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The problems of raw materials obtaining for UV detectors such as crystalline elements
based on zine selenide (ZnSe) have been discussed. Electrical parameters of these elements
have been determined. Method of Schottky diodes based on ZnSe manufacturing with
various metal contacts (Ni, Pt, Pd, Al) has been presented. From the current-voltage
characteristics of these diodes their main characteristics have been identified: range of
work, dark currents and range of light sensitivity. The comparative characteristics of the
diodes have been shown. It was defined that sensitivity of the diodes with platinum
contacts under ultraviolet radiation exposure in 2—3 times higher than of the diodes that
have contacts from nickel and palladium. The spectral characteristics confirm the effi-
ciency of using the Schottky diodes on the base of A,Bg semiconductors, particularly ZnSe,
for detection of ultraviolet radiation.

Paccvorpensl mpobJiieMbl IIOJNYyYEHUsS CHIPbS A Y@ [IeTeKTOPOB — KPUCTAJIUYECKUX
2JIEMEHTOB Ha OCHOBe cejeHuga IUHKA (ZnSe). OmpefeneHbl dIeKTpUYeCKHe NApaMeTPLI
JAHHBIX 2JeMeHTOB. PaspaGoran crnoco6 mpoussBogcTBa auoxos IllorTku Ha ocHoe ZnSe c
pasuunbiMu Mmetaaaudeckumu KouTaktamu (Ni, Pt, Pd, Al). 13 BoabT-aMIepHBIX XapakTe-
PHUCTHK JaHHBIX AUOXOB OIIPeLeeHbl NX OCHOBHBIE ITApaMeTPhI: AUAMasoH PaGoThl, TEMHOBBIE
TOKM, AUANA30H HN3MEHEHHS CBETOBOM UYBCTBHUTEJIbHOCTH. lIpeicTaBieHBI CPABHUTEIbHBIE
XaPaKTePUCTUKHU HOJYIYEHHBIX AMOI0B. I[0KasaHo, UTO UyBCTBUTENHHOCTD AMO0B C ILIATHHO-
BBIMH KOHTAKTAMHU IIpH O0JIyYeHUN yJIbTPAUOJIETOBEIM H3JydeHHeM B 2—3 pasa BbIIle, UYeM
Yy IHOJOB ¢ KOHTAKTAMM M3 HUKeNA 1 najaagud. CleKTpajbHble XaPaKTEPUCTUKU IIOATBEPIK-
AaI0T BO3MOMHOCTH HCIOJAb30BaHUA Auonoe IloTTKm Ha ocHOBe HMOMYHPOBOAHMKOB AoBg, B
yacTtHOCTH ZNSe, JJis PerucTpanuu yiabTpa@roJeTOBOTO U3AYUeHUd.

Hiodu Ilommki Ha ocroGi Hanienposionukosux Kpucmanié cenenidy yuuxy. €.P.BopoHKiH.

Posrasnyro mpobieMu OoTpUMAHHA CUPOBUHU AaA YP JeTeKTOpPiB — KpHUCTATIUHUX ege-
MeHTiB Ha ocHOBI ceneHimy mumaKy (ZnSe). BusHaueHO eJeKTPUYHI mapamMeTpu AaHUX eJe-
meHTiB. Pospobieno croci®é BupobrunTsa gioxis Ilorrri Ha ocHOBL ZNSe 3 pisHmMu Merase-
sumnu rouraxTamu (Ni, Pt, Pd, Al). 8 BoabT-aMmepunx xapakTepHUCTUK AaHWX AiOAiB BU3HA-
YeHO IX OCHOBHI TapaMeTpu: [fiamas3oH pobGOTH, TeMHOBI cTpyMu, AiamasoH cBiTaoBOI
yytauBocti. [IpexcraBieno mopiBHANBHI XapaKTepucTuKu orpumanux giogis. Ilokasano, mro
YyTAUBICTL JiOAiB 3 IMIATMHOBUMM! KOHTAKTAMM INIPU ONPOMiHeHHI yiabTpad)ioneToBUM BUII-
poMiHIOBaHHAM B 2—3 pasu BUIe, HiK y AioAiB 3 KOHTAKTAMU 3 Hikejmo i majmamio. CruexT-
paJbHi XapaKTepUCTUKU MiATBEPIIKYIOTH MOMKJIUBICTL BuKopucranusa giofis IlorTri Ha oc-
HoBi mamiBmpoBigHUKiB A By, soxpema ZnSe, ams peectpanii yasTpadionerosoro BuUIpoMi-
HIOBAHHS.
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1. Introduction

Semiconductor materials with a band gap
(g5) from 2.5 to 3.5 eV and high concentra-
tion of the charge carriers widely used for
photoelectric detection of ultraviolet (UV)
radiation. These demands are satisfied by a
number of semiconductor compounds of
A;Bg and A;Bg group. For example, silicon
photodetectors have the highest sensitivity
in the visible and infrared regions of the
spectrum. Gallium phosphide possesses high
sensitivity in the far UV region, but has
low sensitivity in the short UV range. Sili-
con carbide has short region of sensitivity
in the range of 200-400 nm. Gallium ni-
tride shows good detection characteristies in
the UV part of the spectrum, but has not
been widely used because of the high pro-
duction expenses.

One of the most promising materials for
photovoltaic UV detectors is zinc selenide
(ZnSe). The technology of ZnSe crystals
production is quite mastered. Also there is
a possibility of obtaining ZnSe crystals with
high and low resistance which is allowing us
creation of the diodes detectors for differ-
ent frequency bands with preset sensitivity.
Schottky diodes based on ZnSe possess wide
range of sensitivity in the ultraviolet part
of the spectrum and in combination with
filters give us a possibility of selective UV
photodetectors creation. The diode parame-
ters are highly dependent on physical prop-
erties of the semiconductor substrate, on
quality of barrier layer, on resistance level
of the contacts, on the detector’s design and
technological features of its production.

The surface potential barrier on the
metal-semiconductor border ensures effec-
tive separation of the charge carriers that
have been generated near the barrier as a
result of the photons radiation absorption.
Mechanisms of radiation absorption by such
surface-barrier diodes have been studied by
many authors [1-4]. In this work the basic
characteristics and the experimentally
measured parameters of Schottky photo-
diodes based on ZnSe with metal contacts
(Ni, Pt, Pd) are presented. Also their spec-
tral sensitivity characteristics have been ex-
amined.

2. Experimental

The photodiodes was made from zinc se-
lenide. Undoped ZnSe crystals usually have
electrical resistivity at the level of 1010-
1011 Ohm-em which is close to the materials
— insulators. To provide the necessary elec-
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trical parameters of semiconductor sub-
strate the doping of crystals by donor impu-
rities was used. In this case electrical resis-
tivity of the crystal has been decreased to
108 Ohm-cm. After annealing at 1300 K the
ZnSe—Te crystals electrical resistivity de-
creases to 100-200 Ohm-cm, which is quite
acceptable for production of Schottky di-
odes.

The single crystals have been sawed on
smaller crystal elements 4x4x1 mm3 in size.
For chemical etching and polishing of semi-
conductor compounds of A,Bg group it is
widely in use bromine-methanol etchant
which provides satisfactory surface quality
for these compounds. Surface etching proc-
ess of the crystal is determined by concen-
tration of bromine in the alecohol solution
and by kinetics of the oxidation of sele-
nium. Typically etching rate in 10 % solu-
tion of bromine was 5—10 p/min.

Another option of the surface polishing
may be etching process with usage of chro-
mic anhydride (CrOg3) in solution of per-
chloric acid. The etching speed in solution
of 12 g of CrO; (anhydrous) and 80 ml of
HCl (concentrated) at 315 K temperature
was 1-2 u/min. The surface of the samples
was like a mirror with no visible holes or
defects. The lower etch rate allows more
precise control of the chemical polishing
process.

After etching the samples were washed
in distilled water and then dried at tem-
perature of 50-70°C for 10-15 min. In de-
veloping of the optimal conditions for the
surface preparation of ZnSe crystals for
covering by metal layer it was found the
positive effect of annealing of the samples
in stream of hydrogen at the temperature of
420-450 K. Thus the samples should pref-
erably as fast as possible be used for coat-
ing of the barrier layer and contacts to pre-
vent surface oxidation. After drying they
are immediately placed in a vacuum system
(vacuum was 107 mm Hg) for metal con-
tacts deposition (Ni, Pt or Pd). The metal’s
quantity for contacts spraying was chosen
with taking into account of the necessity to
obtain the similar thickness of the sprayed
layer. Configuration and sizes of photosen-
sitive areas were selected with the expecta-
tion to leave side surface of the crystal free
from impurities. The contact to the semi-
transparent film of Ni or other contact
metal was formed by the thick layer of in-
dium on perimeter of the crystal through a
mask so as not to touch the lateral sides of
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the crystal. The effective area of the photo-
diodes was slightly less than physical di-
mensions of the semiconductor crystals. On
the back surface of the semiconductor a
contact layer of indium was deposited.

Height of the potential barrier of the
semiconductor’s space charge after metal
deposition depends on the semiconductor pa-
rameters (n, €), dielectric properties of the
gap, surface electron states of the contacts
and the contact potential difference.

In experiments with diode’s optoelec-
tronic characteristics measurements a lamp
DRH-250 was used. Optical power was
changing by variation of distance between
the emitter and the photodetector and was
calculated accordingly. Measurements of
current-voltage characteristics (CVC) and
capacitance of UV sensors based on
ZnSe(Te) crystals were carried out by the
following equipment: voltmeter V7-40,
power supply B5-47, electrometric amplifier
U5-11 and digital LCR-meter E7-12. Optical
measurements were made by the original
microprocessor-aided apparatus for photode-
tector’s parameters determination. This ap-
paratus allowed us recalculating the inci-
dent radiation power which falls on the
diode surface as a function of the distance
between radiation source and photodiode.
The focus was on the diodes characteristics
in the reverse engaging when the diode op-
erates in the photodiode mode.

3. Results and discussion

Measured dark characteristics of all
three metal contacts (Pd, Pt and Ni) are
close to the range of reverse voltages up to
6 V. Under higher voltage conditions in the
diodes with platinum contact the sharp in-
crease of reverse current begins that
reaches hundreds of micro amps. Similar in-
crease in the current in the diodes with
nickel and palladium contacts occurs at
voltage greater than 8 V. The results of the
experimental measurements for diodes with
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Fig. Spectral characteristics of the Ni-ZnSe—

In samples of UV photodetectors.

various metal contacts can be found in
Table (the reverse engaging). Barrier struc-
tures (Ni, Pt, Pd—ZnSe—-In) had typical diode
characteristic and were sensitive to UV ra-
diation.

Under radiation and with increasing of
the radiation power the photodiodes cur-
rents vary greatly. The greatest charac-
teristics stability possesses the diodes with
palladium contacts, but they also have the
least sensitivity. The greatest currents and
values of short-circuit currents have the
platinum contacts diodes. Current sensitiv-
ity for these diodes in the wavelength range
from 300 to 400 nm is 0.08-0.1 A/watt.

Spectral characteristics of the diodes
were obtained with the use of SF-46 spec-
trophotometer. Spectral sensitivity range of
the diodes was from 200 to 460 nm. Results
of the photovoltage measurements for two
different samples are shown in Fig. Diodes
Ni—ZnSe—In was made by the described above
technology, but was taken from different
parties.

Explanation of the experimental results
is a very difficult task when from the total
dependence we need to pick out the role of
the certain mechanism that determines
value of the current through device at these
exposure conditions. The diode current-volt-
age characteristic is defined in the best case
by participation of all generated by light
charge carriers in the photocurrent forma-

Table. Results of the experimental measurements for diodes with different metal contacts

U, B 0 2 4 6 8 10 Contact | Lighting

I, mkA 0 1 2 4 8 18 Pd no

I, mkA 0 1 1.5 4 12 20 Pt no

I, mkA 0 1 2 6 18 Ni no

I, mkA 6 8 11 14 20 80 Pd yes

I, mkA 18 43 68 140 Pt yes

I, mkA 5 22 25 30 55 97 Ni yes
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tion. Collection coefficient of the charges
(ratio of the number of electron-hole pairs
separated by contact field to the number of
pairs that appears as a result of radiation
absorption) and internal quantum efficiency
form significant part of the spectral re-
sponse of the photodiode characterization.
Therefore, the process of collecting the
charge carriers and determination of their
contribution to the CVC formation is no less
important than the process of the charge
carrier’s generation. Therefore, the impor-
tant parameters such as absorption coeffi-
cient of the semiconductor (that in large
extent determines the spectral charac-
teristics of the diodes), concentration of the
charge carriers or relative resistivity of the
semiconductor, lifetime of the nonbasic
charge carriers, diffusion coefficient and
design features of the photodiode are gain-
ing significance.

Since ZnSe semiconductor has direct-gap
transitions the optical absorption, particu-
larly in the UV range quickly reaches the
value in 10°-10% cm™!. This means that almost
all of the radiation is absorbed at the contact-
area which is only a few microns (at thickness
of 3—5 um the absorption is 90-95 %). The
spectral sensitivity range of the photodiode
defines by the absorption coefficient and, if
you created conditions for increasing the
collection efficiency over the spectrum and
all other conditions being unchanged, we
should expect expansion of the photodiode
spectrum sensitivity, as we observed in our
case. The maximum of spectral sensitivity
is in range from 260 to 280 nm. In the
majority of publications [1, 4] it was men-
tioned that the mechanism of charge trans-
port in Schottky diodes was determined by
thermionic emission and generation-recom-
bination mechanisms in the depletion layer.
The results of calculations of the current-
voltage characteristics using the Sah-Noyce-
Shockley generation-recombination theory
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with taking into account the resistivity
semiconductor and charge carrier mobility,
the barrier height (¢ = 1.2 eV) confirm the
conclusion about the mechanism of current
flow through the contact.

Creation of the resistivity contact for
semiconductor with n-type conductivity
(ZnSe) is a complicate task. In semiconduc-
tors AsBg the surface state density is small
and the resistivity contact can be obtained
by usage of metal for which the electron
work function F,, is less than affini ty en-
ergy for n-type semiconductor. The resistiv-
ity contact can be made from In and alloy of
Ti, Pt and Au while it is necessary to pay
attention to presence of the intermediate
high-resistivity layer which may be present
on the compound surface, but may be re-
moved by heat treatment.

4. Conclusions

The technology of Schottky diodes pro-
duction with different metal contacts (Pd,
Pt and Ni) has been developed. These Schot-
tky diodes allow manufacturing the pho-
todetectors with the characteristics required
for the registration of UV radiation in
range of 0.2-0.4 um with high sensitivity.
The measurements results of the current-
voltage and spectral characteristics of the
experimental samples of photodiodes have
been presented.
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