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MULTIPLE U-SLOTTED ANTENNA/ MICROSTRIP PATCH ANTENNA/

FREQUENCY SELECTIVE SURFACE/ ARTIFICIAL MAGNETIC CONDUCTOR

At present the wireless communication technology is rapidly developed in
both the wireless local area network (WLAN) and the worldwide interoperability for
microwave access (WiMAX), each system can support multiple frequency bands,
therefore, the antenna design has received more attention of multi-band antenna. A
microstrip patch antennas is the most popular type of conformal microstrip patch in
wireless communication - systems because it has.inherent advantages of small,
lightweight, low cost and simple structure. However, the most serious problem of a
patch antenna is its low gain and narrow bandwidth. For that reason, this thesis
proposes a dual-band antenna using multiple U-slotted patch with artificial magnetic
conductor (AMC) as the ground plane and frequency selective surface (FSS) as a
superstrate. The antenna is suitable for WLAN and WiMAX applications at the
frequency band of 2.45 GHz and 3.5 GHz, respectively, and the gain of the antenna is

enhanced.
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GRERINE Tﬂﬂﬂzﬁwwﬁwﬁwawﬂaéw Ao ﬂimmmﬁ (filters) (JC Batchelor, E.A. Parker, B.
Sanz-Izquierdo, J.-B. Robertson, I.T. Ekpo and A.G. Williamson, 2009) &< ﬁﬂuﬂé U (reflectors)
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a=4, :% (3.4)
b=0.494, = 0.49i (3.5)
d \/g
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-1
£y = g},+1+gr—1 l+12h 2 (3.6)
’ 2 2 w

A a a o o A @ 3 Y Yo A
Luﬂﬁumﬂﬁumﬂmmmumamwm@Uﬂamﬂmmﬂmﬁmmmmm"kﬂmu

A

w
(6,, +0.3) [h+ 0.264}

AL = 0.412h (3.7)
w
(s,, —0.258) {h+0.8}
Tagfinnuenlsedniaa ( Loy ) VOIAIANEDIMANANMAY
C
L, = ——— (3.8)
eff
2f €
L, =L+2AL (3.9)
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arareeimanuugdnaguiudiazinnuds Tsuuud (£) dmiulnua

BT e

d [~ o w
Lﬁf‘] m lag n LﬂuT‘Huﬂmmzﬂzmmﬂmmﬂn @) Llagﬂfﬂllﬂ%}"lfi (w) eauaiay

9

™, LEA9Aadl

mn

N[

o v dg}
A5 uTHNANUFIU (m =1, n'=0)

C
fr(TMm) = o7 (3.11)

2\fq Ly

] v o 4 4 a g o &
ATAITUNINUBINIFT WD INIALUUT LV QYUNUNT LFAAIAIU

W= c

4 1 I~ 1
Taeh ¢ Ao Manuswadialszuna 3x10%m/s

(3.12)
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1204, 24 2, 10
B, :L[1—0.636(k0h)1 P
1204, 4, 10
e G, :ZL; (3.14)
s
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2 sin(ocosej
oz P, = 4 Jw P sin®0do
hd rad —
271, *° cos o
— Il
' 1207
2
sin( g cos@}
130 I = _[0 s sin®0do
sin( X
I, =—-2+cos(X)+ XS, (X)+ () X=kW
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1(w),
E[Z].W>>/10
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Taold Y, =Y,+Y,=2G,

; Re [[ B, xH-ds (3-15)

2218

2

1 sin( 02 cosej
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Design of a Dual-band Antenna using a Patch and
Frequency Selective Surface for
WLAN and WIMAX

K. Pengthmsong, P. Krachodnok, and R, Wongsan
School of Telecommunication Engineering, Suranaree University of Technology, Nakhonratchasima, Thailand
@-mall: mEid1042ag.aut . ac.th

Absiraci— This paper presents dual-band multiple U-dlotied
micvodtrip paich antenna and a dedign of multiple Tvequency
selective surface (F55) I i sereend with dissimilar peviodicitie
for bandwidih enhancement, which are rvegulated by ILLE
803.11g and ICLE B802.16a for WLAN and WIAAX
applications, respectivelv, The maximum gain at the resonant
frequency of 1.4% GHz and 32 GHz are 9.3 dB and 7.3 4B,
respectively, After lmplanting the T55 in the Usslot patch
antenna it i found that the bandwidihs have been mpioved
from 6.12% 1o 7.35 % and 3.7% to 5.7% ai vedonant liequencied
1.45 GHz and 3.5 GHz, vespectively,

Keywordv—Mulii-sloited antenna, Microsirip patch antenna,
Frequeney selective surface (F55), High gain, Coaxial probe
Tl

1. INTRODUCTION

A pach antenna has inherent advantages of
small size, low profile, lightweight, cost-effect, and
its ense of integration with other cireuits, It is very
switable for applications in wireless communication
systems. For today's wireless commumeations,
multi-band  and  wide-band  patch  antennas will
become the requirements for necurately transimitting
the voice, data, video, and multimedia information
However, the most sertous problem of n patch
aiiteiiiig i its naiiow bandwidth becauise a pateh
antenna on o dielectric substrate has surface wave
losses, Therefore, how to enhance the bandwidth
and frequency bands of a patch antenna has become
an important issue in the antenna design field, The
frequency selective surface (F55) structure has o
phenomenon with lugh impedance surface that
reflects the plane wave in-phase and suppresses
surface wave. A pateh antenna with one F55
structure ean improve its radiation efficiency, band-
width, and gam. moreover, the FS5 reduces the side
lobe and back lobe level in its radiation pattern, The
F55 has been widely applied in antennas. filters,
reflectors, polarizers, absorbers, propagation,
metamatertals, and arnficial magnene conductors
{AMC) for more than four decades [1]-]7]. Tvpical
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FS5 geometries are designed by dipoles, rings,
square loops, fractal shapes. ete. The transmission
or reflection characteristic of a FS5 depends on the
shape. size. penodienty. and geometiieal stueture of
FS5 elements,

In this paper. the dual-band F55 15 used to study
its impact on the bandwidths and resonant
frequencies of o muluple Usslor pach antenna
operating near 245 GHz and 3.3 GHz. The
frequency bands of 2.4-2 485 GHz and 3.4:3.6 GHz
are regulated by IEEE 802.11b/g and IEEE 802.16a
for WLAN and WiMAX applicanons, respeenvely.
In simulations, the characteristics of multiple Usslot
patell  antennas  were  obtamed by uwuang  the
Computer simulator Technology (CST). Smulation
results of the retum loss, radianon pattern. and gam
of proposed patch antenna were shown in this

paper.

II. THE ANTENNA AND I'S5

The proposed multi=slotted patch antenna s
composed of a rectangular pateh with four identical
Usshape slots and two alcove parts, a rectangular
ground plane and ar substrate. and a verneal probe
connected to the patch. The thickness of the air
substrate with diclectrie permutivity of 1,15 Hl= 6
mm. A copper plate  with dimensions of
120mm* 1 20mm and thickness of 0.03% mm is used
as the ground plane. The patch 11 symmemeally
designed and the feed point lies in the central line
of 12 mm. The fouwr idenneal U-shape slors are
placed symmetrically and the width of them is
2.5mm. The pateh uses copper as matenal and the
thickness ot it 15 0.03% mumn. The dimensions of a U=
slot parch antenna are 120mm* 120mm and the
thickness ot the substrate 15 1.6mum. The dimensions
of the rectangular muluple Usslor radiator pateh are
S0mm* 34mm. The length and width of the Usslot
are 28 mum and 11 mm. respectively. In our stuches
a coaxial line with a characterisne impedanee of 50
ohms is used as the feed of the Usslot patch
antenna. The mner conductor of the coaxial line 15
attached on the top patch going through the
dheleeme substate. and the outer conductor 15
shorted to the metallic plate on the other side of the
pateh antenna. The FR4 maternal 15 used for the
dielectric substrate with a thickness of 1.6 nun. The

relative dielectric constant and electrieal loss
tangent of the substrate are adopted 1o be 4.4 and
0.02 ar frequencies 2 to 4 GHz. Fig. I(a) illustrates
the geometry of the proposed patch antenna. The
antenna has a very simple structure and thus it is
casy to be manufactured. Fig. 1(b) shows the novel
shape and four Usshape slots, along with probe
leeding, contribule 1o the enhanced performance ol
the antenna,

In addinon. the F55 constuected with double
square loops ring and one square loops elements as
shown in Fig. 1{¢), which is used to mmprove the
bandwidth and resonant frequency of the Usslot
pateh antenna. The thickness of the top mealhe
patch, the FS5, and the bottom metallic plate is
0,035 mm. Detl dimensions of the double square
loops ring and one square loops element are
P1=29.2 mm.P2=i4.2 mm. P3=21 mm. P4=15 mm.
Pi=16 mm, and H2=30 mm. In optimizing the
onsets of two resonant frequencies of 2.45 GHz and
3.5 GHz, the change of geometrical parameters P1,
P2, P3. P4, PS5 and H2 can be used 10 find the best
bandwidth.

I, RESULTS AND DISCUSSION

Sunulatien results of reni losses for the U-slat
patch antenna implanted with and without a FSS
consisting of donble square loops rmg and one
square  loops  elements are obtined  from the
Computer  simulator Technology (CST). The
resonant frequencies of the U-slot patch antenna
implanted with and without a FS5 are found to be
near 245 GHz and 3.5 GHz for the mnpedance
matching with better than =10 dB return loss,

Although the bandwidths have been improved near

the resonant frequencies of 2,45 GHz and 3.5 GHz
for the U-slor patch antenna unplanted wath a FS5,
the resonant frequencies of 2.45 and 3.5 GHz are

not in the trequency bands of 2.4=2 485 and 3.4-3.6
GHz regulated by IEEE 202.11b'g and IEEE
802.11a. Fig 2 shows that the Usslot patch antenna
mnplanted with the new F55 produces better gams
than the original Usslot patch antenna without using
a FS5 at resonant frequencies 2.45 GHz and 3.3
GHz. respectively. The lhigher gans obtaned at
frequencies 2,48 OHz and 3.8 OHz are 2.2 dB and
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7.3 dB, respectively. Fig. 3 shows the simulated
gain of the proposed antenna.

drareer Mtk e d
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Fig3 3D Radiation patterns, at (a) 243 GHz. and (b) 3.5 GHz,

The retun loss of a patch antenna and the FS5
antenna  sompesite are shown in Tig, 2. The
frequencies of the F55 antenna composite are 2.45
and 3.5 GHz, respectively, From the simulation
results, we note that the input impedance does not
seriously affect the performance of the FS5 antenna
at H2=30 mm and only the higher opemting
frequencies of the patch antenna sligltly sluft
upward, The bandwidths have been improved from
6.12% to 7.35 % and 3.7% to 5.7% at resonant
frequencies 2,45 and 3.3 GHz, respectively, when
the thin F55 15 placed above them.
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Figure 4. Radiation panems st (a) 245 GHz (b) 3.3 GHz

Fig. 4 shows the radintion patterns of the F55
antenna ¢oimposite at two operating frequencies
(2.45GHz and 3.5GHz). The maximum gains levels
have an obvious enhancement for the two main
planes, and the radiation patterns exhibit lower side
lobe level, range from -6.2 10 -17.3 dB (magnitude)
relative to the main lobe, along with an increase in
the gains relative to that of the initial pateh antenna.

IV, CONCLUSIONS

In this paper, a dual-band P55 consists of doubls
square loops ring and one square loops elements,
which is used to improve the bandwidths and gain
onsets of operating frequencies for a Usslat patch
antenna, From simulation results, it is found that the
bandwidths have been improved near the operating
frequencies of 2435 and 3.5 GHz for the Us=slot
pateh antenna implanted with a new FS5, however,
the operating frequencies of 245 and 3,5 GHz of
the U=slot patch antenna implanted without a FS5

are not in the frequeney bands of 2.4-2.485 and 3.4-
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3.6 GHz regulated by IEEE 802.11b/g and 802.11a.
For further improvement on the performance of the
U-slot patch antenna. a FSS consisting of new
parameters in the double square loops ring and one
square loops elements was proposed to improve the
performance of the U-slot patch antenna. It is
demonstrated that the FSS consisting of new
parameters of the double square loops ring and one
square loops can successtully be used to improve
the bandwidths. gains. and omnsets of operating
frequencies for the U-slot patch antenna.
respectively. After implanting the new FSS in the
U-slot patch antenna. it 1s found that the bandwidths
have been improved from 6.12% to 7.35 % and
3.7% to 5.7% at resonant frequencies 2.45 and 3.5
GHz, respectively. The higher gains obtained at
frequencies 2.45 and 3.5 GHz are 9.3 and 7.3 dB.
respectively. The radiation patterns at frequencies
2.45 and 3.5 GHz are acceptable.

[31

[4]

[51

[6]
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Design of Dual-band Antenna Using A Patch and
Artificial Magnetic Conductor Ground Plane for
WLAN and WIMAX Applications
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School of Telecommunication Engineering, Suranaree University of Technology, Nakhonratchasima, Thailand
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Absfraci—This paper presents the multiple U-slotled microstrip
pateh mnienna on artificial magnetc conductors (AMC) ground
plane for gain enhancement, Moreover, ihe frequency selective
surface (F55) i3 used for superdivate on dial-band pateh antenia,
it cain be exteid the bandwidilh for WLAN and WIAMAX
applications. The maximiim gain at the resonant Tregieney of
LA% amd LA GHz wre 0.8 and 11,853 dibi, respectively, Because of
the impact of F55% supersivate, it s found that the bandwidihs
have been improved from 6.13% to 732 % and 3,7% to £.7% at

varonant fraquencles 344 and 3.8 CHz, verpactively.

Kevwordv—Muali-Slottod Amiennn, Mivrostip Paich Antenna,
Fregiieney Selective Surfaee, Arificial Magnerie Condiicrion.

I.  INTRODUCTION

The pateh antenna has inherent advantges of small size,
low profile. hghtweight, cost-effect, and ity ease of integrahion
with other circwrs, It s very suitable for applicanons in
wireless communication systems. However, the most seriously
problem of a paich antenna w its narrow bandwidih due 10
surfice wave losses. The enhancement of patch antenna
bandwidth has become an important 1ssue m the antenna
design field, Therefore, the frequency selective swrface (FS5)
has been widely applied i antennas, filters, reflectors,
polanzers, absorbers, propaganon, metamatenals, and
artificial magnehe conductors (AMC) for more than four
decades [1-4] Tvmeal FS5 geametnies are deuipned by
dipoles, rings, square loops, fractal shapes, ew. The
ransmission or reflection charactenisnes of the FSS depends
on the shape, size, peniodicity, and geometrical stucture of
F55 elements

In thes paper, the multipk U-slotted microsivip paich
antennn on AMC is presented for enhancing gain. In
addihon, a dual-band FS5 s used to study s unpact on the
bandwadths at operatng Tequency near 245 and 3.5 GHz, The
frequency bands of 2.4-2.48% GHz and 34.38 GHz are
regulated by TEEE 802.11b/g and 802 16a for WLAN and
WIMAX  appheations, respectively, In  simulahons, the
chamcteristics of the proposed antenna were obtained by using
the CST sofrware. Furthermore, the prototype of the proposed
antenna 1 constricted
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Figure 1. (a) The Antenna Geometry,(b) unit coll of AMO Ground
Pliiie, aid () winit cell of FS5 superstiate

i ANTENNA DESIGH

The dual-band antenna 1 shown wm Fig. 1{a) Ths
geometry consists of three main components, which are Us
slotted microstnip patch antenna, FS5 supersirate, and AMC
ground plane. Fustly, multh U-slot radiator hed on 2 patch
antenna 1 fed by verhical probe on AMC ground plane, The
dielectne between patch antenna and AMC ground plane 1
air, which H1 5 4.3 mm. A copper plate has dimensions of
120mm=120mm, where is used as the ground plane. The patch
we symumetneally designed and the feed pamt wn the eenwal line
1w 12 mm The fowr adentical U-shape slots are placed
symmetnically and the width of them s 25 mm The
dimensions of the rectangular multiple Usslot radiator patch
are S0mm=34mm. Fig. 1(b) shows the AMC ground plane,
which 1 placed en PEC, The AMC ground plane 15 desagned
by uang FR4 matenal with 3 thackness of 3.2 mm, wiich the
dielectric constant is 4.4 and W1=292 mm, W2=25 mm,
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Wi3=21mm Fmally, the FS5 superstrate layer s shown m Fag
1(e). It 15 desagned by usmg one aide of FR4 wath a thickness
of 1.6 mm. and P1=29 2 mm, P2=24 2 mm, P3=21 mm, P4=18
mim, PA=16 mm and H2=30 mmn.

1, SIMULATION AND LISCUSSION

The AMC with high impedance surface characteristics has
achieved development to support dual band antenna which
make preat advancements as ground planes m low-profile
antenna, It has to enhance the radhated gan, wn the meanhme
reducing the near-field coupling to the environment. In a
proposed design, the resonant frequencies of the AMC
composite for directivity enhancement are dominantly
controlled by chooung the resonant length, W2 and W3, and
the gap between the pateh and AMC, H1, and can be tuned by
the Ussloi length and widih of the parch. Next, we design a
dual-band F55 composite for the specified operating bands of
a U-slot pateh antenna based on the knowledge of the
characterishies of the umt eell, and then are e it as a
superstrate Ton the L7 alan patel antenna 1 assess the level aif
improvement on its bandwidth Fig. 2 shows the reum loss of
the AMC and F55.

Fig. 3 shows the sumulabon and the measurement results,
the return loss of the proposed antenna at resonant frequency
of 245 GHz and 3.5 GHz are -254 dB and -29.2 dB,
respectively. The impedance bandwidth at 10 dB return loss
is from 237 GHz to 2.55 GHz and 34 GHz to 1.6 GHz. It
seems that the bandwidihs have been uproved from 6.12% to
7.35 % and 3.7% to 5,7% at resonant fequencies 245 and 3.5
GHz, respectively, Moreover, Fig 4 shows the samulated
radhation patterns, The maximum gan appears al 245 and 3.5
GHz are 9.3 and 11,33 dli, respechively, The unidirechional
rachanion patterns could be obtamed at dual frequencies and

currents mduced by external verheal hnearly polanzed electne
fields.
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Figure 3. Comparison of sinuilation and measurement refurm loss.
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IV. CONCLUSION

The high gain dusl-band paich antenna on arificial
magnetic conductors (AMC) ground planes is successfully
designed for applications such as WLAN and WiMAX. The
maxumium gam al the resonant lrequency of 245 and 3.5 GHe
are 0.3 and 1133 JdBi, respeetively, The retum loss at
resonant frequency at 245 GHz and 3.5 GHz are -25.4 dBa
and «29.2 di, respectively. The impedance bandwidth at <10
dBi return loss is from 2.17 GHz to 2.55 GHz and 3.4 GHz 1o
3.6 GHz, Tt seems that the bandwidihs have been unproved
fiom 6,12% to 735 % md 3.7% to 57% at the resonant
frequencaes of 2 45 and 3.5 GHz, respeetively
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% Input Parameters (freq, epsr, height, Yo)
freq=(];
while isempty(freq),
freq=input('INPUT THE RESONANT FREQUENCY (in GHz) =");

end;

er=[];
while isempty(er),
er=input(INPUT THE DIELECTRIC CONSTANT OF THE SUBSTRATE =");

end;

h=[];
while isempty(h),
h=input(INPUT THE HEIGHT OF THE SUBSTRATE (in cm) =");

end;

optionl=[];
while isempty(option1)|(option1~=1&option1~=2),
option1=input('OPTIONS \n',’ OPTION (1): FIND INPUT IMPEDANCE Zin AT FEED-
POINT Yo \n/, ...
" OPTION (2): DETERMINE Yo FOR A GIVEN DESIRED Zin \n', ...
'SELE1CT OPTION NUMBER: ');
end;
if option1==
Yo=[l;
while isempty(Yo),

Yo=input(["\nINPUT THE POSITION OF THE RECESSED FEED POINT ' ...
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'RELATIVE TO THE LEADING RADIATING EDGE\n' 'OF THE RECTANGULAR

PATCH (in cm) =");

end
else
Zin=[];
while isempty(Zin),
Zin=input(['INPUT THE DESIRED INPUT IMPEDANCE Zin (in ohms) = "]);
end

end

% Compute W, ereff, Leff, L (in cm)
W=30.0/(2.0*freq)*sqrt(2.0/(er+1.0));
ereff=(er+1.0)/2.0+(er-1)/(2.0*sqrt(1.0+12.0*h/W));
d1=0.412*h*((ereff+0.3)*(W/h+0.264))/((ereff-0.258)*(W/h+0.8));
lambda_0=30.0/freq;

lambda=30.0/(freq*sqrt(ereff));

Leff=30.0/(2.0*freq*sqrt(ereft));

L=Leff-2.0*dl;

ko=2.0*pi/lambda_o;

Emax=sinc(h*ko/2.0/pi);

%function [G1,G12]=sintegr(W,L,ko)

th=0:1:180; t=th.*pi/180;

ARG=cos(t).*(ko*W/2);

res1=sum(sinc(ARG./pi). 2.*sin(t)."2.*sin(t).*((pi/180)*(ko*W/2)"2));
res12=sum(sinc(ARG./pi)."2.*sin(t).”2.*besselj(0,sin(t).*(ko*L)).*sin(t).*((pi/180)*(ko*W/2)"2)
);

Gl=res1./(120*pi*2); G12=res12./(120*pi"2);
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% Input Impedance at Y=0 and Y=Yo
%[G1,G12]=sintegr(W,L,ko);
RinOP=2.*(G1+G12))"-1;
RinOM=2.*(G1-G12))"-1;
if optionl==
RinYoP=Rin0P*cos(pi*Yo/L)"2;
RinYoM=RinOM*cos(pi*Yo/L)"2;
else
Y P=acos(sqrt(Zin/Rin0P))*L/pi;
YM=acos(sqrt(Zin/RinOM))*L/pi;

End

diothmsdszuanalulisunsy MATLAB limstloudiain it

INPUT THE RESONANT FREQUENCY (in GHz) = 2.45
INPUT THE DIELECTRIC CONSTANT OF THE SUBSTRATE = 4.4
INPUT THE HEIGHT OF THE SUBSTRATE (in cm) = 0.16
OPTIONS

OPTION (1): FIND INPUT IMPEDANCE Zin AT FEED-POINT Yo

OPTION (2): DETERMINE Yo FOR A GIVEN DESIRED Zin
SELEICT OPTION NUMBER: 2

INPUT THE DESIRED INPUT IMPEDANCE Zin (in ohms) = 50
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Marme -~ | Wl I Class I
HH ARG <1x181 double>  double )
HH Emax 0.99972 double
H G1 0.00096929 double
M G12 0.00058619 double
HL 2.883 double
e Leff 3.0307 double
FH RinOm 1305.2 double
A rinoP 321.45 double
Wy 3.726 double
YM | 1,2607 double
Vi 1.0694 double
Zin &0 double ]
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