170

ISSN 1814-4225 (print)
Radioelectronic and Computer Systems, 2022, no. 1(101)issN 2663-2012 (online)

UDC 621.396.67.029.5-047.44

doi: 10.32620/reks.2022.1.13

Prapti R. PANDYA!, Mandalapu SARADADEVI?, Namrata LANGHNOJA!

! Government Engineering College, Rajkot,

Gujarat Technological University, Ahmedabad, India

2Ahmedabad Institute of Technology,

Gujarat Technological University, Ahmedabad, India

EMPIRICAL ANALYSIS OF MICROSTRIP PATCH ANTENNA
FOR DIFFERENT SUBSTRATE MATERIALS AND SHAPES
USING APERTURE COUPLED TECHNIQUE

The dielectric material used as a substrate and the shapes of the patches play an important role in the perfor-
mance of bandwidth, return loss, and gain of the microstrip patch antenna. This paper presents the relative study
of different shapes of microstrip Patch antenna for different dielectric materials. The main application of these
antennas is for satellite communication in Ku-Band. The height of the substrate plays an essential role in the
enhancement of bandwidth and it is chosen 1.012mm and three substrate materials (RT Duroid (5880), Teflon,
and FR4) with different dielectric constants were chosen for the performance comparison. Aperture coupling,
which is again one of the promising techniques for bandwidth enhancement, is used as a feeding technique for
the designs. Coupling must be taken care of while using aperture coupling, which is done by precisely optimizing
the feed line dimensions, feed position, slot dimensions, and patch dimensions. The antenna performance is
studied by varying the parameters like patch, feed line, and slot dimensions, the size of the substrate, and the
feed line position concerning the slot. Optimization is also performed for the position of the ground layer within
the substrate material and the ground plane in the middle position of the substrate is chosen for the final designs.
Return loss and impedance matching were analyzed for all designs. The rectangular and circular patches are
used for a comparative study, which is conducted from 12GHz to 14GHz out of which the circular patch is found
to give better performance. The analysis is carried out for RT Duroid (5880) material and the bandwidth ob-
tained in both cases is almost 3GHz. Similarly, the analysis is carried out for different dielectric materials over
the frequencies of 12GHz to 14GHz in which RT Duroid and Teflon give better performance in terms of return
loss and FR4 gives better performance in terms of miniaturization. The analysis is carried out for rectangular
patches and the bandwidth obtained for FR4 is 1GHz whereas, for RT Duroid (5880) and Teflon, it comes out
to be 3GHz. The results are depicted in various tabular and graphical formats. This study is conducted using an
HFSS, an electromagnetic solver.

Keywords: dielectric constant; aperture coupling; bandwidth; return loss; substrate.

antenna has maximum radiation in the broadside direc-
tion which is one of the important applications of the

1. Introduction

Microstrip patch antennas having distinct property
of small size have been widely used in satellite commu-
nications, microwave, radar and aerospace applications.
They are easy to fabricate, low in cost, conformal and
easy to analyze. The main attractions of these types of
antennas include compact size and directive radiation
pattern. In this paper, microstrip antenna with different
types of patches and different dielectric materials is pre-
sented. A microstrip patch antenna has a dielectric sub-
strate with conducting patch of any planar or non-planar
geometry on one side and ground plane on other side.
This antenna has semi hemispherical radiation pattern
and so it is very useful in wireless communication links.
Microstrip patch antenna is very popular because of its
compactness and efficiency. The name is derived from
the fact that a patch is mounted on a ground plane. This

wireless communication. Because of this feature, the
patch antenna can be fabricated using photolithographic
technique. As the antenna can be mounted easily on PCB,
it can be made conformal and its cost is also low. The
feeding method used is in this paper is aperture coupling.
Aperture coupling proves to be one of the promising
techniques for bandwidth enhancement [1]. The feed line
is one of the important parameters for designing in aper-
ture coupled technique. Fringing field is the other design
consideration which is to be taken into account. Fringing
field is a function of effective dielectric constant. They
can be modeled along the width of the patch and fringing
fields in turn increases the length of the radiating ele-
ment. As the radiation is occurring at the edges, the
length of the patch becomes slightly longer than the ac-
tual length. The resonant condition can be obtained by
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matching the feed line and the slot with quarter wave-
length [2].

1.1. State of Art

In many researches which are carried out in this do-
main, slot plays a very important role in changing the sur-
face currents which is described in [3]. The position of
slot helps in impedance matching and thus governs the
overall radiation efficiency of the antenna [4]. As the
shape of the patch also plays a very important for antenna
performance, a comparison has be studied in [5]. In addi-
tion to this, circular patch has proved to be efficient for
energy harvesting as shown in [6]. For all the above ob-
servations, it is found that aperture coupled microstrip
antenna has many design challenges like slot dimensions
and position, patch dimensions and position.

1.2. Objective

The main objective of this work is to study and an-
alyze the behavior of microstrip patch antenna at KU
band as this band has proved to be promising for various
satellite applications. As aperture coupling proves to be a
good feeding technique for bandwidth enhancement, the
design is carried out using this technique. Further, as the
shape of the patch plays an important role in radiation
mechanism of microstrip patch antenna, different shapes
is analyzed. In addition to this, dielectric material is very
important in the overall performance of the antenna. So
the paper in brief describes the performance of various
ways of designing microstrip patch antenna.

2. Materials and methods
of research

Microstrip antenna is also called patch antenna as
the patch is etched on the surface. The patches used on
the substrate can vary from various sizes and shapes. The
shapes can be rectangular, elliptical, circular or even frac-
tal. Rectangular and circular patches have been repre-
sented in this work. The dimensions of patch are adjusted
in such a way that patch radiates maximum in broadside
direction. The main drawback of these types of antennas
is the narrow bandwidth. Because of this, the designing
parameters should be such that maximum radiation oc-
curs at the resonant frequency. The microstrip antennas
with rectangular shape are made of a rectangular patch, a
ground plane, substrate thickness h and dielectric con-
stants er of the dielectric material. Microstrip antenna has
the distinct feature of compact size and so for that the
substrate materials should be chosen appropriately.

2.1.Designing parameters

The designing of microstrip patch antenna is carried
out using the following designing equations. The reso-
nant frequency and the dielectric material are selected to
calculate the width of the patch using equation 1

G | 2
2f \e, +1’

@)

where w = Width of the patch, co= Speed of light,
& = value of the dielectric substrate.

The radiations travel from patch through substrate
and air towards the ground plane. So, the effective refrac-
tive index is one of the important design parameters.
Equation 2 shows the calculation of effective refractive
index
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The size of antenna increases due to fringing fields
and that increase is shown by AL in equation 3
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Here, h is the height of substrate, AL is increase in
length of the patch.

The length of the patch can be calculated using
equation 4

C
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Finally, the length and the width of the ground plane
can be calculated using following equations 5 and 6

L= —2AL. (4)

Lg=6h+L, (5)
Wg = 6h +W. (6)

Along with this, theantenna should have an appro-
priate resonant frequency of operation so that miniature
structure can be designed. Here, the antenna is mainly de-
signed for Ku-Band applications and so the frequency
band selected is 12 GHz to 14 GHz.
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2.2.Dielectric material selection

Dielectric material plays an important role in de-
signing because on the basis of the dielectric material
chosen, the wave will can absorb and reflected back from
the material which will contribute in the radiation of the
microstrip antenna. The following parameters are im-
portant in selection of dielectric material.

Loss tangent is the measurement of the amount of
electromagnetic radiation got lost in the substrate mate-
rial. All the RF applications need low losses and hence
the material with less loss tangent is considered to be ap-
propriate for all the applications.

The relative dielectric constant gives the measure-
ment of how the wave slows down when it travels
through the dielectric material due to the capacitance ef-
fect. The more the relative dielectric constant, the slower
the wave propagation becomes. The dielectric constant
affects the dimensions of the patch leading to change in
resonant frequency and reduction in transmission effi-
ciency [7, 8]. Fringing field, being the main cause of ra-
diation is also affected by the dielectric constant. The di-
electric constant should be lower so that the fringing
fields contribute to the most in the overall efficient radi-
ation. In addition to this, the overall gain and bandwidth
also reduces if the dielectric constant chosen is of high
value. In spite of having many cons on higher value of
dielectric constant, there is also a benefit upon increment
of dielectric constant which is of the compact size. In this
paper, three types of dielectric materials are chosen for
various shapes of microstrip patches.

The height of the substrate is directly related to the
bandwidth and both are directly proportional to each
other. But the care should be taken that increment of
height does not lead to spurious radiation. Here the height
of the substrate is chosen as 1.012 mm.

The most widely used five microstrip feed tech-
niques: (a) microstrip line feed, (b) inset feed, (c) coaxial
feed, (d) aperture coupled feed (e) proximity coupled
feed. Aperture coupled technique as shown in Fig. 1
proves to be one of the most promising techniques for
improvement of bandwidth [9]. The geometry includes
the patch etched on the top with the feed line etched on
the bottom. The thickness of both the substrates can be
chosen by optimizing so that appropriate resonant fre-
quency can be obtained. The dielectric constant of the
substrate mainly affects the bandwidth and the radiation
efficiency. Substrate thickness affects the coupling level
and hence controls the bandwidth. The length of the patch
controls the resonant frequency of the antenna and the
width affects the resonance resistance. Many designs use
square patch which may lead to high cross polarization
levels hence the square patches are mainly used when cir-
cular polarization is needed. The other designing factor

is the slot dimension in which the length of the slot deter-
mines the coupling and therefore the length of the slot
should be appropriate in order to avoid back radiation.
The ratio of width of feed line to that of slot is typically
1/10. The feed line width affects the coupling of radiation
to patch via slot [10]. In many cases, the feed line which
is thin couples the slot efficiently. The position of feed
line relative to slot also affects the overall radiation, for
maximum efficiency, the feed line should be positioned
to the right angles with respect to the centre of the
slot [11]. In addition to this, the position of patch should
be in centre relative to slot in order to achieve maximum
radiation [12]. Besides all the above mentioned criteria,
many other design criteria are also there which are as dis-
cussed here.

2.2.1. Variation in the radiating elements

The radiating elements can be rectangular in shape
followed by the circular patches, patches with slots,
stacked patches, patches with dipoles and many more. The
designs are modified mainly to achieve better bandwidth.

/\

>( microstrip patch

+#— antenna substrate

coupling aperture

#— ground plane

— feed substrate

microstrip feed line

Fig. 1. Aperture Coupled Patch Antenna
2.2.2. Slot shape

Slot being the main element in coupling the radiation
should be chosen appropriately. The slots with various de-
signs and shapes like the h shaped, bow shaped etc. can
also used to improve coupling.

2.2.3. Dielectric layers

The aperture coupled antenna can use multiple lay-
ers in order to increase the performance. Many techniques
like use of foam, stacking the dielectric layers have
proved to be efficient in increasing bandwidth.
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3. Antenna Design

The work has been carried out for comparison of dif-
ferent dielectric materials like FR4 (Flame Retardant), RT
Duroid (5880) and Teflon [13] The feeding technique
used here is aperture coupling. The following table shows
the dielectric constant and loss tangent of different dielec-
tric materials used in this paper.

As can be seen from Table 1 it is reflected that RT
Duroid and Teflon exhibit lower loss tangent as their di-
electric constants are less compared to FR4.

Table |
Dielectric materials specifications
Sr. Material Dielectric Loss
No. Constant tangent
1 FR4 4.4 0.02
2 RT Duroid 2.2 0.009
3 Teflon 2.1 0.001

Different designs have been simulated for Ku band
and the dimensions of all the parameters for different de-
signs are shown in Table II. As the designs have been
carried out for two different types of patches, rectangle
and circle [13], the dimensions will be shown in two Ta-
bles (11 and I11) respectively.

Table 1l
Design specifications of rectangular patch

Wl L |w/[L |[wW]|L

Parameter | RT Duroid Teflon FR4

(mm) (mm) (mm)

Patch 7.8 78 | 75| 78 | 58 | 6
Stripline | 1.5 | 685 | 15 | 685 | 1 | 55
Slot 5 1 5 1 3 |06
Substrate 8 8 8 8 6 6

The Table Il shows the design specifications of rec-
tangular patch for different dielectric materials. As, the
feeding technique used is aperture coupled, the strip line
and the slot becomes the main parameters for variation.
Slot is the coupler between two layers of substrate mate-
rial. It joins the strip line to the patch. The cross shaped
formed by the feed line and the slot decides the coupling
from strip line to the slot. Hence, a proper impedance
matching should be done between feed line and the slot.

Table 11
Design specifications of circular patch
Sr. No. | Parameter RE;drlnu)s m?;? L(m%t)h
1 Patch 4 - -
2 Strip line - 1.5 6.85
3 Slot - 5 1
4 Substrate - 8 8

The Table I11 shows the design specifications of the
circular patch for RT Duroid substrate. The circular patch
has the radius of the circle as the design parameter varies.
In this case also, the slot and strip line coupling play an
important role in the overall efficiency of the antenna. A
proper matching between the slot and the strip line should
be done.

4. Results and Discussion

The results are divided into two parts. One is the
comparison between different shapes of the patches and
other is comparison between different dielectric materi-
als. Return loss graphs are presented for the rectangular
patch aperture coupled design and circular patch aperture
coupled design.

Results of two different shapes of patches have been
analyzed and tabulated in Table IV.

Table IV
Results for different shapes of patch
Shape 'I"ype O.f Band- Return
of the patch dielectric width loss
P material (dB)
Rectangular | RT Duroid 3 GHz -52.8
Circular RT Duroid 3 GHz -62

Both the designs give a good return loss and band-
width obtained in both the cases is also around 3GHz.
The same result has been shown in Fig. 2 which is the
graphical representation of the comparison. The results
clearly show that circular patch gives better performance
in terms of return loss. It has also been observed that the
circular patch had 3dB higher return loss compared to
rectangular patch for aperture coupled feeding technique.
The dotted line in Fig. 2 shows the graph for rectangular
patch and the red colored solid line shows the graph for
circular patch. In addition to this, the circular patches
prove to be more promising in terms of ease of the design
as it has only one parameter, the radius which is to be
optimized. The next discussion is on different types of
dielectric materials.

The different dielectric materials are used here for
performance comparison. Table V shows the return loss
and bandwidth obtained for three different types of die-
lectric materials.

It can be seen from Table V that, amongst the three
materials, the bandwidth and return loss from RT Duroid
and Teflon are better compared to the results of FR4 and
it is because of the low dielectric constant.

However, Teflon exhibits better results compared to
RT Duroid in terms of return loss. It gives almost 11 dB
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higher return loss compared to RT Duroid. The same re-
sults have been graphically represented in Fig. 3 as
shown.

Various shapes of patches

Return Loss (dB)
3

-50
-60
-70 T T T T T
1.5 120 125 13.0 135 14.0 145
Frequency (GHz)
Fig. 2. Return loss graph
for different shapes of patches
Table V
Results for different shapes of patch
Type Return
of tSr::eap:tch of dielectric | Bandwidth loss
P material (dB)
Rectangu- FR4 1.1GHz -26.5
lar
Rectangu- RT Duroid 3GHz -52.8
lar
Rectangu- Teflon 3GHz -63.75
lar
Various materials
0 4
-10 4
g -20
2
S -30 4
*?, -40 -
14
-50 4
_60 .
-70 T T T T T
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Frequency (GHz)

Fig. 3. Return loss graph for different dielectric
materials

The three graphs are represented by different types
of lines. The straight line represents the results for Teflon
material. The fewer dotted linesrepresent the results for

RT Duroid and the intensely dotted line represents the re-
sults for FR4.

5. Conclusions

An observation in carried out on the effects of
changing dielectric materials and its performance on the
bandwidth and the return loss, using aperture coupled
feeding technique at KU band which is mainly used for
satellite applications. The lower the dielectric constant,
the better the performance of antenna. It is also observed
that RT Duroid and Teflon give better performance com-
pared to FR4. The return loss and the bandwidth achieved
in the RT Duroid and Teflon are better than FR4. How-
ever, Teflon proves to give better performance in terms
of return loss when compared to RT Duroid. In addition
to this, when the miniaturization of structure is to be
done, FR4 proves to be the best as the design is compact
compared to other dielectric materials. Again, FR4
proves to be cost effective compared to the other two ma-
terials. It is also having ease of availability. Hence, die-
lectric material being a vital element in designing of mi-
crostrip patch antenna, it should be chosen accurately and
sufficient design optimization should be carried out in or-
der to achieve maximum efficiency. In addition to this,
the shape of the patch is also important. In this work, a
comparison between rectangular and circular patch has
been presented and circular patch proves to be little bit
more promising in performance at KU band. As shown
in [14, 15], this work can be extended in checking the
performance of array structures and such types of anten-
nas can be integrated in the radar systems.

5.1. Future Research Directions

This work can be extended in checking performance
for array structure for all available designs. Again, the
shapes of the patches can be modified in order to analyse
the performance. The feeding technique can also be
changed to study.

Contribution of authors: selection of shapes and
method for bandwidth enhancement, selection of soft-
ware tool and designing, simulating and optimizing the
design to appropriate level — P. Pandya; review and anal-
ysis of the design — M. Saradadevi; formulation of con-
clusion, content of the paper, review and analysis of the
design —N. Langhnoja. All authors have read and agreed
to the published version of the manuscript.
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SMITUPUYECKHUI AHAJIN3 MHKPOHOHOCOBQﬁ INATY-AHTEHHBI JUVI51 PA3JIMYHbIX
MATEPHUAJIOB 1 ®OPM IIOACTPOUKHU C HCIIOJIb30OBAHUEM
ANIEPTYPHO-CBA3AHHOU TEXHUKHA

IlIpanmu P. Ilanowva, M. Capadadesu, Hampama Jlanzxnosn

JuoieKTpruueckuil MaTeprall, UCIOoJIb3YeMbli B Ka4eCTBE MOJIOKKHU, U (POPMBI TTIATYEH UTPAIOT BaXKHYIO POJIb B
XapaKTEePUCTUKAX IIOJIOCHI MIPOMYCKaHUs, OOpaTHBIX MOTEPh U KOd()(ULNECHTA YCHICHUS MUKPOIIOIOCOBOWIIATY -aH-
TeHHBI. B 3TOM cTaThe NpeacTaBIeHO OTHOCHTEIBHOE UCCIEAOBAHME PA3JIMYHBIX (DOPM MHUKPOIOIOCOBBIXIIATY -aH-
TEHH JUISl PAa3JIMUHbIX JUAIEKTPUUECKUX MaTepuanoB. OCHOBHOE IIPUMEHEHHNE ITUX aHTEHH — CITyTHHKOBAsI CBS3b B
Ku-anana3one. BeicoTa ou105KK1 UTPaeT OUeHb BayKHYIO POJIb B PACHIMPEHHUH MOJIOCHI IPOITYCKAHU, U OHA BEIOpaHa
paBHoii 1,012 MM, a 1u1st cpaBHEHHsT IPOU3BOIUTENILHOCTH BbIOpaHbl Tpu Marepuana nouioxku (RT Duroid (5880),
tedoH 1 FR4) ¢ pa3inyHBIMU JUAIIEKTPUYECKUMH ITOCTOSIHHBIMU. CBS3b ¢ allepTypoi, KOTOpasi CHOBA SIBIISIETCS OJI-
HHMM U3 MHOTOOOEIIAIONIMX METOJ0B PACIIUPEHNS MOIOCH! IPOITYCKAHMS, UCIIONb3YeTCsl B KaUueCcTBE MeToa MoAaqyn
JU1st KOHCTpYKIuit. I1py ncronp30BaHNM allepTypHOTO COSIMHEHNST HEOOXOUMO CIICIUTH 38 COSTUHEHUEM, KOTOPOe
JIOCTUTAETCs ITyTeM TOYHOM ONTUMH3ALUHU Pa3MEPOB JIMHUHU MTOJauH, MOJI0KEHNs O1a4H, Pa3MepoB IIPOPE3H U pas-
MepOoB TaTya. XapaKTepUCTUKNA aHTEHHBI H3YyJaloTCs ITyTEeM M3MEHEHUsI TAaKUX IapaMeTpoB, Kak pa3Mep marda, Gpu-
JICPHON JIMHUM U TIPOPE3H, pa3Mep MOUI0KKH 1 MOJIOKEHNE (PUAEPHON JIMHUN 110 OTHOIICHHMIO K Ipope3n. OnTuMu-
3anusl TAKXKE BBITIOHIETCS AT TIOJIOKEHUS! CJIOS TPYHTa B MaTepHalie MOAJIOKKH, U JUI OKOHYATEIbHOTO Ju3aiiHa
BbIOMpaeTcs cpeanee nojoxeHue. OOpaTHbIE MOTEPH U COTJIACOBAHME MMIIEAAHCA AaHAIM3HPYIOTCS UL BCEX KOH-
cTpyKimi. IIpsIMOyTronbHbIE U KPYTJIbIE MATYH MCIOJIB3YIOTCS JJIsl CPABHUTEIILHOTO MCCIIEOBAHUS, KOTOPOE TIPOBO-
mutes B auana3one ot 12 [T no 14 I'T1, u3 KoTopsix ObII0 00HAPYKEHO, YTO KPYTOBOH MaTY JAeT TYUIIyO IPOH3-
BOIUTENBFHOCTD. AHANN3 BhIoNnHeH 11 MaTepraia RT Duroid (5880), 1 B 000uX citydasx MOTy9IeHHAs TOJI0Ca MPo-
ImycKaHus coctasiseT nout 3 ['Ta. AHanornuHbIM 00pa3oM aHaIn3 IPOBOJUTCS ISl PA3INYHBIX JUIIEKTPHIECKUX
MatepuanoB Ha gactoTax oT 12 [T mo 14 I'Tt, B kotopsix RT Duroid u Teflon obecrieunBarot mydme xapakTepu-
CTHKH C TOYKHU 3PEHHsI 00paTHBIX MOTeph, a FR4 obecrieunBaer srydmnine XapakTepUCTHKH € TOUKH 3PCHUS] MUHHATIO-
pu3annyu. AHAIN3 TPOBOANTCS ISl IPSIMOYTOJILHOTO MaT4a, M TojIoca IMPOIyCKaHus, moiaydeHHas s FR4, cocras-
nser | I'T, Torna kax ams RT Duroid (5880) u Teflon ona coctamsier 3 I'T'11. PesynmpTaThl 0TOOpakaroTcs B pa3nnd-
HBIX TaOIMYHBIX U TpaduUuecKux GpopMarTax. ITO UCCIeIOBaHUE TPOBOIUTCS ¢ rcnonb3oBanueM HFSS, anexTpomar-
HUTHOTO peraTes.

KnroueBble cjioBa: MueKkTpuyuecKas NPOHUIIAEMOCTh, alepTypHas CBA3b, MONOCA MPOITyCKaHMS,; O0OpaTHBIE
TIOTEPH; TOATOXKKA.
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EMINIPUYUHUAN AHAJII3 MIKPOCMYKHOI IATUY-AHTEHH JIJISI PI3BHUX MATEPIAJIIB
1 ®OPM NIJTHAJAIITYBAHHSA 3 BAKOPUCTAHHSIM AIIEPTYPHO-3B'SI3AHOI TEXHIKA

Ilpanmi P. Ilanosa, M. Capaoaoesi, Hampama Jlanexnoosca

JienekTpruHUiA MaTepial, 10 BUKOPUCTOBYETHCS SIK MiAKIAIKA, 1 GopMUnIaTuel BiirparoTh BaXKIIMBY POJb y
MIPOYKTUBHOCTI CMYT'H TIPOITYCKaHHsI, 3BOPOTHUX BTPAT Ta Koe(illieHTa NOCHIEHHIMIKPOCMY>KKOBOIIATY-aHTEHU. Y
it poOOTI NpeNCTaBICHO BITHOCHE JOCIIHKEHHS Pi3HUX (OPM MIKPOCMYKKOBOITIATY-aHTEHHU JJISl PI3HUX JIIENEKT-
puuHKEX MaTepiaiiB. OCHOBHE 3aCTOCYBaHHS IIMX aHTEH — IS CYITYTHUKOBOTO 3B's3Ky B Ku-nianazoni. Bucora miak-
JIAJKH BIIITpae JyXKe BAXKIIUBY POJIb Y 301IbIIICHHI MPOITYCKHOI 3IaTHOCTI, 1 1 BuOHparoTh 1,012 MM, a 1715l TOpiBHSIHHS
MIPOYKTUBHOCTI BUOMpatoTh Tpu mMarepianyu migkiaaaku (RT Duroid (5880), Teduon i FR4) 3 pisHumu gienexrpud-
HUMH TIPOHUKHEHHSMU. 3’ €IHAHHS allepTyp, SIKE 3HOBY JK TAKH € OIHUM 13 IEPCIIEKTUBHUX METO/IB ISl 30UIbIICHHS
TIPOITYCKHOI 3/IaTHOCTI, BUKOPUCTOBYETHCS SIK TEXHIKa MOjayi JUisl MpoekTiB. [1iJ yac BUKOPUCTaHHS anepTypHOTO
3’€IHaHHS HEOOX1IHO TO0ATH TPO 3’ €THAHHS, SIKE 3/IIICHIOETHCS IUISIXOM TOYHOT ONTUMI3allii po3MipiB JiHii mojayi,
TIOJIOXKEHHS! TI0/la4i, PO3MipiB OTBOPIB 1 po3MipiB JaTku. E(eKTHBHICT aHTEHNW BUBYAETHCS MUISIXOM 3MIHM TaKHX
napameTpiB, SK IaT4, po3MipH JIiHIi )KUBJICHHS Ta T'HI3/a, PO3MIp MiJAKIAIKH Ta MOJIOXKEHHS JiHIi )KUBJICHHS 100
rHi3na. OnTuMizallis TaKoXX BUKOHYETHCS JUTS PO3TAIIYBaHHS Iapy TPYHTY B MaTepiaii MiIKIaKH, a CEPEIHE MO0-
YKEHHsI BUOMPAEThCS Ul OCTATOYHOro An3aiHy. [lyist BCiX KOHCTPYKIIK aHali3yloThCsSl 3BOPOTHI BTpATH Ta Y3T0-
JoKeHHS iMrieianey. [IpsIMOKYTHI Ta KpYTJll naTdi BAKOPHCTOBYIOTHCS ISl TOPIBHSIIBHOTO IOCHIDKEHHS, SIKE IPOBO-
authbes Bi 12 T o 14 I'T'h, 3 sknuX KpyroBUi 1MaTd 1a€ Kparty TpOoAyKTHBHICTh. AHaJI3 TIPOBENICHO TSl MaTepiary
RT Duroid (5880), orpriMaHa cMyra MpoIyckanHs B 000X BHIaJIKax cTaHOBUTH Maibke 3 I'T1. AnanoriuHo, aHami3
MPOBOJMUTHLCS VTS PI3HUX JICICKTPUIHUX MaTepianiB Ha yacToTi Big 12 [T mo 14 I'Tn, B sikux RT Duroid i Teflon
3a0e3MeuyloTh Kpally MpolyKTUBHICTh 3 TOUKH 30py 3BOPOTHHX BTpaT, a FR4 — kpaliy npoayKTHBHICTb 3 TOYKH 30pY
MiHiaTIopu3allii. AHami3 MpoBeAEHO ISl MPSMOKYTHOI'O MaTya, 1 IpoNyCcKHa 3/1aTHICTh, oTpuMana Juisi FR4, craHo-
Buth 1 I'T1y, Toxi sik ast RT Duroid (5880) i Teflon Bona BusiBisierbest 3 ['T'i. Pe3ynbrat BiioOpakaroThesi B pi3HUX
TabmuuHuX 1 rpadiuaux Gopmatax. Ile qocmimpxeHHs mpoBoanuThes 3a gonomoror HFSS, enekrpoMarnitHoro Bupi-
nIyBaya.

Kuo4oBi cjioBa: JienekTpuyHa MPOHUKHICTh; arepTypHa 3B's30K; CMyra MpOIyCKaHHs; 3BOPOTHI BTPATH; M-
KJIajKa.
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