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Abstract – A novel tiny two-element MIMO (multiple-input multiple-output) antenna is presented for 5G mm-wave communication. The antenna has dimensions of 4.8 × 12 × 0.508 mm3 and is composed of the Rogers RT/duroid 5880 (tm) substrate, which has a loss tangent of 0.0009 and a dielectric of 2.2. The proposed antenna features a slotted ground at the base and two U-shape patches on top of the substrate. To excite the patches, a 50-ohm microstrip line feed is used. For better impedance performance, each radiating patch has a 1.3 × 0.2 mm2 rectangular strip and a couple of rectangular slots. A U-shaped element enables the first operating band at 26.8GHz from 26.3 to 27.50GHz. Cutting hexagonal slots into the ground creates the next operating band at 48.7GHz, which spans 48.1 to 49.45GHz. The suggested MIMO antenna's isolation is improved by slots on the ground and radiating elements that are orthogonally positioned. The results manifests that the suggested antenna is appropriate candidate for 5G mm-wave communications.

Index Terms - 5G mm-Wave, impedance, isolation and multiple-input multiple-output.
I.  Introduction

There is a raising need for very higher data rate with extremely minimal latency and spectrum in wireless applications because of the widespread adoption of wireless communication networks. Fifth-generation (5G) mobile standard has a number of benefits over the current 4G system, including faster data transmission speeds, increased spectrum efficiency, decreased latency, and good device connectivity and stability.

The FCC split the spectrum of frequencies into three bands: <1GHz, sub-6 GHz, and mm-wave bands in order to support 5G. There is an excess of spectrum available in mm-wave frequency ranges greater than 24 GHz, allowing for extremely large capacity, extremely high throughput, and extremely low latency. As a result, several antennas for 5G mm-wave are being introduced. Multiple-input multiple-output (MIMO) is a promising technology for 5G applications [1-4]. Using MIMO technology, which doesn't need any additional spectrum or transmission power, offers the potential to increase data rate and efficiency. The communication channel's two endpoints of a MIMO system both have several antennas. 
In MIMO systems, mutual coupling is possible because antenna elements are spaced closely together [11]. Hence, it is challenging to increase isolation or decrease mutual coupling between antennas that are close together. Many investigations have been conducted in order to improve isolation or decrease mutual coupling in MIMO antenna systems [5-15]. The aforementioned antennas offer acceptable isolation, but they are too large and have complicated designs. Thus, a simple, miniature MIMO antenna with isolation enhancement is required for 5G mm-wave communication. 
For 5G mm-wave applications in the n257, n258 and n262 bands, the disclosed invention proposed a new, small, isolation-enhanced 2-element MIMO antenna. This research introduces a unique 26.8/48.7GHz compact MIMO antenna for 5G mm-wave applications. The antenna is fed by a 50-ohm microstrip feedline and comprises 12 x 4.8 x 0.508 mm3. The antenna consists of two orthogonally positioned elements on top of a substrate, and on the backside is a ground with tiny hexagonal and rectangular slots. The antenna has good impedance matching and isolation properties and operates at 26.8 GHz and 48.7 GHz. The antenna design, the findings, and the conclusions are covered in the following sections.
II. Dual-Band mm-wave Antenna Design

 The dual-band U-shaped MIMO antenna's ideal geometry for 5G mm-wave applications is depicted in Fig.1. Ansoft HFSS was used to do simulations, dimension optimization, and the proposed antenna design. The 50-ohm microstrip line is fed by the MIMO antenna, which has dimensions of 12 × 4.8 × 0.508 mm3 and is established on a Rogers RT/duroid 5880 (tm) dielectric. The substrate's thickness is 0.508mm, its loss tangent is 0.0009, and its relative permittivity is 2.2. The proposed antenna consists of a slotted ground at the bottom and two U-shaped elements placed orthogonally on top of the substrate. A couple of slots (1.465 × 0.325 mm2, 0.78 × 0.325 mm2) are added to each radiating patch to improve the MIMO antenna's impedance performance. The operating band was created at 26.8GHz, which spans from 26.3GHz-27.5GHz, using the rectangular slots. A pair of hexagonal slots with a dimension of 2.8 × 2.425 mm2 each are carved from the ground in order to achieve another resonance band at 48.7GHz from 47.6GHz-50.1GHz. Fig.2(a). shows the proposed MIMO's impedance matching characteristics (S11 & S22 parameters). It is observed that the antenna operates with good impedance matching at 26.8 GHz and 48.7 GHz (S11<-10dB). In this study, two techniques are employed to produce high isolation between antenna ports or minimal mutual coupling between radiating parts. These methods consist of the perpendicular placement of U-shape components and the utilisation of a tiny, ground slot (4.7 × 0.3 mm2). Fig.2(b) shows the recommended antenna's isolation parameters (S12 & S21). Throughout the working bands, the aerial provides enhanced isolation of more than 26 dB.
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Fig.1. Dual-band mm-wave antenna with sizes; (a) top layer, (b) bottom layer and (c) dimetric view.

III. Results AND DISCUSSION 

Fig.2. displays the suggested MIMO antenna’s S-parameters, comprising S11, S12, S21, and S22 results. The proposed antenna has good impedance matching behaviour (S11 and S22-10dB) and operates at two mm-wave bands, namely 26.8 GHz and 48.7 GHz. The MIMO antenna in Fig.2(b). also offers strong isolation at the 26.8 GHz and 48.7 GHz bands, S12, S21>26dB. How effectively an antenna's impedance is matched is determined by a test known as the voltage-standing wave ratio (VSWR). The lower the VSWR, the better the impedance matching. The suggested antenna's VSWR is 1.26 at 26.8 GHz and 1.19 at 48.7 GHz, as shown in Fig.3.
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Fig.2. Dual band mm-wave antenna S-parameter results; (a) return loss, (b) mutual coupling.
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Fig.3. Dual band mm-wave antenna VSWR plot

The 2-D radiation characteristics at 26.8 GHz and 48.7 GHz in the E-plane and H-plane are shown in Fig. 4. At the operating bands, the antenna provides omnidirectional H- and bidirectional E-plane patterns. The peak gain results of the suggested configuration are shown in Fig.5. Peak gains of 7.1dBi at 26.8GHz and 5.4dBi at 48.7GHz are noted.
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Fig.4. Radiation patterns at (a) 26.8 GHz, (b) 48.7GHz
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Fig.5. The Peak Gain plot

At both resonating frequencies, the surface current distribution patterns for the proposed antenna are examined in Fig.6. The current density function at 26.8 GHz is shown in Fig.6(a) and (b). Along the feed as well as the left side of the antenna patch, the current fluctuation is at its maximum. The first resonant band corresponds to the length of the existing path. In a similar manner, Fig.6(c) and (d), displays the surface current density of the second resonant frequency band at 48.7 GHz. The provided figure makes it clearly evident that the current density is greater on the same and opposite sides of the feeding arrangement.
[image: image10.png]Jsurf[A_per_m]

. 5000e+082
. 3931e+002
. 2861e+002
. 1792e+002
.B723e+002
. 6537e+001
. 5844e+001
.5152e+0@1
. 4459e+081
. 3767e+001
. 3074e+001
. 2382e+001
. 1689e+0@1
.B996e+001
.0380e-001

WENWFEN DN DD R R R R e

-~





(a)
[image: image11.png]Jsurf[A_per_m]

. 5000e+082
. 3931e+002
. 2861e+002
. 1792e+002
.B723e+002
. 6537e+001
. 5844e+001
.5152e+0@1
. 4459e+081
. 3767e+001
. 3074e+001
. 2382e+001
. 1689e+0@1
.B996e+001
.0380e-001

WENWFEN DN DD R R R R e





(b)
[image: image12.png]Jsurf[A_per_m]

. 5000e+082
. 3931e+002
. 2861e+002
.1792e+002
.B723e+002
. 6537e+001
. 5844e+001
. 5152e+001
. 4459e+001
. 3767e+001
. 3074e+001
. 2382e+001
. 1689e+001
.B996e+0@1
.B380e-001

WR NG FN DN DD R R R e

-~





(c)

[image: image13.png]Jsurf[A_per_m]

. 5000e+082
. 3931e+002
. 2861e+002
.1792e+002
.B723e+002
. 6537e+001
. 5844e+001
. 5152e+001
. 4459e+001
. 3767e+001
. 3074e+001
. 2382e+001
. 1689e+001
.B996e+0@1
.B380e-001

WR NG FN DN DD R R R e





(d)
Fig.6. Surface Currents When: (a) Port-1 is excited at 26.8GHz, (b) Port-2 is excited at 26.8GHz, (c) Port-1 is excited at 48GHz and (d) Port-2 is excited at 48GHz
IV. Conclusion
This paper presents a portable dual-band MIMO design for 5G mm-wave communication. The antenna, which measures 12 x 4.8 x 0.508 mm3, is constructed of Rogers RT/duroid 5880 (tm) substrate. The proposed antenna comprises of a slotted ground at the bottom of substrate and two orthogonally positioned elements on top. A slot on each radiating element and hexagonal cuts on the ground are employed to induce resonances at 26.8 GHz and 48.7 GHz, respectively. In order to realise port isolation, the elements are located orthogonally. Moreover, a little rectangular opening in the ground is used to significantly enhance isolation. The antenna exhibits omnidirectional radiation patterns, strong isolation of more than 26dB, peak gains of 7.1 dBi at 26.8 GHz, and 5.4 dBi at 48.7 GHz. Diversity performance parameters for the proposed structure include return loss <-10dB and VSWR <2. The results firmly depict that the recommended design is a good fit for 5G mm-wave applications.
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