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ABSTRACT—This paper presents a short microstrip patch antennaand analyzes its characteristics in simulation
and measured ways. The proposed antennais meant to be usedfrom 2.4 to 2.5 GHz at the resonant frequencyof2.45
GHz Industrial, Science, and Medical (ISM) spectrum. Besides, insert a diagonal slot in the main patch, and two
cutting edges with V-slitgives the antenna topropagate a circular polarization pattern. The paper aims to start
learning a simple C.P. patch antennasupported the basic conceptof microstrip antennatheory. Asingle-feed C.P.,
truncated corners, and slit and slotmethods areemployedto model the antenna apart fromits parametricstudy. The
substrate material ofthe developed antenna is FR-4, and it's a relative permittivity of 4.4. The antenna incorporates a
compactoverall size 0f 0.389.0% 0.38920 % 0.013A, where Ao isthat the corresponding free-space wavelength at 2.45
GHz. FEKO hasbeen used for not only designing the antenna model but also analyzing its performances. Simulated
and measured results have reported that the antennacanworkin ISM bands (2.42-2.5 GHz) with VSWR< 2, low
realized gain, and the limited 3-dB axial ratioat 2.45 GHz.
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1. INTRODUCTION

ISM (Industrial, Scientific, and Medical) band is being designated to Industry, Science and Medical fields then
different types of antennas, forexample, a microstrip patch antenna, a helicalantenna, a dielectric resonatorantenna are
used forvarious applications suchas Wi-Fi, Bluetooth, and cordless phoneand so on[1]. One of the largest ISM bands
applications is wireless networking (Wi-Fi), including IEEE 802.11, laptops, tablet computers, computer printers,
cellphones, etc. Some short-range communication devices such as radio controlchannels for UAVs (drones), RFID
systems for merchandise, wireless surveillance systems, and wild animal tracking systems operate in the ISM frequency
bands[2].

Microstrip patchantenna technology has gaineda lot of attention fromresearchers and industrials in the field of high -
frequency equipment because of their numerous advantages such as light-weight, low maintenance, ease of fabrication,
and ease of integration in miniaturized circuits. Moreover, the microstrip patchantennahas been used for wideband,
narrowband, and multiband purposes. These kinds of antennas are mostly used in the applications of wireless
communication, radar, some satellite communication, spacecraft [3], wearable devices [4], and medical applications [5],
and so on. Antenna polarization, one of the mostvital factors in wave propagation between transmitting and receiving
antennas, is divided into three types: linear, elliptical, and circular polarizations [6]. In a portable wireless
communication system, the demand for circularly polarized microstrip antennas is greater than linearly polarized ones
due to its traits of decreasing the power loss in the misalignment of transmittingandreceiving [7-11]. Tobeanaccurate
alignment betweentransmitting and receiving, eachantennastation should be a linear polarized antenna for propagating
in the same polarization. Some popular circularly polarized microstrip patchantennafor portable/handhelddevices are
RFID readerantenna, WLAN, GPS, rectennaforenergy harvesting, mobile phone antenna, andso on. Usually, asingle -
feed microstrip patchantennagenerates linearly polarized radiation withoutintroducing some perturbation, such as
making aslit orslot to the antenna patch to excite two orthogonal modes for C.P. radiation. [12-13]. The single-feed
microstrip patch antennas are usually more compactas comparedto the dual-feedantennas. However, the circularly
polarized patch antenna's compactsize can be obtained with limited gain, narrow 3-dB A.R. bandwidth, and impedance
bandwidth[14].

In the literature, authors have intensely concentrated on various techniques of generating C.P. radiation of the single -
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feed configuration. In [15], three types of single-feed circularly polarized microstrip patchantennas (diagonal-fed nearly
square, truncated-corners square, and square with a diagonal slot) have been studied analytically by employing
impedance Green's functions for segments with magnetic wallboundary as wellas experimentally. The authors described
that the square patchantennawith a diagonal slot has the largestaxial ratio bandwidth among the threeantennas reported.
In contrast, the minimumVSWR is obtained with a diagonal-fed nearly square patchantenna. In [16], theauthors have
presentedthat thetrimmed slits and its length adjustmentsupported the microstrip patchantennawith a reduced patch
size to performC.P. radiation at a fixed operating frequency, also providedawide C.P. bandwidth and reduced failures
due to fabrication. In [17], the compact circular polarization (C.P.) operation has been achieved by cutting a cross-slot o f
unequalarmlengthsin a circular microstrip patch or by insetting four narrowslits of different lengthsat the edges of a
square microstrip patch. Due to the cross slots perturbation or the narrow slits, the antenna’s fundamental resonant mode
occurs at a lower frequency andis split into two near-degenerate orthogonal modes with equal amplitudes and a 900
phase difference; this results in compact C.P. operation. In [18], a novel design of single-feed equilateral-triangular
microstrip antennafor circular polarization (C.P.) has been presented that the single-fedtriangular patch can be C.P.
antenna by embeddinga narrowslot oracross-slot of unequal slotlengths in the main patch. Furthermore, circular
polarization is theoretically possible froma microstrip antenna excited by a single feed if two spatially orthogonal modes
are excited in phase quadrature [19].

This paper focuses ona single-fed microstrip patchantenna combined with a diagonal slot, truncated corners,and V-
slits to designa compact C.P. patch antenna with good impedance matchingat ISM bands. Still, other limitations such as
low gain, narrow bandwidths are taking into account in this model. The main idea of loading V-slits each truncated
cornerto the main patch is to monitor the 3dB axial ratio at 2.45 GHz. This paper's remainder is organized as follows: In
Section Il,the configuration of the proposed antenna, the operating mechanism, and the simulated results are presented.
In Section 11, the measured and simulated results are discussed. After all, the conclusions are drawn in Section 1V.

2. ANTENA CONFIGURATION AND ANALYSIS
2.1 Design of Proposed Antenna

The proposed antenna configurationis depictedin Figure 1. The antenna has been designed ona 1.6 mm thick-single
layer FR4 substrate having a relative permittivity of 4.4 with a loss tangent of 0.025. The total size of the antenna is
47.63 mmx 47.63 mmx 1.6 mm. Basically, the trimmed-corner technique is mostly used for generating circular
polarization in asingle-fed patch antenna. In our design configuration, we have used a combination of two corners-
truncated and symmetric V-shaped slits on a radiating patch to create the minimum 3 dB axial ratio response at the
desired resonant frequency. Moreover, a symmetric V-slit at each truncated corneralso extends thecurrent distribution
on the main patch to be miniaturized the patchantenna's physical dimension. Thereare different reasons for loading slots
on the patchantenna. Ifslots are placed on the patch, thatdecreases the antenna gain dueto metallic size reduction. A
slot could also be added to adjust the antenna's input impedance if the antenna'’s input impedance is far fromthe
characteristic impedance of the cable and the reflection loss is toosmall. The microstrip line feed effectsand adiagonal
slot on the main patch provide betterimpedance matching with 50 ohms coaxial probe feed for the antenna configuration.
This feeding method is very widely used becauseit is effortless to designandanalyze and easy to manufacture. The
overalldimensions ofthe developed antennaare as described in Table 1.

Table 1.Dimensions ofthe proposed compact C.P.antenna
Wy(mm)  Lg(mm)  Wy(mm) L(mm) C(mm) Wi (mm)

47.63 47.63 2 27 7.07 2.88

Vu(mm)  Vg(mm) s (mm)  sp(mm)  Lg{mm)

3.7 6.5 15.56 141 10.32
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Figure.1. The Geometry ofthe proposed compact C.P. antenna model
2.2 Operation Principle

Initially, a compact microstrip patch antenna without slotandslit, usinga square patch of 27x 27 mm? to operate at
the resonant frequency 2.45GHz in ISM bands, has investigated. Fixing the corner-truncated ratio, 5/5is 1, the length of
the cutting-edge Cwis 7.07 mm. The trimmed area ratio at two corners ofthe patch to thetotalantennasize, 2A/S, is
0.034 (3.4% in size reduction). As shownin Figure 3, the frequency in resonantrangeshiftstothe right of the higher
frequency range in performance analysis. According tothe trimmed corner's effect at two edges of the patch, it gives
wider bandwidth, and theresultantimpedance bandwidth of 10dBreturn loss is in the frequency range from 2.5 to 2.7
GHz (8.2 % B.W.). According to the C.P.antenna's fundamental principle, the antenna can generate circular polarization
by trimming the patch's edges. Fromthe simulation result, we noticed that this compactmicrostrip patch has an axial
ratio of 2.86 dBat 2.55 GHz with the widerimpedance bandwidth from2.5 to 2.7 GHz. Obviously, theantenna design
needs some parameter optimization to obtain a good impedance matchingat the desired frequency of 2.45 GHz and better
A.R.result in its performance. Besides, our major considerationis size miniaturization and introducing the V-slits and a
diagonalsot in the design configuration to achievea compact C.P. antennaat the desired frequency.

Next, the single-feed corner-truncated C.P. microstrip patch antenna has been modified by loading a slot diagonally at
the patch's center. Its characteristics have been discussed in simulation approaches. The depiction of compact antenna
models with and without slot is shown in Figure 2. The dimension of the rectangular slot swx sL is 1.41x15.56 mn.
Adding aslotinto themain patch makes more decrease the antenna size in the ratio of As/S'is 0.182 (18 % reduction in
size). The patch's properties' significant variation with the slot is that the frequency is moving to the left, the lower
frequencyspan,andits returnloss s betterat 2.4 GHz and 2.65 GHz, which is amerit of the configuration. It could be
realized from Figure 3 that at 2.42 GHz, the return lossis about-13dB, and at 2.65 GHz, the return loss is about -16.4
dB, respectively. However, in surface currentexcitation, a small number of electric currents canceled each other around
the slot's edge. It affects the axial ratio to go higher than 3 dB, and consequently, the antenna loses its circular
polarization radiation.

(1) (i1)

Figure.2. The single-fed corners-truncated patch model (i) without slot (i) with slot
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Forthe last configuration, addinga newidea of molding symmetric V-slit at each ofthe corners-truncated edges of
the slotted patchandeach V-slitis formed by extracting a small triangular patch fromthe main patch. Itis noticed that
the V-slit's vertexand width can able to control the axial ratio and reflection coefficient of the antenna. The resultant
antenna model is shown in Figure 1, and its model in the simulation window can see in Figure 5. Figures 3and 4

demonstratethe comparisons of simulated |, | andthe axial ratio between theantenna's three different geometry.
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Figure.4. A comparison axial ratio between three differentlayouts of antenna
3. SIMULATED AND MEASURED RESULTS
The antenna prototype has experimented and then measured results were compared with simulationresults. Figure 6

illustrates the comparison of the simulated and measured|S;; |. Good agreement is found between simulated and
measured results of the reflection coefficient, except for a small frequency shift, probably due to the fabrication

tolerances. From the simulated results, we found that the proposed antenna gives the reflection coefficient |Sy; |
between the frequency range from 2.42 GHz to 2.5 GHz, and its response is sharpened at 2.45 GHz of 14 dB. In the

meantime, the measured impedance bandwidths or [Sy;| less than 10dB is from2.43 GHz to 2.54 GHz (5%), thus
satisfying the ISM bands applications from2.4 to 2.5 GHz.

e

Figure.5. The proposed antenna in FEKO electromagnetic simulator
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Figure.7. Measured and simulated axial ratio versus frequency
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Figure.9. (a) Fabricated antenna prototype (b) Measurement of the antenna in the anechoic chamber
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Thedistributionof currentand the radiation patternofthe antennaare discussed by simulation. Fig 10 shows the
simulation results of the currentdistribution of the antenna surface.
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Figure.10. Surface current distributions at 2.45 GHz with different time phases (a) 0° (b) 90° (c) 180° (d) 270°

In Figure 10 (a) and (c), the current flowing fromone radiating edge to another radiatingedge takes a longer patch
from around the diagonal slot due to the patch’s slot-loading. Due to this longer current path, there is a shift in the
antenna’s resonant frequency that leads to antenna miniaturization. Besides, it is observed that the non-uniformly
excitation of surface electric currents closeto theslot causes field cancelation: this can affectthe 3-dB axial ratio quality
and give higher cross-polarization in radiation. FromFigure 10 (b) and (d), the radiating patch has a straight flow of
current fromone radiating edgeto another radiatingedge. To comprehendthe antenna C.P. operation's sense, the current
distributions at 2.45 GHz on the radiating patch of the proposed antenna in XY-plane for different phase angles are
studied. These four subplots depict the surface current vectors at differenttime phases (ot) from0°, 90°, 180°, and 270°
with an interval of 90°. It is expected fromthe current distribution that asymmetry in the antenna structurecan rotate the
current thatleadsto C.P. radiation.

(a) (b)

Figure.11. Simulated radiation patterns of the proposed compact C.P. antennaat 2.45GHz: (a) XZ-plane and (b) YZ-
plane
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Figure.12. Simulated Gain patterns ofthe antenna at 2.45 GHz

Moreover, the patch's current excitations are anticlockwise, which means the antenna works in RHCP mode. The
simulated radiation patterns in both X.Z.-and YZ-plane are illustrated in Figure 11. It is observed that the proposed
antenna generates agood RHCP radiation in broadside direction with signs of radiation dissipationlower than -10 d B.
The level of cross-polarization, LHCP radiation could be furtherimproved with slight modification in the perturbation
geometry loaded onthe radiating patch. There has nobeamasymmetry ortilt in the radiation patterns dueto symmetry in
feed structure. The proposed single-fed antenna gives simulated peak gain and RHCP gain of 0.97 dB and 0.87 dB;
moreover; it generates right-handcircular polarizationin its radiation characteristics, as shown in Figure 12.

4. CONCLUSION

A 2.45 GHz compact circularly polarized single-fed directional microstrip patch antenna for ISM frequency band
applications is proposed and fabricated. The proposed antenna consists of a trimmed -edge square patch loaded with a
diagonalslotand V-slits in its design layout. Inserting a diagonal slot and a pair of V-slits ateach trimmed edge were
utilized to improve the antenna's axial ratio and impedance matching. The size of the antenna is 47.63 mmx47.63

mmx1.6 mm. The simulation results showed thatthe compact C.P. antenna satisfied the portreflection coefficient 1Sul
<-10 dB in the 2.42~2.5 GHz, realized gain of 0.87 dB, and the minimum 3-dB axial ratio of 2.45 dB at the resonant

frequency of2.45 GHz. In antenna measurement, the measured Snl bandwidth, 3-dB axial ratio bandwidthand realized
gain were 2.43-2.54 GHz (5%), 2.438-2.465 GHz (1.1%), and 0.3 dB. We have found that the proposed compact C.P.
directional antenna meets the qualification of planar and compact ability in its design. It can also be said that the
simulated and measured results are in good agreement despite the shift in the resonantpeak value, which may be due to
the effect of the soldering ofthe SMA and connecting cable losses during measurement. Possibly, the losses of conductor
associated with the microstrip feed line that experienced the antenna gain drops of 0.57 dB from the simulated result. By
properly tuning the dimensions of slot and slits with simulation software, the proposed design with relatively high gain, a
wider 3-dB axial ratio bandwidth, would beobtained.
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