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Introduction. The rapid advancement of information technologies has necessitated updates to hardware compo-
nents, including the development of high-performance communication devices operating in the microwave fre-
quency range. Among these, frequency-selective devices with controllable characteristics have gained importance.

Problem Statement. Existing techniques for controlling frequency-selective devices exhibit several limita-
tions. Mechanical and electromechanical control methods are constrained by low operational speed, bulky design,
and high control voltage requirements. Meanwhile, electronic control methods suffer from limited frequency tu-
ning ranges, insufficient decoupling from the control circuit, and complex manufacturing processes. These chal-
lenges highlight the need for innovative approaches to circuit design, parameter control, and manufacturing tech-
nologies for such devices.

Purpose. This study aims to evaluate the feasibility of utilizing optically controlled semiconductor resonant
structures for the development of frequency-selective devices.

Materials and Methods. Semiconductor materials, such as GaAs and CdS, which exhibit conductivity modula-
tion under laser irradiation at specific wavelengths corresponding to their peak spectral sensitivity, provide a foun-
dation for designing these structures.

Results. This research has analyzed methodologies for creating frequency-selective devices with controllable
characteristics and introduces a novel implementation strategy. A prototype of a microstrip optically controlled
Jilter using GaAs, operational in the 3—6 GHz frequency range, has been tested. The achieved resonant frequency
adjustment was 69 MHz, accounting for 2% of the initial frequency.

Conclusions. The study has demonstrated the feasibility of developing optically controlled filters based on
semiconductor microstrip structures. The proposed controlled frequency-selective microwave structure can be fab-
ricated using standard planar technology in a single manufacturing cycle, alongside active components.

Keywords: microstrip semiconductor structures, controllable microstrip filters, optical control, spectral sensitivity
of semiconductors, photoconductivity of GaAs.
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The modern world is inconceivable without infor-
mation technologies, which have permeated every
sphere of human activity. The development of com-
munication technologies has become one of the
critical conditions for sustainable societal prog-
ress. Consequently, there is a continuous need to
upgrade not only information technologies them-
selves but also their hardware infrastructure. A
crucial component of any communication device
is various microwave resonant devices, and spe-
cial attention has been devoted to methods for
controlling their characteristics, including ope-
rating frequencies and signal phase. Currently, nu-
merous methods for control have been developed:
« mechanical,

o clectromechanical,

o electronic,

o combined approaches.

Each of these methods has its advantages and
limitations, which determine their areas of appli-
cation. For instance, frequency-selective devices
controlled through mechanical and electrome-
chanical methods have exhibited low speed, rela-
tively large dimensions, and considerable weight.
Moreover, the electromechanical method has re-
quired relatively high control voltages. Devices
employing electronic control have demonstrated
a narrower frequency tuning range and, in some
cases, introduced parasitic couplings with the cont-
rol circuit. Additionally, such devices have proven
complex to manufacture and calibrate. Existing
electronically controlled devices typically rely on
semiconductor switching diodes, resulting in a disc-
rete switching mode for operating frequencies.

In light of these drawbacks, the use of optically
controlled resonant structures has appeared to be
a promising alternative. Microstrip structures ha-
ve garnered particular interest due to their com-
patibility with planar technology, small size and
weight, absence of electrical coupling between
the operating signal and the control circuit, and
the capability for smooth frequency control. Ho-
wever, the practical implementation of frequen-
cy-selective devices based on such structures has
necessitated further research. This study has fo-
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cused on investigating the feasibility of utilizing
optically controlled microstrip resonant structu-
res for the development of frequency-selective de-
vices operating in the microwave range.

The operation of optically controlled microstrip
devices relies on two key properties.

First, semiconductor materials at ultra-high fre-
quencies have exhibited sufficiently high dielect-
ric permittivity and a low dielectric loss tangent
(see Table), enabling their use as substrates for
creating microstrip lines.

Second, the conductivity of semiconductor ma-
terials can be modulated by light of a specific fre-
quency. This modulation has allowed changes in
the configuration of conductive regions, thereby
enabling control over the resonant frequency and
phase of the operating signal.

Assuming that the energy distribution of non-
equilibrium carriers and their mobility do not dif-
fer significantly from equilibrium conditions, the
following formula applies:

o, =q (Anp + (App,), (1)
where o, is the photoconductivity of semiconduc-
tor material; g is the charge of electron; An, Ap are
the non-equilibrium concentrations of light-in-
duced charge carriers; p , p are their mobilities.

In turn, Az and Ap depend on the intensity and
wavelength of the absorbed light. The concentra-

Parameters of Semiconductor Materials in the Microwave
Frequency Range at Room Temperature [5]

2

Material . % o, f/m—s €
CdS 340 110 5.23/5.29
CdSe 720 75 -
ZnS 140 5 —
GaAs 9500 450 10.86
Ge 3900 1900 15.8
Si 1400 500 11.8
AlAs 280 — -
GaP 190 120 —
SiC 330 600 6.7
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Fig. 1. The spectral sensitivity of the most common semi-
conductor materials [6]
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Fig. 2. The schematic of the experimental setup for optical
formation of conductive regions on the surface of a semicon-
ductor material
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Fig. 3. Microstrip filter based on a half-wavelength resonator
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tion of excess charge carriers in the steady state
can be determined as follows:

An=BaNT,
Ap=PaNt, (2)

where a is the absorption coeflicient of the semi-
conductor material; N is the number of photons
incident on a unit surface per unit time; B is the
quantum yield or photoionization coefficient; 7 ,
1 are the time of relaxation of the carriers. Thus,
photoconductivity depends on the illumination
intensity and the parameters of the semiconduc-
tor. The parameters of certain semiconductors are
presented in Table.

It can be shown that photoconductivity is in-
versely proportional to the frequency of the con-
trolling light flux, which is associated with the
varying spectral sensitivity of materials (Fig. 1).

Therefore, an important consideration is selec-
ting a light source suitable for a specific material.
Semiconductor lasers or light-emitting diodes
(LEDs) can be used as sources of light radiation.

The authors of this work, in collaboration with
Prof. B. A. Tsyganko, have conducted studies on
the possibility of optically forming conductive re-
gions suitable for transmitting informational sig-
nals. These regions have been utilized to develop
controllable frequency-selective devices with va-
riable configurations of conductive regions in the
microstrip line achieved through optical means.
The experimental setup is shown in Fig. 2.

For the experimental study, substrates made of
polycrystalline CdS and polycrystalline CdTe we-
re used, with their surfaces illuminated by green
and red lasers, respectively. Conductive tracks
were formed using the light flux, with the maxi-
mum length reaching 5 millimeters and the mini-
mum length being 0.1 millimeters. Sinusoidal sig-
nals of varying frequencies were passed through
the conductive tracks formed in this way. The
maximum signal frequency reached 15 MHz. At
higher frequencies, significant signal distortion
occurred. The cause of this distortion, in our opi-
nion, is the low carrier mobility in the studied se-
miconductors (see Table).
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A significantly higher signal transmission fre-
quency can be achieved by using GaAs as a subst-
rate, since this material has a high carrier mobility
(see Table), sufficiently high dielectric permitti-
vity (which allows for smaller filter element sizes),
and low losses in the microwave range. Additio-
nally, GaAs is a technologically established mate-
rial, enabling the use of standard technological
processes for manufacturing devices based on it.
In the case of using GaAs as the emission source,
it is advisable to use an infrared laser, whose
wavelength is well matched to the spectral sensi-
tivity of GaAs (see Fig. 1). Therefore, for further
studies, gallium arsenide is used.

Ona20x10x 0.4 mm?®substrate made of undo-
ped gallium arsenide, a half-wavelength micro-
strip resonator is fabricated, which is electrically
connected to a 50-ohm base line (Fig. 3). An inf-
rared laser is used to form the conductive region
near the free end of the resonator, which leads to
an extension of the conductive region and, ac-
cordingly, a decrease in the resonant frequency.
This method results in shifting the resonant fre-
quency of the sample by 2% (almost 69 MHz).
The study is conducted in the frequency range
from 3 to 6 GHz. In the absence of illumination,
the resonant frequency is 3.43 GHz, correspon-
ding to a resonator length of 31/2 (where A is the
wavelength of the illuminating radiation). The
quality factor is 240. There are theoretical gro-
unds to guess that using a resonator of length A/2
can result in a larger frequency shift. A larger fre-
quency shift could also be achieved in the higher
frequency range, as the maximum relative size of
the effectively illuminated area would be greater in
percentage compared to the base resonator. Fur-
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thermore, theoretical calculations have shown that
based on this resonant structure, a phase shift
greater than mradians can be achieved, indicating
the potential of this approach and the need for
further research.

Thus, the study presents a new approach to the
creation of optically controlled frequency-selecti-
ve devices in the microwave frequency range. The
resonant frequency of the filter is controlled by
utilizing the dependence of the conductivity of the
semiconductor substrate material on the intensi-
ty of its illumination.

Based on this approach, a prototype microstrip
microwave filter on a substrate made of undoped
gallium arsenide has been designed. The dimensions
of the substrate are 20 x 10 x 0.4 mm?®. The conduc-
tive region is formed near the free end of the reso-
nator using infrared laser radiation, which leads
to an effective extension of the resonant structure
and, as a result, a decrease in its resonant frequency.

Experimental studies have been conducted in
the frequency range from 3 to 6 GHz. In the ab-
sence of laser illumination, the resonant frequency
of the filter is 3.43 GHz. The quality factor of the
resonant structure is 240. Through optical control,
a resonant frequency shift of 69 MHz, which cor-
responds to 2% of the initial value has been achieved.

Therefore, the experimental results have de-
monstrated the potential of using semiconductor
microstrip structures with optical control for the
development of a new class of tunable frequency-
selective devices in the microwave range. Howe-
ver, to fully realize the potential of this approach,
further research is needed to optimize the design
of resonant elements and to explore optimal opti-
cal control regimes.
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MIKPOCMYJKKOBI HAIIIBITPOBIAHWNKOBI CTPYKTYPU
3 OIITUYHUM KEPYBAHHIM

Beryn. Possurok indopManiiHuX TeXHOJIOTIiT 110Tpebye OHOBJIEHHS anapaTHoi 6a3u, CTBOPeHHs Oibill e(peKTUBHUX KOMY-
HIKAI[ITHUX TTPUCTPOIB MIKPOXBUJIBOBOTO [ialla30HY YacTOT, 30KpeMa 1 YaCTOTHOCETeKTUBHUX TIPUCTPOIB 3 KEPOBAHIMU
XapaKTePUCTUKAMH.

IIpoGaemaruka. [cHyOUI METOIM KEPYBAHHS XapaKTEPUCTUKAMK YACTOTHOCEJIEKTUBHUX [IPUCTPOIB MAKOTh HU3KY HE0-
JikiB. Tak, IPUCTPOI 3 MEXaHIYHUM I €JIEKTPOMEXaHIYHUM KEPYBaHHSIM MAIOTh HU3bKY [IBUKO/Ii10, rabapuTHi i HOTPeOyoTh
BHUCOKHUX KePYBaJIbHUX HANPYT. [IpucTpoi 3 e/1IeKTPOHHUM KepyBaHHSAM MAIOTh HEBEJIMKIH /[ialla30H NepesaniTyBaHHS 4acTo-
TH, HU3bKUII PiBeHb PO3B'SI3KH 31 CXEMOIO KEPYBAHHSI Ta CKJIAHY TEXHOJIOTi0 BUroToBienHs. OTxe, po3poOKa HOBUX KepPO-
BaHMX YACTOTHOCEJEKTUBHIX PUCTPOIB MOTPeOy€E IMPUHIMIIOBO IHIIUX MAXOAIB 10 CXeMOTEXHIYHUX PillleHb, CIIOCOOIB Ke-
pyBaHHsI POOOYMMHE TTapAMETPAMK TAKUX PUCTPOIB, TEXHOJIOTIH IX BUTOTOBJIEHHSL.

Mera. AHajiz MOXKJIMBOCTI BUKOPUCTAHHS OTITUYHOKEPOBAHUX HAIiBIPOBIZIHUKOBUX PE3OHAHCHUX CTPYKTYP ISt CTBO-
PEHHS YaCTOTHOCEJIEKTUBHUX TIPUCTPOIB.

Marepiasu it Meroau. OCHOBOIO JIJISI CTBOPEHHS TAKUX CTPYKTYP MOKYTh CTATH HAITIBIIPOBIZIHUKOBI MaTepiaiu, HATIPUK-
aan, GaAs abo CdS, poBigHICTIO IKUX MOKHA KEpyBaTH 32 J0IOMOTOIO JIa3ePHOIO ONPOMIHEHHS 3 JOBKUHOIO XBHJI, 110
Bi/ITIOBi/Ia€ MAKCUMYMY CIIEKTPATBHOI Uy TIMBOCTI MaTepiaiB.

Peayabratu. [IpoananizoBaHo migxoaum 0 CTBOPEHHS YACTOTHOCETEKTUBHUX IPUCTPOIB 3 KEPOBAHUMU XapaKTePUCTUKA-
MU Ta 3aIPOTIOHOBAHO HOBUII Ti/IXizT /10 1X peasizartii. [IporecToBano MakeT MiKpOCMY?KKOBOTO OINITHUYHOKEPOBAHOTO (DiIbTpy
Ha ocHOBi GaAs y gianazoni yactot Bij 3 10 6 TTi. 3HaueHHs NepesanTyBaHHs pe30OHaHCHOT yactoTu ckiano 69 M (2%
Bi/l IOYATKOBOTO 3HAYEHHH ).

BucHosku. [lokazano MoxIMBICTh peasizarlii onTHYHOKepOBaHUX (QiJBTPIB HA OCHOBI HATIIBITPOBiITHUKOBUX MiKPOCMYXK-
KOBWX JIiHil, 3aITPOITOHOBAHO KOHCTPYKITIIO KEPOBAHOI YACTOTHOCEIEKTUBHOI CTPYKTYPHU MiKPOXBHUJIBOBOTO fianasony. Oc-
TaHHs MOKe OyTH BUTOTOBJIEHA 34 CTAHIAPTHOO MJTAHAPHOIO TEXHOJIOTIEO B €IMHOMY TEXHOJIOTTYHOMY UKl 3 AKTUBHUMU
KOMITOHEHTaMH.

Kmouosi crosa: MiKpocMy>KKOBi HaITiBIPOBITHUKOBI CTPYKTYPH, KEPOBAHI MiKPOCMY’KKOBi (DiTBTPH, ONTHYHE KepyBaHHSI,
CIeKTpaIbHA Uy TIUBICTH HAIBIIPOBiIHNUKIB, GoTOTPOBiAHICTh GaAs.
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