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Abstract: This paper presents a fifth-generation (5G) 3.5 GHz microstrip antenna along with a specific absorption rate (SAR)
analysis. The antenna is designed using basic microstrip antenna equations to determine its dimensions. The design employs a
coaxial feeding method, with the optimal feeding location at P3 (10 mm, -6 mm) to achieve 50 Q impedance matching. The
antenna demonstrates good performance at 3.5 GHz, with a reflection coefficient, S;; of —27 dB and a gain of 2 dB. SAR is
then assessed by placing the antenna at 10 mm from the head phantom. The presence of the head phantom affects antenna
performance, resulting in a slight decrease in the resonant frequency due to head tissue conductivity. Furthermore, the presence
of the head phantom modifies the radiation pattern and decreases radiated power as electromagnetic energy is dissipated within
the phantom tissue. The SAR analysis indicates that the location of the coaxial feeding influences the SAR value, with the best
location (P3) yielding the lowest SAR of 5.6 W/kg for 1 g and 2.33 W/kg for 10 g of tissue, with input power fixed at 0.25 W
(23.98 dBm). The maximum permissible power for the proposed microstrip antenna is 0.07 W (18.45 dBm), resulting in SARs
of 1.56 W/kg for 1g and 0.65 W/kg for 10g of tissue, respectively. Both values are within the standard SAR limit and are
deemed safe for use.
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1. INTRODUCTION human body, raising concerns about specific absorption
Wireless communication is essential for exchanging rate (SAR) compliance and user safety. The placement of
information among machines, vehicles, and various the antenna near biological tissue may lead to increased
networked technologies, as well as between individuals absorption  of radio-frequency energy [7]. The
worldwide. As the demand for faster, more reliable, and International Commission on Non-lonising Radiation
higher-capacity connectivity develops, fifth-generation Protection (ICNIRP) and the Federal Communications
(5G) wireless technology has emerged as a key solution. It Commission (FCC) have established guidelines for the
substantially enhances network capacity, latency, and data general public’s exposure. These guidelines prescribe
rates by operating in sub-6 GHz and millimeter-wave exposure limits, SAR of 2.0 W/kg averaged over a volume
bands [1]. The 3.5 GHz band is of particular significance of 10 g of tissue [8] and 1.6 W/kg averaged over 1 g of
in the sub-6 GHz band, which is categorized in Frequency tissue [9], specific to frequencies below 6 GHz.
Range 1 (FR 1), as it is extensively used for commercial Since the microstrip antenna is widely used in current
5G deployment due to its optimal balance of performance and future generations of wireless communication
and coverage [2]. Antennas operating within sub-6 GHz systems, it is essential to study the SAR performance of the
frequencies, specifically at 3.5 GHz, necessitate a compact basic conventional microstrip design, which serves as the
and efficient design and performance, as they can expand foundational structure prior to any modifications, to ensure
beyond fourth-generation (4G) capabilities to meet these compliance and comparison with future improved designs.
demands [3]. One of the most widely used antennas in Furthermore, the study in [10] reported that microstrip
various applications is the microstrip antenna [4]. antennas tend to produce lower SAR values than PIFA and
Microstrip antennas are widely used in modern wireless monopole antennas. Similarly, the works in [11] and [12]
systems due to their low-profile structure, ease of found that microstrip antennas have lower SAR than dipole
fabrication, and integration with electronic circuits [5]. antennas, and all microstrip antennas reported in [10], [11],
These characteristics make them particularly suitable for [12] focus on using a line-feeding method.
mobile communication applications [6]. However, mobile Many researchers have presented microstrip antenna
communication devices are typically operated near the designs with SAR studies, such as a design featuring a U-
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shaped patch and a semi-circular slot in the ground with a
line-fed configuration, as reported in [13]. The antenna,
with an overall size of 42 x 42 mm, has SARs of 0.095
W/kg and 0.036 W/kg for the respective 1 g and 10 g of
tissue at 3.3 GHz when the input power was fixed at 15
dBm (0.03 W). This article reported a modification of the
antenna structure to achieve optimal S, and gain, with a
low SAR. However, the SAR was studied for the modified
antenna structure, with no baseline comparison to the basic
conventional design prior to the modification. A similar
approach was presented in [7], where a hexagonal-shaped
antenna with a slot in the middle, a defected ground
structure, and a line-feeding configuration, resulting in
good antenna performance, and low SAR. The antenna fed
with an input power of 0.001 W exhibited SARs of 0.013
W/kg and 0.008 W/kg for 1 g and 10 g of tissue,
respectively.

Meanwhile, a 28 GHz Frequency Range 2 (FR2)
conventional basic-structure microstrip antenna with a
line-feeding has been presented in [14]. By optimizing the
size of the patch and ground, the antenna demonstrated
well performance with -21 dB Sy, 7.3 dB gain, and the
SARs of 1.68 W/kg and 0.121 W/kg for the respective 1 g
and 10 g of tissue by using a 15 dBm input power. This
article found that ground size can influence SAR, with a
larger size improving gain and producing lower SAR.
However, this article focused on FR2 with a line-feeding,
which supposed to be assessed using absorbed power
density (APD) instead [15]. Another microstrip antenna
without modification has been designed at 3.5 GHz with
an overall size of 80 mm width x 80 mm length [16], which
can be considered quite large for a sub-6 GHz antenna with
a line-fed configuration. The antenna exhibited good
performance, with -50 dB S and 7 dB gain. However, the
work in [16] did not investigate the SAR characteristics,
which similar to [17], [18].

Thus, while numerous studies in [7], [10], [11], [12],
[13], [14], have explored SAR of modified microstrip
antennas with line-fed configuration, there is a notable lack
of baseline SAR data for unmodified, conventional
microstrip antennas using alternative feeding methods like
coaxial probe. Although coaxial feeding generally offers
superior performance and lower spurious radiation
compared to line-feeding [19], [20], research on the SAR
behavior of basic coaxially fed antennas remains limited.
Without this foundational baseline data, it is difficult to
determine whether changes in SAR are actually caused by
structural modifications to the antenna. Furthermore, even
studies that do examine conventional antenna structures
typically rely on line-feeding and often omit SAR
assessments altogether [16], [17], [18]. To address this gap
in the literature, this paper establishes baseline SAR
characteristics and identifies the maximum permissible
input power to ensure the safe operation of a conventional
coaxially fed microstrip antenna at 3.5 GHz.

Consequently, this paper is organized as follows:
Section 2 discusses the antenna design and feeding method
analysis. Section 3 presents the simulation findings,
followed by the conclusion in Section 4.
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2. ANTENNA DESIGN AND FEEDING METHOD
ANALYSIS

The antenna is designed based on the basic theory and
equations of a conventional microstrip antenna, as
discussed in the following subsection, along with the
analysis of the coaxial feeding method. This antenna is
designed and analyzed using CST Microwave Studio
software.

2.1 Microstrip Antenna Design Structure

A microstrip antenna utilizing coaxial feeding, is designed
with Rogers RT5880 substrate, which features a dielectric
constant of 2.2, a conductor coating of 0.035 mm, a
substrate thickness of 0.252 mm, and a tangent loss of
0.009. The Rogers RT5880 substrate is chosen in this
design because it offers a favorable combination of low
loss tangent, low dielectric constant, and high Q-factor,
making it the best substrate to be used [21]. The proposed
conventional microstrip antenna consists of the patch,
substrate, ground plane, and the feeding, as presented in
Figure 1. Its perspective view is shown in Figure 2 with an
extended height view of the patch, substrate, and ground
plane layers. The microstrip antenna with a rectangular
radiating element is designed utilizing equations (1) — (4)
[22]:
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where W, ¢, f;, €, € h, L, and AL denote the width of the
patch antenna, speed of light, resonant frequency,
dielectric constant, effective dielectric constant, substrate
thickness, patch length, and extended incremental length
of the patch, respectively. From the calculation, the width,
W and length, L of the patch are obtained as 33.8 mm and
28.7 mm, respectively, as shown in Figure 3.

The coaxial feeding method is chosen for its well-
known advantage of being easy for impedance matching
through the adjustable feed position [23]. The proposed
microstrip antenna's dimensions are presented in Figure 3,
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Figure 1. The proposed microstrip antenna at: (a) top
view and (b) bottom view.
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Figure 2. Perspective view of the proposed microstrip
antenna.
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Figure 3. Dimensions of the proposed microstrip antenna
at: (a) top view and (b) bottom view.

where all the dimensions are obtained upon calculation
from the equations (1)-(4) without any size alteration. The
coaxial feeding location is tuned and analyzed to match the
impedance by finding its optimal position. This will be
discussed further in the following subsection.

2.2 Feeding Method Analysis in Antenna Design

The feeding method used in this study is coaxial feeding.
As illustrated in Figure 3(a), it consists of three layers, i.e.,
the inner layer is the pin that connects to the patch, the
second layer is the dielectric of the feeding, which is
Teflon, to isolate the pin and the outer conductor layer, and
the outermost layer is the cover, which is connected to the
ground plane [24]. The position of the feed is crucial for
achieving 50 Q impedance matching between the feed and
the antenna, ensuring the antenna operates effectively. The
position of the coaxial feeding is tuned to achieve optimal
impedance matching. The position of the feed is placed and
tested at four points, starting from P1 (10 mm, 6 mm),
which is located at the top-right of the patch, to the middle-
right side, P2 (10 mm, 0 mm) and the bottom-right of P3
(10 mm, -6 mm), then finally P4 (5 mm, -6 mm), as
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illustrated in Figure 4.

y
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Figure 4. Four points are used to determine the feed
location with the optimal 50 Q matching.
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Figure 5. Antenna’s S11 performance with four coaxial
feeding locations.

Figure 5 shows that the best antenna matching occurs
at P3 (10 mm, -6 mm), which has the best Si; of -27 dB.
Meanwhile, the feeding locations of P1, P2, and P4
demonstrate S;; of -15 dB, -0.02 dB, and -21 dB,
respectively.

Moreover, antenna gain and efficiency performance
with four different feeding locations are obtained,
indicating that the antenna with feeding at the P3 location
has the highest gain of 2 dB and efficiency of 35%. The
efficiency of the conventional microstrip antenna without
modification is typically around ~30% [25]. Coaxially fed
antennas typically achieve a lower gain of approximately
2 dB, which is considered satisfactory, compared to line-
fed antenna designs (~6 dB) [26]. While for the efficiency,
it can be enhanced by a few techniques, such as the
implementation of the slot on the patch and ground plane
to regulate current distribution effectively, and enhance the
efficiency and overall radiation performance, including
gain [27]. Meanwhile, the worst performance occurred at
the feeding location of P2, with only -0.02 dB of Sii,
indicating the antenna has very poor matching. The Sii,
gain, and efficiency performance for different feeding
locations are summarized in Table 1.

Table 1. Antenna performance for different coaxial
feeding locations

Feeding location Su Gain | Efficiency
(x mm, y mm) (dB) (dB) (%)
P1 (10, 6) -15 1.9 34
P2 (10, 0) -0.02 -18 0.27
P3 (10, -6) -27 2 35
P4 (5, -6) -21 1.9 34
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Therefore, the feeding location for the proposed
microstrip antenna design is set to P3 (10 mm, -6 mm). The
antenna will then be analyzed, and all the results will be
discussed in the following section.

3. RESULTS AND DISCUSSION

The proposed microstrip antenna is analyzed under two
conditions, i.e., without and with a head phantom. The
analysis is conducted using CST Microwave Studio, from
which the head model is also obtained. The antenna is
located 10 mm from the head phantom, which is used to
investigate the SAR performance, as shown in Figure 6.
Meanwhile, the power is fixed to 0.25 W (23.98 dBm),
which is within the range of the peak input power of the
mobile phone [28]. A crucial element of antenna
performance is the reflection coefficient, Sii. An effective
antenna design generally demonstrates an S below —10
dB, signifying that less than 10% of the input power is
reflected, while over 90% is effectively transmitted [29].
Figure 7 illustrates the Si of the proposed conventional
antenna, without and with a head phantom, achieving —27
dB and -13 dB, respectively, indicating excellent
impedance matching. It demonstrates that the frequency
shifts slightly when the antenna is placed near the head
phantom, which might be due to the influence of the human
tissue conductivity [30], and radiated power absorption.

Figure 8 illustrates the radiation pattern of the
microstrip antenna of the E-plane and H-plane for antennas
without a head phantom and antennas with a head
phantom. It can be noticed that the head phantom alters the
pattern of the antenna radiation, causing the radiated power
to decrease at the main lobe due to the absorption and
scattering by the head phantom [31]. In addition, the
human body might distort the radiation pattern by forming
sidelobes due to scattering by the head phantom, thereby
compromising the antenna’s performance [32]. The
maximum gain of the antenna without the head phantom is
2 dB, which is considered a stable and acceptable gain
[33].

Subsequently, the SAR performance of the proposed
microstrip antenna is evaluated for different coaxial feed
locations, namely P1, P2, P3 (the selected location), and
P4, to investigate the influence of feed position on SAR
characteristics. Figure 9 shows that the SAR results differ
depending on the feeding locations. The lowest SAR is
obtained at the P2 feeding location, with 0.03 W/kg and
0.01 W/kg for 1 g and 10 g of tissue, respectively, as
illustrated in Figure 9 (c) and Figure 9 (d). This indicates
that the microstrip antenna with feeding location at P2
exhibits poor impedance matching (S1; = -0.02 dB),
resulting in ineffective radiation and poor power
transmission, which explains a very low SAR. Meanwhile,
the antenna with the best feeding location, P3, has lower
SAR compared to P1 and P4 locations, with SARs of 5.6
W/kg and 2.33 W/kg for the respective 1g and 10 g of
tissue. The SAR values for antennas with all feed locations
are tabulated in Table 2.

Furthermore, the obtained SARs can be expressed by
[34]:
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Figure 6. The proposed microstrip antenna with head
phantom at: (a) side view, and (b) 10 mm gap between
antenna and head phantom.
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Figure 7. Reflection coefficient, S11 simulation results of
the proposed microstrip antenna with and without
phantom.
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Figure 8. Radiation pattern of the proposed microstrip
antenna: (a) without phantom and (b) with phantom

where |E| denotes the magnitude of the RMS electric field
strength, o represents the tissue’s conductivity, and p
signifies the mass density of the tissue. It shows that SAR
is proportional to the tissue's conductivity, o, and the
electric field strength, E, while being inversely
proportional to the tissue's mass density, p. Thus, the
following SAR simulation results are obtained as a
function of the electric field strength inside the head
phantom, which varies with different feeding locations.
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Table 2. SAR performance of the designed microstrip
antenna with the different feeding locations

SAR (W/kg)

Location of feeding
(x mm, y mm)

1 g of tissue

10 g of tissue

P1 (10, 6) 5.85 2.49
P2 (10, 0) 0.03 0.01
P3 (10, -6) 5.6 233
P4 (5, -6) 6.84 271
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Figure 9. Visualization of SARs in the head phantom for
feedings located at: (a) P1, (b) P1, (¢) P2, (d) P2, (e) P3, (f)
P3, (g) P4, and (h) P4 for the respective 1 g and 10 g of
tissue.
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Figure 10. E-field intensity inside the head phantom for
feeding located at: (a) P1, (b) P2, (c) P3, and (d) P4.

Figure 10 illustrates the electric field distribution within
the head phantom at various feed positions. Figure 10 (c)
shows the shallowest electric field penetration into the
head phantom by the antenna with the P3 feed position,
corresponding to the lowest SAR observed compared to
the P1 and P4 feed points. In contrast, Figure 10 (b),
representing the antenna with the P2 feed location,
demonstrates a significantly weaker electric field
surrounding the antenna, positioned near the head
phantom, indicating poor radiation performance.

The final investigation involves varying the input power
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to determine the maximum permissible power of the
conventional microstrip antenna, ensuring it remains safe
and complies with SAR standard guidelines. The input
power is varied from 0.06 W (17.78 dBm) to 0.08 W (19.03
dBm) to find the maximum permissible power for the
proposed conventional microstrip antenna. The maximum
permissible power for the proposed conventional
microstrip antenna is 0.07 W (18.45 dBm), resulting in
SARs of 1.56 W/kg for 1 g of tissue and 0.65 W/kg for 10
g of tissue, which do not exceed the SAR guidelines for
either average tissue volume. The variation in input power
results is tabulated in Table 3.

Table 4 presents a comparison between the proposed
SAR assessment of the conventional microstrip antenna
and the previous works. Most previous works presented a
modified antenna structure [7], [13], and analyzed the SAR
performance using the designs with line-type feeding [7],
[13],[14],[16],[17],[18]. Thus, the SAR results presented
in this study provide crucial baseline data for a
conventional microstrip antenna utilizing a coaxial feeding
method, particularly for future comparisons with modified
antenna designs that have predominantly employed line-
feeding methods in previous studies.

Table 3. Variation of the microstrip antenna input powers
with SAR performance

SAR (W/kg)

Power (W) 1 g of tissue 10 g of tissue
0.06 1.34 0.55
0.07 1.56 0.65
0.08 1.79 0.74

Table 4. Comparison of the proposed work and its
findings with previous works

Ref / Freq 'l:ype Of. Type of Gain |SAR 1g
Year |(GHz) Microstrip feedin dB)/ | /10g
Antenna 8 |Eff (%) | (W/kg)
Hexagonal- .
3.1- Line- 0.013/
[71/2024 10.6 shaped feeding 8.05/ - 0.008
antenna
(13171 55 [rfnSh?rp e(11 o LS g 47 67| 0:09/
2025 0 Semielrewian g qing | 0.036
slot antenna
[14]/ . Line- | 7.3/ | 1.68/
2003 | 28 |Conventional o yine| 894 | 0.121
[16]/ . Line-
2023 3.5 Conventional feeding 743/ - -
[171/ . Line-
2023 3.5 |Conventional feeding 6.05/- -
[18]/ . Line- | 2.2/
2023 | 3 [Conventionall o ing | 5625 |
Proposed . Coaxial 1.56/
Work 3.5 |Conventional feeding 2/35 0.6
4. CONCLUSION

A microstrip antenna utilizing a coaxial feeding, which
operates at 3.5 GHz with SAR analysis, has been
presented. The antenna is designed based on the basic
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conventional microstrip patch structure with a coaxial
feeding analysis, where the ideal feeding position is
determined to ensure the antenna operates effectively at
3.5 GHz with good impedance matching. The results of Si;
indicate that the microstrip antenna performs well,
demonstrating good impedance matching when the coaxial
feeding location is located at P3 (10 mm, -6 mm). It can
also be noticed that the presence of the head phantom can
affect the antenna performance, causing a slight shift in
resonant frequency and alteration of the radiation pattern.
These are due to the conductivity characteristic inside the
human tissue, and the human tissue absorbs the power
radiated by the antenna. The result shows that SAR is also
affected by the location of the feeding. The antenna with
the best position of the feeding, P3 (10 mm, -6 mm),
demonstrated that 0.25 W (23.98 dBm) is too high to be
used as an input power exceeding the exposure limit. The
maximum permissible power that can be used is 0.07 W
(18.45 dBm), which corresponds to the maximum safe
range according to the SAR standard, with 1.56 W/kg and
0.65 W /kg for the respective 1 g and 10 g of tissue. Thus,
this microstrip antenna functions safely and efficiently by
employing the appropriate input power, making it suitable
for any applications involving human proximity.
Furthermore, the SAR results obtained in this study
provide valuable baseline data for conventional coaxially
fed microstrip antennas and can serve as a useful reference
for future investigations on SAR performance.
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