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Abstract A novel air gap coupled microstrip patch antenna is proposed for K/Ka
band wireless applications. The antenna consists of defected ground structure and
three-layer stacking of two FR4-epoxy and one air gap with two rectangular patches
layered vertically with L-shaped slot. The dimensions of the antenna are 20 × 20 ×
4 mm3. The proposed antenna operates in the frequency ranges of 16.89–33.89 GHz
which covers the total K-band (18–26.5 GHz) and partial Ka band (26.5–40 GHz).
The designed antenna is simulated by using HFSS EM simulator. The simulation
result shows the proposed antenna gain of 9.34 dB and radiation efficiency of 76%.
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1 Introduction

Recent studies had provided the clear understanding of importance of antenna in
the wireless communication system. So, choosing antenna based on its application
is very important, and the other way to get good antenna is to design with compact
size, high efficiency, high gain and bandwidth [1].

Today, most of us are using compact mobile devices in our daily life, so the
proposed antenna design is to be too compact for fitting in that device. PCB antenna
makes most handy devices as they include in the circuit. Patch antenna is one of
the PCB antennas which can be used for different applications. The present 5G era
operates in the range of 24–30 GHz which comes under K/Ka band, and this K/Ka
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band also has applications like multimedia transmission where ultra-wideband is
necessary.

This design is focused mainly on ultra-wideband patch antenna operating in K/Ka
band to achieve this. There are a lot of techniques used like stacking of patch ver-
tically, introducing air layer between substrate [2], increasing height of substrate,
slotted patch [3–5], increasing relative permittivity of substrate material [6], trun-
cated ground plane [7], notches and slits in the ground plane [8] which are for
making antenna to operate in K/Ka band, whereas defected ground structures and
defected patch [9] are for controlling gain and resonant frequency, and decreasing εr
of substrate is for increasing bandwidth. As the gain and bandwidth product remains
constant for the antenna, any one of the parameters must be compromised to obtain
optimized result in terms of gain and bandwidth by combining all the mentioned
parametric changes. It is clearly observed from simulation results that the proposed
antenna’s bandwidth is increased from 8.5 to 17 dB, and gain and radiation efficiency
remained satisfactory.

2 Antenna Design

The proposed compact UWB antenna with its dimensions is presented in Fig. 1, it
consists of 4 figures where Fig. 1a is the upper patch which contains a rectangular
patch with a rectangular slot total patch having width of 1 mm, Fig. 1b consists of
lower patch of rectangular shape having L-shaped slot. This is a parasitical patch
which is excited by the backward radiation of upper patch. As we are using co-axial
feeding for the inner probe of feed that has to travel through lower patch to reach the
upper patch, we will make circular slot of radius 0.6 mm at the feed point. Fig. 1c
gives us the overview on layered pattern. It consists of three layers FR4-epoxy, air,
FR4-epoxy on each FR4-epoxy a patch is fabricated, gives us information about co-
axial feeding probe and also consists of two parts co-axial pin and inner probe. Inner
probe passes through substrate to reach upper patch, and down the ground plane,
co-axial pin consists of one inner and one outer probe, where inner probe is made
up of pec having εr = 1 material and outer probe is made up of Teflon(tm) having
εr = 2.1, and the height of inner probe must be taken as such that it just touches the
upper patch so it is 4 mm. The radius of inner probe is 0.5 mm and outer probe is
1.66 mm. Fig. 1d gives us how ground has to be defected, and the total figure gives
us the design considerations that we had considered.

3 Results and Discussion

The proposed antenna is simulated in HFSS EM simulator, and the following
inferences are taken from the obtained results.
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Fig. 1 aUpper patch with optimized dimensions layered on substrate with copper. bLower parasit-
ical patchwith optimized dimensions. cLayered structure of sandwiched air between two substrates.
d Defected ground structure with feed location (−3, 5.5, 0)

Figure 2a shows the S11 parameters where the range of frequencies that the return
losses are less than−10 dB is 16.89–33.8GHz, so the bandwidth of proposed antenna
is 17 GHz which is 50% more than referenced antenna.

Figure 2b is about input impedance of patch antenna for perfect impedancematch-
ing with SMA 50 � co-axial probe, the input impedance must be 50 � in the sim-
ulation, and it is 49.98 � at 22.7 GHz and 50.19 � at 28.7 GHz, so that perfect
impedance matching is acquired.

The simulated results of voltage standing wave ratio (VSWR) are shown in Fig. 2c
where VSWR < 2 for frequency of operation.

Figure 2d contains the surface current distribution of antenna where themaximum
current occurs at the edges of patch, the surface current density at 28.9 GHz is
88.4 A/m and at 22.9 GHz is 78 A/m, and the maximum density is observed at feed
location.

Radiation efficiency is an important parameter to decide the antenna efficiency.
Fig. 2e shows that the radiation efficiency of our antenna is 76% at 28 GHz which
an acceptable value.

Gain, which is important consideration of proposed antenna, is shown in Fig. 2f
where the gain is maximum at 31 GHz, i.e., 9.35 db. Gain at the resonating frequency
is 8.03 db which is also very high for a patch antenna.
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Fig. 2a Simulated return losses showing bandwidth as 17 GHz

Fig. 2b Simulated result of input impedance (Z11)
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Fig. 2c Simulated graph of VSWR

Radiation pattern which is important to find the beamwidth and directivity is
shown in Fig. 2g where only E-plane (φ = 0°) andH-plane (φ = 90°) at 22.6 GHz is
considered. Here, vertical axis represents the gain in dB, and graph shows the beam
that radiates with wide beam angle (Table 1).

4 Conclusions

The proposed antenna is having compact size and ultra-wideband characteristics
(16.8–33.8 GHz) in K/Ka band. It has a 50% increase of bandwidth (8.5–17 GHz)
than another antenna reported in table, and it also has a 1% increase in gain (8.5–
9.35 dB). Therefore, the requirement of compact and ultra-wideband antenna has
been satisfied. The proposed antenna operates mainly in K/Ka band which can be
used for 5G and in the internal communication devices. As the bandwidth is also high,
it is also used for in-house communication, RADAR and satellite communication.
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Fig. 2d Current distribution at 28.9 GHz and at 22.9 GHz



Air Gap Coupled Microstrip Antenna for K/Ka Band Wireless … 159

Fig. 2e Simulated radiation efficiency by considering a radiation around the patch antenna

Fig. 2f Simulated result of gain
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Fig. 2g Simulated radiation pattern for E-plane and H-plane

Table 1 Advancements in parameters

Antenna/parameters Reference [2] Proposed

Volume 20 * 20 * 4.8 mm3 20 * 20 * 4 mm3

Bandwidth 8.5 GHz (11.97–20.54 GHz) 16.89 GHz (16.89–33.8 GHz)

Gain 8.5 dB 9.35 dB

Radiation efficiency 88.5% 76%

These results are obtained by simulating proposed antenna in HFSS EM simulator
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