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Abstract— This fractal geometry is designed by using 

iterated design function (IDF).The self-similarity dimension 

of proposed fractal geometry is 1.79, which is a fractional 

dimension. Self-similar fractal geometry is used there to 

achieve miniaturization and wide-band performance. A 

ground stub of T-shape with vertical slot enhances isolation 

and impedance band-width of proposed MIMO antenna. The 

antenna consists of 2 novel self-similar fractal monopole 

antenna elements and there metallic area is minimized by 

29.68% at second iteration. This antenna has compact 

dimension of 24 x 32 mm2 and impedance band-width of 

9.4GHz ranging from 3.1 to 12.5 GHz with isolation better 

than 16dB. There is a good agreement between measured 

and simulated results, which confirm that the proposed 

antenna is acceptable for UWB applications. The various 

diversity performance parameters are also determined. Thus 

a novel compact self-similar fractal ultra-wideband (UWB) 

multiple input multiple output (MIMO) antenna is 

presented. 
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I. INTRODUCTION 

The vast majority of people on earth still do not have access 

to quality communication facilities. Copper wires, coaxial 

cable, fibre optics and power line communications all have 

technical limitations. So wireless connection is being seen as 

alternative. Multiple-input–multiple-output (MIMO) 

antenna has attracted significant research power in wireless 

field. The combination of UWB and Multiple Input-

Multiple-Output (MIMO) significantly improves the data 

rate transmission capacity, spectrum efficiency and overall 

quality of the communication link in comparison to single 

antenna systems. It has two novel self-similar fractal planar 

monopole elements. A ground stub of T-shape is placed 

vertically between monopole elements for proper matching. 

The antenna has a ground plane with Koch fractal geometry 

to achieve miniaturization and wideband performance. In 

2002, Federal communication commission (FCC) authorized 

to use unlicensed frequency spectrum from 3.1 to 10.6 GHz. 

But reflection and diffraction cause multipath fading 

problem between two antennas in UWB system. 2 MIMO 

system contains multiple antennas, which improve channel 

capacity and system reliability. Fractal gives the opportunity 

to design small and wideband antennas in restricted space 

because of its space- filling, self-affine, and self-similar 

properties. There is an increment in electrical path length 

when the fractal geometry is designed in a given small area. 

Various UWB antennas are designed using fractal 

geometries. Thus a self similar fractal structure is designed 

using Iterated Function System (IFS). 

The square shaped two element monopole MIMO 

antennas are given which used a T-shaped and a cross-

shaped9 ground stubs to enhance isolation better than 15 dB.  

Orthogonal placement of both the antenna elements with an 

L-shaped ground stub improves isolation by 15 dB .The 

Koch fractal geometry used to achieve miniaturization and 

wideband performance. From above-mentioned designs the 

proposed size is of 24 × 32 = 768 mm2. The remaining 

article is arranged as follows: The proposed antenna 

dimensions and generation steps are explained in Section 2. 

Section 3 shows the ground stub of T-shape on MIMO 

antenna performance. Section 4 show images of a prototype 

of proposed antenna with characteristics such as S-

parameters, radiation patterns, and realized gain. Section 5 

concludes the article. 

II. ANTENNA PARAMETERS AND CONFIGURATION: 

 
Fig. 1: Geometry of proposed antenna 

Figure 1 shows the geometry of a novel self-similar fractal 

UWB MIMO antenna. The size of this antenna is 24 × 32 

mm2. It is designed on FR4 substrate with dielectric 

constant, loss tangent, and height of 4.2, 0.02, and 0.75 mm, 

respectively, using simulation tool CST software. A ground 

stub of T-shape is placed vertically between monopole 

elements for proper matching. To improve isolation, a 

vertical slot is then cut in the ground plane. Table below 

lists the dimensions of the proposed self-similar fractal 

MIMO antenna and these dimensions are used to fabricate 

the prototype of the antenna .Fractal means irregular or 

broken fragments. The self-similar fractal structure is used 

in the antenna design because it provides desired 

miniaturization and wideband characteristics. Then the 

rectangle is scaled by a factor of four in both horizontal and 

vertical directions, creating 16 small rectangles, out of 

which four central rectangles removed. The metallic area of 

single rectangular monopole element is 7 × 9.5 = 66.5 mm2 

at zero iteration, which is reduced to 46.757 mm2 by cutting 

slots. It is observed that metallic area of self-similar fractal 

monopole elements is reduced by 29.68%. . 
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III. STUDY OF MIMO ANTENNA PERFORMANCE  

 
Fig. 2: S-Parameters results 

The T-shaped ground stub provides better matching and 

enhancing isolation. A ground stub of T-shape is placed in-

between the two self-similar fractal planar monopole 

elements as shown in Figure 2. The simulated results of S-

parameters for the self-similar fractal MIMO antenna with 

ground stub of T-shape are in Figure 3. It is observed that 

lower cut-off frequency of S11 is changed from 4.37 to 3.23 

GHz by using a T-shaped stub. It happens because the T-

shaped ground stub is acting as a reflector. The mutual 

coupling, S12 should be less than or equal to −15 dB for 

MIMO antennas. S12 is suppressed below −15 dB by using 

a T-shaped ground stub for the entire operating frequency 

band. The ground slot cut to enhance isolation, Surface 

current distribution is observed to determine mutual 

coupling among the antenna elements of MIMO antenna. 

The direction of current flow is observed to know the 

amount of mutual coupling between antenna elements. It is 

observed that sufficient amount of current is coupled toward 

the T-shaped ground stub and ground slot, leading to 

reduction of surface current at second fractal monopole 

element. This results in less mutual coupling between the 

ports. 

IV. RESULTS AND DISCUSSIONS 

It is observed that measured and simulated S-parameters are 

comparable. The impedance bandwidth of proposed antenna 

is 9.4 GHz, which is ranging from 3.1 to 12.5 GHz 

(fractional bandwidth of 120.51%) with mutual coupling, 

S12 below −16 dB. Thus, proposed antenna is desirable for 

UWB applications. The E plane and H plane results are 

shown below 

 
Fig. 3: Group delay 

 
Fig. 4: Radiation pattern at 3.4854 GHz 

V. CONCLUSION 

A novel compact self-similar fractal UWB MIMO antenna 

with a size of 24 × 32 mm2 is designed. The two self-similar 

fractal geometry monopole elements are used to achieve 

UWB operations in the range of 3.1-12.5 GHz with a 

fractional bandwidth of 120.51%. The metallic area of 

monopole elements is reduced by 29.68% .  A ground stub 

of T-shape with vertical slot enhances isolation better than 

15 dB at the operating frequency. The various diversity 

performance parameters are also determined. There is good 

agreement between measured and simulated results, which 

confirms that the proposed antenna is acceptable for UWB 

applications. 

REFERENCES 

[1] Federal Communications Commission. Revision of Part 

15 of the Commission's rules regarding ultra-wideband 

transmission system from 3.1 to 10.6 GHz, Federal 

Communications Commission, Washington, DC; 2002, 

ET Docket 98-153. 

[2] Bolin T, Derneryd A, Kristensson G, Plicanic V, Ying 

Z. Two-antenna receive diversity performance in indoor 

environment. Electron Lett. 2005; 41:1205-1206.  

[3] Ben IM, Talbi L, Nedil M, Hettak K. MIMO-UWB 

channel characterization within an underground mine 

gallery. IEEE Trans Antennas Propag. 2012; 60:4866-

4874.  

[4] Werner DH, Haupt RL, Werner PL. Fractal antenna 

engineering: the theory and Design of Fractal antenna 

arrays. IEEE Antennas Propag Mag. 1999; 41(5):37-58.  

[5] Anguera J, Puente C, Borja V, Soler J. Fractal-shaped 

antennas: A review. In: Chang K, ed. Encyclopaedia of 

RF and Microwave Engineering. Vol 2. Hoboken, NJ: 

Wiley; 2005:1620-1635.  

[6] Haji-Hashemi MR, Mir-Mohammad Sadeghi H, 

Moghtadai VM. Spacefilling patch antennas with CPW 

feed. Prog Electromagn Res. 2006;2(1): 69-73.  

[7] Liu L, Cheung SW, Yuk TI. Compact MIMO antenna 

for portable UWB applications with band-notched 

characteristic. IEEE Trans Antennas Propag.  

2015;63(5):1917-1924. 

[8] Liu L, Cheung SW, Yuk TI. Compact MIMO antenna 

for portable devices in UWB applications. IEEE Trans 

Antennas Propag. 2013;61(8):4257-4264.  

[9] Cheng Y, Lu W, Cheng C, Cao W, Li Y. Printed 

diversity antenna with cross shape stub for ultra-

wideband applications. In: Proceedings of 

Communication Systems (ICCS 2008). 2008;813-816.  

[10] Najam AI, Duroc Y, Tedjni S. UWB-MIMO antenna 

with novel stub structure. Prog Electromagn Res. 

2011;19:245-257. 

[11] Dhar S, Sharawi MS. A UWB semi-ring MIMO 

antenna with isolation enhancement. Microw Opt 

Technol Lett. 2015;57(8):1941-1946.  

[12] Biswal SP, Das S. A low-profile dual port UWB-

MIMO/diversity antenna with band rejection ability. Int 

J RF Microw Comput Aid Eng. 2017;28(1): e21159.  

[13] Mathur R, Dwari S. Compact CPW-fed ultrawideband 

MIMO antenna using hexagonal ring monopole antenna 

elements. AEU - Int J Electron Commun. 2018;93:1-6b.  



Design of Compact Self-Similar MIMO Antenna Analysis for Wireless Applications 
 (IJSRD/Vol. 8/Issue 2/2020/276) 

  

 All rights reserved by www.ijsrd.com 1186 

[14] Kumar R, Surushe G. Desivinoygn of microstrip-fed 

printed UWB diversity antenna with tee crossed shaped 

structure. Eng Sci Technol Int J (JESTECH). 

2016;19(2):946-955.  

[15] Tripathi S, Mohan A, Yadav S. A compact octagonal 

fractal UWB MIMO antenna with WLAN band 

rejection. Microw Opt Technol Lett. 2015;57: 1919-

1925.  

[16] Mandelbrot BB. The Fractal Geometry of Nature. New 

York, NY: W. H. Freeman; 1983. 17. Peitgen HO, 

Jurgens H, Saupe D. Chaos and Fractals: New Frontiers 

in Science. New York, NY: Springer-Verlag; 1992.  

[17] Sinha SN, Jain M. A self-affine fractal multiband 

antenna. IEEE Antennas Wirel Propag Lett. 

2007;6:110-112.  

[18] Gurjar R, Singh R, Kumar S. Elliptically slotted self-

affine 8-shaped fractal multiband antenna. In: 

Proceedings of the Int. Conf. on Recent Cognizance in 

Wireless Comm. & Image Processing Springer; 2016; 

783–778; Jaipur, India.  

[19] Gurjar R, Upadhyay DK, Kanaujia BK. Compact four-

element 8-shaped self-affine fractal UWB MIMO 

antenna. In: IEEE International Microwave and 

Photonics Conference Proceedings; 2018;1-2. Dhanbad, 

India. 

[20] Choukiker YK, Sharma SK, Behera SK. Hybrid fractal 

shape planer monopole antenna covering multiband 

wireless communications with MIMO implementation 

for handheld mobile devices. IEEE Trans Antenna 

Propag. 2014;62:1483-1488.  

[21] Vinoy KJ, Abraham JK, Varadan VK. On the 

relationship between fractal dimension and the 

performance of multi-resonant dipole antennas using 

Koch curves. IEEE Trans Antenna Propag. 2003;51(9): 

2296-2303.  

[22] Thomas KG, Sreenivasan M. A simple ultrawideband 

planar rectangular printed antenna with band 

dispensation. IEEE Trans Antennas Propag. 

2010;58(1):27-34.  

[23] Reed S, Desclos L, Terret C, Toutain S. Patch antenna 

size reduction of a patch antenna by means of inductive 

loads. Microw Opt Technol Lett. 2001; 29(2):79-81.  

[24] Desclos L. Size reduction of patch by means of slots 

insertion. Microw Opt Technol Lett. 2000;25(2):111-

113.  

[25] Tripathi S, Mohan A, Yadav S. A compact koch fractal 

UWB MIMO antenna with WLAN band rejection. 

IEEE Antennas Wirel Propag Lett. 2015;14:1565-1568.  

[26] Mak ACK, Rowell CR, Murch RD. Isolation 

enhancement between two closely packed antennas. 

IEEE Trans Antennas Propag. 2008;56(11):3411- 3419.  

[27] Das G, Sharma A, Gangwar RK. Dual port aperture 

coupled MIMO cylindrical dielectric resonator antenna 

with high isolation for WiMax application. Int J RF 

Microw. 2017;27(7):1-10.  

[28] Singh HS, Pandey GK, Bharti PK, Meshram MK. 

Design and performance investigation of a low profile 

MIMO/diversity antenna for WLAN/WiMAX/ 

HIPERLAN applications with high isolation. Int J RF 

Microw. 2015;25: 510-521.  

[29] Nasir j, Jamaluddin MH, Khalily M, Kamarudin MR, 

Ullah I, Selvaraju R. A reduced size dual port MIMO 

DRA with high isolation for 4 G applications. Int J RF 

Microw Comp Aid Eng. 2014;25(6):495-501.  

[30] Sharawi MS. Printed MIMO Antenna Engineering. 

Norwood, MA: Artech House; 2014 


