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COHERENT IR-CONVERTER BASED ON GaAs AND Bi;,Si0;

A.A. AGASIEV, N.N. LEBEDEVA, V.I. ORBUKH, G.M. EIVAZOVA, V.M. NAGIEV
Baku State University
Z. Khalilova, st. 23, Baku, 370145

The model of coherent IR-converter on the basis of GaAs photoconductor (PC) joined to the electrooptical (EO) crystal Bi;;SiO,, have
been considered theoretically. The possibility of the field transfer from the photoconductor to the EO, crystal under the IR-light have been
estimated that is sufficient for realization of the linear electrooptical effect in the EO crystal. Basing on the field parameters and parameters
of PC and EO crystals, the sensitivity threshold of converter have been estimated. The PC-EO crystal structure on which the conversion of
the IR-light (0.9-1.5 um) into the coherent visible one have been realized, was obtained on the basis of theoretical calculations. The threshold

of sensitivity of 5-10~* W/sm’ is measured that is within of theoretical estimation,

INTRODUCTION.

The electrooptical devices, especially those of them,
which can convert the noncoherent image to the coherent one
in a real time scale, play a significant role in systems of opti-
cal processing of information [1-2].

When developing the different types of IR-converters [4-
8]. We have interested in problem of construction of coherent
IR-converter based on GaAs and Bi;SiO, (BSO). For this
purpose, a theoretical possibility of the operation of such a
device has been considered, its construction has been devel-
oped and the testing has also been carried out.

EXPERIMENTAL.

The photoconductor is a plate of semiizolating GaAs:Cr
of n-type conductivity, the dark conductivity at 300 K is
0:4<10” Ohm™'m™". The multiplicity of the resistivity change
under illumination (4=0.9 pm) is 10°. The impurity photo-
conductivity atiributed to chromium was maximum at A=1.4 um
and was observed up to 1.7 um. The electron mobility is
u=0.1 m*/Vsec and a relative dielectric constant is &;=6.
The GaAs plate in the form of disk with area of 3 sm’ and the
thickness of L;=300 um was polished and then a layer of
transparent electrode SnO, was deposited on one of the sides
of the crystal. The BSO crystal with the following character-
istics was used. The conductivity in the dark and under illu-
mination was 0,7~10""° Ohm'm™ and o,;, =10 Ohm™'m™,
respectively, a relative dielectric constant was &£,=60, and a
semiwave voltage was U;,,~4 kV. The BSO crystals were
obtained by the Chokhralski method in the form of boules
grown in (001) direction where a maximum linear electroop-
tical effect was observed [3]. The disks with 3 sm’ of area
and the thickness of L,=250-300 um were cut off. Then the
transparent electrode was deposited on one of the sides of the
plate.

The photoconductor and the electrooptical crystal were
pressed to each other by free sides in cassette, which pro-
vided a uniform contact over the whole contact area. The
alternating voltage up to 4 kV with the frequency of 10° Hz
was applied to electrodes of such a structure. The converter
structure and the scheme of IR-image conversion to a visible
one are presented in Fig.1. The signal was readout in reflec-
tion conditions according to the known method [9].
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Fig.1. The structure of image converter and the scheme of the
IR-image conversion to a visible coherent one.
1 - the photoconductor; 2 - the electrooptical crystal;
3 — the transparent electrodes; 4 — a polarized;
5 — an analyzer.

RESULT AND DISCUSSION.

The purpose of the present paper is to evaluate the possi-

bility of electrooptical converter operation using the above
materials. In this connection, the following problems arise:
1) if the field transfer from the photoconductor to the electro-
optical crystal sufficient for electrooptical effect is possible;
2) to estimate the structure sensitivity value.

The Maxwell relaxation time (7=g,£,/0;) and the transit

time between electrodes (t..= Li /u10) for our photocon-

ductor are estimated as 7, 107 s and t., =107 s, respec-

tively. As t., =1y , the transit conditions of screening are not
fulfilled, and we conclude that the field transfer takes place

under ohmic conditions. As I/I,= Ej (I, I, are intensities

of readout and incident light, respectively; E, is the field
strength in the electrooptical crystal) the dependence of E,
on the external voltage U, applied to the structure, the field
frequency @ and the device parameters should be determi-
ned. We are based on the system

0.E, + Ig,6,E, = 0,E, + i§,6,E, ,
E,L, + E,L, = U, - D

(]

where the index 1 refers to the photoconductor, and the index
2 refers to the electrooptical crystal. From the system (1), we
obtain
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Then, for the parameters of our converter
v[1 < EZ, < (y100)U/T, . ©

i.e. the field in the electrooptical crystal can change by an
order of magnitude with the change of the field frequency
and the conductivity of the device operation to be stable.
The condition
Ejn = 2By xO
where E,;;; and Eza are the fields in the electrooptical crystal

under illumination of the photoconductor and in the dark,
respectively, is used for the sensitivity estimation. Using (2) and

" (4), at w &8/ 07=0.6, the condition (4) gives 0711:/014 = 0.438.

At the intrinsic photoconductivity maximum, A=0.9 um, the
sensitivity threshold of converter was 0,7-10°° W/sm’, while
at A=1.4 pm (the impurity photoconductivity maximum) it
was 0.7-10° W/sm’. |

Taking these indices as rather satisfactory, we have tested
our converter. The photoconductor was illuminated at 420,9 um,
its light intensity (I,) changed in the range10”-10' W/sm’ of
using the neutral filters. The image of stencil obtained in this
case (fig.2) indicates the realization of coherent conversion of
the IR light. To determine the sensitivity threshold of con-
verter, the dependence of I on I; has been measured. The
sensitivity threshold obtained from this characteristic (fig.3)
is 5-10™ W/sm? that corresponds to our estimation.

Thus, the device considered, simple by its construction
and consisting of the joint plates of photoconductor (GaAs)

Fig.2. The image of stencil in the visible coherent light.
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Fig.3. The dependence of the transformed coherent light inten-
sity on the transformed IR-light intensity.

and the electrooptical crystal (Bi;;SiOy), can transform the
IR image to coherent visible one without cooling.

We assume that the operation efficiency of our converter,
to a great extent, is determined by a high dielectric constant
of the electrooptical crystal.

{11 M. Crenot, J. Pergrale, J. Donjon, G. Marie. Appl.
Phys.Lett., 1972, v. 21, p. 83.

[2] S. Lipson, P. Nisenson. Appl Opt., 1974, v. 13, p. 2025.

[3]1 A.A. Ballman. J. Crystal Growth, 1967, v. 1, p. 37.

[4] B.S. Agaronov, A.Kh. Zeinally, N.N. Lebedeva, L.G. Pa-
ritskii, USSR, Patent Ne 535451, 1978.

[5] N.N. Lebedeva, V.I. Orbukh, B.G. Salmanov. J. Phys. 111
France, 1996, v. 6, p. 797-805.

[6] B.G. Salmanov, N.N. Lebedeva, Golakoglu. The Imag-
ing Sci. J., 1999, v. 47,p. 81-85.

[7] N.N. Lebedeva, B.G. Salmanov, B.G. Akinoglu, K.R. Al-
lakhverdiev. J. Phys. D. Appl. Phys., 1994,

v.27,p. 1229-1232.

[8] A.Kh. Zeinally, N.N. Lebedeva, L.G. Paritskii, B.G. Sal-
manov. . Photogr.Sci., 1991, v. 39, p. 114.

[91 L.M. Terman. Solid State Electr., 1962, v. 5, p. 282.

A.A. Agayev, N.N. Lebedeva, V.i. Orbux, Q.M. Eyvazova, V.M. Nagiyev

GaAs VO BinSiOz OSASINDA KOHERENT INFRAQIRMIZI CEVIRICH

Fotokegirici (FK) GaAs ve elektrooptik (EO) Bi12SiO» kristalin birlesmesi esasinda yaranmis koherent [Q-gevirici modeline

nezeri baxiimigdir.

EO kristalda uzununa elektrooptik effektin yaranmasina getiren gerginliyin fotokegiriciden IQ isigin kémoyi ile EO kristala
kegmosi imkam giymetlendirilmisdir. Sahenin gerginliyi EK ve EO kristalin parametrlorini nezoro alaraq ¢eviricinin hessashifinin
astana giymeti te’yin edilmisdir. Nezeri hesablamalara esasen FK ve EO kristalin strukturu yigimigdir. Bu strukturda infragirmizi
isiq (0.9-1.5) mkm koherent goriinen isiga gevrilir. Hessashgn astana giymeti 5-10+4 Vt/sm? 8lglilmiisdiir ki, bu da nezeri giymet

terkibindadir.
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KOT'EPEHTHDBIN UK-ITPEOBPA3OBATEJIb HA OCHOBE GaAs U Bi;;Si05

TeopeTHuECKH paccMoTpeHa Mosiens korepextHoro MK-npeoGpasosarens Ha 0CHOBE ¢doronposoasuka (OIT) GaAs, COwICHEHHOTO C
anexrpoonTiueckuM (30) kpucraanom BijpSiOs. ‘
" OleHena BOIMOXKHOCTH MEpEKayukH Tons nox Aeficreuem HMK-ceeta u3 @IT 8 30 kpucram, 0CTaTouHad Ald PEalU3aliuy B 20 kpu-
craine npononsHoro D0 3didexra. HMexoas U3 napaMeTpos nojia ¥ NapamMeTpoB ®I1 1 D0 KpUCTaLIa, NaHa OLIEHKA MOPOra YyBCTBUTENIBHO-
ctv npeo6pasosarend. Ha OCHOBAHMH TCOPETHYECKMX PaceToB cobpana CTpyKTypa ®I1-20 xpucTaina, Ha KOTOpoi peansosako npeobpa-
sosanue UK cBera (0.9-1.5) MkM B KOrepeHTHOE BHAMMOe. HaMepeH Mopor 4yBCTBUTEILHOCTH Ha 0.9 Mxu (5-10™ Br/cm?), xoTopbiil Haxo-
JIMTCA B MPEAENAX TEOPETHICCKON OLEHKH.
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