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Planar Circularly Polarized Microstrip Antenna
with a Single Feed

Choon Sae LeeSenior Member, IEEEand Vahakn Nalbandiargenior Member, IEEE

Abstract—A novel circularly polarized (CP) microstrip antenna o

is introduced. The antenna is fed with a single coaxial probe and A

the structure is planar. The CP bandwidth is much larger than

available single-probe microstrip antennas and the CP radiation T /Feed
b a

quality is excellent over the entire upper hemisphere.

Index Terms—Circular polarization, patch antennas.
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I. ANTENNA GEOMETRY AND DESIGN FORMULAS

N a recent paper [1], a novel single-probe circularly po- l O
larized (CP) microstrip antenna with an improved CP

bandwidth was described. This newly developed antenna has f—p ———+

a double-layer structure. Two orthogonal modes are excited in

the upper and lower cavities. The*9fhase difference between

o . . X le »l
the mode excitations is achieved by coupling holes between the = d l
two resonant cavities. In order to eliminate any unwanted mode
excitations in each cavity region for CP radiation, vertical __ ————————

conducting foils are needed at the nonradiating edges of bott
the upper and lower layers, which is difficult to fabricate.h—
Moreover, due to the altered shape of the radiating edges,—
the axial ratio of the radiated field away from the boresight
becomes very large.

The proposed CP antenna consists of two substrate layeigs1. Double-layer planar circularly polarized microstrip antenna.
and two patches backed by a ground plane as shown in Fig. 1.
;I'he middle patch is a metallic _surface separatling the upper.%ﬂcei upper and lower cavities. In other word$,is about the
ower layers. The lower layer is fed by a coaxial transmission

) . . ame a$ in Fig. 1. To compensate the reduced radation from
line and the upper layer is coupled with the lower Iayerthrouq e upper cavity due to the shortened radiating edges, the layer
small circular holes in the middle patch. The antenna is simil bp y g edges, y

T L ;
to the previously reported design [1] in the operation princip%'_?_t]nefs 3f the upper Iat{]er IS ani;]ease%(;alpplropna:eI);.h i

but does not require the vertical conducting structures. Tpgdia(;nge iatgrl?tg ?:Zﬁ?:e src?rlrig of uenvr\;r]a:ntez rr?gzre gxcitgtic())r?s
critical condition for achieving CP radiation is that the fields ) TR . .
radiated from the lower layer are perpendicular to those from the upper cavity. The_feed pin in this case is in conduction
the upper layer. In the previous design, two nonradiating sidce%ntaCt with both the middle patch and the upper patch, thus

. S . acting as a feed for the lower cavity and as a local short
of the lower cavity (those which in theory do not radiate) ar%r the upper cavity. This arrangement will also facilitate the
shorted to meet this condition while the sides of the UPPET. bp Y. 9

: . . alignment of those two layers in the fabrication process.
cavity perpendicular to the shorted sides of the lower cavity . .
. . .2 Assuming the layer thicknesses are much smaller than the
are blocked by conducting surfaces. For the improved design X . . .
%velength, only the dominant TM mode is considered as in

in this paper, the lengths Of_ the radiating edges (.)f the Upper E{He cavity model. The electric fields are then independent of
lower cavities are made different to suppress field excnatlo['hs

of the unwanted modes. The length of the nonradiating edgeg # coordinate and given by
of the lower layer is approximately equal to that of the upper E=— Asin(zy)i for lower cavity,
4 '

layer, thus maintaining the same resonant frequencies in both

Feed Coupling Hole

B Sin(%x)i for upper cavity Q)
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cally, for right-handed circular polarization (RHCBY1d = 20

—jAtea and for left-handed circular polarization (LHCP) | el LRRE Experiment
Theory

Bt1d = jAtea. The holes should be small to guarantee that
the small-hole approximation is valid and the desired¢ 90
phase shift is obtained when the electromagnetic energy is
coupled to the upper cavity through the holes. On the other
hand, relatively large holes are needed to provide a sufficient
magnitude ofB for good CP radiation.

Considering only the dominant modes in the two resonating
cavities coupled through small holes located(at, ;) and
(—z1,—w1) in the middle metallic patch, the field excitation
in the upper layer relative to that in the lower layer is given

by [1] 0 ————
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—dov, - . :
Baty _ T, sin (%) sin () @ FREQUENCY (GHz)
Adty (’“k_T)Q — (1 + %) — i’lgf sinQ(Wfl) Fig. 2. Axial ratios as a function of frequency. The antenna dimensions are

a = 3.82cm,b =458 cm, b =458 cm,d = 5.59 cm, #; = 0.787
mm, andt; = 3.175 mm. The dielectric constant of the substrates is 2.2 and
where «a. is the electric polarizability of the circular hole,the radius of the coupling holes is 0.50 cm. The feed pin is located 0.6 cm
k is the wavenumber in the dielectric mediurh, is the from the edge of the top patch. The holes are located diagonalky B&475

. cm, 1.19 cm) and (1.475 cm;1.19 cm). The resonant frequency (for the
wavenumber at the loss-free resonant frequnecy@nsithe i im axial ratio) is 2.098 GHz.

quality factor of the upper cavity, respectively. Two coupling
holes, symmetrically placed with respect to the patch center

on the same diagonal, are used to increase the coupling & 0 b vww
by a factor of two without increasing the hole size. Using _g W i it T
a static approximation in a microstrip structure where the g -10 N\NM fww
layer thicknesses are much smaller than the wavelength, the gn . i
polarizability of a hole is give by = 5 _
80 60 40 20 0 20 40 60 80
o — 7(7’3t1t2 3) Azimuth (degrees)
¢ t1 +t2 Fig. 3. Radiation patterns of the = plane as the linearly polarized reference

horn antenna rotates. The frequency is 2.098 GHz. The solid line indicates the

wherer, is the hole radius. Resonance will occur when ﬂ.‘@easured pattern and the dotted lines show the theoretical upper and lower
’ Iimits of the radiation level as the reference horn rotates. Antenna dimensions

real part of the denominator on the right side of (2) vanishege given in Fig. 2.

N 2
<k_1> gL dee SmQ(mcl) @) Il. EXPERIMENTAL RESULTS

k Q ' abty b

The measured frequency for an optimum axial ratio is 2.098
GHz, which is almost the same as the measured resonant
frequency for the least input voltage standing wave ratio
(VSWR) (2.096 GHz). In other words, the input impedance
Baty _ _ 4jmritaQ in(”_“) Sin(”?ﬂ) (5) is almost perfectly matched at the frequency of the optimum

Adty bd(ty + t2) b v/ axial ratio.
Fig. 2 shows the measured axial ratio as a function of
Evidently, for maximum coupling between the cavities, thRequency near the resonant frequency in comparison with
hole should be located diagonally as far as possible from thfs theoretical results. A relatively good agreement is ob-

center without being affected by the fringe fields as showjerved. For the theoretical evaluation, the quality factor was
in Fig. 1. If the hole radius is then chosen according to thfetermined using

relation

leading to the desired 9(phase difference betweeh and B

bd(t; +1
Q = R"l4 2 3 ( iracl 2)- Y1 (7)
1 Tt sm(T) Sln( o )
ro = b_d(t;: tQ? _ (6) Where R,, was the measured axial ratio at the resonant
4mt;Qsin (T ) sin( ) frequency for a minimum axial ratio. The measured 6-dB CP

bandwidth was 2.4%, compared with the CP bandwidth of
circular polarization is achieved for the maximum beam dired-63% for the similar design with vertical structures [1] and
tion. Note that for large?, the required hole becomes smallwith the bandwidth less than 1% reported in [3] for comparable
Furthermore, (5) shows that the location (on the right- or lefantennas.
leaning diagonal) will determine whether the polarization be Fig. 3 shows the measured radiation pattern taken with a
right handed or left handed. rotating linearly polarized receiver horn. The experimental data
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is in good agreement with the theoretical results. Here the... Choon Sae Leg(S'83-M'86-SM'95) received the
effective upper radiating patch length was not theoretical %?-T‘;egifneelg‘??hiﬁ;ciﬂfrgm d':écrzgi”r:"sggés”ggz
co_mpute_d bec_ause of the nonconventlona_ll geometry of i Texas A&M University, College Station, in 1979,
microstrip environment. Rather, an extension of 5.7 mm ¢ and the M.S. and Ph.D. degrees in electrical engi-
each side was assumed to produce the radiation levels r gigr:?ga??]r?ntq%s%ngﬁésgscg lllinois at Urbana-
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axial ratio remains within a few decibels over most of th Company, El Segundo, CA. He joined the Electrical
radiating zone. ; Engineering Department, Southern Methodist Uni-
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