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Abstract. Arrays of zinc oxide (ZnO) nanorods were synthesized on quartz substrates by
the hydrothermal method. The nanorods were grown mainly in a vertical orientation, had a
Iength of 500—800 nm and an average cross-sectional size of 40—80 nm. Gold nanoclusters
with average sizes of 9 = 1 nm and 4 = 0.5 nm and tin with average sizes of 30 = 5 nm and
15 = 3 nm were formed on top of the ZnO nanorods. Annealing was carried out at 300 °C for
2 hours with the formation of arrays of ZnO/SnO, nanorods. For the manufacture of resistive
sensor elements, V/Ni contact metallization was applied on top of the samples. The study of
the electrophysical characteristics of the ZnO/Au and ZnO/SnO, nanorods arrays showed that
exposure to UV radiation of different intensity leads to a change in the electrical resistance
of the sensor structure, and also affects the time of establishing the readings of the obtained
samples.
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DneKkTpothusmueckme CBOMCTBa MaccCMBOB ZnO/Au
 ZnO/SnO, HaHOCTEepP)KHEH NPU BO3AEHCTBUM
Y®-u3nyueHus ¢ peryiupyeMom UHTEHCMBHOCTbIO
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AHHoTanusa. MaccuBbl HaHOCTEpXKHeil okcuma HuMHKa (ZnQO) ObUIM CUHTE3MpPOBaHbI Ha
KBaplLEBBIX ITOMIOXKAX THAPOTEPMAJIbHBIM MeTOHoM. HaHOocTep:KHM OBUIM BBIpAILCHBI
MIPEUMYIIECTBEHHO BEePTUKAJIBHONW opueHTanuu, nmenn mmmHY 800—500 HM wm cpemHwmit
pa3smep morepeuHoro ceueHust 80—40 Hm. IloBepx HaHOCcTepxkHel ZnO (popMHPOBAINUCH
HaHOKJIACTEPhI 30JI0Ta CO cpemHUMU pasmepamu 9 = 1 HM and 4 = 0.5 HM M oyioBa co
cpeauumu pasmepamu 30 £ 5 um u 15 £ 3 um. Oxur npoBoguicsa npu 300 °C B TeueHue
2 4y ¢ obpazoBanueM maccuBoB ZnO/SnO, HaHoCTepXHEN. [l U3roTOBICHNS PE3UCTUBHBIX
CEHCOPHBIX 3JIEMEHTOB ITOBepX 00pa3loB Obl1a HaHeceHa V/Ni KOHTaKTHasT METaJUTM3aLIus.
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Hccnenosanue 51eKTpodu3NYecKnX XapakTepucTuk maccuBoB ZnO/Au m  ZnO/SnO,
HaHOCTEP:KHEN ITOKa3aJio, YTo Bo3aeiicTBre Y D-U3aydeHnsT pa3HO MHTEHCUBHOCTH TTPUBOAUT
K U3MEHEHUIO DJIEKTPUUYECKOTO COINPOTUBJIEHUSI CEHCOPHOW CTPYKTYPbI, @ TaKXE BJIMSIET Ha
BpEMSsI YCTAaHOBJIEHUSI MTOKA3aHUI MOJyYeHHbIX 00pa3loB.

Kmouesbie ciaoBa: ZnO, HAHOCTEPXKHMU, 3JIEKTPOPU3NIECKHIE CBOMCTBA, YIbTPadUOIECTOBOE
o0JiyyeHue
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Introduction

Zinc oxide (ZnO) is a promising metal oxide that is widely used as a sensitive layer in chemo-
resistive sensors [1]. One of the ways to increase the selectivity of semiconductor oxides is to mod-
ify their surface with metal nanoparticles and metal oxides, for example Au and SnO,. It is known
that when UV radiation is applied to gas-sensitive materials, the higher the radiation intensity, the
higher the response [2]. However, the impact of radiation with an intensity above 500 uW/cm? on
gas molecules can lead to the destruction of molecules [3]. At the same time, when measuring the
gas-sensitive properties of the materials under study with simultaneous exposure to gas and UV
radiation, it is necessary to know the time of establishing equilibrium between and recombination
of charge carriers (photo-response time). Studies of the electrophysical characteristics of ZnO/
Au and ZnO/SnO, nanorods arrays under the influence of UV radiation with adjustable intensity
in the range from 55 to 133 uW/cm? have not yet been conducted. These studies are the purpose
of this work.

Materials and Methods

Arrays of ZnO nanorods were synthesized by the hydrothermal method on quartz substrates.
The obtained samples had mainly nanorods with a length of 500-800 nm and an average
cross-sectional size of 40-80 nm. Gold nanoclusters with average sizes of 9 = 1 nm (ZnO/Au
sample (1)) and 4 = 0.5 nm (ZnO/Au sample (2)) were formed on top of ZnO nanorods by
vacuum thermal evaporation. A similar number of samples were obtained by tin spraying. For
tin, the calculated nanocluster sizes were 30 £ 5 nm (sample ZnO/SnQO, (1)) and 15 £ 3 nm
(sample ZnO/SnO, (2)). For the final formation and stabilization of the electrophysical charac-
teristics of ZnO/Au and ZnO/SnO, nanostructures, annealing was performed at a temperature
of 300 °C for 2 hours [4]. Further, for the manufacture of sensor elements on top of nanorods,
V/Ni contact metallization with a metal layer thickness of 0.2 microns was formed by thermal
vacuum evaporation.

Results and Discussion

Studies of the electrophysical properties of the obtained samples were carried out on a hard-
ware and software measuring complex that allows measurements of the electrophysical character-
istics of sensory structures, including when exposed to UV radiation [5]. Previously, we estimated
the relaxation time constant of photoconductivity (t) when exposed to UV radiation with a wave-
length of 400 nm and a radiation intensity of 133 uW/cm? [4]. The time constant values were sim-
ilar for the ZnO/Sn0O,(1) and ZnO/Sn0O,(2) samples and ranged from 8 to 12 s. For the samples
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ZnO/Au(l) and ZnO/Au(2), the time constant values were close to 10 and 8 s. Large values of
t© correspond to large values of E and ¢,. This indicates the influence of the activation energy
of the conductivity and the potentlal barrler of the ZnO nanostructure on the current transfer
mechanism. The data obtained also indicate that it is necessary to wait more than 3 minutes to
stabilize the resistance of the gas sensor after turning on the UV radiation.

In this work, additional studies were carried out in which the samples were irradiated with UV
radiation from an LED with a wavelength of 400 nm with an adjustable radiation intensity from
55 to 133 uW/cm?. Fig. 1 shows the dependences of the resistance (R) of the studied samples on
the time of exposure to UV radiation of different intensities. The photoconductivity was estimated
as a change in the resistance of the sample of the Ri nanorods over time after 0 s. The resistance
values were normalized by the resistance R|. The measurements were carried out before the curves
were flattened.
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Fig. 1. Dependence of the resistance of samples ZnO/SnO,(1) (a), ZnO/Sn0,(2) (b),
ZnO/Au(1) (¢), ZnO/Au(2) (d) on the time of exposure to UV radiation
with an adjustable intensity of 55 uW/cm? (purple lines), 85 uW/cm? (yellow lines),
97 uW/cm? (blue lines), 127 pW/cm? (green lines), 133 pW/cm? (blue lines)

Studies have shown that when exposed to ZnO/Au and ZnO/SnO, samples of UV nanorods,
their electrical conductivity increases due to the generation of photoexcited charge carriers.
This leads to an activated state of the surface due to an increase in the concentration of free
electrons. The estimation of the photo response time was carried out by the time 90% of the
maximum change of signal value was reached. The photo-response times for the sample when
exposed to UV radiation with an intensity of 55, 85, 97, 127 and 133 pW/cm? are calculated
in Table 1.

It can be seen from the data in Table 1 that the onset of balance between the generation of
charge carriers by UV radiation and their recombination occurs faster in samples with large tin
nanoclusters and smaller gold nanoclusters.
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Table 1
Photo response time (s) when exposed to UV
Sample radiation with adjustable intensity
55 uW/em? | 85 uW/em? | 97 uW/em? | 127 uW/em? | 133 uW/em?

ZnO/SnO,(1) 123 96 92 77 87
Zn0/Sn0,(2) 125 141 126 124 124

Zn0O/Au(1) 122 122 120 121 122

Zn0O/Au(2) 91 102 92 86 84

Conclusion

The conducted studies have shown that an increase in the intensity of UV radiation from
55 to 133 uW/cm? causes an increase in the electrical conductivity of the studied samples.
The onset of equilibrium between the generation of charge carriers by UV radiation and their
recombination occurs faster in samples with large tin nanoclusters and smaller gold nanoclusters.
The ZnO/SnO,(1) sample with an average tin nanocluster size of 30 = 5 nm has the shortest
photo-response time.
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