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Introduction: 
Run-to-Run (R2R) Control

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

! Process Control Models
! Dynamic

! Fully Configurable
! Process Optimization Targets

! Process History

Recipe Advice
(Next Run)

Feedback Control

Post Process Results
(Current Process)

Post Process Results
(Upstream Process)

Process Recipe
(Current Process)

InformationFeedForward

• Wafer-to-Wafer or Lot-to-Lot Control
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Introduction: 
Fault Detection and Classification (FDC)

! 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.

In-Situ Monitoring
- Particle Monitoring
- RF
- Optical
- RGE

Tool Metrology

In-Line
Metrology

FDCTool Status
Fault Classification
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Introduction: APC Requirement
Interchangeability and Interoperability

! Interchangeability
! Open and Modular Architecture

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

! Interoperability
! Support Interaction and Coordination of APC Components with 

Configurable Control Rules

Control
RulesDB Common Framework

• • •
FDC

R2R
#1

R2R
#2

InterchangeabilityInteroperability
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Introduction: EES Component Interaction Example "
The Ultimate Interoperability Goal

R2R ControlR2R Control

FDCFDC
Productivity
Monitoring

(PrM)

Root Cause
Analysis
Request

State
Information

State
Information

PrM Model
Events

Statistical Process
Control (SPC)

Statistical Process
Control (SPC)

Algorithm
Selection

Metrology
Recipe Advices

Alarms
Root Cause

Analysis
Request

Metrology
Recipe Advices

Go /
No Go

Productivity
Monitoring

(PrM)
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Introduction:
Solution Approach

! Fairchild Semiconductor
! Applied Materials 7810 Epitaxy Tool

! Process: CMOS Epi
! Open Solution

! Multi-Component APC 
! FDC Component

! Includes In-Situ Data 
Visualization

! R2R Control Component
! Multivariate Control of Thickness 

and Multi-zone (3) Resistivity

Control Systems
Supplier
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Solution Architecture: APC System

! Foundation Component
! EESfoundation™
! Interoperability 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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Solution Architecture: Integration

Command/Data Broker

APCfoundation™

Metrology Tools
(RS35, Biorad™)

MES

TechWare™

WORKSTREAM
(Raw data)

SECS

EPICS™/PAL™ Client

R2R Client FDC Client

ARRC™ 
Plug-In
(server)

iProcess FDC™
Plug-In
(server)

EPI Tool

Grapheq™
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Application and Results, FDC:
Variables Monitored

V a r ia b le  U n its  D e sc r ip tio n  

C u rrS te p D isp  n /a  S te p  n u m b e r 

D 1 .src .In   D o p a n t 1  flo w  

D 2 .src .In   D o p a n t 2  flo w  

D u m m yB a ra tro n  T o rr  C h a m b e r  p re ssu re  re a d  

H 2 .M a in .In  s lm  M a in  H 2  flo w  

H 2 .R o t.In  s lm  R o ta tio n a l H 2  flo w  

H C l.In  s lm  H C l flo w  

S il1 .In  g /m in  S ilic o n  so u rc e  1 . 

S il2 .In  sc c m  S ilic o n  so u rc e  2 . 

S te p .P re ss  T o rr  C h a m b e r  p re ssu re  
se tp o in t 

T e m p .B tm  °C  C h a m b e r b o tto m  
te m p e ra tu re  

T e m p .C n tr  °C  C h a m b e r c e n te r  
te m p e ra tu re  

T e m p .T o p  °C  C h a m b e r to p  
te m p e ra tu re  

 

! A Sample of Variables 
Monitored

! Typical Data Collection 
Rates
! 0.0001HZ – 10 Hz
! 2 Hz Typical

! Data Collection Triggers, 
etc.

! Real-time Monitoring of 
Variables Supported

! " FDC Tool and RT 
Monitoring Tool
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Application and Results, FDC:
Monitoring Interface
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Application and Results, FDC:
Typical Faults Diagnosed

! Process and Step 
Duration 
Inconsistencies

! Flow and Pressure 
Sensor Drifts

! Temperature 
Instabilities Temp Ramp-up

Run Three
Showing Instability

Temp Ramp-up
Runs One & Two
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Application and Results, R2R:
Monitoring Interface

Inputs Tuned
Keeping Outputs

On Target
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Application and Results, R2R:
R2R Evaluation Process

! Collect User Requirements and Knowledge

! Design of Experiments

! DOE Results " R2R Control Models

! Verification of R2R Capability With Before / After 
Process Capability Comparisons
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Application and Results, R2R:
Derived R2R Control Model

√ Multi-Zone Control√ Multi-variate
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Application and Results, R2R:
Controlled Vs. Uncontrolled

Thickness Control
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Application and Results, R2R:
Controlled Vs. Uncontrolled

Thickness Actuation
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Application and Results, R2R:
Controlled Vs. Uncontrolled

Resistivity Control
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Summary

! 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 Diagnosis " 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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Integrated Metrology

! 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)
! Operator

! Operator Error Had to Be Accommodated Through Data Filtering
! Operator 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
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The Bottom Line

! 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


	Development and Deployment of a Multi-Component Advanced Process Control System for an Epitaxy Tool
	Outline
	Introduction: Run-to-Run (R2R) Control
	Introduction: Fault Detection and Classification (FDC)
	Introduction: APC RequirementInterchangeability and Interoperability
	Introduction: EES Component Interaction Example ?The Ultimate Interoperability Goal
	Introduction:Solution Approach
	Outline
	Solution Architecture: APC System
	Solution Architecture: Integration
	Outline
	Application and Results, FDC:Variables Monitored
	Application and Results, FDC:Monitoring Interface
	Application and Results, FDC:Typical Faults Diagnosed
	Application and Results, R2R:Monitoring Interface
	Application and Results, R2R:R2R Evaluation Process
	Application and Results, R2R:Derived R2R Control Model
	Application and Results, R2R:Controlled Vs. Uncontrolled
	Application and Results, R2R:Controlled Vs. Uncontrolled
	Application and Results, R2R:Controlled Vs. Uncontrolled
	Outline
	Summary
	Integrated Metrology
	The Bottom Line

