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ABSTRACT

This paper described the design of Mimo antenna array with EBG structure,to improve return'less, directivity
and gain at 5.85GHz frequency which has application dniwireless communication. 5.85 GHz frequency
basically used in sending information into home through internet, video“andy,computef communication
Designing of antenna restricted toMIMO patch on wihich EBG structure has been-applied:

EBG assisted antenna designs, which have improved performarce of some of the traditional antennas, have
been applied in many real-life applications. Some EBG anténnas are designed for GPS applications. Radio
frequency identifications (RFID) is a dapidlysdeveloping technology for Mutomatic target identifications.
Zeland IE3D Software is used as.an effective tool for 3D“electromagnetic simulation of high frequency
components. Microstrip line feeding has been used in this paper. because of easy to apply. The objective of
this paper is to design 2 €lement WIMO gatch “antenha arrgy with EBG structure and compare the
performance parameter stich as gain; direetivity etc with MIMO without EBG structure.
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I. INTRODUCTION
Now a day’s communication system changes into wireless ubiquity which means that every person wants to

reach whatever he wants ,whenever he wants , wherever he wants and for this much we have broad
frequency spectrum ranging from 88MHz TO 6GHz.The WiMAX (Worldwide Interoperability for Microwave
Access) system [1] is becomiing increasingly popular to allow broadband wireless internet access for private
and business users. WIMAX is based on the IEEE 802.16 family of standards [2]. The first system
implementations, based on the 802.16-2004 specifications intended for fixed wireless access, are already
being tested and even used.

Antenna play paramount role in present developing communication system. Microstrip antenna is generally
used for research work due to light weight and patch can be of any shape. Patch is generally made of
material such as copper or gold. Here the research work is based on MIMO patch. In radar and satellite
communication, it is necessary to design antennas with very high directive characteristics to meet the
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demand of long distance communication and the most common configuration to satisfy this demand is the
array form of the Microstrip antenna. The arrangement of the array may be such that the radiation from the
element adds up to give a radiation maximum in particular direction, minimum in others, or otherwise as
desired [4].

For the same reasons, electromagnetic band gap (EBG) structures and their applications in antennas have
become a new research direction in the antenna community  due to following advantages

eUltra wideband (greater than 80%) relative

Bandwidth.
eCompatibility with existing circuit-board technology.
eExcellent insertion loss and impedance matching charac

* Negligible crosstalk and radiation.

an be of any shape.
MIMO patch Microstrip antenna has been sélect is etched on dielectric

substrate i.e. FR4 substrate which thickn

patch antenna is given by

Effective dielectric cons

_E,.+l+
Eop = 3

Substituting €,=4.4 and h=1.6mm We can get €.

Calculation of the effective length (L):- The effective length is given as:-
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L= 5 — 2AL
275 \{(Eqﬂ‘" N
Calculation of length extension (AL):- The length extension is given by:-

w
£, +O.3(*W+O.246
B \h)
AL = 0.412 h

re

£, —0.258 (W—\+o.813
\h)

B. EBG STRUCTURE
Generally speaking, electromagnetic band gap structures are ifici iodicy(or sometimes
non-periodic) objects that prevent/assist the propagation of electro ified band of

order to get a optimum performance in the rfej illi i range of .24 to .3. Then
with these dimensions along with microstri eland IE3D Software. When

The MIMO Array antenn i he design layout of 2-input MIMO patch with and
without EBG structure anten i Figure 3.1 and 3.2 Figures for 5.85 GHz frequency

A.

We used the same i the dielectric substrate (h) and the same dielectric material at the
design frequency so w me dimension of single patch antenna.

. Width of the patch Wi = 5mm,W,.3mm

. Effective Dielectric’Constant g of the patch =4.4

. Actual length of the patch, L =15.1884 mm.

. The value of the W1 =4.8125 mm.

. Input impedance of the patch W2 = 1.4079mm
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Fig.3.1 design layout of MIMO without EBG str

IMO Array with EBG structure

IV. RESULTS

and IE3D Software. The design layout of 2-input MIMO Microstrip
BG structure are illustrated in Figures..various results such as return
WR, efficiency are calculated and are presented in this section From the
Table 1, the performance icrostrip two element antenna array with EBG structure is better than
Microstrip antenna withodt EBG structure. From table it is clear that return loss has been increased in
rectangular patch antenna array from -7.8 to -19Db when EBG structure applied and same in circular patch
from -7.8 Db -17Db. Directivity has been also improved after applying EBG structure in both antenna from
8.3 to 8.9 in case of circular and from 8.26 to 8.5 in case of rectangular. Gain has been increased in only
circular

The MIMO Array
patch antenna array
loss, antenna gain, dir

antenna from 4.7 to 5.4.

Antenna Return | Directivity | Gain | RF Eff,

Loss (dB) (GHz)
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Type

(dB)

MIMO Array
Without
EBG

-7.8

8.26

6.6

5.2

91

MIMO Array
With EBG

-19

8.5

6.5

5.45

90
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Page | 5




International Journal of Electrical and Electronics Engineers

http://www.arresearchpublication.com

A D o DD |8

=]
Fieference Mode ALl ~
i Total Field Directivity vs. Frequenc
o psis @, ity q ¥
€ Mo Aeference a oI Maximum Toral Fleld Directivity
Current Value Tl a5 a5
Line: M/&, =
e o
N
E] E]
M L
Selected Values El
v Et 8.5 8.5
e 8 ¥ 8
== 7.5 7.5
- -
| @ g
= 7 7
B
< 3| |[<— 6.5 6.5
Difference Between Two Paints -
= == 6 6
|
e
Cik 5.6 5.5
Additional Infermation
5 5
4.5 4.5
1 1.5 2 2.5 3 X 4 4.5 5 5.5 [
Fraquency (GHz) -

Fig-4.3.

oo DD| = A&

ISSN- 2321-2055 (E)

Directivity in MIMO Array witheut EBG structure

W =
Feference Mode i ~
& Ais Total Field Gain vs. Frequency
O fudis &
© Ma Reference =N —e—I~ Maximum Total Field Gain
Cunent Value Tz 6 6
Line: N/,
bmp
A, B
= 3
Ry B
Selected Values
¥ = 0
e -3
= s
(=] =
2| € =)
- -9
< > 12
Difference Betwaen Twa Paints
15
LS
Ci 18
Additional Information
21
34
1 1.5 z 2.5 35 4 4.5 5 5.5 6
Frequency (GHz) a
W 2R =
Rieference Mode Ll ~
= Rais Efficiency Vs. Frequency
Y A =N
" No Reference a ——" Antenna —=—I¥ Radiati i
Current Value T 100 100
Line: M,
bmp
N E
= a0
N E=
Selected Values &=
4 = ¥ ErY a0
o 70
= Y T
= 2 o0 §
| F g
2 2
_ & s0 &
< E3 a0
Difference Eetwesn Twa Points
30
LS
e 20
sdditional Information
10
0
1 15 2 25 45 5 5.5 3

25 4
Frequency (GHz)

Fig-4.5. Efficiency in MIMO Array without EBG structure

IJEEE, Vol. No.4, Issue No. 02, July-Dec,2012

Page | 6




International Journal of Electrical and Electronics Engineers
http://www.arresearchpublication.com

ISSN- 2321-2055 (E)
IJEEE, Vol. No.4, Issue No. 02, July-Dec,2012

ENETE 2

W
Reference Mods AL ~
& Kbz VSWR Displa
Y s IS play
Mo Reference a —s—:Port 1
Current Value T 350 360
Line: M4
bmp
N B
=
REANY e
Selected Yalues
12
1
e ,
=
=
a2

<

Difference Between Two Paints

1 =

@40
dr:0

Additional Infamation

>

1 =

=

45 5 5.5 [

I

ig. 4.8. Directivity in MIMO Array with EBG structure

1 1.5 2 25 35
Freq (GHz) ~
Fig-4.6. VSWR in MIMO Array without EBGistructure
L BE 0D | % s
{I_:\‘elalance HMode ALL -~
= Amis "
o @ VSWR Display
€ NoRefersnce a —=—T:Port 1
Current Value T as0 as0
omp
NS
T2 o =00 =00
Selected Values [&=
3 =% ¥ 5=
-~ 250 250
=
= 200 200
| § g
150 150 !
< >
Difference Between Two Points
100 100
o
ov:
Additional Information
50 50
o o
1 1.5 2 2.5 2 25 4 45 5 5.5 B
Freq (GHz) ~
Fig. 4.7 ¥SWR in MIMO Array with EBG structure
hraoie on| & % =]
Reference Mode AL ~
& i i Vi
2 YA:E EY Total Field Directivity vs. Frequency
" Mo Feference [ —=—I Maximum Total Field Dir ectivity
C
R | o .
bup
e s s
Selected Values =
0 = i = . .
!
e ,
i 7.5 7.5
=
= g 7 L
€ = =
6.5 6.5
< >
Difference Between Two Points
- - B B
o 5.5 5.5
Additional Information
5 5
4.5 4.5
1 1.5 2 2.5 3 2.5 4 4.5 5 5.5 8
Frequency (GHz)

Page | 7




International Journal of Electrical and Electronics Engineers
http://www.arresearchpublication.com

ISSN- 2321-2055 (E)

IJEEE, Vol. No.4, Issue No. 02, July-Dec,2012

Total Field Gain vs. Frequency

—e—T" Maximum Total Field Gain

-21

-4

1 18

2

25 45

3 3.5 4
Frequency (GHz)

5

55

8

Fig. 4.9. Gain in MIMO Array with EBG structure

(dBi)

R ED| & & =
Reference hode
& K Avis Gl
Y dis 28
© No Refer =Y
Current Vil T,
Line: N/&, Cl
b
R N2A 5
=
N =
Selected Val =
E] ® ¥ a2
i
=
u =
s €
< >
Difference Between Two Paints
dx
v
Additional Information
R BE OO || & & =
e Mode ALL
2N
=N
JicS 1
bmp
2 NAA :‘
W NAA
Selected Values =
£} 3 . =3
e
= 2
al £
2| 3
< >
Difference Between Two Points

Additional | nformation

—o—" Antenna

Efficiency Vs. Frequency

oo

—

an

20

70

60

50

40

30

20

10

o

1 1.5 2

2.5 4 45

35
Frequency (GHz)

5

5.6

3

Percentage (%)

Fig. 4.10. Efficiency in MIMQfArray with EBG structure

REFRENCES

[1]WiIMAX Forum, http://www.wimaxfaorum.org/home/

[2] IEEE 802.16 LAN/MAN Broadband Wireless

LANS, http://standards.ieeeiorg/getieee802/802.16.htm!

[3] Jian-Feng Li , Quing-Xin Chu and Tian-Gui Huang “A Compact Wideband MIMO Antenna With Two Novel
Bent Slits”, IEEE Transactions on Antennas and Propagation, Vol.60, No.2, February 2012.[4] Aadesh kumar
arya and Rohit Dindha “ A comparison of Rectangular and circular microstrip patch antenna using EBG
structure”, IETET-2012. [5] Kai Fong Lee and Wei Chen, "Advances in Microstrip and Printed Antennas", John

Wiley & Sons Inc. New York, 1977

[6] I.1.Bahi and D.K. Trivedi, "A Designer's Guide of Microstrip Line", Microwaves, pp. 174-181,1977

Page | 8



http://www.wimaxforum.org/home/
http://standards.ieee.org/getieee802/802.16.htm

International Journal of Electrical and Electronics Engineers ISSN- 2321-2055 (E)
http://www.arresearchpublication.com IJEEE, Vol. No.4, Issue No. 02, July-Dec,2012

[7] C. 1. Kaufman, Rocky Mountain Research Lab.,Boulder, CO, private communication, May 1995.

[8] Performance Comparison between Rectangular and Circular Patch Antenna Array Proceedings of 201 0
IEEE tudent Conference on Research and Development (SCOReD 010), 13 - 14 Dec 2010, Putrajaya, Malaysia

[9]J. D. Kraus, antennas, Mc-Graw Hill
[10]Constatine Balanis, Antenna Theory: Analysis and Design.

CONCLUSIONS

proposed antenna after applying EBG structur i i ows that available
power to be absorbed and radiated by the afiten the line. Many factors

must be considered such as operating f i i of the antenna system, and

successfully designed at the fre ed from the above results, while
designing, a proper feed net i important parameters in Microstrip
patch antenna design. F ture on metamaterial. In the field of

is under consideration.
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