACKAGE 8 OSAT
ARCHITECTURES SITES/FACTORIES

19 PRODUCTS 8 BU/DIVISIONS

External Packaging Landscape vs. Intel’s

\/er-t-icaI---—~----~------~zoz-z“3.-\H_B\_[‘ _____ 3D HB| + Brldge AMDOl ° nvibiA
201

{BROADCOM

’

SDB.  o3pBT
— Qualcomn

" Competitors take full
et > advantage of global ecosystem
o * FO Pop . to 3C competitive

Interconnect Bond Densit

\
| ateral
Performance

D2DRDLLC
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External Packaging
Technology Enablement

Advanced packaging solutions with external partners
- Shorter Time-to-Market at lower cost -

Advanced Packaging Silicon Integration

Variety of packaging options Silicon from multiple sources
2.3DBT 25% Variety of silicon nodes
3D u-bump (15um pitch)

At various OSATs
Shorter

Devel -
Co-design Flow = Virtual DOE

. . Time Reducing DOEs by 50%
Assembly desicNIEIEERS Reducing cycle time by >17 weeks

2.3DBT

“Chip Top die
module

Organic interposer
Substrate

=Ddge dig

Bottom

3D u-bump

Process I
Risks Level b .~

RO QRN s iy

BN B B BN R B B OB OB B
Substrate
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PC Renaissance -

FirstIntel47 TOPS Al PC -LNL iscoming

Performance

Implemented 9 Proc
Device ClIPs to Boos
Performance

¢« Fmax+3% (+150
e Vmin -30 mV
e SMP +5%

> $6B

Additional Revenue

Due to the Superior
Performance

Performance Quality ESG Value

LNL-M Performance Roadmap CCF SRAM Vmin stdev

100.0%

~3Xx reducse

Optimize

Leakage reduction

Potential yearly
146000 tons CO, reduction

ULVT RO Speed at target leakage

Performance boost Equivalent to 5000

soccer field areas of trees to
Optimize absorb!

Q4'22 Q1'23 Q2'23 Q3'23 Q4'23 Q1'24

Global External Manufacturing and Sourcing Poster Pop-Up 2024
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Capacity Reporting evolved

The Foundry Capacity Reportis a keystone record which
centralizes critical data for external foundry planning

.Information out

SDA_Version = N Row Labels | 202301 202302 202303 202304 202305 202306 202307 202308 202309 202310 202311 202312
i 40755 36895 22403 23415 28061 24620 23358 30687 2000
2403 SDAPRFWk+1w | |  Response:Stitched 2000
403SDAPRFWK | ftmDea 2 © © 0O © 0 0O © o 0O O 0 0
Mon, T
| Rowlabels 202401 240 202403 202404 '02405 202406 2407 2408 2409 02411
Request: Stitch SDA 28080 31360 357 3608 42402 7585
% AXG Div 113 33 108 50 400
[ CREDO - 028 l
% BxD Div 15
[ GF-012 l # CCD Div 397 962 1050 1325 1174
[ Jrrp— l €L Div 12880 14376 181 060 20300 14668
= CNV Div 2032 4158 3200 4500
[ F-040 l = ECEP Div 3000 000 8000 8516 8466 13150 0300
[ E-065 l = ENG 12
= IACPU Div
[ F-0%0 l #iCDG Div 150 50 25
[ E-180 l = NEX Div 5 &
[ i l 1+ PerC Div 150 50 25
mEE ' Pitfrm Div
[ msung - 01 l PSG Div 5548 3325 461 4799 668
PSG Div
[ Tower - 180 l
JAND Div 23 100 100 50
| Tsmc- o038 | ed 2 30977 361 3
[ TSMC - 0038 l
uest: SDA 31360 35
| Tsme - onar | aanin__ ara
Div_Short Nm 7= ¢ s
— SD cle over Cycle
sooc0 | | ]
woon | | o
CCD Div 300000 [ ]
e ’/’——
CNV Div ]/ 0000
00000
EEEEE iv /
—
Product Nm Z= L 0000
1
__4G BB 00000 nth
4G PMIC q
ACM-G21
A AT [l H H
AAAAAAA 202402 202403 202404 202405 202406 202407 202408 202408 202410 202411 202
ALDER LAKE-PC... 202402 Qry 1202403 Quy 202402 Cum  =====202403 Cum
—

o 24-month wafer demand
» Supplier Capacity Response
* Orders, Shioments, Commits

- /
_ N
Comprehensive
Single Source of Truth N\//\/V
Enabling Analytics o
'Cycle-on-cycle Continuity
Supply constraint “ Cost analysis
and the backbone of other supply
planning reports and analysis
among user base I I I

/

Reporting evolution

TOMATE

R P b 5

2024 ENTERPRISE 2024+ SCALE

A-

Massive automation upgrade Power BI
Ax update freq.; 95% time savings Shared DB structure
Longer horizon, higher accuracy Custom PBI views Additional data sources
With contributions from: Auto-scheduled runs Integration with a full
John Pete Sachin Rastogi suite of KPIs, dashboards

Rob Olsztyn Bernhard Fieg|
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