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The roentgendosimetric characteristics of the pure and lithium-intercalated T1GaSe, single crystals were
investigated. Compared to pure single crystal intercalated single crystal TIGaSe, <Li"> is more sensitive to roentgen
radiation. The ratio of coefficients of roentgencurrent after and prior to intercalation amounts to ~ 3 + 6 at the range

of the x-rays energies 25 — 50 keV and dose intensities from 0.8 to 78 R/min.

TlGaSe; single crystals belong to the number of layer semiconductors that can be
intercalated with foreign ions, atoms or molecules. The effect of metal intercalation on the
physical properties of TIGaSe, single crystals was described in [1 — 3]. It has been revealed that,
unlike for non-intercalated T1GaSe, single crystals, with intercalated crystals the existence of an
electric and photoelectric memory is observed, the spectral sensitivity region expands, and new
structures appear in the photocurrent spectra [1, 3]. In [2] it was shown that intercalation of
TlGaSe; single crystal with lithium ions leads to a shift of the excitonic peak to longwave
spectrum range. This result is evidence in favour of a quality change in exciton characteristics,
i.e. their shift to the side of a larger anisotropy.

The aim of this report is the investigation of influence of intercalation on
roentgendosimetric characteristics of TlGaSe; single crystals.

The starting layered TlGaSe, single crystals were grown by the modified Bridgman
method. The samples used for the measurements had thickness of the 55 microns. The specimen
contacts were produced from an In — Ga eutectic mixture.

Intercalation was carried out by the method of a pulling electric field applied along the
layers of the single crystals. Lithium ions were chosen by us the intercalant inasmuch as they
provided effective intercalation without destroying the crystals, owing to their rather small ionic
radius (0.68 A). For the intercalation TlGaSe, single crystal in the form of a rectangular
parallelepiped with a conducting electrode at the butt-end, brought in contact with a column of
an 0.5 mole aqueous LiCl solution on the opposite face, with a lower graphite electrode (Fig. 1).
This electrochemical cell was connected directly to an external dc source (the negative terminal
connected to the TlGaSe, crystal). Electric field was applied along the layers of TIGaSe, single

crystal, and the ions (Li') from the solution enter the interlayer space of the crystal.



Thus, electric current flows trough the created electrochemical cell:

/graphite electrode // 0.5 mole aqueous LiCl solution + T1GaSe; single crystal // metal electrode/.

(A

fad

Fig.1. The scheme of electrochemical cell for intercalation:
1 — glass; 2 — graphite electrode; 3 — TIGaSe; single crystal;
4 — 0.5 mole aqueous LiCl solution

The intercalation degree j-t (j is the current density, t is the intercalation time) amounted to
~15C-cm ™.

Quite identical plates were obtained from the same area of TlGaSe, single crystal by
cleavage along the natural cleavage plane. One of the plates was preintercalated with lithium by
a pulling electric field. In order to perform a comparative analysis, identical pair of specimens
was prepared from a part of this plate prior to intercalation. The characteristics of appropriate
pairs of specimens obtained both from intercalated and non-intercalated initial TIGaSe, single
crystals were measured under the same conditions. Samples have produced in planar structure so
that constant electric field applies along the layers of single crystals, and x-rays were directed
along the C-axis of crystals. Distance between the contacts was equal to ~ 0.15 cm for different
samples. Electric conductivity of obtained samples has been measured at T = 300 K. Intensity of
applied constant electric filed is corresponding to ohmic section on volt-ampere characteristics.
For measurements the samples have been placed in a screened chamber.

The roentgendosimetric characteristic measurements are carried out in low load
resistance regime at 300 K. The source of roentgen radiation is the installation URS — 55a with

the tube BSV — 2 (Cu). Intensity of roentgen radiation (E) is regulated by the measurement with



current variation in tube at each given value of accelerating potential (V,) on it. Absolute values
of roentgen radiation dose E (R/min) are measured by crystal dosimeter DRGZ — 02. The
registered range of the x-rays energy was 25 + 50 keV and the range of the measured
power was 0.8 + 78 R/min.

The roentgenconductivity coefficients K, characterizing roentgensensitivity of
investigated crystals are determined as the relative change of conductivity under roentgen
radiation per dose: K; = Ac / (oop-E), where oy is conductivity in the absence of roentgen
radiation (dark conductivity); Ac = o — ©y; og is conductivity under the effect of radiation with
the dose intensity E.

There have been determined values of characteristic coefficients of the
roentgenconductivity as of the initial single crystal TIGaSe, as of TIGaSe, <Li"™> at the different
values of accelerating voltage (V,) on the tube and corresponding doses of roentgen radiation.
In Fig. 2 there have been presented the dependences of relative change of TlGaSe, and

TlGaSe, <Li"™> conductivity (Ac / 6) under the effect of radiation on dose intensity.
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Fig. 2. Dependences of relative change of conductivity on dose intensity for TlGaSe; (curves 1 —
3)and TIGaSe; <Li"™> single crystals (curves 1'—6')at various values of accelerating
voltages V,, keV: 1'—25; 1 and 2'— 30; 2 and 3'-35; 4'—40;5'-45;3 and 6'—50. T =300 K.



As it is seen from Fig.2 the slopes of Ac/c( vs E dependences are regularly decreased as with the
rise of dose as with the increase of values of accelerating voltage V, on roentgen tube. The
tangent of angle of slope of dependence Ac/c( on V, is roentgensensitivity coefficient K. Fig. 3
demonstrated the dependence of K, vs V, for TIGaSe; (curve 1) and TlGaSe, <Li"™> (curve 2)

single crystals.
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Fig. 3. K4(Va,) — dependences for TlGaSe; (curve 1) and
TlGaSe; <Li™> (curve 2) single crystals.

In Fig. 4 and 5 there have been presented dependences of K on dose intensity for T1GaSe, and
T1GaSe;, <Li"™> single crystals. Curves 1 — 6 correspond to various values of effective hardness of
radiation V, from 25 to 50 keV. It is seen from the Fig. 4 and 5 that roentgensensitivity of
TlGaSe, single crystal changes in interval 0.0086 = 0.116 min/R, but in TIGaSe, <Li >
Ks = 0.03 = 0.357 min/R, i.e. roentgenconductivity coefficient of TlGaSe, <Li > crystal is
increased comparing with K, of TlGaSe; crystal. The ratio of coefficients of roentgensensitivity
after and prior to lithium intercalation amounts approximately to 3 + 6 at the interval of dose

intensities 0.8 + 78 R/min and at the x-rays energies from 25 to 50 keV.
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Fig. 4. Dependences of characteristic coefficients of roentgenconductivity on dose intensity for
T1GaSe; single crystal at various values of effective hardness of radiation:
1-25;2-30;3-35;4—-40; 5-45; 6-50keV.T=300K.

Analysis of obtained data showed that roentgenconductivity coefficient of
TlGaSe, <Li™> single crystals are regularly decreased as with the rise of dose as with the
increase of effective hardness of radiation. At V, > 30 keV and E > 20 R/min change of
Ko(E, V,) is slight as in TIGaSe; as in TIGaSe, <Li > single crystals. One of the possible reason
of observed regularities is that roentgenconductivity in studied crystals, especially at
comparatively low accelerating voltages is predominantly due to radiation absorption in thin
layer of the crystal. In this case with the rise of radiation intensity there have been started to
prevail the mechanism of surface quadratic recombination which leads to observed decrease of
roentgenconductivity. With the rise of accelerating potential effective hardness is increased
owing to penetration depth into crystal is increased, as a result of which there have been taken
place predominantly absorption-generation of free roentgen carries in volume and fraction of

incident radiation passing trough the crystal is increased.
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Fig. 5. Ko(E) — dependences for TIGaSe, <Li > single crystal at various values of V,, keV:
1-25;2-30;3-35;4—-40; 5-45; 6-50keV.T=300K.

The operation by the roentgendosimetric parameters of the investigated TlGaSe, single
crystals due to lithium intercalation gives perspective for the use of these materials as sensitive

roentgendetectors.
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PEHTITEHOAO3UMETPUA UHTEPKAJIMPOBAHHbBIX
MOHOKPHUCTAJIVIOB TlGaSe,

C.H. MycragaeBa, M.M. Acagos

N3y4yeHbl pEeHTTeHOI03MMETPUUCCKHE XapaKTEePUCTUKN HMHTEPKATMPOBAHHBIX HOHAMH

autuss MoHokpuctamioB TlGaSe,. Ilo cpaBHeHHMIO ¢ «uuCTBIMM» MOHOKpucTamnamu TlGaSe,
-+

mMoHokpuctaiuiel TlGaSe; <Li > Obuin Gosiee YyBCTBUTENBHBI K PEHTTEHOBCKOMY H3ITyUYEHHIO.

LK™ mocne wo 1o

OtHomenne kodddummenToB peHtreHonpoBoauMocT (K
uHtepkanupoBanus TlGaSe, cocraBmso ~ 3 + 6 B UHTEpBaJIe SHEPTUil PEHTTCHOBCKUX JIy4en

25 + 50 k3B u mouHocTH 10361 0T 0.8 10 78 P/MuH.

INTERKALYASIYA OLUNMUS TIGaSe;,
MONOKRISTALININ RENTGENDOZIMETRIYASI

S.N. Mustafayeva, M.M. Asadov

Litium ionlar ilo interkalyasiya olunmus TlGaSe, monokristalinin rentgendozimetrik
xarakteristikalar1 todqiq edilmisdir. Mugqayisali analiz gostormisdirki, “tomiz” TIlGaSe,
monokristali ilo muqayisads TlGaSe, <Li"™> monokristali rentgen siialarina daha ¢ox hossasdur.
Rentgen siialarinin enerjisinin 25 + 50 keV intervalinda vo slialanma dozasinin 0.8 — 78 R/daq
giymotindo TIGaSe, monokristalinin interkalyasiyadan sonra vo interkalyasiyaya qodor olan

rentgen kegiricilik omsalinin nisbati ~ 3 + 6 olmusdur.



