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Characteristics of Single- and Double-Layer
Microstrip Square-Ring Antennas

Pedram Moosavi BafrooeStudent Member, IEEEand Lotfollah ShafaiFellow, IEEE

Abstract—A method for miniaturization of microstrip patch
antenna without degrading its radiation characteristics is inves-
tigated. It involves perforating the patch to form a microstrip

square-ring antenna, which is investigated numerically and ex-
perimentally. The ring geometry introduces additional parame-
ters to the antenna that can be used to control its impedance, Printedloop Printed ring Microstrip patch
resonance frequency, and bandwidth. For a single square ring =3z, < W< Py =i,

increasing the size of perforation increases its input impedance, B )

but decreases the resonance frequency and bandwidth. It has aFig. 1. Geometry of printed loop, ring, and microstrip patch antennas.
small effect on directivity of the antenna. To match the antenna
to a transmission line and also enhance its bandwidth, the ring is
stacked by a square patch or another square ring. The computed
results are compared with experimental data and again good
agreement is obtained.

Index Terms—Microstrip antennas, ring, stacked. -

I. INTRODUCTION

HE rectangular patch is the most commonly used mi- l

crostrip antenna, [1] and is characterized by its lengthand ~ H e L]
width. Its far-field radiation pattern, losses, quality factor, input — ||t I3
impedance, and other electrical parameter are well documented Ground Plane

and reported in [2]-[4]. Another configuration is the circulag;

patch antenna and its geometry is characterized by a sing

parameter, namely, the radius. The expressions for its electricah novel structure that has not been studied well yet is

characteristics are also studied in literature and reported #y square-ring patch, which is geometrically an intermediate

Bahl and Baharita [5] and Shafai and Antoszkrewicz [6].  configuration between a printed loop and solid patch (see
The annular ring was first studied by Bergman and Schulig. 1) [17]. The intermediate configuration is similar to the

[7] as a traveling wave antenna. It has also been used agaich, except its central conducting portion of widli, is

resonator [8], [9] and as a radiator in medical applications [1Gkmoved. This widttW , provides a new parameter to control

Its resonant behavior is studied by Mink and Christodouldts resonance and impedance.

[11], [12]. It was found that for the ring resonator, the resonant

frequency of the lowest order mode can be much lower than Il. CHARACTERISTIC OF SINGLE-LAYER

that of the circular disc of approxmately the same size. MICROSTRIP SQUARE RING ANTENNAS

There are other features also associated with this antenna. ) ) L ,

The separation of the modes can be controlled by the ratioTh_e printed ring antenna is s_|m|lar_to a solid patch except

of its outer to inner radii. It is also found that when operatinrﬁfw‘t its central conducting portioW is removed. In order

in one of the higher order broadside modes, i.e., TMhe © _study the_characterlstlcs of a square-ring resonat_or, a

impedance bandwidth becomes several times larger than f@{d Patch withWy = 30 mm, dielectric substrate relative

achievable in other patch antennas of comparable dielecfMittivity e = 2.5 and thickness? = 0.8,1.59, 3.18 mm is

thickness. It is possible to combine the annular ring Witﬁonadered:The ground plane is assumed |nf|n|.te and the patch

a second microstrip element, such as a circular disc withff€d coaxially atX,, = 0 mm, ¥, = —13 mm with a probe

its central aperture, to form a compact dual band antenfi@meter ofd = 1.27 mm (Fig. 2). Extensive computations

system [11]. Larger bandwidths can also be obtained usiﬁbe carried out to obtain the characteristics of the resonator.
stacked microstrip patches [13]-[15], and multilayer ones [16],

F. 2. Microstrip square-ring configuration.
e

revealing interesting features. . Resonance Frequency
The resonance frequency of the solid patch/fee 1.59 mm
Manuscript received November 6, 1997; revised April 18, 1998. andW, = 30 mm is 3.041 GHz. By increasingly removing the
The authors are with the Department of Electrical and Computer Engineer- . .
ing, University of Manitoba, Winnipeg, Manitoba, R3T 5V6 Canada. central conducting portion, the resonance frequency decreases,
Publisher Item Identifier S 0018-926X(99)08844-4. and make it possible to achieve the resonance frequency with
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Fig. 4. Measured and calculated input impedance variation Wigyy,, Fig- 6. Calculated directivities for several substrate thickne$es= 30
W1 =30 mm, &, = 2.5, h = 1.59 mm. mm, &r = 2.5.

ller i . For | &K /W — 0.7 h. For all cases, when the ring width decreases, Wa,
a smaller ring size. For instance, whai;/Wy = 0.7 or is increased, the input impedance increases rapidly to few

W2 = 21 mm the resonance frequency is 2.147 GHz, whigll,,sands and becomes difficult to feed the antenna with
is 70% of the patch resonance frequency. This resonanceqn () transmission line.

frequency corresponds to a patch having larger size of 43 mm.
The simulation and measurement results for different ring siz€s Impedance Bandwidth

are shown in Fig. 3. The resonance frequetficys predicted  The ring resonator bandwidths for different valueshodre

very well for all values ofW. shown in Fig. 5. As expected the bandwidth for the patch
The effect of various substrate thicknesses on the resonaigeases by increasing the substrate thickness. But, as the size

frequency is also investigated. The resonance frequency obfats perforation is increased, the bandwidth reduces rapidly.

solid patch increases slightly by decreasing the thicknessTdfe rate of this reduction is increased by decreagingor

substrate. However, this is not true for the ring. As the siZe= 3.19 mm, the bandwidth reduces from 2.96% for a solid

of perforation is increased the resonance frequency redudeaich to 0.69% foW2/Wy = 0.7, a reduction of about 76%.

but the rate of reduction is faster for a thinner substrate. Adl€ reduction for» = 1.69 mm is 80.7% and fof. = 0.8 mm

an example, foW, /W, = 0.7 the resonance frequency wadt is 88%. Since the size reductions are about 37%, it will be

found to be 2.084 GHz fok = 0.8 mm, which is 67% of its Cl€ar that the bandwidth decreases at a faster rate.

initial value of 3.111 GHz for a solid patch. Comparing thi$ pirectivity

result to that of. = 1.59 mm in Fig. 3, one observes that the

resonance frequency has further decreased by 3% [18]. The ring directivity as a function oWz/W1 for three

substrate heights is illustrated in Fig. 6. The dielectric thick-
B. Input Impedance ness has sma_lll _effect on the direc_:tivity_, which is similqr_to the
] ] solid patch. Similarly, the perforation si3¥ » has a negligible

The calculated and measured values of the input impedarggyct on the directivity. This is a surprising result since
for a coaxially fed square-ring resonator with = 2.5 and py increasingW, the resonance frequency decreases, i.e.,
h = 1.59 mm are shown in Fig. 4. WheRV; is increased the wavelength increases and the antenna size in wavelength
the input impedance at resonance frequency for the ring, i.@ecreases. Thus, since the antenna physical area has remained
R;,, increases. constant, its directivity should decrease accordingly

The input impedance at resonance frequency is also de- Acm
pendent on the substrate thickness. It increases by decreasing Do = 4 N\ (1)
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F. Effect of Moving Feed Probe

The influence of the perforation sid, to modify a ring
— width A on its electrical parameters was investigated in the
BrE-Thets previous sections. In particular, it was found that the input
impedance increases by increasiMg.. In all above cases,
, o i however, the feed probe was located near the outer edge of
5'92/;1 M- ppd rplane radiation pagterns fo = 159 mm and - the ring on its symmetry axis, i.e., theaxis. Since in a solid
patch the input impedance depends on the feed location, it is
However, Fig. 6 shows that the antenna directivity is ind€onstructive to investigate this effect also for the ring antenna
pendent of the perforation size and may even increase wityi moving the feed along both andy axes.
it. This indicates that the ring effective apertutg,,, must be  To investigate the effect of moving the feed along the
increasing by increasing its perforation sM&, to compensate axis, it was maintained near the outer edge, ¥,/ W1 =

for the increase in the wavelength. 0.44 and X, increased from 0 to 0.3¥; (Fig. 2). As for
o a solid patch, moving the feed toward the corner did not
E. Radiation Patterns indicate a noticable change in the resonance frequency, but

The E- and H-plane radiation patterns of the ring withincreased the cross polarization. It also increased the input
W2 /W1 = 0.5 in the principal¢ = 0 and¢$ = 90 planes, are impedance as shown in Fig. 9. The input impedance increases,
shown in Fig. 7. They are similar to those of a solid patch anidgardless oW 5, but the rate of increase seems increases by
show negligible cross polarization. The 3-dB beamwidth fancreasingX,,.
the H-plane is about &land for theE-plane is 110 and are  The effect of moving the probe along the symmetriaxis,
not sensitive to the substrate height or the perforation®ze i.e., X, = 0, toward its inner edge was also investigated.

The influence ofW3 /W3 on the cross polarization in the Again, it was found that this displacement had no influence on
H-plane is shown in Fig. 8. The effect is negligible and withithe resonance frequency, but the input impedance decreased.
the computational errors. However, its variation increases Byso, because of the symmetry in this case, no variation in
decreasingd —the substrate thickness. These values are rnthe radiation patterns was observed. The input impedance
the maximum cross polarization, which occurs in the- 45 for different probe locations and different ring sizes are
plane. shown in Fig. 10. For this inner location of the feed the
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Fig. 12. Computed return loss of the stacked ring-patch configuration
Ir’VQ/"Vl = 15/30, VV3 =47 mm,H1 =1.6 mm,Hg =5 mm,&, = 2.5,
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reduction in the input impedance can help with impedance

matching. In addition, because the feed is located close to fii@ 13. Measured return loss of the stacked patch configuration of Fig. 12.
perforated area, it is possible to place the feeding network or'g\n _

monolithic microwave integrated circuit (MMIC) at the centet™ Stacked Ring Patch

of the ring. This may be a useful feature in integrating the First, we consider stacking a patch over a ring (Fig. 11).
antenna with its electronics or placing beamforming network design was completed with,; = 2.5, H; = 1.5 mm,

components within the array elements. Wi =30 mm, Wy = 15 mm, g, = 1.05 (foam) H, = 5 mm,
W3 =47 mm, d = 1.27 mm, X, = 0 mm, andY, = —13
[ll. STACKED RING REESONATORS mm (X,,Y, are shown in Fig. 2 and simulated in Fig. 3).

FOR BANDWIDTH ENHANCMENT One sample was fabricated and tested by “Wiltron 37269A”

It was observed in Section Il that the input impedance &etwork analyzer and its mid-band radiation pattern measured

a microstrip square ring at the resonance frequency increaled’€ “anechoic chamber.” They are shown in Figs. 12-14.
rapidly as its width decreases, i.&¥ increases. Thus, it Excellent agreemept between the theory and gxperlment is
becomes impractical to match the ring to a@@ransmission OPserved for a coaxially fed antenna. In numerical compu-
line using a stub or quarter-wave line. Also it becomes veftion, the cell size for the top layer 01X, and for the
narrow band. These disadvantages are serious and preverRGi#om layei0.034o, where), is the wavelength at mid-band

use in practical applications. Thus, efforts have been madefiggquency of 2.5 GHz.
this Study to overcome these limitations. FIgS 12 and 13 show the Comput§d1 with a 5042 line

Increased bandwidth and matched impedance can be 8Bd its corresponding measured results. They agree well. From
tained in a variety of ways by using parasitically coupleffig. 12, the resulting bandwidth for a VSWR 2 is about
elements to produce a double-tuned resonance configurati&®.5%, which shows a significant improvement over those of
A convenient approach uses stacked resonators with adjacergingle ring antenna.
resonance frequencies. Naturally, the antenna performanc&or the ring-patch antenna the 3-dB beamwidths are (for
will depend on its parameters, which are the heights aadground plane size= 0.83)\¢) 65° (E£-plane) and 75 (H-
dielectric constants of the two substrates. Thus, by tuning thgdane), having a difference of 10Fig. 14 gives the mid-band
parameters it should possible to enhance the bandwidth andasured radiation patterns in both and H planes. The
also to match the antenna to low impedances. The resultroéasured gain of this structure is 8.7 dBi. Note that the
this study are presented below. measured radiation patterns are for a finite ground plane,
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but the computed ones for an infinite ground plane. Some
deviations in gain and bandwidths of the principal plane
patterns are expected.

B. Stacked Ring Ring

For stacking, it is possible to use another ring instead of the
patch to not only enhance the bandwidth but also to reduce
the total size of the antenna (Fig. 15). The geometry of the
antenna is shown in Fig. 4. It consists of a two layer ring with 2.0020 — 3.0040 GHz
eq1 = 2.5, HL = 1.5 mm, Wy = 30 mm, W, = 14 mm,
ero = 1.05 (foam) H, = 5 mm, W3 = 36 mm, W, = 22 mm,
d =127 mm, X, = 0 mm, andY,, = —13 mm, (X,,,Y,, are
shown in Fig. 2) which was designed and simulated. the “anechoic chamber.” They are shown in Figs. 16-18. Good

One sample was fabricated and tested by “HP 8722C” neigreement between the theory and experiment is observed for
work analyzer and its mid-band radiation patterns measuredsircoaxially fed antenna.

Fig. 17. Measured input impedance of stacked ring antenna of Fig. 16.
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Fig. 18. Measured®- and H-plane radiation pattern with cross polarization for Fig. 16.
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Fig. 20. Return loss for a stacked ring-ring antenna vfth= 3.2 mm.

For the ring-ring antenna the 3-dB beamwidths aré 61
(E-plane) and 74 (H-plane), having a difference of 13
The gain of this structure was found to be 8.0 dBi. The
current distributions on the surfaces of the rings were also
computed and shown in Fig. 19. The current intensity is high
and undergoes rapid variation at corners.

(@ ]
C. Effect of Changing?;

To consider the effect of changing the lower substrate
thickness, a practical case was simulated. In this case, the
lower substrate thickness of the previous example wijth=

In numerical computation, the cell size for the top layer i$ 5 \yas increased to 3.2 mm. The other parameters are as

0.026)\¢ and for the bottom laye0.017Xo, where ), is the

follows: Wi = 30 mm, W, = 15 mm, £,. = 1.05 (foam),

wavelength at mid-band frequency of 2.6 GHz. From Figs. 1§, = 5 mm, W5 = 42 mm, W, = 14 mm, d = 1.27 mm,

and 17, the resulting bandwidths, for a VSWR2 were about

Xp = 0 mm, andY, = —13 mm.

6.4% experimentally and 5.4% by simulation. They are smaller From Fig. 20, the resulting bandwidth for a VSWR2, is

than that of the previous example of ring-patch antenna, i.
10.5%, but still considerably better than a single-layer ring.

about 11% by simulation, which has doubled from the previous
case, naturally, due to increasing the lower substrate thickness
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H,. For this case, the 3-dB beamwidths are® {Z-plane)
and 724 (H-plane), having a difference of2The gain of this
antenna is 8.2 dBi.

(23]
[14]

IV. CONCLUSION

A study was carried out to determine the effects of rd!®!
moving central conducting portion of the microstrip square
patch antennas on their radiation characteristics. A numericl
method based on a full wave approach using mixed potential
integral formulation in conjunction with the method of mo{17)
ment was utilized. In this method, the resonance frequency,
input impedance, current distribution, and radiation pattern e

1639

S. A. Long and M. D. Walton, “A dual-frequency, stacked circular disc
antenna,”|EEE Trans. Antennas Propagawol. AP-27, pp. 270-276,
Mar. 1979.

R. T. Cock and C. G. Christofedoulu, “Design of a two-layer, ca-
pasitively coupled, microstrip patch antenna element for broadband
applications,”IEEE Trans. AP-S Int. Symp. DjBlacksburg, VA, June,
1987, pp. 936-939.

F. Croq, “Stacked resonator for bandwidth enhancment, a comparison
of two feeding techniquesProc. Inst. Elect. Eng.vol. 140, pt. H, pp.
303-309, Aug. 1993.

J. P. Damiano, J. Bennegueouche, and A. Papiernik, “Study of multilayer
microstrip antennas with radiating elements of various geome®mpt.

Inst. Elect. Eng.vol. 137, pt. H, pp. 163-170, June 1990.

L. Shafai, “Characteristics of printed ring antennaSymp. Antenna
Technol. Appl. ElectromagnMontreal, Canada, Aug. 1996, vol. 96, pp.
379-382.

P. Moosavi, “Characteristic and design of microstrip square ring anten-

computed accurately. Adequate measurements were performed nas,” M.Sc. thesis, Univ. Manitoba, Canada, Aug. 1997.

to confirm the computed results.

Perforating the square patch to become a square ring has sig-

nificant effect on its resonance frequency and input impedance.

The resonance frequency decreases by increasing the size of

perforation and this reduction is faster for thinner substrate

By decreasing the ring width, the input impedance increasp

rapidly and also the bandwidth reduces at a faster rate th
the size reduction. Inspite of reduction in the antenna size,
directivity remains constant and does not change by modi
ing substrate thickness. Also, the perforation on conducti
portion causes current discontinuities and, therefore, result
rapid variation in its magnitude and direction.

For matching the square-ring antenna to any impedance and
also enhancing its bandwidth stacking technique was used. In
this method, both a patch and another ring were used. The

bandwidth and also input impedance of these structures wain

tuned by changing the substrate thickness and permittivi
The gain of this antenna was found to be independent of t
ring sizes.
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