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I Interferometric Measurement i INs
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= High accuracy (excellent measurement uncertainty)

N\

) = Low cost (large-aperture measurement: Fizeau interferometer)
= Non-contact testing

= Simultaneous measurement (thickness & surface shape...)



I Hardware System: Fizeau Interferometer
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» Less susceptible to air disturbance

 Easily scalable for large-aperture measurements

| Advanced Manufacturing & Optical Instrumentation Lab

= Interference fringe pattern (sample: silicon wafer)

[(x,y)=1,(x,y)+1 (x,y)cosp(x,y)

*| @ (x,y): information about surface shape




I Software System: Phase Extraction ( A M OI

Advanced Manufacturing & Optical In
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} 3 variables » Minimum 3 fringe patterns

Phase Extractlon 1,

Phase-shifting technique Machine learning method

* Fringe patterns (~ 50) - Fringe patterns (~ 10) - Fringe patterns (only 1 & 2)
- Environmental uncertainties * Error from singular matrix

« Commercialized (ZYGO) « Not commercialized

- Excellent accuracy
« Optimization error




IAppllcatlon Multi-Layer Interferometry ( ) A M Ol

= 6 different fringe patterns (,C, = 6) Raw fringe pattern

. Reference surface _

LNB wafter - Reference
Surface
1. =5
LNB wafer A n,T, =1
1 | FS plate — n,T, =2
Fused silica (FS) plate P 22 95

= Thickness (LNB) = Thickness (FS) = Surface (LNB)

987.138 nm 1.309 um 474.051 nm
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Application: Surface Profiling of Silicon Wafer '&\?) AMOI

= Larger-aperture Fizeau interferometer = Surface profiling of silicon wafer

« Surface of the four-inch silicon wafer was obtained by
using the harmonic phase-iterative analysis and five-
frame interferograms.
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Repeatability
0 uncertainty: 2.6 nm
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I Approaches using Machine Learning Method ,&,) AMOI

o Pre-Processing

> Fringe pattern denoising process considering the second harmonics

o Phase Extraction

> Deep learning-based phase extraction using 2 fringe patterns

> Al based phase shifter (Deep learning method + Conventional phase-shifting techniques)

e Applications

> Absolute optical thickness of transparent parallel glass plate

> Total thickness of silicon wafer



I Application: TTV of Silicon Wafer &) <)) AMOI

- Development of optical testing system of silicon wafer TTV based on deep learning

= Testing for total thickness variation (TTV) of silicon wafer = Fraction calculation based on deep learning
‘ Beam splitter
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» 4-layer stage for testing silicon wafer TTV  » Measurement process for TTV calculation " Integel‘ calculation based on virtual wavelength scanning
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I(x,p)=A(x,p)+B(x,y cos[é (1) —¢(x,y):| v §: Linear phase shift
) A(n)-4, v M : Total fringe number
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I Application: TTV of Silicon Wafer (Cont.) ( <)) AMOI

- Development of optical testing system of silicon wafer TTV based on deep learning

Experiment and verification Measurement results

. 4 layer stage design and mterference experiments = Results of total thickness measurement of proposed method
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CFRP Machine Tools Sv) AMOI
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CFRP in steel square pipe
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CFRP in steel pipe
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CFRP in steel pipe
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CFRP & REC in
gray cast iron

Trunnion table:
A-axis: CFRP and cast iron
with steel sleeve

C-axis: CFRP in steel pipe




Fas
5% TX|A QX B 5 AaMOI

° Advanced Manufacturing & Optical Instrumentation Lab

= 5-Axis machine tool = Kinematic error modeling
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DVF 5000 (DN Solutions) .
Kinematic error

= Identification of kinematic error = Compensation of volumetric error

d i ‘
a Touch probe

Measurement cycle
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