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The different thicknesses CdTe thin films were obtained by method of open evaporation in vacuum on
glass and silicon (100) substrates. The surface of films was investigated by AFM analysis. Applying the
two-dimensional discrete Fourier transform and autocorrelation function, for the first time the patterns of
the structure of the surface of cadmium telluride thin films formed during the vapor phase of condensation
are studied. A periodic object grid is discovered. The grid period is related to the mismatch between lattice

parameters of substrate and condensate.
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1. INTRODUCTION

CdTe crystallizes in the zinc blende structure with a
lattice parameter a = 6.481 A and melts at temperature
1074°C. The width of the bandgap of this semiconduc-
tor is 1.45 eV, which corresponds to the maximum of
the solar radiation spectrum. Therefore, the solar pho-
toelectric elements with base layer of cadmium tellu-
ride have a high efficiency [1]. Also, it should be noted
the set of basic physical and chemical parameters for
good practical use, such as high optical absorption coef-
ficient, low concentration of own charge carriers, good
mechanical and thermal characteristics. Thus, p-type
conductivity cadmium telluride is the optimal material
for the creation of highly efficient solar photoelectric
applications. And the close values for both of its lattice
parameter and chemical composition with HgCdTe,
make CdTe an ideal substrate material for the growth
of IR detectors [2-4].

A significant increase of the efficiency of photovolta-
ic converters from 16.0% [5] to 22.1% [6] has been
shown in the last 20 years. Along with this, the im-
portant commercial task is to reduce the cost of such
envelopes. Polycrystalline CdTe films with micrometer
grain sizes today are among the best in terms of the
quality of absorption layers of photocells in the ratio of
"efficiency-cost" [7]. Applied properties of such layers
are determined, mainly, by the structure of the surface,
which can be accurately predicted by technological
methods.

Now, there are a large number of methods for ob-
taining CdTe thin layers. There are the "hot wall"
method for epitaxial growth [8-11], organometallic
chemical deposition of vapor (MOCVD) [12, 13], molec-
ular beam epitaxy (MBE) [14, 15]. One of the most
promising methods is open evaporation in vacuum
[16, 17]. This method makes it possible to receive the
high purity films during a well-controlled process
thanks to the constructive features of the evaporator.

At this time, the research for cadmium telluride as
a component of solar cells is in the active phase of
study [18, 19]. However, a large number of unsolved
physical and technological problems are becoming an
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obstacle to obtaining quality functional CdTe films with
controlled properties. Therefore, it is important to
study the surface morphology of the CdTe thin films
[20-26]. The problems of forming of the film surface are
due to the complexity of the processes of evaporation
and the transfer of matter in the vapor phase, and also
of the condensation of steam on the substrate.

The most interesting substrate materials for growing
CdTe thin films for solar cells are silicon (Si) and glass.

In the case of silicon, which is transparent in the
optical spectrum of the CdTe region, a discrepancy be-
tween the lattice parameter is significant (up to 20%):
5.43 A for Si and 6.48 A for CdTe [24].

In [25] the surface condensates CdTe deposited on
Si (211), (111) and (100) orientations are considered.
Sufficiently perfect surface structures obtained by the
method of MOCVD, which is quite expensive from
commercial point of view. In [24] the process of forming
CdTe on Si (211) and (111) was considered. If the first
type of substrate it received larger grain sizes, then on
the second — a more perfect structure of the finite ma-
terial. In [26] deposited films of CdTe on glass sub-
strates have been investigated. The structure and pho-
tovoltaic properties of the obtained material were in-
vestigated at the change of the complex of technological
parameters. However, only nanoscale thicknesses films
were considered in the paper that deposited from the
gas phase at room temperature.

In this paper, the results of the study of nanoscale
objects formed on the surface of CdTe deposited on pol-
yerystalline silicon or amorphous glass substrates are
presented. A model of discrete Fourier transforms [27]
was proposed for describing the characteristics of the
nanocondensates obtained on the basis of the AFM im-
ages analysis of the cadmium telluride surface.

2. EXPERIMENT

Researched films were prepared by deposition of
pre-synthesized CdTe material by the method of open
evaporation in vacuum under silicon (100) and glass
substrates. The substrate was pre-purified by chemical
etching. The temperature of the evaporator was
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Te=820K, and the temperature of the substrates
Ts =470 K. The thickness of the films was determined
by time of deposition and varied in the range of 120-
300 sec. and measured by Bruker Dektak XT profilome-
ter [10, 11, 28].

Surface morphology was investigated by atomic
force microscopy (AFM) in periodic contact mode (AFM
CSM Instrument). Measurements were carried out in
the central part of the samples using the serial silicon
probes Veeco MNSL-10 with a nominal radius of curva-
ture of the tip up to 10 nm. The surface morphology
and profilograms were studied as results of ASM imag-
es analyses. The size of nanocrystals in the lateral di-
rection is determined by their height and roughness in
software package Gwyddion.

The symmetry and frequency of surface structures
of the original image allow establishing by two-
dimensional Fourier transforms and auto-correlation
function. The Fourier spectrum is ideally suited for
detecting periodic or quasiperiodic of the two-
dimensional structures in the image. Textures easily
differ in the spectrum in the form of impulses with high
intensity.

The Fourier coefficients S (&, [), forming the two-
dimensional frequency spectrum of the image s (n, m),
were determined by the direct Fourier transform for-
mula:

S(k,1)=>">"s(n,m)exp(-j2z(kn+Im)/N),

where N is the number of image points.
A two-dimensional auto-correlation function C (k, I)
was calculated by the formula

Clk,) =3 s(n,m)-s(k+n,1+m))* N .

The 2D- and 3D- auto-correlation images as well as
Fourier transforms were obtained in the graphical pro-
grams Microsoft Excell and Origin.

3. RESULTS AND DISSCUS

The AFM images of CdTe films of different thick-
ness deposited on the glass substrates shows in Fig. 1.
We can see that the surface of film with larger thick-
ness contains nanobjects, whose size is an order of
magnitude larger than the size of nanoobjects on the
surface of film of smaller thickness. Note, that the size
of nanoobjects on the surface of films deposited on sili-
con almost unchanged remain (Fig. 2) with change in
film thickness. The increase of film thickness in 3-4
times does not significantly increase the characteristics
of the heights of the surface. In table 1 shows the pro-
cessing of AFM relief. From which it is also seen that
the surface parameters are more sensitive to film
thickness than to the substrate material.

Consider the more detailed distributions of N ob-
jects at altitudes h on the film surface (Fig. 3). As can
be seen, the distributions are normal. This means that
the most probable height of the relief is just about
25 nm for films deposited on silicon substrates and is
35 nm for films deposited on glass substrates.

We used auto-correlation images (Fig. 4) in order to
establish periodicity in the location of nanoobjects on
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Fig.1 - AFM images of the CdTe films, deposited on glass
with thick (a) and thin (b) thickness (No 7 and No 9, see table
1). The size of the observed surface is 2.5 x 2.5 micron?
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Fig. 2 — AFM images of the CdTe films, deposited on Si (100)
with thick (a) and thin (b) thickness (No 6 and No 9, see Ta-
ble 1). The size of the observed surface is 5 x 5 micron?2

the surface of CdTe films. We observe row of objects on
the surface for both thick and thin films grown on Si, as
well as for thin films grown on glass. For such films
grown on glass there is no such periodicity. Note, that
the output square-like AFM images of the films depos-
ited on Si were in 2 times larger in size than the films
deposited on the glass, with sizes of 5 and 2.5 microns,

05016-2



THE SURFACE MORPHOLOGY OF CDTE THIN FILMS...

respectively. Frequency along the abscissa axis is more
clearly visible (Fig. 4).

Table 1 — CdTe films thickness, deposited on Si (100)
and glass

No sample Substrate d, microns
6 . 2.30
9 Si (100) 054
7 lass 1.62
9 & 0.54

From Fig. 4 we estimate the orientation of the se-
ries of objects on the surface of the film. It is (1 1) for
the films deposited on the substrate Si, and (1 2) on the
glass substrate (the marks of orientation of the objects
written for case of planar objects). Also, we can esti-
mate the distance between the rows by the number of
maxima (Fig. 5): it is 35 nm for thick film and 31 nm
for thin films on the case of silicon substrate, and
22 nm for thin film on glass substrate.

N £9(Si) #6(S1)

=9(glass)

1000

100
10 20 30 h,

Fig. 3 — Distribution by height of the relief of CdTe film

The presence of periodic rows is manifested in im-
ages in the inverse space obtained by discrete Fourier
transforms of 64 x 64 pixel images (Fig. 6) for films
deposited on silicon. Coordinates of the maxima in rows
for a thick film are (17; 39) and (47; 25), and for thin
films are (27; 31) and (37; 32).

The lengths of the broadcasts of the inverse lattice
for the thick film are 0.53 and 0.38 pm-!, and broadcast-
ing angle is 58°, and for the thin film — lengths are 0.52
and 0.51 ym -1 and the angle is 90° (Fig. 6). That is, the
objects on the surface of thin film are arranged in
square grid, and on the surface of thick film are in
monoclinic lattice. We observe the reconstruction of the
lattice through monoclinic to hexagonal as the thick-
ness of the film increases. The length of one of the edg-
es has decreased by 30%, and the angle change to 60°.
In the usually space the lattice parameters are 49 and
35 nm, and the angle between the edges is 122° for the
thick film, for the thin film — the lattice parameters is
30 and 31 nm, and the angle is 90°.

The lattice periods, that obtained by using of Fouri-
er transformation are in good agreement with the such
periods obtained by the auto-correlation functions.
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Fig. 4 — 2-D autocorrelation images
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Fig. 5 —The values of a two-dimensional auto-correlation
function along coordinate axes
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Fig. 6 — The Fourier images for films deposited on silicon. There are used the image 64 x 64 points for conversion. The Fourier
maxima images and corresponding cells for thin (o — squares) and thick films (A — triangles)
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1.

CONCLUSIONS

It has been established that the distribution of the
heights of the CdTe films surface is normal, the
mean square deviation is less than 10 nm.

It was found that the most probable heights of sur-
faces of films of the same thickness grown on glass
are larger than one those grown on silicon.

It is shown that objects on the surface of thin films
grown on silicon substrate are arranged periodically
in a square lattice. The lattice is modified to hex

agonal with the increase of the films thickness.

It was established that objects on the surface of thin
films grown on glass are arranged periodically, but
with the increase in film thickness, the periodicity
disappears.
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Mopdoaorus nosepxHoctu Touknx mwieHOK CdTe nmosryyeHHBIX METOIOM OTKPBITOrO HCHIAPEHUS

B BaKyyMe

AII.Cammit!, JI.W. Huxupyiil, P.C. Asopcermiil 2, S.Adamiak?
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2 @akxysbmem MameMAmMUKU U ecmecmeeHHbix HayK JReuryscrozo ynusepcumema, ya. Iuzonus 1, 35-959 Mewys,

Mopdonoria noeepxHi Toukux mwiiBok CdTe orpumannx MmeTogoM BiZKPHUTOro BUIIAPOBYBaAHHA

1 Ilpukapnamcokuli HauloHaabHul yrisepcumem imerni Bacuns Cmegarnuka,8yn. Lllesuenra, 57, 76000

Hsarno-Opanrosck, YVepaurna

Tonvwa

Tourwne mrenku CdTe pasiudyHON TONIIMHEL IOJIYyYEHO METOIOM OTKPHITOIO WCIIAPEHUs B BaKyyMe Ha
mojutoskkax u3 crexsa u kpemuus (100). Vcciemoana moepxHocTh mieHok ¢ nomornsio ACM amamusa.
[Ipumensiss qByMepHBIE AMCKpeTHOE npeobpasoBanne Dyphe M ABTO-KOPPEIAIUOHHOK (DYHKIIUIO BIIEPBHIE
HU3y4eHbl 3aKOHOMEPHOCTH CTPYKTYPEI IIOBEPXHOCTH TOHKUX IIJIEHOK KaIMUI TeJIypuaa cOPMUIPOBAHHEIX B
mpoiecce mapo pasHoON KOHIEeHCAINY. BBISIBIIEHO eprogudecKyio ceTky o0bexToB. [lepuos ceTku cBsizas c
HEeCOIJIACOBAHUS PEIIeTOK IOJJIOKKY M KOHIeHCaTA.

Knwouessie caosa: Kammuit Ttemrypun, ToHkme 1ieHKH, Asro-

roppessiuonHas gyaruysa, Oypbe mpeobpasoBaHus.

MeTO,Z[ OTKPBITOTI'O HCIIApPEHNI,

y Bakyymi

AIIL.Camitl, JI.I. Hurwupyiil, P.C. dBopceruiil2, S.Adamiak?

Isano-@parkiscvk, Yipaina

2 Mamemamuuro-npupooruxuil garynvmem Heuryscoroeo yuisepcumemy, ey. Iliconis 1, 35-959 JKewys, [onvua

Touri mmisru CdTe pisHOI TOBIIMHYA OTPUMAHO METOLOM BIIKPHTOTO BUIIAPOBYBAHHS y BAKYyMI HA IIIKJIAI-
Kax i3 ckia 1 kpemaio (100). Hocmimkxeno moBepxHio wiiBok 3a mormomoron ACM amasmay. 3aCToCOBYIOUN IBOBU-
MipHi guckperHe meperBopeHHs Oyp’e Ta aBTO-KOPeIAIiHY (DYHKINO BIIEPIIe BUBYCHO 3AKOHOMIPHOCTI CTPYKTY-
P¥ IOBEPXHI TOHKMX ILTIBOK KaIMiil Teypuay chOpMOBAHUX y IIpoIieci mapo asuoi KoHaeHcarrii. BussieHo me-
plonuuny ciTRy 00'ekTiB. Ilepiof CiTKI OB’ A3aHMUHA 3 HEY3TOIYKEHHSA PEITOK IIKIATKY 1 KOHISHCATY.

Knwouosi cinosa: Kagmiit Temypun, Tonki mwrisku, MeTox BIIKPpATOTO BUIIAPOBYBAHHSA, ABTO-KOpEJAIIMHA
dyuxriisa, Oyp’e mepeTBOpEeHH.
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