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Overview

» Beyond 14nm: New Challenges with Supply line contamination and Nano-defectivity
» IDM Perspective of Problem Statement and End Goal
» Examples of Wafer Contamination Sources and Importance
» Addressing the Gaps:
» Criticality of Metrology Requirement: Defect Identification/Characterization
» Supply Chain Responsibility & Quality Control
» Need for Industry Collaboration:
» Joint Responsibility
» Expectation from POR Suppliers

» End remarks
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Innovation Enabled Technology Pipeline
Precision Structure control
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Manufacturing

Tunable Higher Density

> Nontraditional Scaling, more 3D type architectural change materials & Integration

> increasing design innovation, integration tricks & challenge
wllncreased process steps, process sensitivity & complexity _
>_ShTTTRING feature size translates into: More possiDiETTew t Lower CPSt Per
defects and less defect tolerance Transistor

Ek aed To “Redefine” Defects

Generational
Increase
in New Materials

| 100s of different materials of
| I | unprecedented purity and process
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Challenges in Defectivity Control beyond 14nm

» Paradigm shift in thoughts about what we didn’t care before, but we have to care to

control now!

» What was “Process Variation” for previous Technology Nodes, can now be “Excursion”!

» Integration of “Many” new, enabling materials creates challenges in purity and process

maturity
» Complex Chemistry: Compatibility Issues
» New Defect Sources, increase Defect Sensitivity

» Metrolrgy techniques of all types are challenged to provide sufficient sensiuvityv for early

dziection & prevention

» Supplier Infrastructure Development is lacking for better defect detection &
characterization Metrology and Quality Control

» Need characterization and control established by a SEMI standard so that IDM productio’

can he protected by all sectors of the supply chain regardless of the source

© Intel Corporation 2017 archita.sengupta@intel.com SPCC
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HVM Requirements

» Consistency/Predictability of and Less Start Up Time:
» Less Flushing for initial particles and metal ions extraction
»> Always Up and Running tools/Chemical Delivery Systems

> Need a very tight distribution of performance to bring up new tools

» Less Process Down Time: Productivity Improvement
» Reduce excursion of particles/metal ions
» Environmental Control (No adders from components)

> Meet “On wafer” Defectivity Baseline (Process/Materials/Equipment)
» Smaller particles
» Metal ions
» Organics/NVR

-

e

> Consistency and Quality Control of “All”.the products forF]VJ\VI use .

»> Across Supply Chain (i'nter)
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Global Control Needed for Defectivity

Does Defect on wafer correlate

with defect in process Process
Packaging chemicals and UPW Defect
Transportation Monitor

Storage,
Handling

Litho
Etch
Clean

Supply Line
Manufacturing: UPW, IDM
Chemicals, Gases, Facility

AW CMP
Filtration

Deposition
Implant

Correlation

Defect _
Monitor Device

ard ID Tool Suppliers/OEM Defect
Are

Advanced Node Parts, Valves, Fluid il Monitor
Particle/Contaminatiog delivery System (BCD,
Monitoring technlques > S PCD POU) — 7_»,/
available? ) ’ B
Reliable? ) ﬂ W - _
& = ; Killer
m . : Defects?
Identification?
Source?

Device
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Contamination Interface Model

Started w/ SCIS charter, WECC -- still quite a bit of way to go!

Many of the critical
component systems do not
have Spec, or Required

Measurement standards. EnVironment -
(Molecules of
Many of the New UPW, Air, Gas,
Chemistries do not have h . |
spec. Chemicals)

Interaction of Chemisg

and Tools: Low
concentration of
particles/metals/NVR/Orga
nics defects

» Collaboration

These Defects “Need to be
Detected,
Eliminated/Mitigated
across supply chain”

Critical Components (l.e., Nozzles, Valves)
Critical Substrate (i.e., Wafer, Mask, Lens)

Total Wafer Environmental Contamination Characterization & Control are Essential for
Yield Enhancement

®
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Which Wafer Defects Impact Yield?

» Environmental and Process Contamination related

> Particles

> Metals Are we Monitoring these sources
across supply line?

» Organics

» NVR

» Defects in starting materials
» Printable defects during lithography process
> Process-induced patterning and device defects - = =, S
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Example of Metrology Challenges: Chems

Material Major Challenge Gap in Metrology for Control Gap in Metrology for
Characterization

Wet chems | « Residues (Trace Main component assay is insufficient for custom » Specific detectors to enhance

and Metals/organics/Particles) blend chem detectability

formulated | ¢ Interaction w/critical Filtration may not be sufficient? » High resolution to help ID the

chems, components LPC: HVM monitor needs <30nm bin size. unknown

Solvents, * ICPMS DL, MS techniques to

Litho chem provide better ID capability.

CMP * MPS trending <<100nm, Performance-based monitors may be required * Improved analytical metrology

+ Complex interactions
between
chemicals/consumables:
Filter+Nano-particle
interaction

Normal impurity profile variation of commonly
used Industrial-grade additives no longer

acceptable

to characterize abrasive colloids
(<=20nm sized particle, a minute
mass fraction of the hetero-
dispersed abrasive PSD)
Traditional CofA parameters
not sufficient to predict
performance

© Intel Corporation 2017
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Defects caused by Chemical Handling and
Delivery System (Chemical Pass)

» As chemical travels within any dispense system, contamination is
added (leaching and/or reaction with components)

» PFA Tubing - May lead to “Metal Leaching”

Changing the Industry: New SEMI C90-1015 standard
has been published: for limiting the amount of Fe in PFA
materials (tube, valves, fittings, resin) used in the

Over time:
Metal Leaching
Deposition of
particles/organics (from
hydrodynamic boundary layer)
Dislodgement of particles

semiconductor industry for liquid chemical
distribution.(Oct 2015)

Chemical Chemical Exit (PM,
Entering Dispense rate, idle
(Post time etc.
filtration) : determine the

< residence time)

- -
- . o
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Filtration Technology Must Keep Up with Defect Scaling

»Customized Filtration is needed to meet “Paradigm Shift in Defect Tolerance”
»How to remove of <6nm Metals/Particles/Organics/NVR from Chemicals?

Development of technology Needs Collaboration with
OEMs and Chemicals & Advanced Metrology

\ Filter

Media

Defect Media/
Sources chemistry

» Innovation/Advanced technology:
» Surface modification
~ Increase porosity
) e y » Asymmetric structure
» More surface area

Lower < Particle Retention 2> Higher

Pore Size Reduction:
Increased retention
but should decrease flow

~

Lower € Flow Rate = Higher S intel‘
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Analytical Metrology and Defect Analysis Gap

Reality :
Wish Well

Spec(xx) L//;analytic:alIimlit(\,'\.f) analytical limit (zz)

~ Spec (xx)
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probability of material identification

sample size [um] sample size [um]

Final objective: Zero gap b/w spec and analytical limit
(although spec will move down even more!)

Slide Ref: Y. Yonai, S. Morimoto, G. Yoshizawa, Y. Murata

(intel)
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SMC Defect Analysis and Characterization

Analytical Limitations
Methods
Physical Structure SEM, e-SEM,

TEM, AFM, XRD

Chemical/Elemental
Composition (solids
and Surfaces)

+ Raman/SERS
(Semi-Qualitative)

* FTIR (Qualitative)

* Auger, EDS
(Elemental)

* SIMS, TOF_SIMS,
XPS (Quantitative,
Chemical ID)

Cecs o)

Chemical/elemental
(Solids, Liquids,
Gases)

GCMS, TD_GCMS,
ICPMS, VPD-ICPMS,
IC, LCMS Auto-
filtration, CRDS, FTIR,

rHo

N~

Gaps

Need Hybrid Analysis Technology for Defect ID

Gaps & Supply line concern

Quantified Nano-mechanical measurement is becoming more and
more critical for <10nm defects. tip/ defect artifacts for sub 10 nm
cts? EDS on TEM samples for sub 10 nm defects. — Challengin

Limitations below 500nm, Neartield AFM_Raman?

Limitations 10um-5um = AFM-FTIR
Great surface resolution

Difficult at 2700nm-200nm

Low Z elements difficult
CMP particle characterization @ <20nm size, more sensitivity than DLS

Need better sensitivity and DL

EDS, FTIR,
Raman,
Auger Surf SERS XRF,
AFM r  TXRF urface- Dynamic
Ll Fstlls ESCA SIMS RBS SIMS

andardized Metrology an¢
Analytical tools can be used <10nm
Defect Identification!
San I see it?

now what it is?
© Intel Corporation 2017




Particle Metrology Gap: On Surface vs. In-Situ Liquid

108 Particle Dynamics in Low particles
conc of <20nm particles detection?!
107 Aerosol Metrology (DOMA+CPC)?
= DLS?
£ 10 ?
E - SPM?
o defects I
CC) 10° incoming
(&) chemicals?
QL 1na LPC* LPC* LPC
o 10
B 20nm 30nm  40nm
g 108 DI Chem DI/Chem
102
10 Chemicals
0)

50

Particle size. (nm)

Alternative for Advanced e-beam or
SPx across Supply chain particle
detection?

Reliable LPC for <20 nm particle
detection (Chem/DIW/Solvent)?

Detection efficiency/Sensitivity at low
conc.

Blended chemistry challenges (Micro-
bubbles, micelles)

Correlation between LPC counts and
on-wafer defects for advanced nodes

Increased Sensitivity to Impurities is
not identified on ITRS Roadmap due to
Measurement Limits: Need for
ULTRAPURE

Current liquid-based analytical LDLs
are not comparable to gas-based
instrumentation

300 = 500 ““\
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How do we Control/Prevent the Contaminants?

15t Request: Three major control of the contaminants before ship the
“Best” products to the factory: - .

» The Materials
» The Equipment
» The Components

N A
Critical component

2"d Request: We Cannot Evaluate Advanced Node Chemistry/Process
Without Aggressive “Super-Filtration And Purification”

» Need ultrapure materials, extreme retention, lowest possible interaction
» Optimized at chemical manufacturing and at factory processing/tools

3'd Request: Help us closing the Metrology/Analysis/Standard Gaps

4th Request: Work Together: Collaboration
© Intel Corporation 2017 (intel“)
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Semiconductor Ecosystem Must Work Together

» Increasing interdependency with process complexity:

> Materials and Equipment Specs : Process Control And Traceability
> Need to re-write “Advanced Semi-Standards” for Measurement

Materials i
Collaboration for Equment
Defect Control to meet
the target for
Delivering Consistent Materials s»Technology > Process is as g°_°d as
Performance Control & Baseline

Metrologies Depth of “Raw” Material

Characterization Understanding

“Process Yield > What Matrix are we

E g = - . | g

= <*Device Cost measuring:

T B — > What Methodology we
Capabilities SPC - Control Charts are applying?

» Need Complete Supply Line Visibility and High Level of Trust

» Develop Joint Analytical capabilities for Defect Detection and ID
» Success requires collaboration across all supply chain partners

Industry Must Collaborate on ONE PLATFORM to redefine Materials &
Equipment “Specs & Metrology Standards” for <=14nm Node
- ~ . (intel)
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Collaborate on One Industry Platform and
help each other?

>1year

Slide idea ref: Slava Libman ~ © Intel Corporation 2017 SPCC 03/28/2017
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—

SEMI Special interest group and Overall Industry platform -
Philosophies

— Forum for supplers/OEMs/IDMs — Forum to develop technical solutions
an supply chain challenges for that will enable HVM at advanced
- Lo - o= [ ~Th o 2 ' I'Il::-:lE-".i
Assumes all process critical Chemistries - Assumes contamination on critical

compoanents contribute to surfaces as hig

st pricrty

defects — establish contral UPW 5 ,

— Establish D2 0 _-_'-,..1-.,.1.:: Establish contamination requiremen
contamination contributions of GAS levels in chem/gasesiwater based on
various components as well as Thin films wafer contamination contribution limi
thair nteractions with vanouwes
chermisiy =W —  Define rcadmap parameters, and the

nead for test methods, process
controds (e.g., H202 in water)

Matarials

Component H Component H Component ” Wafer

Chamicals, Gas
AMC, Water
#% semi d Major Challenges:
O work within IP boundaries
O Acquire adequate funding

SPCC 03/28/2017



SEMI Component, Instrument and Subsystem
(SCIS) Special Interest Group

SCIS: Critical Component-OEM_End User Team

» Goai: « Components such as seals, filters, mass
» To Create Standard System of flow controllers, valves, sensors, ion beam
comparable Metrics which will be used to sources, etc.
rate, compare and classify process- Instruments for in-line and off-line data
critical OEM components in order to measurement, collection, and monitoring

reduce defects generated in

Semiconductor manufacturing Sub-systems that support process tools e.g.

vacuum, robotics, power conversion,
abatement, chillers, etc.

> Establish a general “framework” to guide
Industry partners to

> Define observable/measurable defects Gax Dalkvary Aulomation |
Group Groep

» Define comparable category attributes

specific to each category component | “"::".E.f‘,.""" m-sl-:hn;::f.-np-:nw.a

» Define methods for identifying defects -
related to each category ; ] Cov Paroe

» Guide industry to utilize the framework T :I
. L Loy | | 1
| Group | o
Slide Ref: Paul Trio, D. Rafferty, D. Vernikovsky
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SCIS — SEMI — Other Industry Platforms Alignment
From Technology Gaps to SEMI Standards

SEMI SCIS Roles e Other Industry Platforms

— Provide supply chain — Develop test methods for
Inputs on critical measuring materials defect
components and contribution as well as
related parameters that measuring performance of
need measurement related components
methods established

Obtain SCIS inputs on
measurement methods in
development

Provide regular updates,

— Define framework for y
component
characterization

reporting on progress and
gaps to maintain alignment

Other Conduct
SEMI Industry testing/experiments to

Standards platforms NEUCEURUEESIE
methods

— Implement developed
SEMI Standards
throughout supply
chain, identify gaps and
new requirements

« SEMI Standards Roles =, =

— Establish appropriate task force, develop/publish B /‘j
standards intel

SPCC 03/28/2017



SCIS — SEMI TASK Force (TF)

= SEMI FS7 was renamed in July 2016 to: High Purty Polymer Materials &
Components [ F

F57 —iis the standard Fevise Standand odkE [Fluoride first) extidkg is

for contaminanis in matenal to meet F53 metals, and TO=C CIEZDIng

critical components standard - Plan=s ready for
ms measured by F3i0 [clhude fltration Ballor late 2017
Filikd — is the maetiyoad Fevizse F 104 1o frieser Partacles {static and SMMARF will he
for measuring particle leaching dymamic testing) submmitted
particle coniribation resuarsrmeTts Considering TOC and NWVE

in Cratpcml

COMmpdanEnts

F4iF— jis the method Fewrite adequate test norEame, Amons, TOC Uneder discussion
f e asnre mesthods for testing MNWER
extractahble - Inchadi= faltratiomn

contfammmamits Troamm
crifical Compdaments,.
-'"___-'- Sermul

O Definition of “Surface Contamination & High Surface Area components” — high purity
polymers, high flow components
0 Dynamic Rinse vs. Static Rinse contribution

O Definition of “Particles” (& Size to meet <=7nm Node requirement!) And Beyond Particles
(TOC, NVR)

O F63: Gap in definition due to lack of metrology @ killer defects!




SCIS Liquid Delivery Team Charter

Action Update and Next steps

Camplete DPC Technalegy considerabons for partcle
contribution

Cingoing

Rewvision of FET1104 for dynamic testing

far all high performance polymer parts
- = = il o - ] f
Partsche measuremant far Pigh parformance polymier pans jupdate on F57)

— Filters included Update F104 for particle shedding of
filters (referencelc CTD)

lons, metals and TGO Incorporation of Filters in F57 revision

Orgamic extractables Teamn is discussing speciic DOE

Alignment with SEMI F57, other SEMI Task Foree and Other Industry Platforms

Revision of Fof for lions, metals and 1OC (incorporation of Filters)
filter performance for sub 15nm padicle retention) for leachable
Revision of F104 15 being discussed — static and dynamic particle
shedding of crifical components (Feference to C79 - Method 1o

evaluate filters performance)
Allignment with Chemical/UPWw SEMI task forces

S SEMmI

SPCC 03/28/2017




Success Story of Collaboration to Change
SEMI Standard: SEMI C90-1015

« Changing the Industry — One Step at a time.

« Led by Intel - New industry standard for measurin%_lli_miting the amount of
Iron contamination in PFA materials (tube, valves, fittings, resin) used in the
semiconductor industry for liquid chemical distribution has been published by
the SEMI organization (2015)

* Next, defining the frequency of the test and the reporting medium for the
results so as to monitor and manage the supply chain

« Many suppliers were involved with this new standard development and have
adopted transition

/P»semr

SEMI C90-1015

TEST METHOD AND SPECIFICATION FOR TESTING
PERFLUOROALKOXY (PFA) MATERIALS USED IN LIQUID CHEMICAL
DISTRIBUTION SYSTEMS

This Standard was technically approved by the Liquid Chemicals Global Technical Committee. This edition
was approved for publication by the global Audits and Reviews Subcommittee on August 31, 2015. Available
at www.semiviews.org and www.semi.org in October 2015.

1 Purpose

1.1 This Document defines perfluoroalkoxy (PFA) resin and component preparation and pretreatment procedures for

chemical test methods used to evaluate liquid chemical distribution system components and resin.
-
(intel,
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END REFLECTION

scaling/defectivity challenges: Process Variation can end up as
Excursion

ol

» Interdisciplinary expertise need to work together

— Tool suppliers, Material suppliers, Filter Suppliers, Component
suppliers, Metrology suppliers and IDMs need to work together to
achieve required defectivity baseline and create new STANDARDS

* Next Generation Quality Systems combined with Sub-Supplier
Management helps to achieve “Ship to Control Across Supply Chain”,
makes IDM “Quality Incident Free” and minimize costly learning during
HVM ramp

© Intel Corporation 2017 : ' " SPCC 03/28/2017
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Thank YOU

* To My Co-Authors
* All My Intel colleagues for contributing to the content of the presentation
* To Abbas Rastegar as referenced and always providing valuable input
* To All Intel Suppliers: Thank You for Your Valued Partnership
* To SPCC Commiittee for the opportunity to present
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Risk Factors

The above statements and any others in this document that refer to plans and expectations for the first quarter, the year and the future are forward-
looking statements that involve a number of risks and uncertainties. Words such as “anticipates,” “expects,” “intends,” “plans,” “believes,” “seeks,”
“estimates,” “may,” “will,” “should” and their variations identify forward-looking statements. Statements that refer to or are based on projections,
uncertain events or assumptions also identify forward-looking statements. Many factors could affect Intel's actual results, and variances from Intel’'s
current expectations regarding such factors could cause actual results to differ materially from those expressed in these forward-looking
statements. Intel presently considers the following to be the important factors that could cause actual results to differ materially from the company’s
expectations. Demand could be different from Intel's expectations due to factors including changes in business and economic conditions, including
supply constraints and other disruptions affecting customers; customer acceptance of Intel's and competitors’ products; changes in customer order
patterns including order cancellations; and changes in the level of inventory at customers. Uncertainty in global economic and financial conditions
poses a risk that consumers and businesses may defer purchases in response to negative financial events, which could negatively affect product
demand and other related matters. Intel operates in intensely competitive industries that are characterized by a high percentage of costs that are
fixed or difficult to reduce in the short term and product demand that is highly variable and difficult to forecast. Revenue and the gross margin
percentage are affected by the timing of Intel product introductions and the demand for and market acceptance of Intel's products; actions taken by
Intel's competitors, including product offerings and introductions, marketing programs and pricing pressures and Intel’s response to such actions;
and Intel’s ability to respond quickly to technological developments and to incorporate new features into its products. Intel is in the process of
transitioning to its next generation of products on 22nm process technology, and there could be execution and timing issues associated with these
changes, including products defects and errata and lower than anticipated manufacturing yields. The gross margin percentage could vary
significantly from expectations based on capacity utilization; variations in inventory valuation, including variations related to the timing of qualifying
products for sale; changes in revenue levels; product mix and pricing; the timing and execution of the manufacturing ramp and associated costs;
start-up costs; excess or obsolete inventory; changes in unit costs; defects or disruptions in the supply of materials or resources; product
manufacturing quality/yields; and impairments of long-lived assets, including manufacturing, assembly/test and intangible assets. The majority of
Intel’'s non-marketable equity investment portfolio balance is concentrated in companies in the flash memory market segment, and declines in this
market segment or changes in management’s plans with respect to Intel’'s investments in this market segment could result in significant
impairment charges, impacting restructuring charges as well as gains/losses on equity investments and interest and other. Intel's results could be
affected by adverse economic, social, political and physical/infrastructure conditions in countries where Intel, its customers or its suppliers operate,
including military conflict and other security risks, natural disasters, infrastructure disruptions, health concerns and fluctuations in currency
exchange rates. Expenses, particularly certain marketing and compensation expenses, as well as restructuring and asset impairment charges,
vary depending on the level of demand for Intel's products and the level of revenue and profits. Intel’s results could be affected by the timing of
closing of acquisitions and divestitures. Intel's results could be affected by adverse effects associated with product defects and errata (deviations
from published specifications), and by litigation or regulatory matters involving intellectual property, stockholder, consumer, antitrust and other
issues, such as the litigation and regulatory matters described in Intel's SEC reports. An unfavorable ruling could include monetary damages or an
injunction prohibiting us from manufacturing or selling one or more products, precluding particular business practices, impacting Intel’s ability to
design its products, or requiring other remedies such as compulsory licensing of intellectual property. A detailed discussion of these and other
factors that could affect Intel’s results is included in Intel's SEC filings, including the annual report on Form 10-K for the fiscal year ended
December 31, 2011.
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