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Abstract: Novel modified dragon shape UHF RFID tag antenna is proposed where both flexibility and compactness features
are achieved. Choosing LCP material as antenna substrate and modified dragon curve as antenna shape both flexibility and
compactness features are achieved, respectively. Induced EMF method is used considering wire radius effect to obtain a new
expression for the input impedance of conventional dipole. Modified dragon shape is applied to the conventional dipole and
the obtained shape is conjugate matched to the RFID tag chip. The obtained results are compared with previous published
ones. Structure RCS and CMF are investigated. PRC of the proposed structure is computed, measured and discussed. The
proposed structure is novel, cheap, flexible, compact, wideband and suitable for UHF RFID applications.
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1. INTRODUCTION

UHF radio frequency identification (RFID) systems have
drawn more and more attentions in a wide variety of
applications such as real-time tracking in retail stores and
hospitals, warehouse management, access control system,
electronic toll collection, etc. In this regard, a great demand
of UHF RFID system is expected to replace the current
position of barcode system. UHF frequencies such as 920.5-
924.5 MHz in China, 920-926MHz in Australia, 866-869
MHz and 920-925 MHz in Singapore and 902-928 MHz in
USA, Canada, Mexico, Puerto Rico, Costa Rica, Latin
America, and so on [1] are used for RFID applications. RFID
system consists of an antenna and a transceiver, which read
the radio frequency and transfer the information to a
processing device (reader) and a transponder, or RF tag,
which contains the RF circuitry and information to be
transmitted.  The antenna provides the means for the
integrated circuit to transmit its information to the reader
that converts the radio waves reflected back from the RFID
tag into digital information that can then be passed to
computers that can analyze the data.

The main objective of this paper is to introduce a novel,
flexible and compact UHF RFID tag antenna. Novelty is
achieved since the proposed structure has a unique shape.
Comparing the proposed antenna with area of 2145 mm2

with metallic slots RFID tag antenna which occupies an area
of 5776 mm2 [2], an antenna with broadband characteristic
which occupies an area of 4664 mm2 [3], dipole with
parasitic lines with an area of 2400 mm2 [4], a tag antenna
using a novel feed method with an area of 2150 mm2  [5], a
tag antenna mounted on glass objects with an area of 3600
mm2 [6], a slot RFID tag antenna with an area of 2800 mm2

[7], modified wideband dipole antenna for passive UHF

RFID with an area of 3300 mm2 [8], conventional meander
line antenna with area of 2269.5 mm2 and tapered meander
line antenna with area of 2465.85 mm2 [9] and U-shaped
antenna with area of 2912 mm2 [10], so compactness is also
achieved. Liquid crystal polymer LCP copper clad substrate
with dielectric constant r = 2.9, height of 0.05 mm and
loss tangent tan  = 0.0025 is used as antenna substrate where
flexible, reliable and low cost features are provided. The
proposed modified dragon antenna achieves a frequency
band from 878 MHz to 1217 MHz which covers the UHF
RFID frequency band for the previous mentioned countries.
Computed radar cross section RCS and conjugate match
factor CMF are considered [11] using IE3D 14.1 simulator.
RCS is a measure of how detectable an object is with a
transmitter, larger RCS indicates that an object is more easily
to be detected by the reader and CMF is used to judge how
good an RFID antenna is in the reality and it equals to 1 at
perfect conjugate matching between the tag and the chip
input impedance. Computed and measured power reflection
coefficient PRC [12-14] are introduced and discussed. Other
antenna parameters such as radiation efficiency, gain and
radiation pattern are obtained. The paper is organized as
follows: Section 2 introduces briefly the induced EMF
technique which is adopted in this study to predict the
conventional dipole input impedance considering the wire
radius. Next, section 3 presents the T-matched chart, while
the numerical and experimental results are introduced in
section 4 and 5. Conclusions are given in section 6.

2. ANALYSIS OF WIRE DIPOLE USING
EMF METHOD

The induced EMF method is the technique used to derive
closed-form expression for the input impedance of finite
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linear dipole with radius a and length l through the
calculation of the current distribution and tangential electric
field along the surface of the wire. Based on [15] and follow
the same procedure but with considering the wire radius a,
a general induced EMF input impedance za of dipole is
derived referring to Figure 1 and is found to be:
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For a/1 << 1 the following approximation could be used as:
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Based on Eq. (1) and Eq. (2) a matlab code is built and
the results are shown in Figure 2. As shown in Figure 2(a)
good agreement is found for the impedance reactive part
which is calculated using Eq. (1) and Eq. (2), noting that
the curves are very close at wire radius equal 0.0015  and
0.00015 . As shown in Figure 3(b) as radius became less
than 0.075  all computed impedance resistive part curves
using Eq. (1) or Eq. (2) are nearly the same. It should be
mentioned that using Eq. (1), the resistive part of the wire
dipole input impedance is 212.3 , 212.688 , 212.69226

 and 212.69232  for radius a equals to 0.075 , 0.015 ,
0.0015 , 0.00015 , respectively.  The maximum difference
between the curves obtained by both equations at 1/  = 0.9
is about 10  (which is approximately 5% from that obtained
using Eq. (2). This means that Eq. (1) is the general equation
for calculating Za for any value of a, while Eq. (2) is a special
case when a is very small as compared to wavelength.

Figure 1: Dipole Geometry

Figure 2(a): Dipole Reactance Versus Normalized Length
1/  for Different radii a Using Induced EMF Method
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A conventional /2 dipole with radius a = 0.0015
(practical value) and input impedance of 73.13 + j42.54 
will be suitable for the RFID tag antenna since it could be
conjugate matched easily with the chip’s input impedance of
13.9 – j143.6  [16] at 900 MHz by simply adding a parallel
RC circuit. As given by [16], it is worth to mention that the
operating frequency for the chip will cover the band from
860MHz to 960 MHz, and its input impedance varies from
15.69 – j152.6 Ohm at 860 MHz to 12.61 – j137 at 960 MHz.
Chip input impedance of 13.9 – j143.6  at 900 MHz is
chosen as the value to be matched with the designed antenna.
By choosing this value the designed antenna input impedance
will be remain in an acceptable level of variation relative to
the variance of the chip input impedance with frequency.

3. T-MATCHED CHART

T-matched chart is an effective method to match the chip
input impedance with dipole input impedance Za. Referring
to Figure 3, a dipole of length l is connected to a second
dipole of length ad £ 1, placed at a close distance b from the
first and larger one. It can be proved, that the impedance at
the source point is given by [17]:
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Figure 2(b): Dipole Resistance Versus Normalized Length
1/  for Different Radii a using induced EMF method

Figure 3: T-matched Configuration for Planar Dipoles and
its Equivalent

4. PROPOSED ANTENNA NUMERICAL RESULTS

A dragon curve is a member of a family of self-similar fractal
curves, which can be approximated by recursive methods
such as Lindenmayer systems [18]. The Heighway dragon
(also known as the Harter-Heighway dragon) was first
investigated by NASA physicists John Heighway, Bruce
Banks, and William Harter. It can be described this way,
starting from a base segment, replace each segment by 2
segments with a right angle and with a rotation of 45°
alternatively to the right and to the left as shown in Figure
4 for first, second, third, fourth and fifth order dragon curve.
A matlab code was built to generate a dragon curve of any
order n, as shown in Figure 5 for n = 8. The implemented
Matlab code in addition to the IE3D simulator are used to
optimized the prototype dragon dipole antenna input
impedance to be matched with the chip input impedance of
13.9 – j143.6 . As a first step the wire dipole structure
was transferred to a printed one using [19]. Figure 6 shows
the optimized modified dragon structure (n = 8). Comparing
the proposed modified dragon dipole antenna with length
of 71.5 mm with the printed /2 dipole with length of
166.666 mm at 900 MHz, it is clear that 42.9% length
reduction was achieved sacrificing the antenna width which
reaches 30 mm.

Figure 4: Dragon Curve Implementation
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The antenna width space would contain the T-matched
section so the proposed antenna still has the length reduction
advantage. As shown in Figure 7, the dragon dipole antenna
was found to have an input impedance of 12.702 – j89.14

 at 900 MHz which will be matched through using the T
match diagram shown in Figure 8. T match diagram shows
that matched condition could be met through the value of
17.54  as real part, 168.95  as imaginary part and these
values will be decreased as ad/1 decreases. Since we could
not determine the dragon antenna equivalent length very
accurately we begin by choosing b/2w = 11.5 and using the
IE3D simulator to optimize the input impedance to the chip
input impedance of 13.9-j143.6 . Figure 9 shows the
proposed designed modified dragon dipole antenna with its
T matched circuit and its reflection coefficient relative to
the chip input impedance of 13.9 – j 143.6  is shown in
Figure 10 which indicates that the bandwidth covers the band
from 878 MHz to 1216 MHz which is very suitable for the
world wide UHF RFID frequency bands. As shown in Figure
11(a) at 900 MHz the antenna’s RCS is 0.004 m2 which
makes its detection an easy task for the reader. Also, the
proposed antenna introduces CMF = 0.755 at 900 MHz as
shown in Figure 11(b) which indicates that there is a good
matching between tag and the chip. Figure 11(c) shows the
radiation pattern at 900 MHz which is almost
omnidirectional at the H-plane and figure of 8 at the E-plane.
This radiation pattern is very suitable for the RFID

Figure 5: Dragon Curve for n = 8.

Figure 6: The Proposed Modified Dragon Dipole Antenna
Structure

surveillance applications. Other antenna parameters are
shown in Figures. 12(a) and 12(b) where, conjugate match
gain and radiation efficiency are at acceptable level.

Figure 7: Dragon Dipole Input Impedance Versus
Frequency

Figure 8: The T Matched Diagram for the Modified Dragon
Dipole Antenna

Figure 9: The Proposed Planner Modified Dragon Dipole
Antenna with Its T Matched Circuit
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Figure 10: Modified Dragon Dipole Antenna PRC Versus
Frequency

Figure 11(a): Modified Dragon Shape Antenna RCS Versus
Frequency

Figure 11(b): Modified Dragon Shape Antenna CMF Versus
Frequency Figure 11(c): Modified Dragon Dipole Antenna Radiation

Pattern at 900 MHz

Figure 12(a): Modified Dragon Dipole Antenna Conjugate
Match Gain

Figure 12(b): Modified Dragon Dipole Antenna Radiation
Efficiency
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Figure 12(c): Modified Dragon Dipole Antenna Conjugate
Match Efficiency

5. PROPOSED ANTENNA
EXPERIMENTAL RESULTS

The modified dragon dipole is fabricated using LCP
substrate as shown in Figure 13(a). Input impedance of the
modified dragon dipole was measured by measuring the half
of the structure over ground plane and multiply the resultant
input impedance by two, then, simply PRC was calculated.
As shown in Figure 13(b), there is a different between the
simulated PRC denoted by PRCs and the measured PRC
denoted by PRCm. Inserting an air gap of 1 mm at the
symmetry plane of the proposed structure, PRCs1 was
obtained which agrees well with the measured one. Air gap
was inserted in the simulation mainly due to the presence
of the air gap between the half modified dragon structure
and the ground plane which is hardly to be eliminated due
to the flexible nature of the LCP substrate.

6. CONCLUSIONS

In this paper a modified dragon flexible UHF RFID tag
antenna was introduced. Induced EMF technique was used
for wire dipole input impedance calculation. Size reduction
was achieved through an area of 2146 mm2 that modified
dragon dipole shape antenna occupies compared with
previous published results. The proposed modified dragon
dipole covers the frequency band from 878 MHz to 1217
MHz indicating that the antenna is suitable for the UHF
RFID frequency band at different countries. Computed radar
cross section RCS and conjugate match factor CMF were
introduced and discussed for the proposed antenna to insure
that the proposed antenna structure is easy to be detectable
and achieves acceptable matching level. Both computed and
measured power reflection coefficients PRC were
investigated. Other antenna parameters such as radiation
efficiency, gain and radiation pattern were calculated and
found to be at acceptable level. The proposed antenna has a
unique shape and is cheap, flexible and introduces a wide
frequency band suitable for UHF RFID applications.
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