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Determination of optical parameters of CdTe
films by principal angle ellypsometry
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The principal angle and ellipticity of the light wave reflected from the surface of the
single-crystal silicon coated by a CdTe film have been measured in 366—579 nm spectral
region. Using a specially developed computer graphic program of the ellipsometric data
processing optical constants and a film thickness distribution over the sample surface area
have been determined. The CdTe refraction index values obtained for the film are considerably
lower than that of CdTe single crystal. That is explained by porous structure of the film.

B cnexTpanbHOl obnactTu 366—579 HM M3MepEeHHI IVIABHBLIM YroJl U 3JIJUITUYHOCTH CBETO-
BOIl BOJIHBI, OTPAKEHHOU OT IIOBEPXHOCTU MOHOKPUCTAJIUUYECKOTO KPEeMHUSA, MOKPHITOH IIJIEH-
Kol Teqnypunga Kazmusa. [IpeacraBieHa KOMObIOTEPHasA IpaduuecKas mporpaMMa o0paboTKU
JIJTUIICOMETPUUECKUX U3MePeHUil, C IOMOIILI0 KOTOPOil HAleHb ONITUUYECKNE ITOCTOSHHBIE U
pacmpeJesieHre TOJIIWHGBI IIEHKU II0 IJjolnanu odbpasmna. IlosyueHHble 3BHAUEHUS TOKAa3aTessd
IPEJIOMJIEHUS IIJIEHKUW TeJJIypujga KaIMus 3HAUNTEeJbHO MeHbINe MTOKAasaTejsd IPeJoMJIeHUS
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MoHOKpuctanndeckoro CdTe, uTo 06bACHAETCA PHIXJIONA CTPYKTYPOH HJIEHKH.

Semiconductor films are widely used in
development of solar energy converters and
signal transmission devices. In particular,
CdTe thin films are used in electrolumines-
cence devices as emitters as well as for pro-
tection of light energy receiver surfaces in
near infrared spectral region. To design the
film devices, it is necessary to know optical
parameters of film and its thickness, dis-
tributing of the film thickness over the sur-
face area, the radiation and chemical resis-
tance of film structures. The reflective el-
lipsometry based on the analysis of
polarization characteristics of the wave re-
flected from the tested sample is an effec-
tive film control method. In this work, a
computer program for graphic processing of
the ellipsometrical data obtained by princi-
pal angle ellipsometry and determination of
optical parameters (refraction and absorp-
tion indices) and thickness of a film. The
program is checked taking as an example a
CdTe semiconductor film deposited onto
silicon single crystal. It is to note that opti-
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cal properties of CdTe films on silicon are
scarcely studies up to now. The known data
[1-4] on CdTe films on other substrates show
that the surface structure and optical parame-
ters of the film depend considerably on the
deposition conditions. Therefore, the technol-
ogy of film structures requires convenient and
reliable non-contact control methods.

Studied was a thin CdTe film obtained by
the vacuum epitaxial "hot wall” method.
The film preparing technology has been de-
scribed in details elsewhere [6]. The sample
was shaped as a thin (~1 mm) plate of sin-
gle-crystalline Si coated in its central part
with the film spot of about 20 mm diame-
ter. The coating thickness within limits of
the spot was varied along the radial direc-
tion, what the corresponding distribution of
the interference coloring testified about.
The ellipsometric measurements were car-
ried out at 579, 546, 435, 405 and 366 nm
wavelengths of a mercury lamp emission
spectrum using a home-made photometric
ellipsometer with variable incidence angle,
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Fig. 1. Ellipsometric parameters @ and tgy (points) measured on several wavelengths (a—e) at light
reflection from different sample areas in comparison with the values calculated using the ellip-
sometry equation in the single-layer model of the reflective system (continuous curves). The
numbers near marks on theoretical curves indicate the layer used in of calculations are presented

in the Table.

calibrated using a single-crystal silicon
plate. The ellipsometer has been designed
according to the non-compensated "ana-
lyzer-sample-polarizer” scheme. In the used
modification of photo-electric ellipsometric
method [7], the ellipsometric parameters
cosA and tg¥ are the measured wvalues,
where A is the phase difference between the
p- and s-component of the reflected light
wave electric vector, and tgy, the ratio of
reflection coefficient in the incidence plane
(p-plane) to that in the s-plane perpendicu-
lar thereto. The ellipsometrical parameters
are determined by measuring intensities I,
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145, Igg, I_45 of radiation reflected from the
sample at four azimuths of the analyzer ac-
cording to 0°, 45°, 90°, —45° respectively
with respect to the incidence plane and at a

fixed azimuth of polarizer yp:
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Table. Optical constants n, and x, and thickness of investigated film

A, nm Si [8, 9] Film Film Region of thikness CdTe [12, 13]
on an area 1 film (nm)
ng Kg Ny Ko Ny Ko d2min d2max Ny Ko
579.06 4.04 0.030 2.08 0.40 1.90 0.20 34 85 3.02 0.38
546.07 4.08 0.042 2.10 0.38 1.70 0.20 33 83 3.06 0.42
435.83 4.56 0.185 2.35 0.34 2.10 0.34 39 84 3.27 0.69
404.65 5.43 0.350 2.55 0.41 2.10 0.40 36 75 3.39 0.90
366.00 6.52 2.705 2.60 0.80 2.15 0.75 38 80 2.90 1.53

The phase difference A is found as average
of A; and A,y. Before measuring, the ellip-
someter should be adjusted according to [7].

It is well known that the sensitivity of
ellipsometric parameters to characteristics
of the reflecting system is the highest if the
measurements are carried out at the so-
called principal angle, i.e., angle of inci-
dence ¢ at which A = 90° (cosA = 0). In this
work, the principal angle and tgy at this
angle (ellipticity) have been found by meas-
uring the ellipsometricl parameters at three
angles of incidence on both sides from the
principal one but near thereto, that is, at
those angles where cosA changes its sign
and its values are within limits cosA ~ £0.1.
Really, the angle of incidence was to be
varied within 15 angular minutes with re-
spect to the principal angle. In most cases
of non-thick films, cosA in the such small
angular interval varies linearly and tgy re-
mains essentially unchanged, therefore, the
principal angle value was found by linear
interpolation of cosA = f(y) dependence. The
probing light beam was directed to areas
with a different interference coloring (up to
seven areas) located along the spraying spot
radius, that allowed to determine the distri-
bution of the film thickness and optical con-
stants over the sample surface area.

Let the measurement results be presented
as diagrams where the measured values of
ellipsometric parameters, principal angle @
and ellipticity tgy, are laid on orthogonal
axes, then every pair of these values will be
represented by a point on the diagram.

Fig. 1 presents the experimental data ob-
tained at the light reflection from different
areas of the sample. The experimental
points on the diagram are seen to form sec-
tions of a spiral. This is seen especially well
for short wavelengths. As these points are
obtained at the light reflection from areas
of different thickness, it is believed that
the curves correspond to permanent values
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of optical constants, along each curves the
layer thickness varies while its optical con-
stants remain unchanged. Natural is to as-
sume also that the investigated layers are
absorbing, since the intrinsic absorption re-
gion of the layer material (cadmium tellu-
ride) lies just in the visible part of spec-
trum. The optical constants of substrate
(single-crystalline silicon) are well known
[2, 3], thus, it is the film optical constants
ng, K9 and its thickness d, are to be deter-
mined.

The fitting procedure of refraction (n,)
and absorption (kj) indices of CdTe films
was carried out using a special graphic pro-
gram. All calculations were made using a of
software package [4, b]. The fitting results
of theory to experimental data are pre-
sented in Fig. 1] as the corresponding
curves. In the Table, the substrate parame-
ters (single-crystalline Si) used in computa-
tions are given as well as the obtained val-
ues of the CdTe film thickness and optical
constants in comparison with optical con-
stants of CdTe single crystal.

It is seen from results presented in Fig. 1
that theoretical curves describe well the ex-
perimental results, passing the experimen-
tal points for most areas. However, the
point for the area 1 (where, judging from
the interference coloring, the film thickness
is the smallest) for all wavelengths of the
studied range does not get on theoretical
curves disposed in that region of diagram
where the refraction indexes are consider-
ably lower than those for theoretical curves.
Judging from the experimental point loca-
tion, we estimate the film thickness in this
area as dg =30-40 nm. The film optical
constants for that area are calculated by an
iterative method [4], the layer thickness in
the being assumed to be of 35 nm. The film
optical constants for that area are shown in
separate columns of the Table.

It is evident from the data presented in
the Table that the film thickness range
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found from measuring on different wave-
lengths is essentially the same. This can
testify to reliability of the method used to
calculate the film parameters. The thickness
values for corresponding areas obtained
from ellipsometric data for different wave-
lengths coincide to within Ad, = *2 nm;
that value can be acceptes as the error of
the applied film thickness determination
procedure. In the studied spectral region,
the refraction index increases as the wave-
length diminishes, and its values are sub-
stantially lower than that of single-crystal-
line CdTe, unlike the absorption index
which is only a bit lower than that of CdTe.

In our opinion, this is caused by the fact
that the studied film is not single-crystal-
line but is loose, having a changed struc-
ture which includes pores between the sepa-
rate grains of basic material. In accordance
with data of X-ray diffraction [6], the film
structure is polycrystalline. The pores in
the film bulk contain air, thus, the effec-
tive refraction index of the film is lower
than that of continuous material. Obvi-
ously, the porosity degree decreases as the

film thickness increases, so the refraction
index grows. Such structure of films is ex-
pectable; since the lattice constants of sili-
con (5.4282 A) and CdTe (6.477 A) differ
considerably, formation of epitaxial single-
crystalline structures for that pair of mate-
rials is hindered.
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BuzHaueHHA ONTHYHMX NMapaMeTPiB ILNIIBKH TEJyPHUIY
KaJaMil0 MeTOIO0M eJimcoMeTpil roJIOBHOTO KyTa

M .B.Byiivux K.M.Kopnienko, B.A.Odapuu, JI.B.Ilonepenko

B cnekrpanbuiii ob6gacti 366—579 HM BUMIPAHO IOJOBHUM KyT i eginTwuHicTh cBiTI0BOL
XBWUJIi, BigOuTol Big MOBEPXHI MOHOKPHCTAJIIUHOIO KPEMHiI0, BKPUTOI ILJIiBKOIO TeIyPHULY
kagmiro. IIpexcraBieno xomir’ioTepHy rpadiuny mnporpamMmy OOGPOOKH esilcoMeTpHUYHHUX
BUMIipiB, 3 JOIIOMOI'0I0 SIKOI 3HAMAEHO OITHYHI CTAJi Ta POIIIOLIJ TOBIIMHU IIJIiBKH II0 ILJIOIIL
spaska. Omepoxkani 3HAUeHHs NOKA3HMKA BaJOMJEHHS ILIIBKKM TEJIYPUAY KaaMil0 3HAUYHO
MEHIIIi 3a IOKa3HUKHU 3aJIOMJIeHHs MoHOoKpucraigiunoro CdTe, 1o mosCHIOETHCA ITyXKOIO

CTPYKTYPOIO IIJIiBKHU.
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