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Abstract — In this paper, designs and development
of a small dual purpose UHF RFID planar antenna
and an RFID tag antenna for small wireless
application devices are presented. The planar
antenna resonates at both the European and US
RFID bands. It has a reasonable gain on both
RFID bands with an omni-directional radiation
pattern. The RFID tag antenna is designed for the
European UHF RFID band. Experimental results
for radiation pattern, input impedance reflection
coefficient, and tag antenna realized gain
confirmed the validity of the designs based on
numerical simulations.

I ndex Terms—  Antenna, dual band
antennas, microstrip, miniaturized, planar, reader
antenna, RFID, tag antenna.

[.INTRODUCTION

The growing demand for small compact
wireless devices has increased the need for small
antennas that can be integrated while providing
acceptable overall performance. Apart from the
size of the antenna and the wireless device, the
cost is one of the most important aspects to
consider in developing a wireless system. Thus,
small low-cost antenna models are needed. The
European RFID band (865 MHz - 868 MHz) and
the US RFID band (902 MHz - 928 MHz) can also
be used for small wireless applications. This
includes various wireless sensor networks and
other small indoor consumer electronic systems.

Throughout the antenna design process in this
paper, the main objective was to develop a low-
cost small antenna model, with reasonable
performance, for the UHF RFID European and US
bands. This work is an extension to the previous
antenna designed and presented in [1]. The current
antenna design can be useful for developing reader
antennas, as well as RFID tags [2-5].
Directionality of the antenna is a result of the
patch part of the antenna which radiates more than
the rest of the antenna components. Since the
antenna operates for both European RFID and US
RFID bands, it becomes a good candidate for use
in low-cost global wireless devices. It is small in
size and can be embedded and integrated in
several small wireless units.

Similarly, the same antenna design can be
utilized to operate as a tag antenna, with an omni-
directional radiation pattern and reasonable gain.
The tag antenna is designed by mirroring the top
part of the planar antenna and eliminating the
ground plane, leading to a symmetric dipole type
structure. The tag antenna is designed to operate at
the European UHF RFID band. The structure of
the tag antenna makes it highly sensitive to any
geometrical or dielectric change. This sensitivity
behavior can be exploited to make the antenna
work as a sensor tag. The antenna can also be
tuned to work on other frequency bands, as well as
multiple frequency bands, by changing some of its
configuration parameters.

Planar antenna design techniques are
discussed in Section II. Section III concentrates on
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utilizing the same design to make a UHF RFID tag
antenna. This is followed by the simulation and
measurement process and results of the planar
antenna and the RFID tag antenna in Section IV.
Section V discusses the sensitivity of the RFID tag
antenna relative to its geometrical parameters.
This is followed by the conclusions in Section VI.

1. ANTENNA DESIGN

The antenna is designed and simulated with
the help of Ansoft HFSS V. 12 [6]. A 1.6 mm
thick FR-4 double-sided substrate with a relative
dielectric constant of 4.1 is used. The outer
dimension of the antenna is 42 mm in height and
30 mm in width. The patch or lower part of the
antenna has copper on both sides of the substrate,
whereas the upper part of the antenna has no
copper under the substrate. The feed of the
antenna (using SMA connector) is connected
between the feeding block of width ‘@’ and height
‘b’ and the ground plane as shown in Fig. 2.

The antenna structure is fabricated on a low-
cost FR4 substrate to provide a low-cost solution.
Various miniaturization techniques were used to
tune the microstrip antenna design to the desired
frequency [7]. Extra lumped components, such as
capacitors and inductors were avoided in order to
reduce the anticipated gain and efficiency losses
from these elements. This also simplifies the
manufacturing process and reduces the cost of the
antenna production.

The antenna design uses the miniaturization
technique of shorting the antenna structure with
the ground plane, similar to PIFA designs
presented in [8-9]. The shorted antenna models
have a great dependency on the ground plane,
which itself works as part of an asymmetrical
dipole structure.

Therefore, designing a small shorted antenna
model, with a small ground plane, makes the
ground plane a more effective radiator. This fact is
exploited in the design to achieve an antenna that
radiates more on one of its poles towards the
negative ‘y’ axis. The upper part of the antenna,
along the positive ‘y’ axis, which consists of
microstrip lines, helps in matching the antenna to
the desired operating frequencies [10]. For
example, line ‘K’, is divided into two microstrip
lines ‘ml’ and ‘m2’, enabling the antenna to
resonate at two different frequency bands.
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Fig. 2. Fabricated antenna model.

Furthermore, line ‘m2’ is divided into two
lines, ‘01’ and ‘02’. The distance between the
lines, at various places, plays a major role in
matching the antenna. This also helps in lowering
the resonance frequency of the antenna, by
utilizing the current-vector alignment technique
[11]. According to this, closely coupled lines with
a current vector in-phase and in the same
direction, increase the self-inductance of the
antenna. This eventually reduces the resonance
frequency of the antenna.



Table 1: The geometrical dimensions of the

antenna in Fig. 1

Line Length Width
(mm) (mm) (mm)
a 4
b 3
c 1.75
d 2.5 0.5
e 8 0.5
f 3.45 0.5
gl 2
g2 0.9 0.5
hl 20
h2 21.5
k 14.6 0.5
ml 24.25 0.5
m?2 22.45 0.5
nl 20.5 0.5
n2 18.3 0.5
n3 17 0.5
ol 5.5 1
02 6.7 0.5
03 5 0.5
W 30

[11. TAG ANTENNA DESIGN

The RFID tag antenna is an extension of the
small antenna design presented above [12]. The
tag is designed using a 3.175mm thick Rogers
RT/duroid 5880 [13] with a relative dielectric
constant of 2.2 and 35um copper cladding. Higgs
3 IC, manufactured by Alien Technology [14], is
used in this tag antenna design. The antenna’s
configuration parameters were determined using
numerical simulation based on Ansoft HFSS V.12.
The size of the antenna is 44mm (height) x 30mm
(width). The design of the tag antenna is similar to
the planar small antenna, presented in Fig. 1 with
slight changes in the structure. The changes are
required to tune the tag antenna to the desired
European UHF RFID frequency band (865 MHz -
868 MHz).

Figure 3, shows the design of the tag antenna,
achieved by mirroring the planar antenna in Fig. 1.
This makes the tag antenna a quasi symmetric
dipole structure. There is no copper under the
substrate, to achieve an omni-directional radiation
pattern. The IC of the tag antenna lies in the
middle of the two ‘@’ lines. Line ‘g’ connects both
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arms of the dipole to enhance the input inductance
of the antenna. Some parameters of the planar
antenna are modified to match the tag antenna to
the desired frequency band and the input
impedance of the IC. The resonance frequency of
the tag antenna can be tuned to the desired
frequency by changing the length of the tuning
lines ‘0’ and ‘i’. The length of line ‘g’ also plays a
great role in changing the resonance of the antenna
and improving the antenna’s return loss. Similar to
the antenna design shown in Fig. 1, the coupling
between the parallel lines reduces the size of the
antenna. The closely coupled parallel lines
increase the self inductance of the antenna, when
the current vector is in-phase and in the same
direction. The tag antenna design can also be
tuned to operate on multiple frequency bands. This
tuning can be done by varying the lengths of ‘I’
and ‘0’. The dimensions of the tag geometrical
parameters are listed in Table 2.
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Fig. 3. UHF RFID tag antenna design.

The transfer of power between the IC (complex
load impedance) and the tag antenna (complex
source impedance), can be analyzed based on
equation (1). The ratio of power available from the
tag antenna (Pg) and the power reflected back
(Pr) is called the power reflection coefficient [15],
[16].
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Table 2: The geometrical dimensions of the

=== Simulated
antenna in Fig. 3 = — Measured
Line Length Width
(mm) (mm) (mm) B : : b
a 0.5 1 :;15‘1' ___________________________ j
b 3 k | | i
e 1.5 0.5 a9 5 i 5 i i
00 750 800 850 900 950 1000
f 345 0.5 ) ) Frequency (MHz)
o B 03 Fig. 4. Simulated and measured S;; (dB) of the
planar antenna.
h 15.6 0.5
i 15.5 0.5 Figures 5 and 6 show the radiation patterns of
] 243 0.5 the H (x-z) and E (x-y) planes of the antenna,
k 20.5 0.5 respectively, for both 865MHz and 915MHz
1 3 0.5 operating frequencies. No significant variations
m 2045 05 can be considered between the patterns at these
: - two frequencies. Furthermore, one can observe
n 16 0.5 that the directional characteristics of the antenna
o 3.3 0.5 pattern lies in the half space below the x-z plane.
P 0.3 The maximum deviation from the omni-directional
q 1 characteristics in the H-plane is about 4dB. For the
T 183 05 E-plane patterns, the side lobe level is in the order
s 0.9 05 of -8dB, and the back lobe level is about -10dB,
and -14dB for 865MHz and 915MHz,
H a4 respectively. Figures 7 and 8 show the measured
w 30 3-D gain radiation patterns of the planar antenna at

865MHz and 915MHz, respectively. Similar
In equation (1), Z=Rs+jXa is the impedance of  patterns are observed, but with higher gain value
the tag antenna, whereas Zi=Rt+jX is the at the higher frequency.
impedance of the tag chip. The superscript (*) 1050 90°Z 5
denotes the complex conjugate. For optimal power '
transfer and maximum read range, it is desirable to
have a lower value for the power reflection
coefficient at the operating frequency band.

. : : 60°
. ====H plane {x-z plane) at 865 MHz
"o ====H plane (x-z plane) at 315 MHz

IV.RESULTS

A. Planar antenna design

The antenna is fabricated with the help of a
milling machine, and the S;; is measured by an
Agilent 8358 (VNA series) Network Analyzer N S A T
[17]. The radiation pattern and gain of the antenna s SO S Tt A
are measured by Satimo’s StarLab [18]. In Fig. 4, SR
the simulated and measured S,; of the antenna are .
shown with resonances at both the European and 405"

the US RFID bands. _ N . .
Fig. 5. Measured H-plane normalized gain (dB) of

the planar antenna at 865 and 915MHz.
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A A
120° A ======E plane (x-y plane) at 865 MHz
s, | === E plane (x-y plane) at 915 MHz

-105°

P

Fig. 6. Measured E-plane normalized gain (dB) of

the planar antenna at 865 and 915MHz.

z

Fig. 7. Measured 3-D gain (dBi) radiation pattern
of the planar antenna at 865MHz.

B. Tag antenna design

Figure 9 shows the power reflection coefficient
of the tag antenna, resonating at the European
UHF RFID band (865 MHz — 868 MHz). The
centre frequency is set to 866 MHz. The figure
illustrates that the tag antenna has a narrow
bandwidth. This feature can be useful in
applications where sensitive RFID tags are
required. These applications include some of the
RFID sensor applications, such as temperature and

humidity sensors [19]. The input impedance of the
chip and the tag antenna are shown in Fig. 10.

z

Fig. 8. Measured 3-D gain (dBi) radiation pattern
of the planar antenna at 915MHz.

Power reflection coefficient {dB)

A
900 750 800 850
Frequency (MHz)

Fig. 9. Simulated power reflection coefficient of
the tag antenna.

Figure 10 shows how the tag antenna
parameters are carefully designed to provide a
good conjugate match with the chip impedance.
This is required to minimize the reflection loss at
this junction, and hence improve the power
transmission and maximize the read range.

The simulated normalized radiation patterns of
the tag antenna are shown in Figs. 11 and 12 for
the E and H planes, respectively. The radiation
patterns show that the tag antenna has the typical
radiation pattern of a dipole antenna.
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Fig. 10. Impedance versus frequency (a) chip
impedance, (b) tag impedance.

1052 0y 7g

-105° 90 -75°

Fig. 11. Simulated E-plane (xy-plane) normalized
gain (dB) of the radiation pattern of the tag
antenna at 866 MHz.
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Fig. 12. Simulated H-plane (xz-plane) normalized
gain (dB) of the radiation pattern of the tag
antenna at 866MHz.

In Fig. 13, a 3-D view of the simulated
radiation pattern of the tag antenna is shown, at
866MHz. As shown in the figure, the maximum
simulated realized gain of the tag antenna at 866
MHz is approximately 1.4dBi, with asymmetric
doughnut shape. The radiation pattern is not
perfectly round, radiating slightly more along the x
axis than that along the z axis.
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Fig. 13. 3-D view of the simulated realized gain
(dBi) at 866MHz.

The fabricated model of the UHF RFID tag
antenna model is shown in Fig. 14. This prototype
was fabricated on Rogers 5880 substrate, with a



dielectric constant of 2.2. There is no copper on
the opposite side of the substrate. This enables the
tag antenna to achieve an almost omni-directional
radiation pattern as shown in Fig. 13.

Fig. 14. Fabricated UHF RFID taé antenna.

A Tagformance RFID measurement device
was used to measure the tag antenna in a
specialized anechoic chamber suited for UHF
RFID tag antennas [20]. The chamber contains a
linearly polarized reader antenna, with a rotating
disc to measure the radiation pattern of the tag. A
linearly polarized reader antenna is connected to
the Tagformance measurement device by
Voyantic.

The theoretical read range of the tag antenna
was calculated by using the measured results from
the Tagformance, with the help of the following
equation [23]:

A [1.64P

%047\ LyaPs

2

In the above equation, ‘Ckg’ is the theoretical
read range of the tag antenna. ‘Lgy’ is the
measured path loss from the generator’s output
port to the input port of a hypothetic isotropic
antenna placed at that tag’s location. The forward
path loss was achieved from the measured
calibration data using the Tagformance
measurement. The European effective radiated
power ‘Perp’ value was considered equal to 2W
(33dBm) according to [21]. The parameter ‘Py’
is the measured threshold power in the forward
direction from the transmitter to the tag. This is the
minimum continuous wave power transmitted to
enable the tag to send a response to EPC Gen 2
protocol’s query command. The resulting
theoretical read range of the tag antenna,
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calculated based on measured results, is shown in
Fig. 15.

10

Read range (melers)
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AOU 820 840 880  B20 900 920 940 980 980 1000
Frequency (MHz)

Fig. 15. Theoretical read range [dig] of the tag
antenna.

In Fig. 15, the maximum read range is
approximately 10.5m and is slightly shifted from
866MHz to 850MHz. This tag antenna is meant to
be highly sensitive to structural changes. This
nature of the tag antenna can be responsible for the
shift of the frequency. The structural change can
reasonably be caused by the inaccuracy of the
fabrication process. Several other factors might
also be responsible for the frequency shift
including the process of attaching the IC strap to
the tag antenna. This can be tuned by reducing the
size of the two lines with length ‘0’, by 1 - 2mm.

The maximum measured realized gain of the
tag antenna can be analyzed by utilizing the path
loss measurement data from the Tagformance
measuring equipment. This can be described as
(23],

G, = —k&— (3)

Liwa- Ptw’

where ‘P;.’ is the sensitivity of the IC, which is
equal to -18dBm, ‘Ly’ is the forward path loss
from the transmitter to the tag antenna, and ‘Py’
represents the threshold power. The estimated
maximum simulated and measured gain of the tag
antenna can be seen in Fig. 16. The difference
between the simulated and measured realized gain
can be due to several reasons. This includes the
difficulty of simulating the actual substrate losses,
and the inaccuracy of fabricating the tag.
However, it is obvious that the maximum
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measured gain is almost the same as the simulated
gain at the desired operating frequency, 850MHz.

—_—
il | —— Measured
o 4 Jreses
-5
@ -10
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=
® 15w
&
g 20
3
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-30
35 . P —
4 i i i i
200 825 880 arns 900 925 950

Frequency (MHz)
Fig. 16. Measured and simulated maximum
realized gain of the tag antenna.

The measured normalized gain patterns at the
E and H planes of the tag antenna are shown in
Figs. 17 and 18, respectively. These measured
radiation patterns resemble the simulated radiation
patterns in Figs. 11 and 12, respectively, although
at a slightly different frequency.

-90°
Fig. 17. Measured E-plane (xy-plane) normalized
gain (dB) radiation pattern of the tag antenna at
850MHz.

ACES JOURNAL, VOL. 25, NO. 12, DECEMBER 2010

-105°

-90°

Fig. 18. Measured H-plane (xz-plane) normalized
gain (dB) radiation pattern of the tag at 850MHz.

The measured normalized gain radiation
pattern shown in Figs. 17 and 18, show an almost
omni-directional radiation pattern as required for
this application.

V.TAG SENSITIVITY ANALYSIS

Several parameters are useful for tuning the
antenna to the desired frequency. Some of these
are the substrate thickness, the shorting line ‘Q’,
and the tuning lines ‘I’ and ‘0’.

In Fig. 19, the resonance shift of the tag
antenna, due to different substrate thicknesses is
shown. According to the figure, reduction in the
substrate thickness increases the resonance
frequency of the tag antenna and vice versa. The
rate of change of the resonance frequency is
higher, with a decrease in the substrate thickness.

The length of the shorting line ‘g’ can also be
very useful in tuning the antenna. In Fig. 20, the
effect of various lengths of the shorting line on the
resonance frequency of the tag antenna is shown.
According to the figure, a slight change in the
length of the shorting line ‘Q’, directly influences
the inductance and thus affects the resonance of
the tag antenna.
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Fig. 19. Simulated power reflection coefficient of

the tag antenna, due to various substrate
thicknesses.
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Fig. 20. Simulated power reflection coefficient of
the tag antenna, due to various lengths of shorting
lines ‘g’.

The tuning lines of length ‘I’ and ‘0’, can
greatly help in fine tuning of the tag antenna. In
Fig. 21, there is a gradual decrease in the
resonance frequency, with an increase in the
length of the tuning line ‘I’.

Similarly, the length ‘0’ of the lines, can also
be useful in tuning the tag antenna operating
frequency. This effect is shown in Fig. 22, where
the resonance frequency gradually changes with
the increase in the length ‘0’. The lengths of the
two lines equal to ‘0’ are always kept same. The
gap ‘p’ between the two lines is also kept constant.

The above numerical results based on
parametric study show that an antenna with small
thin lines and small spacing between the lines
helps miniaturize the antenna structure. However,
such tag antennas  exhibit  narrowband
characteristics and become sensitive to structural
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changes. These types of tag antennas can be useful
for various sensing applications [22].

sssss 1 mm
i| === 2 mm
f=3mm
4 mm

Power raflection coefficient [dB]

20}

25l 1 H 1 i i
300 825 850 875 900 925 950
Frequency (MHz)

Fig. 21. Simulated power reflection coefficient
shift of the tag antenna, due to various lengths of
tuning line ‘I’.

0

-20

Power reflection coefficient [dB]

25 ; ; ; i ;
800 825 850 875 900 925 950
Frequency (MHz)

Fig. 22. Simulated power reflection coefficient of
the tag antenna, due to various lengths of line ‘0’.

VI. CONCLUSION

In this paper, a small dual purpose planar
RFID antenna design was discussed. The same
antenna design is used as a shorted planar antenna,
and as an RFID tag antenna. The planar shorted
antenna works on both European and US RFID
bands. Different miniaturization techniques helped
in reducing the resonance frequency of the
antennas. In the planar antenna model, the shorting
technique and the close coupled lines helped in
reducing the size of the antenna. The RFID tag
antenna design’s self inductance was increased
with the help of the shorting line (loop) and the
closely coupled lines, using current vector
alignment technique. This indicates that the
antenna structure can be reduced with the help of
thin closely coupled lines. However, it makes the
antenna more narrowband and sensitive. The
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sensitivity of the antenna to the structural
deformations can be utilized for various sensing
tag antenna applications.
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