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A new type of solid state integrated detector of ionizing radiation has been proposed.
It has been shown that the properties of ZnSe(Te) crystals make it possible to develop
integrated detectors with photoreceivers of a photosensitive heterostructure type arranged
directly on the scintillator surface. A preparation method of ZnSe(Te)/pZnTe—-nCdSe detec-
tors has been described and the output characteristics thereof have been obtained.

IIpeniodKeH HOBBIA TUII TBEPAOTEJILHOI'O0 WHTErPAJLHOIO JAeTEeKTOPa MOHUSUPYIOIIEro ua-
neuenns. IlokasaHo, 4To csoiicTBa KpucrasiaoB ZnSe(Te) mosBoasgI0T cO3LaBaTh MHTErpasb-
HBIE€ JETeKTOPHl C (POTONPHMEMHMKAMH THIIA (POTOUYBCTBHUTEIBHONM IeTEePOCTPYKTYPHI, pPasMe-
IeHHbIe HEIIOCPEACTBEHHO HA IOBEPXHOCTH CHUHTUIAATOPa. Ommcan MeToJ IOJydeHUsS WH-

TEerpajbHBIX [JAE€TEKTOPOB
XapaKTePUCTUKU.

Broad possibilities of purposeful vari-
ation of photoelectric, luminescence and
electrophysical properties in Al'BV! semicon-
ductor compounds and solid solutions based
thereon stimulate continuous scientific and
practical interest. One of the recent impor-
tant steps in this direction is development
of a new type scintillator based on isova-
lently doped zinc selenide [1-83]. This type
of scintillation crystals shows the conver-
sion efficiency 4—-7 % higher and radiation
stability 103—10% times higher as compared to
Csl(Tl) crystals. Development of ZnSe(Te)
scintillator has allowed to effectively fill the
gap in the "scintillator-photodiode™ detector
series for modern radiation introscopy [4].

It is also known [5, 6] that certain complex
structures based on wide-band AIIBVI com-
pounds (e.g., pZnTe—nCdSe heterostructures)
exhibit a high photosensitivity in the visible
spectral range corresponding to the lumines-

cence maximum (A,,,, = 620-640 nm).
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tuna ZnSe(Te)/pZnTe-nCdSe wu moayueHsl wux

BBIXOJHBbIE

A unique combination of semiconductor
and scintillation properties in ZnSe(Te)
crystals should make it possible to develop
photoreceivers based on heterostructures
formed directly on the surface of this scin-
tillator. Compactness, small overall dimen-
sions, the design simplicity and high per-
formance characteristics are the advantages
of the solid state integrated detectors (ID)
of ionizing radiation consisting of a scintil-
lator and a barrier-layer photocell over
other types of detectors. Besides, such ID de-
tectors do not require any power sources. In
this paper, we describe preparation methods
and parameters of a "photosensitive heteros-
tructure — semiconductor secintillator™ type
ID, namely, ZnSe(Te)/pZnTe—nCdSe.

The ZnSe(Te) crystals were grown by ver-
tical Bridgman method in graphite crucibles
under inert gas (Ar) pressure of 5.106 Pa.
The temperature in the melting zone was
1860 K. As raw material, fine ZnSe and
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Fig. 1. Test structure of ZnSe(Te)/pZnTe-

nCdSe ID of ionizing radiation in integral
construction design: 1, ZnSe(Te) scintillator;
2, pZnTe-nCdSe photoreceiver; 3, recording
system.

ZnTe powders of ELMA type (class 6N) were
used, which had been preliminarily treated
in oxygen atmosphere [3]. The content of
activator (Te) in ZnSe crystals was 0.5 mass %.
At the final stage of scintillation properties
formation, the ZnSe(Te) samples of
(2-5)x5x5 mm3 size were annealed in Zn
vapor at T = 1300 K for 24 h [2]. The inte-
grated detectors were obtained by successive
epitaxial growth of ZnTe and CdSe layers
onto Te doped ZnSe scintillator crystals ori-
ented in the [110] direction. The ZnSe sub-
strates were mechanically polished and
etched in bromomethanol prior to deposition
of ZnTe and CdSe layers. We used an epi-
taxial method involving a transport reac-
tion and resublimation in an open system
under reduction atmosphere. The CdSe and
ZnTe polycrystals were used as the evapo-
rating materials. The epitaxial growth of
CdSe layers was accomplished in a short
time after reloading of the reactor with the
evaporating material. Doping of ZnTe with
As and of CdSe with In was carried out
during their growth.

Metallographic and X-ray studies of
ZnTe and CdSe layer growth processes show
that the optimal epitaxy conditions are as
follows: ZnTe source temperature 820°C,
ZnSe substrate temperature 555—-565°C; for
CdSe, these values are 760°C and 600—
640°C, respectively. Thickness of ZnTe and
CdSe layers was 6—8 and 18-20 pum, respec-
tively. Electron concentration N, and mobil-
ity n, in CdSe layers depend on the sub-
strate temperature. Under the above condi-
tions, the N, and p, values are
(1.2-2.6)-1017 em™3 and 570-590 cm?2/(Vs),
respectively. For ZnTe layers, the hole con-
centration N is 3.7-1017 cm™3 and the hole
mobility u, = 60 em?2/(V-s). Au and In were
deposited ]tJ)y vacuum evaporation to make
ohmic contacts for ZnTe and CdSe, respec-
tively. A schematic diagram of the com-
bined detector of ionizing radiation ob-
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Fig. 2. Current-voltage characteristics of het-
erostructure-photoreceiver pZnTe-nCdSe at
different illumination levels: dark (I);
3-:10% 1x (2); 6-10% 1x (3); 1-10% 1x (4).

tained as described above is presented in
Fig. 1. It is seen that the heterostructure-
photoreceiver (HP) is deposited directly on
the scintillator surface and thus the reflec-
tion losses are minimized.

For 1ID heterostructure-photoreceiver
pZnTe—-nCdSe obtained by epitaxy from
vapor phase as described above, the current
vs voltage characteristics (IVC) have been
measured at different illumination levels
(Fig. 2). In contrast to p—n homojunctions,
intersection of “light” and "dark™ IVC is
observed in the heterostructure case. The
IVC intersection is decrease of the heteros-
tructure series resistance due to photocon-
ductivity of the material layers forming it.
The dependence of open-circuit voltage Ugo
and short-circuit current Ig; on the illumi-
nation intensity of HP pZnTe-nCdSe is pre-
sented in Fig. 3. It is seen that Ig, rises
linearly when the illumination is increased,
while Uy tends to saturation. Such a be-
havior is in good agreement with the sharp
heterojunction theory. The efficiency of the
pZnTe—nCdSe heterostructure, calculated
using experimental Ig-, and Ugq values, is
6—8 % and is limited by rather high series
resistance of a photoreceiver of such type.

The spectral characteristics of the ID
were studied under illumination through
the ZnSe scintillator crystal with band gap
E, = 2.67 eV. Therefore, photons with en-
ergy lower than 2.67 eV pass through ZnSe
crystal practically without absorption and are
absorbed in the HP. The generated electron-
hole pairs are separated by the heterojunc-
tion, thus creating a current in the external
circuit. The photosensitivity region is situ-
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Fig. 3. Dependences of open-circuit voltage
U,. (I) and short-circuit current I, (2) on
illumination intensity E for pZnTe-nCdSe
heterostructure.

ated between wavelengths A of 560 and
850 nm that corresponds to photon energies
close to the band gap of ZnTe (E, = 2.26 eV)
at 300 K) and CdSe (Eg = 1.71 eV), respec-
tively. The quantum efficiency in the spec-
tral characteristic maximum amounts 0.61
to 0.68. The absolute monochromatic sensi-
bility at L = 630 nm reaches the values of
0.32-0.35 A/W. Time constant of the
ZnTe-CdSe heterojunction is 3.2.1074 to

1.6-107® s what is acceptable for the opera-
tion of photodetector.

The spectral sensitivity characteristic
shape depends on electron concentration in
CdSe layers which, in its turn, is defined by
the ZnTe substrate temperature T, (Fig. 4). It
is seen from Fig. 4 that an increase of elec-
tron concentration in CdSe layers results in
a shift of pZnTe-nCdSe HP spectral charac-
teristics towards shorter wavelength. In
this case, the compatibility of the detector
photosensitivity spectrum with radiation
spectrum of the ZnSe scintillator crystals
(curve 3, Fig. 4) is much better. The concor-
dance factor a, of the radiation and photosen-
sitivity spectra represented in Fig. 4 was cal-
culated using the numerical integration tech-
nique in accordance with the expression [5]:

7\’n'lﬂx 7\’nlﬂx
(1)
a, =[S, 008, dh / [S,00dn
kmin }Lmin

where S,. and S,, are spectral radiation
intensities of the scintillator and the spec-
tral sensitivity of the HP with respect to
the maximum; A,,., A,;, are spectrum
boundaries; a, is 0.98 in the case of the
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Fig. 4. Spectral sensitivity distribution of a
pZnTe-nCdSe photoreceiver at different elec-
trons concentration in CdSe layers of
ZnSe(Te)/pZnTe-nCdSe ID (1, 2.4-1017 em™3;
2, 8.6-101% cm™3) and luminescence spectrum
of ZnSe(Te) crystal scintillator (3).
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Fig. 5. Dosimetric characteristics of the

ZnSe(Te)/pZnTe-nCdSe integrated detectors
of ionizing radiation; I, illumination through
photoreceiver; 2, illumination through scin-
tillator crystal.

pZnTe—nCdSe spectrum represented by the
curve I and 0.62 for the curve 2.

The obtained dosimetric characteristics
at constant potential on the X-ray tube are
linear in the whole range of the dose rates
(Fig. 5). Curve I was obtained under irra-
diation through the HP and curve 2,
through the scintillator crystal. Sensitivity
of the detectors to X-ray irradiation with
the 8.86 keV energy was calculated using
the expression [6]:
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where I . is the total photocurrent; np;py,
mass absorption coefficient of the scintilla-
tor; wgpp, that of air; u,.,, mass attenu-
ation coefficient of substance with mass
number Z; &, efficiency of the scintillator
light collection by the HP; B, quantum effi-
ciency of the HP; v, collection coefficient of
charge carriers; d,., scintillator thickness;
Ve scintillator volume; p,., scintillator
density. The calculation has been performed
for the short-circuit conditions. The ob-
tained value of the X-ray sensibility of
316 nA-min/R-em? is in a rather good
agreement with the average experimental
values of 180-220 nA-min/R-cm2. The tem-
perature dependence of the short-circuit
current within the range of 20-100°C is
negligible and does not exceed t5 %. Test-
ing of the ZnSe(Te)/pZnTe-nCdSe inte-
grated detectors carried out under real ho-
mographic conditions show that their sensi-
tivity, inertia (decay time) and dynamical
linearity range of dosimetric characteristic
make it possible to use the ID in X-ray intro-
scopic systems and medical homographs.

To conclude, the high radiation sensitiv-
ity of ZnSe(Te)/pZnTe—nCdSe integrated de-
tectors is due to the close contact of scintil-
lator and HP, diminishing the reflection
losses, and to high values of the spectral
concordance factor (0.62-0.98). The short-
circuit current in output circuit of the ID
depends linearly on X-ray radiation dose
rate in the range up to 280 R/min. The
response time of the HP is of the same
order as the scintillator flash duration,
namely 1075 s. The ID could be operated up
to temperatures at least 100°C.
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InTerpanspHi AeTeKTOPU iOHI3yI0UOl pamiamii
Ha ocHOBi cTpykTrypu ZnSe(Te)lpZnTe-nCdSe

M.I' Cmapaucuncerkuii, b.B.I'punvos, I1.0.'awun, A.A.Porkwa,
O.B.'anam, B./].Puxuxoé, K.O.Kampynoé, I.M.3ena

3amnpoIIOHOBAHO HOBMM THII TBEPAOTLIBHOIO iHTErpajibHOro AeTeKTopa ioHi3yrouoi pa-
nmianii. IToxasano, mo BiaactuBocTi Kpucranis ZnSe(Te) mo3BOAAIOTL yTBOPIOBATH iHTe-
rpaabHi gerekTopu 3 (orompuiiMmayamMu TUIY (POTOUYTIHUBOL reTePOCTPYKTYPH, PO3TAIIOBAHIL
Gesmocepenubo Ha moBepxHi cuuHTHAATOpPa ZnSe(Te). Omumcano meTon OTpUMaHHS iHTErpa-
apHUX gerekropiB tTumy ZnSe(Te)/pZnTe-nCdSe Ta ogep:kano ix BUXigHI XapaKTepUCTUKU.
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