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Abstract—This work introduces a novel compact 4-element MIMO antenna in the form of a q for use in
the X-band. The proposed antenna has a footprint of 25× 25mm2 and can be easily produced using an
FR-4 epoxy substrate. The antenna consists of a 50-ohm microstrip line connected to ground and four
q-shaped radiators. The antenna’s impedance matching characteristics were analysed by performing a
parametric study on its several parameters. The antenna has excellent impedance matching capabilities
and operates between 7.2GHz and 12.6GHz. By utilising the connected ground technique and placing
radiating elements in an orthogonal orientation, we can achieve the isolation of greater than 15 dB. The
measured and simulated results demonstrate the antenna’s high peak gain of > 4 dBi and high radiation
efficiency of > 90%, as well as its good impedance bandwidth (S11 ≤ 10 dB) and isolation (S21/S31/S41

of ≥ 15 dB). The presented antenna is a good option for X-band applications because its envelope
correlation coefficient (ECC) is less than 0.00001, its total active reflection coefficient (TARC) less than
−10 dB, channel capacity loss (CCL) less than 0.03 bits/sec/Hz, and mean effective gain (MEG) less
than −3 dB.

1. INTRODUCTION

Current and next-generation wireless communications require high-speed data transmission, quality,
and low bit error rates. Multiple-input multiple-output (MIMO) technique reduces bit error rate,
increases transmission data rate, eliminates multiple fading, and increases channel capacity, improving
transmission reliability. MIMO uses multiple antennas at both ends of the communication channel.
MIMO antennas for 5G, WiMax, WLAN, C-band, X-band, Ku-band, K-band, and ultra-wideband
(UWB) have been created for portable devices. MIMO system design must maximise port isolation,
which affects diversity performance and channel capacity [1, 2]. Portable devices have limited space,
making mutual connection between antennas challenging. Numerous MIMO antennas with different
designs and isolation methods have been published [3–14].

In [3], a dumbbell-shaped slot is added between element centres for optimal isolation. In MIMO
antennas, a defected ground structure (DGS) reduces mutual coupling [4]. T-shaped and narrow slots
in the ground plane reduce mutual coupling [5]. [6] reduces radiating element mutual interaction with
a T-shaped stub from the ground plane. Parasitic reflectors and ground strips improve isolation [7].
T-shaped stubs and rectangular strips improve isolation [8]. A U-shaped slot DGS in the ground plane
promotes isolation [9]. In [10], symmetrical inverted L-monopole antennas (ILA) with interconnected
ground planes improve isolation. In [11], a rectangular hole under each microstrip feed-line reduces
mutual coupling. [12] proposed a new un-protruded multi-slot (UPMS) isolating element between two
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