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« Dynamic Models of Tool / Process
 Adjustments Between “Runs”

Post Process Results
(Current Process)

= Process Control Models

Post Process Results = Dynamic

(Upstream Process)

Recipe Advice

= Fully Configurable (Next Run)

= Process Optimization Targets

FeedForward Information

Feedback Control

Process Recipe = Process History

(Current Process)

« Wafer-to-Wafer or Lot-to-Lot Control



= Definition: Maps data and data footprints generally
collected in-situ to tool and process faults
= A diagnostic, not control tool

= Approaches
= Time series analysis, Neural Networks, Hotelling-T2, etc.
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= [nterchangeability

= Open and Modular Architecture

= Support Enhancement with Future Capabilities ... From User, Supplier,
Third Party, etc.

= |nteroperability

= Support Interaction and Coordination of APC Components with
Configurable Control Rules
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Algorithm
Selection
Metrology
Recipe Advices

Statistical Process

Control (SPC) R2R Control

State PrM Model

Root Cause Information Events

Analysis

Metrology

Alarms Recipe Advices

Request Go |
No Go
Productivity Root Cause
Monitoring ARre‘g'a’;? FDC
(PrM) State
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= Fairchild Semiconductor

= Applied Materials 7810 Epitaxy Tool
* Process: CMOS Epi

= Open Solution
= Multi-Component APC

= FDC Component Control Systems
= Includes In-Situ Data Supplier
Visualization

= R2R Control Component

= Multivariate Control of Thickness
and Multi-zone (3) Resistivity
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= |ntroduction

- = Solution Architecture
= APC System
= |ntegration

= Application and Results

= Summary



= Foundation Component
= EESfoundation™
= |nteroperability Platform, Database, and APC Communications

= R2R Control Component
= ARRC™ Advanced Run-to-Run Control

= Configurable R2R Control

= Multivariate, EWMA-Based, Accommodates Missing and Outlier
Metrology Data, Support for Operator Overrides, I/O Alarming, ...

= FDC Component
= iProcess FDC™
= Multivariate (Hotelling-T2)

= Communication Environment
= EPICS, as a Result of Tool Controller
= Could be XML, Modbus, etc.
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Metrology Tools
(RS35, Biorad™)

WORKSTREAM
(Raw data)

MES
Grapheg™

I SECS

TechWare™ |«

ARRC™ IProcess FDC™
Plug-In Plug-In
(server) (server)

v !

R2R Client FDC Client

> EPICS™/PAL ™ Client
Command/Data Broker
APCfoundation™
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Introduction

= Solution Architecture

= Application and Results
= Fault Detection And Classification (FDC)
= Run-to-Run (R2R) Control

= Summary
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. Variable Units Description
" A Sample of Variables CurrStepDis n/a Step number
Monitored TP P
D1l.src.In Dopant 1 flow
. Typlcal Data Collection D2.src.In Dopant 2 flow
Rates DummyBaratron | Torr Chamber pressure read
= 0.0001HZ — 10 Hz H2.Main.In slm Main H2 flow
. H2.Rot.In slm Rotational H2 flow
= 2 Hz Typical
HCIl.In slm HCI flow
= Data Collection Triggers, Sill.In g/min Silicon source 1.
etc. Sil2.In sccm Silicon source 2.
. . . .P T h
= Real-time Monitoring of [ 5P O | cotoaine pressure
Variables SUppOI’tEd Temp.Btm °C Chamber bottom
temperature
= =» FDC Tool and RT
. . Temp.Cntr °C Chamber center
Monitoring Tool temperature
Temp.Top °C Chamber top
temperature
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= Process and Step
Duration
Inconsistencies

= Flow and Pressure
Sensor Drifts

= Temperature
Instabilities
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Collect User Requirements and Knowledge

Design of Experiments

DOE Results = R2R Control Models

Verification of R2ZR Capabllity With Before / After
Process Capability Comparisons
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Daopant Level

AMAT Epi Tool's R2R Process Model

Hydrog
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Titme

Primary Model

Deposition Rate Thickness {average)}

o Thickness = DepRate * Time

Secondary Model

Time

Fesistivity (Tom

-
Resistivity (Middle) o,

Fesistivity (Boftorm) ™

1/Multi-variate VMuIti—Zone Control



.
ERDONS - PRI AUTOMATION

Thickness Control

Thickness
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Thickness Actuation
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Resistivity Control
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= |ntroduction
= Solution Architecture

= Application and Results

‘ = Summary

= Value Proposition

= How Integrated Metrology Would Help
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= Multi-Component APC Capability for Epitaxy Tool

= R2R and FDC
= Control Rules To Support Complementary Utilization
= Extensible Architecture to Support Additional APC

= Value Proposition

= FDC
= Fault Diaghosis = Reduced Scrap Demonstrated
= R2R Control

= Improved Cpk of Resistivity and Thickness Demonstrated
= Reduced Zone-to-Zone Variability Demonstrated

Future

= |Improved R2R Model: Better Zone Control
= Tighter R2R to FDC Control

Reference: Moyne, Et. Al., Advanced Semiconductor
Manufacturing Conference Proceedings 2002.
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= Effectiveness of R2R Controller Was Reduced by Offline Vs.
Online Metrology
= Measurement Delay

= Required Careful Design of Controller to Accommodate Delay

= Required Reducing Aggressiveness (and Effectiveness) of Controller to
Avoid Open Loop Behavior

= Measurement Frequency
= Required Tuning of Controller With Lower Feedback Duty Cycle

= (Along with Delay) Reduced Controller’s Ability to Rapidly Respond to
Process Shift (as opposed to process drift)

= Qperator
= Operator Error Had to Be Accommodated Through Data Filtering

= QOperator Bandwidth and Efficiency Affects Metrology Data Delay,
Frequency and Reliability

= Effectiveness of FDC Was Minimally Impacted by Offline Vs.
Online Metrology

= However, as R2R and FDC Become More Co-Integrated The Impact
of Integrated Metrology on FDC Will Increase



Value Proposition of R2R Control Is Very High

Value Proposition of R2R Control Could Be Significantly
Increased with Integrated Metrology

Value Proposition for FDC Is High

Value Proposition of FDC Would Not Be Significantly
Impacted By Integrated Metrology Today, However It Will
Be Significantly Impacted In the Future as R2R Control
and FDC Become More Tightly Coupled
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