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Abstract

Rotating-compensator type ellipsometer was developed for spectroscopic measurements. For accurate
data reduction, the azimuths of transmission axises of polarizer and analyzer, and the angular
position of the fast axis of compensator should be determined through calibration process. In this
paper, we present various calibration methods.

1. Introduction

Retarder has been used in a single wavelength null ellipsometry mostly as a quarter-wave

plate( b,

The main purpose of adopting this optical element was to provide null condition in
conjunction with a linear polarizer in polarizer-retarder-sample-analyzer configuration. Meanwhile,
the recent use of this element in rotating element ellipsometry was to avoid linear polarization upon
reflection and to get additional information from the non-ideal surface of sample(g). As the
sensitivity becomes poorer when the reflected beam becomes closer to linear polarization in rotating
polarizer(RPE) or analyzer ellipsometry(RAE), the use of a quarter waveplate is appropriate to
transform the linear polarization into circular polarization. For this purpose, however, an exact
quarter-wave retardation is not necessary. Thus compensator can be employed for broadband
retardation.

For data reduction in conventional RPE (or RAE), calibration process is mandatory if one
wants accurate measurements. The angular positions of optical elements relative to the plane of
incidence are determined in the calibration process and there are many different kinds of calibration
methods are developedm. As the sensitivity of each calibration method depends on measured
ellipsometry angles, users need to select proper calibration method for their experiments. Similar
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results were found in a rotating compensator ellipsometry (RCE We report here several

calibration processes for RCE system equipped with a multichannel detector.
2. Data Reduction

Figure 1 shows a schematic of the rotating-compensator ellipsometer used for this work. It
consists of: (1) Xe arc lamp, (2) Glan-Taylor polarizer, (3) sample, (4) MgF: compensator, (5)
Glan-Taylor analyzer, (6) spectrograph, and (7) multichannel detector with 2048 pixels. The
polarizer, analyzer, and compensator are under position control.

When the compensator rotates with a angular frequency of w, the light level at detector

shows the following behavior:
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)= I{1+ aycos2(wt— Cg)+ Bysin2(wt— Co+ ascosdwt— Cg)+ B,sind(wi— Cg)) (1)
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Fig. | Schematic representation of rotating compensator multichannel ellipsometry. P and A are the

arimuths of transmission axises of polarizer and analyzer, respectively. C is the azimuth of the fast
ax's of compensator. The parallel and perpendicular directions to the plane of incidence are denoted
as p and s with arrow.

wrere -Cs is the angular position of the fast axis at the moment of data acquisition. The
ncimalized Fourier coefficients in Eq. (1) are related to the optical properties of sample, retardance
of compensator, and the azimuth angles of optical components.

Thus, the conventional ellipsometry angles (4, ¥) can be obtained from these Fourier
coeffizients and the absolute values of A, P, and C, which are measured from the plane of
inc dence.  In real experiment, however, the measurement begins from time t=0 without knowing the
valie of Cs in advance. Moreover, sample alignment can be different from measurement to
measurement resulting in the variation of the plane of incidence. Thus, along with Cs the scale
readirgs of analyzer and polarizer corresponding to the plane of incidence, {As, Ps}, are also
det >rroined during calibration process to get A, P and C.

3. tCa ihration

It was proposed that the following calibration procedure which is quite similar to the
res dual calibration method developed by Aspnes for RAE®. I order to determine Cs, As, and Ps,

measure { @'y, B9, @ 4, £ 4} near Ps to get

Ko Py=1Yai+B7)
o (tan¥sind)? (P — Pg)%,  P= Pg (2)

Heie primed notations imply non-calibrated parameters, Thus, Ps can be obtained from the parabolic
beaavior of Rz as shown in Fig. 2(filled squares). However, the sensitivity of this procedure to
dezsrmine Ps becomes poorer as 4 approaches 0 or 180° as can be seen in Fig. 2(open circles). To
av-id this, we define @4 and expand it Ps near and Ps+90° to deduce following expressions. Ps can
be derermined from the cross section of these two linear functions(see Fig. 3) and the sensitivity of
th'« rethod to determine Ps increases as 4 approaches 0O or 180° .
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@4(P)=—%— tan _1(—5—2)%2 Cs+ A+ cot ¥cosd(P — Pg) P~ Pg (3a)
@4(P’+—2£)=—%~ tan _1( g:) =2 Cs+A+tan¥cos (P — Pyg) FP= P5+~27£ (3b)

This method is similar to the phase calibration method developed by De Nij et al. for RAE(3) and
complementary to the previous one.
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Fig. 2 (left) Ry values obtained from two different photon energies. Crystalline silicon was used for
measurement.
Fig. 3 (right) ®. values measured at two different polarizer zones. Crystalline silicon was used for

measurement.
The problem associated with the second method is the lengthy time required to measure at

two different zones. Thus we propose spectroscopic ®4 method, in which Ps can be obtained from

two linear function of ©4 corresponding two different photon energies collected at a single zone.
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Fig. 4 @4 values corresponding two different photon energies measured at a single polarizer zone.

258



=3shs) 20019 % FA g8 E3) (2001, 2. 15~ 16)

Ay we employs multichannel detection system, there is no loss of measurement time. The result is
as good as obtained from two zone method(compare Fig. 3 and Fig. 4).

(Cnee Ps 1s obtained A and Cs can be determined from @4(Ps) and following @o.

5. =Ly 1L\
9 2tam (32) ( Cs+ A (4)

Another method we propose to get Ps is intensity calibration. If we set the polarizer
tre nemission axis close to 0° (or 90° ) relative to the plane of incidence, I(t) in Ea. (1) can be
aporoximated as following,

Ij(A)~— | 7, |? (A= Ag*+ Cy when A~0° , P~0° (5a)

Io(A)~ | 72 (A —Ag*+ C;, when A~0° , P~%0° (5b)

. where Cyy is a constant. These are parabolic functions of analyzer angle A and thus As is found
frcm parabolic fitting of measured intensities. In this method, setting the polarization axis close to
the: »lane of incidence (POI) is not that difficult because POI does not vary much from one

mcasurement to another. Similar expressions to get Ps can be deduced if we switch A and P.

4 Stymmary

We developed rotating compensator type spectroscopic ellipsometry. Many calibration
mcthyds were briefly discussed. Spectroscopic single zone phase function method and intensity
ca ibration method were proposed.
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