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INTRODUCTION

Binary and weziary AYBY compounds are conventionally grown from melt, This technique is very complicated and requires
complex ecmpnmt'opmwde high pressures end high to grow sioi New opp

for designing matecisls used in the infrered technique and jonizing radistion detcctors arc opened by ndvantages in
nunowchm]oy In particutar, difficultics in Cd) “Zn‘Te (CZT) pmducuon can be overcome if mell growth is replaced by
ceramic rateriul fabrication from CZT P of & definite Cd, Zr,Te with verious Zn content are
traditionatly osed in infrared optivs and as a matetial for jonizing radiation detectors. Zn concentration in the namoponrders
pmchwad by the new vapor depesition techniguo varies from x = 0:02 10 x =0.1, inchuding the compositinn Cily 20, Te, which
is the most promising as a materizl for iohizing radiation delectors working st room tempernture without cooling.

GOALS OF THIS STUDY

*To produee Cd, Zn.Te p
+Ta fabricate dense ceraztic tmaterial from Gie nanopewder al room lemperatye,

through vapor &

~To study the effect of annealing on gmin growth, phase transitions ond somo physical properties.

EXPERIMENTAL APPROACH

We loped the vapor & h 1o produce CdTe nanopawders [1]. The
same lechnique was used in s :ludy to pmd\m CdManTc of various eompositions.
It shoutd be noted that this tech has grea L with the

traditional melt growth by Bridgman ot h:gh pmssure vm:wl 206 ‘melting (HPVZM)
teckniques (2]. First of all, no high pressures are required, in conlrast 16 the melt
growth of these sompounds, when dlmcmllon below the melting point slxm]d bc

d 1o reach & stoichi ition, Sccondly, tha
for evaporation ore far-lowe'r than those for the melt growth. A synthesized uompeund
is evoporated from a silica bost, driven by helium flow and deposited en a silice
substrate. The {ompezaliure: in the source zone of the cvoporetion was 800—850°C, the
helium flow velocity was LOM0—1500 m/min, (e terperature in the deposition zone
was 540 —610° C. These tempereture regimes asd helivm flow velocity are chiosen to
provide deposition of 10 nm CZT particles (Fig. 1). The composition of the
evaporalion soures and that of 1he depositad nanopowsder is not the same. This is
because of a diffcrence between partial pressures of the components and different
dilfusion soefficients in helium. For example, 1o ohtain the panapowder of the
Cd,y 2, Te composition, the Cd,, 57, To composition of the sourée was prepared.
The problems of variation in chemicat ilion of 1-¥1 compounds under
evaporation are discussed elsewhere [2, 3]

Fig. 1. TEM image of the
iy g2y Te nancpowder

«The ceramics were compacied a1 footn Wenipenature on an Instron machine as deseribed in [4]. Pressures wore varied in the range:
300—500 MPa, time under load varying in the range 1—10 min

~The phaso analysis was perfonmed on a Siemens D500 diffactomeler (Fe K, radiation).

“The erystal Lenues of the eompasted samples was studied nxing the refioction (Schiltz) technigue. The till-angle rnge wes 0-50 %,
the azimuth and the polor angle steps wera 5°, and thi expostrs time ot each point wes 3 5. The background aod the defocustng were
taken inte siccount when processing the oblained data.

«The light-Aransmission spectra wero recorded within the wavelength renge of 2:5—25 wmusing a Specord 75 IR spectrophotometer,

Diensity of the ceramics obiained under pressure of 400 MPa was about 97% of the x-
oy crystat density. The co:npmed mnwml hasa mnumfonn\y dwlnbulnd gmn

. struerure (Fig, 2). A g to the quantitali ion, prain size di
bimeodal with two exlmne: 21 2 ant 20 jim; respective volume Emsctions are 52 aml
40%, Fine grnins ore settled on grain botindaries of more coarse grains. This is
different from the compuaeted CdTe nenopaswder. [ the latter case the ceramics
consisted of uniformly disizibuted grains of 8 i in'dismeter [4]. It sheuld be noted
(hat in bigth cases grains contzining twins swene observed after prossing at different
pressures.

Fig. 2. As-compacted Cd, gZn, T
ocramics produced from the
nanopowder

The compaoted CdggZng, Te ecramics wene annealed in o
sealed silica tube at 300°C for 10—40 min; Grain strueture
beécomes more homogeneous with s namow Gauss
distritsution, which has the extreme at'40-um grain size
(Fig. 3) that occupics 50 % of tho sample.

Fig. 3. Cdog?.n.,,'!‘c ceramics after annealing at
T = 300¢C for t =40 min

RESULTS

Pole figures of Cdy g Zn,, Te ceramics made of the nanopowder
The textural anelysis showed thal the ¢ompaciod CZT ceramics had tho Iwo-camyienent texture: <100> wdial texture and weak
cubi¢ 1extuE fﬂg 4g). However, both are less pmmmwed than in the CdTe ceramics fabaicated from nanopowder [4]. As the
anrealing lime inereases, (he textures become weaker nnd more soatiered. Al nnnealing at 300°C for 4C min no texture was

observed (Fig. 4b). Relative mtclmly Tevels nre shown ir each pole figure (PF) £x the mtio of @ local to maxinmum detecled
intensity with acoount for background and dofocusing
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Fig 4b, CZT after annealing. T = 306°C, { =40 min

Phase transition in:the CdygZny, Te céramics cansed by anhealing

Ttis well kwwn |.'nal bulh (ATc und lmuu)‘ suhd solmmn Cd, 22, Te ure usually erystallized in the stable cuble lattice
Howe | phaze (worzits}, It should be noted that in the CZT nanopovaler
we detectéd a :lgml'mm fraction ofl.he hm(agonnl rhase (Fig. 5n).

+About 10 vol. %% of wenzile phase is stll present in the cermics after compaction (Fig. 5b), The observed twins in the
contpaeted ceraridios plso iidicats tat there is some hexagonal phase in the malerial.

+The peaks associated with the hexagonal phase disippear after 40 min nnnealmg and the sample consista only of (he stable
cubic phase (Fig. 5c).
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Fig 2. CZT nanopowder prior o Fig 5b. CZT nanopowder after Fig So. CZT nanopawder sfler
conpeession compression annealing

A iablet made of CdyoZn,  Te nanopowder

=Light iransmission of the compacicd material in Lhe IR region is initially
ghout 25305 ancl it increases by 10-15% ofter the ennesling due 1o
reerystollization in the CZT ceramics.

A sample of CZT ceramic preduced frem tho nanepowder is shown in
Fig. 6.

Fig 6. CZT Cerumic produced frem
nanopowder

CONCLUSIONS
*Nanopowders of the temary solid sotution Cd, Zn Te (x = 0.02—0. 1} were produced divectly through vapor depasition.

»The coramic material wes compacted from the nanopowder ot room temp

Tt has been shown that anneeling ot 300°C nestills in ntore |nﬁfeﬂn i stroetare and; y, highet light

in the IR regicn

» The annealing al 300°C causes the wurizite—sphaleriv phase ansition in the Cd, 52, Te cezamics made of (he nanopowder,
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