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Abstract: A technique is proposed for producing single crystals of silver thiogallates with high X-ray
conductivity and sensitivity coefficients at room temperature. Single crystals of AgGaSe, grown by
chemical transport reactions method in comparison with AgGaS; and AgGaSaSez-2« had the highest X-
ray sensitivity. At an effective radiation hardness of 30 keV and a dose rate of E =10 R/min the
coefficient of roentgen sensitivity K = 5.4 x 107 (A min)/(V R) for AgGaS; and K = 15 x 107 (A
min)/(V R) for AgGaSe,. The coefficient of X-ray conductivity AgGaSe; varies within 1.2-8.5 min/R at
effective radiation hardness of V_= 25-50 keV and a dose rate of E = 0.75-31.3 R/min. The obtained
AgGaS,,Sez-2x materials can be used in constructing various uncooled and virtually inertialess X-ray-
detecting instruments and devices.
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Silver chalcogallats are promising materials for the construction of X-ray detectors, laser
radiation converters of the intermediate IR range, and parametric quantum generators, which
may find application in nonlinear optics, spectroscopy, and the communications industry [1, 2].

AgGaS:; single crystals can be produced by the Bridgman—Stockbarger (BS) technique [3,
4]. This method was used to synthesize single crystals with an absorption coefficient of 0.1 cm™
in the wavelength range of 0.9-8.5 um. The optical transparency of AgGaS: was enhanced either
by rapid quenching in air from a temperature slightly below the melting point or by annealing in
the presence of Ag.S. However, the first method caused large thermal stresses that induced the
formation and spreading of cracks, and annealing did not suppress absorption in the entire
spectral transparency range. The obtained AgGaS: single crystals also possessed insufficient X-
ray sensitivity. A method for producing optically homogeneous AgGaS: single crystals by
directed crystallization from a stoichiometric composition melt and a melt with excess Ag.S
under the pressure of gas inert to the sulfide melt was proposed in [4]. This method makes it
possible to reduce the cooling rate of grown crystals and obtain single crystals of high optical
quality with an absorption coefficient of 0.1 cm™. However, high pressures in the furnace, on the
one hand, require cumbersome experimental equipment and, on the other hand, reduce the heater
temperature accuracy, impairing the optical quality of single crystals.

The aim of this study was to obtain optically homogeneous based AgGaS: single crystals
with high X-ray sensitivity. Single crystals were grown by the BS technique and also using the
method of chemical transport reactions (CTR). AgGaS, was synthesized from its elementary
components: Ag (high purity grade), Ga (5N grade), S (high purity grade, TU 609254677), and
Se (TU 6-09-2521-77). The initial synthesis components were taken in a stoichiometric ratio.
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The synthesis was performed in a horizontal furnace with the temperature within it increasing at
a rate of 50 K/h to 1275 K. The reaction between the components proceeded for 4 h. The
synthesized material was transferred to an ampule into a dual chamber vertical furnace for
growth. AgGaS; single crystals were grown using the BS technique [1]. The AgGaS> melting
temperature was Tm = 1271 + 3 K. The thermal conditions in the furnace were maintained using
VRT-3 high-precision temperature controllers. The VRT-2 system is designed for precise
temperature control and is used in electrical, electronic, heat energy and other industries. The
VRT-2 system consists of two instruments: a measuring unit and a regulating device. In the
block, the thermocouple signal is compensated by the signal from the built-in sensor, and the
difference in these signals is amplified by the amplifier. The amplified signal is fed to the input
of the regulating device. The device converts the input signal into a unified DC signal of 0-5
mA. The range of controlled temperatures is 0—-1600 °C. Accuracy of adjustment is + 0.5 °C. The
temperature gradient at the crystallization front in the furnace was 3 K/mm. The ampule with
molten material was lowered vertically and cooled at a rate of 0.5 mm/h. Following
crystallization, the furnace was turned off and cooled to room temperature together with the
sample.

The growth of AgGaS2xSez-2¢ (x = 0; 0.5 u 1.0) single crystals was performed by the CTR
method. AgGaX: (X — S, Se) are taken together with the transporting agent iodine in the
ampoule for the crystal growth [1]. They react to form the gaseous binary iodides and selenium
at high temperature. All these gaseous species diffuse to the colder growth zone due to the drop
in temperature. At the growth zone they react back to form the ternary chalcogenide with the
release of iodine. The iodine liberated diffuses back to the source end to form the metal iodides
once again. The chemical reaction for AgGaSe, may be given as

AgGaSe; (solid) + 21> (gas) <> Agl (gas) + Gals (gas) + Sez (gas) <> AgGaSe; (solid) + 2I> (gas)

The main advantage of growing single crystals using the CTR method is the ability to
conduct the process at lower temperatures and pressures.

The results of X-ray studies at room temperature showed that single crystals based on the
AgGaS, compound crystallize in the chalcopyrite structure with the lattice parameters a =
5.7571-5.7572 A and ¢ = 10.3110-10.3036 A for AgGaS; and a = 5.992; ¢ = 10.883 A for
AgGaSe;.

The contacts for X-ray dosimetry studies were created in the fabrication of AgGaSaxSe»-
ox samples by alloying indium onto the lateral sides of single crystals. X-ray radiation was
directed at the intercontact region of the prepared samples during measurements. X-ray apparatus
for structural analysis (URS-type setup) with a BSV-2(Cu) tube served as the source of X-ray
radiation used to study the X-ray dosimetric characteristics of the obtained AgGaS,xSez-2« single
crystals. The X-ray radiation intensity was adjusted by varying the current in the tube at each
given value of the accelerating potential applied to it. The absolute doses of X-ray radiation were
measured by a DRGZ-02 X-ray dosimeter. The variation of current strength in the studied
samples under the action of X-ray radiation was measured in the regime of small load resistance
R, <<R.using a U5-9 electrometric amplifier. The amplifier is based on the principle of

measuring weak currents in terms of the voltage drop across a known load resistance R. This
resistance is the input impedance of the amplifier. The amplifier has three operating sub-ranges
input impedances: 10'?, 10%° and 5.1x 10°® Ohm. Measuring the values of U; and knowing R, we
can determine the value of the current through the load resistance Ry, and also through the sample
Rer: ler = I = Ui/ Ri. The resistance of the sample at a given electric voltage ((U - U)) was
determined from the formula: Rer = (U - U))/ ler.
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The error in measuring the current averaged 5-6%. The results of analyzing the X-ray
dosimetry properties of AgGaSoxSez-2x single crystals are detailed below. All measurements
were conducted at T = 300 K. The studied AgGaSaxSez-2x single crystals exhibited high
sensitivity to X-ray radiation. The X-ray conductivity coefficient (relative change in electric
conductivity of crystal due to X-ray radiation at a given dose) of a sample was determined by the
following equation:

O — O,
K =—%f-0 1
e E (1)
where o is the sample electric conductivity (Ohm™cm™) under the action of X-ray irradiation
with a dose rate of E (R/min) and o, is the dark electric conductivity of a single crystal. The X-

ray sensitivity (A min)/(V R) of a single crystal was calculated by the following equation:
K — Al
U-E

where Al., =1¢ —1,; I is the current strength in the sample at an X-ray dose rate of E

(@)

(R/min), 1, is the dark current, and U is the external voltage applied to the sample. The X-ray
sensitivity coefficients of AgGaS. single crystals were determined in accordance with the
equation (2) at various accelerating potentials (V,) applied to the tube and the corresponding X-
ray doses.

The dependences of the X-ray sensitivity coefficient on the X-ray dose for an AgGaS;
single crystal (BC) at T =300 K and U = 60 V show that the X-ray sensitivity of AgGaS; varied
from 1.3 x 107! to 1.4 x 10729 (A min)/(V R). It was found that the X-ray sensitivity coefficient
of AgGaS; increased with increasing radiation dose. The value of K increased fairly rapidly at
V, = 25 keV. At higher values of effective hardness of X-ray radiation, the K(E)dependence

flattened; the X-ray sensitivity depended only weakly on E at V, = 50 keV. Similar patterns
were observed in the case of the dose dependences of X-ray conductivity coefficient K_ of
AgGaS>—hased single crystals (Table).

Table
Coefficients of roentgenconductivity of AgGaSxSez-« (x = 0; 0.5 u 1.0) single crystals at T = 300K
E, Ko, min/R Vs, | E, Ks, min/R Va,
R/min keV | R/min keV

x=1 x=0.5 x=0 x=1 x=0.5 x=0

1.68 2.68 6.55 6.94 8.89 |0.62 1.46 1.76
2.03 3.20 6.90 854 |25 |12.60 | 0.56 1.19 2.04 40
2.73 3.11 6.96 8.30 16.38 | 0.52 1.16 1.97
3.64 1.37 3.02 3.39 10.00 | 0.50 1.20 1.23
6.44 1.24 2.64 399 |30 |25.34|0.36 0.87 1.28 |45
8.33 1.14 2.52 3.72 31.29 |1 0.34 0.80 1.25
8.82 0.79 1.70 2.53 13.05 | 0.46 1.07 1.16
10.64 0.75 1.69 273 |35 |17.01 |0.41 0.94 131 |50
12.46 0.72 1.68 2.59 24.64 | 0.34 0.81 1.31
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The X-ray ampere characteristics of AgGaS>—based single crystals were also studied. It
follows from the results of these studies that the dependence of the steady X-ray current on the
X-ray radiation dose is a power law one:

I, =Alg,=1lg -1, ~E” 3)

The values of a for the studied single crystals varied depending on the effective hardness
of X-ray radiation from 2-2.5 at V, = 25 keV to 1.2-1.3 at V, = 30-50 keV. The X-ray ampere

characteristics of AgGaS: single crystals tended toward linearity (a— 1) at higher V, values.

This is important from a practical standpoint. From the dosimetric data for single crystals
obtained by chemical transport reactions it was found that single crystals of AgGaSe, had the
highest X-ray sensitivity.

One of the probable mechanisms that shape the patterns observed in the K (E, V,)

dependences is as follows. At relatively small accelerating potentials, the X-ray conductivity of
the studied single crystals is induced primarily by the radiation absorption by the near surface
layer. The effective hardness of X-ray radiation increases at higher accelerating potentials, and
the depth of penetration of this radiation into the crystal increases accordingly. l.e., the
absorption and production of X-ray carriers occurs largely in the bulk, and the fraction of
radiation that passes through the crystal increases. As a result, the X-ray sensitivity coefficient is
reduced and becomes less dependent on the radiation dose at higher accelerating potentials.

We also investigated the X-ray current in the AgGaS»-based samples and found that the
dark current in the samples, in contrast to CdGa2S4 and CdIn2S4 single crystals [5-7], reached a
steady state value almost immediately after the X-ray radiation was turned off. This offers the
opportunity to use the obtained AgGas: single crystals as active elements of virtually inertia less
X-ray detectors that do not require cooling and have a high X-ray sensitivity coefficient.
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XAJIBKOTI'AJIVIATBI CEPEBPA JIUISI HEOXJIAZKJAEMbBIX U BE3SUHEPIIMOHHBIX
JETEKTOPOB PEHTTEHOBCKOI'O U3JIYYEHUSA

C.H. Mycradaena, C.M. Acanos, /I.T. I'yceiinos, B.®. Jlykuuen

Peztome: TlpennoxkeHa TeXHOJIOTHS TONYYSHHS MOHOKPHCTAIIOB XaJIbKOTAIJIATOB cepedpa ¢ BHICOKUMHU
K03 PHUIUCHTAMU PEHTTCHOIIPOBOAUMOCTH M PEHTT€HOUYBCTBUTEIILHOCTH ITPU KOMHATHOM TeMIeparype.
Momnoxkpuctamiel AgGaSe;, BbIpalICHHBIE METOJ0OM XHMHYECKHUX TPAHCIOPTHBIX pEaKUUi, HMEIH
HaMOOJBIITYI0 PEHTTEHOYYBCTBUTEILHOCTH 10 cpaBHeHMIO ¢ AGGaS; 1 AgGaSaxSes-ox. [pu addextuBHO
xkectkoctn X-m3nydenuss Vo = 30 9B w mommoctn go3el E = 10 P/mMun xodddunmeHt
PEHTreHOUyBCTBUTENLHOCTH cocTanisn K = 5.4 x 10 (A mun)/(B P) nna AgGaS; u K =15 x 1013 (A
muH)/(B P) mis AgGaSe;. Koaddunuent penrrenonposoaumocta AgGaSe, cocrasisut 1.2 — 8.5 mun /P
mpu Va = 25 — 50 xoB u £ = 0.75 — 31.3 P/mun. Ilomygennsie matepuansl AgGaSxSer2x MOTYT OBITh
UCIIOIb30BAHbl U CO3JIAaHUS HEOXJIAXKIACMBIX M IPAKTHYCCKA OC3MHEPIMOHHBIX JETEKTOPOB X-
U3ITyYCHHUS.

Knrouesvte cnosa: AgGaSSer.ox, MOHOKPUCTALIBI, 3PPEKTUBHAS KECTKOCTh HM3JIyUEHHUS, MOIIHOCThH
JI03bI, PCHTT€HOYYBCTBUTEIBHOCTb.

GUMUS XALKOGALATLARI 9SASINDA SOYUDULMAYAN VO iNERSiYASIZ
RENTGEN DETEKTORLARI

S.N. Mustafayeva, S.M. 9sadov, C.T. Hiiseynov, V.F. Lukicev

Xiilasa: Otaq temperaturunda yiiksok rentgen kegciriciliyi vo hassasliq omsallart (K) olan glimiis
xalkogallatlarin monokristallar1 kimyavi nogletmo reaksiyalari (KNR) tsulu ilo alinmigdir. AgGaS; vo
AgGaSySez.ox ilo miigayisado KNR metodu ilo yetisdirilon AgGaSez-in monokristallart on yiiksok
rentgen hassasliga malikdir. Miiqayiso etdikds effektiv radiasiya sortliyi V. = 30 keV va doza daracasi E =
10 R/dag AgGaS; iiciin K = 5.4 x 102 (A dag)/(V R) vo AgGaSe; iigiin iso K = 15 x 10 (A doq)/(V R)
olur. V, = 25-50 keV vo E = 0.75-31.3 R/doq oldugda AgGaSe;-nin rentgen kegiriciliyi amsal1 1.2-8.5
dog/R intervalda doyisir. Alinan AgGaSaxSez-2x materiallar soyudulmayan ve inersiyasiz isloyan rentgen
detektorlarin hazirlanmasi tigiin istifads edilo bilar.

Acar sozlar: AgGaSxSes-ox, monokristallar, radiasiya sartliyi, doza daracasi, rentgen hassasligi.
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