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In this study a 

electromechanical systems (RF MEMS) switches. The 

proposed design offers miniaturization of antenna by using 

hexagonal fractals as the patch of antenna. The fractal shape 

offers multiband resonance of antenna. Hexagonal fractal has 

been considered up to 2 iterations and the second iteration of 

the hexagonal antenna performance has also been studied. The 

by applying RF MEMS switches within the hexagonal patch 

after providing the appropriate slots. The proposed antenna is 

r 

The antenna is simulated using a high frequency structure 

simulated and fabricated results show a considerable degree 

of agreement. The novelty in the design offers miniaturization 

of the size, multiband behaviour in comparison to antennas 

described in literature and the utility of such antenna in mobile 

RF front section.

INTRODUCTION

The intensive use of multiple wireless service standards 

usually requires integrating various radiating elements in 

a single device. The realization of such devices becomes 

more challenging to antenna designers when multiband 

operation as well as high degree of miniaturization is 

required. In literature, a number of fractal shapes are 

discussed for designing miniaturized antenna while 

supporting multiband operations of wireless devices 

(Puente et al., 1996; Werner et al.

2003; Bayatmaku et al., 2011; Chawla & Khanna, 2012). 

Tang and Wahid in 2004. The overall performance of the 

proposed antenna has been improved by introducing a 

et al., 2006; Habib 

et al., 2007) on the substrate surface. For achieving a 

multiband behaviour, the integration of radio frequency 

along with Sierpinski gasket antenna was introduced by 

et al. (2006). The application of RF MEMS 

switches with fractal planar antennas always produces 

good results. The proposed design has 36 hexagons and 

they are connected by 8 RF MEMS switches. In this 

paper, the antenna is optimized for side length of the 

optimization approach, which helps to reduce the 

off combinations of switches are considered for changing 

the physical dimensions of the patch to analyse the 

appendix. 

In this paper, the hexagon geometrical shape having 

equal sides (r) is considered as a fractal patch antenna 

element. The iterated function system (IFS) approach is 

of the proposed design has been used to obtain multiple 

resonances, also called as multiband support. The total 

number of iterations and the scale factor for the proposed 

design was 2 and 3, respectively. Puente et al. (1996) 
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used a scale factor of 2 to achieve multiband behaviour. 

Initially, two hexagonal geometries are placed in a 

manner such that their corner vertices do not touch each 

other, without providing any conducting path between 

them. The proposed geometry of the hexagonal fractal 

antenna can be expressed in matrix form. The ideal IFS 

hexagonal fractal can be given by:

 

Where

a_11, a_22: 
 
controls scaling

a_12, a_21: controls rotation

b_11, b_22:
 
control linear translation

 Different iterations of the hexagonal fractal antennas 

are shown in Figure 1. In this proposed design the second 

iteration of the hexagonal patch antenna is used for 

multiband operation.

 The approximate frequency resonance relationship 

is considered for the hexagonal type of fractal planar 

antenna, where ‘r’ is the side length of hexagonal patch, 

‘ r

and ‘d’ is the thickness of the substrate (Saidatul et al., 

2007) as;

Here

     

                          

 Further, the gap equivalent to the dimension of RF 

MEMS switch is provided between the consecutive 

vertices of the hexagons. Due to the presence of RF 

switches, such proposed microstrip line feed hexagonal 

The current distributions on the hexagon patches change 

as switches change their position, which is provided 

through DC biasing pads.

electromagnetic results were compared with the help 

of vector network analyser as shown in Figure 2. The 

magnitude of current distribution on the hexagonal 

patch is shown in the same plot. The proposed antenna 

respectively. Both simulated and fabricated return loss 

results show a considerable degree of agreement. Further, 

to improve the bandwidth, gain and suppression of the 

is 3 mm. The diameter, number of holes and complete 

in Figure 3. 

was simulated using high frequency structure simulator 

The surface waves and harmonics are also supressed due 

of current distribution on the hexagon patches, and 

consequently the proposed antenna gain is increased 

(Table 1).

 The radiation pattern performances for both 

above are included next. The simulated normalized 

 Hexagonal geometry (a) iteration 0; (b) iteration 1; (c) iteration 2
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Measured and simulated return loss S
11 

(dB) of the hexagonal antenna

from the HFSS. The left plot of Figures 4(a) and 4(b)  the right plot of Figures 4(a) and 4(b) shows azimuth 
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normalized patterns as expected are supported by the 

simulated 3D realized gain radiation patterns, which 

linearly polarized as axial ratio (E
y
/E

x
) is more than one 

at theta value equal to zero.

       

measurement setup contains four sections: hexagonal 

planar antenna, RF switches, power supply circuit to 

The resistive RF MEMS switch selected for the antenna 

et al., 2013), 

which shows excellent electromagnetic characteristics. 

For proof of the concept, its equivalent absorptive SPDT 

similar insertion, isolation loss and 50 ohm matching was 

military and automated switching networks. It consumes 

1.2 mm) hermetic package having an internal CMOS 

driver circuit. Further, the RF switch used here has a 

PCB of RF switches including DC bias lines and pads 

was designed on Roger RO4350 material. The dielectric 

constant and the thickness of Roger sheet is 3.5 and 0.508 

Type of 

hexagonal 

antenna

Maximum 

power density 

per unit solid 

angle (W/Sr)

Peak 

directivity

Peak gain Peak 

realized 

gain

Radiated 

power 

(W)

power 

(W)

Radiation 

Without 0.020 0.944 0.314 0.257 0.273 0.819 0.333

0.024 0.981 0.349 0.301 0.306 0.863 0.355
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designed to control RF switches. The RF1, RF2 and 

RF common (as shown in Figure 5) from RF switches 

PCB are directly connected to hexagonal antenna 

through high quality thin copper wires having diameter 

antenna with RF switches was measured with the help 
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measurement is shown in Figure 5.

 Out of 256 (= 28) different combinations of RF 

all the present as well as future mobile and wireless 

shown in Figure 6.

 Further, the total gain pattern in elevation plane i.e. 

antenna with RF MEMS switches has been considered. 

For illustrating the effect of switches on antenna, two 

extreme cases i.e. when all switches are in ON and OFF 

position are considered. The radiation pattern result 

and ohmic losses associated with antenna and RF MEMS 

switches. The effects of DC biasing and connection pads 

are not considered in this study, which may affect the 

characteristics of radiation pattern.

been designed using the iterated function system (IFS) 

applied on the substrate showed a considerable reduction 

in side lobes and an increase in the maximum power 

density. Further, we have designed, fabricated and 

a fractal hexagonal shaped geometry and RF switches. 

of RF MEMS switches. For all possible RF switching 

states, during designing and measurement of proposed 

matched at all measured frequencies lying between 1.5 

switches is considered in mobile RF front end terminal, 

which cover all present as well as future wireless and 

mobile communication bands.
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