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Slot antenna for mobile base station
using AMC

MOHAMED S. EL-GENDY, HAYTHEM H. ABDULLAH AND ESMAT A. ABDALLAH

In this paper, a new configuration of dual-band, dual-polarized microstrip antenna applicable to mobile base stations is pro-
posed. The concept behind the new design is the use of an artificial magnetic conductor (AMC) structure that operates in the
required two bands beneath a radiating diamond shaped slot. The choice of the diamond-shaped slot is due to its support of an
infinite number of resonant modes where the dimensions of the diamond shape have more degree of freedom that controls the
excited modes when compared to the rectangular slot. The proposed antenna works over the 870-960 MHz (GSM850/
GSMo9oo) band and the 1710-2170 MHz (DCS1800/PCS1900/UMTS2100) bands for mobile communication systems. The
antenna is suitable for transmitting and receiving mobile signals since it has two ports of orthogonal polarization.
The antenna is fabricated on a combination of FR4 dielectric substrate and foam layers in order to achieve low cost. The
proposed antenna yields high isolation between its two ports not exceeding —30 dB and a front-to-back ratio exceeding
15 dB. The average antenna gains are about 6.6 dBi at the GSM850/GSMogoo, 7.1 dBi at the DCS1800/PCS1900, and
6.8 dBi at the UMTS2100 bands. The theory of radiation is proved analytically and verified by comparing its results with

some simulated results. Finally, a good agreement between the simulated and measured results is noticed.
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. INTRODUCTION

With the introduction of new mobile applications, new
operating bands are assisted. In other words, due to capacity
problems in the conventional base-station systems such
as the GSMgoo wireless communication system, additional
licenses for multi-bands operating frequency such as
DCS1800 (Digital Cellular system), PCSigoo (Personal
Communications Service), and UMTS2100 (Universal
Mobile Telecommunication system) are utilized to overcome
these problems. Because of this fact, much work has been
devoted to increase the bandwidth or to obtain dual-frequency
characteristics of the microstrip antennas. Several techniques,
such as using two adjacent patch radiators operated at differ-
ent frequencies [1], reactive loading [2], aperture-stacked
patches (ASPs), [3] and others have been reported in the
last few years to obtain a much larger bandwidth or dual-band
behavior.

In the last decade, many techniques have been reported in
order to investigate dual-band dual-polarized antennas that
suit the mobile base station. In [4, 5], a dual-band dual-
polarized ASP antenna with double-sided notches operating
at GSMogoo, DCS1800, and UMTS2100 band operations was
introduced. The dual-band operation behavior was obtained
by introducing a reactive loading where an inset or a notch
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is cut on the radiating patch. The isolation between the two
ports was 30 dB over its operating bands. However, this struc-
ture has a high back radiation at the UMTS2100 operating
band where the front-to-back ratio (FBR) approaches 4.1 dB.

Caso et al. 6] introduced dual-polarized wideband-stacked
patches fed through a slot-coupling technique [7], where two
stacked resonant patches are coupled to the feeding line
through a square ring slot. The antenna operates in the
GSM 1800-1900 band (1710-1910 MHz), the UMTS2100
band (1920-2170 MHz), the ISM band (2400-2484 MHz),
and the UMTS 3 G band (2500-2690 MHz). The antenna
element was placed in an array of 2 x 1 with 22 dB isolation
between the ports in the whole frequency band of interest.
Therefore, the antenna has a slightly poor isolation between
the two operating ports. The antenna element gain is
between 6 and 7 dBi in the entire band of interest.

In [8], a dual-band dual-linear slant polarized ASP oper-
ated at the GSMgoo band has been published. This antenna
supports only the GSMgoo band. The structure consists of
a reflector; a U-shaped microstrip feed line, a cross-slot, a
patch, and a director. The polarization isolation at +45° is
>30dB for a dual-linear polarization over its operating
band. Kaboli et al. [9] introduced the extension to the work
of [8]. The XX-polar antenna operates at the GSMgoo and
(the DCS/UMTS) and is placed over the director of the
GSM band. A quad-port antenna is used for achieving both
the dual-band and the dual-polarization operation. Two
ports are used for the GSMgoo band and the other two
ports are used to excite the second (the DCS/UMTS) band.
The antenna exhibits dual-linear polarizations at = 45°
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slanted with an isolation of more than 30 dB when the four
ports are simultaneously excited. The average gains are
about 9.3-10.2 and 8.6-10 dBi in the lower and upper
bands, respectively. The total length, width, and height of
the antenna are 260 X 274 X 115 mm?, respectively.

In this paper, a new configuration of the dual-band dual-
polarized microstrip slot antenna used in mobile base stations
is proposed. The proposed antenna operates at the 870-
960 MHz (GSM850/GSMogoo) and the 1710-2170 MHz
(DCS1800/PCS1900/UMTS2100) bands which are needed to
operate both the 2G and the 3G generations of mobile
phone communication systems. The antenna exhibits dual-
linear polarization at o and a 9o° linear polarization with an
isolation of more than 30 dB when the two ports are simultan-
eously excited. The FBR exceeds 15 dB at the lower band
(GSM850/GSMgo0), and ranges from 16 to 25 dB at the
upper bands (DCS1800, PCS1900, and UMTS2100). A dual
orthogonal fork feed is used for transmitting and receiving
operations. The antenna is designed and fabricated using a
combination of FR4 dielectric and foam/air layers in order
to obtain a low-cost structure. Furthermore, it is relatively
compact and has a simple structure, in comparison with
similar works conducted in this area.

. THEORY OF OPERATION FOR
SLOT ANTENNA AND ANTENNA
PARAMETRIC STUDY

A) Theory of operation

The proposed antenna emulates a slot radiator mounted on an
artificial magnetic conductor (AMC). The AMC is emulated
using two reflectors of quarter wavelength spacing apart
from the slot radiator at the center frequency of the lower
and the upper bands. Figure 1 shows the rectangular slot
with its coordinate system. The theory behind the proposed
antenna is the emulation of a magnetic conductor beneath
the slot radiator. The AMC surfaces have two important prop-
erties that led to a wide range of microwave circuit applica-
tions. First, the AMC surface has a forbidden frequency
band over which surface waves and currents cannot propagate
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Fig. 1. Rectangular aperture on an infinite ground plane.

[10]. Second, the AMC surface has very high surface imped-
ance within a specific limited frequency range, where the tan-
gential magnetic field is small, even with a large electric field
along the surface [10, 11]. Therefore, an AMC surface can
have a reflection coefficient of +1 (in-phase reflection).
Generally, the reflection phase is defined as the phase of the
reflected electric field, which is normalized to the phase of
the incident electric field at the reflecting surface. In practice,
the reflection phase of an AMC surface varies continuously
from +180 to —180 relative to the frequency, and crosses
zero at just one frequency (for one resonant mode). The
useful bandwidth of an AMC is generally defined as +90° to
—90° on either side of the central frequency. The fact that
the slot supports the radiation of an infinite number of
modes encourages us to enhance the radiation of the modes
that support the desired operating frequencies by exciting
those modes.

The enhancement is achieved by placing reflectors with
gradually increasing size at distances of quarter wavelengths
with respect to its operating frequency. In other words, a
small reflector at a quarter wavelength of the higher frequency
is set first, and then a larger reflector at a larger distance
(quarter wavelength at the lower operating frequency) is
also set. By this configuration, an AMC at the two operating
bands is achieved. The field emitted from the slot travels a dis-
tance of half-wavelength during its front and back propaga-
tion toward the reflector. This results in a 180° phase shift
followed by another 180° phase shift due to the conductor-
reflecting surface, which indeed results in a 360° phase shift
that corresponds to the effect of the magnetic wall.
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Fig. 2. (a) Analytical and simulation far-field patterns at f = 915 MHz, (b) analytical and simulation far-field patterns at f= 1710 MHz.
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Assuming an excitation for the TE,,, modes, the only mag-
netic field component that exists is the x-directed magnetic
field component:

mTrx)A {0<x<a, )

H= HxOSm<T X o<y<b.

According to the field equivalence principle [12], we assume a
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Fig. 3. The configurations of the three different slots.
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magnetic wall at z= o where the equivalent electric current
density is given by J,, = i x H. On applying the image
theory, the equivalent magnetic surface current vanishes
while; the equivalent electric current is [12]:

. R . /MTX o<x<a,
Jo = 2H, 9 = 2H,, sm(—a )y 0<y<b, (2)
0 elsewhere.

(b)

Lg

Step rectangular shape slot layer.
(d)

W
Rectangular shape slot layer.
(f)
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The far field of the electric field could be approximated as:

B = —jo[Agd + A,0), (3)
where, the magnetic vector potential A is given by
Z ~ ,u,e*jkr j J ]—s* ejk(x’ sin 6 cos +sin fsin ) ds’,
4mr ) )
6 and ¢ are the spherical coordinate components.
By some mathematical manipulation, the electric field
could be written as
jke Jkr
Ep ! NPy, (4)
47
jke—jkr
= Py, (5)
® 4 nEe
where
Py = (2on cos () cos (qo))If, (6)
P, = (—2Hy, sin (@)1} )
The integral ITin equations (6) and (7) is written as
ba ,
= ”sin (mm) e el g/ dy/ (8)
a
0o

where a, = k sin 6 cos ¢ and b, = k sin 6 sin ¢.
The integral in equation (8) could be simplified to the fol-
lowing form:

1+ Y sin X

SaSliTaci

ej)(

(9)
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Fig. 4. Return loss comparisons between the diamond, the step rectangular,
and the rectangular slots.

Table 1. Geometric dimension of the three different shapes.

Diamond shape Step rectangular Rectangular shape
shape
Parameter Value Parameter Value Parameter Value
(mm) (mm) (mm)
Lg 140 Lg 140 Lg 140
We 140 Ws 140 Wes 140
Lsa 105 Lssr 105 L 105
WSd 11 WSSR 15 WSR 11
Wesma 40 Winmsr, 45 Lyr 63
Lua 67 Wsnmsra 45 Lspr 61.54
Lspa 6154  Lysr 67 Wur 0.64
Wua 0.64  Lspsr 6754 L 19.36
Ly 19.36 Wusr 0.64 Wir 2.82
W 2.82 Lysr 19.36
Wst 2.82
where

X = (bksin Osin ¢)/2;
Y = (ksin 6 cos ¢).

The +ve sign in equation (9) is used for the odd numbers of m
while the -ve sign is used for the even numbers of m.

The previous analytical equation is compared with a simu-
lated rectangular slot antenna of length a = 107 mm and
width b = 11 mm etched on the ground plane and a fork-
shaped feed line is placed on the opposite side of the FR4 sub-
strate with &, = 4.5, substrate height (h) = 1.5 mm, and loss
tangent (tan &) = 0.025. The far-field pattern of the slot
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Fig. 5. Return loss for different dimensions of slot middle widths: (a) slot middle widths Wg,,,4.
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antenna using analytical solution compared to the simulation
one is shown in Fig. 2.

B) Antenna parametric study

It is difficult to obtain dual-band operation in mobile commu-
nication by using the ordinary rectangular slot in the ground
plan. An additional parameter is needed to get more control
over the generated bands. In this section, two modifications
for the rectangular slot are investigated; a diamond shape
and a step rectangular shape. The diamond, rectangular, and
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step rectangular shapes are etched on the ground plane over
the FR4 substrate with &, = 4.5, substrate height (h) =
1.5 mm, and a loss tangent (tan &) of 0.025. A 50 () feed
line is branched into two 100 () feed lines, which looks like
a fork is placed on the other side. Figure 3 shows the config-
urations of the different slot shapes. Figure 4 illustrates the
influence of the slot shape on the operating bands. One
can note that all of them have good matching at the lower
band that support (GSMgoo) but there is no matching at
the upper bands (DCS1800/PCS1900/UMTS2100) for the
rectangular slot shape and there is a good matching at both
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Fig. 6. Antenna layers and its side view.
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of the operating bands for the diamond and the step rectangu-
lar slot shape. The dimensions of the three configurations are
listed in Table 1. Figure 5 shows the parametric study of the
different dimensions for the slot middle widths Wg,,; and
Waasr for the diamond shape and the step rectangular shape.

. PROPOSED ANTENNA:
GEOMETRY AND DESIGN
PARAMETERS

A) Antenna geometry

The geometry of the proposed slot antenna is shown in Fig. 6.
The proposed antenna consists of four metallic layers arranged
from up to down as follows: port 1 fork feed layer, ground
plane with etched cross-slot, port 2 fork feed layer, and two
reflectors. The upper reflector is placed at a quarter wave-
length apart from the radiating slot at the centre frequency
of the upper band and the lower reflector is placed at a
quarter wavelength apart from the radiating slot at the
centre frequency of the lower band. The FR4 substrates are uti-
lized in the antenna fabrication in order to ensure its rigidity.

The antenna consists of five layers of dielectric substrates;
three layers of FR4 dielectric material and two air gaps. The
one air gap exists between the port 2 feed layer and the first
reflector (the upper reflector) while the other air gap exists
between the substrate that has a relative dielectric constant
of 4.5, a dissipation factor of 0.025, and a dielectric thickness
of 1.5 mm for the two reflectors.

The port 1/port 2 feed layers consist of an input microstrip
line of 50 () width branched into two 100 £} microstrip lines
that excite the radiating slot symmetrically. The overall
antenna dimension is about 300 x 300 X 73.175 mm?>.

The antenna dimensions are: Wy = 2.82 mm, L= 14.36 mm,
Ly=71mm, Wy=o0.64 mm, Lg, = Lg, =107 mm, Wg, =
Ws, = 11 mm, Lg = Wg = 140 mm, W,,,, = 36 mm, W, =
4o mm, Lgp, = 72.54, Lgp, =71.54 mm, L, = W, =99 mm,
h,=h,=h,=15mm, &, =¢,=¢,=4.5, h;=35mm,
hy=32mm,and g,;, = &, = 1.

The radiation layer consists of two diamond cross-slots
etched on the metallic ground plane. A diamond slot etched
on the ground plane is utilized to achieve the dual-band oper-
ation used in mobile communication bands rather than the
rectangular slot due to the inclined rib of the diamond
shape slot where more desired modes/bands used in mobile
operations will be excited. The length of the slot antenna con-
trols the first band (GSM850/GSM900). In order to excite the
second mode/band (DCS1800/PCS1900/UMTS2100) many
reported works have been conducted such as, placing
stacked patches and a reactive loading patch antenna to
obtain the second band of the mobile phone communication
systems together with the first band. The inclined rib of the
diamond shape slot excites the second band (DCS1800/
PCS1900/UMTS2100), in conjunction with the first band.

In order to achieve dual-polarized antenna operation, the
etched cross-slot with the two orthogonal microstrip feeds
looks like a U-shape placed underneath the FR4 substrate
material on the opposite side of the ground plane is used.
Since the two feeding network layers are separately isolated
therefore no air bridge may be used. The symmetry of the
feeding branched network is necessary for obtaining high iso-
lation between the two ports and providing good polarization.

https://doi.org/10.1017/51759078713001128 Published online by Cambridge University Press
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Fig. 7. Measured and simulated return loss and insertion loss at the
transmitting and the receiving bands.

The configuration of the U-shaped/dual offset feed does not
suffer from the increased cross-polarization introduced by a
single offset feed line.

The FBR is the most important parameter in this antenna
application, which is almost achieved on one band and dete-
riorates on the other. The FBR is improved by placing two
reflectors underneath the radiating slot (AMC). The first
square reflector of length 0.3A,; (where A, is the wavelength
at the lower frequency band 915 MHz) is placed at A,y/4 apart
from the radiating slot at 1940 MHz (A, is the wavelength at
the upper frequency band) acting as a radiator at the lower
band (915 MHz) and as a reflector at the upper frequency
band (1940 MHz). The second square reflector is placed at
Aor/4 apart from the radiating slot at 915 MHz.

B) Results and discussions

A prototype of the antenna element with optimized dimensions
has been simulated using CST STUDIO SUITE 2011 and then

08 1 12 14 18
Proquency (GHz)

Fig. 8. FBR for the proposed antenna.
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Fig. 9. The far-field patterns (E-plane and H-plane) at (a) 915 MHz, (b)
1795 MHz, (c) 1920 MHz, and (d) 2045 MHz.
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Fig. 10. Measured and simulated co- and cross-polar E- and H-plane radiation patterns at (a) 915 MHz, (b) 1795 MHz, (c) 1920 MHz, and (d) 2045 MHz.

fabricated using the photolithographic process. Figure 7 depicts ~ compared to the measured results. As shown in Fig. 7, the
the simulated return loss for both of the port 1/port 2 sidesand  antenna covers the GSM850, the GSMogoo, the DCS1800, the
the simulated isolation characteristics between the two ports  PCS1900, and the UMTS2100 bands at both of the ports.
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Table 2. Antenna parameters for both the lower bands (GSM850/GSMgoo) and the upper bands (DCS1800, PCS1900, and UMTS2100)

GSM850/GSMgoo
(fo = 915 MHz)

Antenna parameters

DCS1800
(fo = 1795 MHz)

UMTS2100
(fo = 2045 MHz)

PCS1900
(fo = 1920 MHz)

Bandwidth Port 1 Measured 32.85% 44.62%
Simulated 9.83% 25.48%
Port 2 Measured 29.09% 45.95%
Simulated 9.81% 24.55%
HPBW Vertical ¢ = 90 61.5° 90.9° 94° 100.2°
Horizontal ¢ = o 74.1° 103° 120° 122.2°
Gain Measured 7.84 dBi 6.24 dBi 6.7 dBi 6.4 dBi
Simulated 8 dBi 6.6 dBi 7.1 dBi 6.8 dBi
Sidelobe level Measured —15.2dB —18.33 dB —17.53 dB —15.75 dB
Simulated —17.3dB —16.8dB —15.7dB —14.6 dB
Port isolation Measured <—30dB <—40dB
Simulated <—40dB <—40dB
FBR Measured 15.73 dB 25 dB 22.62 dB 16.17 dB
Simulated 17.37 dB 24.63 dB 19.92 dB 14.6 dB
Polarization o & 90
VSWR <2
The obtained results reveal that the measured impedance ~ wavelengths, GSMgoo and DCS1800. Measured sidelobe

bandwidth (VSWR < 2) at GSM850/GSMgoo approaches
255 MHz at port 1 and 281 MHz at port 2, while it approaches
883 MHz at port 1 and 915 MHz at port 2, which covers the
DCS1800, PCS1900, and UMTS2100. The measured isolation
characteristics/port decoupling between the two ports is
noticed to be better than 30 dB at the lower band while it is
<40 dB at the upper band. It is clearly observed that dual
and wide operating bandwidths are obtained. The proposed
antenna is measured using the vector network analyzer
Agilent 8719ES. Figure 8 shows the antenna efficiency
versus the operating frequency. It is clear from Fig. 8 that
the average efficiency at the lower band (GSMogoo) is
about 80% and at the upper bands (DCS1800/PCS1900/
UMTS2100) is about 75%. Figure 9 depicts the FBR for the
proposed antenna over the operating bands of the frequency,
respectively.

Figure 10 illustrates the measured and the simulated co-
and cross-polar E- and H-plane radiation patterns at each of
the four operating bands. The radiation pattern was measured
in the Science and Technology Centre of Excellence (STCE),
Egypt, using compact multi-probe antenna test station
(STARLAB-18), VNA model: Agilent E8363B (10 MHz-
40 GHz).

The results are summarized in Table 2. In the future, the
antenna element will be used as a basic module for base-
station linear arrays, whose final size will depend on the beam-
width and the gain requirements in the elevation plane.

V. CONCLUSION

In this paper, a multi-band dual-polarized antenna of
diamond shaped cross-slot is introduced. The antenna
covers the GSMS8s50, the GSMgoo, the GSM1i8oo, the
PCS1900, and the UMTS2100 bands. The measured band-
width is sufficient to cover these bands. The antenna is used
for transmitting or receiving signals at the same time with
measured isolation between the ports <—40dB at the
upper band and — 30 dB at the lower band. The antenna intro-
duces a high FBR in all of the operating bands through the
introduction of the two reflectors at the two quarter
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level, gain, port isolation, FBR and far-field pattern (E-plane
and H-plane) at GSM850/GSMgoo, DCS1800, PCS1900, and
UMTSz2100 are presented.
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