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This paper investigates the physical phenomena occurring in a gas discharge photosensitive system that uses cathode-anode sputtering.
This system consists of a single-crystal cadmium telluride and a glass plate coated with SnO2, separated by a gas gap. The thickness of
the gas gap is 100 pm. The materials under study are sputtered onto the glass plate's surface in a vacuum chamber. Changes in the
optical density of bismuth, tellurium, aluminum, and tin under the action of gas discharge are examined. It has been demonstrated that
decreasing bismuth thickness results in a sharp increase in the 'current' sensitivity of the gas discharge cell, reaching a value of
gm = 10" C/cm? at an optical density of D = 0.5.
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INTRODUCTION

Ultra-thin (4-10 mm thick) gas discharge light-sensitive systems based on various semiconductors and dielectrics
in combination with other elements are currently attracting the attention of many researchers [1-9]. These systems consist
of a photodetector (photocathode), a counter electrode (anode) and a gas gap. When the electric field strength between
the semiconductor photocathode and the counter electrode is sufficiently high, the gas gap breaks down and the
photodetector controls the current density. The uniformity of the glow and the intensity of the discharge across the cross-
sectional area of the gas gap depend on the thickness of the gas gap, the gas pressure and the specific resistance of the
photosensitive semiconductor.

Experimental results in [10] showed that only an ideal isotropic semiconductor with a specific resistance greater
than 107 Q-cm can produce uniform gas discharge luminescence with a gas gap thickness between 10 and 100 um. The
upper limit of the semiconductor's specific resistance has not yet been determined.

In [11], the properties of gas discharge in a photosensitive system with a gas gap thickness greater than 100 pm were
studied. The gas gap thickness was d = 0.3+1.5 mm and the gas pressure were p = 100+400 Torr. The spatial state of the
discharge was achieved using semi-insulating gallium arsenide at room temperature and below. Under these conditions,
unstable dissipative structures of various shapes were observed in the gas discharge.

In [12], the properties of the gas gap were studied in various configurations: The semiconductor was in a normal
state (i.e., the input surface had translucent ohmic contact and the inner surface facing the discharge had a smooth,
polished appearance); a thin layer of nickel was applied to the inner surface of the semiconductor; and point layers of
nickel in the form of a raster were applied to the inner surface of the semiconductor. The authors found that only variant
1 result in uniform luminescence across the screen area. In option 2, a single bright gas discharge cord is observed. In
variant 3, gas discharge luminescence is observed in the form of cords at the site of the dotted nickel layer.

Despite considerable research, the physical mechanisms of processes in gas discharge photosensitive systems remain
unclear. Therefore, it is advisable to study the physical phenomena in such a system with regard to cathode-anode spraying
of recording medium materials onto a counter electrode. This is the subject of the present study.

EXPERIMENTAL METHODOLOGY

This work uses a gas discharge photosensitive system based on CdTe-SnO, the basic electrical connection diagram
of which to the current source is shown in Fig. 1. Research into the physical properties of the gas discharge photosensitive
system was carried out in an ionization chamber [13]. A Helios 44-2 lens projects visible light through an optical
wedge (1) onto the receiving surface of a 2 mm thick, 30 mm diameter semiconductor plate (2). In this study, single-
crystal, semi-insulating cadmium telluride (CdTe) with a specific resistance of 6:107 Q-cm at room temperature and in
the absence of illumination was employed as a photocathode. In the figure, a nickel translucent contact was applied to the
CdTe receiving surface in a VUP-5M vacuum post. The optical wedge was made by spraying a nickel layer with different
optical densities onto a 25 mm diameter mica plate. Fig. 1 shows the installation of the optical wedge on the surface of
the CdTe photodetector.
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A standardized glass plate measuring 24x36x3 mm and coated with a transparent conductive SnO; layer (5) was used as
the counterelectrode in the gas-discharge photosensitive system. The material under investigation (the current-recording
film) was applied to the front surface of the glass plate (i.e., the gas discharge side). The optical density of the optical
wedge and the current-recording film after exposure to charged particles from the gas discharge was measured using a
CP-25M densitometer with computer software. A plate made of dielectric material (100 pm thick mica) with a 25 mm
diameter round cutout in the center (3) was used to form the gas gap. Electrical contact to the glass plate (5) was made by
a pressure electrode with a round cut-out in the center, having a diameter of 25 mm. The pressure electrode was made of
Textolite with a single layer of metal foil.

1 2 3 4,5
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o—

Figure 1. Basic electrical circuit diagram of connecting a gas-discharge cell to a current source:
1 — optical wedge, 2 — photoelectrode (cathode), 3 — gas-discharge gap, 4 — current-registering film, 5 — anode (glass) with
conductive coatings made of SnO2, Rp — ballast resistance.

The photodetector was illuminated by an OI-24 type light source. To measure the illumination intensity, a silicon
photodiode of the FD-17K type was installed in place of the semiconductor photosensitive plate. The ionization chamber
was sealed by screwing the rear cover through a vacuum rubber gasket. The residual air pressure in the working volume
of the ionization chamber was adjusted using a four-vacuum pump. The residual air pressure in the ionization chamber
was kept constant at p = 200 Tor. The gas discharge photosensitive system was powered by a high-voltage unit that we
developed based on a TVS-P1 transformer, specifically for these studies. The unit is equipped with a time relay that
provides electrical exposure times in the following ranges: 0.1+1 s at 0.1-second intervals and 1+10 s at 1-second intervals.
The power supply unit provided a DC voltage of up to 3 kV and a maximum current of up to 10 mA.

The following calculation of the optical wedge was performed. The quantities measured in the experiment were the
dark current (/4), the total current under illumination (/y = I4 + ), the total light intensity (Jr) and the applied voltage (U).
It is necessary to find the dark current density (J4) and the photocurrent density (Jpn) in each separate field of the wedge.
The optical densities of each wedge field (D;) and the areas of these fields (S;) were measured in advance.

The ratio of the light intensity passing through each wedge field (/i) to the total light intensity (J;) was denoted by #;,
where

Ji —-D;
M= gt= 107 1)

In a gas discharge cell, the current density of each wedge field (j;) is proportional to the light intensity of each wedge field
(Ji), and the total current density (jr) is proportional to the total light intensity (Jf)

Ji =y jr = ajy, @)

where a is the proportionality coefficient. Using equations (1) and (2), we can write

_Ji_ ki

m=g=1 3)
from which it follows that

Ji = Jgni- 4)

The total photocurrent /,, consists of the photocurrents of individual wedge fields /;:
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L = X1 by (5)
where
Ii = jiSi' (6)
Using formulas (4) and (6), we can rewrite formula (5) as
Lyp = jr X121 MiSi. @)

It is known that 7, = Iy— I4, so using (7), we can find the value of

Jr = U — 1)/ Zi=1miS)- ©)
Using formulas (4) and (8), we can find the current density of each wedge field:
Ji = mily — 1)/ iz 1Sy 9

Using formula (9), we can calculate the amount of electricity corresponding to each wedge field g; that reaches the material
under investigation:

q; = jiSiAt = 0 SiAt(ly — 1)/ (X1 miSi)- (10)

After measuring the optical density of each wedge field (D;), we calculate the value of (7;) using formula (1). The
values of the total If and dark Id currents are measured experimentally. Therefore, in order to construct the sensitometry
characteristics of a gas discharge photosensitive system, there is no need to measure the total light intensity J; or the light
intensity for each wedge field Ji. Furthermore, it is impossible to measure the photocurrent /,, experimentally, so this
procedure is also eliminated.

The table shows the results of calculations based on optical wedge parameters:

n
No. wedge
stripes b o i 5, 21 7S
=
1 0 0,18 1,00 0,18
2 0,10 0,20 0,83 0,166
3 0,30 0,20 0,50 0,100
4 0,53 0,20 0,30 0,06 0,55
5 0,85 0,20 0,14 0,028
6 1,28 0,20 0,052 0,0104
7 1,6 0,20 0,025 0,005

Figure 2 shows the resulting pattern of changes in optical density in the metal layers on the counter electrode's
surface. The optical wedge installed on the input surface of the photocathode is shaped in the same way. The optical
density of each wedge field (D;) is proportional to the illumination intensity (J;), the current density (J;) and the amount
of electricity (g;) arriving at each wedge field (calculated using formula (10)).

Figure 2. Picture of changes in the optical density of metal layers on the surface of the counter electrode

EXPERIMENTAL RESULTS
In a gas discharge photosensitive system, the material under study is subjected to a positive potential. Under these
conditions, negatively charged gas discharge particles act on its surface. In this study, sputtered films of bismuth, tellurium
and aluminum were used. Figure 3 shows the dependence of optical density on “current exposure” — D(gm) for the Bi, Te
and Al materials. As can be seen from the obtained results, “current exposure gn” correlates well with the cathode
sputtering coefficient [14].
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Figure 3. Dependence of the change in optical density D on the amount of electricity ¢ for Bi, Te and Al films. The initial optical
density of the film is 1.

Figure 4 shows the dependence of “current sensitivity (¢gm)” on the initial thickness of the bismuth layer, as
determined by a 5% change in transparency from the initial optical density.

Figure 5 shows the D(gm) characteristics of two tin (Sn) layers deposited by vacuum evaporation on a glass surface
with a conductive tin dioxide (SnO;) coating, with different initial optical densities (D; = 0.45 and D, = 0.9). When the
'exposed' layers were developed in a weak sulfuric acid solution (0.5% concentration), the Sn layer was slowly and evenly
etched away. Current-registering tin layers produce unusual changes in optical density; in areas where plasma was applied,
the solubility of the film in a weak sulfuric acid solution decrease compared to other areas.
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Figure 4. Dependence of the minimum amount of Figure 5. Dependence of optical density D on the amount
electricity on the initial optical density of the bismuth of electricity g (on the “current” exposure) for Sn films
layer with different initial optical density

DISCUSSION OF RESULTS AND CONCLUSIONS

The study of the effect of charged gas discharge particles on thin layers of bismuth, tellurium and aluminum revealed
no new physical phenomena when these materials were sprayed under the action of charged discharge particles.

The dependencies studied showed that the sensitivity of bismuth layers to the Coulomb effect decreases with
decreasing initial optical density (and therefore decreasing metal layer thickness). With decreasing bismuth layer
thickness, the 'current' sensitivity in the gas discharge cell increases sharply, reaching g, = 10* C/cm? at an optical density
of D=0.5.

Sn current-registering films undergo negative transformation under the action of gas discharge and subsequent acid
etching. Negative transformation occurs at an initial optical density of D = 0.9 at 10 C/cm? and at an initial optical
density of D = 0.45 at 10 C/cm?. At high initial optical densities (D > 1), negative transformation with high optical
density (D = 1-2) can apparently be observed with virtually no background (zero optical density). This property of plasma-
sensitive material based on Sn films could be used in a number of photo technical processes. The Al and Sn layers on the
anode of the gas discharge cell are the most resistant to the action of gas discharge plasma (g greater than 0.1 C/cm?).

Studies investigating changes in the optical density of metal layers on the surface of the counter electrode of a CdTe-
SnO»-based gas discharge photosensitive system under the influence of a gas discharge expand our understanding of the
physical processes occurring in the latter.
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JOCIIIKEHHS KATOJTHO-AHOHOT'O POSMUJIEHHS B TA3OPO3PITHIN CBITJIOYYTJIHABIA CUCTEMI
HA OCHOBI CdTe-SnO2
Illapida b. Yramypanora!, Kaxpamon M. ®aiizyiace!, Bynboadex 3. Xaiinapos?
Hnemumym ¢hizuxu nanienposionuxie ma mikpoenexkmponixu Hayionanvnozo ynisepcumemy Ysbexucmany imeni Mipzo Yiyebexa,
100057, eyn. Aneu Anmasapa, 20, Tawxkenm, Y3bexucman
2@epeancviuil depoicasnuii mexnivnuii yuisepcumem, Ysbexucman

V miit cTaTTi ZOCTIKYIOTHCS (Di3UUHI SBHIIA, IO BiIOYBAIOTHCS B Ta30pO3psAHii pOoTOUyTIMBIl cucTeMi, sSika BUKOPHCTOBYE KaTOTHO-
aHOJHE po3MmIeHHS. L[ cucremMa CKIamaeThCsi 3 MOHOKPHCTANIYHOTO TEIypUAy KaaMIIo Ta CKISHOI INIacTHHH, mokpurtoi SnOg,
pO3ALIEHUX ra30BHM 3a30poM. TOBIIMHA Ta30BOro HPOMDKKY cTaHOBUTH 100 MxM. JlocmimkyBaHi Marepiajid HaNWISIOTHCS Ha
MIOBEPXHIO CKJISIHOI INIACTHHH y BaKyyMHii kamepi. JloCimKyOThCs 3MIHH ONITHYHOI T'yCTHHH BICMYTY, TeIypy, aJIFOMIHIIO Ta 0JI0Ba
i Ti€r0 Ta30BOro po3psiay. Byno mokas3aHo, 1110 3MEHILIECHHS TOBIMHHU BICMYTY IPHU3BOIUTH [0 Pi3KOTr0 30LIBLICHHS «CTPYMOBODY
YYTIMBOCTI Ta30pPO3PSAHOT KOMIPKH, TOCATAIOYH 3HAYEHHS gm = 107 Ki/cm? npu onrtruwiit ryctuni D = 0,5.

KurouoBi ciioBa: cazopospaona homouymausa cucmema; ¢pomooemexmop Ha OCHOBI merypudy Kaomiro; HanuieHi Memanesi wapu,
KAMOOHO-AHOOHE PONUNEHHS, ONMUYHA 2YCMUHA





