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Abstract

This paper presents a spectral domain low-coherence interferometrQi3D
method that is effective for applications in on-line surface ittgpe because it can
obtain a surface profile in a single shot. It has an advantage xiséng spectral
interferometry techniques because it uses cylindrical lenses as the obgive a
Michelson interferometric configuration to enable the measurement oplorfites.

The adjustable profile length in our experimental setup, determined by tloé tR&
illuminating system and the aperture of cylindrical lenses, is up to 10 Tom.
simulate real-time surface inspection, large-scale 3D surface measureaent w
carried out by translating the tedtsample during the measurement procedure. Two
step height surfaces were measured and the captured interferageaenanalysed
using a fast Fourier transform algorithm. Both 2D profile results and 3D surfac

maps closely align with the calibrated specifications given by theifaeturer.
1 Introduction

The rapidly developing industries such as MEM€#kcro fluidics, photovoltaic thin
film, Si wafers and hard disks critically rely on micro/nano scaleudina-precision
structured surfacedn most cases these surfaces are evaluated amigxpensive
trial-and-error approach, which makes manufactured items suffardecrap rates of
as high as 50%-70% [1]. It is therefore a great challengectisune thee products
quickly and easily within the manufacturing environment. Spectrafaito low-
coherence interferometry (SD-LCI) overcomes thepRase ambiguity problem by

using broadband illuminationt takes advantage of spectral interference fringes for
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a wide range of wavelength@ithout any mechanical scanning as well as shitsvs
potential application in performingn-line measurement with just one shot.

In this paper, a new spectral domaimvicoherence interferometric technique adn

at long profile orrline surface measurement is presented. Instead of the microscope
objectives used in current spectral interferometers, cylindricat$eme employedto
enable the measurement of long profil€so step height surfaces were measured
with the experimental setup and the good results show that cylindrisaislérased

SD-LCI has the potential to be used for on-line surface inspection.
2 M easurement principle

The white-light interferogram of the testsurface is captured by the CCD camera
with the phase information encoded as a function of wavbeunalong the
chromaticity axis.The spectral intensit/ (h,o) recorded at the output of the
interferometer can be expressed as:

I (h,0) =1L +1, + 2\/I1, cos(p(h, o)) 1)
Whereo denotes the wavenumbar/f), I., I, are the intensities reflected from the
reference and tested surface. The plasgr) varies linearly with wavenumber.
In this paper an accurate fast Fourier transfdrfiT] algorithm was developed to

analyse the channelled spectral signals [2]. The point elevatiobheexpressed as:
1 1
h = A<P/47T(m -%) 2
Wherel,,, A, are the wavelengths corresponding to the phase diffefepce

3 Experimental setup and results

The experimental setup of cylindrical lenses based SD-LCI is shown in Figure
The tested surface is observed through a cylindrical lenSes 76 mm) based
Michelson interferometric objective and the spectral interferograms are diyentua
received by CCD camera (ICL-B0620An iris diaphragm and a compressor
objective are used to meet different requirementdi©§ystem’s spatial resolution

By selecting a proper grating spacing and adjusting the posit@CBf camera, a
desired waveband can be captubgcconsidering the spectral curve of light source
For wavelength calibration, a white light laser sour®hifeLase™ micro) in

conjunction with the acoustic-optical tunable filter (AOT&used In our setup the
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wavenubewr spreads along chromaticity avis a range of 157 um™=! 1.82um™1.
Additiondly, the tested sample is fixed on a precision displacement stage @lowin
the lateral scanning to simulate on-line measurement.
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Figure 1:Setup of the cylindrical lenses based spectral domain low-coherence

Two step surfaces (with heights of 30 pm and 200 pm, resfgtimade by Rubert

& Co. Ltd. was measured with th8D-LCI setup As shown in Figure 2 and Figure 3
the measured averarge heights are 29.893 um and 1922@pectively. For the
200 pm step, there are some errors in the calculated 2D profdedeethe angle of
sloped edged(> 45°) exceeds half of the apenture angle of the objective 12:84 ).

This is a limitation that exists in almost all interferometers and can be solved by
rotating the interferometer to acquire the acceptable surface gradietite whole

both profile results closely align with the parameters calibratedebsneimufacturer.

By translating the testl sample at a speed of 0.5 mpds-line measurement was
simulated as well. Figure 4 shows 3D surface map of the 30 punirstgpr-Hobson

CCl was used to measure the same step as compared with ourTéetegculated
mean values of this step height are 29.964gud 29.859 m correspondingo CCI

and the propose8D-LCI, respectively. Those two close results demonstrate that the
proposedSD-LCI could be applied to production line like the R2R surfaspéaction,

where only defects on the film surface are concerned in terms qfithigy control.
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Figure2: MeasuremenResults 80 um step): (a) interferogram, (b) 2D profile
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Cross-section Average Height = 199.229 um
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Figure3: Measurementesults 200um step): (a) interferogram, (b) 2D profile
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Figure4: Surface results30 pm step): (aBD surface map,(b) cross-sectional profile

4 Conclusions

A new Spectral Domain Low-Coherence Interferometric technique for poofile
on-line surface inspection is proposéobtaininga surface profile in a single shot
makes this setup minimise the effect of external perturbations and enemtal
noise when carrying out real-time measurement. The performanttee SD-LCI
was evaluated by measuring two step surfaces and the obtainesl ceméty align
with the calibrated specifications given by the manufactaerwell as the
measurement results by the other commercial instrument.
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