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Abstract— A broadband metasurface-based low profile 
antenna is proposed for circularly polarized (CP) radiation. The
proposed broadband antenna consists of a rectangular patch 
radiator, a metasurface with an array of rectangular rings, and a
coaxial probe. The broadband CP antenna with antenna volume 
of 80 mm  60 mm  4.8 mm exhibits desired performance from 
3.65 GHz to 4.55 GHz (22%) for axial ratio (AR)   3.0 dB, gain 
greater than 6 dBic, and VSWR ≤ 2.  

Keywords— Metasurface; broadband antenna; circularly 
polarized antenna; low profile antenna; patch antenna, rectangular
microstrip antenna.

I.  INTRODUCTION  

  Metamaterials have experienced a fast development in last 
couple of decades in antenna engineering. Metasurface is the 
planar version of the three-dimensional metamaterial, which 
have been applied in antenna design to enhance the antenna 
performance such as bandwidth, gain, and efficiency as well 
as reduce size of the antenna [1-8].  
  Various metamaterial/metasurface based circularly
polarized microstrip antennas (CPMAs) have been reported. 
The broadband CPMAs were designed over the 
RIS/metasurface [3-7] and a 3-dB axial ratio (AR) bandwidth
of 28.3% can be achieved. A metasurface backed broadband 
CP slot antenna exhibits a 3-dB AR bandwidth of 33% while 
the antenna is bulky and complicated to design [8].  

A low profile rectangular microstrip antenna with a 
metasurface is designed for broadband CP radiation in the 
paper. The antenna exhibits a broadband 3-dB AR bandwidth
of 22.2% with boresight gain of 6.0-dBic. The antenna was
fabricated and tested to confirm the simulation using the CST
microwave studio [9].  

II. METASURFACE-BASED ANTENNA DESIGN

Fig. 1 displays the outline of the metasurface-based 
antenna. Its cross-sectional view is presented in Fig. 1(a). The 
rectangular microstrip radiator is located on the top surface of 
the upper FR4 dielectric substrate (h2 = 1.6 mm, r = 4.2, and 
tan = 0.02) and the metasurface is placed on the top surface 
of the lower FR4 dielectric substrate (h1 = 3.2 mm, r = 4.2, 
tan = 0.02). A rectangular patch radiator (length, Lp and
width, Wp) as shown in Fig. 1(b) is connected by a coaxial
probe through the metasurface. The feeding probe is allocated 

alongside the sloping line of the rectangular patch radiator; the 
position (xo, θ) can be optimized for a broadband CP radiation 
and good impedance matching [10]. The Wu and Lu are width
and length of a rectangular-ring unit cell. The Sw and Sl are
width and length of ring slot in the rectangular unit cell. The
metasurface shown in Fig. 1(c) is composed of 7 × 7 array of 
rectangular ring unit cells, a non-metallic circle with diameter
of 3.7 mm is implemented at around the feed location to avoid 
the possible contact between the coaxial probe and the
metasurface. The dx and dy are the spacing between the unit 
cells in x- and y-direction, respectively. The proposed antenna
is with a ground-plane (width, W  length, L) of 60 mm  80
mm and thickness (h1+h2) of 4.8 mm.
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Fig. 1.  The proposed antenna geometry: (a) cross-sectional view, (b) 
rectangular patch radiator, and (c) metasurface. 

A broadband CP radiation can be achieved by design the 
rectangular microstrip radiator, the metasurface, and the 
position of the coaxial probe properly, wherein the 
metasurface unit cell aspect ratio, numbers of metasurface unit 
cells, the rectangular patch radiator aspect ratio, and the 
feeding point location are the key parameters. The detailed 
dimensions of the optimized antenna design for a broad 3-dB 
AR bandwidth are presented in the Table I.

Table I: Dimensions for the antenna prototype 

Parameters Dimensions (mm) 

Wu 5.85

Lu 8.658

dx 1.4

dy 1.3

(Wp/Lp) 11.5/15.0

sw, sl  2.85, 5.66 

xo, Ɵ 7.0, 35 

 The performance (VSWR, axial ratio, realized gain, and 
radiation patterns) comparisons of the CP antennas with and
without the metasurface are plotted in Fig. 2(a) to Fig. (d),
respectively. Both antennas are designed with same overall 
antenna size and optimized for a wide 3-dB axial ratio
bandwidth. Fig. 2(a) shows the VSWR with frequency, the CP 
antenna with metasurface exhibits wider 2:1 VSWR bandwidth 
of 35.0% (3.275 GHz-4.660 GHz) than that of the CP antenna 
without metasurface (22%, 4.15 GHz5.10 GHz). The axial 

ratio at the boresight with frequency is plotted in Fig. 2(b). By 
utilization of the metasurface, the 3-dB axial ratio (AR)
bandwidth is significantly improved. The 3-dB AR bandwidth 
of the CP antenna with metasurface is 22% (3.625 GHz-4.525 
GHz) while 4.25% (4.30 GHz4.49 GHz) without utilization of 
the metasurface. Fig. 2(c) compares the realized gain at the 
boresight responses with frequency. The gain bandwidth with 
2-dB gain variation of the CP antenna with metasurface is
34.5% (3.275 GHz4.645 GHz) with maximum gain of 7.72 
dBic at 4.15 GHz;  without metasurface, the 2-dB gain 
bandwidth drops to 19.0% (4.3 GHz5.16 GHz) with 
maximum gain of 4.36 dBic at 4.7 GHz. The gain and the 2-dB
gain bandwidth of the CP antenna with metasurface is around 
two times of that of the one without metasurface. Fig. 2(d)
exhibits the radiation patterns of the CP antennas in xz- and yz-
planes at 4.4 GHz. The CP antenna with metasurface achieves 
narrower 3-dB beamwidth and higher front-to-back ratio in the
main planes. Note that the use of the metasurface shifts down 
the operating frequency band of the antenna, which indicates
that the size reduction of the CP antenna with metasurface.  
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Fig. 2. Simulated results of the CP antenna with and without metasurface: (a) 
VSWR, (b) AR at the boresight, (c) realized gain at the boresight, and (d) 

radiation patterns (xz- and yz-plane). 

III. ANTENNA RESULTS AND DISCUSSIONS

To validate the simulation, the designed antenna with 
metasurface has been fabricated and tested. Fig. 3 
demonstrates the picture of the prototype antenna.  

Fig. 3. Antenna prototype with metasurface. 

The simulated and measured VSWR is compared in Fig. 4.
The measured 2-VSWR bandwidth is 1.41 GHz (3.3 GHz − 
4.71 GHz). The measured and simulated gain at the boresight 
is plotted in Fig. 5; the maximum measured boresight gain is 
7.7 dBic at 4.22 GHz. A good correlation is achieved between
the simulated and measured curves for VSWR and gain 
results.   

The CP radiation patterns were measured with a spinning 
linear polarized transmitting horn antenna method. Figs. 6(a) 
and 6(b) plot the patterns in the xz- and yz-planes,
respectively, at 3.75 GHz and 4.25 GHz. The ripples in the 
measured radiation patterns characterize the AR of the
antenna; a smaller ripple indicates better CP radiation with 
smaller AR. As shown in Fig. 7, the measured 3-dB AR 
frequency band is from 3.65 GHz to 4.55 GHz and falls within 
the VSWR of 2 bandwidth. The measured axial ratio follows
the simulation well. 
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Fig. 4. Simulated and measured VSWR of the CP antenna with metasurface. 
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Fig. 5. Simulated and measured gain at boresight of the CP antenna with 
metasurface. 
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Fig. 6. Simulated and measured radiation patterns of the CP antenna with 

metasurface in xz- and yz-planes: (a) 3.75GHz and (b) 4.25GHz. 
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Fig. 7. Simulated and measured axial ratio at the boresight of the CP antenna 
with metasurface. 



IV. CONCLUSION

A single feed low profile patch antenna with metasurface
has been studied for broadband circularly polarized radiation. 
With proper design the rectangular patch radiator, the 
metasurface, and the position of the feeding point, the antenna 
has demonstrated circularly polarized radiation bandwidth of 
22% with maximum gain of 7.7 dBic. The broadband CP 
antenna is with simple configuration and low cost for
fabrication, which makes it desired for wideband wireless
systems. 
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