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We report on the selection of contact metallisations for ZnSe-based metal-semiconductor-metal ultraviolet photode-
tectors. Our evaluation is based on Ni/Au, Cr/Au, and hybrid Ag-nanowire contacts. Low values of dark current of 0.32 nA,
0.82 nA and 1.64 nA at bias voltage of 15 V were achieved for photodetectors with Ag-NW, Ni/Au and Cr/Au interdigital
contacts, respectively. The best performance of our ZnSe-based ultraviolet photodetectors is observed for Ni/Au interdigital
contacts. This is due to the higher Schottky barrier height, which is equal to ~ 1.49 eV for Ni/Au contacts in comparison
with ~ 1.26 eV for Cr/Au contacts. A very high responsivity of 5.40 AW at bias voltage of 15 V for light with a wave-
length of 325 nm is obtained for devices with Ni/Au interdigital contacts. Moreover, the maximum of photocurrent on/off
ratio of 20342 and minimum of NEP of ~ 3 x 10" W Hz Y2 at bias voltage of 15 V was achieved for this type of device.

Keywords: zinc selenide, metal-semiconductor-metal structures, Schottky diodes, ultraviolet photodetectors, impact
ionization.

FOTODETECTOARE ULTRAVIOLETE SOLAR-BLIND PE BAZA ZnSe

CU DIFERITE METALE DE CONTACT SCHOTTKY

Se raporteaza despre alegerea metalelor de contact pentru fotodetectoarele ultraviolete de tip metal-semiconductor-
metal bazate pe ZnSe. Evaluarea noastra se bazeaza pe contactele Ni/Au, Cr/Au si pe hibridul Ag-nanofir. Valorile scazute
ale curentului intunecat de 0,32 nA, 0,82 nA si 1,64 nA la tensiunea de polarizare de 15 V au fost atinse pentru fotode-
tectoarele cu contacte interdigitale Ag-NW, Ni/Au si, respectiv, Cr/Au. Cea mai buna performanta a fotodetectoarelor
ultraviolete bazate pe ZnSe se observa pentru contactele interdigitale Ni/Au. Acest lucru s-a dovedit a fi posibil datorita
indltimii mai mari a barierei Schottky care este egala cu ~ 1,49 eV pentru contactele Ni/Au, in comparatie cu ~ 1,26 eV
pentru contactele Cr/Au. O sensibilitate foarte mare de 5,40 A W la tensiunea de polarizare de 15 V pentru lumind cu
lungimea de unda de 325 nm este obtinutd pentru dispozitivele cu contacte interdigitale Ni/Au. Raportul maxim de
pornire/oprire a fotocurentului egal cu 20342 si minimul puterii echivalente de zgomot (NEP) egale cu ~ 3 x 10° W
Hz2 la tensiunea de polarizare de 15 V au fost atinse pentru acest tip de dispozitiv.

Cuvinte-cheie: seleniura de zinc, structuri metal-semiconductor-metal, diode Schottky, fotodetectoare ultraviolete,
ionizare prin coliziuni.

Introduction

Wide-bandgap semiconductors such as ZnSe are attractive semiconductors for fabrication of ultraviolet
(UV) photodetectors due to their large bandgap energy (2.67 eV at 300 K), high electric field strength of
breakdown (~ 1 MV/cm), as well as high resistance to intense UV and X-ray radiation [1-5]. Most commercial
UV-photodetectors are based on Si or GaAs semiconductors, which require a filter to eliminate visible and
infrared light. Moreover, the intense UV radiation induces aging effects in Si-based photodetectors that leads
to its degradation. To solve this issue, the bulk high-resistivity ZnSe could be used for fabrication of stable
high-performance UV photodetectors with metal-semiconductor-metal structure, as we have shown recently
[6]. The UV detectors are usually based on the following structure types: planar Schottky diode, vertical
Schottky diode, p-i-n photodiode or metal-semiconductor-metal (MSM) photodiode. The last MSM structure
is of special interest since it could be used for monolithic integration with field effect transistors. MSM UV
photodetectors are unipolar devices with two back-to-back Schottky metal/semiconductor junctions formed
on the same semi-insulating semiconductor surface. Vigue et al. [2] experimentally investigated ZnSe-based
UV photodetectors with different structures and found that at room temperature the maximum responsivities
are of 0.17 A/W at -2 V for a p-i-n-photodiode based on ZnBeSe/ZnMgBeSe, and of 0.13 A/W at 20 V for
Schottky diodes (vertical and planar) and MSM photodetectors. A similar value of responsivity of 0.13 A/W
at 1 V has been reported by Lin et al. [7] for ZnSe-based MSM photodetectors with transparent Indium Tin
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Oxide (ITO) contact electrodes. The UV photodetectors based on MSM structures feature a very low capaci-
tance in the fF-range, and thus could operate at high frequencies. Moreover, due to its structure, MSM photo-
detectors have a high resistivity, and a high bias voltage can be applied. This opens up the possibility to enhance
the responsivity of ZnSe-based MSM UV photodetectors using internal gain mechanisms employing impact
ionisation (avalanche breakdown effect) due to the higher internal electric field strength. ZnSe-based UV-
photodetectors reported up to now are based on an epitaxial ZnSe active layer grown on a GaAs substrate by
molecular beam epitaxy (MBE) or metal-organic chemical vapor deposition (MOCVD) techniques. At intense
UV radiation, this thin epitaxial ZnSe layer could be damaged. In this case, a polycrystalline and block-structured
ZnSe is a more suitable material for the fabrication of UV MSM photodetectors for intense UV radiation.

To achieve enhanced performance characteristics of UV photodetectors, a large Schottky barrier height is
necessary at the metal-semiconductor interface. A large barrier height would lead to a small leakage current
and high breakdown voltage. This results in improving the responsivity and rejection rate of such UV photo-
detectors. Among different metals, the metals with high work functions like Ni, Cr, Ag or Au are required to
achieve a large Schottky barrier height on ZnSe [8-12]. In this work, we report on fabrication and study of
the effect of different metal contacts (hybrid Ag-nanowire (Ag-NW), Cr/Au and Ni/Au) on performance of
ZnSe-based MSM UV photodetectors. We show that the best one is the device with Ni/Au interdigital contacts,
due to the higher Schottky barrier height of Ni-ZnSe interface.

Experimental

High resistivity (~ 10* Q cm) bulk ZnSe crystals grown by the vapour phase method were used as an active
layer of UV photodetectors. The as-grown undoped ZnSe crystals were cut into pieces with dimensions of
5 mm x 10 mm x 1 mm, and polished mechanically and chemically in a 7% solution of Br-CHzOH. After
that, they were boiled in 40% NaOH and cleaned in acetone and in oxygen plasma. The Schottky contacts
were fabricated by e-beam evaporation of 25 nm Cr or Ni followed by a thermally evaporating of 140 nm
Au, and performing standard photolithographic and lift-off processes. A 500 nm dielectric SixNy passivation
layer was placed above the metallic structure in order to prevent electric breakdown [2]. Two types of ZnSe-
based MSM UV photodetectors were fabricated as shown in Fig.1: with interdigital contacts (Fig.1(a)) and
with conventional contacts (Fig.1(b)). For both typed of photodetectors, the active area is 10 um x 10.5 pm
with 3 um x 10.5 um contact pads. The UV photodetector with interdigital contacts consists of 6 pairs of 0.5 um
width metallic finger contacts with the distance of 1.5 um between fingers as shown in Fig.1(a).
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Fig.1. Schematic structure of ZnSe-based metal-semiconductor-metal UV photodetectors:
(a) photodetector with interdigital contact; (b) photodetector with conventional contacts. The contact pads without
passivation layer are outside the active region (is not shown here).

Also, a photodetector with hybrid contacts has been fabricated: one of contacts is conventional Ni/Au contact
and the second one is Ag-nanowire (Ag-NW) contact. A simple spin coating method was used to distribute a
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commercially available Ag-NWs over the ZnSe substrate. The diameter varied only slightly for the commercial
nanowires. The nanowires were randomly distributed and have different positions. The alignment of the Ag-
NWs has been performed using the dielectrophoresis method. The investigated photodetector had a nanowire
diameter of 120 nm and a tip-tip gap of 1 um.

The current-voltage characteristics of fabricated UV photodetectors in the dark and under UV illumination
were measured using a Keithley 2612 multimeter. The applied bias voltage was varied from 0 V to 15 V. The
photocurrent was excited by a 325-nm Cd-He laser with output optical power of 56.5 mW and beam spot
diameter of 1.56 mm. The illumination laser power on the active area of the photodetectors was estimated to
be equal to 3.1 uW. For the measurements of time-dependent characteristics of the photocurrent, the UV laser
light was modulated by a chopper with a frequency range of 20 Hz — 1 kHz, a load resistance of 9.9 MQ was
connected in series with the fabricated ZnSe-based MSM UV photodetector and DC voltage source of 20 V,
and the relaxation curves of voltage from load resistance were measured by Tektronix TDS 210 oscilloscope.

The performance of the UV photodetectors was characterised by its responsivity R, the detectivity D*,
and noise equivalent power (NEP) which are defined as follows:

Iphoto—!ldark R\/Z v2elgark
R=—poo_ ==, D' = ——, NEP = ¥—= (D)
Piy v2elgark R

where Ipnoto IS the photocurrent of the photodetector under UV illumination, lgar is the dark current, Piy is the
illumination power on the photodetector, A is the active area of the photodetector, and e is elementary charge.
Here, the estimation of the detectivity D by formula (1) is based on the assumption that shot noise is the
primary source of noise in the detector.

Results and discussion

The current-voltage (I-V) characteristics of the ZnSe-based MSM UV photodetectors with Ni/Au interdigital
and conventional contacts in the dark and under illumination of UV light are shown in Figs.2(a) and 2(b),
respectively. It can be seen that, for both types of UV photodetectors, the dark current-voltage dependences
show a behaviour, which is typical for a Schottky diode. The similar behaviour of I-V characteristics is charac-
teristic for ZnSe-based UV photodetectors with Cr/Au contacts as we showed early [6].
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Fig.2. Current-voltage characteristics of ZnSe-based MSM UV photodetectors with Ni/Au interdigital contacts (a) and
Ni/Au conventional contacts (b).
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The current-voltage (I-V) characteristics of the two ZnSe-based MSM UV photodetectors (with interdigital
and conventional Ni/Au contacts) in the dark and under illumination of UV laser light are shown in Figs.2(a)
and 2(b). It can be seen that, for both samples, the dark current practically linearly increases with increasing
bias voltage. When the bias voltage of 15 V is applied, the maximum dark current is equal to 0.59 nA and
0.82 nA for photodetectors with conventional and interdigital contacts, respectively. Under UV laser illumination,
the behaviour of I-V characteristics shows significant changes and becomes non-linear: at first, the photocurrent
increases almost linearly with applied voltage for U < 8 V, and significantly increases when the applied
voltage is > 10 V that is caused by the avalanche effect. From the I-V dependences, maximum values of dark
current have been estimated to be 1.64 nA and 0.82 nA at bias voltage of 15 V for the devices with Cr/Au
and Ni/Au interdigital contacts, respectively.

To investigate the mechanisms of current transport in the UV photodetectors in the dark and under illumi-
nation, the I-V curves for both photodetectors were plotted also in semi-logarithmic scale (Figs.2(a) and 2(b)).
For both devices, the dark Ig(l)-V curves have two linear parts with different slopes. The linear dependence
of dark current at voltages lower than 2 V indicate a thermionic mechanism of electronic transport via the
Schottky barrier formed by metal (Au/Cr or Au/Ni)/semiconductor (ZnSe). Due to their amphoteric properties
[10], Au atoms may create both donor and acceptor centres during diffusion to ZnSe, while Cr and Ni create
deep acceptor centres in ZnSel*!, which compensate for uncontrolled background donor impurities in ZnSe.
Therefore, Cr/Au and Ni/Au contacts are attractive for the fabrication of the Schottky barrier structures with
good characteristics. The Schottky barrier height formed by Au/Cr or Ni/ZnSe interdigital contacts in fabricated
photodetectors was estimated to be ~ 1.26 eV and ~ 1.49 eV, respectively, using the empirical formula [12]:
pe = 0.42¢m - 0.63 [eV], where ggis the Schottky barrier height, ¢m is the work function of metal (in our
case is the work function of Cr or Ni). These values are close to the half bandgap energy of ZnSe, which is
the optimal condition for obtaining the lowest dark current and better performance of Schottky diodes [15].

The photocurrent on/off ratio of the UV photodetectors, defined as ratio of photocurrent to the dark current,
is also increased with increasing the bias voltage for both types of UV photodetectors as shown in Fig.3. This
ratio achieves a maximum value at a bias voltage of 15 V, which is equal to 4219 and 20342 for the devices
with Cr/Au and Ni/Au interdigital contacts, respectively. These peak values of photocurrent on/off ratio are
more than 1-2 orders of magnitude higher than that reported earlier for UV-photodetectors based on bulk ZnSe,
ZnSe- or ZnSe/Zn0O-based nanostructures [1,2,13,14].
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Fig.3. Dependence of photocurrent on/off ratio of ZnSe-based MSM UV photodetectors with Cr/Au and Ni/Au
interdigital contacts as function of applied bias voltage.

The responsivity of all fabricated UV photodetectors, measured under applied voltage from 0 to 20 V, is
presented in Fig.4(a). The behaviour of responsivity dependences has a similar character to the dependences
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of photocurrent on/off ratio of the respective UV photodetectors (Fig.3). Maximum values of responsivity of
2.23 AW and 5.40 A W at bias voltage of 15 V for light with a wavelength of 325 nm is found for the
photodetectors with Cr/Au and Ni/Au interdigital contacts, respectively. These values are significantly higher
than the maximum value of 0.13 A/W at 450 nm reported by Vigue et al. [2] for different types of ZnSe-based
photodetectors. The ideal responsivity for ZnSe-based photodetectors at 325 nm, assuming gain of 1 and
external quantum efficiency (EQE) of 100% calculated by formula Risear = gA/(hc) gives a value of 0.26 A/W.
Taking into account the experimentally-obtained external quantum efficiency (EQE) for a ZnSe MSM photo-
detector at 450 nm of 35 % [2], we have estimated the maximum internal gain of photocurrent and responsivity
to be equal to ~ 50 and ~ 100 for a ZnSe-based MSM UV photodetectors with Cr/Au and Ni/Au interdigital
contacts, respectively. The internal gain effect is attributed to the impact ionization in ZnSe due to the high
electric field strength, which is equal to about 100 kV/cm at applied bias voltage of 15 V for photodetectors
with interdigital contacts.

The noise equivalent power (NEP) dependences of the UV photodetectors, defined as the signal power that
gives a signal-to-noise ratio of one in a one hertz output bandwidth and calculated from |-V characteristics,
are shown in Fig.4(b). The minimum of NEP of ~ 1 x 10 W Hz'¥? W and ~ 3 x 10" W Hz'? at bias
voltage of 15 V was obtained for ZnSe-based MSM UV photodetectors with Cr/Au and Ni/Au interdigital
contacts, respectively. These values are comparable or even lower than that for ZnSe-based MSM UV photo-
detectors reported earlier [2,13].
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Fig.4. Responsivity (a) and NEP (b) of ZnSe-based MSM UV photodetectors with Cr/Au and Ni/Au interdigital contacts.

The current-voltage (I-V) characteristics of the ZnSe-based MSM UV photodetectors with hybrid Ag-NW
contacts in the dark and under illumination of UV laser light are shown in Fig. 5. It can be seen that, for both
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samples, the dark current practically linearly increases with increasing bias voltage. When the bias voltage of
15 V is applied, the maximum dark current is equal to 0.36 nA. Under UV laser illumination, the behavior of
I-V characteristics shows significant changes and becomes non-linear.
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Fig.5. Current-voltage characteristics of ZnSe-based MSM UV photodetectors with hybrid Ag-NW and Ni/Au contacts.

The responsivity of ZnSe-based photodetector with hybrid Ag-NW contact, measured under applied voltage
from 0 to 15 V, is presented in Fig.6. The behaviour of responsivity dependence has a similar character to the
photocurrent dependence of the respective UV photodetector (Fig.5). Maximum value of responsivity of 0.58
A W at bias voltage of 15 V for light with a wavelength of 325 nm is found for this device. This value is
few times higher than the maximum value of 0.13 A/W at 450 nm reported by Vigue et al. [2] for different

types of ZnSe-based photodetectors, but lower than the responsivity of devices with Cr/Au and Ni/Au inter-
digital contacts.
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Fig.6. Responsivity of ZnSe-based MSM UV photodetectors with hybrid Ag-NW — Ni/Au contacts.

The detectivity characteristics of the photodetector with Ag-NW contacts, calculated from |-V characteristics,
are shown in Fig.7. This dependence of detectivity vs. applied bias voltage has a VV-shape behaviour and, at
bias voltage above 3V, practically repeats the behaviour of responsivity curves shown in Fig.6. A maximum
value of detectivity of ~ 5.49 x 10%° cm Hz¥2 W at 15 V was obtained for this device. This value is comparable
with detectivity values for ZnSe-based UV photodetectors with Cr/au and Ni/Au contacts (Table).

64



STUDIA UNIVERSITATIS MOLDAVIAE, 2021, nr.2(142)

Seria “Stiinle exacle si economice” ISSN 1857-2073  ISSN online 2345-1033 p.59-67

W
9)]
x
-
o

=)

T

(c
w
X
-—
o

=

1

N
X
RN
o
=
T

Detectivity
X
o

0',..11....1....1.
0 5 10 15

Voltage (V)

Fig.7. Detectivity of ZnSe-based MSM UV photodetectors with hybrid Ag-NW — Ni/Au contacts.

The measurements of time-dependent photocurrent were carried out using a load resistance of 9.9 MQ
connected in series with ZnSe-based MSM UV photodetectors. The response times estimated from the rela-
xation characteristics were in the range of 0.15-0.25 ms for photodetectors with conventional contacts, and
were in the range of 0.10-0.16 ms for photodetectors with interdigital contacts, respectively. These values of
response time are about 2-4 orders of magnitude lower than the reported response times for photodetectors
based on bulk and nano-ZnSe or ZnO/ZnSe nanowires [1,2,7,13,14]. Moreover, as reported by Monroy et al.
[16], the response time is linearly dependent on load resistance and can be reduced by 2-3 orders of magnitude
by reducing the load resistance to kQ2-range. The maximum bandwidth of ZnSe-based MSM UV photodetectors
could be limited either by the RC time or by the carrier transit time. Taking into account the mean mobility
value of 300 cm?/Vs for undoped ZnSe at 300 K [10] and capacitance of the fabricated photodetectors of ~ 3 fF,
we have estimated the values of transit time of 8 ps and 320 ps, and the RC time of 17 us and 56 us for the
photodetectors with and without interdigital contacts, respectively. These results indicate that the RC time of
the measurement system is the main limiting factor of frequency bandwidth of ZnSe-based MSM UV photo-
detectors.

The characteristics of all fabricated ZnSe-based UV photodetectors with different contacts are summarized
in Table. As can be seen from the Table, among all fabricated ZnSe-based photodetectors, the better one is
the device with Ni/Au interdigital contacts due to the high Schottky barrier height of Ni-ZnSe. Meanwhile,
the device with hybrid Ag-NW contacts has the lowest value of dark current (0.36 nA) and has the lowest
capacitance due to the small footprint of the nanowire contact. This device with Ag-NW contact could be
attractive for high-speed UV telecommunications and UV-Tomography applications.

Table
Summary of characteristics of ZnSe-based MSM UV photodetectors with different contacts
Sample Bias voltage 15V @ 325 nm

No. Contacts Dark current | Photocurrent | Responsivity | Detectivity 10
type (nA) on/off ratio (AWY (cm HZ"2 W)

#1 Ni/Au interdigital 0.82 20342 5.40 33.7

#2 Ni/Au conventional 0.59 4140 0.79 5.80

#3 Cr/Au interdigital 1.64 4219 2.23 9.86

#4 Cr/Au conventional 0.71 5418 1.25 8.35

#5 Ag-NW — Ni/Au 0.36 5006 0.58 5.49
hybrid
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Conclusion

ZnSe-based metal-semiconductor-metal ultraviolet photodetectors with Ag-NW, Cr/Au and Ni/Au contacts
have been fabricated and investigated. Low values of dark current of 0.32 nA, 0.82 nA and 1.64 nA at bias
voltage of 15 V were achieved for photodetectors with Ag-NW, Ni/Au and Cr/Au interdigital contacts, respectively.
The lower values of dark current for UV photodetectors with Ni/Au interdigital contacts is due to the higher
Schottky barrier height, which is equal to ~ 1.49 eV for Ni/Au contacts in comparison with ~ 1.26 eV for
Cr/Au contacts. Maximum responsivity of 2.23 A W and 5.40 A W at bias voltage of 15 V for light with a
wavelength of 325 nm is obtained for ZnSe-based MSM UV photodetectors with Cr/Au and Ni/Au interdigital
contacts, which indicates high internal gain of ~ 50 and ~ 100, respectively. Moreover, the minimum value
of NEP of ~ 3 x 10°®* W Hz'*2at bias voltage of 15 V was achieved for the device with Ni/Au interdigital
contacts at room temperature, that is ~ 3.3 times lower than that for the devices with Cr/Au interdigital contacts.
The device with hybrid Ag-NW contact at bias voltage of 15 V has a maximum photocurrent on/off ratio of
5006 and a maximum responsivity of 0.58 A W, respectively. The measured response times of all fabricated
UV photodetectors is in the ps-range and is limited by the RC time of the measurement system.

References:

1. HONG, H., ANDERSON, W.A. Cryogenic processed metal-semiconductor-metal (MSM) photodetectors on MBE
grown ZnSe. In: IEEE Transactions on Electron Devices, 1999, 46, 1127. DOI: 10.1109/16.766874

2. VIGUE, F., TOURNIE, E., FAURIE, J.-P. Evaluation of the potential of ZnSe and Zn(Mg)BeSe compounds for
ultraviolet photodetection. In: IEEE Journal of Quantum Electronics, 2001, 37, 1146. DOI: 10.1109/3.945319

3. SIRKELI, V.P., YILMAZOGLU, O., KUPPERS, F., HARTNAGEL, H. L. Effect of p-NiO and n-ZnSe interlayers
on the efficiency of p-GaN/n-ZnO light-emitting diode structures. In: Semicond. Sci. Technol., 2015, 30, 065005.
DOI: 10.1088/0268-1242/30/6/065005

4, SIRKELI, V.P., YILMAZOGLU, 0., KUPPERS, F., HARTNAGEL, H.L. Room —temperature terahertz emission from
ZnSe - based quantum cascade structures: A simulation study. In: Physica Status Solidi — Rapid Research Letters,
2017, 11, 1600423. DOI: 10.1002/pssr.201600423

5. SIRKELLI, V.P., YILMAZOGLU, O., ONG, D.S., PREU, S., KUPPERS, F. HARTNAGEL, H.L. Resonant Tunneling
and Quantum Cascading for Optimum Room-Temperature Generation of THz Signals. In: IEEE Transactions on
Electron Devices, 2017, 64, 3482. DOI: 10.1109/TED.2017.2718541

6. SIRKELI, V.P., YILMAZOGLU, 0., HAJO, A.S., NEDEOGLO, N.D., NEDEOGLO, D.D., PREU, S., KUPPERS,
F., HARTNAGEL, H.L. Enhanced Responsivity of ZnSe- Based Metal — Semiconductor — Metal Near — Ultraviolet
Photodetector via Impact lonization. In: Physica Status Solidi — Rapid Research Letters, 2018, 12, 1600423. DOI:
10.1002/pssr.201700418

7. LIN, T.K, CHANG, S.J, SU, Y.K, CHIOU, Y.Z, WANG, C.K., CHANG, C.M., HUANG, B.R. ZnSe homoepitaxial
MSM photodetectors with transparent ITO contact electrodes. In: IEEE Transactions on Electron Devices, 2005, 52,
121. DOI: 10.1109/TED.2004.841288

8. NEDEOGLO, N.D., SIRKELLI, V.P., NEDEOGLO, D.D., LAIHO, R., LAHDERANTA, E. Electron configuration
and charge state of electrically active Cu, Ag and Au ions in ZnSe. In: Journal of Physics: Condensed Matter, 2006,
18, 8113. DOI: 10.1016/j.solidstatesciences.2015.10.018

9. SIRKELI, V., RADEVICI, I., SUSHKEVICH, K., HUHTINEN, H., NEDEOGLO, N., NEDEOGLO, D., PATURI,
P. Magnetic and luminescent properties of nickel-doped ZnSe crystals. In: Solid State Sciences, 2015, 50, p.74-80.
DOI: 10.1063/1.3050327

10. NEDEOGLO, N.D., NEDEOGLO, D.D., SIRKELI, V.P., TIGINYANU, I. M., LAIHO, R., LAHDERANTA, E.
Shallow donor states induced in ZnSe:Au single crystals by lattice deformation. In: J. Appl. Phys., 2008, 104, 123717.
DOI: 10.1063/1.3050327

11. RADEVICI, I., SUSHKEVICH, K., COLIBABA, G., SIRKELI, V., HUHTINEN, H., NEDEOGLO, N., NEDEOGLO,
D., PATURI, P. Influence of chromium interaction with native and impurity defects on optical and luminescence
properties of ZnSe:Cr crystals. In: J. Appl. Phys., 2013, 114, 203104. DOI: 10.1063/1.4837596

12. NEDEOGLO, D.D., LAM, D.H., SIMASHKEVICH, A.V. Electrical properties of the metal-ZnSe contact. In: Phys.
Stat. Sol. (a) 1977, 44, 83. DOI: 10.1002/pssa.2210440108

13. FANG, X., XIONG, S., ZHAI, T., BANDO, Y., LIAO, M., GAUTAM, U.K., KOIDE, Y., ZHANG, X., QIAN, Y.,
GOLBERG, D. High-Performance Blue/Ultraviolet-Light -Sensitive ZnSe-Nanobelt Photodetectors. In: Advanced
Materials, 2016, 21, 5016. DOI: 10.1002/adma.200902126

14. PARK, S., KIM, S., SUN, G.-J.,, BYEON, D.B., HYUN, S.K., LEE, W.I., LEE, C. ZnO-core/ZnSe-shell nanowire
UV photodetector. In: Journal of Alloys and Compounds, 2016, 658, 459. DOI: 10.1016/j.jallcom.2015.10.247

66



STUDIA UNIVERSITATIS MOLDAVIAE, 2021, nr.2(142)

Seria “Stiinle exacle si economice” ISSN 1857-2073  ISSN online 2345-1033 p.59-67

15. WOHLMUTH, W.A., ARAFA, M., MAHAJAN, A., FAY, P., ADESIDA, |. InGaAs metal-semiconductor-metal
photodetectors with engineered Schottky barrier heights. In: Appl. Phys. Lett., 1996, 69, 3578. DOI: 10.1063/1.117212

16. MONROQY, E., CALLE, F., MUNOZ, E., OMNES, F. AlGaN metal-semiconductor-metal photodiodes. In: Appl.
Phys. Lett., 1999, 74, 3401. DOI: 10.1063/1.123358

Note: This research work has been carried out in framework of the “Multifunctional materials and structures for
electromagnetic radiation detection” Project, N0.20.80009.5007.12, National Agency for Research and Development of
Moldova (Program de Stat 2020-2023).

Acknowledgments

V.P.S., N.D.N. and D.D.N. acknowledge support from the National Agency for Research and Development of Moldova
(“Multifunctional materials and structures for electromagnetic radiation detection” Project, N0.20.80009.5007.12, Program de
Stat 2020-2023). V.P.S. also acknowledges the financial support from the Alexander von Humboldt Foundation.

Authors’ details:

Vadim P. SIRKELI, Associate Professor, Department of Applied Physics and Computer Science, Moldova State University,
Chisinau, Moldova.

E-mail: vsirkeli@yahoo.com

ORCID: 0000-0002-2479-4218

Natalia D. NEDEOGLO, Associate Professor, Department of Applied Physics and Computer Science, Moldova State
University, Chisinau, Moldova.

E-mail: nat_nedeoglo@yahoo.com

ORCID: 0000-0002-1135-4256

Dmitrii D. NEDEOGLO, Professor, Department of Applied Physics and Computer Science, Moldova State University,
Chisinau, Moldova.

E-mail: nedeoglo_d@yahoo.com

ORCID: 0000-0002-5260-6712

Oktay YILMAZOGLU, Privatdozent, Institute for Microwave Engineering and Photonics, Technische Universitit Darmstadt,
Darmstadt, Germany.

E-mail: oktay.yilmazoglu@tu-darmstadt.de

Ahid S. HAJO, PhD Student, Institute for Microwave Engineering and Photonics, Technische Universitidt Darmstadt,
Darmstadt, Germany.

E-mail: ahid.hajo@tu-darmstadt.de

Sascha PREU, Professor, Institute for Microwave Engineering and Photonics, Technische Universitdt Darmstadt, Darmstadt,
Germany.

E-mail: sascha.preu@tu-darmstadt.de

ORCID: 0000-0003-0818-1865

Franko KUPPERS, Professor, Institute for Microwave Engineering and Photonics, Technische Universitit Darmstadt,
Darmstadt, Germany.

E-mail: franko.kueppers@tu-darmstadt.de

ORCID: 0000-0001-5624-7174

Hans L. HARTNAGEL, Professor, Institute for Microwave Engineering and Photonics, Technische Universitdt Darmstadt,
Darmstadt, Germany.

E-mail: hans.hartnagel @tu-darmstadt.de

Prezentat la 14.05.2021

67


mailto:vsirkeli@yahoo.com
mailto:nat_nedeoglo@yahoo.com
mailto:nedeoglo_d@yahoo.com
mailto:oktay.yilmazoglu@tu-darmstadt.de
mailto:ahid.hajo@tu-darmstadt.de
mailto:sascha.preu@tu-darmstadt.de
mailto:franko.kueppers@tu-darmstadt.de
mailto:hans.hartnagel@tu-darmstadt.de

