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A Design of Dual-Frequency Dual-Sense
Circularly-Polarized Slot Antenna

Yu Shao and Zhangyou Chen

Abstract—A single-feed dual-frequency dual-sense circu-
larly-polarized (CP) printed slot antenna etched on a single
substrate is proposed. This antenna is composed of an annular
slot and a cross slot, which produce two different frequency
bands. The lower band and the upper band are controlled by
the annular slot and the cross slot respectively. By introducing
asymmetry on both annular slot and cross slot, CP radiation at
the two frequencies can be obtained. The method of impedance
matching has been discussed in detail. The key parameters of the
design are investigated to show how to obtain dual-frequency and
dual circular polarization. Two antenna prototypes are fabricated
and measured, experimental results show that good CP radiation
performances are obtained at both frequencies.

Index Terms—Annular slot, cross slot, dual-frequency,
dual-sense circular polarization.

I. INTRODUCTION

P RINTED slot antennas have attractive features of light
weight and low profile. Compared to patch antennas, slot

antenna has wider bandwidth, less conductor loss and less sen-
sitivity to manufacturing tolerances. Moreover, by specially de-
signing, they can produce two different operating frequency
bands and circularly-polarized (CP) radiation.
Several dual-frequency designs for slot antenna have been

proposed [1]–[4], all these designs are linear polarization. Sev-
eral technologies have been proposed to produce circular po-
larization [5]–[7], all these designs only realize CP radiation
at a single frequency. In [8], a dual-frequency annular slot an-
tenna with identical circular polarization is discussed. How-
ever, relatively few designs of dual-frequency slot antenna with
dual orthogonal circular polarization have been reported. In [9],
a dual-frequency microstrip antenna with dual circular polar-
ization is proposed, however, the structure has three dielectric
layers, which introduces the complexity and difficulty in manu-
facture process. In [10], a dual-frequency dual CP slot antenna
is achieved by using a single-layer substrate. This antenna con-
sists of an annular slot and four additional linear slots. In [11],
a zonal slot and an annular slot are used to realize dual-band
and dual CP radiation, both of the slots are cut on a conducting
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cavity. In [12], a spiral slot is used to obtain dual-frequency and
dual CP radiation, but the range of the frequency ratio is limited.
In this paper, a dual-frequency dual-sense circularly-polar-

ized printed slot antenna which utilizes annular slot and cross
slot is proposed. The antenna is single-feed and is etched on
single dielectric layer. Compared with the previous design, the
proposed antenna is easy to fabricate and has the flexibility to
obtain arbitrary polarization at each frequency. Section II shows
the structure of this antenna and discusses the mechanism of this
antenna. To obtain 50 input impedance, the design of feed line
is discussed in Section III. The effects of varying some key pa-
rameters are studied with the aid of CST Microwave Studio in
Section IV. In Section V, some antenna prototypes are imple-
mented and experimental results are presented and discussed.

II. ANTENNA STRUCTURE

The configuration of the proposed dual-frequency dual CP
slot antenna is shown in Fig. 1. The antenna is printed on a sub-
strate of thickness and relative permittivity . The antenna
consists of an annular-ring slot and a centered cross slot. The
annular-ring slot has a mean radius and a width . To realize
CP radiation, we use a pair of notches placed at 45 and 225
from the feed point, the notch has a width and a depth .
The centered cross slot consists of two orthogonal rectangular
slots whose lengths are and , and width is . To realize
CP radiation, we should adjust and to be different, the dif-
ference is . The microstrip feed line is composed
of a 50 transmission line, which has a stub length and a
width and an impedance transformer with the dimensions
of and [13], [14], which transforms the slot impedance,
seen at the edge of the ring slot, to the required input impedance
of 50 at the feed point.
For conventional annular-ring slot, at the frequency of the

fundamental resonant mode, the wavelength in the ring slot ap-
proximately equals to the mean circumference of the ring. By
introducing a pair of notches, the symmetry of the ring slot will
be perturbed. This perturbation will split the fundamental reso-
nant mode into two orthogonal degenerate modes for CP radi-
ation. For conventional rectangular slot, the fundamental reso-
nant mode occurs at the frequency whose half wavelength in the
slot approximately corresponds to the length of the slot. The dif-
ference between the lengths of the two orthogonal rectangular
slots will excite two orthogonal resonant modes with 90 phase
difference and CP performance will be achieved. The frequency
decided by annular-ring slot is lower than the frequency decided
by cross slot, so the CP radiation at the lower frequency is con-
trolled by , and the CP radiation at the upper frequency
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Fig. 1. Geometry of proposed dual-frequency dual CP printed slot antenna.
(a) Top view. (b) Back view. (c) Side view.

is controlled by and . Furthermore, it is found that, by ad-
justing the stub length and the dimensions of the impedance
transformer and , two frequencies with dual circular po-
larization can be excited with good impedance matching.

III. IMPEDANCE MATCHING

Due to the fact that the proposed antenna is dual-frequency, in
order to obtain good impedance matching at both frequencies,
we have to adjust the feed line dimensions carefully. With the
aid of CST Microwave Studio software, an example is selected
to show the process of impedance matching.
In this example, the relative permittivity of the substrate is

, the thickness of the substrate is ,
, , , , ,

, , the width of 50 microstrip
feed line on this substrate is . We will study the
effect of various , and on the input impedance, only
one parameter is varied at a time.
Fig. 2 shows the impedance seen at the edge of ring slot of

the antenna with no impedance transformer, in other words, the

Fig. 2. Impedance seen at the edge of the ring slot of the antenna (without
impedance transformer); , ; ,

.

Fig. 3. Effect of various on the input impedance of the antenna;
, ; , and .

width of transformer is the same as the width of 50 mi-
crostrip feed line which is . Two
dip points can be found in the impedance loci. Around the dip
points, axial ratio is less than 3 dB and CP radiation can be ob-
tained. So it is assumed that the dip point’s frequency is close
to the center frequency of CP, so we only need to analyze the
impedance around the dip points. In Fig. 2, the two CP fre-
quencies don’t achieve good
impedance matching. It is found that the dimension of feed line
has little effect on axial ratio and resonant frequency. This prop-
erty is useful for us to adjust impedance without affecting other
characteristics. Furthermore, the stub length has little effect
on the lower frequency, whereas the impedance of upper fre-
quency changes greatly with , so we can use impedance trans-
former to realize impedance matching at the lower frequency,
then by adjusting impedance matching at upper frequency
can be achieved.

A. Effects of

Fig. 3 shows the input impedance in the case of ,
0.9, and 1.0 mm, when and are fixed to be 18 and 1 mm.
When varies, the two CP frequencies and are constant

. From the result, it is found
that the impedance of upper frequency is slightly changed for
various , it is clearly seen that the impedance of lower fre-
quency changes from 53 to 43 when is increased from 0.8
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Fig. 4. Effect of various on the input impedance of the antenna;
, ; , and .

to 1 mm. To obtain good impedance matching, we should set
to be 0.9 mm.

B. Effects of

Fig. 4 shows the input impedance in the case of ,
18, and 20.5 mm, when and are fixed to be 0.9 and 1 mm.
When varies, the two CP frequencies and are con-
stant . From the figure, it is
found that affects impedance of both frequencies, it seems
that it is hard to obtain good impedance matching at both fre-
quencies at the same time, so here we only concern about the
lower frequency, for the upper one can be matched by adjusting
which will be discussed in Section III-C. In Fig. 4 we can

see that the impedance of lower frequency is real when is 18
mm, which is one quarter of the guided wavelength referred to
this frequency (2.4 GHz). When is 15.5 and 20.5 mm, the
input impedance of lower frequency is respectively capacitive
and inductive.

C. Effects of

Fig. 5 shows the input impedance in the case of , 1,
0, , when and are fixed to be 0.9 and 18 mm. It
is found that when varies, the lower frequency is constant

, and its impedance remains around 50 . The
upper frequency has an addition of 3.5% (from 5.7 to 5.9 GHz)
when decreases from 2 to . also greatly affects
impedance of the upper frequency, from the result showed in
Fig. 5, to obtain impedance matching, we should set to
be 0 mm, then both frequencies are matched well.
From the above example, we can summarize the process of

impedance matching as follows. 1) A quarter-wave impedance
transformer is used to transform the impedance of the lower fre-
quency, which is about 160 seen at the edge of the ring slot
in this example, to 50 seen at the feed point. 2) The open cir-
cuited stub has little effect on the lower frequency, whereas
the impedance of the upper frequency changes greatly with it,
so we can tune to achieve impedance matching at the upper
frequency without affecting the lower one.

Fig. 5. Effect of various on the input impedance of the antenna;
, ; , , ,

, and .

IV. PARAMETER STUDY

So many variables in the antenna structure introduce com-
plexity in the design process. The outside ring slot and the in-
side cross slot are coupling together, all critical physical param-
eters, such as , , , and ( is then determined
by ), should be adjusted carefully in order to achieve
a dual circular polarization design with good performance. In
this section, we will examine the effects of these parameters
on reflection coefficient and axial ratio when only one param-
eter is varied at a time. The feed line dimension is set to be

, , , which are op-
timal values we obtained in Section III. The width of the slots
are fixed to be .
We have mentioned that the lower frequency is decided by

ring slot and the upper frequency is decided by cross slot, so it
is obvious that the radius of ring slot (R) can affect the lower
frequency while the length of cross slot (L1) can influence the
upper one.

A. Effects of

The effect of altering the depth of notches is shown in Fig. 6.
This is a critical parameter which decides the axial ratio of lower
frequency. If the value of is too small or too
large , the CP performance will be deteriorated. It
is noted that can also affect the axial ratio of upper frequency,
it indicates the coupling of the ring slot and cross slot.

B. Effects of

In Fig. 7, the width of notches is varied. Just like the pa-
rameter of , controls the axial ratio of lower frequency.
It is interesting to note the similarity of the variation of lower
frequency between Figs. 6 and 7. It indicates that and
have similar effect on lower frequency. Compared with ,
has little effect on upper frequency, so it is useful to optimize
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Fig. 6. Simulated (a) reflection coefficient and (b) axial ratio against frequency
for various . , , , and .

Fig. 7. Simulated (a) reflection coefficient and (b) axial ratio against frequency
for various . , , , and .

the performance of lower frequency without affecting the upper
one.

Fig. 8. Simulated (a) reflection coefficient and (b) axial ratio against frequency
for various . , , , and .

C. Effects of

Fig. 8 shows the effects of , which is the difference of
the two orthogonal slots. As expected, has a great effect
on axial ratio of the upper frequency but almost does not affect
the lower frequency. To realize CP radiation at upper frequency,

must be optimized. If the value of is too small
or too large , the CP performance

will be deteriorated.
From the above discussion, we can sum up the design process

as follows: 1) set the radius of ring slot according to the lower
frequency, then adjust and to obtain CP radiation at
lower frequency; 2) set the length of cross slot according to
the upper frequency, then adjust to obtain CP radiation at
upper frequency; 3) adjust the dimensions of feed line to achieve
impedancematching at both frequencies, specifically we can use
impedance transformer to match the lower frequency and adjust
stub length to change the impedance of the upper frequency.

V. EXPERIMENTAL RESULTS AND DISCUSSION

Based on the guide of Sections III and IV, a prototype of the
proposed antenna was designed, fabricated and measured. The
antenna was etched on a substrate of thickness
and relative permittivity . Fig. 9 shows the measured
reflection coefficient and axial ratio of this antenna, the dimen-
sions of the antenna were also showed in Fig. 9. From the mea-
sured results, it is clearly seen that, the prototype has two oper-
ating frequencies: the lower frequency is 2.5 GHz, and the
polarization sense is found to be right-hand CP at this frequency,
the measured bandwidth, referred to 3-dB axial ratio, is 5.92%
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Fig. 9. Measured (a) reflection coefficient and (b) axial ratio for antenna proto-
type with , ; , , ,

, , ; ,
, and .

(148 MHz); the upper frequency is 6.5 GHz, and the po-
larization sense is found to be left-hand CP at this frequency,
the measured bandwidth, referred to 3 dB axial ratio, is 2.46%
(160 MHz). Impedance matching, determined by re-
flection coefficient, is also achieved within the two CP operating
bands.
The simulated radiation patterns in two orthogonal planes at

these two CP frequencies are plotted in Fig. 10. The radiation
patterns are bidirectional, the peak gain is 3.8 dBi at the lower
frequency and 5.5 dBi at the upper frequency.
The ratio of the two CP frequencies of the antenna in Fig. 9

is 2.6, to obtain a lower frequency ratio, and also to apply the
design to a different substrate, another prototype etched on sub-
strate of , was constructed and measured.
The dimensions and results are shown in Fig. 11.
In this antenna, the lower CP frequency is 2.4 GHz, and

the polarization sense is found to be right-hand CP at this fre-
quency, themeasured bandwidth is 5.54% (134MHz); the upper
frequency is 4.9 GHz, and the polarization sense is found
to be left-hand CP at this frequency, the measured bandwidth
is 4.29% (210 MHz). Impedance matches at the two CP oper-
ating bands. The radiation patterns of this antenna are similar
with Fig. 10, the peak gain is 4.1 dBi at the lower frequency and
5.8 dBi at the upper frequency. Here, the frequency ratio is 2.04.
To obtain a small frequency ratio, we can increase the length

of cross slot and decrease the radius of ring slot, so that the
upper frequency can be decreased and the lower frequency can
be increased. However, with the increasing of cross slot and

Fig. 10. Simulated radiation patterns for antenna in Fig. 9. (a) .
(b) .

decreasing of ring slot, the two slots will be closer and closer,
and eventually intersect. Consequently, the proposed antenna
has a minimum limitation in the frequency ratio, which is about
1.64. In above prototypes, the lower frequency is right-hand CP
and the upper frequency is left-hand CP. When the notches are
put along the other diagonal direction, left-hand CP radiation
can be obtained at the lower frequency. Respectively, by setting
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Fig. 11. Measured (a) reflection coefficient and (b) axial ratio for antenna pro-
totype with , ; , , ,

, , ; ,
, and .

to be longer than , we can change the upper frequency to
right-hand CP.

VI. CONCLUSION

In this paper, a dual-frequency dual circularly-polarized
printed slot antenna that utilizes a ring slot and a cross slot
has been proposed. This antenna is single-feed and only one
dielectric layer is required, therefore the structure is simple.
Impedance matching can be realized by an impedance trans-
former and a tuning stub, dimensions of feed line have been
discussed. The effects of several key parameters are studied
in detail. These results provide a good design guide for this
antenna. Prototypes of the antenna have been constructed and
measured, two orthogonal polarizations at two frequencies
have been achieved, and the bandwidth, the gain and frequency
ratio are presented.
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