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1. [lepeamToByBaHi pE30HAHCHI €JIEMEHTH Ha OCHOBI KOILJIAHAPHUX JIiHIN ntepenadi

2. Tunable resonant elements based on the coplanar transmission lines

Pedepar:

1. Inceprauiiina po60Ta IpUCBIYeHa JOCiIKEHHIO METOY MiKDOMEXaHIYHOIO IlepeslaliTyBaHHSI YaCTOTHUX
XapaKTEPUCTUK PE30HAHCHUX €JIEMEHTIB Ha OCHOBI KOIJIAHAPHUX Ta LIIIMHHUX JIiHil, 0 6a3yeTbCs HA 3MiHI
PO3IOiNy €JIEKTPOMATHITHOTO I10JIS B JIiHii BHACJIIIOK BEPTUKAJIBHOIO [IEPEMIIIEHHS CKJIaIOBUX YACTUH JIiHil.
Heo6xinHi nepemimeHHs ck1anaioTh AeCITKU MiIKPOMETPIB Ta I03BOJISIIOTh AOCITTHU 10 60% i 6inbie Aianaszony
nepeJlaliTyBaHHs €(PeKTUBHOI 1ieJIeKTPUYHOI IPOHUKHOCTI. 3allpOIIOHOBAHO METOY PO3PaxXyHKy e(eKTUBHO]

IieJIEKTPUYHOI IPOHUKHOCTI, BTPAT €JIEKTPOMArHiTHOI €HePril Ta XapaKTepUCTUYHOTO ONOPY KOIJIAHAPHUX Ta



IIIJIMHHUX JIiHIH, 9Ki He MaloTb OOMEXXEHHS 11I0J0 TeOMETPUYHOI POPMU Ta e1eKTPODi3NYHUX [TapaMeTpiB JIiHil.
BcTaHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY F€OMETPUYHUX Ta €J1eKTpOo(di3sNYHUX ITapaMeTpiB JIiHil Ha 3MiHy Jiiana3oHy
nepeJlalliTyBaHHS Ta YyTJIMBOCTI 3MiHU e(EeKTUBHOI JiesIeKTpUYHOi IPOHUKHOCT] KOIJIAaHAPHUX Ta LIIJIMHHUX JIiHil
IIO IIepeMillleHb, AKi JO3BOJISAIOTh ONITUMI3yBaTU IIPOEKTYBaHHS IIPUCTPOIB Ha iX OCHOBI. [Ioka3aHo, 1m0
3aIPOIIOHOBAHUI METO], IIEpPeJIAlliTYBaHHS HEe BHOCUTDb JOIATKOBUX BTpaT. [IpecTaBieHo CTPYKTypH 1ieiidoBrX
PE€30HATOPiB HAa OCHOBI IIIMHHUX Ta KOIJIAHAPHUX JIiHiM, IKi BKJIIIOYEHO B KOIJIaHAPHY JIiHiIO lepenadi, 3
MOJKJIMBICTIO MIKPOMEXaHIYHOTO IepeJIallTyBaHHs 31 3MiHOIO pe30HaHCHOI yacTtoTu 10 80%. Ha ocHOBI Teopii Kin 3
PO3NOAIIEHMMU NTIapaMeTPaMU 3aIIPOIIOHOBAHO CXEMHI MOJI€JIi PE30HATOPIB, AKi NO3BOJISAIOTL 3HAYHO IIPUCKOPUTH

PO3paxyHKH iX 9aCTOTHUX XapaKTEPUCTHK.

2. The thesis is devoted to the research of methods for the micromechanical tuning of resonant elements based on
the coplanar and slot lines and establishment of the resonant elements’ geometrical and electrophysical
parameters influence on their frequency and energy characteristics during tuning. The micromechanical tuning
stands out from other tuning methods due to wide tuning range, high Q-factor and absence of additional losses
during tuning. The presented tuning method is realized by lifting either signal electrode or dielectric plate above
the substrate for the coplanar line and dielectric or metal plate above the electrodes for the slot line. This leads to
the redistribution of the electromagnetic field in the line, change of which, due to its complexity, was described by
using effective dielectric permittivity and characteristic impedance. These parameters determine the wavelength
in the line and relation between the electric and magnetic field amplitudes, respectively. The methods for
computation of the coplanar and slot line’s equivalent parameters and losses were proposed. The proposed
methods are based on the reduction of the system of Maxwell's equations to a homogeneous Poisson equation, in
case of the TEM-mode of the coplanar line, or to the problem of eigenvalues and eigenvectors in case of the TE-
mode of the slot line. The obtained problem was solved by two-dimensional finite element method applied to the
cross-section of the line. The reliability of the proposed methods is confirmed by good agreement with
experimental and well-known literature data. The presented methods have no restrictions on the electrophysical
parameters or shape of the line's components and can be used to analyze the change in effective dielectric
permittivity, losses and characteristic impedance of the micro mechanically tunable coplanar and slot lines. The
proposed tuning method allows achieving the effective dielectric permittivity’s change of more than 60% for the
displacements of tens micrometres. The ways to reduce required displacements and increase tuning range by
changing the line’s electrophysical and geometrical parameters were established. The criteria for choosing a better
tuning method for the coplanar lines depending on the line's geometrical parameters was shown. It was shown
that this method doesn'’t bring additional losses during tuning, moreover, the losses caused by dielectric and
metallic parts of the line decrease with the growth of the distance between the substrate and line’s movable parts.
The structures of the tunable resonators based on the slot and coplanar lines are presented. The slot line etched in
the ground electrode of the coplanar was considered as a short-ended stub serially plugged in the line’s ground
electrode forming a slot resonator. The resonant frequency of the slot resonator depends on its size and
equivalent parameters, changing which allows obtaining tunable resonator. Tuning of the effective dielectric
permittivity of the slot resonator is realized by moving dielectric or metal plates above the resonator’s electrodes.
The structure of the coplanar line based tunable stub resonator was shown. Frequency tuning of the proposed stub
resonator is achieved by lifting the dielectric plate above the stub electrodes. Both types of tunable resonators
provide up to 80% resonant frequency tuning range with no distortion in frequency characteristics during tuning
for the displacement of less than 100 micrometres. The ways to increase the tuning range are similar to ones for
the effective dielectric permittivity of the tunable slot and coplanar lines. The use of the tunable slot resonators for
the creation of a tunable antenna is presented. Slot resonators are etched in the ground electrode of the antenna’s
feeder line and act as a filter. Changing filter’s frequency characteristic is realized by moving metal surfaces
deposited on the dielectric plate above the slot resonators that leads to the shift of the antenna’s operating
frequency. The strip of ionic polymer metal composite with low control voltage was used for the change of the
position of the dielectric plate with metal surfaces. The frequency shift of the proposed tunable antenna is 130%
with stable radiation pattern.
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