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Compact CPW-Fed Circularly Polarized Antenna for WLAN
Application

Manas Midya”, Shankar Bhattacharjee, and Monojit Mitra

Abstract—A novel compact CPW (coplanar waveguide-fed) CPSS (Circularly polarized square slot)
antenna is presented. The proposed single-layer antenna is composed of a rectangular ground plane
embedded with two equal-size patches along two orthogonal directions. Equal amplitudes with 90° phase
difference values of two patches are capable of generating a resonant mode for exciting two orthogonal
E vectors. Axial ratio (AR) bandwidth is significantly enhanced due to slot corner modification. The
designed CPSS antenna is compact in nature with volume of 0.37\g x 0.34)\¢ x 0.012\g mm? (\g = free
space wavelength at centre frequency of the CP bandwidth). It has impedance bandwidth between 4.65—
6.72 GHz (36.41%) and 3-dB axial-ratio bandwidth of 520 MHz (4.85-5.37 GHz), which covers 4.9 GHz
(802.11j) WLAN for public safety ranging from 4.94 GHz to 4.99 GHz and WLAN (U-NII-1 and U-NII-
2A) ranging from 5.150-5.350 GHz for indoor use. The gain variation for the frequencies within the
CP bandwidth is also observed to be less than 0.4 dBic. The design is successfully implemented, and
measured results are compared with the simulated ones, which are found good agreement.

1. INTRODUCTION

Circularly polarized (CP) antenna is widely popular for wireless communication due to its capability of
preventing polarization mismatch, multipath interference and flexibility in the orientation angle between
transmitting and receiving antennas [1]. Circular polarization is achieved when antenna radiates two
orthogonal electric field vectors with equal amplitude and in-phase quadrature are excited [2]. Due to the
advantage of low profile and easy fabrication technique of slot antenna, it is preferable for realization
of CP operations. Narrow AR bandwidth limits the application of Broadband CP application. To
overcome the problem of narrow impedance and axial-ratio bandwidths (ARBWSs), various shapes and
designs have been proposed [3-6]. However, narrow CP band antenna is preferable for some wireless
communication bands [7-10].

Circularly polarized antenna can be achieved by using various types of feeding methods: CPW-
fed [11], microstrip line fed [12-14], inset fed and using mutual coupling [15, 16], aperture couple [17]
etc.. However these types of feeding techniques can be used in two ways: single-fed and dual-fed. The
“self phased” concept is usually used for single-fed CP radiation. The major advantage of single-fed CP
antenna is their simple structure and it does not need any external phase shifter. Various techniques
and configurations for CP antennas have been investigated and reported using single-fed configuration.
Various techniques of this configuration includes embedding a pair of inverted-L-shaped strips around
two opposite corners of the square slot [18], impedance matching stub and a cross-shaped radiating
patch together with a strip line between two opposite corners of the ground [19], cross slot antenna
with an ellipse-shaped ground plane [20], protruding metallic mono-strip from the circular ground plane
towards the slot centre at ¢ = 0° [21], single-layered square patch integrated with a novel Y-shaped slot
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and two different truncated corners [22], two orthogonal microstrip lines to feed a single element DRA
for obtaining circular polarization [23].

Inspired by previous investigations on CP antennas, a new wideband CPW-fed compact CP antenna
is proposed. Two CP modes are produced by two orthogonal patches connected by optimized \g/4
microstrip line using power divider technique. Modified slot at the lower left corner of the square
slot is introduced for improving axial ratio bandwidth. The structure is compact, simple, and easy to
fabricate. Details of the antenna design is described, and measured results are presented and discussed.
High frequency structure simulator (HFSS-14) based on finite element method (FEM) is used to design
and optimize the proposed structure. According to authors’ knowledge, this is the first CPW-fed
compact single layer CP slot antenna using power divider technique with improved CP bandwidth.

2. ANTENNA DESIGN AND ANALYSIS

Top view and side view of the proposed structure are shown in Figure 1. The antenna is printed on
an FR-4 substrate with a relative permittivity of 4.4, substrate thickness of 0.74 mm and loss tangent
(0), 0.02 < 6 < 0.03 within 12GHz [24]. It is fed by a Z = 502 CPW feed having 2.8 mm wide
signal line and two identical gaps of 0.3 mm. The size of the ground plane of this compact CPW-fed
slot antenna is 0.37\¢ x 0.34\o mm?. It has a square slot with modified corner at the left-bottom of
the square slot and two orthogonal equal size patches connected by quarter wavelength microstrip line.
Power divider is used to distribute equal power (3-dB) on both patches and maintains optimized \g/4
length difference between two microstrip lines to get 90° phase difference. Once the signal is applied
at 502 CPW feed line, it is divided into two equal impedance (Z; = Z3) microstrip lines having width
of 0.8 mm. Microstrip feed lines are connected asymmetrically with the orthogonal patches to obtain
better circular polarization. Left-bottom corner of the slot is modified to enhance the CP bandwidth of
the proposed antenna up to 220 MHz. The length of each shorter side branch of the patch is 1.6 mm, and

total length and width are S; and S, respectively. Slot size of the proposed antenna is G; x Gy, mm?.

Z1 =2y = ZoV2 = 70.719

Steps of improvement for the proposed structure of antenna are described by four prototypes in
Figure 2. Their performances are shown in Figure 3 and Figure 4 as well. The proposed antenna
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Figure 1. Top and Side view of the antenna. (W = 20, L = 21.8, G; = 14.4, G, = 14.4, S = T,
Sw=21, fi =57, f=28,11 =4.6,1lo =6.4, I3 =6.96, Iy, =10.79, I5 = 3.5, ls =1, g = 0.3, g1 = 0.5,
g2 = 0.93) (unit: millimeters).
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has resonating frequency at 6.3 GHz. Four prototypes (ant 1-4) have been implemented, and their
performances are listed in Table 1 for comparison. According to results of Ant (1-4) in Table 1,
Figure 3 and Figure 4, maximum impedance and CP bandwidth are obtained for Ant 4 configuration.

Table 1. Antenna performances of constructed prototypes.

Bandwidth (MHz) Axial Ratio Bandwidth (MHz)

Ant. 1 No Matching No
Ant. 2 No Matching No
Ant. 3 1960 300
Ant. 4 2070 520
Ant 2 Ant. 3 Ant. 4

Figure 2. Evolution steps of the antenna.
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Figure 3. Simulated Si; values for different  Figure 4. Simulated axial ratio plots for different
prototypes. prototypes.

In order to study the working mechanism of the proposed antenna, several vital parameters are
analyzed. Patch length and microstrip-line length are found to play important roles in the CP property
of the antenna. Actually both patch length and microstrip-line length affect the resonant frequency
of two orthogonal modes, not only the amplitude property but also the phase value. By optimizing
the patch length and microstrip-line length, two orthogonal modes are generated with equal amplitude
and 90° phase difference, thus CP bandwidth is obtained. To study the effects of various sections on
antenna performance parametric analysis has been performed.



68 Midya, Bhattacharjee, and Mitra

2.1. Effect of Rectangular Patch Length (S;)

With the variation of rectangular patch length, Figure 5 shows that the resonating frequency is inversely
proportional to the patch length. As we increase the patch length, resonating frequency is shifted

towards lower frequency (f, = C/4L+/ €,), and maximum AR bandwidth is well obtained (Shown in
Figure 5 and Figure 6) for S; = 7mm.
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Figure 5. Effect of patch length on the S;;  Figure 6. Effect of patch length on the axial ratio
values. values.

2.2. Effect of Microstrip Feed Length (Fj)

Microstrip feed length plays an important role in AR bandwidth, as well as in the resonating frequency
of the antenna. As we increase the microstrip feed length, the resonant frequency is shifted towards

lower frequency, and maximum AR bandwidth is obtained for F; = 20 mm, shown in Figure 7 and
Figure 8 as well.
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Table 2 shows the comparison between the recently published works in open literature and the
antenna proposed here. It shows that the proposed antenna is much smaller than that of the recently
published work.

Table 2. Performance comparison of proposed antenna antenna with existing CP antennas.

Impedance CP centre 3dB AR Antenna size
Ref. Bandwidth frequency Bandwidth
(MHz) (MHz) (MHz) (mm x mm)
8] 600 4640 100 0.62Xg x 0.62)\g
[10] 900 3700 500 0.94)\¢ x 0.94)\
[15] 350 5800 151 not shown
[25] 3000 5450 700 0.45X9 x 0.45X¢
[26] 3650 3625 2450 0.70Ag x 0.70)\g
[27] 3000 3675 1850 0.74)¢ x 0.74 )¢
Proposed 2070 5050 520 0.37Xg x 0.34)\g

3. EXPERIMENTAL RESULTS AND DISCUSSION

Experimental result shows that the CP operation bandwidth (4.85-5.37 GHz) can be totally covered
by the impedance bandwidth (IBW), referred to —10dB return loss. According to current distribution
in Figure 9, the polarization senses are right-handed circular polarization and left-handed circular
polarization for Z > 0 and Z < 0 planes, respectively. Prototype of the fabricated antenna is shown in
Figure 10.

There is a good matching of reflection coefficient between the measured and simulated result for
proposed antenna shown in Figure 11. Corresponding computed and measured axial ratio is calculated
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Figure 9. Current distribution plot of the  Figure 10. Photograph of the fabricated
antenna at different time instants. antenna.
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at bore sight (§ = 0°, ¢ = 0°) of the designed antenna. The circularly polarized antenna under test
(AUT) (also referred to as receiving antenna) is kept fixed about its electrical boresight direction and
rotates the source antenna. The difference between the maximum and minimum received signal levels
is a direct indication of the AUT’s axial ratio. If axial ratio is less than 3 dB, then the antenna can be
considered as a CP antenna at that particular frequency. Figure 12 shows the measured value of the CP
bandwidth (AR < 3). Compared with Ant 3, broader CP bandwidth is achieved after the modification
of the square slot on the ground plane. The measured 3dB AR bandwidth of the proposed one is
520 MHz (4.85-5.37 GHz), which is much wider than Ant 3 having only about 300 MHz (4.76-5.06 GHz)
3dB AR bandwidth.

At each frequency point, gain is measured by using the FRIIS Transmission equitation which is
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Figure 11. Simulated and measured Si; values Figure 12. Simulated and measured axial ratio
for the proposed antenna. values for the proposed antenna.
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Figure 14. Experimental setup.
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given as,

A
PAut = Pret (ABm) + Gapr (dB) + Gyep (dB) + 201log, <47TR>

Here, P,et denotes the power transmitted by the reference antenna. Magnitude of the reference antenna
is provided by the signal generator connected to it. Payr is the power received by the antenna under
test (AUT), and this is read from the power meter connected with the AUT. G e and Gaur are the
gain of the reference antenna and the AUT, respectively. A is the wavelength of the transmitted signal
and R the distance between two antennas. Two identical horn antennas for the desired frequency range
are used at first. One will act as the reference antenna and the other as AUT. The antennas are oriented
face to face in E-plane. P, is set from the signal generator, and the corresponding Payr is measured
from the power meter. Since the antennas are identical, the values of G, and Gayr are equal. Hence,
from this setup, the gain of the horn antenna is calculated by using the above equation. Next, the horn
as Payr is replaced with the fabricated antenna in its E-plane. Using the same P,f, the corresponding
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Figure 15. Simulated and measured gain. Figure 16. Efficiency plot for the proposed
antenna.
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Paur is read from the power meter. In this case, G is the gain of the horn antenna which we got
in the previous step. Now, by using the above equation, Gayr is calculated. Figure 14 shows the
experimental setup for measuring the proposed antenna.

The gain variation within CP bandwidth against frequency is shown in Figure 15, and the variation
is less than 0.4 dBic within the whole CP bandwidth. Maximum gain obtained within the CP bandwidth
is 3.12dBic around 5.2 GHz. The discrepancy between simulated and measured gains occurs due to
tolerances in the dielectric constant and loss tangent of the substrate. As the loss tangent increases
with frequency, antenna gain decreases. Every unit step (i.e., 1le™3) increase in loss tangent results
in 0.99% loss in antenna gain [28]. Variation of loss tangent as a function of frequency is shown in
Figure 13. VSWR value of the proposed antenna is less than 2 dB in the entire impedance bandwidth.

The antenna shows a good efficiency in the entire CP bandwidth which is greater than 80% as
shown in Figure 16. RHCP and LHCP radiation pattern of the proposed antenna at 5.2 GHz is shown
in Figure 17. A good separation is observed between RHCP and LHCP components of the antenna. At
5.2 GHz, the antenna behaves as an RHCP antenna in Z > 0 direction.

4. CONCLUSION

A novel CPW-fed circularly polarized antenna with enhanced CP bandwidth is designed, fabricated
and configured at 4.9 GHz (802.11j) WLAN for public safety and WLAN (U-NII-1 and U-NII-2A)
ranging from 5.150 to 5.350 GHz for indoor use. The proposed design has a compact dimension of
0.37X\g x 0.34)\g x 0.012X\o mm? which is simple to be fabricated on a less expensive FR-4 substrate. A
wide IBW of 2.07 GHz from 4.65 to 6.72 GHz for |S11] < —10dB and ARBW from 4.85 to 5.37 GHz
has been achieved. The results for return loss, axial ratio, far-field LHCP-RHCP radiation patterns,
and gain of the proposed antenna are investigated and discussed. This structure has the advantages of
simple design and compact size. This is applicable to modern wireless communications.
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