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X-RAY INVESTIGATION OF Bi,;Tes;-Bi,Se; <Tb> AND Bi,Te;-Bi,Se; <CI> FILMS

N.M. ABDULLAYEV
H.M. Abdullayev Institute of Physics of the NAS of Azerbaijan
Az-1143, Baku, H. Javid ave., 33

The formation of new phase doesn’t take place at annealing of Bi,Te;-Bi,Se;<Tb> u Bi,Tes-BiySe;<CIl> up to ~500K real increase of
microparticle dimensions, any structural reconstructions, the polycrystalline structure is observed at film annealing. The calculations of
interplanar spacings show that structure becomes strength at film annealing.

INTRODUCTION

The alternative power enginnering nowadays takes the big
interest in film thermoelectric generators and also the infrared

detector demand increases. The thermoelements and
thermobatteries coated on substrates by the vacuum
condensation method with the use of masks ans

photolitographic processing [1] are used in such receivers.

It is known that monocrystalline films with complex
technology of their production loose their properties in due
course in exploitation process. The change of dispersion
parameter in comparison with dispersion which is character
for these compositions in volume crystals =0 ( the distance
on acoustic photons) clearly reveals in Bi;Te,;Sepy, small-
grained films evaporated on amorphous substrate [1]. The
amorphous films have some lowered characteristics than
polycrystalline ones. The Bi,Te; lattice parameters have the
some change in both at inclination from stoichiometric
content and at impurity introduction. Bi,Te; transits into
another phase having the hexagonal lattice but belonging to
space group Rj3, [2] at hydrostatic pressure 40 kbar and
temperatures higher than 700K.

The substrate temperature should be in optimal interval for
obtaining of qualitative film. X-ray investigation of thin films
is carried by Frankombe and Semiletov. At film investigation
the temperature of (glass) substrate at which the film forms
corresponding to Bi,Te; content has been defined. The strong
inclination from Bi,Te; content begins at increase of £,
higher than 500K [2]. The extremely low temperature of
substrate opposes to equilibrium distribution of adsorbed
atoms; they group in “islands” of different thickness. Vice
versa, the extremely high temperature of substrate leads to
separation of just lead-down atoms their revaporation [3].

The task of X-ray investigation of system Bi,Te;-Bi,Se;
polycrystalline film with terbium and chlorine impurities
obtained by the method of hot wall before and after annealing
has been established by us with the aim of improvement of
thermoelement physical properties because of decrease of
their geometric sizes of polycrystalline materials evaporated
on amorphous substrate.

INVESTIGATION TECHNIQUE

The investigated films Bi,Te; Bi,Te;-Bi,Se;<Tb> and
Bi,Tes-Bi,Se; <CI> with optimal thickness 50-150nm
prepared by evaporation of synthesized substances in BYII-4
device in vacuum ~10™*Pa on previously heated crystals NaCl
and glass are grown up by the hot wall method [1,4]. The
comfortable conditions for steam condensation are formed on
substrate, the additionally heated wall leads to minimum the
partial steam condensation on cap walls, where wall
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temperature at evaporation is 600K, substrate temperature is
500K at cooling velocity of thin layers ~2nm/s [5].

The obtained polycrystalline films Bi,Te;-BiSe; <Tb>
and Bi,Te;-Bi,Se; <CI> are investigated by roentgenography
method. The film samples useable for X-ray investigation by
thickness by thickness 50-150nm are produced by
sublimation of synthesized compound of Bi,Te; and Bi,Tes-
Bi,Se; <Tb> contents, i.e. (Bi;Te;-BiySe;); Ty (x=0,15), and
Bi,Te;-Bi,Se;<CI> on new-cleaved faces of haloid crystal
NaCl and glass substrates.

The obtained samples are treated by X-ray analysis on
JAPOH-2,0 (CuK, is radiation, Ni is filter) at 35kV, 10mA.
The roentgenograms obtained by scanning of radiation angle
of incidence in 5°< 26 <70° limits on surface of (001) film
layer are given on fig.1 and 2. From Wolf-Bragg relations it
is obvious that rays reflected from planes parallel to (001) are
registered at such incidence of roentgen rays. The Bi,Te;-
Bi,Se;<Tb> and Bi,Te;-Bi,Se;<Cl> films are fixed in layered
crystals correspondingly: 10; 13; 15; 16 clear diffraction
reflections. The obtained diffraction patterns are almost
identical ones with small difference of reflex intensity and
reflection angles. The film roentgenogram of Bi,Te;-Bi,Se;
<Tb> and Bi,Te;-Bi,Se; <CI> polycrystals before and after
annealing are well induced on the basis of hexagonal lattice
BizTe3 [6]

RESULTS

The thermoannealing influence at ~500K on structure and
film properties deposited on glass has been investigated. The
films deposited on glass are treated by annealing in vacuum
for taking out of elastic stress fields. The annealing is carried
out in vacuum ~10*Pa during 24 hours with temperature
decrease up to 25 degree/min.
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Fig.1. (up) The roentgen of annealed and non-annealed films
BizTe3-BiZSe3 <CI> and BizTe3-Bi2$e3 <Tb>.

The roentgenogram obtained by the radiation of
polycrystalline films BixTes-Bi2Ses <Tb> and BiTes-BixSes
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<CI> is well induced on the basis of hexagonal lattice of
Bi)Te; (a=0,43835, ¢=3,0487nm; sp.gt.D’s; , Rs,, Z=3)
polycrystal and corresponds to data [7]. The absolutely all
reflexes having the strong and average intensities which
are character for the given structure are observed on
roentgenogram.

The results of calculated hkl, I/l and experimental
interplanar distances dey, in films of p-type BixTes-
BixSe;<Tb> and »n- type  BixTes-BizSes <CI> for
comparison of reference data d ,.,are given in table 1[7-8].

Ne d ref, d exp, I/Io
p-type | p-type

1 5,050 | 5415 |2
2 3,770 | 3,849 10
3 3,210 | 3,292 1
4 - 2,716 10
5 - 2,593 10
6 2,370 | 2,450 | 20
7 2,230 [ 2344 |2
8 2,190 [ 2215 |6
9 2,030 | 2,110 |9
10 1,996 | 2,007 |5
11 1,809 | 1,868 | 2
12 | - 1,802 17
13 1,696 | 1,755 15
14 | 1,608 | 1,611 |20
15 | 1,486 | 1,526 | 20
16 1,450 | 1,458 10

Table
hkl depy | U
n-type

222 5,523 | 1
110 3,880 |5
221 3,366 | 1
332 3,029 | 10
444 2,869 |7
433 2,629 | 10
443 2,469 |7
011 2230 |5
555;231; 544 | - -
554; 11 1;200 | -
220;342;311 | 1,926 | 10
331 1,819 | 10
665; 442 - -
453 1,637 | 10
665 442 1,551 | 10
533 1,492 |5

The analysis of obtained data and calculations ones show
that contents of annealed films Bi,Te;-Bi,Se; <Tb> and
Bi,Tes-Bi,Se; <CI> form the isostructure on the basis of
hexagonal structure of chalcogenide of bismuth telluride.

CONCLUSION

On the basis of roentenographic investigation of thin film
structure obtained by thermal spraying on glass, it is cleared
up, that polycrystalline films of BixTes-Bi2Se; <Tb> and

BixTes-BiaSe; <Cl> with thickness 50-150nm form at
substrate temperature ~500K.

Therefore at film annealing BixTes;-Bi2Ses <Tb> and
BixTes-BizSes <CI> up to ~500K doesn’t take place the
real increase of microparticle sizes, any structural
reconstructions, formation of new phases, the
polycrystalline structure is observed on roentgenogram.
The calculations of interplanar distances d,,, in crystals of
p- and n-types show that structure becomes more strength
one at film annealing at temperature ~500K.
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N.M. Abdullayev
Bi,;Te;-Bi,Se; <Tb> VO Bi,Te;-Bi,Se; <Cl> TOBOQOLORININ RENTGENOGRAFIK TODQIiQi

Bi,Tes-BiySe;<Tb> va BipTe;-BiySes<CI> tobagolori ~500K temperaturadok qizdirildiqda yeni fazalarin amolo golmosi vo hor hansi bir
struktur doyisikliyi, mikrohissaciklorin 6lgiilorinds real boylimasi bas vermir. Rentgenoqrammada polikristalik struktur miisahide olunur.
Laylararas1 mosafalorin hesablanmasi gostorir ki, qizdirildiqda tebagalerin strukturu méhkemlanir.

H.M. A6ayiiaeB
PEHTEHOTI' PA®UYECKOE UCCJIEJOBAHME ILUIEHOK Bi,Te;-Bi,Se; <Tb> 1 Bi,Te;-Bi,Se; <CI>

IIpu omxure mnenok BiyTes-BirSe;<Tb> u BiyTe;-BixSe;<CIl> no ~500K peanpHOTO yBETHUYEHUS pa3Mepa MUKPOUYACTHUI], KAaKHX JHOO
CTPYKTYPHBIX IIEPECTpoeK, 00pa3oBaHie HOBBIX (a3 HE MPOMCXONT, HA PEHTTCHOrPAMMe HAOII0AaeTCsl MOMMKPUCTAILTHYECKAs CTPYKTYpa.
Pac4éThl MEXKIIIIOCKOCTHBIX PACCTOSIHUH MOKA3BIBAIOT, YTO IPH OTXKHTE TUICHOK CTPYKTYPa YIIPOUYHACTCS.
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