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Electric capacitance C and dielectric losses tgd have been determined for metal-semicon-
ductor-metal structures based on isovalently doped ZnSe crystals. It has been shown that
annealing of the grown crystals in zinc atmosphere causes the increase of C by 2—3 orders
of magnitude. This parameter, as well as tgd becomes dependent upon the bias voltage U,
with regions of negative and of positive slope observed on the C(U) plots. It has been
shown that dependences C(U) and tgd(U) are determined by changes with voltage in the
two oppositely switched Schottky barriers.

VccnenoBanbl 3JeKTPOEMKOCTs C M TAHTEHC yIJia QUIJIeKTPUUECKUX MOTEePh tgd CTPYKTYD
MeTaJIJI-II0JyIIPOBOSHUK-METALTI Ha OCHOBE HM30BAJIEHTHO JIETMPOBAHHBIX KpHcTaiioB ZnSe.
YcTaHOBJIEHO, UTO OTMKUTI KPHUCTAIJIOB B arMocdepe nuHKA o6ycioBiauBaeT yBenudeHue C Ha
2-3 nopanra. [lapamerpsr C u tgd cTaHOBATCA 3aBUCALIMMU OT CMEIAIOIIET0 HATIPAMKEHUS
U, npuuem B 3aBucumoctu C(U) HAOIIOZAIOTCA YYACTKM KaK C OTPUIATEIbHBIM, TaK U C
IOJOKUTEIbHLIM HAKJOHOM. Ilokasamo, uro saBucumoctu C(U) m tgdU) omupemensarorcsa
U3MeHeHUEeM C HaNpAKeHUeM ABYX, BKJIIOUEHHBIX HAaBCTPeuy APYTr Apyry, 6apbepoB IlorTru.

Electric capacitance C and dielectric
losses tgd have been determined for metal-
semiconductor-metal structures based on
isovalently doped ZnSe crystals. It has been
shown that annealing of the grown crystals
in zinc atmosphere causes the increase of C
by 2-3 orders of magnitude. This parame-
ter, as well as tgd becomes dependent upon
the bias voltage U, with regions of negative
and of positive slope observed on the C(U)
plots. It has been shown that dependences
C(U) and tgdU) are determined by changes
with voltage in the two oppositely switched
Schottky barriers.
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Isovalent dopants introduced into zinc
selenide crystals are known to form associ-
ates with the intrinsic structure defects.
This causes substantial changes in the spec-
trum of charge carrier localized states and,
as a consequence, improvement of the lumi-
nescent properties [1]. Closely related to
point structure defects are also dielectric
properties of the crystals, e.g., dielectric
losses [2] or dielectric relaxation [3]. There-
fore it could be expected that introduction
of isovalent dopants would allow control of
electrophysical and, in particular, of dielec-
tric parameters of the said crystals, condi-
tioning their application in various techni-
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Fig. 1. Typical dependences of electric capacitance (1) and dielectric losses (2) of MSM structures
on the basis of crystals ZnSe (a) and ZnSe(Te) (b) upon the bias voltage.

cal devices. However, effects of isovalent
dopants upon the dielectric response, as far
as we are informed, has not yet been stud-
ied. Carrying out such studies was the prin-
cipal purpose of the present work.

We have studied ZnSe, ZnSe(Te) and
ZnSe(0,Te), grown from the melt under
high argon pressure using two different
technologies. This enabled us to obtain scin-
tillators of two types. Scintillators of the
first type (I) were prepared from ZnSe(Te)
crystals, as well as ZnSe crystals grown
using the standard technology. They are
characterized by high light output (up to
140 % with respect to CsJ(Tl)), lumines-
cence spectra with maximums at 630-
640 nm, and decay times reaching ~100 ms.
The preparation technology of ZnSe-based
scintillators of the second type (II) is re-
lated to crystal growth under additional
doping with oxygen. Such scintillators have
lower light output and smaller decay times.
The maximum of the luminescence spectrum
is shifted towards shorter wavelengths
(Apax = 600-610 nm). After growth, some
of the samples were annealed in zinc atmos-
phere in vacuum-sealed quartz ampoules at
1290 K during 24-48 hours.

The concentration of tellurium was de-
termined by scanning electron microscopy
with X-ray microanalysis using an ISM-820
electron microscope with a Zink AN10185S
microanalysis system (EMPA-electron-probe
microanalysis). The determination accuracy
was 0.3+0.5 mass % . Electrophysical meas-
urements were carried out on 5%x5x3 mm3
large samples. Onto the large sides, electric
contacts were applied in the form of In—-Ga
eutectics, thus forming a metal-semiconduc-
tor-metal (MSM) structure. Measurements
of the capacitance C and dielectric losses
tgd of the structure were carried out in the
low-frequency range using a R589 AC
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bridge, and in the high-frequency range —
a BM 560 Q-meter.

With any dopant composition, in the
low-frequency range electric capacitance of
MSM-structures based on non-annealed
ZnSe crystals did not exceed several pF,
which is in agreement with the known wval-
ues of the dielectric constant for undoped
crystals [4]. Dielectric losses are also rather
low (tgd~1072). Both parameters are weakly
dependent upon temperature and the elec-
tric field frequency. An essential feature of
the dielectric response of structures based
on annealed ZnSe(Te) and ZnSe(O,Te) crys-
tals is unexpectedly high value of their ca-
pacitance, which reached 2 nF in several
samples. With that, average values of C for
ZnSe(0,Te) — based structures were much
larger than those observed for ZnSe(Te)
crystals. However, the average tgd values of
the said structures are related by an inverse
relationship.

To clear up the nature of high po-
larizability of MSM-structures, we have
measured their volt-capacitance charac-
teristics (VCC). Dependence of C and tgd
upon the applied voltage U would indicate a
substantial role of electrode-adjacent poten-
tial barriers in the process of electric po-
larization of the structure. In fact, electric
capacitance and dielectric losses of the
structures on the basis of annealed
ZnSe(Te) and ZnSe(O,Te) samples depend
upon the value and polarity of the applied
bias voltage. A typical appearance of such
plots for the opposite polarities of the bias
voltage is shown in Fig. 1. Characteristic
features of the shown C(U) dependence is
the presence of regions with positive or
negative slope at low and relatively high
voltages, respectively, as well as different
dependences for opposite directions of the
applied field. However, the tg®U) depend-
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ence is not substantially changed when po-
larity of the bias voltage field is reversed.
One should note that asymmetry of the C(U)
plots is reproduced upon removal and sub-
sequent new application of the electric con-
tacts upon the samples; this asymmetry is
characteristic for all structures on the basis
of annealed crystals. It is important to note
that the capacitance and dielectric losses of
MSM-structures based on annealed ZnSe
crystals are also dependent upon the bias
voltage (Fig. 1,b). However, in this case the
observed changes in these parameters are by
nearly two orders of magnitude lower than
in the case of the above-described struc-
tures.

The surface of zinc selenide crystals is
known to be covered by a thin oxide film.
Therefore, when the sample is placed be-
tween the two electrodes, the resulting
structure can be called "metal-dielectric-
semiconductor-dielectric-metal”™ (MDSDM).
In such structures, VCC minimum has been
reported at U = 0 [5], which does not agree
with our experiments. Hence, the effects of
the oxide films upon the above measure-
ment results may be neglected, and we can
treat ZnSe(O) and ZnSe(O,Te) crystals with
electrodes as structures "metal-semiconduc-
tor-metal” (MSM). In other words, the
structures studied are, in fact, two Schot-
tky diodes switched in mutually opposite di-
rections.

The AC bridge R589 used in our meas-
urements involved the parallel substitution
scheme of the object (Fig. 2,a). The directly
measured values are electric capacitance
and tgd of the object

tgd = L’ (1)

wRC

(w = 211f). Neglecting crystal volume effects
upon VCC of the MSM structure, its equiva-
lent electric diagram can be presented as
two series-connected R-C-chains (Fig. 2, b).
Each of the chains corresponds to a Schot-
tky barrier at the metal-semiconductor
boundary. The capacitances of the depleted
boundary layers are C; and C,, respectively.
It should be noted that when the bias volt-
age applied to the structure is increased,
one of the capacitances will be increasing,
while the other will decrease. Assuming
that R; and R, are equal, the equivalent
capacitance of the structure, defined by
connection in series of C; and Cy
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Fig. 2. Equivalent electric substitution dia-
grams of the measurement object (a) and
MSM-structure (b).

= C.Cy (2)
C,+Cy

would also decrease. Such behavior of C(U)
was actually observed in the region of weak
bias voltage fields (see Fig. 1). However,
upon further rise of U, the capacitance of
the MSM structure increases. This can be
explained by the effects of resistivity of the
depleted layers, which, decreasing with ris-
ing U, shunts the lowest capacitance of the
MSM structure.

To check up the above assumption,
mathematical modeling of the C(U) function
was carried out for a MSM-structure. It was
assumed that the resistance of each of the
depleted layers is a function of voltage de-
termined by the expression:

R = Ryexp(bU), (3)

where b is a constant.

As U is an algebraic value, the voltage
fall on each of the barriers (U; and U,,
respectively) was calculated by iterations
carried out for each value of the applied
voltage U. U; and U, that had been thus
determined were used in calculations of the
depleted layer capacitance [6]

c =V &olVa~ (4)

kT

2H/b‘vi‘7

where e is the electron charge, &, — dielec-

tric constant, € — dielectric permittivity of
the crystal, N; — concentration of the
donor dopant, V, — bending of zones in the
depleted layer region, k is the Boltzmann
constant, and T is the absolute temperature.
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Fig. 3. Electric capacitance (1) and dielectric
losses (2) as function of the bias voltage,
obtained as a result of modeling.

The equivalent capacitance of a MSM struc-
ture is described by expression

1)
o ¢ C 0
+ W0 —;5 + w?C3
ft 0 B

The expression for the equivalent resis-
tance of a MSM-structure has the form:

Ryl R3! (6)
= + .
B2+ w?C? R+ w?C3

The modeled functions C(U) and tgd(U)
are shown in Fig. 3. Apart from the lowest
voltage region for C(U) and the highest
voltage region for tgd(U), these functions
are qualitatively similar to those observed
experimentally (cf. Fig. 1 and Fig. 3).
Among possible reasons for the rise of tgd
in the highest voltage region are ionization
losses, which were not accounted for in the
modeling. The question of discrepancies be-
tween experimental and calculated C(U) de-
pendences at the lowest voltages requires
further studies, including studies of the di-
electric response of the crystal.

In our opinion, a subject of a separate
study can be the asymmetry of C(U) and
tgd(U) (see Fig. 1). As shown by additional
studies, the asymmetry of these curves is
accompanied by the dependence of the volt-
age-current characteristics upon polarity of
the applied voltage (Fig. 4). In principle,
these asymmetries can be explained assum-
ing the presence of gradients of some physi-
cal parameters directed normally to the sur-
face. However, this assumption does not
agree with the results on Zn distribution
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Fig. 4. A typical voltage-current charac-
teristic of MSM structures on the basis of
ZnSe(Te,0) crystals.

profile stu dies in the annealed zinc selenide
crystals, as well with the fact that the
asymmetry of characteristics is observed at
any orientation of the sample surface with
respect to the ingot surface.

Concluding, it can be noted that MSM-
structures based on annealed ZnSe(Te) and
ZnSe(Te,O) crystals have non-linear volt-
ampere characteristics related to the forma-
tion of Schottky transitions. Control of the
capacitance of such structures by means of
external voltage allows substantial broaden-
ing of the functional possibilities of non-po-
larizing detectors of ionizing radiation that
are being developed on the basis of broad-
band semiconductors [7].
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EnexkTpodi3uuyHi BJACTHBOCTI CTPYKTYP
MeTaJI-HaNiBIPOBITHUK-MeTaJ HAa OCHOBi i30BajIeHTHO
JIeTOBAHUX KPHUCTAJIB CeJIeHiny IUHKY

0.9yzaii, B.Puxcuxoe, H.Cmapicuncovruil,
C.Oniinux, K.Kampynoe, 1.3ena

Hocaimkeno esextpoemHicth C M TaHrMeHC KyTa [JieJeKTPUYHUX BTpaT tgd CTPYKTYD
MeTaJI-HAIIBIPOBI THNK-MeTaJ Ha OCHOBI 130BaJIeHTHO JieroBaHHX Kpucraiis ZnSe. Beramos-
JIeHO, II[0 BiAIIaJl KPUCTAJNIB Y CepemOBUINi ITUHKY 00yMOBJOE 30inbienusa C Ha 2—3 mopdan-
Ku. ITapamerpu C i tgd crarTh 3aleXHUMHU Bif sMmimiyrouoil Hanpyru U, IpudoMy B 3aJI€K-
Hocti C(U) cmocrepiratoTbcsi 00JaCTi AK 3 HEraTUBHUM, TaK 1 3 IOBUTUBHUM HAXUJIOM.
Iloxasauno, mo C(U) i tgd(U) BusHauarOThCS 3ajieKHiCcTIO Bing Hanpyru asox 6ap’epis Illort-
KU, 110 BBIMKHEHO HAa3yCTpiu OAWH OZHOMY.
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