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Abstract. Microstrip patch antennas are used in wireless networking due to their flexibility, light weight, and
ease of fabrication. This article discusses the designed and simulated microstrip patch antenna for WBAN net-
works using professional CST Studio Suite 2020 software. The antenna operating frequency was 2.5 GHz,
and its substrate was made of FR-4 (lossy) and Rogers RT/Duroid 5880 PCB materials with permittivity of 4.3
and 2.2, respectively. Both materials showed good results, but Rogers RT/Duroid was better with an efficiency
of 94.4% because it has excellent performance characteristics that make it more suitable for use in wearable
devices. The antenna substrate and ground plane were made of copper with a substrate height of 1.58 mm
for Rogers RT/Duroid and 2.8 mm for FR-4. During the research process, an antenna with low return loss
and a standing wave ratio value as close as possible to unity was created.

Keywords: microstrip patch antenna, wireless body network, Rogers RT/Duroid material.
Conflict of interests. The authors declare no conflict of interests.

For citation. Alboum R. F., Albishti A., Ayad H. (2025) Designing, Simulating and Analyzing of Microstrip
Antenna for Wireless Body Network Using Two Different Types of Substrates. Doklady BGUIR. 23 (4), 46-53.
http://dx.doi.org/10.35596/1729-7648-2025-23-4-46-53.

ITPOEKTUPOBAHUE, MOJAEJIMPOBAHUE U AHAJIN3
MHUKPOIIOJIOCKOBOM AHTEHHBI JIJISI BECITPOBOJJHOM HATEJIbHOM CETH
C HCIIOJIb3OBAHHMEM /IBYX PA3JIMYHBIX TUITIOB ITIOAJIOXKEK

P. ®. AJIBOYM, A. AJIBUILTH, X. AUA]T

Yuueepcumem Anv-3asus (33-3asus, Jlusus)

AnHoOTanusi. MUKPOIOJIO0CKOBEIC TATY-aHTCHHBI UCTIONB3YIOTCS IPH IMTOCTPOCHUH OECTIPOBOTHBIX CeTel Oaroaa-
s UX THOKOCTH, JISTKOCTH ¥ IIPOCTOTE H3TOTOBJICHUS. B cTaThe paccMOTpEeHA CIIPOCKTHPOBAHHASI K CMOJICITHPOBAH-
Hasi MEKPOIIOJIOCKOBasI aT4-aHTeHHA s ceteit WBAN ¢ ncnonp30BaHIEeM POQPECCHOHATBFHOTO TPOrPaMMHOTO
ob6ecneuenns CST Studio Suite 2020. Pabouast yactora anTeHHBI cocTasisuia 2,5 I'T'1, ee moaoKka U3rorasirBa-
Jach U3 MaTepHaioB s medaTHbIX miaT FR-4 (¢ morepssmu) u Rogers RT/Duroid 5880 ¢ muanexrpudeckoii mpo-
HunaemocTsio 4,3 u 2,2 coorBercTBeHHO. O0a Marepuala rmokasaiay Xoporue pe3ynsrarsl, Ho Rogers RT/Duroid
okazaics Jsrydiie ¢ dQGeKTUBHOCTRIO 94,4 %, TIOCKOIBKY 00NagaeT MpeBOCXOAHBIMA IKCILTYyaTallHOHHBIMA Xa-
PAKTEpUCTHKAMU, KOTOPBIC IENAIOT ero 00JIee MOIXOASIIIM JIIsl HCITOB30BaHUS B HOCHMBIX ycTpoiicTax. [lox-
JIOKKA ¥ 3a3¢MJICHHC aHTCHHBI OBUTH U3TOTOBIICHBI U3 MEITU ¢ BhIcOTOU momtokkn 1,58 MM st Rogers RT/Duroid
u 2,8 mm s FR-4. B mpomiecce rccienoBanmii co3aHa aHTCHHA ¢ HU3KUME 00pPaTHBIMU ITOTEPSIMA ¥ 3HAYCHUECM
k03¢ duIeHTa CTOSTYCH BOTHBI, MAKCUMAIIFHO IPUOIKCHHBIM K SIHHUIIC.

KioueBble cJioBa: MHUKpPOIOJIOCKOBasl IaTy-aHTeHHA, OECIpOBOJHAs HATelbHAas ceTh, Marepuan Rogers
RT/Duroid.

KOHq)JIl/IKT HHTEPECOB. ABTOpBI 3asBIISIOT 00 OTCYTCTBUU KOH(l)J'II/IKTa HUHTEPCCOB.
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Introduction

In recent years, Wireless Body Area Networks (WBANs) have emerged as a transformative techno-
logy in healthcare. These networks include the use of wearable antennas for transmitting and receiving
of the data for healthcare related systems [1]. Microstrip patch antennas are being used more and more
for wireless communication because they are lightweight, affordable, easy to manufacture, have flexible
feed lines, an omnidirectional, two-dimensional field pattern, and work with solid-state equipment.

Microstrip antennas became very popular in the 1970s primarily for spaceborne applications. Today
they are used for government and commercial applications [2]. These antennas are easy to make. A com-
mon microstrip antenna consists of a metal radiating plate that is attached to one side of a dielectric
substrate. On the substrate’s other side, a continuous metal layer is attached to the ground plane. This ra-
diating patch is on one side of dielectric substrate (¢, < 10), which has a ground plane on other side [3, 4].

There are multiple dielectric materials available in the market for printing antennas. Each dielec-
tric have their own special properties, different dielectric constants, different conduction properties,
etc. affecting the fringing waves in the patch antenna, and hence enhancing the overall properties
of the antenna [5]. Rogers RT/Duroid 5880 and FR-4 are both used in this research as substrates. Some
main key performance parameters that need to be considered for Microstrip Patch Antenna are reflection
coefficient bandwidth, input impedance, radiation pattern, surface current, VSWR, gain and return loss.

These antennas can provide constant, discreet monitoring and sensing of several parameters
in and on human bodies, including temperature, blood pressure, ECG, EEG, and PH, and other me-
dical applications. But unlike antennas embedded in portable devices, wearable antennas are designed
to work in the complicated body-centric environment. Antenna performance near to human body is dif-
ferent than antenna placed in free space [6]. In the future, it is envisaged that each person is going
to be wearing multiple sensors on their body being a part of a Body Area Network (BAN) [7].

This research examines the design and structure of a microstrip patch antenna for Wireless Body
Antenna (WBAN) applications, focusing on its planar structure and conformability to the human body,
utilizing the 2.5 GHz ISM frequency band.

This study explores microstrip patch antenna design principles, including substrate selection, patch
shape optimization, and feeding technique. It analyzes performance parameters like return loss, radia-
tion pattern, efficiency, and gain, to design an antenna that works in wireless body area networks, im-
proving health monitoring system efficiency and reliability.

Simulated antenna design

The designed antenna is a microstrip patch antenna (MPA). It is designed to match the WBAN
demands such as observing the human vital signs. The MPA simulation was done using the CST soft-
ware. During the designing process, a systematic approach has been followed, considering various
factors such as frequency range, bandwidth requirements, VSWR (Voltage Standing Wave Ratio) re-
quirements, RL (return loss) and physical constraints. Fig. 1 shows the design of the antenna using
the simulation software CST.

-

Fig. 1. The antenna’s design using CST
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Patch design specifications

The proposed wearable patch antenna is designed with microstrip line inset feeding technique.
The operating frequency of the antenna is at 2.5 GHz because it can be used in WBAN applications.

A 50 Q input impedance is used to feed the patch antenna. Two antennas were implemented
on two different materials substrates. The first substrate is Rogers RT/Duroid 5880 material and the other
one is FR-4 (or FR4). The Antennas’ geometrical parameters such as patch length L, and patch width W,
have been computed using the following steps and formulas mentioned below.

1. Calculate the patch width

where c is the light speed; f; is the operating frequencys; €, is dielectric constant.
2. Calculate the effective dielectric constant

1

g, +1 g —1 h 2

=ttt 14122 7,
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where ¢, 1s the effective dielectric constant; / is the substrate thickness; w is the patch width.
3. Calculate the effective length

c
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4. Calculate the extension length
w
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5. Calculate the patch length L, =1, —2AL.

AL=0.412h

Antenna and substrate specifications

The dimensions of the patch antenna play an essential role to make the antenna design effective
in terms of desired results. The parameters of the antenna are presented in Tab. 1.

Table 1. Antenna design parameters

Parameter Symbol . Parameter value

Rogers RT/Duroid 5880 FR-4
Operating frequency fo 2.5 GHz 2.5GHz
Patch dimension along x L, 38.857 mm 28.04 mm
Patch dimension along y L, 52.177 mm 36.85 mm
Substrate thickness h 1.58 mm 2.8 mm
Substrate dimension along x L 80 mm 80 mm
Substrate dimension along y W, 80 mm 80 mm
Inset gap G 0.8 mm 4.5 mm
Feeding line length Ly 10 mm 20 mm
Feeding line width 4 2.5 mm 3 mm
Dielectric constant of substrate g, 2.2 4.3
Input impedance Z 50Q 50 Q
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The substrate of the antenna is made from Rogers RT/Duroid 5880 and from FR4. The materials’
characteristics are listed in Tab. 2.

Table 2. Substrate parameters

Parameter Symbol - Parameter value
Rogers RT/Duroid 5880 FR-4
Dielectric constant €, 2.2 4.3
Loss tangent c 0.0009 0.035
Substrate thickness h 1.58 mm 2.8 mm

Results and discussion

Fig. 2 represents the amount of power at the input port of the antenna which is reflected back
and the remaining power which is radiated by the antenna. The value of return loss is less than or equal
to—10 dB at a particular frequency band for the antenna to work efficiently for practical applications [8].
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Fig. 2. RL result for the antenna with Rogers RT/Duroid 5880 (a) and FR-4 (b) substrates

The result from Fig. 2 shows the minimum return loss value achieved at 2.5 GHz which is —22.36 dB
for Rogers RT/Duroid 5880 and —13.226 dB for FR-4. The value is marked by 1, and the achieved
values are acceptable. Bandwidth on the other hand is the difference between the two values of fre-
quency marked by 2 and 3. So, the antenna’s BW will be demonstrated to be 0.056 GHz for Rogers
RT/Duroid 5880 and 0.0419 GHz for FR-4.

Voltage standing wave ratio (VSWR) indicates how much an antenna’s impedance is fitted to the ra-
dio or transmission line to which it is linked [9]. The ideal value of VSWR is 1 where maximum power
is transferred [10]. Fig. 3 shows the value of the antenna’s VSWR at 2.5 GHz. The VSWR is 1.1646
marked with 1 for Rogers RT/Duroid 5880, and 1.5579 for FR-4.

The Gain denotes the amount of power transferred to the main beam [11]. It can also be defined
as the ratio of output power (or amplitude) to input power (or amplitude). As can be seen in Fig. 4
the gain of the MPA at 2.5 GHz and 7.296 dBi using Rogers RT/Duroid 5880, and 5.708 dBi for FR-4.
For farfield gain the next figures show the polar pattern for the MPA’s gain.
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Fig. 3. Voltage standing wave ratio result for the antenna with Rogers RT/Duroid 5880 (a) and FR-4 (b) substrates
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Fig. 4. Gain result for the antenna with Rogers RT/Duroid 5880 (a) and FR-4 () substrates
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Polar gains pattern result for the antenna are presented on Fig. 5.
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Fig. 5. Polar gain pattern result for the antenna with Rogers RT/Duroid 5880 (a) and FR-4 (b) substrates

The primary lobe of the Rogers RT/Duroid 5880 has an intensity of 7.3 dBi, and main lobe direction
is 10.0 degrees. The angle that corresponds to a value of 3 dB is 78.8 degrees. This antenna has a side-
lobe level of —19.5 dB on the sidelobe scale. Fig. 5, 5 shows a magnitude of 5.72 dBi in the main lobe
and its angle is 88.0 degrees. The angle that corresponds to a value of 3 dB is 84.7 degrees, and the MPA
has a side lobe level of —16.7 dB for FR-4 substrate.

The radiation pattern refers to the representation that is graphical of the distribution of radiated ener-
gy as a function of direction. Directivity, on the other hand, can measure the quantity of radioactivity
for a particular path. The results of the antenna radiation patterns with Rogers RT/Duroid 5880
and FR-4 substrates are shown in Fig. 6.
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Fig. 6. Radiation patterns result for the antenna with Rogers RT/Duroid 5880 (@) and FR-4 (b) substrates

As it can be seen from the previous figures, the given value of the radiation pattern is 7.685 dBi
of the MPA using Rogers RT/Duroid 5880. When the value of FR-4 material is 6.751. Fig. 7, a shows
the polar directivity for Rogers RT/Duroid 5880. The primary lobe has an intensity of 7.61 dBi
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and an angle of 3.0 degrees. The 3 dB angular value was found to be 85.8 degrees. This antenna
has a sidelobe level of —16.0 dB. Fig. 7, b shows the FR-4 polar directivity. The primary lobe
has an intensity of 6.75 dBi and an angle of 88.0 degrees. The 3 dB angular value was found
to be 84.8 degrees. This antenna has a sidelobe level of —16.7 dB.
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Fig. 7. Polar radiation patterns for the antenna with Rogers RT/Duroid 5880 (@) and FR-4 (b) substrates

Radiation efficiency n is basically defined as the ratio of the total power radiated by an antenna
to the net power accepted by the antenna from the connected transmitter. It is given by the next equation:
1 = G/D. According to the previous equation radiation levels are 94.9 % for Rogers RT/Duroid 5880
and 84.55 % FR-4. At a frequency of 2.5 GHz, the proposed MPA has a best radiation efficiency
0f 94.9 %. Tab. 3 displays and summarizes the results of the simulation.

Table 3. Results synopsis

Parameter Material
Rogers RT/Duroid 5880 FR-4
Return loss, dB -22.36 -13.226
BW, GHz 0.056 0.0419
VSWR 1.1646 1.5579
Gain, dBi 7.296 5.708
Radiation pattern, dBi 7.685 6.751
Efficiency, % 94.9 84.55

Conclusion

1. This paper designed and analyzed a MPA for 2.5 GHz wireless body area networks (WBANS)
using FR-4 and Rogers RT/Duroid 5880 substrate materials. The results showed that the choice of sub-
strate material significantly impacts antenna performance. Rogers RT/Duroid 5880 material provided
superior performance in bandwidth, radiation pattern, VSWR, gain, and efficiency, making it crucial
for the development of efficient WBAN systems and enhancing communication reliability between
wearable devices.
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2. In summary, the study shed light on the importance of material selection in designing MPAs

for WBANS, comparing FR4 and Rogers RT/Duroid 5880 substrate materials. Rogers RT/Duroid 5880
offers superior performance, enhancing communication reliability and efficiency in medical, wearable
technologies, and body-centric network applications.
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