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This paper presents the analysis and design of a proximity-coupled dual antenna for X-band applications.
Proximity coupling, a widely used feeding technique, is employed to optimize the spatial allocation of the receiver
antenna, resulting in a more compact and efficient antenna design. The proposed design consists of a simple dual-
rectangular antenna, where one antenna is a rectangular microstrip patch resonating at 9.8 GHz, and the second
antenna is fed by a microstrip line electromagnetically coupled with the radiating patch. The feed substrate
increases the patch's height, contributing to improved performance in the proximity-coupled configuration. The dual
antenna system consists of two antennas placed back-to-back, designed specifically for receiving and retransmitting
signals. A coax-fed microstrip patch antenna and a microstrip line-fed patch are combined in this configuration. The
substrate material used is FR4 epoxy. Despite the lossy nature of FR4, the dual antenna achieves a gain of 3 dB in
both directions. The increased height of the overall antenna structure results in wide impedance bandwidth. The
proposed design ensures efficient space utilization, making it a promising candidate for applications requiring
compact, high-performance antennas. The results highlight the potential of this dual-antenna system for advanced

wireless communication technologies.
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1. INTRODUCTION

Frequency allocation in communication is a
challenging task due to spectral scarcity. Emerging
technologies like 5G and 6G require access to
unoccupied frequency bands, driving the demand for
new spectrum resources. As a result, experimental
research in X-band communication [1-2] has also
gained significant momentum. With the rapid
advancements in wireless communication, Multiple-
Input Multiple-Output (MIMO) antenna systems [3]
have become a crucial technology for transceiver
applications. In an m X n MIMO configuration, m
antennas are designated for transmission, while n
antennas are used for reception, enhancing
communication performance through spatial diversity
and multiplexing. Traditionally, MIMO systems rely
on separate antenna elements; however, an alternative
approach involves the use of a proximity-coupled
feeding technique.

Proximity coupling [4-6] is an indirect feeding
technique, also known as electromagnetic coupling. A
proximity-coupled antenna is often referred to as an
Electromagnetically Coupled Microstrip Antenna
(ECMSA). This configuration consists of two
substrates with different permittivity. In proximity
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coupling, the microstrip feed line is positioned between
the two substrates, while the radiating patch is placed
on top of the upper substrate. The coupling between
the feed line and the radiating patch occurs through
capacitance rather than direct contact. Designing and
analyzing such antennas is more complex compared to
conventional microstrip antennas. However, this
feeding technique offers significant advantages,
including minimal spurious radiation and high
suppression of side lobes, due to the absence of
physical contact between the feed line and the
radiating patch.

Proximity-coupled antennas are widely adopted in
multiband [7] and array antenna [8] designs due to their
ability to improve impedance matching and bandwidth
efficiency. In [9], the proximity feeding technique is
suggested to improve the bandwidth for LTE
applications. As proximity coupling enhances the
bandwidth, this can be employed in 5G and beyond [10-
11]. Proximity coupling is employed to reduce the overall
antenna profile and ground plane dimensions in [12].

In this paper, the proximity coupling method 1is
utilized to optimize the spatial allocation of the receiver
antenna, leading to a more compact and efficient antenna
design. The back-to-back connected antenna system is
the novelty of this study.
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2. ANTENNA DESIGN

A simple dual-rectangular antenna utilizing
proximity coupling has been designed for X band
application. The design process begins with the
development of a rectangular microstrip patch
antenna resonating at 9.8 GHz. To maintain the
same resonance frequency, a second antenna is
designed, serving as a retransmitter.

2.1 Microstrip Patch Antenna

A microstrip patch antenna is a low-profile,
lightweight antenna consisting of a radiating patch on
a dielectric substrate with a ground plane beneath it.
It is widely used in wireless communication due to its
ease of fabrication, compact size, and planar structure.
It has narrow bandwidth and low gain. A conventional
microstrip patch antenna (see Fig. 1) with coaxial feed
is designed as one of the antennas in the dual-antenna
configuration. The dimensions of the antenna are
determined using standard design equations described
in equations (2.1.1) to (2.1.4), to ensure optimal
performance at the target resonance frequency.
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Fig. 1 - Coax fed Rectangular Microstrip patch antenna
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Table 1 — Dimension of the Microstrip Patch antenna

Design Parameters Dimensions (mm)
Patch Width 9.30

Patch Length 7.031

Ground Width 14.04

Ground Length 11.771

Coax feed pin radius 0.5

2.2 Proximity Coupled Antenna

A microstrip patch antenna is known for its
inherently narrow bandwidth and potential
spurious radiation, especially at higher frequencies.
To enhance bandwidth performance, a proximity-
coupled feeding technique 1is employed. The
proximity coupled microstrip patch antenna is
shown in Fig. 2. This approach eliminates direct
physical contact between the patch and the feeding
system, thereby minimizing spurious radiation. The
microstrip line is used to feed the patch. As the
resonance frequency is same as the microstrip patch
antenna, proximity coupled patch also lies with the
same dimensions mentioned in Tablel. The
microstrip transmission line dimensions are
presented in Table 2.

Table 2 — Dimension of the Microstrip transmission line

Design Parameters Dimensions (mm)

Width 1.5

Length 15.5

The feedline is electromagnetically coupled with
the patch. The substrate of micro stripline,
increases the height of the patch in proximity
coupling. The increased overall thickness of the
microstrip patch antenna contributes to a wider
bandwidth, making it suitable for meeting 5G
communication requirements.

Fig. 2 - Proximity coupled patch antenna
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2.3 Dual antenna Design

Dual antenna consists of two antennas joined
back-to-back for specific applications. Dual antenna
is designed specifically for receiving and re-
transmitting the signal. Both the elements in the
dual antenna are designed for the same frequency.
The dual-antenna configuration, shown in Fig. 3
consists of a microstrip antenna with a coaxial feed,
serving as the receiver, and a proximity-coupled
antenna with a coaxial feed, functioning as the
transmitter. Both antennas have common ground.
The feed point of both antennas should exactly
coincide. As transmitter and receiver antennas share
the common ground and coincided feed point, the
space utilization in the device will be maximized.

Fig. 3 — Proximity coupled Dual antenna

3. RESULTS AND DISCUSSION

Antenna is validated by its return loss and the
radiation pattern. In this section the results of each
phase of the antenna are discussed in detail.

3.1 Return Loss

Return loss is a measure of how much power is
reflected back from an antenna instead of being
radiated. It indicates how well the antenna is
matched to the connected transmission line or
feeding system. A high return loss means that most
of the signal is transmitted or radiated, which is
desirable for efficient antenna performance. For an
antenna to perform optimally, it should have a good
impedance match with the transmission line,
typically around 50 Ohms. A well-matched antenna
will have minimal signal reflection, which can be
quantified by — 10 dB return loss. The designed
microstrip patch antenna is resonating at 9.8 GHz
with 400 MHz bandwidth (see Fig. 4) and the
proximity-coupled antenna also resonates at
9.8 GHz (see Fig. 5).
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Fig. 4 — Return loss of microstrip patch antenna

In proximity coupled antenna the dual resonance
is obtained at 13.5 GHz, which is not exactly
matched with the characteristic impedance.

Return Loss(dB)

Frequency (GHz)

Fig. 5 — Return loss of proximity coupled antenna

Return Loss(dB)
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Fig. 6 — Return loss of proximity coupled Dual antenna

In dual antenna two antenna are connected back-
to-back. Hence, the resonance frequency of the patches
is slightly altered and resonates at 9.08 GHz and
11.5 GHz. The shared ground affects the resonance
slightly and achieves the dual band resonance.
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Fig. 7 - Radiation Pattern of Microstrip Patch antenna

3.2 Radiation Pattern

The radiation pattern of an antenna describes
how the radiated energy is distributed in different
directions. It visually represents the strength and
direction of the electromagnetic waves emitted by
the antenna. The radiation pattern of the microstrip
patch antenna and proximity antenna are shown in
Figs. 7 and 8.

Fig. 8 - Radiation Pattern of proximity coupled patch antenna

The directive gain of the microstrip patch
antenna 1is obtained as 5.23 dB whereas the
proximity-coupled antenna is achieving a directive
gain of 5.06 dB. Due to the reduced surface wave
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losses the proximity coupled antenna results high
gain with wide beamwidth. In dual antenna the two
different antennas are connected back to back.
Hence the radiation pattern is obtained in the figure
of eight and achieves the gain of 3.26 dB at each
side. The H-plane radiation pattern combines the
pattern of rectangular microstrip patch as well as
proximity coupled patch and results in and highly

directional pattern.
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Fig. 9 - Radiation Pattern of proximity coupled Dual antenna

4. CONCLUSION

In this study, the receiver and transmitter
antennas are designed using the proximity coupling
technique, which enhances performance by
minimizing direct physical contact between the feed
and the radiating element. This indirect feeding
approach effectively reduces spurious radiation,
thereby improving the overall efficiency of the
antenna system.

The proposed antenna achieves a gain of 3.26 dB,
which contributes to enhanced signal strength and
improved communication reliability. Additionally, the
impedance bandwidth is significantly increased to
600 MHz due to the optimized height of the overall
antenna structure. This increase in bandwidth allows for
better frequency coverage, making the antenna suitable
for broadband applications. Furthermore, the antenna
exhibits dual resonance characteristics, which enable
efficient operation at multiple frequency bands. The
combination of wide bandwidth, high gain, and a broad
beamwidth makes this antenna highly suitable for next-
generation wireless communication systems, including
advanced applications in 6G networks and beyond.
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Koncrpykinia moasiiiHol aHTeHU 3 0€3KOHTAKTHUM 3B'S3KOM /I 3aCTOCYBaHb y Aiama3oHi X
B. Sivashanmugavalli, K. Indragandhi, R. Mahalakshmi, G. Kannan

B.S. Abdur Rahman Crescent Institute of Science and Technology, Vandalore, Chennai, India

Y miit craTTi IpejCTaBJIEHO AHAJ3 TA IPOEKTYBAHHS IIOJBIAHOI aHTEHW 3 OE3KOHTAKTHUM 3B'SI3KOM JIJISI
3acTOCyBaHb y [miamas3oHi X. De3KOHTaKTHHIT 3B'A30K, IIMMPOKO BHUKOPHWCTOBYBAHWI METOJ JKUBJICHHS,
BUKOPHUCTOBYETHCS IS ONTUMI3AIlii IIPOCTOPOBOTO POSMOLIY IIPHIMAJIBHOI AHTEHH, 10 IPU3BOAWUTEH [0 OLIIBII
KOMIIAKTHOI Ta e)eKTHBHOI KOHCTPYKINI aHTeHH. 3arporioHOBaHA KOHCTPYKIMS CKJIANAETHCS 3 IIPOCTOL IIOJBIHOL
IPSMOKYTHOI aHTEeHH, Je OfHA aHTeHA SBJIsAE CO00I0 MPSAMOKYTHHI MIKPOCMYYKKOBUU IIAT4, IO PE30HyE HA YACTOTL
9,8 [T, a gpyra aHTeHa KUBUTHCSI MIKPOCMY’KKOBOIO JIIHIEIO, €JIEKTPOMATHITHO MOB'SI3aHOI0 3 BUIIPOMIHIOIUMM
nardeM. [TigKmagKa sKUBIEHHS 301/IbIIye BUCOTY IATYA, IO CIIPUSIE MOKPAIICHHIO MPOAYKTUBHOCTI B KOHQIryparrii 3
GesroHTaKTHUM 3B's13k0oM. CrcremMa IOBIMHOI AHTEHU CKJIAJIAETHCS 3 JBOX AHTEH, PO3TANIOBAHUX CIIMHA 0 CIIMHM,
CIIEITIAILHO PO3POOJIEHNX 1A MPUMOMY TA PETPAHCIALNI CUTHAIB. Y I KOHQIrypari moegHaHl MIKPOCMYKKOBA
aTY-aHTeHA 3 KOAKCIAJbHUM JKUBJIEHHSM TA MIKPOCMY’KKOBA IIATY-aHTEHA 3 JIHIMHUM KuBJIeHHSAM. Marepiasiom
makTagkn € emokcuaHa cmosia FR4. Hessaskaioun Ha BTpaTHuil xapaxrtep FR4, mopsifima auTeHa mocsrae
KoedilrieHTa MocHIeHHs 3 B B 000X HampsaMKax. 30LIbIIeHA BICOTA 3arajIbHOI KOHCTPYKII aHTeHN MPU3BOIUTD 110
IIMPOKOI CMYIHW IIPOITYCKAHHS IMITeIaHCy. 3alpOolOHOBAHA KOHCTPYKINS 3abesmeuye e(eKTHBHE BUKOPUCTAHHS
poCTOpy, IO POOWTH ii IEPCHeKTHBHUM KAHIUIAATOM [IA 34CTOCYBaHb, IO BUMAralTh KOMITAKTHUX,
BUCOKOIIPO/IyKTUBHUX aHTEH. Pe3ysIbTaTy i IKpecIolTh TIOTEHITIAI ITiel CHCTeMU 3 JBOMA aHTEHAMU JIJIS TIePeIOBUX
TEXHOJIOTI# 6e3POTOBOrO 3B'A3KY.

Kmiouori ciosa: Iloxsifina amreHa, BeskomrakTuwmili 3B'si30k, X-miama3oH, MIKpOCMys;KKOBa ITaT4-aHTEHA,
Ilongittanit pe3oHaHC.
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