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ABSTRACT: This paper presents the design, simulation, fabrication, and experimental validation of a compact millimeter-wave microstrip
patch antenna intended for fifth generation (5G) wireless applications. The proposed antenna employs a coplanar waveguide (CPW)
feed, a defected ground structure (DGS), and truncated patch corners to enhance impedance bandwidth and radiation characteristics
while maintaining a compact footprint. The antenna is designed on a Rogers RT/Duroid 5880 substrate (εr = 2.2, tan δ = 0.0009,
thickness = 0.502mm) and operates in the Ka-band with a center frequency of 30GHz. Measured results demonstrate an impedance
bandwidth from 29 to 34GHz and a peak realized gain of 7 dBi, showing good agreement with simulated predictions. These results
indicate that the proposed antenna is a suitable candidate for compact 5G millimeter-wave communication systems.

1. INTRODUCTION

Improvements in areas such as antenna size, bandwidth, gain,power loss, traffic demand, and data rate are needed due to
the increasing needs of today’s wireless and radio communi-
cation systems. Consequently, several designs have been de-
veloped to strike a balance between these conflicting needs for
high data rate, low cost, low power consumption, small size,
and high bandwidth antennas [1–9]. Since the speed of the im-
pending Fifth Generation (5G) will be five times that of the cur-
rent Fourth Generation (4G), this is a reasonable assumption to
make. The data rate, bandwidth, and storage capacity will all be
quite high. The upcoming 5G technology may have its roots in
millimeter wave radio frequency. Millimeter waves can meet
the demands of the next generation since they use the untapped
spectrum between 3 and 300 gigahertz. The frequency range for
5G use is 20–90GHz [2]. Because of their limited beamwidth,
they are useful for cellular applications while being highly di-
rected and sensitive to obstructions [4].
Although there is a wide variety of substrates to choose from,

the ideal one for millimeter waves is Rogers substrate since all
other substrates have dielectric constants that are lower than
10GHz [1]. It is best suited for ultra-high frequency (UHF).
Low water absorption, low electric loss, and low moisture ab-
sorption are all features of a Rogers substrate [10, 11]. Metal
should be used on both sides. The top layer forms the radiating
patch and feeding structure, while the bottom layer acts as the
ground plane. Because of the necessity for a gain of 12 dB in
mobile communication, M-line feeding is employed. This pa-
per’s focus is on the Ka-band (27–40GHz) and its associated
30GHz centre frequency [11]. The planar inverted F-shape an-
tenna (PIFA) reported in [3] operates at 28GHz and 38GHz
and demonstrates improved bandwidth performance compared
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with conventional single-band mmWave antenna designs. Us-
ing transformer coupling, the authors of [5] achieve a gain of
6.02 dBi and an efficiency of 83.03% at 30GHz. The suggested
antenna has good bandwidth, radiation efficiency, and gain, and
can operate at 30GHz.
These exponential developments of wireless devices over

the years have led to major advancements in the develop-
ment of cutting-edge standards for communication networks.
High-throughput and high-data-rate requirements are met by
4G LTE’s effective combination of many commercial services
within the capacity of already-deployed networks, and the tech-
nology also provides lightning-fast access to end users. How-
ever, bandwidth constraints have emerged because of this ex-
tensive upgrade, which further limits necessary developments
while using up precious spectrum of just around 3GHz.
It is expected that the high capacity and throughput require-

ments of future 5G networks may be addressed by the available
spectrum in the millimeter-wave (MMW) range [1–3]. Prob-
lems with signal attenuation, route loss, and air absorption are
most pressing in the mmWave range. To account for the chan-
nel characteristics in the radio wave propagation medium, it is
also necessary to undertake a comprehensive radio frequency
(RF) link budget analysis [14]. Capacity without needing more
spectrum or transmission power by using several antennas at
once with the use of multiple-input multiple-output (MIMO)
designs, faster data rates, and multi-Gbps throughput may be
provided for dependable communications [5, 6]. Strong band-
width to support multiple system services at once, strong gain
to overcome absorptions, and structural simplicity for MIMO
system integration are the top priorities for the 5G MIMO an-
tenna [9]. Additionally, the planned antenna shape must be
small so that it may be integrated into portable cellular devices.
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FIGURE 1. (a) Initial design front & back of CPW feed antenna with DGS, and (b) front & back of CPW feed antenna with DGS, slots and truncated
corners.

Several methods [10–13] have been tried to lessen the mutual
coupling between the various parts of a MIMO antenna.
Smaller antenna size at mmWave frequencies is a benefit

since it allows for the compact placement of many components
with less mutual interaction. The patch antenna’s flat, small,
and resilient shape has made it a hot topic in the realm of wire-
less devices and integrated circuits. Lower gain and bandwidth
are the primary issues; however, they may be greatly increased
by using a variety of methods. Specifically, a defective ground
structure (DGS) was devised by purposefully creating a ‘fault’
in the ground’s planar shape to boost antenna performance [14].
These flaws cause generated perturbations that destroy

ground plane homogeneity and surface current continuity [15–
18]. To efficiently couple with the feed line, symmetrical
DGS structures are built immediately beneath or on either
side of the microstrip line [18–20]. DGS also modifies the
ground’s shield current distribution in accordance with the
defect’s form and size, allowing for regulated excitation and
electromagnetic propagation through the substrate and, by
extension, modifying the transmission line’s capacitive and
inductive responses [19, 21, 22].
That is, DGS may boost the band notching capabilities by

increasing the effective capacitance and inductance [23], lead-
ing to various resonant frequencies and so producing a multi-
band antenna [24]. By carefully choosing the geometry of the
faults and placing them in strategic spots, the constructed an-
tenna may be tuned to the required resonant frequency.

2. THE ANTENNA DESIGN GEOMETRY
The proposed antenna geometry consists of a rectangular radi-
ating patch excited through a coplanar waveguide (CPW) feed
and backed by a defected ground plane, as shown in Fig. 1(a).
Rogers RT/Duroid 5880 substrate with a relative permittivity
of 2.2, loss tangent of 0.0009, and thickness of 0.502mm is se-
lected tominimize dielectric losses at millimetre-wave frequen-
cies. The substrate dimensions are 10mm × 11mm, ensuring
compactness suitable for portable 5G devices.
Initially, a conventional rectangular patch resonating at ap-

proximately 30GHz is designed. To suppress unwanted reso-
nances and improve impedance matching, an elliptical slot is

TABLE 1. Dimensions of proposed antenna for 5G.

Parameters Description Value (mm)
LS Length of Substrate 11
WS Width of Substrate 10
LP Length of Patch 8
WP Width of Patch 4
LG Length of Ground 9
WG Width of Ground 10
LF Length of Feed Line 6
WF Width of Feed Line 1.5
L Length of Slotted Patch 2.25
W Width of Slotted Patch 2.25
LB Length of CPW 5
WB Width of CPW 3

introduced at the centre of the patch, while the lower corners
of the patch are truncated in a quarter-ellipse shape (Fig. 1(b)).
These modifications alter the surface current distribution and
effectively broaden the operating bandwidth. The defected
ground structure is realized by removing a portion of the ground
plane beneath the CPW feed, further contributing to bandwidth
enhancement.
All design parameters shown in Table 1 are optimized us-

ing Computer Simulation Technology (CST) Microwave Stu-
dio. The final antenna dimensions are selected to achieve a
wide impedance bandwidth, stable radiation patterns, and ad-
equate gain across the operating frequency range.

3. RESULTS AND COMPARISON

3.1. Simulation
The simulated reflection coefficient indicates strong impedance
matching around the center frequency of 30GHz, with a mini-
mum |S11| below −50 dB. The −10 dB impedance bandwidth
spans approximately 27.5–32.5GHz, covering a significant
portion of the Ka-band. Fig. 3(a) shows the simulated return
loss. Fig. 3(c) shows that the corresponding voltage standing
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FIGURE 2. Experimental setup inside an anechoic chamber to measure the radiation and gain of the proposed antenna.

TABLE 2. Comparison of the proposed wideband antenna with similar works reported earlier.

wave ratio (VSWR) remains close to unity at the resonant fre-
quency, confirming efficient power transfer.
The simulated realized gain varies across the operating band,

with a peak value of approximately 8 dBi observed at higher fre-
quencies and a gain of about 3.5 dBi at 30GHz. Fig. 3(b) shows
the simulated gain. This variation is attributed to frequency-
dependent radiation efficiency and current distribution. Sim-
ulated radiation patterns in both the E-plane and H-plane, in
Figs. 4(a) and (b), exhibit stable broadside radiation with good
co-polarization to cross-polarization isolation, indicating satis-
factory polarization purity.

3.2. Measurements
Figure 2 shows the prototype of the antenna, including trun-
cated corners and defected ground slot. The prototype is printed
on RT Duroid 5880 with dielectric constant (εr) of 2.2, loss
tangent (tan δ) of 0.0009, and height (h) of 0.502mm using
a standard printed circuit board (PCB) laminate process. The
prototype is evaluated using both simulation and measurement
techniques to validate its performance in real-world scenarios.
A vector network analyzer (VNA) is utilized to measure the
S-parameters of the antenna system, including return loss and
VSWR of the antenna. The model of the VNA is the PNA
N5224B, whose operating frequency range is from 10MHz to
43.5GHz. The gain and radiation patterns of the antenna were

measured inside an anechoic chamber using the setup as shown
in Fig. 2. A broadband double-ridged horn antenna (operating
range 18–40GHz) was used as a transmitter (Tx); the distance
between the Tx horn and the device under test (DUT) was kept
at 90 cm to ensure radiation measurement in the far-field.
The measured 10 dB impedance bandwidth (BW) of the an-

tenna is found from 29 to 34GHz with the maximum match-
ing of better than 38 dB at 30.8GHz (Fig. 3(a)). The measured
VSWR remains close to unity over 30.5–31.3GHz, shown in
Fig. 3(c). The gain and 2D radiation pattern of the antenna
were measured inside an anechoic chamber, and the results
were found in good accordance with the simulated response.
The measured peak realized gains are 7 dBi at 29.3GHz and
3 dBi gain at 30GHz.
The measured gain is shown in Fig. 3(b). The 2D patterns of

the antenna were measured in two principal planes, E and H ,
shown in Figs. 4(c) and (d). In both planes, the measured pat-
terns follow a similar correlation to that of the simulated ones.
The antenna exhibits a good cross-polarization (X-pol) in both
planes with 77% efficiency.
The slight discrepancy between simulated and measured val-

ues is attributed to fabrication tolerances, connector losses, and
material parameter variations at millimeter-wave frequencies.
Nevertheless, the overall measured trends closely follow the
simulated predictions. The comparison of the parameters of
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FIGURE 3. Comparison between simulated and measured results, (a) return loss, (b) gain, (c) VSWR, (d) comparison of return loss between different
design architectures, (e) different design architectures.

(a) (b)

(c) (d)

FIGURE 4. Radiation patterns of the antenna at 30GHz. (a) Simulated E-plane. (b) Simulated H-plane. (c) Measured E-plane. (d) Measured
H-plane.
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the proposed design with previous reports is demonstrated in
Table 2 [25–34].

3.3. Compared Results

The compared results of simulation and measurement are
shown below. Fig. 3(a) shows the comparison between return
losses. Fig. 3(b) shows the gain comparison. Fig. 3(c) shows
the VSWR comparison. Fig. 3(d) shows the compared return
loss between different design architectures, and all the designs
are shown in Fig. 3(e).

4. CONCLUSION
A high-performance DGS-based MMW antenna has been de-
signed, simulated, fabricated, and measured. A bandwidth
of 3.64GHz with a centre frequency of 30GHz has been re-
ported for 5G applications. The design methodology and per-
formance analysis of the proposed MMW antenna have been
discussed. To design an efficient antenna with high bandwidth,
the suggested antenna geometry comprises a CPW-fed radiat-
ing patch and a partial ground plane. Measured results show
an impedance bandwidth of 29 to 34GHz and a high-gain pro-
file with a peak gain of 7 dBi at 29.3GHz, which are in good
agreement with the simulated results. These aspects suggest
that the proposed MMW antenna is a promising candidate for
5G applications, particularly in cellular infrastructure.
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