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ABSTRACT: A novel circularly polarized frequency reconfigurable
Koch fractal boundary antenna is proposed. Initially, a Koch slot is
etched on the Koch fractal boundary patch of larger dimension (48 3

48 mm2). Within the etched slot, an asymmetrical Koch fractal patch of
smaller dimension (36 3 36 mm2) is embedded and switches are intro-
duced along x and y-directions to connect these inner and outer patch

structures. By making ON/OFF switching of the diodes frequency recon-
figuration is achieved. Measured results are in close agreement with the

simulation results which demonstrates that the proposed antenna is well
suited for GSM/Wi-Fi wireless applications. VC 2015 Wiley Periodicals,

Inc. Microwave Opt Technol Lett 57:2895–2898, 2015; View this article

online at wileyonlinelibrary.com. DOI 10.1002/mop.29463

Key words: frequency reconfigurable; circular polarization; Koch
fractal

1. INTRODUCTION

Rapid developments in the area of advanced wireless communi-

cation systems demand reconfigurable antennas. These antennas

are divided into frequency, pattern, and polarization reconfigura-

ble, based on the change of parameters in real time. Nowadays,

all portable systems are supporting GSM/Wi-Fi services operat-

ing at different frequency bands. Instead of using multiple

antennas for these applications, using a frequency reconfigurable

antenna, the cost and space occupied on the system can be opti-

mized. To avoid multipath signal fading effects and to make

antenna orientation independent for signal reception, circularly

polarized (CP) antennas are preferred. So, the design of single

probe feed CP, frequency reconfigurable antennas have become

very attractive for modern day wireless communication systems.

Frequency reconfigurable antenna with defected ground

structure and coplanar waveguide feeding technique is designed

using diodes as switching elements on the radiating patch [1].

Microstrip slot antenna with switches in the slotted position is

designed for frequency agility [2]. A frequency tunable antenna

with loaded short circuited posts between the ground plane and

slotted rectangular patch is discussed in [3] while the posts are

placed at the patch edges. Capacitive loaded antenna with fre-

quency reconfigurable ability is demonstrated in [4]. An L-

shaped slot structure with PIN diodes, lumped capacitors and

bias network is modeled for reconfigurable frequency [5], the

diodes and capacitors are used at specific locations to create

short circuits across the slot. A microstrip line fed inverted U-

shaped antenna with diode and capacitor coupled slots is pro-

posed for selective frequency reconfiguration [6]. However,

most of the frequency reconfigurable antennas [1–6] in the open

literature are based on microstrip line fed or CPW fed with

diodes placed in the slotted section for linear polarization radia-

tion. Moreover, it is because of the CPW feed and slotted

ground plane structures these antennas are able to generate wide

tuning range with broad impedance bandwidth. CP frequency

reconfigurable slot antennas [7,8] are suggested by Row and

coworkers. A multilayered single probe feed microstrip patch

structure composed of conducting pins, varactor diodes, and

capacitors is studied for frequency reconfigurable CP operation

[9]. However, the fabrication complexity increases with stacked

layers. In this work, frequency agility with single layer, single

probe feed, and asymmetrical fractal boundary concept is exam-

ined for CP radiation at GSM and Wi-Fi wireless applications.

Fractal concept has been applied to design compact and mul-

tiband microstrip patch antennas. A microstrip line fed fre-

quency tunable antenna with U-Koch slot and partial ground

plane structure is studied by Ramadan et al. [10]. Fractal-based

tree antennas are proposed to design miniaturized multiband as

well as reconfigurable antennas [11]. Implementation of sierpin-

ski monopole gasket with movable feed is investigated [12].

However, the reported fractal reconfigurable antennas [10–12]

in the literature generate only linear polarization operation.

Here, in this letter, using asymmetrical Koch fractal curves as

boundaries of square patch, CP radiation is obtained. Such two

asymmetrical Koch fractal patch structures connected with PIN

diodes are examined for frequency reconfiguration at GSM

(1.8 GHz) and ISM band (2.48 GHz) wireless applications.

2. ANTENNA DESIGN

Fractal curves are applied along boundaries of the conventional

patch so that larger electrical lengths of antennas can be accom-

modated within a given space. Due to simple procedure in

design, Koch curve has received lot of attention within fractal

curve categories. Here, asymmetrical Koch fractal curves are

used along boundaries of the patch to generate two orthogonal

modes with equal amplitude for CP radiation [13,14]. The pro-

posed Koch antenna indentation factor is indentation angle (IA).

The nominated antenna side and top views are shown in Figure

1. A Koch fractal element with smaller dimension is inserted in

the middle of the larger Koch. Outer Koch and inner Koch are

connected with diodes (D1, D2, D3, and D4) along x- and y-axis

for switching operation. These switches permit the physical con-

nection/disconnection of outer and inner fractal patch structures

to change the antenna effective electrical length. In simulations,

substrate of dielectric constant 2.2 with thickness 3.2 mm and
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loss tangent 0.0019 is used. Perturbation to the structure for CP

is inserted through edges; so that the coaxial line feed (F) point

is fixed along the diagonal of the patch at (8.5 mm, 8.5 mm).

The studied patch structures are pictured in Figure 2. To

facilitate better understanding of the proposed antennas fre-

quency reconfiguration, the simulated current distributions on

the Ant 1 at 2.48 GHz frequency and Ant 2 at 1.8 GHz fre-

quency are shown in Figure 3. When all the switches are in

OFF position, the frequency band at 2.48 GHz is mainly excited

due to the strong current distribution along the fractal boundary

curves of the inner patch as shown in Figure 3(a). As seen from

Figure 3(b), the strong current distribution on the fractal curves

of the outer patch excites 1.8 GHz resonance mode when all the

switches are in ON position.

3. RESULTS AND DISCUSSION

Initially two individual linearly polarized square patch antennas

are designed to operate at 1.8 and 2.48 GHz frequencies, respec-

tively. The edges of these antennas are replaced with asymmet-

rical Koch fractal curves for CP radiation. Later, these two

antennas are combined for frequency reconfigurable operation.

The end to end lengths of outer and inner patch structures are

considered as L1 5 48 mm and L2 5 36 mm, so that they can

operate at GSM/Wi-Fi application bands. A gap of 1 mm is

maintained between inner and outer patch to place diodes. The

IAs of the fractal curves are optimized using the HFSS electro-

magnetic tool optometric analysis setup for good CP radiation.

The outer fractal IAs (hx1, hy1) and inner fractal IAs (hx2, hy2)

are optimized as (358, 158) and (458, 208), respectively. The

outer and inner patch designs are connected with switches to

generate CP frequency agile radiation. In the simulations, the

behavior of the switch has been modeled using a microstrip line

with the same scattering parameters of the PIN diode in both

ON and OFF configurations.

By making the switches ON/OFF, different configurations

are studied. In case of Ant 1, when all the switches are in OFF

position, the outer fractal patch is isolated from inner patch thus

leads to resonate only at 2.48 GHz frequency. When all the

switches are in ON position Ant 2 resonates at only 1.8 GHz

frequency. When the switches only along the x-axis (Ant 3) or

only along the y-axis (Ant 4) are ON, antennas resonate at both

the 1.8 and 2.48 GHz bands. By observing the Ant 3 and Ant 4

structures, it is understood that these antennas are having two

isolated fractal curve slots on the patch with slot width 1 mm.

These two Koch fractal slots are responsible for two resonating

frequencies. The surface current distributions on the Ant 3 and

Ant 4 at both the frequencies are pictured in Figure 4. The point

to be observed is that for 1.8 GHz frequency the density of

Figure 1 Proposed frequency reconfigurable Koch antenna: (a) cross-

sectional view and (b) top view

Figure 2 The studied patch structures

Figure 3 The simulated current distributions: (a) Ant 1 at 2.48 GHz

and (b) Ant 2 at 1.8 GHz. [Color figure can be viewed in the online

issue, which is available at wileyonlinelibrary.com]

2896 MICROWAVE AND OPTICAL TECHNOLOGY LETTERS / Vol. 57, No. 12, December 2015 DOI 10.1002/mop

 10982760, 2015, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/m

op.29463 by N
ational Institute O

f, W
iley O

nline L
ibrary on [02/05/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com


current distribution is high along the outer fractal curves

whereas it is high along the inner fractal curves for 2.48 GHz

frequency. The simulated 10-dB return loss and 3-dB axial ratio

(AR) bandwidths of Ant 1 are 2.8%, 1.3% and for Ant 2 are

4.2% and 1.8%, respectively.

To validate the simulations results, the proposed antenna is

fabricated and experimentally studied. The fabricated antenna is

pictured in Figure 5. The operation of the fabricated antenna can

be changed using four PIN diode switches (MA4P789). To drive

the switches, a direct bias voltage of 9 V is supplied to the diodes

with thin traces of width 0.5 mm, the presence of which, as ana-

lyzed through electromagnetic simulations, does not disturb the

radiation characteristics of the antenna. An inductor of 56 nH is

used to block the RF from flowing in the DC supply trace, and a

resistor of 100 X is mounted to limit the voltage across the diode.

A capacitor of value 64 pF is placed at proper locations of the

outer patch to limit the DC bias voltage only to that particular

diode; so that, it will not affect the adjacent diode ON/OFF condi-

tion. The comparison of the simulated and the measured results

are portrayed in Figures 6–8. The deviations appearing between

simulated and experimental results are due to tolerance levels dur-

ing the fabrication process of the antenna.

The measured 10-dB return loss and 3-dB AR bandwidths of

Ant 1 are 2.4% (2450–2510 MHz), 1.1% (2467–2493 MHz) and

for Ant 2, 3.8% (1766–1834 MHz) and 1.6% (1786–1814 MHz),

respectively. The measured 3-dB AR bandwidths of the Ant 3 at

1.8 GHz and 2.48 GHz frequencies are 1.2% and 0.9%, respec-

tively. The measured radiation patterns of the Ant 1 and Ant 2 in

the horizontal plane and vertical plane at 1.8 and 2.48 GHz are

depicted in Figure 9. The antennas generate a gain of more than

3-dBi within operating frequency bands. So, by varying the IAs of

Figure 4 The simulated surface current distributions on the patch Ant

3 and Ant 4. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 5 The prototype of the fabricated antenna. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com]

Figure 6 The comparison of simulated and measured return loss

results. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com]

Figure 7 The comparison of simulated and measured AR characteris-

tics of Ant 1 and Ant 2. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com]
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the Koch fractal curves several frequency reconfigurable CP

antennas at various applications can be designed. By replacing the

Koch curves with Minkowski or T-type or poly fractal boundary

curves several novel CP antennas for frequency reconfigurable

operation can be attempted. Here, in the future designs by combin-

ing three, four, and so forth, asymmetrical patch structures and

using diodes as switching elements, various multifunctional anten-

nas working at different wireless applications can be attempted.

4. CONCLUSION

A single probe feed CP frequency reconfigurable antenna using

Koch fractal patch has been proposed and experimentally stud-

ied. The structure consists of two Koch patch designs; the

smaller one is embedded in the middle portion of larger one.

The dimensions of the patches are taken in such a way that they

resonate at GSM (1.8 GHz) and Wi-Fi (2.48 GHz) frequencies.

Asymmetrical Koch curves are used as boundaries of the two

patches to generate CP. These patches are connected with PIN

diodes. The obtained 3-dB AR bandwidths at GSM and Wi-Fi

bands are 1.1% and 1.6%, respectively.
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Figure 8 The comparison of simulated and measured AR characteris-

tics of Ant 3. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com]

Figure 9 The measured radiation patterns of Ant 1 and Ant 2. [Color figure

can be viewed in the online issue, which is available at wileyonlinelibrary.

com]
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