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On the Circular Polarization Operation
of Annular-Ring Microstrip Antennas

Hua-Ming ChenMember, IEEE and Kin-Lu Wong,Senior Member, IEEE

Abstract—Circular polarization (CP) operation of an annular-  inner boundary of the annular-ring patch. It is expected that by
ring microstrip antenna with a pair of inserted slits at its choosing a proper slit length, the fundamental resonant, TM
fundamental TM11 mode is proposed and experimentally in- \q4e of the annular-ring patch can be split into two near-
vestigated. Two examples of the proposed antenna fed using a . .
microstrip line at the inner and outer patch boundaries are degenergte orthogongl modes W'th equal amp!ltudes aﬁq 90
studied. Results show that the proposed antenna can have goodPhase difference, which results in a CP radiation. Also, it is
CP performance and, moreover, the required antenna size at a noted that, for operating at the TTM mode, the annular-ring
fixed CP operation can be much less than that of a conventional mjcrostrip antenna studied here can be treated as a circular
circularly polarized circular microstrip antenna operated at the microstrip antenna with a circular slot embedded in the patch
TM 11 mode. Details of the proposed antenna for CP operation . . .
are described and experimental results of the CP performance center. In this case, it is expectgd that the excited patch surface
are presented and discussed. current path of the TM, mode will be longer for the proposed
antenna here than for the regular-size circular microstrip an-
tenna; that is, the CP operation of the proposed antenna can be
at a lower frequency than the circular microstrip antenna. This

|. INTRODUCTION suggests that the proposed antenna studied here can be con-

ONVENTIONAL designs of single-feed microstrip an-Sidered as a compapt desig.n of a gircular microstrip antenna.
Ctennas for circular polarization (CP) are usually achieved However, in practical designs, it is found that the proposed
by truncating patch corners of a square patch, using neafjtenna at the TM mode is difficult to be excited using a
square or nearly circular patches, cutting a diagonal slot $'9l€ probe feed with 50+ input impedance, especially for
the square or circular patches, protruding or inserting a pair @€ ¢ase with a large inner radius. This can be inferred from
symmetric perturbation elements at the boundary of a circul&e fact that at the TM mode excitation, a circular patch with
patch [1], [2]. Recently, CP operation of single-feed triangul& center slot' of_lncreasmg rad|u§ will make its minimum input
microstrip antennas using a nearly equilateral triangular patfPedance inside the patch quickly increases, which usually
[3], an equilateral triangular patch with an inserted slit [4] dnakes it impossible to locate a 3b-nput-impedance feed
a tip-truncated equilateral triangular patch [5] has also beBRSition inside the patch. To overcome this problem, the feed
reported and, due to their physically smaller patch size F¥thod of using a microstrip line is studied here. Two cases
compared to the square or circular microstrip antennas, sfPlacing the microstrip feed line at the inner and outer patch
circularly polarized triangular microstrip antennas are suitapR@undaries are demonstrated. Such feed arrangements are also
for applications in systems where limited realty space is avafiuitable for integration with the possible associated microwave
able. For example, the personal communications equipmefifcuitry- Details of the proposed antenna design and obtained
This also suggests that the triangular microstrip antenna candfé Performance are presented and discussed.
treated as a compact design of regular-size square or circular
microstrip antennas. Also, it is noted that the related CP II. ANTENNA CONFIGURATIONS

designs of microstrip antennas are mainly on square, cwcular,-l-w0 typical antenna designs shown in Figs. 1 and 2 are

and_ triangglar microstrip _patch_es. R_elatively very fe_w CE_’tudied. The annular-ring patch with outer radluand inner
designs using an annular-ring microstrip patch are ava'lablergb'um is printed on a substrate of thicknegssand dielectric
the open literature. The related design that has been reporgd . A pair of narrow slits of lengti, and widthuw, is
uses an annular-ring patch with an extended ear operate n@brted at the annular-ring’s inner boundary in thdirection.

the higher order modes of T and TN, [6]. In such an arrangement, the fundamental;Thode can be

fln Fhls Paper, v:/e d_emon_strate_a new CP design dmemﬁglit into two near-degenerate resonant modes and the resonant
of using an annular-ring microstrip antenna operated at {{3, 4 i the; direction can have a slightly larger resonant

funda.mental TMl mc_>de_. The CP operation IS obFa|ned bBfrequency than the resonant mode in thairection. Also,
inserting a pair of slits inserted at the opposite sides of )&, the ‘increasing of the inner radius, the two orthogonal
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Fig. 2. Geometry of a circularly polarized annular-ring microstrip antenna
with a pair of inserted slits (antenna 2). The microstrip feed line is at the

\ d inner boundary of the patch.
groun

Fig. 1. Geometry of a circularly polarized annular-ring microstrip antenna
with a pair of inserted slits (antenna 1). The microstrip feed line is at the
outer boundary of the patch.

For both feed arrangements in Figs. 1 and 2, a right-hand
CP operation can be obtained when the microstrip feed line
is placed in thep = 45° plane. On the other hand, when the
microstrip line is placed in theé = 135° plane, a left-hand CP
operation can be achieved. It is also noted that, the section of
transmission line of lengtld and widthw between the 502
microstrip feed line and the outer/inner patch boundary for
impedance transformation is determined here by

50 = Zr[(Za+jZrvan B0)/(Zr +jZ4tan 5] () (1)
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where Z 4 is the impedance at the outer or inner patch bound-
ary; Zr and g are, respectively, the characteristic impedance
and wavenumber of the transmission-line section. By directly
solving (1), we can select a proper transmission-line section
to transform Z,4, usually a complex impedance, to 50
The determm_atlon of the Impedance tre_meormer based on (FJT&’ 3. Measured input impedance of antenna 1 shown in Fig. £ 1.6
instead of using a quarter-wavelength impedance transformgh, -, = 4.4, a = 10 mm, b = 20 mm, £, = 2.34 mm, w. = 1.0 mm,
can make the present design with a much better impedarce 45°, ¢ = 32 mm, w = 0.8 mm.

matching. Furthermore, it should be noted that in the de-

sign shown by Fig. 2 W.'th an lnner-boundary-fed_ case, the, length 32 mm. Fig. 3 shows the measured input impedance
impedance transformer IS cor_mected _through a via hole %R a Smith chart. It is clearly seen that two near-degenerate
502 probe feed. This design is especially suited for the COMsonant modes are excited with good impedance matching.
pact active microstrip antenna in which the associated aCti’r‘ﬁe measured axial ratio versus frequency in the broadside
circuitry can be integrated inside the annular-ring patch a ection is presented in Fig. 4. The center frequency, defined
placed in between the impedance transformer and the via h €-the frequency with a minimum axial ratio, is at 165;8 MHz

and the CP bandwidth, determined from 3-dB axial ratio, is

Ill. EXPERIMENTAL RESULTS AND DISCUSSION about 14 MHz or 0.84%. For comparison, the results are also
i listed in Table | in which a reference antenna, having the
A. Proposed Antenna with Outer-Boundary-Fed same size as the proposed antenna (antenna 1) studied here, is
Microstrip Feed Line constructed using the design method of a regular-size circular

Consider the geometry shownin Fig. 1 (denoted as antennaitrostrip antenna with a tuning stub [7]. We can see that
below), the typical design with right-hand CP operation ithe center frequency (1658 MHz) of antenna 1 is only about
studied. The annular-ring patch is selected to have an ou®e83 times that (2008 MHz) of the reference antenna. This
radius 20 mm and an inner radius 10 mm and the coppéndicates that the CP design of antenna 1 can have a 32%
clad substrate of thickness 1.6 mm and relative permittivigntenna size reduction as compared to the reference antenna at
4.4 is used. It is first found that by adjusting the inserted skt fixed CP operation. And, the CP bandwidth and maximum
length to be 2.34 mm (the slit width fixed to be 1 mm), the CReceived power of antenna 1 are also observed to be lower
operation can be obtained and, for good impedance matchititan those of the reference antenna, which is largely due to
the impedance transformer is selected to have a width 0.8 ntime antenna size reduction of antenna 1.
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Fig. 4. Measured axial ratio in the broadside direction of antenna 1 given
in Fig. 3.

TABLE |
COMPARISON BETWEEN THE PROPOSEDANTENNAS (ANTENNA 1 WITH
PARAMETERS GIVEN IN FIG. 2 AND ANTENNA 2 WITH PARAMETERS GIVEN IN Fig. 6. Measured input impedance of antenna 2 shown in Fig. 2 1.6
FIiG. 6) AND THE REFERENCEANTENNA. THE REFERENCEANTENNA HAS THE mm, s, = 4.4, a =13 mm,b = 20 mm, {5, = 2.0 mm, ws, = 1.0 mm,
SAME ANTENNA SiZE (b = 20 mmwiTH h = 1.6 mm, &, = 4.4) As ¢ = 45°, ¢ = 31 mm, w = 0.68 mm.
ANTENNAS 1 AND 2 AND |S CONSTRUCTED USING THE DESIGN METHOD OF A ‘
REGULAR-SIZE CIRCULAR MICROSTRIPANTENNA WITH A TUNING STUB [7]

Center Bandwidth CP bandwidth Maximum 3.5 ]
frequency (VSWR <2) (3dB axial ratio) | received power 3 p
Antenna 1 |1658 MHz| 58 MHz (3.5%) |14 MHz (0.84%)| -49.0 dBm ]
~ ]
Antenna 2 | 1526 MHz| 49 MHz (3.2%) | 12 MHz (0.8%) | -49.2 dBm % 2-55
Reference |2008 MHz| 98 MHz (4.9%) | 24 MHz (1.2%) | -48.8 dBm 5 2
= ]
s
= 15 ]
0° < .
<
0.5 3

0 +——+——+—t+—t+—t—t+—t+—F—tttt

1519 1521 1523 1525 1527 1529 1531

Frequency (MHz)
0 Fig. 7. Measured axial ratio in the broadside direction of antenna 2 given
in Fig. 6.

patch and the substrate parameters are the same as antenna 1
; Sl . shown in Section lll, but the inner radius is chosen to be 13
-10 20 -30 y-z plane mm, larger than that of antenna 1. The impedance transformer

o

90

RHCP has a length 31 mm and a width 0.68 mm, and the insert slit is
— LHCP of length 2.0 mm and width 1.0 mm. And, the right-hand CP

operation is also demonstrated; that is, the transmission-line
Mection for impedance transformer is placed in ¢he- 45°
plane. The measured input impedance of antenna 2 is shown in

. . Fig. 6, and the measured axial ratio in the broadside direction
The radiation patterns in two orthogonal planes are aI%) presented in Fig. 7. From the results obtained, it is seen

measured. Fig. 5 plots. the radiation patterps gf antenna 1yaly e center operating frequency is significantly lowered
1658 MHz, and good right-hand CP operation is observed.from 2008 MHz (the reference antenna) to be 1526 MHz,

which indicates a 24% reduction in the center frequency and
corresponds to a 42% antenna size reduction as compared
to the design of a regular-size circular patch antenna. The
In the proposed CP design shown by Fig. 2 (denoted asrresponding results are also listed in Table I. The obtained
antenna 2 in the following), the outer radius of the circulaEP bandwidth is found to be 12 MHz or about 0.8%, about

Fig. 5. Measured radiation patterns of antenna 1 given in Fig. 3 in
orthogonal planes af = 1658 MHz.

B. Proposed Antenna with Inner-Boundary-Fed
Microstrip Feed Line
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also plotted in Fig. 8. Again, good right-hand CP radiation is

observed.

Fig. 8. Measured radiation patterns of antenna 2 given in Fig. 6 in tw
orthogonal planes af = 1526 MHz.
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