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IntroductionIntroduction

Major Changes Coming inMajor Changes Coming in
Semiconductor ManufacturingSemiconductor Manufacturing
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Advanced Process Control (APC)Advanced Process Control (APC)
is Requiredis Required

n To Reduce the Cost of 300 mm Test Wafers
and Scrap

n To Improve Accuracy for New Materials
and Smaller Features

n To Increase Equipment Efficiency
(by up to 50%)

n To Reduce Setup and Run Costs

Advanced Process ControlAdvanced Process Control
==

Physical integration of sensors and metrology
tools with the process tools

+

Integration of Process Tool data, Metrology
and inspection data, and intelligent factory

automation software.
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Tool++
Process Server

Tool++
Metrology Server

Tool++
Database Server

•View Real-Time Tool
Data

•Analyze Wafer Stream

•Generate Reports
       Thickness    Resistivity    Surface

                 Inspection

SECS

Integrated
Metrology

Stand Alone Metrology

Advanced Process ControlAdvanced Process Control

Advanced Process Control (APC)Advanced Process Control (APC)
BenefitsBenefits

n Reduce Test Wafers and Scrap
n Tighter Process Control
n Increased Automation to fight process

complexity
n Increased Equipment Efficiency            (by

up to 50%)
n Reduced Setup and Run Costs
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On-Line Technologies, Inc.On-Line Technologies, Inc.
n Developer & Manufacturer of APC

Hardware & Software for Semiconductor
Industry

n Has Most Major Equipment Suppliers as
Customers/Partners

n Founded 1991
n 24 Employees

Products for Advanced Process ControlProducts for Advanced Process Control

Purifiers

Process
Gases

Abatement

Epi
To Device

Fabrication

Wafer
Manufacturer

Wafer

Cluster Tool

Process Sense

EpiScan 1000

2010 MGA

2010 MGA

Epi On-Line

EpiScan 1000
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Program GoalsProgram Goals

Overall Program ObjectivesOverall Program Objectives

n Closed Loop Control of Epi Fabrication
g Non-Contact Sensor
g Control Algorithms
g APC Software

n Generalization to Other Processes
g Metrology for New Processes
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Program TasksProgram Tasks

n Task 1 - Epi resistivity sensor development

n Task 2 - Process control technology
Development

n Task 3 - Application to other processes

Task 1 -Task 1 - Resistivity Resistivity Sensor Sensor
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Task 1 -Task 1 - Resistivity Resistivity Sensor Sensor

Phase 1.  Implement soft contact sensor to 
integrate onto process tool

Phase 2. Implement non-contact version of
sensor

Phase 3.  Cluster resistivity sensor with layer
thickness metrology

Phase I feasibility testsPhase I feasibility tests
  Conventional Hg CV         Conventional Hg CV                        Soft-contact High-frequency CV   Soft-contact High-frequency CV

Sample Carrier Concentration, 10e-15 cm3

Hg (liquid)–CV (AMAT data)
Carrier Concentration, 10e-15 cm3

Diamond film (0.6µm) on heavily doped Si
electrodes

1 1.1 0.87 +/-0.05
2 2.0 1.5 +/-0.2
3 5.1 4.3 +/-1
4 9.2 7.5 +/-2
5 23 20 +/-5
6 130 80 +/-30
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Soft-Contact Soft-Contact Resistivity Resistivity SensorSensor

Diamond thin film
dielectric layer defines
electrode/sample
measurement gap
geometry

Capacitive
measurement of
near surface
doping level

Phase II - Non-ContactPhase II - Non-Contact
Resistivity Resistivity SensorSensor

Optical sensing of
measurement gap

Capacitive
measurement of
near surface
doping level
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Task 2.Task 2.
Process Control TechnologyProcess Control Technology

Task 2Task 2
n Control Algorithms

g Statistical-Empirical Reactor Models
g Process tuning tools
g Multivariate run-to-run control loops

n Integration Software
g Design of Cell Controller and user interface



12

Integrated Metrology withIntegrated Metrology with
 Run-to-Run Control Run-to-Run Control

R2R CONTROL

Run-to-Run CONTROLRun-to-Run CONTROL
PROCESS RESULTSPROCESS RESULTS
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BEFORE UNIFORMITYBEFORE UNIFORMITY
TUNINGTUNING

UNIFORMITYUNIFORMITY
TUNING RESULTTUNING RESULT
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Product Quality ImprovementProduct Quality Improvement

Process Capability  In-Line FTIR
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What Causes Thickness andWhat Causes Thickness and
ResistivityResistivity Uniformity Changes? Uniformity Changes?

(Variables to sense and control)(Variables to sense and control)

n Tool Related Changes
g Temperature
g Temperature

uniformity
g Flows, Pressures
g Contamination
g Dopant Concentration

n Wafer Related
Changes
g Contamination
g Autodoping
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Run-to-Run Control for Run-to-Run Control for EpiEpi
Silicon Deposition DOESilicon Deposition DOE
 -With MIT and Applied -With MIT and Applied

Central Composite
 Factorial Design

Uniformity data
subset from DOE

Integration SoftwareIntegration Software
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Fabrication & Metrology ToolsFabrication & Metrology Tools

Factory-Wide Software SystemsFactory-Wide Software Systems

Data Storage

APC
Framework

Core

Event & Data
Bus

Fabrication Tool
Data Collection

and Analysis

GUIs and Reports

Integrated
Metrology

Fault Detection
and Classification

Tool ++

SECS

          Ethernet or Other         SECS Pass Through

SECS Messaging System Health
 and Alarm

Stand-Alone
Metrology

Configuration Setup

Productivity 
Analysis

Recipe Mgmt.

Uniformity
 Tuning

TOOL++
Total Run to Run

Control

Task 3Task 3
Application to Other ProcessesApplication to Other Processes
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What’s New with FTIR?What’s New with FTIR?

n Optics to eliminate backside artifacts achieve
unprecedented accuracy and sensitivity.

n Model-based Algorithms to extract chemical
information and thickness from reflectance and
ellipsometry data.

n Demonstrated application to many of the newest
classes of materials.

Quantitative AnalysisQuantitative Analysis
for Device Filmsfor Device Films

n Low-K Dielectrics
n Deep UV Photoresist
n Polysilicon
n Deep Trench Etch
n Silicon on Insulator (SOI)
n Gate Oxides
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Low-k DielectricsLow-k Dielectrics

n   Film Thickness
n   Chemical Composition
n   Porosity
n   Extent of Cure
n   Contamination

Wavenumber (cm-1)

800 1200 1600 2000 2400 2800 3200 3600 4000 4400

R
e

fle
ct

a
n

ce

0.00

0.05

0.10

0.15

0.20

0.25

0.30
No cure

3 min at 425 0 C in air 
5 min at 425 0 C in air
8 min at 425 0 C in air
5 min at 425 0 C in N2

FTIR Spectra of Low-k Dielectric FilmsFTIR Spectra of Low-k Dielectric Films
after Different Curing Conditionsafter Different Curing Conditions



19

Effect of Annealing Time onEffect of Annealing Time on
Low-k Dielectric Film ThicknessLow-k Dielectric Film Thickness
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on the Absorption Index k in a Low-kon the Absorption Index k in a Low-k
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Deep UV Deep UV PhotoresistPhotoresist

n   Film Thickness
n   Chemical Composition
n   Porosity
n   Extent of Bake
n   Contamination

FTIR Spectra of DUV ResistsFTIR Spectra of DUV Resists
Reflectance Reflectance vs vs exposure doseexposure dose

Unexposed

Unexposed

Increasing
exposure

Increasing
exposure
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Analysis of DUV Resist FTIR Spectrum
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Tracking functional groups via extracted IR Optical constantsTracking functional groups via extracted IR Optical constants
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ConclusionConclusion

Cost of Ownership BenefitsCost of Ownership Benefits
 for  for Epi Epi FabricationFabrication
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Return on InvestmentReturn on Investment
n Higher Quality Product

n Higher Tool Utilization Results in More
Wafers Sold and Greater Profit.

n Less Scrap, Yield Loss, and Consumables

n Less Labor

n Payback Time for Sensor: 3.4 Months


