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Ellipsometric examinations of thin ytterbium**
oxide layers on chromium

Thin Sims of ytterbium oxide on chromium substrate have been examined within the spectral range 0.45 p.m-0.65 p.m The elli-
psometric angles 2 and y have been measured for layers of various thicknesses and both the refractive index and the thickness of
ytterbium oxide layers have been calculated from the experimental data by using the eliipsometi/c method of Shklyarevskii.

1. Introduction

The examinations of thin dieiectric layers on an
absorbing substrate are interesting and important for
investigation of metal oxidation, in tunnel spectros-
copy, and for examination of surface states of materials
in the ultrahigh vacuum. These layers can be either
naturally developed or artificially deposited. The basic
parameters determining the optical properties of such
dielectric layers are: refractive index and thickness.
The ellipsometric methods allow to determine both
the magnitudes simultaneously.

The same two quantities may be also determined
with the help of the approximate DRUDE-TRONSTAD
formulae [1-3] frequently used in practice but the latters
are valid only for very thin dielectric layers (5-7 jzm)
[4,5].

Recently Shklyarevskii [6-8] has suggested a new
ellipsometric method for simultaneous determination
of the refractive index and the thickness of dielectric
(both absorbing and non absorbing) layers on the
absorbing substrate. In the Shklyarevskii's method
the refractive index and the thickness of the layers
is determined from the general interference formulas
for the substrate-dielectric layer system. In the present
paper the Shklyarevskii's ellipsometric method has
been applied to determine the refractive index and the
thickness of the thin layers of ytterbium oxide.

The determination of the refractive index (M) and
the thickness (i/) of a thin dielectric layer on the absor-
bing substrate (Mi, Ay) with the help of an ellipsome-
tric method consists in measuring the phase difference
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/1 between the p- and ~-components of the reflected
light and the azimuth y (tan y determines the ratio of
p- to A-components of the reflected light) for the absor-
bing substrate examined layer system for the given
incidence angle y and a given wavelength A The optical
constants (Mi, Ay) ofthe layer substrate must be known.

From the basic equation of ellipsometry [6-8]:

tanyexpi'd = /(m i, Ai,m, Z Ay) Q)

where: M — refractive index of substrate,

Az — absorption index of substrate,

M — refractive index of layer,

tz — thickness of layer,

A — wavelength,

y — incidence angle
the sets of curves illustrating the relations <d{t2) and
y(tZ) are calculated for given experimental values of
Ay, Mi, Ai and reasonably accepted values of refrac-
tive indices (M of layers. These calculations are perfor-
med on a computer. The intersection points of the cur-
ve sets zI(t2) and y(<Z) obtained in this way with the
experimentally measured values of zI* and y,"
give two new relations MY<2) and M"(J). The relations
A(<2) and y(<Z) are fuHiHled simultaneously by one
pair of values Mand Z These values are found from
the intersection of curves MY<® and M\t2).

2. The determination
of thickness and refractive index
for the ytterbium oxide iayers

A better accuracy in determining Mand <Zfor dielec-
tric layer may be obtained for a steeper dependence of
J and y upon the layer thickness. This dependence is
influenced (for given refractive index (M of the layer)
mainly by optical constants (Mi, Ay) of the substrate
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used. Chromium proved to be the best substrate for
the ytterbium oxide iayers. The chromium layers were
obtained by thermal evaporation of spectrally pure
chromium (produced by JMC 703) from a tungsten
basket in a Edwards Vacuum Unit. The layers were
condensed on a substrate from BK-7 glass at a room
temperature. The substrates were cleaned chemically
according to a routine method applied in the labora-
tory and next subjected to an ion bombardment
(physical cleaning) in vacuum at a 10"" Tr pressure.
During the evaporation of chromium layers the
vacuum was 107 Tr and the evaporation rate 20 A/s.
From the measurements of ellipsometric angles A and
y made immediately after evaporation of layers the
optical constants (Hi, AY of the chromium layer
were calculated [9]. The opaque layers obtained in
this way were employed as the substrates for the exa-
mined ytterbium oxide layers. The ytterbium oxide
layers of dilferent thickness were evaporated in the
same vacuum unit by an electron gun onto unheated
chromium substrates. The starting material was the
spectrally pure ytterbium oxide of Ferak firm (Berlin),
the evaporation rate being » 1A/s and the pressure
in the vacuum unit 8-9-10"" Tr.

The measurements of ellipsometric angles (zl, y)
have been carried out with the help of an ellipsometer
of EL-6 type [9] employing the ARCHER's method
[10-12]. In this method the azimuth of components
is fixed and amounts to —Yyr/4. The polarizer and analy-
zer rotate to obtain the extinction of light reflected
from the sample under test. To increase the accuracy
of the azimuth determination by light extinction it is
measured twice at two polarizer azimuths F, and
differing from each other by yr/2. From the angles
measured at extinguishing state of analyzer (zU, /U)
and polarizer (F,, F2) the ellipsometric angles (Z) and

are determined in the following way

zti+inr-zU)
y = - B 0
J = F1+F2 for O~ Fi ~ yr/2, and 12~ F2 N r;
2 = Fi-)-F2—180 for 3yr/4 F, and yrlA<rF2 "
< n/2
2 = F1+F2+ 180 for jr/2 ~ Fi ~ 3yr/4, and 0 "
NF2 < Tild (2

The measurements of ellipsometric angles were
made for different thickness of ytterbium oxide layers
deposited on chromium within the visible spectral
range (0.45-0.65 jam), and at the 70° incidence angle.
The latter was measured with the accuracy of + 1'
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while the accuracies of measuring the ellipsometric
angles 2) and » achieved +3'. The results of ellipso-
metric measurements for one wavelength have been
collected in fig. 1. Similar curves have been obtained
for the whole examined spectral range. After having
performed the experimental measurements for each

Fig. 1. The results of ellipsometric measurements of z! and y for
thin ytterbium oxide layers on chromium (Hi = 2.32,
= 2.10) for y = 70° and 2 = 350 nm

of the wavelength within spectral range 0.45-0.65 p.m,
ellipsometric angles zl and if have calculated theore-
tically from the basic equation of ellipsometry for
all the assumed values of n and <of ytterbium oxide
layers.

The sets of calculated relations zI(J) and "~(J)
have been shown in figs 2 and 3. The horizontal lines
intersecting these sets of curves correspond to the
values Zi” and %xp measured experimentally for an
ytterbium oxide-chromium set; analogical relations
were drawn for other wavelengths. The relations
Hj (<) and H/(<7) found from those graphs are shown
in fig. 4. The intersection points give the sought
values of the refractive index (n) and thickness (<) of
the examined ytterbium oxide layers. In table the cal-
culated values of the refractive index (n) and thickness
(™) for Yb203 layers on Cr have been collected for
several wavelengths. In fig. 5 an examplified disper-
sion n(2) has been shown for Yb203 layers of various
thicknesses, while in fig. 6 a dependence of the refrac-
tive index upon the layer thickness is given for one
wavelength of light.

As it follows from table the values of thickness
calculated for different wavelengths are well consistent.
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Fig. 2. Calculated sets of curves ¢1(if) for three Yb™O™ layers.

The incidence angle 70°, A= 500 nm. The optical constants of

chromium for A= 500 nm, n, = 2.11, & = 2.10. The horizon-

tal layers — experimental values of zI for the examined values

of Ybzo3 on Cr, the numbers in the vicinity curves — the
values of n

Fig. 3. The calculated sets of curves y\if) for three Yb~O®
layers. The notation identical with that in fig. 2

A if if if if
[nm] M [nm] M [nm] 7] [nm] [nm]
450 2.20 8.70
475 256 339 210 769 215 765 198 1210
500 - - 2.04 781 208 6.62 203 11.00
525 - — 1.93 8.12 202 805 1.87 11.90
550 246 280 192 7.18 2.08 815 176 14.10
575 245 321 168 850 190 925 162 1550
600 223 362 181 8.94 2.02 880 162 1565
625 209 383 172 1163 188 1020 — -
650 197 471 170 9.05 2.06 8.70 1.60 17.00
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Fig. 4. The determination of the refractive index (n) and thick-
ness (if) of the ytterbium oxide layers
f —nj(if) found from fig. 2; 2 — M(if) found from fig. 3

Fig. 5. Dispersion n(A) of thin ytterbium oxide layers. 1-3 cor-
responds to if= 8.5, 47.3 and 80 nm
zZ)-1, 0-2, X-3

The refractive index of YbzOa iayer of thickness
greater than 20 nm coincides with that for thick layers
to 450 nm thickness [13]. However, with decreasing
thickness of very thin layers the refractive index
increases instead of decreasing (6g. 6). For very thin
layers of a series dielectrics, such as ZnS, CdS, cryolite,
the refractive index of these layers diminishes with
the decreasing thickness, which indicates an increase
in the porosity of the layers [6, 7, 14]. The nontypical

Table 1
if 7 if 2 if if

[nm] [nm] [nm] [nm]
189 2270 184 4460 212 6400 186 47,20
189 2310 182 4480 195 76.00 184 48.00
183 2390 181 4470 185 8180 1.82 47.90
184 2240 183 4410 186 80.40 183 47.50
184 2330 180 4530 186 8000 1.83 47.90
179 2530 181 4470 182 84.00 1.82 47.30
184 2420 185 4340 185 7820 185 43.40
181 2670 181 4450 180 84.6 1.82 47.20
181 2660 183 4420 180 85.0 1.76  49.20



E. Idczak, K. Zukowska

character of the dependence of n on J for Yb2<33
layer found in this paper may indicate the existence
of an intermediate layer between Cr and YI"Og

Fig. 6. Dependence of the refractive index (a) upon the thickness
(if) for thin ytterbium oxide layers (A= 525 nm)

caused by the diffusion of oxide and by formation of
thin chromium oxide layer; its refractive index is
being greater than that of the Yb2 O3 layer. A similar
of refractive index increase with the decrease of the
layer thickness has been observed for selenium layer
deposited on gold [15].

The authors express their thanks to Dr. T. Marcinéw and
M.Sc. T. Wiktorczyk for evaporating the examined Yb™Oa
layers and to Prof. C. Wesotowska for her kind interest shown
to this work.
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ONNUMNCOMETPUYECKOE WUCCefoBaHmne
TOHKUX TJ1IEHOK OKWUCU VITTep6VIF| Ha Xpome

B Bmanmoli obnactu cnektpa 0,45-0,65 MKM nccnegoBaHbl
TOHKME M/IEHKU OKMUCU MTTepbus Ha xpome. [ns nneHok pas-
HOWM TONLLUMHBLI M3MEPEHbI 3MIINNCOMETPUYECKME YINbl Zt 1 Y,
a Ha VX OCHOBE BbIYMC/IEHbI, 31IUNCOMETPUYECKUM METOLOM
LLlensipeBCKOro, Koa(hthuLEeHT MPenoMAeHns U TOMLWMHA nie-
HOK OKMCK UTTepbus.
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