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The rapid development of fifth-generation (5G), beyond-5G, and emerging IoT systems has spurred the demand for small 

to fulfill these requirements, modern wireless systems are increasingly moving to the millimeter-wave spectrum where 

around 

33 GHz is attractive for short-range and high-speed wireless communication because it allows for miniaturization of 

low-cost fabrication, and compatibility with integrated 

RF circuits. However, conventional microstrip antennas suffer from 

. FR-4 has 

pact and flexible antenna design because it is cheap, easily available, mechanically flexible in thin layers, 

and compatible Flexible, wearable, and conformal communication systems 

impose stringent requirements on antennas to maintain sta

metasurface-inspired ultra-thin conformal antenna for flexible 5G 

applications. The conformal nature of the antenna makes 
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the same frequency in both on-plan and off-plan bending conditions, 

thus ensuring robust radiation performance in practi

applications at around 33 GHz [10]–[16]. These 

structures were able to improve the impedance bandwidth, gain, compact

niques and miniaturization approaches in future wireless 

systems [17], [18]. However, most of the existing designs suffer 

or no experimental validation, and poor impedance matching 

performance [10]–[16]. Therefore, a light, low-cost, easy to 

tions is highly solicited.

circular-ring metasurface superstrate for 5G 

applications at 33 GHz. The design is proposed to be implemented on thin FR-

width, directivity, realized gain, and radiation 

characteristics with the proposed compact low-cost flexible configuration for 

profile, simple feeding mechanism, low fabrication 

cost, and better electromagnetic performance, making it applicable for 

Recent research works include microstrip patch, metasurface, metamaterial, and defected ground plane antennas for 5G 

meter-

wave frequencies was presented where a 33 GHz microstrip patch antenna for 5G wireless communication was de

The 

antenna reported in [11] worked at around 33 GHz and showed reasonable impedance performance. While the 

compact milli-

meter-wave antenna designs. However, the gain was still below 8 dB, indicating that more enhancement in 

and bandwidth. Since this design is mainly intended for operation around 30 GHz, a comparison with 33 GHz 

antennas 

antenna in [13] showed good radiation properties for 5G applications but its operating band was below the frequency 

band 

satisfactory. The gain and impedance matching of a 

dual-band Ka/V-band antenna designed for 5G body-centric network 

complexity. In [14], a compact parasitic mushroom patch 

antenna using DGS was presented for wideband 5G millimeter-

network applications was reported to be moderate.

crostrip patch antenna with an integrated 7 × 7 circular-ring metasurface superstrate for 

flexible 5G applications at 33 GHz. 

while holding suitability for low-cost flexible Ka-band wireless communication systems.



This paper presents a design of a compact circular microstrip patch antenna with an integrated 7 × 7 circular-ring 

performance is 

simulated using CST Studio Suite. The major performance parameters under consideration in the present 

rent distribution. The 

work proposed here is unique by bringing together the compact circular patch with the circular-ring 

ture low-cost and compact 

for Ka-band 5G and IoT applications. Dielectric losses may be introduced at the millimeter-

metasurface alignment. Future 

work includes bending and conformal measurements for further validation. 

The remainder of this paper is organized as follows. Section 2 presents the theoretical formulation and design method

including 

the circular-ring metasurface superstrate, geometrical parameters, and fabrication setup. Section 4 discusses the 

radiation 

pattern, and surface current distribution. Finally, Section 5 concludes the paper and presents future research direc
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The circular microstrip patch antenna used in this work is shown in Fig. 4. It was designed for a compact millimeter-wave 

antenna before the metasurface superstrate is added. It is built on a thin FR-4 substrate of size 9 mm × 9 mm with a thick-

inset-fed microstrip line are both printed on the upper side. 

pedance matching, a microstrip line of the inset-fed type is used; it has dimensions of 1.69 mm in length and 0.34 mm in 

coupling between the radiating patch and the feedline. Copper has a thickness of 0.035 mm for the conducting layer. The 

superstrate, air-gap spacing, and overall assembly height, is tabulated in Section 3.1. 
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