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Abstract. The work is devoted to fabrication of the mechanical pressure sensors based on
zinc oxide microwires (ZnO MWs) synthesized via low-temperature hydrothermal method.
The ZnO MWs were encapsulated in Poly(dimethylsiloxane) (PDMS) membrane by G-coat-
ing technique between two ceramic substrates with interdigital gold contacts. The correlation
between the mechanical load applied to the sensor and its electrophysical characteristics is
studied with electrical impedance spectroscopy. The results of the work are of interest for the
development of pressure sensors, in particular for miniature portable flexible health monitoring
systems.
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AnHoTanusa. PaboTa ToOCBSIEHAa CO3JIaHUIO M WCCIEIOBAHUIO CEHCOPOB MEXaHUYECKOTO

IaBJICHUSI Ha  OCHOBE  MHMKPOKPHUCTAJUIOB  OKCHAA  I[IMHKA, CHHTE3WMPOBAHHBIX
HU3KOTEMIIepAaTypPHBIM  THUAPOTEPMAIBHBIM ~ METOmOM. Mukpokpuctaiipl ZnO  ObLId
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MHKAaMCyJIMpOBaHbl B MeMOpaHy m3 mnoiauaumerwicuiokcada (ITJJIMC) meTtomom 0GakeTHOro
LHEHTPU(MYTUPOBAHUS MEXIY ABYMS KEpaMUISCKUMU MOIJIOXKAMU CO BCTPEYHO-IITHIPbEBBIMU
30J0TBIMU KOHTakTamu. Koppensiuusi Mexay MexaHU4ecKOi Harpy3koil, NpUI0OXKEHHOM
K CEHCOpY, U €ero 2JeKTpopU3NYeCKUMU XapaKTepUCTUKAMU M3ydyeHa C TIOMOILbIO
CIIEKTPOCKOITMM 3JIEKTPUUYECKOTO MMIIeaaHca. Pe3yiabTaThl pabOThI MPEACTaBISIIOT WHTEPEC
JUISL CO3[aHUS CEHCOPOB HaBJeHUsl, B YACTHOCTU JISI MUHMATIOPHBIX MOPTATUBHBIX TMOKHUX
CHCTEM MOHUTOPMHIA COCTOSIHUSI 3J10POBbSI.
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Introduction

Nanostructures of various compounds, in particular quasi-1-D [1] and 0-D [2] are widely used
for photonic [3], sensor [4] and electronic applications [5]. Zinc oxide (ZnO) is a chemically
stable, easy to synthesize and non-toxic large bandgap semiconductor material (E. = 3.36 eV at
room temperature) with a wurtzite crystal structure [3-4, 6]. In particular, zinc oxide micro- and
nanowires (ZnO MWs and NWs) have received an incredible amount of attention due to its
eminent semiconducting and piezoelectric properties. The addition of zinc oxide (ZnO) into a
flexible polymer matrix has emerged as potential piezocomposite materials that can be used for
applications such as energy harvesters and pressure sensors [7]. Poly(dimethylsiloxane) (PDMS)
as a material for polymer matrix has attracted immense interest in a wide range of fields including
electronics, medical devices, adhesives, robotics and coatings due to its interesting properties such
as flexibility, hydrophobicity, chemical stability, biocompatibility and high resistance to thermal
and thermo-oxidative degradation in a wide temperature range [8, 9].

This work is devoted to the synthesis of ZnO microstructures via low-temperature hydrothermal
method, fabrication and study of mechanical pressure sensors based on them.

Materials and Methods

The MWs were synthesized via low-temperature hydrothermal method on the surface of the
ceramic substrate with applied interdigital gold contacts. For ZnO surface nucleation, we spin-
coated the substrates with 3 seed layers of zinc acetate aqueous solution at a concentration
of 5 mmol-L™". The growth solution consists of equimolar aqueous solutions of Zn(NO,), and
hexamethylenetetramine (HMTA). Here Zn(NO,), serves as a source of Zn** ions, HMTA is a
slowly decomposing weak base that provides an alkaline environment in solution and the desired
amount of OH ions [10].

During the growth process, the following reactions take place:

C,H,,N, +6H,0 — 6HCHO + 4NH, (1)
NH, +H,0 — NH} + OH" 2)
Zn(NO,), <> Zn** +2NO, (3)
20H +Zn** <> Zn(OH), 4)
Zn(OH), <> ZnO +H,O0 (5)
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These reactions can be deviated from this equilibrium by changing growth parameters such as
temperature, precursor concentration, pH, and growth time. These parameters affect the synthesis
results such as morphology and crystalline perfection of the obtained microcrystals.

Fig. 1, a shows the step-by-step protocol of the pressure sensor and Fig. 1, b — reference sample
fabrication. The ZnO MWs were encapsulated in PDMS membrane by G-coating technique
followed by application of the top electrode formed by the same platform with interdigital contacts
and PDMS polymerization. The resulting structure represents a mechanical pressure sensor.
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Fig. 1. Schematic diagram showing fabrication of pressure sensor (a) (inserts demonstrate corresponding
cross section SEM images of the structures before and after PDMS encapsulation) and reference
sample (b)

The reference sample was fabricated by a spin-coating technique instead of G-coating technique
to apply PDMS to the ceramic substrate without ZnO MWs followed by application of the top
electrode and PDMS polymerization.

Results and Discussion

The pressure sensor and the reference sample were studied with the use of precision TETRON-
RLC meter (OOO TETRON, Russia) in terms of change in the resistance at various mechanical
loads via electric impedance spectroscopy upon application of 100mV AC probe voltage.
Impedance spectra for both sensors represented in Nyquist's plots — in the form of a dependence
of the imaginary part (X) of the sensor impedance on the real one (R) are shown in Fig. 2.

An impedance spectrum of a typical RC circuit can be approximated by a semicircle with
diameter corresponding to the resistance of a sample. Impedance spectra for different masses of
weight loads varied from 0 to 4512 g have been obtained. For the pressure sensor, a decrease in
the diameter of the semicircle with increasing mass of weight load has been documented.

The imaginary (X) part of impedance is determined by the capacitance (C) of the system.

The characteristics of both sensors are predominantly capacitive and its description in the flat
capacitor approximation works more accurate at high frequencies measurements. Therefore, in
the next step we investigated temporal behavior of the imaginary part of the sensor impedance
(X) at the limiting frequency for our RLC meter, 500 kHz upon application of the weight load
varied from 0 to 4512 g shown in Fig. 3. The dependence of the imaginary part of the impedance
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Fig. 2. Impedance spectra of the pressure sensor (@) and reference sample (b) under various weight
loads varied from 0 to 4512 g

on the mass of the weight load is well defined in the range of 3 kg for the reference sample and
over the whole mass range for the pressure sensor. The maximum amplitude of the imaginary part
of the impedance change is 0.13% for the reference sensor and 0.68% for the pressure sensor.
Therefore, the sensitivity of the device was significantly improved by almost 6 orders of magnitude
after addition of zinc oxide to the PDMS membrane.

The real resistance of the pressure sensor at a single measurement current frequency not
analyzed because it may deviate from the ohmic resistance obtained by approximating the
impedance spectrum of such a sensor by a semicircle. This difference can be related to the
non-linear dependence of zinc oxide dielectric constant on frequency [11], as well as to specific
phenomena: inertial accumulation and dissipation of charge carriers in the sensors.
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Fig. 3. Change in the imaginary part of the impedance of the pressure sensor (a) and reference sample
(b): step response under various weight loads varied from 0 to 4512 g

Conclusion

In this work, we presented the mechanical pressure sensors based on zinc oxide microwires
(ZnO MWs) synthesized via low-temperature hydrothermal method and investigated their
resistance characteristics via electric impedance spectroscopy.

The dependence of the imaginary part of the impedance on the weight load is well defined in
the range from 0 to 3 kg for the reference sample and from 0 to 4512 g for the pressure sensor.
The amplitude of the change in the imaginary part of the pressure sensor impedance is almost 6
times greater than that of the reference sample.

The results of the work are of interest for the fabrication of pressure sensors, in particular for
miniature portable flexible health monitoring systems such as heart rate monitors.
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