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Abstract – In this paper, a compact integrated circu-
lar polarization filtering antenna is proposed based on
substrate integrated waveguide (SIW) cavity. Firstly, a
dual-mode (TE102 and TE201 modes) rectangular cav-
ity is utilized as a common feeding cavity to achieve
a dual-mode filtering response. And then, an additional
rectangular patch with a slot is coupled from the feed-
ing cavity for circular polarization radiation. To verify
the proposed concept, a prototype circular polarization
filtering antenna is simulated. The circular polarized
filtering antenna resonates at 4.225 GHz with a low
cross-polarization and a high gain of 7.23 dBi.

Index Terms – Circular polarization (CP), filtering
antenna, patch antenna, substrate integrated waveguide
(SIW).

I. INTRODUCTION
With the rapid development of wireless communica-

tion systems, the integration and miniaturization of RF
front-end have attracted more and more attention. Fil-
ter and antenna, as two important components of the RF
front-end, are often employed in cascaded form. How-
ever, the form not only generates harmonics but also
causes the system to be bulky. Thus, it is significant to
integrate filter [1] and antenna [2] into a single compo-
nent with dual functions. A filtering antenna [3] combi-
nes an antenna and a filter. It can provide the conversion
between electrical power and radio waves, as well as the
shaping of a filter-like response to antenna gain and input
return loss. The integration of antennas and filters has
been proven to be an effective method to reduce the cost
and function block size of microwave systems.

Some filtering antennas are designed using differ-
ent transmission structures in [4–5]. In previous designs,
their gain responses cannot be achieved well. In recent
years, because the substrate integrated waveguide (SIW)
structure can achieve the interconnection of passive and

active devices. Therefore, it reduces the volume of the
millimeter wave system and the cost. In addition, SIW
have the merits of low insertion loss, high quality fac-
tor, and high-power capacity. Because of these advan-
tages, the combination of SIW and filtering antenna is
also attracting more and more attention.

Circularly polarized (CP) antennas have been widely
investigated in recent years due to their advantages of
suppressing interference and reducing polarization mis-
match [6–7]. Only a few reports of CP filtering anten-
nas have much room for improvement in bandwidth and
miniaturization. In [8], by seamlessly integrating a high-
Q SIW filter with a CP patch antenna, a planar CP filtering
antenna is achieved. But the axial ratio (AR) bandwidth
for the single antenna element is narrow, and a compli-
cated rotated feeding network and an array are required
to enhance the bandwidth. In [9], a novel single-fed low-
profile CP antenna with a bandpass filtering response and
a wider AR bandwidth is proposed. Although filtering
response and wider AR bandwidth are achieved, the size
of the presented antenna is still bulky. In addition, there
are two perturbation modes on either side of the passband
that affect the performance of the antenna.

In this paper, a CP filtering antenna is proposed with
a compact double-layer SIW structure. By exploiting the
electric field distributions from a feeding cavity with
two orthogonal modes and a coupled symmetry radiation
patch, good AR bandwidth and low cross-polarization
are well attained. The operating principles and design
method will be extensively illustrated as follows.

II. DESIGN OF CIRCULAR POLARIZATION
FILTERING ANTENNA

A. Circular polarization filtering antenna configura-
tion

Figure 1 (a) shows the construction of the pro-
posed circular filtering antenna. In the bottom layer, a
rectangular cavity with a pair of orthogonal modes based
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Fig. 1. The structure of the proposed filtering antenna: 

(a) 3D-view, (b) bottom-layer view, (c) middle-layer 

view, (d) top-layer view.  
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Fig. 1. The structure of the proposed filtering antenna: (a)
3D-view, (b) bottom-layer view, (c) middle-layer view,
and (d) top-layer view.

on SIW is illustrated in Fig. 1 (b). And two metal via
holes are placed in a particular position to control fre-
quency. In Fig. 1 (c), two coupling apertures of the mid-
dle layer are used to transfer energy. As shown in Fig. 1
(d), a square patch with a slot is used to radiate circu-
larly polarized beams. It is worth noting that the pro-
posed design scheme can achieve a reverse circularly
polarized beam by changing only the feed position with-
out changing other parameters. The locations of the feed
ports to achieve left- and right-handed CP are presented
in Fig. 1 (b).

B. Operating principles
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proposed circular polarization filtering antenna, a cou-perturbation modes on either side of the passband that 
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pling topology corresponding to the configuration is
described, as shown in Fig. 2. R1 and R2 represent TE102
mode and TE201 mode, respectively. R1 3, R2 3, R3 3,
and R4 3 represent TM01, TM10, TM01, and TM10 mode,
respectively. A progressive phase difference of 90◦ in
sequence among the four radiation modes is obtained.
Circles represent resonant modes and input sources/ radi-
ating load, and lines represent coupling between them. In
addition, in Fig. 3, the two orthogonal modes of TE102
mode and TE201 mode would be coupled electrically
with each other, which exhibits a phase difference of
90◦. To further explain the CP radiation, the vector elec-
tric field distribution of the proposed right-handed CP
antenna is presented in Figs. 4 and 5 for different phase
stages. As shown in Fig. 4, the electric field inside the
SIW cavity rotates counterclockwise within one period.
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the center of the patch to optimize the impedance match-
ing and AR bandwidth. Simulated reflection coefficient
and AR of the proposed circulation polarization filtering
antenna with different conditions are shown in Fig. 6.
By removing the slot of the patch and fine-tuning the
antenna size, it is found that the simulated impedance
matching and AR become worse, as shown in Fig. 6 (a).
And the effects of the length of the slot etched into the
patch on the antenna reflection coefficient and axial ratio
are studied in Fig. 6 (b). It can be found that the length of
the slot has a slight influence on the reflection coefficient
of the antenna and can obviously improve the AR of the
antenna.

III. IMPLEMENTATION AND RESULTS
For experimental validation, a compact right-handed

CP filtering antenna is designed, prototyped, and tested.
The photograph of the prototype is shown in Fig. 7. The
CP filtering antennas are designed on Rogers Duroid
5880 substrate with the relative dielectric constant of 2.2
and loss tangent of 0.001, and the thickness h = 1.58

holes are placed in a particular position to control 

frequency. In Fig. 1 (c), two coupling apertures of the 

middle layer are used to transfer energy. As shown in 

Fig. 1 (d), a square patch with a slot is used to radiate 

circularly polarized beams. It is worth noting that the 

proposed design scheme can achieve a reverse circularly 

polarized beam by changing only the feed position 

without changing other parameters. The 
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Fig. 8. Simulated and measured results for the proposed 
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radiating load, and lines represent coupling between 

them. In addition, in Fig. 3, the two orthogonal modes of 

TE102 mode and TE201 mode would be coupled 

electrically with each other, which exhibits a phase 

difference of 90°. To further explain the CP radiation, 

the vector electric field distribution of the proposed 

right-handed CP antenna is presented in Figs. 4 and 5 for 

different phase stages. As shown in Fig. 4, the electric 

field inside the SIW cavity rotates counterclockwise 

within one period. Similarly, within one period, TM01 

mode and TM10 mode of the patch can be transformed 

into each other and rotated counterclockwise, as shown 

in Fig. 5. Therefore, the proposed antenna structure can 

radiate right-handed CP beams. In addition, a rectangular 

slot is introduced at the center of the patch to optimize 

the impedance matching and AR bandwidth. Simulated 

reflection coefficient and AR of the proposed  
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Fig. 9. The reflection coefficient and AR of the proposed 

left-handed CP filtering antenna. 
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of the proposed right-handed CP filtering antenna. 
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mm. The dimensions of the proposed filtering antenna
are eventually determined as follows: w1 = 56 mm, l1 =
54 mm, p = 2 mm, d = 1.6 mm, k = 1 mm, k1 = 11 mm,

holes are placed in a particular position to control 

frequency. In Fig. 1 (c), two coupling apertures of the 

middle layer are used to transfer energy. As shown in 

Fig. 1 (d), a square patch with a slot is used to radiate 

circularly polarized beams. It is worth noting that the 

proposed design scheme can achieve a reverse circularly 

polarized beam by changing only the feed position 

without changing other parameters. The 
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in Fig. 5. Therefore, the proposed antenna structure can 
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slot is introduced at the center of the patch to optimize 

the impedance matching and AR bandwidth. Simulated 
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conditions are shown in Fig. 6. By removing the slot of 

the patch and fine-tuning the antenna size, it is found that 

the simulated impedance matching and AR become 

worse, as shown in Fig. 6 (a). And the effects of the 

(a)

holes are placed in a particular position to control 

frequency. In Fig. 1 (c), two coupling apertures of the 

middle layer are used to transfer energy. As shown in 

Fig. 1 (d), a square patch with a slot is used to radiate 

circularly polarized beams. It is worth noting that the 
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polarized beam by changing only the feed position 

without changing other parameters. The 

 
Fig. 7. The photograph of the fabricated prototype. 
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circulation polarization filtering antenna with different 

conditions are shown in Fig. 6. By removing the slot of 

the patch and fine-tuning the antenna size, it is found that 

the simulated impedance matching and AR become 

worse, as shown in Fig. 6 (a). And the effects of the 

(b)

Fig. 11. The radiation patterns for the proposed CP filter-
ing antenna: (a) Right-handed CP filtering antenna and
(b) left-handed CP filtering antenna.

k2 = 10 mm, ln = 8.4 mm, lm = 7.2 mm, l2 = 20.6 mm,
w2 = 20.6 mm, w3 = 1m m, l3 = 6.8 mm.

The measured reflection coefficients are presented
in Fig. 8. The 10-dB fractional bandwidth is 4.5%.
Figure 10 shows that the fractional AR bandwidth of
the right-handed CP filtering antenna is 2.2% and the
radiation efficiency is better than 86%. In order to val-
idate the feasiblility of the proposed design method, the
left-handed CP filtering antenna is designed by only
changing the feed position of the antenna without chang-
ing other parameters. The simulated reflection coeffi-
cients and the AR are presented in Fig. 9. It is obvious
that it has 4.1% fractional bandwidth and 1.5% AR band-
width.

Figure 11 shows the radiation patterns of the pro-
posed right-and left-handed CP filtering antenna at 4.225
GHz. As observed, the cross-polarizations are better than
23 dB at 4.225 GHz for the right-handed circular polar-
ization filtering antenna. The gain is better than 7.34
dBi in the right-handed circularization filtering antenna
and is better than 7.1 dBi in the left-handed CP filtering
antenna. The radiation patterns show that the proposed
circular polarization filtering antenna has good polariza-
tion purity for right- and left-handed CP filtering anten-
nas. The developed antenna is compared with the pre-
viously reported antenna in Table 1. The proposed fil-
tering antenna performs to advantage in terms of rela-
tively wider AR bandwidth and competitive gain as well
as compact size.

Table 1: Comparison with related antennas
Reference Filtering

Response
AR
(%)

Gain
(dBi)

Size
(λ 0

2)
[10] No 1.1 5.0 1.96*1.01
[11] No 1.0 9.2 1.33*1.33
[12] Yes 8.8 5.8 1.07*1.07
[13] Yes 4.9 5.1 0.89*0.89
[8] Yes 1.3 6.8 0.56*0.44
[9] Yes 3.9 8.0 1.01*1.01

Our work Yes 2.2 7.4 0.84*0.92

IV. CONCLUSION
In this paper, a compact integrated CP filtering

antenna is proposed with good filtering and polarization
purity based on a dual-mode SIW cavity. It is believed
that the proposed design with these advantages will have
the opportunity to be used in future wireless communi-
cation systems.
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