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On the Performance of a Microstrip Antenna
Based UC-PBG Structures for UHF RFID
Readers

Abstract- Microstrip antennas suffer from low gain bandwidth product due to
surface wave effects and aperture diffractions that limit their use for long-
range communications. On top of that, the difficulty of achieving a pure
circularly polarized radiation with high gain due to the feeding structure
effects. This paper is subjected to design a gain enhanced circularly polarized
patch antenna using Uniplanar Compact-Photonic Band Gap (UC-PBG)
structu.res for UHF RFID applications. The patch is structured as truncated
corners with cross slots at the centre mounted on an FR-4 epoxy substrate of
1.6mm thickness with an overall area of 188x188mm’. The UC-PBG is
constructed of two layers; each is made of 7x7 unit cells, separated by 20mm
mounted from the top of the patch at 30mm height. The unit cell
characterizations are evaluated in terms of their S-parameters and dispersion
diagram CST-MWS environment. The antenna shows a boresight gain of about
8.2 dBi at 915MHz with a front to back ratio (F/B) of 13dB. The benchmark
enhancement in boresight gain after adding the UC-PBG layers is found to be
3.4 dBi with a radiation efficiency of 87%. Finally, an excellent agreement is
achieved between the obtained measurements and numerical results.
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1. Introduction

Last decades, RFID technology advanced
remarkably in different fields including modern
technology for auto-identification systems and
storing data by tags and transponders [1]. The
RFID concept was initiated during the Second
World War [2]. RFID systems usually consist of
three main parts: Readers, tags, and host [3]. The
operation scenario of RFID systems is based on
sending a signal from the reader to the tag. Then,
the tag identifies the signal and stores the
information. Finally, the host realizes the decoded
data from readers [4]. In 1948, Stockman articled
the first RFID system [2]. Later, the RFID
systems were developed rapidly in different
frequency bands including Low Frequency (LF)
at 125-134.2 kHz, High Frequency (HF) (13.56
MHz), Ultra-High Frequency (UHF); (433 MHz,
860-960 MHz) and Microwave Frequency
(MWF) (2.45 GHz, 5.8 GHz) [3]. In general,
RFID systems are classified into passive and
active systems, besides to a semi-active system,
which has a combination of active and passive
characteristics [5]. The passive RFID systems are
based on a Tag that does not have an internal
power source where it is fully managed by the
reader [6]. This type suits smart labels, supply
chain management, file tracking, race timing, and
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access control applications. For active RFID
systems, tags are powered by batteries to transmit
the data continuously that are usually used for
real-time tracking assistant. Usually, active tags
can provide a longer communication range than
passive tags but are much more expensive [5].
Last decades, the applications of the UC-PBG
structures, in the microwave devices [7] started to
dominate over other passive structures. Generally,
these structures were designed as a periodical
crystal patterns and slots are etched in the ground
planes [8]. Although, these configurations were
already used for microstrip antenna designs,
antennas experienced from strong backward
radiation that reduces the bore-sight gain [9].
Therefore, many researchers were attracted to
enhance antenna performance by applying UC-
PBG  structures. Among many  others,
Electromagnetic Band Gap (EBG) and/or UC-
PBG were introduced in [7-11], to utilize an
improvement in the antenna gain for their
versatility and ease of fabrication. In this context,
various geometries have found their way in
designing circularly polarized antennas for RFID
readers’ applications [12-22]. Therefore, it is the
subject for this research to construct a circularly
polarized microstrip antenna with a high gain
mounted underneath of a double layered UC-PBG
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structure with 7x7 unit cell arrays. Then, the
proposed UC-PBG structure is designed based on
finite uniform 2D periodical metal structures to
enhance the antenna gain. It is found that the
combination of the UC-PBG structure with the
microstrip antenna is appropriate for many
applications in the UHF frequency band including
the RFID readers. The antenna performance
including the S;; spectra and radiation patterns;
before and after adding the UC-PBG layers are
tested and simulated using FIT based on
CSTMWS formulations. The UC-PBG CP
antenna is fabricated and measured. Finally,
obtained results are also validated using FEM-
based HFSS software package.

2. Antenna and UC-PBG Geometrical
Design

The proposed antenna geometry is constructed of
a microstrip circularly polarized patch printed on
a Flame Retardant (FR-4) epoxy substrate, ¢, =
4.3, and tand = 0.02, with thickness (%) of 1.6
mm. To achieve a circularly polarized microstrip
patch, a truncated rectangular patch with crossed
line slots at its center is chosen for ease of
fabrication. An SMA coaxial connector of 50 Q
characteristics impedance is used to feed the
patch structure. The feeding point is located at the
patch length center with an offset from the width
center of 4 mm. Figure 1 and Table 1 show all
related geometrical details of the patch, substrate,
and the feed location.

Table 1: Dimensions of the patch

Parameter L W L, W, GAP S

Dimension

188 188 106 74 5 185
(mm)
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Figure 1: Antenna geometry: (a) Patch structure,

(b) Front view, (¢) Side view, (d) Back view.
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The UC-PBG structure is constructed of two
layers with 7x7 unit cells array. Two concentric
rings are shaped as a continuous closed square
trace and a split circle with a certain gap to
function as resonance window. The capacitive
coupling - that may occur between the UC-PBG
layers - improves their resonance around a certain
frequency band. The square ring dimensions are
26 x 26 mm’, while, the circular ring radius is 10
mm. Each trace width is fixed to 1 mm, while, the
air gap between the two rings is 2 mm. Each two
adjacent unit cells are separated by 1 mm air gap.
To achieve the maximum gain, the first UC-PBG
layer is placed at 30 mm from the top of the patch
and the second layer is located at 20 mm from the
top of it. The proposed UC-PBG layers are holed
on foam bases as depicted in Figure 2.

Now, the antenna structure is combined with the
UC-PBG layers as presented in Figure 3.
According to the standard optical rules, the
reflective index, the incident angle, the source
position, the focal length of the lens, and the
HPBW might be determined from the ray tracing
analysis [23].

3. Numerical Simulation and Results
I. UC-PBG Characterizations

In this section, the parametric study is invoked to
evaluate the proposed UC-PBG layers. The
numerical simulation is conducted with the CST-
MWS to the proposed unit cell inside a fictitious
waveguide center as to mimic quasi-TEM modes
[24]. From the evaluated S;; and S;; in terms of
magnitude and phase, it is found that there is no
specific resonance within the frequency band
from 0.8 GHz up to 1 GHz as seen in Figure 4. A
parametric study is investigated on the strip
width, gap, and inner radius to monitor the effects
of losses at 915 MHz as listed in Table 2.
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Figure 2: UC-PBG Geometry.
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Figure 3: Microstrip antenna based on UC-PBG
Layers: (a) 3-D view. (b) The structure front view

(c) side view (d) back view.
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Figure 4: S-parameters spectra of the proposed
unit cell based (double face).

Table 2: The evaluated losses with respect to changing
the double face unit cell dimensions at 915 MHz.

Parameter C(ll:i':ge (ﬁ i;) (ii;) L((:;:)es

2 479 175 271

fvtlg?h 3 474 182 93

4 475 179 103

! 276 176 348

Gap L5 47 a5 486

2 479 175 27

> 474 177 AU

Radive 7 474 1m 23

) 276 176 3%

Next, the separation distance effects between the
UC-PBG layers are studied regarding S-
parameters as seen in Figure 5. It is found that
increasing the separation distance may lead to an
increase in the conservation losses due to the
capacitive effects. Therefore, it is fixed around 20
mm, while, when it goes below this limit it shows
negative effects on the paraxial rays emerge.
After that, a parametric study based on a full-
wave numerical analysis as shown in Figure 6 is
applied to study the required number of the unit
cells in the UC-PBG layers starting from 1x1,
3x3, 5x5, and 7x7. It is observed that a
significant reduction in the field diffraction takes
place in the same amount of unit cell increment.
Therefore, the unit cell number increase may
increase the focusing effects; however, the size
criterion limits the designer goals. Therefore, the
authors are satisfied with the 7x7 array; where,
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after that, the effect of diffraction becomes almost
negligible.
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Figure 5: UC-PBG performance regarding S-
parameters spectra of the proposed unit cell with
different separations distance.
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Figure 6: Plane wave results at 915 MHz; (a) 2-D
view and (b) 3-D view.

For an additional characterization, the dispersion
diagram using CST-MWS formulations is
discussed in the First Brillouin Zone (FBZ) as
seen in Figure 7. It is found that the unit cell
shows no dispersion in the diagonal direction (y-
M), however, on the other sides, the unit cell is
found to be very dispersive when the emerged
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tangential beams are impinging oppositely
leading to field cancellation on the UC-PBG.

Frequency (GHz)

.

Figure 7: Dispersion diagram at the FBZ.

11. Antenna Performance

In this section, the antenna design based on the
proposed UC-PBG structure is studied to provide
the maximum matching at 915 MHz. In this
study, the antenna performance is tested in terms
of Sj; spectra and radiation patterns as seen
bellow:

1) A numerical study is performed without the
UC-PBG layers, then, the patch dimensions and
the feed location are optimized to be excellently
matched at 915 MHz. It is found that the antenna
shows excellent matching, |Si;|<-11 dB, with a
bore sight gain of 4.8 dBi. Figure 8 shows the Sy,
spectrum and radiation patterns at the $- and ¢-
plans. Nevertheless, the antenna shows a circular
polarization as seen in Figure 8(b). This is
achieved by using cross-slots at the center and
truncated corners of the patch with rectangular
slits along the length and the width.

2) The best UC-PBG location (V},) from the
antenna patch is studied by running a parametric
study from 10 mm to 70 mm in steps of 10mm.
As seen in Figure 9(a), the S;; spectrum changes
due to the capacitive coupling effects on the patch
structure. Moreover, it is found that the best UC-
PBG location to provide the maximum bore sight
gain is at 30 mm from the patch top as can be
seen in Figure 9(b).
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Figure 8: The performance of the proposed
antenna without UC-PBG Layers: (a) S11, (b)
Radiation Patterns, (c) Current Distribution.
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Figure 9: Parametric study of the proposed UC-
PBG Layers from the antenna structure: (a) Sy,
and (b) bore sight gain.

4. The Optimal Antenna Performance and
Validation

The obtained antenna results are re-evaluated
numerically using FEM based on HFSS
formulations and compared to the CST MWS
results as seen Figure 10. It is found that the
investigated study shows excellent agreements in
terms of Sy, and radiation patterns. The antenna
shows a maximum gain of 8.2 dBi at 915 MHz
with an axial ratio of 2.5 dB. Now, the proposed
antenna is fabricated as seen in Figure 11. Then,
the antenna is tested using a Vector star
MS4642A Series Microwave Vector Network
Analyzer (VNA) inside an anechoic chamber
after running cables calibration using short, open,
and 50 Q loads. From measurements, it is found
that the Sj; spectrum shows a frequency
resonance around 918 MHz with a bore sight gain
around 8.2 dB as seen in Figure 12.
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Figure 10: The proposed microstrip antenna based
UC-PBG Layers: (a) Sy, (b, ¢) radiation patterns

Figure 11: The fabricated prototype with the UC-
PBG layers; (a) Top view (b) Side view.

Vol. 36, Part A, No. 5,2018

haln and 5| Wi

"o
IT]] - 18
Bk DED D84 085 NEE 8% 0N DS 008 89 LD
Froguemcy (GH

LT
Sarmalond Wadeation Paitern dB
1]

Figure 12: Microstrip antenna based UC-PBG
Layers measurements: (a) Gain and Sy; spectra and
(b) radiation patterns for measured and simulated
results.

Table 3 shows a survey comparison between the
published contributions in terms of antenna size
and gain at UHF band with the proposed work. It
is found that the proposed antenna provides the
highest gain with minimum dimensions in

comparison to published previous results.

5. Conclusion

Tables In this paper, a circularly polarized patch
antenna based on a UC-PBG structure for UHF
RFID readers is designed, fabricated and
measured. The UC-PBG characterizations in
terms of S-parameters, reflection phase, and band
gap properties in the FBZ are computed. It is
found that the proposed UC-PBG layers provide
positive propagation slope with no band gap
region to suit the antenna gain enhancement at
915 MHz. The antenna performance after
introducing the UC-PBG layers is tested to realize
the effects of UC-PBG improvement to provide
an enhanced bore sight gain of 8.2dBi and F/B
ratio of 13dB, where, the antenna gain without
the UC-PBG layers is found to be 4.8 dBi.
Finally, the obtained results are wvalidated
numerically with CST MWS and HFSS software
packages to match the antenna measurements
excellently.
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Table 3: Comparison with Related Publications

Vol. 36, Part A, No. 5,2018

References Frequency range Max gain Beail-(:’l:’i dth (Lxsvi\Z/iH)
Number (MHZ) (dB) (Degree) (mm?)
Ref. [12] 864-873 4.0 NA 184%174x3.175
Ref. [13] 866 4 53 415x415%4.15
Ref. [14] 922 5 NA 100x100x1.6
Ref. [15] 920-925 3.7 82 120x120x1.6
Ref. [16] 915 6 NA 150%150x13
Ref. [17] 920 6.6 NA 220%220%32.6
Ref. [18] 925 3.8 81 110x110x%6.6
Ref. [19] 920 3.9 80 105%105%50
Ref. [20] 901-930 7.3 75 150x150%34
Ref. [21] 915 8.9 NA 220%220x14
Ref. [22] 877-945 6.3 NA 174x171x10

Proposed work 915 8.2 64 188x188x50
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