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Abstract
A low profile, dual band (Bluetooth, Wi-MAX application), 
planar monopole antenna is presented in this work. Rectangular 
‘C’ shaped slot is cut on the radiating element and rectangular 
open loop resonators are embedded in the ground section of the 
antenna structure. Fractal geometry is included to improve the 
gain of the antenna. Operating frequencies of the antenna are 2.2 
– 2.5 GHz for Bluetooth (IEEE 802.15.1) and 3.34 – 3.57 GHz 
for WIMAX (IEEE 802.16).
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I.  Introduction
With the development of modern wireless communications, there 
is an increasing demand of compact, low profile, multi-band 
monopole antennas. Bluetooth (802.15.1) is very useful for mobile 
communication. The bandwidth of the Bluetooth ranges from 2.4 
to 2.484 GHz. Its specification is based on frequency-hopping 
spread spectrum technology. WI-MAX refers to interoperable 
implementations of the IEEE 802.16 family which is extensively 
being used in commercial, medical and industrial sectors.
To cover all the frequency bands, broadband antennas can be 
used. In order to avoid potential interference between nearby 
communication systems, antennas need to be designed that would 
work in only the desired frequency bands [1-4].
One possible solution is to use a single antenna system which would 
work only in the desired frequency bands without compromising 
on performance and notching the undesired frequency bands, 
reducing the antenna size. This paper presents such an antenna 
system which operates in two frequency bands; 2.2 – 2.5 GHz 
and 3.34 – 3.57 GHz.

II. Structure and Design of Antenna
The proposed antenna is designed on an FR4 substrate having 
a relative dielectric constant εr=4.4 and height h = 1.6 mm dual 
layered PCB. The antenna is fed with 50 ohm microstrip line. 
The top and bottom views of the proposed antenna are illustrated 
in fig. 1. The thickness of the PEC material on the both sides of 
the substrate is 0.0035mm. Micro strip feed line is used which 
is a conducting strip, usually of much smaller width compared 
to patch. The Microstrip Feeding Technique is easy to fabricate, 
simple to match by controlling the thickness of the width and 
easy to model. The required width of the microstrip feeding line 
is calculated for the characteristic impedance Z0 = 50 ohm. [5]

(1)

where 

The length (L) and width (W) of the microstrip patch can be 
calculated from the following equation, [6-7]

   (2)

   (3)

where,

 
A rectangular slot has been cut on the radiating patch to get a 
notch for WIMAX frequency. The length and width of this patch 
are less than that of the outermost designed patch. As the current 
is divided between the rectangular patch and the split-ring slot, 
thus without increasing the structure size, additional frequency 
bands can be incorporated. After the antenna structure has been 
designed, the variables are optimized, to get the desired result.

 
Fig. 1: Proposed Antenna Geometry (a) Top View, (b) Bottom 
view

Split ring resonator [8-9] in Fig. 2 is a small sized, high Q resonator 
which can be used to produce Band Notched characteristics in a 
planar antenna. A single cell SRR has a pair of enclosed loops. 
Split-ring resonator consists of an inner square with a split on one 
side, embedded in an outer square with a split on the other side.

Fig. 2: Dual Open Loop Rectangular Ring Resonator Geometry
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Fig. 3: Koch Fractal Geometry

By effectively increasing the aperture area of the antenna, a better 
return loss can be expected. By using fractal the aperture area of 
the antenna is being increased and as a result its gain increases. 
The effect Koch fractal geometry (Fig. 3) to the gain of the antenna 
structure is studied in this paper. For the zeroth (0th) iteration, 
only the antenna without any fractal is studied. In the first (1st) 
iteration (Fig. 4-a), Koch fractals have been placed on the four 
corners of the antenna of 0th iteration. Proceeding further, for the 
second (2nd) iteration (Fig. 4-b), the same geometry is repeated 
over the antenna in 1st iteration.
With the above design at hand, a series of steps have been performed 
and dimensions have been optimized to get the desired results. 
The optimized dimensions (in mm) are given in Table 1.

 
                   (a)                                                         (b)
Fig. 4: First and Second Iterations with Koch fractal geometry
Optimised Values

Table 1: Optimised Values
                        Iteration
                     
   Parameter

0th 
Iteration

1st 
Iteration

2nd 
Iteration

Antenna

Wouter 22.5 21 21.7

Louter 18.75 17.25 17.95

Winner 17.1 14.8 16.3

Linner 13.35 11.05 12.55

Wpatch 4.6 4.8 4.6

Lpatch 7.55 7.15 7.55

t 3.08 3.08 3.08

SRR

Ws2outer 15.6 15.6 15.6

Ls2outer 15.6 15.6 15.6

Ws2inner 10.4 10.4 10.4

Ls2inner 13 13 13

Ws1outer 7.8 7.8 7.8

Ls1outer 10.4 10.4 10.4

Ws1inner 2.6 2.6 2.6

Ls1inner 7.8 7.8 7.8

Fractal

W1st - 0.5 0.84

L1st - 0.5 0.84

W2nd - - 0.504

L2nd - - 0.504

(all units are in mm)

III. Results
With the above designs at hand, full wave analyses have been 
performed to obtain the following results. Figure 5 presents the 
Return Loss (in dB) of the proposed antennas for the different 
stages of iteration. It shows two notches and the bandwidth of first 
notch is from 2.2 – 2.5 GHz with a maximum operating frequency 
at 2.41 GHz. Another notch has the bandwidth 3.34 – 3.57 GHz and 
has a maximum operating frequency at 3.5 GHz.  With increasing 
iteration, the return loss of the antenna improves.

Fig. 5: Return Loss of the Proposed Antennas
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The corresponding VSWR plot is given in fig. 6. It shows that the 
operating bands have VSWR less than 2.

Fig. 6: Corresponding VSWR Plots of the Antennas

The radiation patterns of the antenna in the three planes; namely 
XY, YZ, XZ planes are examined and presented in figs. 7 (at 
frequency 2.41GHz) and 8 (at frequency 3.5GHz).

   (a)

   (b)

   (c)
Fig 7: Radiation Patterns at 2.41GHz in (a) XY (b) YZ and (c) 
XZ Planes

   (a)

   (b)
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   (c)
Fig. 8: Radiation Patterns at 3.5GHz in (a) XY (b) YZ and (c) 
XZ planes

Table 2: Realized Gains at Operating Frequencies

                                          
                Iteration

Realized Gain

0th 1st 2nd

Bluetooth 
(at f=2.41GHz) 3.37 dB 3.27dB 3.2dB

WIMAX
(at f=3.5GHz) 4.53 dB 4.27 dB 4.8 dB

Table 2 gives a comparative overview of the realized gains 
incorporating the Koch fractal structures. From the table it is 
evident that while the gain at Bluetooth frequency remains almost 
the same, there is an increase in the gain at WIMAX frequency for 
the 2nd iteration. Thus the 2nd iteration of Koch fractal has provided 
an increment in gain at the WIMAX frequency band.

IV. Conclusion
This paper deals with small profile, monopole, dual band antennas 
which are successfully operating in the two frequency ranges with 
Koch fractal geometries implemented. Three different antenna 
configurations have been designed and developed. Using fractal 
geometry the antenna gives a good far field realized gain and as 
considerably as it yields a better return loss in S-parameter, good 
result in VSWR plotting. The simulated results of the proposed 
antenna agreed well with theoretical results. 

V. Acknowledgment
The authors are thankful to Supreme Knowledge Foundation 
Group of Institutions for the completion of the present work.

References
[1] C.M Su, W.S.Chen, K.L.Wong,“Compact dual-band metal 

plate antenna for 2.4/5.2- GHz WLAN operation”, Microw. 
Opt. Technol. Lett., Vol. 38, pp. 113-115, 2003.

[2] K.L.Wong, L.C.Chou, C.M.Su,“Dual band flat-plate antenna 
with a shorted parasitic element for laptop applications”, 
IEEE Trans. Antennas Propag., Vol. 53, No. 1, pp. 539-544, 
Jan. 2005.

[3] J. S. Dahele, K. F. Lee, D. P. Wong, “Dual-frequency stacked 
annular-ring microstrip antennas”, IEEE Trans. Antennas 
Propagat. 35, pp. 1281–1285, Nov. 1987.

[4] H. Nakano, K. Vichien,“Dual-frequency square patch antenna 
with rectangular notch”, Electron. Lett. 25, pp. 1067–1068, 
Aug. 3, 1989.

[5] D. M. Pozar,“Microwave engineering”, 3rd Ed. New York: 
Wiley, 2005.

[6] R. Garg, P. Bhartia, I. Bahl, A. Ittipiboon,“Microstrip Antenna 
Design Handbook”, Artech House, Boston, London, 2001.

[7] C. A. Balanis,“Antenna Theory- Analysis and Design”, 3rd 
Edition, WILEY India, 2010. 

[8] J.B. Pendry, A.J. Holden, D.J. Obbins, W.J. Stewart, 
"Magnetism from Conductors and Enhanced Non Linear 
Phenomena", IEEE Trans. Microw. Theory Tech., Vol. 47, 
pp. 2075-2084, 1999.

[9] R. Marqués, F. Mesa, J. Martel, F. Medina,"Comparative 
Analysis of Edge-and Broadside-Coupled Split Ring 
Resonators for Metamaterial Design-Theory and 
Experiments", IEEE Trans. Antennas Propagat., Vol. 51, 
No. 10, pp. 2572-2581, Oct. 2003. 

[10] P. Gay-Balmaz, Olivier J. F. Martin,"Electromagnetic 
resonances in individual and coupled split-ring resonators", 
Journal of Applied Physics 92 (5), 2002. 

[11] K.J. Vinoy,“Fractal Shaped Antenna Elements for Wide- and 
Multi- Band Wireless Applications”, Thesis Report, 2002.

[12] S.Koley, S.Choudhury,“An Integrated Planar Bluetooth and 
UWB Monopole Antenna with Dual Notched Bands Based 
on Etched Slot on the Patch and Split Ring Resonators on the 
Ground Plane”, Third International Conference on Advanced 
Computing & Communication Technologies, pp. 142-145, 
2013.


