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Possibilities have been studied to prepare high-purity charge for growth of Cd,_,Zn,Te
crystals of high perfection and spectrometric quality. Studies have been carried out of
deep purification of Cd, Zn and Te using the installation developed by us, which comprised
a rotating container of optical quartz, by distillation and recrystallization. This installa-
tion is polyfunctional, allowing distillation, zone purification, recrystallization in horizon-
tal (at a small angle) or vertical direction. It has been shown that horizontal zone
purification is efficient for most admixtures, with exception of carbon. For carbon re-
moval from Cd, Zn and Te, a vertical variant of zone purification was additionally used,
which allowed reduction in carbon content from 1073 to ~1076 %.

Pabora mocBdAleHa MCCIEJOBAHUIO BO3ZMOYKHOCTH IOJYUYEHUS BBICOKOUUCTOM ITUXTHI AJISA
BEIpamuBaHua Kpucraanos Cd,  Zn Te BEICOKOro CTPYKTYPHOI'O COBEDIIEHCTBA M CIIEKTPO-
MEeTPUUYECKOTO KauecTBa. IIpmBemeHBI pe3yJbTaThl M3YyUEHUs IIPOIECCOB TIYOOKOH OUMCTKH
Cd, Zn u Te npu uUCHOJIbL30BAHUM Pa3paboTaHHON HAMU YCTAHOBKM C BPAIAOIIAMCH KOHTEM-
HEpOM M3 ONTHYECKOIr'0 KBaplia MyTeM WX MUCTUJIANUN W IepeKpUcTalIu3anuu. Ita ycra-
HOBKA SABJSETCS MHOTODYHKIIMOHAJBHON M IO3BOJSAET MPOBOAUTH AWCTUIIAIUIO, 30HHYIO
OUMCTKY, NEPEeKPUCTAJINBANNI0 KaK B TOPU30HTAJbHOM (IO HEOOJBIIUM YIJIOM), TaK U B
BEePTUKAJbHOM HampaBieHuAX. I[lokasaHo, YTO rOPMBOHTAJLHAS 30HHAS OUMCTKA SBJIAETCS
o(pPeKTUBHON A OOJBIIMNHCTBA IIPUMecel, 3a MCKJIKUYeHueM yriepoxa. Has oumerku Cd,
Zn u Te or mpumecu yrjiepoja HOIOJHUTENHHO KMCIOJIb30BaH BEPTUKAJLHBINA BAPDUAHT 30HHOM
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OYMCTKY, KOTOPHIH HOBBOJMJI CHHSHTH cOXepkaHume yriepoxa ¢ 1073 mo ~1076 %.

It has been shown [1] that for prepara-
tion of perfect Cd,_,Zn,Te crystals of spec-
trometric quality the charge used should
contain constituents (Cd, Zn, Te) of high
purity. Negative effects of carbon inclu-
sions have been specially noted [2]. The
presence of carbon can give rise to low-re-
sistivity regions and conducting channels
leading to detector breakdown [3]. Contami-
nation of the growing crystal by equipment
materials (especially by carbon) is a natural
process, but the purity degree of the initial
raw material plays a major role.

A complex of different purification
methods is generally used for preparation
of pure substances [4—8].
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Efficiency of zone melting processes de-
pends upon the dopant effective distribu-
tion coefficient keff’ which is the ratio of
the dopant concentration in the solid phase
near the moving phase boundary surface to
its concentration in the liquid phase at a
certain distance from the interface. In proc-
esses of zone recrystallization or crystal
growth, a region (layer) with higher or
lower dopant concentration can be formed at
the solid/liquid phase boundary due to a
limited molecular diffusion. The presence of
this layer lowers the purification degree
and, in certain conditions, can completely
nullify the effects of purification. The effec-
tive distribution coefficient is determined
according to the expression:
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kg (1)
keff = VNS’
ky+ (1 - kype D

where k; — is the equilibrium distribution
coefficient determined by the solution dia-

gram of state; V.. is the crystallization

rate, & — thickness of the boundary layer;
D — diffusion coefficient in the melt.

It is known that at k,;; > 1 a dopant-de-
pleted layer is formed near the crystal sur-
face, and at k,;; <1 — an enriched one.
Dopant capture in the process of crystal
growth or material purification by melt
crystallization methods are controlled by
this layer. To decrease its effects upon the
final purification result, various methods of
melt mixing are generally used: ampoule vi-
bration, magnetic [9] or ultrasonic tech-
niques.

The objective of the present work was to
study possibilities of increasing the purifi-
cation degree of Cd, Zn and TeZn in an
installation equipped with a rotating con-
tainer made of optical quartz [10], ensuring
rotation in the vertical plane from 0° to
180°.

In a container that does not rotate, mix-
ing is carried out due to natural convection;
the container rotation ensures forced mix-
ing, leading to higher purification degree of
the initial compound.

As initial compounds, we used Cd, Zn
and Te with main substance content of
99.99...99.999 %. Purification of the in-
itial components was carried out in an in-
stallation developed by us [10]. Its sche-
matic drawing is shown in Fig. 1. The mate-
rial purification method used is based on
double distillation for separation of heavy
and volatile admixtures with subsequent
zone recrystallization.

At the first stage of this work, distilla-
tion of the initial material was carried out
in the following temperature conditions:
evaporation temperature T, =T,+
(50...60)°C, condensation temperature T, =
T, — (30...40)°C, where T, is the melting
point of the substance.

High separation efficiency in distillation,
as a rule, is manifested at large boiling
temperatures of the purified substance and
the dopant [11]. One of the main quantita-
tive characteristics of the efficiency of
separation of the main material from the
admixture is the partition coefficient:
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Fig. 1. Schematic design of the rotating con-
tainer installation: 1 — container, 2 — vac-
uum seal, 3 — three-way valve, 4 — nitrogen
trap, 5 — diffusion pump, 6 — forevacuum
(roughing down) pump, 7 — filter, 8 — gas
vessel, 9 — vacuum valve.

P )
Py

where P and P} are saturated vapor pres-

sures of individual basic and admixture
components, respectively.

Distillatin was carried out in a sealed
vacuum container installed at an angle of
3—5° to the horizon loaded with initial Cd,
Zn or Te. After final distillation, the puri-
fied material yield with respect to the in-
itial load was 90-95 %.

At the second stage of our work, addi-
tional purification was carried out by zone
melting in the argon atmosphere (for Cd
and Zn) and in hydrogen atmosphere for Te
by both horizontal and vertical methods
(Figs. 2,3, respectively). Gas pressure in the
container was 0.7-0.8 atm; container rota-
tion speed was 80-100 rpm; crystallization
speed 3—-4 cm/h; variable inclination angle.
After each run, the melt residues were
poured onto the container bottom. The puri-
fied material yield was 80-85 %.

The final purification was carried out by
vertically directed recrystallization. It is
primarily aimed at purifying the substance
from carbon admixtures, for which the
horizontal directional crystallization was
shown to be of low efficiency. The vertical
crystallization was carried out in vacuum-
sealed and argon-filled (up to 0.7-0.8 atm)
container installed at < 90° to the horizon,
with heaters being varied: the narrow one
— downward, the wide one — upward.
After crystallization completed, directional
crystallization was carried out from bottom
to top changing the container rotation to
the opposite after each run. In the melted
layer of the material, the Archimedes force
operates, pushing these particles to the
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Fig. 2. General view of the horizontal purifi-

cation container: 1 — base, 2 — pillar, 3 —
container, 4 — forward support, 5 — back
support, 6 — guides, 7 — electrical drive,
8 — two-zone heater, 9 — mnarrow =zone,
10 — broad zone, 11 — axis, 12 — rotation
device, 13 — wvacuum input, 14 — clamp,
15 — clip.

upper part of the layer, thus favoring carb-
on removal. The final yield of the purified
material was 65-70 %.

Analysis of the initial and purified prod-
ucts was carried out using laser mass-spec-
trometry with recording by a UF-4 film (a
Mattauch-Hertzog MS 3101 high resolution
laser mass-spectrometer with double focus-
ing). The relative standard deviation for all
the analyzed elements was within 0.15—
0.30.

Analyses were carried out for 24 purifi-
cation experiments with Cd, Zn, Te and
Cd,_Zn,Te with determination of 78 impu-
rity elements. The results obtained show
that in the initial zinc, the most important
contaminants were (in mass %): Ca — 1-:1079,
Cr — 61079, Fe — 1.3-107%, Cd — 2.5-1074,
Te — 3.2:107%. Concentrations of other ad-
mixtures was either below 1.107® % or
below their detection limits. After distilla-
tion and horizontal purification of the in-
itial zinec, the concentration of carbon was
reduced by ~ 2 times, Cd — by 10 times, Cr
— by 30 times, Fe — by 200 times. Te
concentration remained essentially un-
changed. After vertical zone purification,
carbon concentration was reduced down to
1-1076%.

Results for cadmium after and before
distillation and horizontal purification were
the following. For the initial Cd, the largest
concentration (in mass %) was noted for C
— 71075, O— 31074, Ag — 1.3-1074, Sn —
1.2.1074, TI — 1.8:1074, Pb — 4.4-107%. As
a result of purification, the concentration
of oxygen decreased by 3 times, and that of
Ag, Sn, Tl and Pb ~ by 10 times. However,
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Fig. 3. General view of the container for ver-
tical purification (designations are the same
as in Fig. 2).

for carbon admixtures the purification ap-
peared to be inefficient. After vertical zone
purification, carbon concentration was de-
creased down to 1-1076%.

In the initial tellurium, the most impor-
tant admixtures were (in mass%): C —
11074, CI — 31074, Ni — 21073, Cu —
11073, Se — 3.5-107%4, Mo — 21074, Ru —
81074, Rh — 21074, Pd — 6-1074, Ag —
2.41073, Pt — 5.8:1072, Pb — 4-1072. After
distillation and horizontal purification, con-
centrations were decreased: Cl — by 150
times, Ni ~ by 400 times, Cu ~ by 200 times,
Mo — by 10 times, Ru ~ by 30 times, Rh ~
by 200 times, Pd ~ by 20 times, Ag ~ by 200
times, Pt — by more than ~ 100 times, Pb
— by more than 300 times. This purifica-
tion was inefficient for C and Se. After
vertical zone purification, carbon concentra-
tion was decreased by 100 times.

It should be noted that after horizontal
purification of Cd, Zn and Te concentration
of carbon admixture remained rather high
(~ 1074%). It could be substantially reduced
(to 1076%) only after vertical zone purifica-
tion.
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Table. Total content of admixture elements in Cd, Zn, Te and Cd,_,Zn,Te in the initial state and
after distillation, horizontal and vertical zone purification

Material Total admixture content in | Total admixture content in Carbon content in the
the initial material, mass.% the material after material after vertical zone
distillation and horizontal purification, mass.%
purification, mass.%
Cd 1.2:1072 7.0-1074 ~ 1076
Zn 2.1.1072 1.7-1073 ~ 106
Te 1.1.10°! 1.510°3 ~ 1076
Cdy Zn,Te - 5.5-1073 ~ 1076

Composition was also analyzed of Cd, ,Zn,Te
crystals grown by the Bridgman-Stockbarger
method from the charge prepared from the puri-
fied elements. The level of admixtures was (in
mass %): C — 41076, 0 — 1.107%, Al — 1-1073,
Si—4-107%, Fe — 7-1072, Mo, Ru, and Pd — 1-1079,
and Se — 2:107%. Concentration of other
controlled admixtures was either below
1-1079%, or below the analysis sensitivity.

In Table 1, results are presented on the
total content of admixture elements (includ-
ing carbon) in Cd, Zn, Te and Cd,_,Zn,Te
before and after distillation, horizontal and
vertical purification.

1. It has been shown that the installation
used, equipped with a rotating container, is
multifunctional and can be used for distilla-
tion, zone purification, recrystallization in
horizontal (at small angles), or vertical po-
sition. It can also be used for synthesis of
materials.

2. Analysis of [4] shows that the method
of horizontal purification in a rotating con-
tainer does not ensure removal of carbon
down to acceptable concentrations. In our
work, carbon concentration decrease to 1078 %
was achieved only after vertical purification
(which as used as a supplementary stage to
the horizontal purification), after which the
carbon concentration was ~ 1074 %.

3. After certain improvements, our in-
stallation can be used for growth of
Cd,_,Zn,Te crystals of high spectrometric
quality, with content of main controlled ad-
mixtures at the level of ~ 51073 %, and of
carbon ~ 1076 %.
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OpepskaHHA MHUXTH BHCOKOI YHMCTOTH AJA BHPOI[YBAHHSI
kpucraais Cd,_.Zn,Te

€.D.Boponkin, JI.B.Ampowenrxo, C.M.I'ankin,
O.1.)I1anaany, I.A.Pubanxa, B./] .Puxuxos

Pobora mpucBaueHa AOCHiIKEHHIO MOJKJIMBOCTI OfepIKaHHA IINXTU BUCOKOI YHUCTOTH JJIA
BHPOIYBAHHA CTPYKTYPHO mocKoHamux kpucramis Cd,_,Zn Te cmekTpoMeTpwyHOI AKOCTI.
IIpuBeneno pesyabTaTu BUBYEHHS IporeciB riamboxoro ouuinenusa Cd, Zn ta Te mpu BuKO-
pucTaHHi po3po6JieHOI HAMHU YCTAHOBKM 3 00EpPTOBUM KOHTEHHEPOM i3 OITHYHOTO KBapIily
nuiaxoM ix puermaanii i mepexpucrasmisamii. Ila ycranoBka € O6araTo@yHKI[iOHAJIbHOIO i
[IO3BOJISIE IIPOBOAUTH AUCTUIIAIII0, 30HHY OUUCTKY, I€PEKPUCTANIZAIiI0 K ¥ TOPU3OHTAILHO-
My (mig HeBeJIMKUM KYTOM), TaK i y BepTHKaAJIbHOMY HampsaMKax. IIokasaHO, IO TOPU30H-
TaJbHA 30HHA OYMCTKA € e(PeKTHUBHOIO IJid OiJIBIITOCTI HOMIIIOK, 3a BUHATKOM ByrJeIio. asa
ounmenasa Cd, Zn ra Te Big MOMIMIKKM BYrJemmo AOJATKOBO BUKODPUWCTAHWN BePTUKAJIbHUN
BapiaHT B0HHOI OYMCTKY, IO LOSBOJIHMB SHUSHTH BMicT Byruremioo 3 1073 mo ~1076 %.
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