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Printed Ring Slot Antenna for Circular Polarization v ]‘

Kin-Lu Wong, Chien-Chin Huang, and Wen-Shan Chen |

Abstract—A new design of a microstrip-line-fed circularly polarized
printed ring slot antenna is proposed. Circular polarization (CP) radiation ;
of the proposed design is achieved by introducing proper asymmetry in | — N
the ring slot structure and feeding the ring slot using a microstrip line | :
at 45° from the introduced asymmetry. The asymmetry introduced in - !.-r —
the proposed design is a meandered-slot section and the proposed CP 11— S——] 1= ar
design can be applied to printed square and annular ring slot antennas. L I B
Prototypes of the proposed design have been implemented. Experimental 'h 7

I

results show that good CP radiation performances are obtained and the 3
dB axial-ratio CP bandwidths obtained for the square and annular ring
slot antennas are about 4.3% and 3.5%, respectively.

Index Terms—Circular polarization (CP), printed-ring-slot antenna. Wiy .:‘ M
- Ef.- 5003 microsteip feed line
I. INTRODUCTION
With the introduction of some asymmetry in the structure [1] @)

to a single-feed ring microstrip antenna, it is possible to excite T
two orthogonal degenerate resonant modes for circular polarization
radiation (CP). Since the printed-ring-slot antenna is a dual of the
ring-microstrip antenna, it is also possible that by introducing some [
asymmetry to the ring-slot structure, CP radiation of printed-ring-slot i .
antennas can be obtained. Also, since printed-slot antennas usually s ;
have a wider-impedance bandwidth than microstrip antennas, the g
obtained CP bandwidth for a printed-ring-slot antenna can be expected .
to be greater than that of a ring-microstrip antenna operated in the H == o~ |
fundamental mode. This makes the design of circularly polarized L -
printed-ring-slot antennas attractive. However, relatively fewer CP e ;
designs using a printed-ring-slot antenna have been available in the e ”' o
open literature. The related designs that have been reported are asso- g
ciated with the method of introducing some symmetric perturbation
elements in the annular ring slot structure, such as the use of a pair of
notches placed at 45and 225 from the feed point for achieving CP
radiation in the fundamental mode [2] or four notches placed midway
between E- and H-planes at 22.a8nd 112.5 from the feed point for -
CP radiation in a higher-order mode [3].

In this paper, we propose a new design of a circularly polarized
printed-ring-slot antenna using the method of introducing asymmetry
in the slot structure. The proposed asymmetry has a simple structure (b)
of a meandered slot section. Some prototypes of the proposed CPmg- 1. Configurations of the proposed circularly polarized printed ring
sign applied to square- and annular-ring-slot antennas have been siot antenna. (a) Printed square ring slot antenna (antenna A). (b) Printed
plemented and experimental results are presented and discussed. annular-ring-siot antenna (antenna B).
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Il. ANTENNA DESIGNS width is T¥. The meandered slot section is placed at the center of one

Fig. 1(a) and (b) show, respectively, the proposed printed square- &hdhe slot edges and has a protruded rectangular slot of le¢ngthd
annular-ring-slot antennas with a meandered slot section for CP ragi4dth W' (the width is the same as that of the square ring slot) and a
tion. Both antennas are printed on a microwave substrate of thicknedgetallic strip of narrow width 1 mm and length, which is centered
and relative permittivity.,.. For the square-ring-slot antenna, the outefl the rectangular slot. Also note that the lengths related ta’> with

and inner-linear dimensions afe and L., respectively, and the slot the expression of; = (> + 0.5 + 0.5 mm in the proposed design,
which results in a uniform slot width= 0.5 — 1 mm)] along the

meandered slot section. A 3D-microstrip feed line with a widened
. . ) tuning stub of length; and widthw; is used to feed the ring slot along
Manuscript received March 19, 2000; revised December 14, 2000.
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Fig. 3. Measured axial ratio in broadside direction for antenna A; parameters
are given in Fig. 2.
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Fig. 2. Measured input impedance on Smith chart for antenna A, O 3t
Ly =40mm,L; = 32 mm,W = 4 mm,¢(, = 15 mm,l; = 12.5 mm,
(, = 10mm,w, = 6 MM, w, = 3.1 mmh = 1.6 mm,er = 4.4, 2r
ground-plane size= 80 x 80 mm. 1
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ring slot can be enhanced and good impedance matching for achieving requency ( )

CP radiation in the proposed design can be easily achieved. Fig. 4. Measured antenna gain of RHCP in broadside direction for antenna A;
For the design shown in Fig. 1(b), the annular-ring-slot antenna hagameters are given in Fig. 2.

an outer radiud?;, an inner radiug?,, and a slot width4". The me-
andered slot section and the microstrip feed line with a widened tunirn
stub are with the same variables as those in the square-ring-slot ante
in Fig. 1(a). For conventional square- and annular-ring-slot antenn:
the fundamental resonant mode occurs at the frequency whose we
length in the ring slot approximately corresponds to the mean circur
ference of the ring slot. That is, we have

0dB  -20 x-z plane 0dB  -20 y-z plane

—— RHCP
c <1+57‘)1/2 —— LHCP

fa = X - )
2Ly + L2) 2er Fig. 5. Measured radiation patterns in two principal planes at 1500 MHz for
f c <1 + &, )1/2 @ antenna A; parameters are given in Fig. 2.
¢

" x(Ri + R2) % 2z,
wherec is the speed of light in free spacg; and f; are, respectively, lll. EXPERIMENTAL RESULTS AND CONCLUSION
the fundamental resonant frequencies of the conventional square- anleasured input impedance of a prototype for the proposed
annular-ring-slot antennas{2; + L) andw (R + R2) are the mean square-ring-slot antenna is presented in Fig. 2 and Fig. 3 shows the
circumferences of the square- and annular-ring-slot antennas, respeeasured axial ratio. The 3-dB axial-ratio CP bandwidth is observed
tively; the second termin (1) and (2) is the correction factor considering be 65 MHz or about 4.3% with respect to the center frequency at
the presence of different dielectric media on the two sides of the sldi00 MHz (the center frequency is defined here to be the frequency
antenna [5]. In this study, the differences between the measured daitéd minimum axial ratio in the CP bandwidth.). It should also
and calculated results from (1) and (2) are within 5%. be noted that the center frequency is smaller than the fundamental
With the introduced meandered slot section, the symmetry of thesonant frequency (about 1.7 GHz) of a corresponding conventional
ring-slot antenna is perturbed and the fundamental resonant mode iGag-slot antenna without the meandered slot section. The measured
be split into two orthogonal degenerate resonant modes for CP radiatenna gain and the radiation patterns at 1.5 GHz are shown in Figs. 4
tion. The optimal value of; in this study, is found from many experi- and 5, respectively. The antenna gain within the CP bandwidth is
ments to be about 40% &%, (the square ring slot’s inner linear dimen-about 3.5 to 4.3 dBi. Also, a slight asymmetry in the radiation patterns
sion) or 2R, (the annular ring slot’s inner diameter). Also note that this observed, which is probably owing to the introduced asymmetry
design arrangements shown in Fig. 1(a) and (b) radiate a right-h&tite meandered slot section) in the ring-slot structure.
circularly polarized (RHCP) wave and when the microstrip feed line The proposed design is also applicable to an annular-ring-slot an-
excites the ring-slot antenna along the other diagonal direction (i.eenna. Fig. 6 shows the measured axial ratio of a constructed prototype.
90° from the feed line shown in the figure), left-hand circularly polarThe 3-dB axial-ratio bandwidth is 60 MHz or about 3.5% referenced
ized (LHCP) radiation can be obtained. to the center frequency at 1720 MHz. The obtained center frequency is
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4 programming. Moreover, the calculation involves no numerical integration
and, thus, the computation is extremely fast.

Index Terms—Moment methods (MoM), monopole antennas.

|. INTRODUCTION

Axial Ratio (dB)
[\

1r The dipole antenna is one of the most popular antennas. Tremen-
dous effort has been devoted to analyze the dipole antenna rigorously
0 ‘ . ‘ [1]-[3] and a concise formula has been developed for its efficient nu-
1600 1650 1700 1750 1800 1850 merical implementation [4]. The problem of a monopole protruding
Frequency (MHz) from an infinite ground plane is also frequently found. This problem
can be solved easily using the dipole result by invoking the image
Fig. 6. Measured axial ratio in broadside direction for antenna Bheory. The dipole result, however, cannot be applied for the problem of
Ry = 20mm,R, = 16 mm,W = 4 mm,{, = 15 mm,{; = 125 mm, amonopole in free space. This problem is found when the monopole is
to=10mmw, = 6 mm w, = 31mmk = 16 mmer = 44, moynted on a finite-size object instead of the infinite-ground plane. For
ground-plane size- 80 x 80 mn?. . . .
example, Teschet al.encountered this problem in solving the problem
of a monopole located on a spherical vehicle [5], [6], where the partic-

also lower than the fundamental resonant frequency (about 2.1 GHz " solution [7] is in fact the free-space monopole problem. Testhe

a corresponding conventional annular-ring-slot antenna. The meast#kdised the moment method (MoM) and employed a pulse expansion
antenna gain for frequencies within the CP bandwidth is about 3.24¢th @ delta function testing basis set. The choice of the expansion and
3.8 dBi. Finally, it should be noted, that owing to the meandered sl&sting functions was merely to minimize the calculation of the homo-
section introduced in the proposed design, the CP radiation occur§@@eous solution that accounts for the presence of the spherical body
a lowered frequency compared to the fundamental resonant frequelfdy T speed the MoM convergence for current distributions, however,
of a corresponding conventional ring-slot antenna, which suggests tHi Piecewise sinusoidal (PWS) basis function and the Galerkin's pro-
reduced ring-slot dimensions can also be obtained for the proposed&gflure are usually used [4]. In this paper, a formulation that employs
tenna at a fixed frequency. Also, the obtained CP’s center frequeﬁw PWS basis and testing functions is carried out for a monopole in free
for the proposed ring-slot antenna can be approximately determirRRfCe. A concise result, analogous to the dipole one [4] is presented for
from (1) and (2) by modifying the ring slot's mean circumferences tthe first time for the evaluation of the self/mutual impedances. Since
be ALy + Ly) + {1 + (> andn(Ry + R») + €1 + (2, respectively. thg r.esult involves no numerical integration, it is computationally very
In this case, the differences between the measured data and calcul@ient.

results from (1) and (2) are about 9% and 3%, respectively, for square

and annular ring slot antennas.

Il. THEORY
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_ 0 J
Hs = 47 sin kd
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