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A novel wideband partially reflective surface (PRS) for printed antennas gain enhancement is proposed
in this paper. The proposed PRS is constructed by two layers separated by an air-gap. It is composed by an
inductive patch with a star flower-shaped aperture etched on the bottom faces of its two layers and a ca-
pacitive star flower-shaped patch that is placed on the top face of its upper layer. The presented PRS with
a broadband operation extending from 7.76 GHz to 11.16 GHz is proposed to improve the gain of printed
antennas operating around this band. The usefulness of the proposed PRS is examined by placing an array
of 8 x 9 over a single-layer printed feeding antenna (FA). The gain of the considered FA is considerably en-
hanced after the implementation of the PRS. Hence, the usefulness of the designed PRS is demonstrated
for enhancing the gain of printed antennas operating in X-band.
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1. INTRODUCTION

Nowadays, due to the rapid expansion of wireless
communication systems domain, the request of high-
gain and wideband directive antennas has acquired
great focus [1, 2]. To not refer to a complex feed net-
work, the helpful and the simplest technique to im-
prove the radiation performance of printed antennas is
to implement a Fabry-Perot cavity; by placing electro-
magnetic-band-gap structures as a partially reflective
surface (PRS) at a proper distance along their direction
of propagation. Here, the role of the PRS is to create a
partial blocking for the radiated waves emitted by the
feeding antenna (FA). Accordingly, the radiated waves
incur several reflections before their escape throughout
the PRS as extremely directive emission [3-12]. Fabry-
Perot cavity that was firstly introduced in 1956 by Von
Trentini is well known for its aptitude to enhance the
gain of printed antennas by the implementation of
mightily reflective surfaces at a delicate altitude in
order to create constructive wave interference between
the direct rays radiated by the FA and the rays reflect-
ed by the PRS [13-19]. The reflection coefficient behav-
ior of the PRS has significant influence on the radiation
performance of the resulting electromagnetic-band-gap
antenna [20]. Hence, there is a consistent need to de-
sign a novel PRS which has good behavior to enhance
the performance of printed antennas.

In this paper, a broadband double-layer PRS having
an enhanced inclining reflection phase in X-band is
presented. An array formed by 8x9 of the designed PRS
is placed over a single-layer printed FA to demonstrate
its effectiveness for improving the gain of printed an-
tennas. The entire designs were performed employing
the commercial software Computer Simulation Tech-
nology (CST) Microwave Studio™,
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PACS numbers: 07.60 Ly, 42.25.Bs, 42.70.Qs,
42.82.Et, 84.40.Ba, 95.85.Bh

2. PRS UNIT-CELL DESIGN

The proposed PRS unit-cell is composed of two lay-
ers separated by an air space of about 13.46 mm. An
inductive patch including a star flower-shaped aperture
is etched on the bottom face of two layers of the PRS.
Furthermore, a capacitive star flower-shaped patch is
placed on the top face of the upper layer of the PRS.
The perspective view of the designed PRS unit-cell is
presented in Fig. 1. The substrate of Rogers RT/Duroid
6002 (er=2.94, tand=0.0012.) with a thickness of
0.762 mm is used to design the proposed PRS unit-cell.
The overall size of the proposed unit-cell is
8 x 8 x 13.46 mm3. The configuration and the dimen-
sions of the designed PRS unit-cell are presented in
Fig. 2. All its optimized dimensions are specified as
follows: @1=3.97mm, bi=75mm, ci1=2.25mm,
a2 =4.02 mm, b2="7.3 mm, c2=2.25mm, d=3.36 mm,
e=6.88 mm.

An unbounded configuration is considered in the op-
timization process in order to minimize the calculation
resources. An increasing reflection phase over a broad-
band and a high reflection magnitude are required for
the PRS to enhance the antennas gain over a wide-
band. Noting that the enhancement of the frequency
band, in which the phase slope increases, causes the
weakness of the reflectivity of the PRS. The complex
reflection coefficient of the designed PRS is shown in
Fig. 3. The reflection phase augments from 125.56° to
164.15° over a broadband extending from 7.76 to
11.16 GHz with reasonable reflection magnitude values
predicting the enhancement of the gain of printed an-
tennas over the whole frequency range. Noting that
this achieved frequency range of 3.4 GHz, in which the
reflection phase increases, is larger than the bands
attained by the PRSs presented in [1] and in [3, 4].
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Fig. 1 — Perspective view of the proposed PRS unit-cell
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Fig. 2 — Configuration of the proposed PRS unit-cell, (a) bottom
view of PRS layer 1, (b) top view of PRS layer 1, (c) bottom
view of PRS layer 2, and (d) top view of PRS layer 2
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Fig. 3 — Complex reflection coefficient for the proposed wide-
band PRS unit-cell

3. PRS IMPLEMENTATION AND TEST

In this section, the proposed PRS is implemented
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and tested to demonstrate its effectiveness for improv-
ing the gain of printed antennas. An array formed by
8x9 of the designed PRS unit-cell (Fig. 4) is implement-
ed over a single-layer FA at an optimized elevation in
order to enhance its gain. The geometry of the consid-
ered FA is presented in Fig. 5. The same substrate used
to design the PRS with the same thickness is used to
design the considered FA. The considered geometry of
the FA is selected after an optimization process that
permitted to enhance its operational bandwidth. The
PRS and the considered FA were joined to each other at
the required elevation by employing four nylon spacers
(nylon 6/6, &-=2.94 and radius = 1.46 mm). The total
configuration of the assembled antenna is shown in
Fig. 6. All its optimized dimensions are specified as
follows: w=56 mm, g=18 mm, k=28 mm, /=4 mm,
m=10mm, n=18 mm, 0 =18 mm, p =3 mm, ¢ =2 mm,
r=64mm, s=72mm, u=14mm, v=10.38mm,
x=26.5mm, y=193 mm, A1 =15.71 mm, Az = 13.46 mm.
The two parameters gain and the reflection coeffi-
cient (Si1(dB)) of the considered FA were simulated
with and without PRS. As shown in Fig. 7, the reflection
coefficient of the FA is slightly improved by about
160 MHz after the implementation of the PRS. It ex-
tends from 9.08 GHz to 11.28 GHz, which equates to
21.61 %. Despite the cuts removed from the ground
plane of the FA, Fig. 8 illustrates that the gain response
of the considered FA is significantly improved after the
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Fig. 4 — Configuration of the proposed PRS layers array: (a)
bottom view of PRS layer 1 and PRS layer 2, (b) top view of
PRS layer 1, and (c) top view of PRS layer 2
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Fig. 5 — Geometry of the considered FA: (a) top view and (b)
bottom view
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Fig. 6 — Perspective view of the proposed antenna with PRS
layers
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Fig. 7 — Influence of adding the designed PRS on the reflec-
tion coefficient of the considered FA

addition of the PRS; the gain increases by more than
2.51 dBi along the working band. Because high gain can
be achieved by high reflection of electromagnetic waves
between the FA and the PRS, the use of the same con-
sidered FA without cuts along the borders of its ground
plane will enhance more its gain but unfortunately the
operational bandwidth will dramatically lessen. Fig. 9
depicts the simulated far-field 2D radiation patterns of
the antenna with PRS at 10.25 GHz. It is evidently per-
ceived that the main radiated beam is along the broad-
side direction with reasonably symmetrical radiation.

4. CONCLUSIONS

A broadband dual-layer PRS for printed antennas
gain enhancement has been proposed in this paper. The
proposed dual-layer PRS operates in a wideband rang-
ing from 7.76 GHz to 11.16 GHz. It is placed over a
single-layer printed FA to demonstrate its effectiveness
for antennas gain improvement along this band. The
gain of the considered FA is considerably enhanced
after the implementation of the PRS. Thus, the pro-
posed PRS is useful for improving the gain of printed
antennas operating in the X-band.
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Fig. 8 — Influence of adding the designed PRS on the gain of
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HoBa mimpoxocmyrosa 4aCTKOBO BifOMBa0O4Ya MOBEPXHA /I MOKPAIIEHH
KoedimieHTa MOCUIEHHA AHTEHU

Abdelhalim Chaabane

Laboratoire des Télécommunications-LT, Département d'Electronique et Télécommunications, Faculté des Sciences
et de la Technologie, Université 8 Mai 1945 Guelma, BP 401, Guelma 24000, Algeria

¥ poboTi 3amporoHOBaHA HOBA IIMPOKOCMYTOBa YaCTKOBO BiaomBaoda rmoBepxHs (PRS) mis mokpamenss
KoediITieHTa IICUIeHHS JPYKOBAHUX aHTeH. 3arporioHoBana PRS mobymoBana 3 1BOX IIapiB, pO3IiJIEHHX
HOBITPSHUM 3a30poM. BoHA CRIamaeThesa 3 IHAYKTUBHOIO HATYy 3 OTBOPOM y (hopMi 3ipku abo KBITKM, IIpo-
TPABJIEHOI0 HA HUKHIX IPAHAX MOr0 JBOX IIAPIB, TA €MHICHOIO ImaTdy y opMi 3ipku a00 KBITKH, PO3MIILIEHO-
T0 Ha BepXHi# rpaHi BepxHboro mapy. [Ipeacrasmena PRS 3 yHKITIOHYBaHHSAM y IIMPOKOCMYTOBOMY JTiaria-
3oHi Bix 7,76 mo 11,16 I'T'; 3amporroHoBaHa I TIOKPAIeHHs KoediIieHTa INICUJIeHHS] JPYKOBAHUX AHTEH,
10 IPAIIOIOTh HABKOJIO 11iei cmyru. KopucHicts 3ampomnornoBanoi PRS mocimimskyeTrbes MIISXOM POSMIIEHHS
MacuBy 8X9 HaJ OZHOILIAPOBOIO IPYKOBAHOK aHTeHoo. KoedillieHT miachIeHHA PO3IJIAHYTOI AHTEHH 3HAYHO
mokpaiyerbest mcis supoBamkernus PRS. Otske, xopucHicTs pospobisienoi PRS nemoncTpyersest miist mokpa-
IIeHHS KoeIIlieHTa MICUIeHHS JPYKOBAHUX aHTEeH, 10 IIPAITIOI0TH B I1alla30Hl YaCcTOT X-30HH.

Kmouosi cinosa: Yacrroso Bimousaioua mnosepxaa (PRS), Illuporocmyrosuit miamasoH, [lokpamensas koe-

dimienTa IiaCUIIeHHS.
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