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Abstract :  This paper consists of a compact antenna system proposed for ultra-wideband (UWB) multiple-input multiple-output 

(MIMO) applications. Two cup-shaped monopole radiator elements constitute the proposed UWB-MIMO antenna placed on a 

substrate with an area of 29 × 40 mm2 . The Antenna operates over the entire (Ulta wide band) UWB frequency band of ( 3.1 - 

10.6 GHz).The electromagnetic isolation between the antenna elements is obtained by introducing the vertical ground stub and 

slots etched in the ground plane. Isolation of more than 20dB is achieved in most of the frequency band of interest. The proposed 

antenna system meets the requirements for MIMO applications. 
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I. INTRODUCTION 

Multiple-input multiple-output (MIMO) is a fast growing technology in wireless communication which adopts multiple 
antennas at both transmitter and receiver terminals. By using MIMO, the capacity of the channel can be enhanced by using the 
rich scattering environment and without utilizing extra power or spectrum [1]. Due to high speed and high capacity of MIMO, 
researchers have centralized their focus on the MIMO antennas [2, 3]. MIMO also helps to reduce the multipath fading and hence 
increases the performance of the system [4]. 

Since the Federal Communications Commission (FCC) released unlicensed frequency band (3.1-10.6 GHz) [5], Ultra-
wideband (UWB) technology became the potential candidate in the race of the wireless world. By utilizing this band of 
frequency, personal networks can be setup to control different devices within the home or office [5]. Due to extremely low 
transmitted power of the order of - 41.3 dBm/MHz [5], this technology is restricted to short range communications. To overcome 
this problem, the combination of MIMO with UWB is found to be one of the promising solutions. This has been systematically 
first reported by Kaiser et. al [6]. 
The implementation of  MIMO antennas for compact and portable devices is very difficult to achieve because of the mutual coupling 
between  the antenna elements. To overcome this problem, isolation between the antenna elements is increased but the compact size 

limits this approach. Several approaches have been reported to decrease the coupling, thus achieving wideband isolation over 
entire UWB by using different decoupling methods to obtain isolation [7-11]. Tree-like structure in the ground plane has been 
used to achieve decoupling [12], by parasitic stubs [13] and by etching slots in the ground to decrease coupling between the 
antenna elements [8]. 

In this paper, a compact UWB antenna is proposed for MIMO applications. The proposed antenna has a size of 40×29 = 1160 

mm
2
. It exploits approach of using vertical stub and slots in the ground plane to achieve maximum isolation. This antenna covers 

the entire UWB and achieves an isolation of more than 20dB in most of the frequency band with envelope correlation coefficient 
(ECC) value below 0.002. 

II. GEOMETRY AND ANALYSIS OF ANTENNA  

The  proposed  antenna  comprises  of  two  identical elements placed symmetrically  about Y-axis as shown in Fig.1. The                                                                                                               

antenna elements are placed on substrate GML 1000 with thickness of 0.508mm and dielectric permittivity, Ɛr, of 3.2. 
Proposed antenna system consists of two identical monopole radiators to achieve UWB characteristics. For achieving better 

isolation, radiators share common ground with rectangular slots. Both monopole radiators are fed with 50Ω micro-strip lines. The 
designing and simulations of the antenna system is done using CST Microwave Studio. The optimized dimensions of the designed 
antenna system is as follows (millimeters): W = 40, L = 29, c = 4, eh = 7, Lf = 10.52, Wf = 1.22, Ld = 2.1, Wp = 10.81, Ws = 
1.18, Lg =10.3, Wcg = 1.22, y = 0.7, eh' = 0.5, Lh = 2.1, Wh = 2, xy = 8, Wg = 18.9, Ls = 0.8.The effect of these parameters and 
effectiveness of the slots are presented below. 

For impedance matching, rectangular slots under the feed lines are made as shown in Fig.1. (b).The effect of these slots on the 

 return loss as well as isolation is shown in Fig.2. The return loss and isolation at 6.7 GHz was improved by making an H-shaped slot in 

the ground plane between the two radiators. The return loss and isolation was enhanced from 9 to 12 dB and 14 to 18 dB respectively by 

introducing H-slot as shown in Fig.3. 

A vertical ground stub is introduced between the two antenna elements to achieve better isolation. This stub acts as monopole 
and resonates at frequency defined by its length. To achieve good isolation at lower frequencies without any increase in the 
overall size of the antenna, the rectangular slots next to the vertical ground stub are etched which reflect the lower frequencies 
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between port 1 and port 2. Thus, reduces the coupling between two radiators at lower frequencies as shown in Fig.4. The 
addition of the vertical stub between the monopole radiators is the effective method in order to maintain best isolation at 
compact size. The length of the stub is controlled by the length xy. The width, y of the rectangular slot which is used to increase 
the length of the vertical stub also plays an important role in impedance matching and isolation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Antenna Configuration (a) Front Side (b) Back Side of MIMO antenna 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of variations in length c on (a) |S11 |(b)|S12| 
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(a)                                                                           (b) 

Figure 3. Effect of variations in length eh and H-slot on (a)|S11| (b) |S12| 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      (a)                                                                                                     (b) 

Figure 4. Effect of variations in length y on (a) |S11| (b) |S12| 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              (a)                                                                                                    (b) 
 

Figure 5. Simulated S-parameters of Band Notched MIMO antenna (a) |s11| (b) |s12| 
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III. RESULTS AND DISCUSSION 

The MIMO antenna is designed and simulated using 

CST MWS with the optimized dimensions given above. The return loss and the isolation between the monopole radiators are 

plotted in Fig.5. The MIMO antenna covers the whole UWB band ranging from (3.1-10.6 GHz). Also, the |s11| and the |s12|of the 

antenna system is greater than 15 dB and 20 dB respectively. 

       In order to receive the low fade signals, diversity i.e., multiple numbers of transmitter and receiver antennas are used. The 

diversity performance is measured in terms of ECC and is given below by equation1 [12]: 

 

ρᵨ =  
|𝑆11 ∗ 𝑆12

∗ + 𝑆21 ∗ 𝑆22
∗ |2

(1 − |𝑆11|2 − |𝑆21|2)(1 − |𝑆22|2 − |𝑆12|2)
          (1) 

 
Where, S12 ,  S21 represents isolation and S11 ans S22 the return losses of the individual antennas. As shown in the Fig.6, the 

ECC is less than 0.002 in the entire UWB. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Simulated ECC of the proposed antenna 

 

IV. CONCLUSION 

Band notched MIMO antenna covering the entire UWB is designed. The antenna consists of two monopole radiators placed on 

a substrate having thickness and dimensions of 0.508mm and 29 × 40 = 1160 mm 
2
 . Impedance matching and Decoupling between 

the antenna elements is achieved by introducing slots and stub. Also, the ECC is below 0.002 in the entire UWB making this 

antenna appropriate candidate for UWB applications   
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