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Abstract 

Slot and patch modification for the design of a compact multiband antenna with Multi-Input-Multi-Output 

(MIMO) functionality is proposed in this paper. At various frequency bands, the antenna performance is 

obtained by modification and addition of slot and patch shapes in the design of the compact MIMO 

multiband antenna. Addition of slots or patches is done separately in the already existing multiband antenna 

designs. Whereas in this work, the addition of slot and patch are combined. Arlon Diclad 880 with a 

dielectric constant of 2.17 - 2.2 (εr) and height 0.75mm is used for the antenna design. The MIMO 

multiband antenna with the dimension of 12.5 mm × 7.5 mm is designed. On various millimeter-wave 

frequency bands ranging from 20 GHz to 40 GHz, the MIMO antenna can function as observed in the 

results of simulation and evaluation. This work shows that microstrip antennas can be added with slots and 

patches during their design and development, thereby enabling the antenna to operate under multiple 

frequency bands.  

Keywords: MIMO, Slot Antenna, Multiband antenna, Patch modification, Wireless radio communication 

1. Introduction 

The multiband antennas are allocated with diverse frequency bands that are far apart from 

each other [1]. They are essential for the modern-day wireless communication systems due to their 
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features and functionalities. In this paper, the design of a compact multiband MIMO (Multiple 

Input Multiple Output) antenna is presented, and the results are simulated to analyze its efficiency 

[2]. Despite having a wide bandwidth, a single band antenna cannot accommodate this. The 

wireless communication system frequency range requirements can be supported by proposing a 

solution to the bandwidth limitation, by designing a microstrip antenna with limited frequency and 

bandwidth. In the design and development of antennas for cellular communication systems, 

meeting the range of frequency bands required for the antenna is challenging [3]. The future 

wireless communication systems mainly require millimeter-wave frequency range and MIMO 

system capability. Several frequency bands in the millimeter-wave are required for the fifth-

generation technology (5G) cellular communication and modern wireless radio networks. In order 

to support these frequency ranges, the antennas that support these requirements are essential [4].  

At various frequency bands like 26-28 GHz, 24 GHz and 3.5 GHz, the development plans 

of 5G technology are proposed in Indonesia [5]. The need for developing antennas can be 

anticipated, for meeting the requirements of 5G technology that can operate on multiple frequency 

bands [6]. For wireless radio applications, a multiband MIMO antenna is designed and developed 

that operates in the millimeter-wave frequency range. Various existing literature propose the use 

of multi-slit regular patch [7], addition of patches to multiband and MIMO antennas [8], addition 

of slots [9], addition of slit using MIMO technique [10] and so on. The addition of patch and slot 

is combined in this design for the development of a microstrip antenna. This state of the art design 

offers improved antenna performance for multiband applications when compared to the existing 

techniques.  

2. Literature Review 

Subchannel correlation of the stochastic MIMO channel model is characterized as a joint 

function of the receive and transmit arrays [11]. Rather than the models, the measured MIMO 
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channel capacity is predicted more accurately, and verification of the joint-correlation channel 

model is presented with independent correlation characterized at the transmit and receive arrays. 

These models are also called the marginal-correlation channel models [12-15]. On either side of 

the MIMO link, the correlation of the antenna array is minimized independently based on the joint 

correlation between the transmit and receive arrays using the MIMO channel capacity function. 

The available channel capacity, however, cannot be persevered by the MIMO link. In studies 

related to channel models immersing a single array in rich multipath, such as one-sided-correlation 

and marginal-correlation channel, the aforementioned subtlety has been overlooked. The received 

signals at an antenna can be decorrelated by mutual coupling in the antenna array [16]. In MISO 

and SIMO communications, the diversity gain is observed by this decorrelation by influencing the 

diversity of the array’s angle. In each array, a decorrelating effect is produced independently by 

simulating a marginal channel model for computing the larger MIMO channel capacity [17]. The 

channel capacity, however, cannot be restored by the joint decorrelation of general MIMO 

channels using these conclusions [18].  

The multipath interface of the array and its effect are not considered when taking into 

account the independently constrained interface between the available multipath and each array in 

the array design paradigms that currently exist [19]. In polarization-space or angle-space, at the 

radiation pattern of each array, fixed orthogonal division is performed and at each side of the link, 

decorrelation is achieved independently in the diversity-array paradigm [20]. The multipath 

perceived alone is matched with the radiation pattern of each array in the smart-array paradigm 

[21]. In the design of the MIMO array, a different approach is suggested by the MIMO transmitter 

and receiver based on the joint relationship between the two [22]. Due to the joint-correlation 

nature of the challenge, perception of the MIMO capacity is not ensured by the diversity-array 

design constraint [23]. The strongest Eigen channel capacity is achieved by the MIMO link as a 

result of the smart-antenna constraint. For all minimum Eigen channels, joint and simultaneous 
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formation of Eigen beam pairs are permitted, and the eigenvalue distribution or inherent Eigen 

structure of the MIMO channel is not distributed in order to preserve the available capacity of the 

MIMO channels by designing a pair of arrays [24]. Using arrays whose elements are 

omnidirectional and independently interfaced with the multipath realization’s joint angular spectra 

which is a condition that must be satisfied for preserving the channel capacity [25].  

3. Proposed Research Methodology  

3.1 Microstrip Antenna Design Method  

In this paper, a multiband MIMO antenna design is introduced with the help of multipatch 

multi-frequency technique and loaded multifrequency technique. A U-slot and a patch are included 

as part of modifying the patch antenna. Miscellaneously loaded or reactively loaded by the addition 

of reactive load on capacitors, pins, slots and stubs is taken into consideration. 

 

Figure 1. Design of Multiband Antenna  
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To produce more than one frequency band, multi-frequency multipatch is used by proper 

arrangement of the multiple patch antennas. Fig.1 indicates the design methodology that is 

incorporated in this paper in order to develop the multiband antenna. Here, the patch antenna is 

initially designed to operate in the 28 GHz frequency and on addition to patches, 38 GHz is attained 

as the working frequency. Addition of slots will further modify the patch to operate at the 24 GHz 

frequency.  

CST Microwave Studio 2016 is the simulation software that is used in order to obtain the 

results of design simulation. A Vector Network Analyzer (VNA) is used for measuring the results 

of antenna fabrication. Radiating elements, substrate material and ground plane are the basic 

constituents of a typical microstrip patch antenna.  

3.2 MIMO Antenna Design  

Table 1 is used for designing the MIMO multiband antenna in an efficient manner.  

Table 1. Specifications of MIMO multiband antenna 

Parameters Specifications 

Frequency Band 24 GHz, 28 GHz, 38 

GHz 

Bandwidth ≥ 1000 MHz 

VSWR ≤ 2 

Return Loss ≤ −10 dB 
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Arlon Diclad 880 is the substrate material that is incorporated in multiband MIMO antenna 

design. It has a thickness of 0.75 mm and a permittivity of 2.17. According to the proposed work, 

Fig.2 shows the representation of a millimeter-wave region in which the multiband antenna design 

operates.  

 

Figure 2. Multiband Antenna (a) 28 GHz Antenna Design, (b) 38 GHz Antenna Design with 

Patch Antenna 

As per the use in wireless radio applications, a better beam width performance is possible 

with the help of a 2T2R MIMO configuration and 4-element linear array configuration as 

represented in Fig.3.  
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Figure 3. MIMO Multiband Antenna 

4. Results and discussion  

Fig.4 indicates the return loss observed at the frequencies 38 GHz, 28 GHz and 24 GHz 

along with the proposed methodology radiation pattern using multiband array antenna. Based on 

the observed output in the form of simulation, it is determined that, there are 3 working frequencies 

for the antenna ranging from 20 to 40 GHz. In 38 GHz, the bandwidth value and return loss value 

are at 1.2 GHz and -19 dB, while at 28 GHz, the values are 1.324 GHz and -20.4 dB. A bandwidth 

of 1.23 GHz and return loss of about -21 dB is observed in the 24.6 GHz frequency.  
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Figure 4. The proposed multiband antenna with S-parameter 

 

Figure 5. Comparison of Measurement and Simulation 
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The output simulations observed in Fig.5. indicates that the multiband antennas perform in 

a more efficient manner when compared to other traditional methods. This is especially the case 

in comparing bandwidth performance in every band. Then, average bandwidth considered in prior 

algorithms is 300 MHz for every band. Figure 5 indicates the way in which measurement, 

fabrication and simulation results for the multiband antenna takes place. However, it is found that 

there is a minute difference between the measured and simulated results. This change does not 

have a significant impact on the performance of the bandwidth in terms of measurement. This 

observation indicates that the addition of slots and patches as suggested in this work will be able 

to develop a better bandwidth performance in comparison with other methodologies which are 

within the 300 MHz band.  

5. Conclusion  

In this paper, a multiband MIMO antenna is designed such that it operates at millimeter-

wave frequencies and is best apt for applications in wireless radio communication. The simulated 

output indicates that the proposed work and the design process can develop multiband antennas 

which operate at 20 GHz to 40 GHz wave bands. The observed output indicates a good bandwidth 

performance with multiple bands of frequency. Moreover, this output can also be incorporated for 

further development of MIMO antennas based on the need of communication systems.  
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