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The Hundred Billion Dollar Industry No One Knows AboutThe Hundred Billion Dollar Industry No One Knows About
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Experimental SetExperimental Set--upup
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Definitions of Tilt.Definitions of Tilt.
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Example of Tilt.Example of Tilt.

Original Measurement.

Sample Rotated by 90.

Measure from opposite 
side.
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System ModellingSystem Modelling
System modelled using System modelled using OptalixOptalix ray tracing software from ray tracing software from 
OptensoOptenso..

Model gives information on aberrations introduced by the Model gives information on aberrations introduced by the 
film structure.film structure.

Used to evaluate how aberrations change with thickness Used to evaluate how aberrations change with thickness 
and refractive index.and refractive index.

Investigate influence of horizontal and vertical tilts.Investigate influence of horizontal and vertical tilts.
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Thickness Variation.Thickness Variation.
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Influence Of Influence Of HorizHoriz. Tilt.. Tilt.
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Thickness and TiltThickness and Tilt
Each aberration coefficient can be written as a linear functionEach aberration coefficient can be written as a linear function

If we select various Zernike coefficients we can write a matrix If we select various Zernike coefficients we can write a matrix 
equation in the formequation in the form

Where :Where :

To calculate Thickness and tilt :To calculate Thickness and tilt :
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Numerical Example.Numerical Example.
Example: thickness = 100 microns, horiz tilt=1mrad
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Influence Of Influence Of VertVert. Tilt.. Tilt.
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Vertical TiltVertical Tilt
Each aberration coefficient can be written as a linear functionEach aberration coefficient can be written as a linear function

If we select various Zernike coefficients we can write a matrix If we select various Zernike coefficients we can write a matrix 
equation in the formequation in the form

Where :Where :

To calculate vertical tilt :To calculate vertical tilt :
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Numerical Example.Numerical Example.
Example: 100 micron film, 1mrad vertical tilt
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Experimental SetExperimental Set--upup
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Experimental Results.Experimental Results.
Example of collected data:Example of collected data:

Results indicate presence of:

• Tilt
• Defocus
• Astigmatism
• Coma
• Spherical Aberration
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Problems.Problems.
How to retrieve robust aberration values from measured How to retrieve robust aberration values from measured 
data. data. 
Optimised grating required to measure thinner film Optimised grating required to measure thinner film 
structures.structures.
Do we see linear relationship with thickness and Do we see linear relationship with thickness and 
aberration level?aberration level?
Next look at effect of surface shape and roughness.Next look at effect of surface shape and roughness.
Automation of system.Automation of system.
Industrial trial?Industrial trial?
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Conclusions.Conclusions.
Film structures affect reflected wavefront shape, info can 
be used to gain measure of thickness plus surface profile 
simultaneously.

Thin film structure introduces tilt, defocus, astigmatism, 
coma, spherical and triangular aberrations.

Single measurement of thickness and surface tilt 
simultaneously.

Experimental results are encouraging to date.
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