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Abstract - A compact ultra-wideband (UWB) multi-input

multiple-output  (MIMO)  spatial  diversity  antenna  with

circle shape designed on an FR-4 substrate is proposed in

this  project  and is  investigated experimentally.  The lower

capacity,  reliability and low data date solutions for single

input  single  (SISO)  antenna  systems  are  multiple  input

multiple  output  (MIMO)  solutions.  MIMO  has  high

capabilities,  high  data  speed,  low  latency  and high  noise

(SNR) ratio. The MIMO antennas provide a large coverage of

the growing mobile device population for both current and

future generation of wireless applications. Two ports have

been  proposed  for  wireless  applications,  planar  MIMO  in

form of a hook with dumb-bell radiators and partial floor

structure  and  perfect  border  conditions.  The  proposed

prototype with broadband characteristics  can resonate  in

2:1 VSWR, covering frequencies in a band of 2 GHz -10 GHz.

Bandwidth  of  -10  dB  is  5.84  GHz  for  return-loss.  In  the

entire band, the MIMO antenna gain is over 3.6 dB, while

radiation efficiency exceeds 66 %. The proposed work on a

dielectric 45.9x45.9 mm2 substrate is performed. The design

work is carried out.  The proposed design covers 5.15-5.85

GHz Wireless Band (WWB), 7.1-7.76 GHz satellite band, and

5.9-8.5 GHz point-to-point wireless band (HSB).

1. INTRODUCTION

Microstrip  patch  antennas  are  now  widely  used  to

transcend single input single output disadvantages (SISO)

such  as  demand  for  bandwidth,  data  frequency,  power

demand  and  capacity  requirements  for  wireless

transection.  MIMO offers  a growing wireless  and mobile

device population the best solution. The range of wireless

communication solutions is available to address the indoor

and outdoor needs of the local wireless network (WLAN),

microwave access wireless interoperability (WiMAX), and

satellite communication. In the design of antennas, various

diversity  techniques  are  helpful. Dumbbell  shape  UWB

MIMO  diversity  antenna  with  dimensions  18mm*21mm

with 3 notches operating with a band width of 2.9-20 GHz

with an isolation of -22 dB having Radiation efficiency of

75%-85%[1].  Triple  band  notched  DGCEBG  structure

based  UWB  MIMO/diversity  antenna  with  dimensions

58mm*45mm with 2 notches operating with a bandwidth

of 2.3-10.6 GHz with an isolation of -15dB [2].  Compact

offset micro strip-fed MIMO antenna with dimensions of

38.5mm-38.5mm with 1 notch operating with a bandwidth

of  3.08-11.8  GHz  with  an  isolation  of  -15  dB  having

radiation efficiency above 75% [3]. A dual notched band

MIMO slot antenna with dimensions of 30mm*60mm with

3 notches operating with a bandwidth of 2.8-11 GHz with

an isolation of -20dB having radiation efficiency of 80%

[4].  Compact  CPW-fed  UWB  MIMO  antenna  with

dimensions of 26.75mm*41.5mm with 3 notches operating

with  a  bandwidth  of  3.1-11.5  GHz  with  an  isolation  of

-15dB having radiation efficiency of 75% [5]. Dual notched

band MIMO slot antenna with dimensions of 22mm*26mm

operating  with  a  bandwidth  of  3.1-11.8GHZ  with  an

isolation of -20dB having radiation efficiency of 85% [6]. A

triple  notched  band  antenna  with  dimensions  of

23mm*40mm  operating  with  a  bandwidth  of  2-11  GHz

with  an  isolation  of  -7db  [7].   A  triple  band  notched
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antenna with dimensions 64mm*45mm operating with a

bandwidth of 2-10.6 GHz with an isolation of -17db [8]. A

triple  band  notched  antenna  with  dimensions

50mm*50mm  operating  with  a  bandwidth  of2.76-10.75

GHz with an isolation of -15db [9]. A triple band notched

antenna with dimensions 40mm*40mm operating with a

bandwidth of 3.4 -12 GHz with an isolation of -15db [10].

A  new  wideband  slot  array  for  MIMO  performance

enhancement  with  dimensions  of  112.3mm*112.3mm

having isolation of 25 dB [11].

2. PROPOSED METHODOLOGY 

Fig. 1 Design of Dumbbell shape Design

Table 1: Dimensions of the design

Parameter L W a b C D r2

Vale (mm) 60 60 20 30 20 3 4

In the proposed the antenna having a size of 60 x 60 mm2

using FR-4 substrate. Each patch have a dimension of 20 x

30 mm2  and shifted the same patch to right hand side. A

dumbell  is  inserted  between  the  patched  to  reduce  the

mutual coupling between the patches. This reduces greatly

mutual coupling between them.

3. RESULTS AND DISCUSSION

The proposed design having the S-parameters are shown

in Fig. 2 & Fig. 3. The proposed design is resonate at dual-

band of operations at 4.9 GHz and 7.8 GHz these are used

in  the  applications  of  C-  band  &  S-bands.  At  these

frequencies  the  mutual  coupling  is  -36  dB  &  -48  dB  is

observed.  This  reduces  the  mutual  coupling  is  greatly

achieved. 

These graphs  shows the S-parameter calculations of  the

proposed MIMO structure. Cutting the slots in the form of

circle and is attached a rectangular slot on the both sides

to form a MIMO structure. In order to improve the mutual

coupling between the antennas. 

Fig. 2 Return loss of proposed antenna

Fig. 3 Mutual coupling of proposed antenna

The antenna parameter VSWR is less than or equal to 2 at

the dual–band of frequencies which is shown in Fig. 4. The

directivity  of  the  proposed  system  at  dual-band  of

frequencies is more than 6 dBi which is indicated in Fig. 5.

Fig.  6  shows  the  envelope  correlation  coefficient  of  the

proposed system which is always less than 0.05. This value

of ECC improves the diversity gain of the antenna in MIMO

structure. The improvement in the ECC observes that there

is  a  great  suppression  in  the  mutual  coupling.  The

variations  in  the  design  observed  that  inserting  the

dumbbell  structure  greatly  improvement  in  the  antenna

parameters.
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Fig. 4 VSWR of proposed antenna

              Fig. 5 Directivity of proposed antenna

               Fig. 6 Envelope correlation coefficient (ECC)

Fig. 7 Radiation Pattern at 4.969 GHz

 

Fig .8 Radiation Pattern at 7.723 GHz

Fig. 7 & Fig. 8 shows the radiation patterns of dual-band
MIMO structure with co & cross polarizations. Here these
patterns are measured with one port is excited and other
port is terminated with some characteristic impedances of
50  ohm transmission  line.  These  shows  that  the  design
antenna observes that at dual-band operation the co-pol is
always greater than cross-polarization which is observed
here.  Here E-field is measured at xz-plane and H-field is
measured at  yz-plane.  This  shoes that H-field pattern at
the dual-band operations is looks like an omnidirectional
nature  and  E-plane  pattern  is  approximately  doughnut
shape  is  observed  from  the  radiation  patterns.  At  these
resonant frequencies observed that the values is  greater
than  -48  dB  is  identified.  The  improvement  in  the
radiation patterns also with using the dumbbell structure
and without dumbbell structure is observed. The dumbbell

structure  inserted  between  the  patches  improvement  in
the radiation patterns also.

4. CONCLUSION

This paper examines the design of the dumb-bell form of

the MIMO antenna.  The  antenna  is  60 mm x  60  mm in

compact size. Simulated and measured results show that,

with  the  exception  of  WLAN  and  IEEE  INSAT  /  Super-

Extended  C-Band,  the  antenna  being  proposed  has  an

impeder  bandwidth  of  2.9  to  10.8GHz  and  an  isolation

over  operating  band  of  more  than  35dB.  The  ECC,  DG,

efficiency multiplexing, TARC and peak gain demonstrate

an  excellent  diversity  level.  The  antenna  proposed  is  a

good candidate for MIMO diversity applications. 
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