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Abstract. A design and technological solution for increasing the temporal stability of gas
sensors based on the nanorods-colloidal quantum dots structure is presented. For this purpose,
zinc oxide nanorods oriented predominantly to the surface normal were grown by the hydro-
thermal method. Silicon nitride, followed by etching to the level of zinc oxide colloidal dots in
an inductively coupled plasma using a gas mixture based on sulfur hexafluoride, was deposited
onto the resulting structure by RF magnetron sputtering. Through accelerated aging testing,
it has been found that silicon carbide protected zinc oxide nanorods exhibit greater temporal
stability due to less surface oxidation resulting in a reduction in specific surface area. Silver na-
noparticles with a plasmon effect were deposited onto the resulting structure by centrifugation.
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AnHoTanusa. IlpeacTaBieHO KOHCTPYKTOPCKO-TEXHOJIOTMYECKOE pEeIIeHNWE TTOBBIIICHUS
BpPEMEHHOIM CTaOMJIBHOCTH Ta30BBEIX CCHCOPOB HA OCHOBE CTPYKTYPHI HAHOCTCPKHU-
KOJIJIOMIHBIE KBAHTOBBIE TOYKM. JIJIsT 3TOro BBIpAlllcHBI HAHOCTEPXHM OKCHAA IIMHKA,
OPUEHTUPOBAHHbIC IPEUMYIIECTBEHHO K HOpPMajlud IOBEpXHOCTUM. Ha mnoiydyeHHy0
cTpyKTYpy BU-MarHeTpOHHBIM pacIbLICHUEM OCAXIAJICs HUTPUI KPEMHUS, C MTOCISAYIOLINM
TpaBJieHMEM JO YPOBHS KOJUIOMAHBIX TOYeK OKcuaa IuHKa. biarogapsi yCKOpeHHBIM
HUCTIBITAHUSIM Ha CTapeHMe YCTAaHOBJEHO, YTO HAHOCTEPXKHM OKCHIA IIMHKA, 3allUIIeHHBIE
KapOMUIOM KpEeMHUs, JEMOHCTPUPYIOT OOJIBIIYI0 BPEMEHHYIO CTAOMJIBHOCTh 3aCUET MEHBIIIETO
OKHUCJICHHS TIOBEPXHOCTH, MPUBOISIIETO K CHIKCHUIO YACIbHON TIIOIAan moBepxHocTr. Ha
MOJYYEHHYIO CTPYKTYPY METOAOM LIEHTpU(YrupOBaHUs HAHOCWJIKCh HAHOYACTUIILI cepebpa,
obajarolmre nmia3MOHHBIM 3P deKTOM.

KiroueBbie ¢10Ba: Ta309yBCTBUTEIBHBIN MaTeprajl, HAHOCTeP:KHU, ONITUUIECKOE U3TyUeHNE,
HaHOYacCTUlIbl cepedpa
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Introduction

The functionalized light-sensitive material is able to enter the excitation stage by means of
radiation, which allows it to transfer electrons to the gas-sensitive material [1]. This role is played
by colloidal quantum dots with silver nanoparticles, which have a plasmonic effect. This effect is
due to the intense interaction of metal nanoparticles with electromagnetic radiation and consists
in the resonant absorption of incident electromagnetic radiation by the nanocluster, accompanied
by the presence of an intense absorption band (localized surface plasmon resonance) [11]. The
mechanism of detected gases sensitivity by metal oxide materials is the conversion of optical
radiation into charge carriers through the use of colloidal quantum dots. Illumination leads to an
increase in the number of silver charge carriers. This solution makes it possible to circumvent the
problem of replacing the thermal pump. Optical pumping of the system in the visible radiation
range reduces the recovery time of the sensor layer.

The use of nanoscale structures as a sensitive element made it possible to achieve a significant
increase in the surface to volume ratio [6]. For example, nanorods, demonstrating sensitivity
to detected gases at the sub ppm level and a response time of up to 5 seconds are a promising
structure [7]. However, low temporal stability due to oxidation and the formation of new
compounds on the surface of the sensing element remains a common problem, for which a
passivating layer of silicon carbide was applied in the presented work.

Materials and Methods

Zinc oxide, with specified dimensions, structure, porosity and morphology, has become widely
used as the main material for a gas sensitive element [2, 3]. To form the nucleation layer of zinc
oxide nanorods, Zn(CH,CO), was dissolved in ethanol to obtain a 5 mM zinc acetate solution. It,
in turn, was applied to the substrate by centrifugation. Next, annealing was carried out at 350 °C.
At the next stage, the substrate with the resulting seed layer was placed in an aqueous solution of
10 mM Zn(CH,CO,),, 10 mM (CH))(N,, and 1 mM [(C H,,)N(CH,),|Br. Exposure took place
at a temperature of 85 °C for 1 hour. In this way, nanorods, oriented mainly along the normal to
the substrate surface, shown in Figure 1 were obtained.

Zinc oxide nanorods grown by the hydrothermal method were coated with a passivating film
of silicon carbide, which has a high chemical resistance to acids and alkalis [4], after which it

© IleneneBa A.D., I'ypun C.A., HoBuukoB M.J., 3yeB B.JI., PeokoB A.A., Jdepsoun [.B., 2023. Uznatens: CaHKT-
[leTepOyprckuii monurexHuueckuii yausepcuteT [letpa Benukoro.

265



4St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 3.1

was etched to the level of zinc oxide colloidal dots in an inductively coupled plasma of sulfur
hexafluoride and oxygen, which provides the best results from defect-free morphology point of
view [5].

In addition, due to the high thermal conductivity of SiC (490 W/m-K), it is possible to achieve
a more even distribution of heat generated on the heating element. The technology for obtaining
SiC dielectric films is implemented by RF magnetron sputtering, according to the technological
modes given in Table 1.

Table 1
Technological modes of silicon carbide deposition
. Working gas Substrate Sputtering
Working gas|  Target pressure, Pa temperature, °C | time, min Voltage, V
Ar SiC 1-10"! 150 30 600

The SiC deposition using the magnetron method makes it possible not only to obtain denser
films, but also to preserve the stoichiometric composition with the exclusion of the impurities
influence. At the same time, silicon carbide films deposited at low temperatures have an
amorphous structure, which does not contain recrystallization processes during operation at
elevated temperatures [8].

Special requirements for the applied etching processes and equipment are due to the use of
silicon carbide [9]. The best results, in terms of achieving a defect-free surface morphology,
were obtained using plasma-chemical etching at reduced pressure in gas mixtures based on sulfur
hexafluoride with oxygen dioxide additives [10]. Etching was carried out in inductively coupled
plasma on an SI 500 insstallation according to the modes presented in Table 2.

Table 2
Technological modes of etching SiC
Gas mixture Percentage Pressure, Power, Etchlng time, | Bias voltage,
of gases Pa W min A%
SF,/O, 75/25 0.75 500 1 =50

To convert optical radiation into charge carriers, at the final stage of the technological cycle,
silver nanoparticles with a diameter of about 50 nm were deposited by centrifugation. The
nanoparticles themselves were obtained by the boron hydride method.

For subsequent measurements of gas-sensitive parameters, the chip shown in Figure 2 was
used. The presented chip consists of a ceramic substrate with Ti/Ni contacts deposited on it. The
width of one electrode, as well as the distance between them, was 50 pm.

The response time was calculated as the time interval during which the sensitive element reaches
90% of the readings corresponding to its being in a given environment (detectable gas or clean air).

Fig. 2. Chip for measuring gas-sensitive parameters
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Results and Discussion

The gas-sensitive characteristics of the obtained sensor with a passivating layer of silicon
carbide and deposited silver nanoparticles were tested under the influence of isopropanol vapor
and activation due to illumination (Fig. 3). For illumination, a LED with a wavelength of 365 nm
was used constantly during gas detection.
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Fig. 3. Gas- sensitive characteristics

An analysis of the obtained results showed that the structure with silver nanoparticles and a
protective SiC film made it possible to replace the heating of the sensor to operating temperatures
by light pumping. Illumination led to a decrease in the resistance of the sample, which indicates
that the resulting structures are photosensitive. It is also worth noting the positive effect of silver
nanoparticles as high efficiency oxidation catalysts, which leads to accelerated decomposition of
the detected gas and, as a result, an increase in the sensor sensitivity.

To assess the effect of the passivation layer on stability, gas sensors were subjected to accelerated
aging tests in an isopropanol atmosphere at 400 °C for 20 days, after which the sensor was retested
for gas sensitive characteristics. As a result of testing, the response time increased by 2 seconds to
32 seconds, which indicates a high stability of electrical parameters due to a decrease in oxygen
vacancies and surface poisoning.

Conclusion

Measurements have shown that the presented structure has a high sensitivity due to silver
nanoparticles adsorbed on the surface, as well as the stability of electrical parameters. Currently
available analogues FECS45-10 (Alphasense, UK), MH-Z19C NDIR CO, Sensor for HVAC
and TAQ (Winsen, China), MICS-4514 NO, SGX (SGX, Switzerland) do not have selective
sensitivity to concentrations of detected gases less than 1 ppm.

The low resistance to poisoning of gas sensitive elements based on semiconductor metal oxides
leads to a decrease in temporal stability. To solve this problem, silicon carbide, followed by
etching to the level of colloidal dots, on which quantum nanorods dots of silver nanoparticles
were deposited was deposited on the surface of a gas sensor based on zinc oxide. Measurements
showed that the presented structure has a high stability of electrical parameters, as well as high
sensitivity due to silver nanoparticles adsorbed on the surface.
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