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Table YEI Definitions for the Different Interface Points
POS POD POC POE POU POP
Delivery Point Submain or
of Gas/Chemical Outl'e't of Central VMB/VM}I}D Entry to Equ.lpment Entry to the Process Contact with Wafer
. Facility System Take off or Sub Equipment Chamber
Supplier
Valve
ITRS Front End
SEMI Standards ITRS Factory Integration Facilities ITRS Factory Integration Equipment Grou, Processes,
Interfaces : Y 8 : Y 8 qup P Lithography,
Focus Area Group Focus Area Focus Area
Interconnect TWG
Focus Area
Inlet of wet bench
Outlet of bath, spray nozzle, or
Ultrapure Outlet of final filtration . Inlet of wet bench connection point to . .
Raw water - submain take . o L Wafer in production
water in UPW plant or subequipment piping, which is also
off valve
used for other
chemicals
Process Chemical Outlet of final filtration Outlet of Inl_et of wet_bench Inlet of wet bench ) )
A drum/tote/bulk of chemical or intermediate Wafer in production
chemicals L . VMB valve bath or spray nozzle
supply distribution unit tank
Specialty bGlflschylér;?;; or Outlet of final filtration | Outlet of Inlet of equipment Inlet of chamber Wafer in oroduction
gases P Y of gas cabinet VMB valve qutp (outlet of MFC) P

gas systems
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Bulk gas Outlet of
- . Outlet of final submain take | Inlet of equipment/ | Inlet of chamber . .
Bulk gases | delivered on site - . e - - Wafer in production
filtration/purification off valve or subequipment (outlet of MFC)
or gas generator
VMB valve
Inlet to mini-
Outlet of environment or sub Wafer/substrate in
Cleanroom Outside air Outlet of make-up air filters in equipment for Gas/air in vicinity to roduction (AMC/
and AMC handling unit cleanroom AMC, outlet of the wafer/substrate gMC)
ceiling tool filter for
particles

POD—point of delivery POC—point of connection POE—point of entry POU—point of use VMB— valve manifold box
VMP— valve manifold post UPW—ultra pure water MFC—mass flow controller AMC—airborne molecular contamination

SMC—surface molecular contamination
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Table YE2

Yield Enhancement Difficult Challenges

Difficult Challenges > 16 nm

Summary of Issues

Detection of Multiple Killer Defects | Signal to Noise
Ratio - Detection of multiple killer defects and their
simultaneous differentiation at high capture rates,
low cost of ownership and high throughput. It is a
challenge to find small but yield relevant defects
under a vast amount of nuisance and false defects.

Existing techniques trade-off throughput for sensitivity, but at expected defect
levels, both throughput and sensitivity are necessary for statistical validity.

Reduction of inspection costs and increase of throughput is crucial in view of
CoO.

Detection of line edge roughness due to process variation.

Electrical and physical failure analysis for killer defects at high capture rate,
high throughput and high precision.

Reduction of background noise from detection units and samples to improve the
sensitivity of systems.

Improvement of signal to noise ratio to delineate defect from process variation.

Where does process variation stop and defect start?

3D Inspection — For inspection tools the capability
to inspect high aspect ratios but also to detect non-
visuals such as voids, embedded defects, and sub-
surface defects is crucial. The need for high-speed
and cost-effective 3D inspection tools becomes
crucial as the importance of 3D defect types
increases.

Detection of non visible defects e.g., voids, embedded defects, and sub surface
defects in the structures.

The demand for high-speed and cost-effective inspection is crucial.

Large number of contacts and vias per wafer

E-beam inspection seems not to be the solution for all those tasks any more.

Sensitivity of the inspection tool to process variation and definition of maximum
process variation (control limits).

Process Stability vs. Absolute Contamination Level —
Including the Correlation to Yield Test structures,
methods and data are needed for correlating defects
caused by wafer environment and handling with
yield. This requires determination of control limits
for gases, chemicals, air, precursors, ultrapure
water and substrate surface cleanliness.

Methodology for employment and correlation of fluid/gas types to yield of a
standard test structure/product
Relative importance of different contaminants to wafer yield.

Define a standard test for yield/parametric effect.

Wafer Edge and Bevel Monitoring and
Contamination Control — Defects and process
problems around wafer edge and wafer bevel are
identified to cause yield problems.

Currently, the monitoring and contamination control methods require intensive
development.

Difficult Challenges < 16 nm

Summary of Issues

Non-Visual Defects and Process Variations —
Increasing yield loss due to non-visual defects and
process variations requires new approaches in
methodologies, diagnostics and control. This
includes the correlation of systematic yield loss and
layout attributes. The irregularity of features in
logic areas makes them very sensitive to systematic
yield loss mechanisms such as patterning process
variations across the lithographic process window.

Systematic Mechanism Limited Yield (SMLY), resulting from unrecognized models
hidden in the chip, should be efficiently identified and tackled through logic
diagnosis capability designed into products and systematically incorporated in the
test flow. It is required to manage the above models at both the design and
manufacturing stage. Potential issues can arise due to:

a) Accommodation of different Automatic Test Pattern Generation (ATPG) flows.

b) Automatic Test Equipment (ATE) architecture which might lead to significant
test time increase when logging the number of vectors necessary for the logic
diagnosis to converge.

c¢) Logic diagnosis runs time per die.

d) Statistical methodology to analyze results of logic diagnosis for denoising
influence of random defects and building a layout-dependent systematic yield model.

Test pattern generation has to take into account process versus layout
marginalities (hotspots) which might cause systematic yield loss, and has to improve
their coverage.

In - line Defect Characterization and Analysis —
Based on the need to work on smaller defect sizes
and feature characterization, alternatives to optical
systems and Energy Dispersive X-ray Spectroscopy
systems are required for high throughput in-line
characterization and analysis for defects smaller
than feature sizes. The data volume to be analyzed is
drastically increasing, therefore demanding for new
methods for data interpretation and to ensure

quality. [1]

Data volume + quality: strong increase of data volume due to miniaturization

The probe for sampling should show minimum impact as surface damage or
destruction from SEM image resolution.

1t will be recommended to supply information on chemical state and bonding
especially of organics.

Small volume technique adapted to the scales of technology generations.

Capability to distinguish between the particle and the substrate signal.

Development of model-based design-manufacturing
interface — Due to Optical Proximity Correction
(OPC) and the high complexity of integration, the
models must comprehend greater parametric
sensitivities, ultra-thin film integrity, impact of
circuit design, greater transistor packing, etc.

A lot of models should be operated at the design stage. For example, Optical
Proximity Correction, Well Proximity, Stress Proximity, CMP and so on

The Amount of models seems to be rapidly increasing.

Not only accuracy of models, but also optimization of trade-off between models
might be requested.

Development of test structures for new technology generations

The introduction of 450 mm wafers is expected to
impact the defect detection and characterization but
as well defect budgets and yield models due to the
large surface of the substrate. The introduction of
450 mm wafers requires a new generation of
inspection tools.

The cost of ownership is impacted by throughput and tool cost. It will be difficult
to maintain the throughput of inspection tools at the 450 mm wafer size. Therefore,
the tool costs are crucial.

450 mm handling for inspection has the risk of large substrate flexibility but also
coordinate accuracy required for defect review.

Due the large surface a huge amount of inspection data will be obtained.
Improvement of data quality and reduction of the amount of data will be important.
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Defect budgets and yield models are impacted by the unknown defect densities on
the large substrates.
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Table YE3 Defect Budget Technology Requirement Assumptions
Product MPU DRAM Flash
Yield Ramp Volume Volume Volume
Phase Production Production | Production
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Table YE4 Defect Inspection on Pattern Wafer Technology Requirements
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Parameter Measured (POD/POC) Test Method
Resistivity Online Electric cell
Viable bacteria Lab Incubation
TOC Online Conductivity/CO;
Inorganic anions and NHs+ | Lab lon chromatography
Organic ions Lab lon chromatography
Other organics Lab Various, e.g., ES TOF, ICP-MS
Reactive silica Online or lab Colorimetric
Dissolved Nz Online Electric cell
Total silica Lab ICP-MS or GFAAS
Particle monitoring Online Light scatter
Particle count Lab SEM—capture filter at various pore sizes
Cations, anions, metals Lab lon chromatography, ICP-MS
Dissolved O, Online Electric cell

ES TOF—FRITHFIH = L2 f 2 X 7L — i ICP-MS— 58515 77 X'~ H A 1
GFAAS— B+ 157 1L 7

Figure YEI General Test Methodology for Ultrapure Water
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Table YE7 Technology Requirements for Wafer Environmental Contamination Control
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First Year of IC Production 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Yield Model
SMLY model generation ¢ ¢ ¢ 1 ] 1 i ] | 1 ]
SMLY model based DFM _-//////// 43 _ . i . ] 1 |

Scaling Proces complexity .\ @\ |\ | ]

Defect Budgeting

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required

Development Underway -
Qualification / Pre-Production -
Continuous Improvement %///////%
Figure YE2 Yield Model and Defect Budget Potential Solutions
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First Year of IC Production 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Pattern Wafer Inspection
High sensitivity at high throughput

High signal to noise ratio

Wafer Edge/Bevel Inspection

Method to filter and classify defects
Review capability

High Aspect Ratio Inspection
High sensitivity at high throughput
High signal to noise ratio

450 mm inspection

data quality and reduction of data am
coordiante accuracy

throughput

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.
Research Required

Development Underway -
Qualification / Pre-Production -
Continuous Improvement %////////%
Figure YE3 Defect Detection and Characterization Potential Solutions
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Fluid purity impact on device yield / performance

Contaminant based process control

e YE4 Wafer Environmenta [ and Contamination Contro [ Potentia jal Solutions

THE INTERNATIONAL TECHNOLOGY ROADMAP FOR SEMICONDUCTORS: 2009



RRRRRRRRRRRRRR

Metal sampling/detection capability

Particle counting techniques for direct
measurement of smaller particles

provide information about organic mol
weight and chemical species / class

Organics speciation and analytical capabilities to

eeeeee

weight identification

TTTTTTTTTTTTTTTTTTTT
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chemicals, e.g. cleaning chemicals

measurement in plating chemicals, e.g. copper

Figure YE4 Wafer Environmental and Contamination Control Potential Solutions (continued)
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First Year of IC Production

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

PRECURSORS

Particle measurement for precursors

Other analyzer techniques for precursors
(precursor specific contaminants, see
supplementary table)

GASES

Development of statistically process controlled
(SPC) based specifications for critical specialty
gases

Bulk gas purity requirements, specifically of
carrier and purge gases for moisture sensitive
materials

Blending accuracy for low concentrations of
dopant mixtures

Figure YE4
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Wafer Environmental and Contamination Control Potential Solutions (continued)
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