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Sensors and Metrology - 2
Optical Microscopy and Overlay 

Measurements
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Optical Metrology

• Optical Microscopy
– What is its place in IC production?
– What are the limitations and the hopes?

• The issue of Alignment Control
– Needs in the industry
– Basic technology
– Precision and Accuracy of existing tools

– How the future looks
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Optical Microscopy

• Optical Microscopes have limited resolution, but 
are still useful instruments for human (or even 
automated) inspection:

R = 0.61λ/NA
NA = n sinα

Overview of Optical Microscopy and Optical Microspectroscopy , Joel W. Ager III, Characterization and 
Metrology for ULSI Technology, 1998 International Conference.
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General Configuration

Practical 
magnification 
levels are limited 
by the diffraction-
limited resolution...
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Typical Resolution Limits

Resolution defined as the minimum distance at which two bright
spots can be distinguished.
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Confocal Microscopy for Enhanced Resolution

Focused laser beam is scanned across field of view, image 
is reconstructed electronically.
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Ultraviolet Microscopy with NA>1 (!)

• UV illumination
• NA > 1 (achieved by immersing lens in high n medium 

(glycerin)
• Very high resolution, and very, very thin depth of focus.

– Can be useful in detecting buried defects!

• Contamination concerns limit use in IC production
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Near-field Scanning Optical Microscopy

Use very narrow fiber (50-100nm) to 
illuminate at near field, and detect at 
far field,

or a focused laser to illuminate at 
far field and narrow fiber to detect at 
near field.

Either case requires AFM-like 
scanning and feedback control for 
position (terrain following).

Approach limited by speed and 
surface topography.
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Microscopy can help in Contamination Analysis
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Raman Microspectroscopy

• Microspectroscopy is considered a very promising 
technique for defect classification
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Raman Spectroscopy for Defect Classification
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The Issue of Image Placement
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Overlay Requirements
• 0.5µm technology needed 150nm of overlay

• 0.25µm technology needs <100nm of overlay
• 3-5% of overlay budget can be allowed for metrology errors.

– Systematic (lens aberrations, illumination problems, wafer related 
problems, resist slope, processing asymmetry, etc.)

– Random (pattern dependent, CMP effects, etc.)
– Ugly (interactions among process steps, strange sensitivity to focus 

position, etc.)
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Image Placement

Metrology of Image Placement, Alexander Starikov, Ultratech Stepper, Inc., San Jose, California 95134
CP449, Characterization and Metrology for ULSI Technology: 1998 International Conference, edited by D. G. Seiler, A. 

C. Diebold, W. M. Bullis, T. J. Shaffner , R. McDonald, and E. J. Walters
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Typical “redundant” target

Overlay Metrology: The systematic, the random and the ugly, Neal Sullivan, Jennifer Shin, Advanced Process Tool Development 
Group, Digital Semiconductor, Hudson, MA 01749
CP449, Characterization and Metrology for ULSI Technology: 1998 International Conference edited by D. G. Seiler, A. C. Diebold, 
W. M. Bullis, T. J. Shaffner, R. McDonald, and E. J. Walters 0 1998 The American Institute of Physics l-56396-753-7/98/$15.00
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Standard SEMI Targets

Modern targets exploit dimensional redundancy
TIS (Tool Induced Shift) can be measured by comparing
readings to 180 degree rotation.
WIS (Wafer induced Shift) is subject to topography and other
target problems. It is much harder to measure.
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Target Asymmetry can be a Problem
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An Illustration of TIS and WIS effects
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Modern Tools are big, dedicated and expensive

The 5200XP Overlay Metrology System
performs fully automated overlay 
measurements on multilayer integrated 
circuit product and test wafers. The system 
features measurement capability for 0.18 
µm technology, including coherence probe 
measurement capability which is optimized 
for planarized layers. It also features 
optional KLASS 4.0 for Windows analysis 
software for stepper-specific registration 
control. The 5200XP is also available in a 
SMIF configuration.
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Tool-to-Tool matching is an issue
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Imaged-based Error Correction helps...
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Other issues contribute to variability
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W CMP Case Study

CMP is meant to planarize

We need visible edges to measure centerlines and 
adjust position.

Some undesirable CMP artifacts help us find position.
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Optical and Electronic Tricks help

Placement error is 
proportional to square root
of noise...
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Results of W CMP study
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W-CMP Study

1) Substrate bar formed by isolated space to avoid erosion.

2) Maximize edge definition by maximizing post W CMP Step height:
a) Minimized deposited W thickness
b) Optimize trench width to 6 - 8 times minimum feature size (Max width 

determined by dishing).
c) maximize trench depth (remove etch stops).

Note conflicting process/metrology requirements!
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Approach for Metrology Improvement

• use a comprehensive (systems) approach;
• analyze processes, sub-processes and points of hand-

off;
• establish quantitative measures of metrology quality;
• automate gathering and analyses of quality feedback;
• assess quality of typical metrology (benchmarking);
• assess the failures of control (frequency and magnitude);
• establish the absolute values of error (to standard);
• account for technology limitations;
• rank the impact and cost to remove (Pareto analysis);
• remove the largest detractors first and re-assess.
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Metrology

“The ultimate goal of IC manufacturing is to make high 
quality product at reasonable cost, so that the people in 
metrology and processing make their living. When the 
social contract of the various groups involved in IC 
manufacture is seen this way, a solution is always 
found.”
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What is next

• In-situ possibilities
• Reflectometry, Ellipsometryand Scatterometry
• OES, Temperature, Pressure Sensors
• What is the future in process/wafer sensors?


