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Fulfilling the requirements of 5G applications necessitates the design of low-cost,
compact, and high-performance antennas capable of supporting high data rates. As
these antennas are often in direct contact with the human body, it is imperative to limit
radiation exposure. This study presents the design of a Microstrip Patch Antenna
(MSPA) with a resonant frequency of 28 GHz. The performance of the proposed design
is evaluated using Computer Simulation Technology (CST) software. Considering the
importance of compactness in 5G applications, the dimensions of the proposed antenna
have been optimized for this purpose. This paper also discusses the role of the ground
plane in reducing the Specific Absorption Rate (SAR). The proposed MSPA design
demonstrates a high gain of 7.3 dB, a radiation efficiency of 89.4%, and compact
dimensions of 5.18>3.36>0.3 mm. The maximum SAR value is 1.68 W/kg (per 1 g of
tissue), or 0.121 W/kg (per 10 g of tissue). These results suggest that the proposed
design holds promising potential for enabling low-cost, compact, high-speed 5G
devices that are safe for human tissues. This is particularly relevant for wearable
devices, the Internet of Things (10T), and mobile wireless networks.

1. INTRODUCTION

The escalating demands for high data transfer rates in future
generation networks necessitate the need for more capacity, a
trend that is increasingly leaning towards the use of 5G
technology. 5G networks have the capacity to transfer vast
amounts of data within seconds, at multi-gigabit per second
rates, along with benefits such as low power consumption,
high reliability, and low latency [1].

The Internet of Things (IoT) is one of the advanced
technologies recently introduced for use with wearable mobile
or fixed antennas that facilitate wireless communication [2].
These systems are usually directly attached to the human body.
The Microstrip Patch Antenna (MSPA) emerges as a favorable
choice for wearable devices and GPS applications due to its
flexibility, light weight, low cost, ease of fabrication and
integration, and low-profile nature [3]. However, these
antennas tend to have high back-lobe radiations, thereby
raising concerns about body absorption of this radiation [4].

Antennas designed for millimeter wave applications in 5G
often experience attenuation due to higher frequencies and
line-of-sight losses (LOS). LOS refers to the direct path
between a transmitter and a receiver, and any potential
obstacles on this path can result in an inefficient
communication link. Clear visibility is crucial for high data
rate communication [5].

In high-frequency 5G applications (with operating bands at
6 GHz, 10 GHz, 15 GHz, 28 GHz, and 38 GHz), broadband
antennas are required to transmit high data rates. As the
working frequency increases, losses also increase. Moreover,
the presence of human bodies that block radio waves
contributes to these increasing losses, thereby necessitating

1866

higher gain in high-frequency antennas. To overcome these
limitations, several techniques can be employed as alternatives.
One such technique involves optimizing the ground plane
dimension of MSPA and tuning the power density on the
antenna surface [6]. The ground plane, acting as the other half
of the antenna, plays a crucial role in antenna performance. Its
size and proximity are critical, and often an antenna can appear
smaller than its specified wavelength. The metallic surface of
the ground plane allows the signals generated during
transmission to reflect surface waves and travel into the
atmosphere. This reflection suppresses the back lobes of the
antenna radiation pattern, which contributes to the reduction
of the Specific Absorption Rate (SAR). SAR represents the
amount of absorbed energy per unit mass of human body tissue,
measured in W/kg.

Various antenna structures have been proposed to achieve
specific goals in terms of increasing bandwidth, gain, and
reducing SAR. These structures include printed Yagi-Uda
antenna with Electrical Band Gap (EBG), patch antennas with
a mono source to increase directivity [7], and wearable EBG-
inspired antennas for medical applications [8]. Other designs
feature fabricated holes for shunt inductance and employ a
split ring resonator with a bowtie antenna, although these
designs may present practical fabrication challenges [9].

The millimeter-wave spectrum, utilized in 5G, includes
bands at 6 GHz, 10 GHz, 15 GHz, 28 GHz, and 38 GHz as
working frequency bands [10]. Microstrip Patch Antennas
(MSPA) offer advantages such as gain, wide bandwidth, return
loss, and low cost, compared to other antenna types like
monopole, dipole, array, or slot resonator antennas [11, 12]. A
harmonic suppression rectangular U-slot MSPA has been
suggested to filter unwanted bands [13].
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In this paper, we have designed and analyzed a 28 GHz
rectangular MSPA to verify its feasibility and effectiveness for
5G applications, with the aim of improving the key
performance attributes of the MSPA.

This study centers on the design and analysis of a 28 GHz
rectangular MSPA that features an optimized ground plane
dimension. The goal is to enhance performance and minimize
radiation absorption by the human body, making the antenna
suitable for 5G applications. The subsequent section will
outline the methodology and specifications of the proposed
MSPA design.

2. MATERIALS AND METHODS
2.1 Antenna structure

In this paper, we have designed and analyzed a 28 GHz
rectangular MSPA to verify its feasibility and effectiveness for
5G application and improving the key performance of the
MSPA. To ensure this, we have used inset-feed for excitation,
M4 impedance matching, tuning dimensions of the antenna,
and optimization.

Extensive tuning of the antenna metrics parameters is
desirable for its performance improvement. This tuning can be
done by simulation tools. CST (Computer Simulation
Technology) Microwave Studio was used to accomplish
simulation for this work since it provides important tools for
designing antennas. The finite integration based solver of CST
plays a crucial role to maintain a comprehensive analysis of
the performance and to be efficient simulation. We propose a
rectangular patch antenna structure with a wide bandwidth, a
relatively high gain and radiation efficiency, minimum side
lobe level, and compact size for futuristic 5G communication
at 28 GHz frequency. To meet these requirements:
Optimization of the physical structure of the antenna
dimensions, Inset-feed, and ground plane length has done. The
antenna structure has discussed as below.

A substrate material is Rogers RT/Duroid5880 with a
relative permittivity of 2.2 (loss tangent 0.0009) was used as a
substrate, with 0.3451 mm of thickness. This material has a
significant effect as its less losses, so it is used in millimeter
wave frequencies. Copper was considered for the radiating
patch and ground plane of the antenna. The ground plane
reflects the surface waves and make them travel into the
atmosphere [14]. As a result, the back lobes of antenna
radiation pattern will be suppressed. Hence, the ground plane
contributes to specific absorption rate SAR reduction. The
dimensions of the radiating patch were 3.36 mmx5.18
mmx0.03 mm, representing the length (Lp), width (Wp), and
thickness (t). The total occupation of the proposed design was
10 mmx8.5 mmx0.345 mm (substrate length Lsxsubstrate
width Wsxsubstrate height h). These values are in the
subsequent step calculated using general governing equations
as given in studies [15, 16]. Figure 1 shows the schematic
structure of MSPA.

2.2 Antenna design theory

The purpose of the extensive analytical study of the
proposed antenna characteristics requires mathematical
analysis in advance to obtain the appropriate dimensions, at
which the antenna will operate on the desired frequency [17].
The resonant frequency of the antenna given as:
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c
fr= 2(L+AL) [Zerf (1)

To compute the variation of £, in simulation and theoretical:

| fr(Sim)—fr(Th)|

0 =
Yovar. (st 2)
For this work the variation in free space will be:
|(27.958-28)|
0, == = = 0,
/ovar.(free space) 27.958 0.0015 0.15 %
W,
Figure 1. MSPA schematic structure
Table 1. Summary of antenna dimensions
ey Calculated Optimized
Parameter  Description Vil () iles (o)
Le Length of 3.40435 3.36
patch
Wep Width of patch 4.23519 5.18
Length of
Ls 5.635 10
substrate
Ws Width of 6.3058 8.5
substrate
h Thickness of 0.3451 033
substrate
t Thickness of 0.0345 0.04
patch
We Width of cut 0.41 0.5
Lc Depth of cut 1.259 0.74
Wi Width of 0.8219 1.1
feeder
L Length of 1.8059 2.7
feeder

The variation with human body will be:

_ |(28.084-28) _

= o 0.00299 = 0.299%

%var-(human body)

The patch width calculated as:

0 2 3 i
W, = ZCTT /ﬁ’ ¢, is speed of light 3)
e n1T2 w )
Ereff =, +T[1+12w_p] W p>1
2 _ o412 UL o) vozs) (5)

(€ref-0.258)(E+0.8)



Patch length is:

Lp 2 —2AL (6)

2 eress

After calculating the dimensions according to above
equations, the optimization of these values will obtain to
achieve the required compact MSPA at the desired frequency.
The dimensions of the proposed antenna are listed in Table 1.

3. RESULTS AND DISCUSSION

In this paper, CST studio has used for simulation the
electrical characteristics of human body tissues. A waveguide
port has used to excite inset feed line with matching
impedance equal to 50 ohms. The proposed MSPA is produced
in Figure 2 with all optimized dimensions. It consists of
radiating patch excited by inset feed line. This patch is above
the substrate layer as a dielectric material.

8.50 mm

Wi 00 ZF

[ A

3.36 mm,

K 0.50 mm
N
ol
A0mm

(a) Front view

(b) Side view
Figure 2. Geometrical representation of MSPA
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Figure 3. Geometrical structure of wave propagation onto
human body tissues

The bottom important layer is the ground plane which made
of copper. Figure 3 illustrates the human body layers
consisting of skin, fat, and muscle tissue layers. The boundary
conditions can be Periodic on top, bottom and side surfaces, to
represent transverse directions, while open boundary
conditions are applied on the front and back sides which are
the propagation direction of the incident wave, thus,
terminating the model as shown in Figure 3. The performance
of the proposed antenna has analyzed taking into account the
effects of cut in patch, inset feed line, and finally the ground
plane dimension effect. All of these metrics have studied in
free space model and on human body model.

3.1 Cut or gap in patch

S11 represents the return loss which must be less than -10 dB
to consider the antenna is acceptable. Figure 4 shows the effect
of cut width Wc on Si;. Increasing Wc doesn’t change the
frequency but improve Si1, while increasing patch width gives
less Si1 at Wp=5.444 mm. The length of the cut effect is
negligible as no clear effect on Si;.

S-Parameters [Magnitude n dB]

-

dB

25 26 27| 27.292 28 29 30 31
Frequency | GHz

Figure 4. Effect of cut width in patch on Si;
3.2 Inset feed line

One of the most important considerations in the design of
the antenna is to obtain a perfect match at the antenna feeding
network, in order to transfer the considerable amount of power
from the port to the feeding line. The proposed MSPA has
been excited using inset feed line. The mismatch at the feed
line is significantly minimized by tuning the dimension of the
inset-feed, patch width, and width of the microstrip
transmission line. Thus, the greatest input power will be
transmitted to the antenna with a very return loss [18]. The
improvement of the antenna performance will be when the
impedance mismatch between the feed network and the patch
edge is reduced and measured as in the Eq. (7):

7, =90 (L—”)Z 7

&—1 \Wp

For the purpose of examining the effect of the feed line
dimensions on the antenna performance, Table 2 has arranged
so that the best values for the antenna dimensions achieved as
feed line length=2.55 mm. These dimensions give the required
resonant frequency, return loss, and matching. Figure 5 and
Figure 6 illustrate S;; and impedance matching at the optimum
feed line length.

Radiation efficiency is the ratio of the power radiated by an
antenna to the power accepted by the antenna from the
transmitter. An antenna’s gain, which combines its directivity
and radiation efficiency, is a key performance indicator. Table
3 shows the extent of improvement in losses (S11=-55.45 dB),
matching (Zr=49.8 Q, Zi=0.003), -10dB Bandwidth



(0.86GHz), radiation efficiency (89.4%) and gain (7.33 dBi)
after changing the feed line width to get the best design. Figure
7 and Figure 8 illustrate the return loss and impedance
matching respectively at optimum feed line width.

Table 2. Parametric study of feed line length on antenna

performance

Lf fr Su Zr+i

2.2 27.934 -18.779 40.78-5
2.3 27.946 -23.23 43.6-0.84
2.4 27.958 -24.585 44.44-0.46
2.5 28.024 -36.32 48.49+0.052
2.55 28.066  -41.33 50.86-0.055
2.7 28.11 -49.45 53.8+0.023

Table 3. Effect of Wr on antenna performance

Radiation

Wi fr Su Zr+i Efficiency Gain
1.15 28 -20.1 40.2-1.2 89.3% 7.36
11 2799 -20.66 415-1 89% 7.35

1 27.898 -23.47 43.7+0.065 89% 7.341
095 27958 -5545 49.8+0.003 89.4% 7.33
09 2796 -30 53+0.06 88.7% 7.27

SParameters [Magnitude n dB]
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Figure 5. Return loss Sy versus frequency at L=2.55
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Figure 6. Impedance versus frequency at L=2.55
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Figure 7. Return loss Si; versus frequency at W=0.95 mm
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Figure 8. Impedance versus frequency at W=0.95mm
3.3 Ground plane

The patch thickness and transmission line thickness are t <<
ho, where Ao is the free space wavelength [19]. Hence, the
ground plane length (Lg) and width (Wg) would be given as:

Ly =6h+Lp (8)

W, = 6h + Wp )
SAR is defined as a measure for electromagnetic energy

absorbed by biological tissue mass when exposed to radiating

device (e.g., mobile phone). It is obtained as in Eq. (10):

L

2p  2po

SAR =" =
p

(10)

where, P: Power loss density, E: Electric field strength, J:
Current density, : Conductivity, p: Mass density.

Due to the protection of human body tissues against harmful
radiation emitted from mobile phones, the upper limit of the
acceptable level of SAR is set at 2 W/kg per 10 gm of the
human tissue according to IEEE C95.1:2005, While a 1.6
W/kg per 1 gm of the human tissue according to Federal
Communication Commission (FCC) [20, 21]. Increasing
ground plane length has examined carefully to show its effect
on SAR level as illustrated in Table 4. In this research, the
designed body tissues, as shown in Figure 9, simulate the chest
of male adult, or the arms of male adult which are: 1 mm skin,
2 mm fat, and 10 mm muscle. These choices give minor
change in S;; value and the SAR is low for both cases.
Dielectric properties of tissues are available online [22]. The
area of tissue has taken 4 times the area of antenna [23].

Figure 9. Proposed antenna on human body tissues

After applying antenna to a human body the resonant
frequency increases lightly (28.024 GHz), Si; increases (-
14.69), beside the gain increasing (7.8 dBi), but evaluation of
SAR was 9.04 W/kg. Figure 10 shows the difference between



antenna in free space and on human body.

The summery of both cases of simulation modes (an
antenna in free space and antenna with human body) when
ground plane length equal to 8.5, 10, and 12 mm can be
gathered as in Table 4.

It is obvious that increasing the length of ground plane to 12
mm has a significant influence on the SAR value. SAR
decreased from 9.9 W/kg to 3.5 W/kg. The gain of 12 mm
ground plane antenna is the best value. While maintaining the
values of the other metrics at the acceptable and desirable
levels. These results will be improved by varying the power
density of the proposed antenna as illustrated below. The
power density can be defined as the product of an isotropic

antenna's power density with its gain, it is usually calculated
in mW/cm?. The input power for the antennas in 5G systems
can be set to 15 dBm, 18 dBm and 20 dBm according to FCC
[24, 25] to make power density of antenna less than 100
mW/cm?2. In this research the SAR (1g) and SAR (10g) of the
antenna at 15 dBm input power have been simulated in human
body model. The SAR values are close or lower than standard
limits. Figures 11, 12, and 13 demonstrate the influence of
input power. The proposed antenna displays satisfactory
performance in terms of resonant frequency, gain, radiation
efficiency, and bandwidth. Additionally, it has a promising
performance on human body application scenario.

Table 4. Effect of increasing ground plane length on SAR reduction

Simulation Mode  Ground plane length  fr(GHz) Su Radiation efficiency SAR(W/kg) Gain(dBi) Zr+i
Free space 8.5 mm 2798  -55.45 89.4% - 7.33 49.8+ 0.003
Human body ’ 28.11 -18.9 81% 9.96 7.76 39.8-0.1
Free space 10 mm 27.88 -39.7 89.3% - 7.4 51+0.1
Human body 28.12 -25 80.8% 59 8.1 44.7-0.01
Free space 12 mm 27.92 -39 88.7% - 74 51+0.1
Human body 28.2 -20 82% 3.54 8.3 45-0.01
Table 5. Comparison table with previous works
Ref. f,GHz) Sy@p) Can Radiation Matching Complexity Substrate SAR(W/kg)
i (dBi)  Efficiency
T-junction power 1x2 array
[26] 28 -10 15 81% il i s 14%12.14 mm ? flame retardant -
o . polyphenylene ether (L-shaped)
3] 245 0N g gUefree o approxtmaly L feed pacch (PPE) e=3.3; loss  0.6414, (direct)
P 0 Dody tang=0.003 1.524
. . RT/duroid-5880
optimizing the patch Single patch
(27] 24 B S pWidth digmenslzon 3.56X4.2§X 8.345 mm?3 6_2'_2; o :
tang=0.0009
3x8 elements array Rogers RO4003
[28] 28 -25 18 - - 0832 5mm? laminate, e= 3.55, -
’ tang=0.0027
Matching by tuned ogers RT/duroid 5880
[29] 28 -20 14 90% the meandered line 6'65“:;191151; 0.508 €=2.2; loss 0.36 at 3.5GHz
length tang=0.0009
[30] 28 -39.70  5.32 - - 5.5x4.35 FR4 -
7.3
free
This 28 21 space 89.4% in acceptable satisfied Single MSPA RT/duroid-5880 €=2.2; 1.68 (1g)
work 7.2 free space matching 5.18%3.36x0.3 mm? loss tang=0.0009 0.121(10g)
with
body
SParameters [Magniude] S-Parameters [Magniude in dB]
09 v T v v 0 v T v 0
1 i | — — : 1 —
'a\\ Ny i L
N i y/an $ -\ e |
15 ; N 5 \&/ | \;/ | g
03 : : : 40 : : :
y | Nt ) I N7
13 ] \\ E / / : : R \ /
X \\ // on human body | == 511_| -16 \ /
02 \\// feespace  [ammsyf) 18 B \: /
0 ‘ : ‘ ‘ 2 : - ‘ :
5 % ] ] ] | 3 5 % ] [m] » El |
Frequency [ GHz Frequency | GHiz

Figure 10. Realized return loss in free space and on human
body
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Figure 11. Return loss Sy at input power=15 dBm (antenna
with human body)



Finally, the proposed antenna contributes in a reasonably
SAR reduction at operating frequency when used in proximity
to human body. The detailed analysis of the optimized design
in terms of low profile, compactness, and SAR analysis adds
to the novel aspect of our work for 5G antenna applications.
This design can be used in the future to achieve a further
reduction in radiation values. This is done by adding another
radiating structure that suppresses the lobe towards the human
body. To demonstrate the improvement and novelty of this
work upon previous works, Table 5 combines some of the
related recent researches in 5G.

'W/ka
1.68

Figure 12. SAR simulation per 1g of tissue at input
power=15 dBm

W/kg
0.121

.08

Figure 13. SAR simulation per 10g at input power=15dBm

4. CONCLUSIONS

This study presents the design of a broadband microstrip
rectangular patch antenna for 5G wireless networks operating
at 28 GHz, featuring compact dimensions of 5.18>3.36>0.33
mm?. The proposed antenna design exhibits high gain and

radiation efficiency, minimal sidelobe level, and reduced SAR.

Optimizing the dimensions of the patch cut and feed line has
yielded satisfactory antenna performance.

Enhancing the ground plane and reducing the power density
of the excited antenna have further improved the antenna's
performance. This paper delineates a performance comparison
in both free space and human body models, illustrating the
impact of body tissues on antenna parameters. The
optimization of antenna dimensions (patch cut, inset feed, and
ground plane) and power density has contributed to the
reduction of SAR.

The SAR value achieved is within an acceptable range,
alongside improvements in other antenna metrics. These
results render the designed antenna suitable for 5G
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applications and safe for human body tissues. The design is
particularly relevant for wearable devices, the Internet of
Things (IoT), and mobile wireless networks.
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