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Abstract—In this study, we present an implementation of Ultra Wide Band (UWB) Koch Snowflake
antenna for Radio Frequency Identification (RFID) applications. The compact antenna, based on the
Koch Snowflake shape, is fed by coplanar waveguide (CPW) and by microstrip line with an overall size
of 31 × 27 × 1.6 mm3. The simulation analysis is performed by CST Microwave Studio and compared
with HFSS software. The antenna design exhibits a very wide operating bandwidth of 13 GHz (3.4–
16.4 GHz) and 11 GHz (3.5–14.577 GHz) with return loss better than 10 dB for microstrip line antenna
and CPW antenna respectively. A prototype of CPW and microstrip antenna was fabricated on an
FR4 substrate and measured. Simulated and measured results are in close agreement. The small size
of the antenna and the obtained results show that the proposed antenna is an excellent candidate for
UWB-RFID localization system applications.

1. INTRODUCTION

Radio Frequency Identification is one of the fastest growing wireless technologies in recent years. A
basic RFID system consists of two components, a reader and a transponder (tag). The reader sends
an RF signal to scan all available tags, and the tags receive the RF signal and reply the backscattered
signal to the reader [1].

RFID became a universal technology, and its application has been found in more advanced
applications such as distribution, logistics, homeland and personal security, distributed sensor networks,
and bioengineering [2].

However, the conventional RFID systems based on narrowband present various problems which
limit the use of the RFID techniques in universal wireless sensing and localization systems, such as
relatively short operating range (4–5 m), low positional accuracy, low throughput, and low immunity
to signal degradation and multipath effects [3]. To solve these problems in RFID systems, increasing
interest is paid to apply UWB technology for RFID.

The UWB technology is one of the most promising solutions for future wireless and RFID
applications due to its advantages such as low consumption, high data rate, excellent immunity to
multipath propagation and a high degree of reliability. Another important advantage is that using the
wideband frequency spectrum containing high frequencies used for more localization of the microwave
energy at a specific target and low frequencies enables the microwave signal to penetrate through some
obstacles deeply [4].

Since the Federal Communications Commission (FCC) allowed [3.1–10.6] GHz unlicensed band for
UWB applications, this technology has become very popular and found widespread applications in
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communication systems [5], land-mine detection [6], radar systems [7], and biomedical applications,
such as breast cancer detection [8].

In UWB-RFID systems, the design of an antenna is one of the most challenging problems to
be solved, because UWB systems need the antenna with a sufficiently broad operating bandwidth
for impedance matching and high-gain radiation in limited volume and compact size. Recently, several
publications have been published on the appealing UWB into RFID localization and tracking systems [4–
9]. This technique has been firstly investigated in RFID application for UHF/VHF bands. The history
and the state of the art in UWB antennas were presented in [9].

Fractal antennas are preferred in UWB-RFID technology due to their numerous advantages, such
as small size, light weight, and easy installation, in addition to their extremely wide band [10–12].

This research aims to develop a UWB Koch snowflake antenna applied to RFID location systems.
The antenna is designed as the radiating element of a miniaturized UWB RFID transmitter. The
microstrip antenna is created by introducing techniques that improve the bandwidth. There are two
methods to increase the bandwidth of a patch antenna [22].

The first involves coupling several resonances. Equation (1) shows that when ‘h’ increases, the
bandwidth also increases. ⎧⎪⎪⎨

⎪⎪⎩

BW = 3.77 · εr − 1
(εr)2

L · h
λ · w for h � λ

BW = 3.77 · εr − 1
(εr)2

h

λ
for W � L

(1)

where λ, h, W , L, εr are the wavelength, height, width, length and relative permittivity of the substrate,
respectively.

The second method used in this paper is to reduce the quality factor (Q) of a resonance
(Equation (2)). To do so, we can add an inductive element (stubs), a capacitive element (slots) or
both. Also, it can be achieved by adding a lossy element or by a progressive evolution of the impedance
between the feedline and the radiating element:

BW =
fres

Q
(2)

With fres resonant frequency.

2. ANTENNA DESIGN

The Snowflake-Koch is a fractal shape constructed by starting with an equilateral triangle (zero
iteration) (Fig. 1(a)). The first iteration is composed of two united solid equilateral triangles in the

(a) (b) (c)

(d) (e) (f)

Figure 1. The Koch Snowflake antenna.
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(a) (b)

Figure 2. The geometry of the proposed antenna: (a) microstrip fed antenna, (b) CPW fed antenna.

(a) (b)

Figure 3. Fabricated antenna fed by: (a) microstrip line and (b) CPW.

same plane as illustrated in Fig. 1(b). For the higher iterations, the Koch antenna is constructed by
adding smaller and smaller triangles to the structure as shown in Fig. 1.

The geometries of the UWB fractal antenna fed by microstrip line and CPW are depicted in
Figs. 2(a) and (b), respectively. It is based on the first iteration Koch Snowflake (Fig. 1(b)). The
antenna is printed on a dielectric substrate FR4 (Fig. 3) with a thickness of 1.6 mm, tan δ of 0.024, and
relative permittivity of εr = 4.4. The substrate dimensions are 31 × 27 mm2, and the feedline has a
width Wf = 3mm. This corresponds to a characteristic impedance of 50 Ω.

Figure 4 depicts the steps used to develop the antenna, by introducing techniques that broaden the
bandwidth mentioned in the first section, namely:

Step 1. Create a Fractal Koch Snowflake antenna (first iteration) fed by a microstrip line with a
total ground plane (Ant. 1). The design procedure of the original Koch antenna is provided in [21].
Step 2. Use a partial ground plane for increasing the bandwidth (Ant. 2).
Step 3. Add a rectangular element between the feedline and radiation element in order to have a
progressive evolution of the impedance between the feedline and radiating element) (Ant. 3).
Step 4. Remove the top triangle of the fractal antenna for good impedance matching between the
feed line and radiating element (Ant. 4).
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Figure 4. Different steps followed in the implementation of the proposed antenna.

3. SIMULATION AND MEASUREMENT RESULTS

The simulation of the Koch fractal antenna is performed using the time domain analysis tools from
Computer Simulation Technology (CST) Microwave Studio. This provides a wide range of time domain
signal that is used in UWB system. The numerical analysis of the software tools is based on the
Finite Integration Technique (FIT) [15]. For comparison purpose, High-Frequency Structural Simulator
(HFSS) in the frequency domain, based on the Finite Element Method (FEM) [16], is performed.

After all the design steps and optimization, the proposed antenna is fabricated using LPKF
ProtoMat S63. A prototype was milled on an FR4 epoxy substrate; an SMA coaxial connector was
attached to the feedline end, as seen in Fig. 3. Then, it is measured experimentally using the Anritsu
Vector Network Analyzer.

(a) (b)

Figure 5. Simulated reflection coefficient for: (a) microstrip antenna, (b) CPW antenna.
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Table 1. Optimized antenna parameters.

Dimensions Wsub Lsub Lf Wf L

Value (mm) 31 27 0.8 3 2.7
Dimensions Lg g H B W

Value (mm) 11 0.35 1 18 3.59

(a) (b)

Figure 6. Simulated and measured results of: (a) microstrip antenna, (b) CPW antenna.

Figure 7. Simulated reflection coefficient for Ant. 1, Ant. 2, Ant. 3, and Ant. 4 (Fig. 2).

Figure 5 illustrates the simulated results obtained by both simulation tools of the return loss of the
proposed antenna with the optimized parameters as listed in Table 1. The figure shows that the antenna
has a wide and excellent impedance matching bandwidth (with VSWR less than 2) across the UWB
band with return loss, less than 10 dB in the band 3.4–16.4 GHz. We can also note a good agreement
between simulated results.

Figure 6 shows the comparison between measured and simulated results of the proposed antenna.
We can see that there is a close agreement between the measured and simulated results. We can also
observe some disagreements between simulation and measurement results in this figure. This is due
to uncertainly in substrate dielectric constant and in some practical limitation such as SMA connector
quality, bad soldering effect and fabrication tolerance.

A parametric study, which was done to show the effects of return loss for a different element or
steps (Fig. 4) of the antenna, is presented in Fig. 7. As shown in this figure, the use of partial ground
plane technic and the addition of a rectangular element between radiation element and feed line allows
improving adaptation of the impedance.

Antenna radiation pattern gives the radiation properties on an antenna as a function of space
coordinates. For the linearly polarized antenna, performance is often described in terms of the E-plane
(XY -plane) and H-plane (Y Z-plane) patterns [13]. Fig. 8 and Fig. 9 show the radiation patterns at
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(a) (b) (c)

Figure 8. The radiation patterns of the microstrip fed antenna in the E-plane and H-plane at (a)
3.6 GHz, (b) 5.8 GHz, (c) 10 GHz.

(a) (b) (c)

Figure 9. The radiation patterns of the CPW fed antenna in the E-plane and H-plane at (a) 3.6 GHz,
(b) 5.8 GHz, (c) 10 GHz.

3.6 GHz, 5.8 GHz and 10 GHz of the microstrip-fed antenna and CPW-fed antenna in the E-plane and
H-plane. We can see that the antenna has good omnidirectional radiation patterns at lower frequencies
in the E and H-planes, and nearly directive in the E-plane at high frequencies. This pattern is suitable
for our applications and in most wireless communication equipment.

Figures 10 and 11 show the cross-polar of the proposed antenna. This parameter presents the
polarization orthogonal to a reference polarization. The cross-polar less than −19 dB at low frequency
(3.6 GHz and 5.8 GHz) and less than −12 dB at height frequency has been achieved. We can see that
the microstrip antenna and CPW antenna have the same level of cross-polar.

The group delay of the proposed antenna is shown in Fig. 12. Group delay is an important
parameter in the design of the UWB antenna since it gives the distortion of the transmitted pulses in
the UWB communications. For good pulse transmission, the group delay should be nearly constant in
the overall UWB [14].

As can be seen, the variation of the group delays for both antennas are approximately constant
for the entire UWB, except for a sharp change in the lower band at 4.3 GHz. This confirms that the
proposed UWB antenna is suitable for UWB communications. The figure also shows that the CPW
antenna group delay is more constant than the microstrip antenna group delay.
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(a) (b) (c)

Figure 10. The cross-polar of the microstrip fed antenna at (a) 3.6 GHz, (b) 5.8 GHz, (c) 10 GHz.

(a) (b) (c)

Figure 11. The cross-polar of the CPW fed antenna at (a) 3.6 GHz, (b) 5.8 GHz, (c) 10 GHz.

Figure 12. Group delay vs frequency of the
proposed antenna.

Figure 13. Gain vs frequency of the proposed
antenna.

A gain of more than 2 dBi over the whole frequency band is obtained (Fig. 13). The value of
the gain is greater than 5 dBi in the frequency ranges of 8 GHz–11 GHz and 12.5 GHz–14 GHz which
is sufficient for the use in UWB-RFID application and in most UWB applications such as in Ground
Penetrating Radars (GPR) and Breast Cancer detection [7, 8]. We can also observe in this figure that
the microstrip antenna presents higher gain in the low and middle frequency, compared to the CPW
antenna, and verse versa.

To demonstrate the added value of the proposed design to the previously published results, the
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Table 2. Performance comparison of this proposed antenna with the previous ones.

Bandwidth (GHz) Gain (dBi) Dimension (mm2) Substrate Antenna type

Our wok with

microstrip antenna
3.4–16.4

between

2.14–5.75
27 × 31

FR4

εr = 4.4

Modified Koch

Snowflake

Our wok with

CPW antenna
3.4–14.6

between

1.74–5.75
27 × 31 FR4 εr = 4.4

Modified Koch

Snowflake

Ref. [4] 1–5 < 4.55 82 × 92
Teflon

εr = 4.3
Vivaldi

Ref. [5] 3–12 < 2 50 × 47.5
RT/Duriod

εr = 3

Inverted

cone PICA

Ref. [17] 2.78–9.78 —— 42 × 50
FR4

εr = 4.7

Circular disc

monopole

Ref. [18]
Three UWB bands

between 2–11

Between

−4.5–5.5
50 × 50

FR4

εr = 4.4

Fractal koch

and T-shape

Ref. [19]
Two bands

Between 2.1–11.8
—— 50 × 44

FR4

εr = 4.4

Modified circular

disc with

cross-shaped slot

Ref. [20] 2.3–13.2 < 1.86 46 × 52
FR4

εr = 4.4
Circular disc

following table sums up the advantages of the proposed antenna comparing to the other antenna
proposed in the literature. It can be seen that the proposed antenna is miniaturized and presents
a wider matching impedance bandwidth and higher gain.

4. CONCLUSION

In this paper, a simple and compact UWB antenna fed by microstrip line and CPW, based on the
modifications made to the original Koch fractal antenna to achieve enhanced performance for UWB-
RFID applications is presented. The antenna was simulated using CST and HFSS software, realized on
an FR4 substrate and tested by Anritsu VNA. The antenna operates at 3.4–16.4 GHz and presents a
significant gain higher than 5 dB, an excellent impedance matching (VSWR less than 2) in the total band
and an omnidirectional radiation pattern. By transforming the microstrip line feed to CPW, the gain
and radiation characteristics are conserved, but the bandwidth decreases with 2 GHz. The comparison
between simulated and experimental results shows a good agreement. The antenna is also compared
to other related works, and the results show that the proposed antenna presents the widest matching
impedance bandwidth, small size, and high gain. These results indicate that the developed antenna is
a suitable candidate which can be used to develop an antenna array of smart UWB-RFID systems as
well as for other UWB applications that require small size, low cost and important bandwidth, such as
microwave radiometry.
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