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Examination of thin dielectric films
with ellipsometric method*

Etlzbieta ldczak, Ewa Olrszkiewicz, Krystyna Zukowska

Institute of Physics, Technical University of Wroclaw, Wroclaw, Poland.

Ellipsometry in reflected light may be applied to examination of thin dieleotrio
layers on absorbing substrate. The basic optical parameters of the dielectric
layers: i.e. their refractive index In) and thicknesses (d) may he determined
from the measurement of the phase difference {A) and azimuth (V\/) for the
examined dielectric film —absorbing substrate system. The transition from the
measured quantities A and Wto the film parameters (n and d) may he carried
out by using a graphical method (for instance, Shklyarevskii's method) or by
using a respective computer programme. In this paper a computational esti-
mation of N and d for ytterbium oxide thin films obtained from the programme
elaborated for computer was compared with the respective results obtain-
ed by applying the ellipsometric method due to Shklyarevskii. The results
obtained show that this programme may be used for the calculation of refrac-
tive index and thickness of the dielectric film from the results of ellipso-

metric measurements.

Introduction

An increasing interest in ellipsometric method observed in the course
of last years is connected with the examination of very thin dielectric
and absorbing films (several to tens nanometers) deposited on an absorbing
substrate. These examinations are important because of metal oxidizing
effects, they are also of some meaning in tunnel spectroscopy as well as in
investigations of the state of material surface in ultrahigh vacuum. The
layers to be examined may be created either in a natural way or
deposited artificially.

Ellipsometry exhibits an essential predominance over other methods,
since the ellipsometric methods do not require any special preparation
of the examined surface and allow to carry out the examinations under
different physical conditions (temperature, pressure, type of atmosphere
and so on). Nowadays the development of ellipsometry is considerably
simplified due to the advances of the computational technique.

The ellipsometric methods in the reflected light are based on the
analysis of ellipticity of the light reflected from the examined object.

* This work was carried out under the Research Project M.R. 1.5.
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If the medium is of absorbing type or a thin film occurs on its surface,
then the plane polarized light falling under an angle different from 90°
becomes elliptically polarized after reflection.

Results of the experimental examinations

The most common quantities measured experimentally in ellipsometry
are: phase difference (A) between p- and 9-components of the Fresnel
coefficients for the light reflected, and the angle W (tan W determines
the p- to s-amplitude ratio for the respective Fresnel coefficient compo-
nents for reflected light).

In all the applications of ellipsometry the interpretation of the values
A and W (i.e. of the so-called ellipsometric angles) measured directly is
reduced to the transition from these quantities to the optical constants
n3, k3 of the substrate as well as to the optical constants (n2, k2 and the
thickness (d) of the surface film. Mathematically this means the neces-
sity of solving the inverse ellipsometric problem, i.e. the finding of values
of n3,k3,n2 k2and d on the basis of the values A and P measured
experimentally.

If the calculation of A and P from system parameters {n3k3-,n2,
k2 and d) does not present any essential difficulties due to application of
computers, an explicit solution of the general equation of ellipsometry
with respect to n3, k3,n2, k2 and d is still unachievable. Therefore, in
practice the ellipsometry equation is solved by using either graphical
methods or simplified formulae which are valid only for very thin films
(some nanometers thick) or finally by using special programmes for com-
puters which allow to solve the general equation of ellipsometry.

The graphical ellipsometric method proposed by Shklyarevskii [1-4]
allows to determine simultaneously the refractive index and the thickness
of the thin layers, both of dielectric and absorbing type, deposited on an
absorbing substrate. In this method the refractive index and the thickness
of the surface film are determined from the film-absorbing substrate system.
For the given experimental values X<, n3,Ic3a set of dependences A (d)
and P(d) is calculated from the general ellipsometry equation for some
reasonably accepted values of the refractive index (n2 for the examined
film. These calculations are carried out on a computer. The intersection
points of the curves A(d) and P(d) obtained in this way with the straight
lines corresponding to the experimentally measured values of lyeq and
Aexp (see fig. 1) give two new dependences nA(d) and nw(d). The inter-
section points for curves nA and nv determine the sought values of both
the refractive index and thickness of the examined film (fig. 2). The
Shklyarevskii’s method is very laborious and requires plotting of a series
of curves. The accuracies achieved with this method for dielectric film
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Pig. 1. The calculated family of curves A (d) and K (d) for the layers Yb20 3on chromium.
The incidence angle 70°, optical constant of chromium for A = 500 p.m, n3= 2.11,
k3 = 2.10. The horizontal lines represent experimental data (Aexp, IPoxp)» while

the numbers close to curves denotes the values of N2

Pig. 2. Determination of the refractive index (m2) and the thickness id) for the ytterbium

oxide layers: 1) n”(d) found from the fig. 1, 2) n<p(d) found from the fig. 1

on chromium substrate are of order of some percent both for the refractive
index and thickness of the layer.

Therefore, a programme for computer has been elaborated which
allows to determine from the experimental data of A and W the refractive
index and the thickness of the dielectric layer deposited on an absorbing
substrate [5].

The programme elaborated requires the measurement of ellipsometric
angles A and W for. the given incidence angle (@) for the examined film-
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absorbing substrate system as well as the knowledge of the optical con-
stants (n3, k3) or ellipsometric angles (3, W) of the substrate.

The programme has been written for R-32 computer in Fortran IV.
It has been verified for a number of tabularized values taken from the
work by c.rqe1y [6] for the system Si02o0n Si. First when the obtained
numerical results were consistent with the corresponding tabularized data
this programme was applied to calculation of the refractive index and
the different thicknesses of this ytterbium layers on the chromium sub-
strate. To be sure that the programme works correctly the results obtained
had to be verified by comparing them with those obtained by a different
method. The Shklyarevskii’s method the correctness of which seems
to be unquestionable was chosen as a reference method.

The ytterbium oxide films were obtained by thermal evaporation
in vacuum, opaque chromium films being used as the substrates. The
ellipsometric measurements have been carried out on a EL-6 ellipsometer
[7] in the visible spectral range 450-650 nm.

In the table the results obtained from the computer and those given
by Shklyarevskii’s method have been collected. The comparison of these
data indicates that the elaborated programme may be considered as
a correct one since the compared data do not differ practically from each
other. The accuracies of evaluations of n and d are conditioned by the
accuracy of ellipsometric angle measurement. The ellipsometer applied
by us allows to measure the ellipsometric angles with the accuracy not
better than 3', which results in the 1% accuracy of calculation of n and
0.5 % accuracy of the thickness for a definite wavelength.

In this paper the ellipsometric measurements have been carried out
for 9 different wavelengths from the visible spectral range. The deviations
from the mean value of the thicknesses of the same film for different
wavelengths ranged between 2 and 4 %

Conclusions

The results obtained in this paper indicate that the elaborated programme
allowing to evaluate simultaneously the refractive index and the thickness
of a dielectric layer on an absorbing substrate is correct and may be
applied to calculations of the parameters of the dielectric films from the
ellipsometric measurements.

In the future a further development of the programme is forseen to
make it applicable to absorbing films on absorbing substrate, too*.

* This paper has heen presented at the Fourth Polish-Czechoslovakian Optical

Conference in Rynia, near Warsaw, Poland, September, 12-19 1978.
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Table

A comparison of the results obtained from the computer with those given
hy Shklyarevskii's method for thin ytterbium layers on chromium

d d d d d d d

nr n nTt n nT " nT nTt nrt n nrt n nT
450 — — 2.20 8.70 1.89 22.70 1.84 44.60 2.12 64.00 *
219 859 219 859 153 19.63 1.89 22.86 1.83 4507 2.65 60.75 bl

475 256 333 210 769 215 765 1.98 1210 1.89 23.10 1.82 4480 1.95 76.00 *
257 332 215 7.60 215 7.60 1.95 1220 1.89 23.23 1.83 4441 193 76.68 **

204 781 208 6.62 203 11.00 183 23.90 1.81 4470 1.85 81.80 *
207 656 207 656 203 11.07 1.81 2427 181 4441 1.83 8425 **

193 812 202 8.09 187 11.90 1.84 2240 1.83 44.10 1.86 80.40
203 7.99 203 7.99 187 1191 183 2253 1.81 44.82 1.83 83.15

525 -
246 280 192 7.8 208 815 176 1410 184 2330 180 4530 186 80.00  *
*

550 247 264 209 821 209 821 177 1400 1.85 23.14 181 45.00 1.85 81.27
245 321 168 850 190 9.25 1.62 1550 179 25.30 1.81 44.70 1.82 84.00

575 547 319 191 923 191 923 161 1555 179 2532 181 4483 181 8413 *
600 223 362 181 891 202 880 1.62 1565 1.84 2420 1.89 43.40 1.85 78.20 *
217 440 201 9.62 201 962 1.63 1647 1.85 24.84 1.85 43.05 1.81 83.06 ‘o
625 209 383 172 11.63 1.88 1020 — — 181 26.70 181 4450 1.80 84.60 *
211 503 1.89 10.15 1.89 10.15 1.53 19.43 181 26.49 181 44.47 1.81 83.28 **
650 197 471 170 9.05 206 870 1.60 17.00 1.81 2660 1.83 4420 1.80 85.00 -
197 5.00 207 875 207 875 159 16.98 1.81 26.63 1.83 4381 179 86.01 **
* - experimental results obtained by Shklyarevskii's method,
** — computer results.
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NccnegoBaHua AU3NEKTPUYECKUX TOHKUX MIEHOK METOAO0M 3/1/INMNCOMETPUN

dnnuncomeTpmua B OTPaXEHHOM CBeTe MOXXEeT MPUMEeHATbLCA ANA UCCNef0BaHUA AN3NEeKTPUYECKNX
TOHKWX MNEHOK, HaxoAsWUXCH Ha nornowatw el nognoxke. OCHOBHble ONTUYECKME NnapamMeTpsl
AN3NEKTPUUECKON NaeHKU, KoshpuumeHT npenomnenns (M) n eé Tonwmua (i), MOryT 6biTb BblUMC-
NeHbl N3 U3MepeHNUa pa3HOCTHU (ha3l:| Awn asmmyTa )@,q/'lﬂ I/ICCI'Ie,ELyEMOI‘/‘I CUCTeMbl AnanekKTpunyeckas

nneHka — nornowatuaa noanoxka. lMepexog 0T M3MepeHHbIX BenMYuH A un Y> K napameTtpam

naeHKu (I'I n 6) MOXeT 6blTb BbINO/IHEH NM60 rpadguyeckuMm mMeToaoM (Hanpumep, MeTOAOM
W knApeBckoro), nu6o cos3gaHmem nporpammbl Ana 3LUBM. B paboTe cpaBHeHbl pe3ynbTaThbl
pacyeta N n d TOHKWX NNEHOK OKWCU UTEP6WSA, MOMYYEHHbIX W3 pa3paboTaHHOW NMporpaMMbl Bbl-
yncneHnin Ha ALUBM un annuncomeTpuyeckoro metoga LI knapeBckoro. Mony4yeHHble pe3ynbTaThbl
nokasbiBalwT, 4To nporpamma 3L BM mMoXeT NMPUMEHATbCA ANSA BblYUCAEHUA Ko3adduumnmeHTta

npenomMmneHna U TOoNUWWUHBbI AMQHEKTpMHeCKOIZ NAeHKN N3 3NNTNNCOMEeTPUYeCcKnx I/I3MepeHI/II7I.



