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ABSTRACT

The interaction of light with nano-scale features usually associated with rigorous vector modelorg other
computation intensive method. It turns out, howetleait several interesting cases can be analyzedrbgdel based on
scalar, paraxial operators. Good correspondence feaed between this theoretical model and experiaien
investigation. In our work, the capabilities of lszaparaxial operator approach are discussechéocases of Dark beam
and Gaussian beam scanning microscopes. Fundantigmtations of the approach are outlined as wElle sensitivity
of the Dark beam scanning microscope was comparethé real experimental procedure and the idedlibeoretical
model which indicated a potential of 1nm sensiivit
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1. INTRODUCTION

Progress in high-tech production, such as opticahponents, flat panel displays and semiconductdustry places
increasingly stringent requirements on surface igual\s a result, there is a constantly growing dech for high-
sensitivity and high-speed inspection systems dipgran the production lines. Since traditional hwds do not provide
an adequate answer to industrial needs, other, sapleisticated methods were developed. Among timeshods, Dark
Beam (DB) microscopy was proposédnd preliminary investigations indicated high periance capabilities.

In Ref. 4 we have analyzed a generalized versionDBf microscopy, Singular Beam (SB) microscopy, both
experimentally and by numerical simulations, denmatisig nanoscale sensitivity. The simulations weagied out with
the help of operator representafiavithin the regime of paraxial optics approximatidie purpose of this paper is to
discuss those simulations and estimate their walidi analyzing systems designed to investigatenaale features.

Choosing a particular method of analysis usualloimes a tradeoff between the allowed errors arailatvility of
computational resources and processing time. s plaiper we demonstrate that the scalar paraxialogippation
produces reasonably accurate results for opticstesys with numerical apertures (NA) up to 0.4. Tlest section
provides a general background on the SB microsamy this is followed in Sect. 3 with a discussidntiee DB
microscopy as a particular case of the SB microgc8pction 4 compares scalar, paraxial results @xgeriments and
with rigorous vector calculations to estimate thedduced errors. Section 5 evaluates the imptioatiof inaccuracies
on the sensitivity of the microscopy approach. Bn#he conclusions are drawn in section 6.

2. SINGULAR BEAM MICROSCOPY

The main idea of SB microscopy can be outlinedofievi's. The space, containing the investigated aihfescanned by
a focused beam containing singularities. Lighttecat by the object propagates in free space atlkifough optical
elements to a recording system where it is analyaezlaluate required object features. Since SBastpy does not
deal with direct optical imaging, the classicalfdi€tion limit is mitigated and system performangeonstrained only
by the Signal to Noise Ratio (SNR) of the measulatd.

2.1 Singular beamsand their generation

Optical singularities and their properties are sabfor extensive study'°A wide variety of optical singularities exists.
These can be optical vortices, other kind of ptsiisgularities or polarization singulariti&s*” Our main interest here is
in beams containing one or more phase singulathigsgenerate spatial regions where the complelitute vanishes.
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