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This study proposes a novel approach to designing reconfigurable multiple input multiple output
(MIMO) antennas operating at 26 GHz. The design process begins with determining the dimensions of po-
lygonal patches using a transmission line model, followed by the implementation of quarter-wavelength
transformers for the microstrip feed lines. The antennas are constructed on FR4 substrate, chosen for its
accessibility and cost-effectiveness, with specific electromagnetic properties. A 2 x 1 MIMO antenna con-
figuration is suggested by combining traditional polygon-type patch radiation antennas on a
50 mm x 30 mm ground plane. To address impedance mismatch issues when connecting reconfigurable an-
tennas to a common feed line, an equivalent circuit model is employed. This model incorporates lumped el-
ements such as capacitances, resistors, and inductors to simulate the antenna's behavior accurately. Ad-
justments to these components are made to achieve desired S11 and Sg2 characteristics. The proposed de-
sign is evaluated through simulations using HFSS and AWR, demonstrating its effectiveness in achieving
the desired performance metrics. Overall, this research presents a comprehensive approach to designing
reconfigurable MIMO antennas, offering insights into practical implementation and performance optimiza-

tion in wireless communication systems.
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1. INTRODUCTION

As cellular technologies advance, antennas must be
able to operate well in a wide range of frequency bands
in order to support a wide range of applications. There
may be physical space constraints in the system, though,
if several antennas with various frequencies and orien-
tations are integrated. In response, there is an increas-
ing trend toward antenna designs that combine many
antenna functions into a single emitter structure [1].
The advantages of microstrip patch antennas are their
low profile, low weight, affordability, and compatibility
with flexible or plastic technology [2]. A significant issue
in antenna design is ensuring impedance matching,
especially for reconfigurable antennas that have varying
electrical lengths at different frequencies [3].

Moreover, the reconfigurability of microstrip patch
antenna designs across several frequencies is improved
by the use of switching capabilities [4]. Reconfiguration
entails modifying the electromagnetic fields or current
distribution of the antenna, frequently by adjusting the
radiation or impedance characteristics. Reconfiguration
mechanisms can be activated by mechanical, electrical,
or optical components. Examples of mechanical actua-
tors, electrically triggered elements, or optically trig-
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gered mechanisms are slotted structures in the ground
plane or patch. In [5] proposed an artificial switch to
regulate resistance components, while another tech-
nique makes use of the liquid material's flow inside
tubes that are engineered into the antenna for switch-
ing. In [6] a square-slotted patch antenna for 5G, show-
ing strong performance through rigorous analysis, ad-
vancing efficient antenna design for high-bandwidth
wireless communication. In [7] Proposes GPEEC model
for analyzing antennas with lumped LC loads, integrat-
ing into optimization for systematic manipulation of
radiation modes, validated through theoretical and
experimental verification for mobile terminal applica-
tions. In [8] introduces a mm-wave microstrip patch
antenna with silo slots on Rogers 5058 substrate, show-
casing dual operating bands at 28.1 GHz and 37.9 GHz,
with peak gains of 5.2 dBi and 6.5 dBi, suitable for 5G
applications in the 28/38 GHz.

This study introduces a new method for designing
reconfigurable MIMO antennas at 26 GHz. It involves
determining polygonal patch dimensions and using
quarter-wavelength transformers for microstrip feed
lines. Antennas are built on FR4 substrate, with a 2 x 1
MIMO configuration on a 50 mm x 30 mm ground
plane. An equivalent circuit model addresses impedance
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mismatch, with adjustments made for desired perfor-
mance. Simulations in HFSS and AWR validate the
design's effectiveness. Overall, the research offers a
comprehensive approach to optimizing reconfigurable
MIMO antennas for wireless communication systems.

2. MIMO ANTENNA CONFIGURATION

The capacitors positioned across the polygons are the
primary means by which the electrical length of the pro-
posed reconfigurable polygon patch antenna is altered.
Furthermore, by matching the impedances according to
the resonance frequencies, the capacitance values are
modified to ensure that the wave is properly transmitted
from one patch to the next. Different operation frequen-
cies are achieved depending on whether artificial switches
permit transmission across the patches. This is because
the electrical dimension of the antenna is altered. The
transmission line model [8] is used to determine the an-
tennas' fundamental parameters. AWR software proved
used to analyze the equivalent lumped circuit model and
ANSYS HFSS software was used to run full wave simula-
tions for the proposed MIMO antenna.

2.1 Proposed Model

The size of the polygon’s patches for the 26 GHz an-
tennas are first determined using the transmission line
model. The quarter wavelength transformer is then used
to determine the microstrip feed line for the 26 GHz an-
tenna. Fig. 1 depicts the reconfigurable single element
antenna that was constructed on the FR4 substrate. The
relative permeability of FR4, a commercially accessible,
reasonably priced, and workable substrate, is 4.3, and its
tangent loss is 0.019. There is a millimeter-sized space left
between each radiating patch. The substrate's height (k)
is 1 mm. The calculated dimensions for the radiating
element of the antenna are presented in Table 1.

W

Fig. 1 — Signal element

The suggested 2 x 1 MIMO antenna set is shown in
Fig. 2. Tt is achieved by fusing a traditional polygon-type
patch radiation antenna. The suggested MIMO antennas
are positioned as shown on a 50 mm x 30 mm ground
plane that has been etched with a 1 mm thick layer.

Table 1 — Dimensions of designed antenna

. . Value . . Value
Dimension Dimension
(mm) (mm)

Py 1 Wy 22

P, 7 L, 15

Ls 8.4 Wy, 50

Wy 1.6 Lsy 30

W; 30 d 12.8
Ly 30 Wis 3
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Fig. 2 — Two Element
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Fig. 3 — Comparison S11 between single element and two elements

Fig. 3 illustrates a detailed comparison between the
S11 parameters of both single-element and two-element
systems within the context of the study. In the analy-
sis, i1t is observed that the two-element system show-
cases a marginally broader bandwidth spanning from
23.4 to 27.8 GHz, in contrast to the narrower band-
width of the single-element system ranging from 23.9
to 27.5 GHz. This discrepancy in bandwidth perfor-
mance between the two systems hints at potential
benefits in terms of frequency coverage that may be
obtained by utilizing the two-element system configu-
ration. Fig. 4 illustrates a comparison of the Voltage
Standing Wave Ratio (VSWR) between single-element
and two-element systems. In the case of the two-
element system, the VSWR measures at a lower value
of 0.6. Conversely, for the single-element system, the
VSWR is notably higher, recorded at 5.3. This compari-
son highlights a significant disparity in VSWR between
the two configurations. A lower VSWR indicates better
impedance matching and less signal reflection, which is
favorable for system performance. Therefore, the two-
element system appears to exhibit superior impedance
characteristics compared to the single-element system,
as evidenced by its substantially lower VSWR value.
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Fig. 4 — Comparison VSWR between single element and two elements

2.2 Equivalent Circuit

When a reconfigurable antenna is connected to a
common feed line, an impedance mismatch issue is likely
to arise. The equivalent circuit model gives a solid meth-
od to solving this problem by simply adding a lumped
element for each section of the antenna. To obtain the
proper value for this element, the antenna must be ap-
propriately modeled. In this study, we employed a fairly
complete equivalent circuit that included models for the
various elements of the antenna, which are described in
depth in this section. The two identical parts of the sug-
gested antenna are each represented using lumped ele-
ments such as capacitances, resistors, and inductors.
Together, these components create an equivalent circuit
model, facilitating comparison of actual performance
with HFSS and AWR simulations. As depicted in Fig. 5,
adjustments to the components are made to achieve the
desired S11 and Se2 characteristics.

TLINP TLINP TLINP
ID=TL1 ID=TL2 ID=TL3
R12=07 Z0=50 Ohm Z0=50 Ohm Z0=50 Ohm
L=4um L=9um L=15.98 um
PORT Eeff=2.8 Eeff=2.8 Eeff=2.8
P=1 Loss=0 Loss=0 Loss=0
2Z=50 Ohm F0=26 GHz F0=26 GHz F0=26 GHz

C12=0.4

o1

H

CAP RES
ID=C1 ID=C3 ID=R2

C=C12pF R=R12 Ohm
CAP RES CAP

ID=C4 ID=R3 ID=C2
C=C12pF R=27 Ohm C=0.4 pF

TLINP TLINP
ID=TL6 ID=TL5
Z0=50 Ohm Z0=50 Ohm Z0=50 Ohm 2Z=50 Ohm
1=15.98 um L=9 um L=4 um

Eeff=2.8 Eeff=2.8 Eeff=2.8

Loss=0 Loss=0 Loss=0

F0=26 GHz F0=26 GHz F0=26 GHz

Fig. 5 — Circuit Model of the proposed MIMO Antenna

3. RESULTS AND DISCUSSION

The comparison depicted in Fig. 6 between the simu-
lated and equivalent circuit representations for the S1
parameter provides valuable insights into the modeling
and analysis of the system's performance. The band-
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width of the simulated model, ranging from 23.5 to
27.8 GHz, is slightly wider than that of the equivalent
circuit model, which spans from 23.8 to 27.5 GHz. Fig. 7
presents the comparison between simulated and equiva-
lent circuit representations for the Se2 parameter. In the
simulated model, the bandwidth extends from 23.8 to
27.6 GHz, whereas in the equivalent circuit model, the
bandwidth spans from 23.5 to 27.8 GHz.
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Fig. 6 — Simulated and Equivalent circuit for Si1

This variance suggests that the simulated model may
capture additional frequency components or exhibit a
broader frequency response compared to the simplified
equivalent circuit model. The difference in bandwidth
underscores the significance of model accuracy and com-
plexity. While simulated models aim to comprehensively
capture real-world intricacies despite their computation-
al intensity, equivalent circuit models offer a more
streamlined representation that sacrifices some detail
for computational efficiency.

o]

-10 -

-20 4

-30 4

-40 -

Reflection Coefficient (dB)

-50 4

—— Simulated S,, (HFSS)

= = Equivalent Circuit S,, (AWR)
-60 T T T T T

23 24 25 26 27 28 29
Frequency (GHz)

Fig. 7 — Simulated and Equivalent circuit for Sz

Fig. 8 displays the three-dimensional gain pattern for
the proposed Multiple Input Multiple Output (MIMO)
antenna. The gain of the antenna is approximately
14 dB, observed at the resonant frequency of 26 GHz.
This depiction of the gain pattern provides valuable
insights into the antenna's radiation characteristics,
illustrating how signal strength varies across different
angles and orientations. The high gain of 14 dB indicates
the antenna's effectiveness in transmitting and receiving
signals efficiently, particularly at its resonant frequency.

Fig. 9 presents the E-plane (red curve) and H-plane
(green curve) radiation patterns for the proposed Mul-
tiple Input Multiple Output MIMO) antenna.

03006-3



N. MESKINI, B. AGHOUTANE ET AL.

Max: 14.1

dB(GainTotal)

15
I Theta (deg)
10 il

I-10
-15

Min: -14.5
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Fig. 9 — E-plane (red curve) & H-plane (green curve) of the
proposed MIMO Antenna
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na radiates most effectively in the plane perpendicular
to the direction of the electric field. Conversely, in the
H-plane (magnetic plane), depicted by the green curve,
the primary radiation beam is oriented towards -180
degrees. This signifies the direction of maximum radia-
tion in the plane perpendicular to the magnetic field.

4. CONCLUSION
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the proposed MIMO antenna system, highlighting its
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Ynockounanenuii nusaitH anreHu MIMO 2 X 1 gina 6e3gporoBoro 38’a3ky 5G
3 iHTerpaiieo eKkBiBaJIeHTHOI cxemu
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V 1boMy JOCIIIMKEeHHI IIPOIIOHYEThCA HOBMM INAXIZ J0 MPOEKTYBAHHS PEKOH(MIrypOBAHUX AHTEH i3
6ararema Bxomamu i Buxogamu (MIMO), o nparoiors Ha yactori 26 I'T'ir. [Iporiec mpoekTyBanus mounHa-
€ThbCA 3 BU3HAYEHHSA PO3MIpIB 0AraTOKyTHMX OIJIAHOK 34 JOIIOMOIOI0 MOIEJI JIiHII mepemadi, miCJIs dYoro
BIIPOBAIYKYIOTHCA UYBEPTh XBIJILOBI TPaHCGOPMATOPH AJIA MIKPOCMYTOBMX JIHIM $KMBJIEHHA. AHTEHH 100Y-
mosaHl Ha migkiaamiri FR4, suOpaniit yepes il JOCTYIIHICTH 1 €KOHOMIUHY e)eKTHBHICTD, 31 CIII[iaJIbHUMU
€JIEKTPOMATHITHUMU BJacTuBoCTAMHU. [Ipomonyerses kKordiryparis agrenu 2 X 1 MIMO nuisixom moegHaH-
HA TPAOULIAHUX aHTeH 0AraTOKYTHOrO THIIy Ha IIOIIuHI 3asemiieHHsa 50 MM x 30 mm. [y BupimreHHs
mpo0JieMH HEBIAMOBITHOCTI IMITEIAHCY ITiJT Yac IMIKJII0UeHHS PeKOH(IryPOBAHMX AHTEH JI0 3araJibHOI JIiHIT
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JKUBJIEHHSI, BAKOPUCTOBYETHCS MOJIEJIb €KBIBAJIEHTHOI cxemu. Moesib MICTUTE 30CepeIyKeH] eJIeMeHTH, TaKi
SIK €MHOCTI, PE3HCTOPH Ta KOTYIIKHU 1HIyKTHBHOCTI, 1100 TOYHO IMITYBaTH MOBEOIHKY aHTeHn. Kopurysauus
IIUX KOMIIOHEHTIB 3JIIMCHIOEThCA ISl JOCATHEeHHA OaykaHmx xapakrepuctuk S11 1 S22. [IpomoHoBana KOHCT-
PYKIIiST OITIHIOEThCS IILJIAXOM MojesoBauHsa 3 BukopucramaaM HFSS 1 AWR, mo memoncTpye ii edpexTus-
HICTB y JIOCSATHEHHI 0a/KaHUX ITOKA3HUKIB IIPOJIYKTUBHOCTI. 3arajioM e JOCIIKeHHS IpeICcTaBIIsge KOMILIe-
KCHUM IIXIT T0 TPOeKTYBaHHsA pekoHdiryposanux anredn MIMO, mpomnonyoun po3yMiHHS TPAKTUIHOL pe-
asizai 1 onTUMI3allil TPOIyKTUBHOCTI B CUCTEMAaX 0e3pOTOBOTO 3B SI3KY.

Korouosi cmosa: MIMO anTenna, ExsiBanentna cxema, I[lincnaenns, 5G.
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