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Data on optical and electrophysical properties of photosensitive structures with Schot-
tky barrier of nZnSe(O,Te)/Ni type are presented. The photoreceivers of this type have
current sensitivity S, = 0.1-0.15 A/W for ) = 420-440 nm, and at A = 250-270 nm S, is
0.02 A/W; the threshold sensitivity is ~10712 W.em 1-Hz 1/2, For separation of various
UV spectrum regions showing photobiological activity, light filters have been developed
intended for use thereof in detecting devices.

IIpencraBieHsbl HaHHBIE [0 ONTUYECKMM M 9JEKTPOMDU3NUECKHM CBOMCTBAM (POTOUYBCTBHU-
TenbHBIX cioeB ¢ Gaprepamu Illorrku NZnSe(O,Te)/Ni u nmoxasaHbl IEPCIEKTUBLI UX HCIIOJb-
30BaHuA B KauecTBe Y@ (oronpreMHHUKOB. POTONPHUEMHUKN TAKOrO THUIIA MMEIOT TOKOBYIO
ugyscrBuTenbHOCTE S; = 0.1-0.15 A/Br nma L = 420-440 mm; gna A = 250-270 mm S, =
0.02 A/Br; noporosas uyscrsurenbrocts ~10712 Br.em™1-I'u1/2. Paspa6oranbl cBeTOMHILT-
PBI IJIA BBIJEJEHUS PasJINUYHBLIX (POTOOMOJOTMUECKN aKTUBHBIX objsacreil Y@ cmeKkTpa, Ipej-

Ha3Ha4YeHHble OJIA HUCIIOJIB30BAHUA MX B HNETEKTHUPYIOIIUX yCTpOfICTBaX.

The growing interest to the problem of
UV radiation detection in various scientific,
technological and social fields, such as
medicine (physiotherapy, blood autotransfu-
sion, protection from carcinogenic radia-
tion, prevention of catarrhal respiratory
diseases), monitoring of "ozone holes” for-
mation above the Earth, synthesis of D, and
Dy vitamins, etc., stimulates the develop-
ment of new semiconductor photoconverters
(SPC) for the UV spectral region. Recently,
the development of SPC mainly followed the
way to create structures with a potential
barrier. Those have high impedance and can
function at high frequencies, are compatible
with miecrochip technologies, have high effi-
ciency, low weight and small size, are insen-
sitive to magnetic fields, show the ability
for charge accumulation and to integration
of the detection signal. Of a special interest
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for the UV range are Schottky diodes, since
the absorbing region of short-wave radia-
tion is located close to semiconductor sur-
face, in the space charge layer, where a
strong electric field is present and, conse-
quently, surface recombination does not
substantially affect the photoconversion
process [1].

Recent studies have shown that doped
crystals ZnSe(X), where X = Te, O, can be
effectively used as components of "semicon-
ductor-metal”™ UV photosensitive structures
with a Schottky barrier [2, 8]. The Schottky
barrier height for those structures is ~1.0—
1.1 eV and is defined by the difference be-
tween the work function of the metal elec-
trons &, ~ 5.2 eV and the semiconductor
electron affinity y ~ 4.1 eV. However, as a
rule, the Schottky structures obtained in
practice are not ideal and contain an inter-
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Fig. 1. Photosensitivity spectrum of
nZnSe(0,Te)/Ni structures without (I) and
with (2) additional quartz window.

mediary dielectric layer. In this case, the
barrier height would also depend upon the
density of surface states in the semiconduc-
tor D,, its dielectric constant g, the dielec-
tric layer thickness 5, etc.

This work was aimed at studies of princi-
pal peculiar features of nZnSe(O,Te)/Ni
Schottky structures, as well as detectors on
their base, including development of optical
filters for separation of various biologically
relevant regions in the UV spectrum.

For our studies, we have prepared sam-
ples of surface-barrier structures involving
zinc selenide crystals activated with tellu-
rium and oxygen (ZnSe(O,Te)) as semicon-
ductor substrate, and nickel as the metal
layer. The sample preparation procedure in-
cluded the following main stages: prepara-
tion of crystals, including mechanical treat-
ment of the surface and its chemical purifi-
cation by etching; application of indium
ohmic contacts by melting; application of a
rectifying contact by vacuum deposition of
a semi-transparent nickel layer of specified
thickness (70-90 nm); preparation of the
electric contact circuit; placing the obtained
structure in an appropriate housing. The ef-
fective area of the photoreceivers was
0.16 cm2. The sensitivity distribution was
measured using an MDR-23 monochroma-
tor, DDS-30 hydrogen lamp and FEU-100
calibrated photoreceiver. A Keithley/SCS
4200 semiconductor analyzer with tempera-
ture-controlled box was used to measure the
current-voltage characteristic at various
temperatures. The experiments on sensitiv-
ity measurement of UV detector based on
nZnSe(0O,Te)/Ni structure as a function of
the angle between the incident light beam
and normal to the detector surface were car-
ried out to test the influence of light scat-
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Fig. 2. Output signal of the nZnSe(O,Te)/Ni as
a function of illuminance in 330-390 nm
spectral range under irradiation: Hg lamp (1);
natural solar illumination (2).

tering direction with respect to the detector
surfaces (cosine factor).

In these structures, the predominant
mechanism is formation of electron-hole
pair followed by its separation by the space
charge field, being realized at photon en-
ergy hv > E,. Such process is more impor-
tant as compared to generation of electrons in
the metal with followed by transfer thereof to
the semiconductor at energy qg, < hv < E,.
Therefore, the photosensitivity spectrum of
such transitions is located in the energy
range above the band gap width and is char-
acterized by a sharp fall at Av < E, (Fig. 1).
The total output signal as a function of
illuminance is increased linearly, at least,
up to the values of 4 mW/cm2, both under
artificial (Hg-lamp) and natural solar illu-
mination (Fig. 2).

The current-voltage characteristic (IVC)
for various samples can be different, thus
suggesting a complex character of the build-
up of Schottky barriers formed in such sys-
tems under real conditions. Fig. 8 demon-
strates IVC for two types of real Schottky
barriers. The differences in current-voltage
characteristics in the region of transition
between the direct and cut-off directions
can be supposed to be related both with dif-
ferent carrier concentration in semiconduc-
tor substrates and with different defectness
degrees of their surfaces that causes differ-
ent mechanisms of dark current flow
through the barrier.

Temperature dependences of photocur-
rent obtained at different bias voltages and
different irradiation levels (Fig. 4) show
that the obtained Schottky barriers have a
good thermal stability, at least, in the +25
to +50°C temperature range. Only a slight
increase in photocurrent with temperature
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Fig. 3. Current-voltage characteristics of
nZnSe(O,Te)/Ni Schottky barriers: Type I
without (1) and with (2) illumination; Type II
without (3) and with (4) illumination.

was observed. Such behavior can be ex-
plained by fluctuations of the lower level of
the conductivity band and the upper level of
the valence band, which are related to im-
perfect structure layer close to the semicon-
ductor surface. As a result, such fluctua-
tions give rise to potential wells for photo-
carriers (traps). Without electric field, such
fluctuations result in localization of one
type carriers only, while the presence of
electric fields may simultaneously create po-
tential wells both for electrons and holes.
The electrons and holes trapped in this
manner are thus localized in space and can
recombine with time due to the tunneling
effect. At higher temperatures, the release
probability of the trapped carriers increases
due to thermal dissociation, thus increasing
the photoconversion efficiency.

The photosensitive structures with Schot-
tky barrier of nZnSe(O,Te)/Ni type had cur-
rent sensitivity S; = 0.1-0.15 A/W at A =
420—-440 nm; at 250-270 nm, it was about
0.02 A/W. Moreover, the results of pre-
vious studies [4] have evidenced a threshold
sensitivity of about 10712 W.em 1.Hz1/2
and dynamic range of the current-voltage
characteristic not less than 40 dB. The pho-
tosensitivity spectrum of Schottky diodes
based on zinc selenide covers all the biologi-
cally relevant UV ranges UV-A, UV-B, UV-C,
remaining "blind” at A > 480 nm, which
simplifies considerably the development
problem of UV filters. The absence of sensi-
tivity in the long-wavelength spectral re-
gion offers the following advantages:

— selection of light filters is simplified
substantially, because most filters, along-
side with transmission in the UV range, are
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Fig. 4. Photocurrent as a function of tempera-
ture in nZnSe(O,Te)/Ni structures at different
bias voltages: for U = —0.5 V at various illumi-
nation levels (1-3); for U = 0.5 V (4).
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Fig. 5. Transmission spectra of glass filters:
A — UFS8 (d=5 mm); Bl — ZhS-3 (d =
2.5 mm); B2 — UFS-2 (d = 2.5 mm).

also transparent in the red spectral region,
to which this photoreceiver is insensitive;

— it is possible to use interference light
filters, because the second harmonies is out
of the detector sensitivity range.

To develop UV detectors for wvarious
ranges on the basis of the above-described
structures, light filters of two types have
been developed: glass filters for UV-B and
UV-A ranges, and interference filters for
UV-C and UV-B ones. For the glass filters,
we obtained spectral distribution of trans-
mission corresponding to the UV-B range by
using a combination of industrially pro-
duced color glasses of appropriate thick-
ness: UFS-2 (2.5 mm) and ZhS-3 (2.5 mm).
For preparation of UV-A filters, UFS-8
glass (b mm thickness) was used (Fig. 5).

Another way to high quality filters for
biologically relevant ranges of UV radiation
is to make use of Fabry-Perot metal-dielec-
tric-metal filters (MDM). This technology
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Fig. 6. Transmission spectra of experimental
samples of interference filters for UV-B and
UV-C ranges.

provides formation of filters for the UV-C
range, which is impossible using conven-
tional colored glass filters. A preliminary
theoretical calculation of layer thickness
and composition and appropriate choice of
application procedures for metal and dielec-
tric layers allowed us to create filters of
various spectral compositions, including
those corresponding to UV-B and UV-C
spectral ranges (Fig. 6). The filters com-
prise: (a) quartz substrate; (b) first semi-
transparent reflecting layer; (¢) non-absorb-
ing dielectric layer; (d) second semi-trans-
parent reflecting layer; and (e) second
dielectric layer acting as both anti-reflect-
ing and protecting one. The actually ob-
tained parameters of such filters in the
220-350 nm range are: maximum transmis-
sion T, =15-35 % at the corresponding
width 8, before 50 nm.

To account for the "cosine factor”, we
have studied the output signal as a function
of the angle between the incident beam and
normal to the detector surface (Fig. 7). A
substantial deviation from the output signal
maximum value is observed when the inci-
dence angle is increased, which should be
accounted for in the development of instru-
ments on the basis of these detectors. The
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Fig. 7. Sensitivity of UV detector based on
nZnSe(O,Te)/Ni structure as function of «
(the angle between the incident light beam
and normal to the detector surface): without
transparent Teflon film (1); with 1 mm thick
Teflon film (2); with 0.4 mm thick Teflon
film (3).

use of diffusely transmitting Teflon films
weakens this dependence substantially. Se-
lective photodetectors for UV-A, UV-B and
UV-C ranges on the basis of nZnSe(O,Te)/Ni
structures can be used in various instru-
ments for recording UV radiation intensity
and power in the biologically relevant spec-
tral ranges, as well as for reconstruction of
solar radiation spectrum.
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Crpykrypu llorTki nZnSe(O,Te)/Ni
Ta MEePCIHEeKTUBU IX BUKOPHUCTAHHSA Yy AKOCTI
CeJIEKTUBHHUX YJIbTPadiosIeTOBHUX AETEKTOPiB

K.Kampynoeé, M.Cmapaucuncvrui, B.I'punvos,
J.I'anvuuneywvruii, I''bendebeps, O.Bondapenko

ITpencraBneno pani mpo onTuuHi Ta egeKTpodisnuHi BiacTMBOCTI (POTOUYTIMBUX IIAPiB
3 G6ap’epamu IMMorti NZnSe(O,Te)/Ni i moxkasano mepcmeKTUBU iX BUKOPUCTAHHS AK YD
(oronpuiimauis. @orompuiimMadi TaKOTO THUIY MAlTh CTPYMOBY dyTauBicTh S, = 0.1-
0.15 A/Bt gaa L = 420-440 um, gaa A = 250-270 um S; = 0.02 A/BT, a TaKox MOPOTOBY
gyrausicts ~10712 Br.em 1.I'n"1/2. Pospo6ieHo cBiTIOGLIBTPY 48 BULLIEHHSA PiSHUX (POTO-
Oiosioriuno akKTuBHUX oOsacreil Y@ BUIIPOMIHIOBAHHS IJI BUKOPHCTAHHS IX y AETEKTYIOUMUX
IIPUCTPOSAX.
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