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Abstract: The effect of metallic nearby objects set challenges for multi-band antenna
performance due to the behaviour of electromagnetic waves on conductive boundaries. In this
paper, the effect of the metallic nearby object on the performance of a multi-band slotted
microstrip antenna based on slot loading technique antenna is studied. Two U-shaped slots are
inserted into the patch antenna to operate at different frequency band for wireless
applications. The proposed antenna has advantages of compactness and multi-functionality.
The antenna is designed, fabricated and measured. The performance is evaluated in terms of
resonance frequencies, gain and radiation pattern, demonstrating the need to include analysis
of multi-band antenna placement early in the design process.
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1. Introduction

Designing miniature antennas are essential to meet wireless industry requirements for portable
and mobile communication devices. In recent years, the miniature multi-band antennas have
received much attention for applications of multi-mode communication systems as these
antennas are vital for integrating more than one communication standard in a single compact
system to effectively promote the portability of a modern personal communication system [1].
To support the high mobility necessity for a wireless communication device, a small and light
weight compact microstrip antenna is one of the most suitable printed antennas, even though
it usually has a narrow bandwidth [2]. In the last decade, many methods have been reported in
order to investigate multi-band operation that suit different applications. The most popular
method for obtaining that functionality is incorporating slots in the antenna design either in a
radiating patch or a ground plane [3]. This approach is particularly attractive because it can
provide excellent bandwidth improvement and maintain a single-layer radiating structure to
preserve the antenna’s thin profile characteristic. The operating frequency characteristics
obtained depend on the shape and position of the slots. Different slots configurations are
successfully incorporated into the radiating patch such as, E-shaped [4]-[5], C-shaped [6], H-
shaped [7], V-shaped [8], F-shaped [9], S-shape [10], and W-shape [11]. A U-shaped is the
most simple and popular slot configuration [12]-[17]. Also metamaterial antenna can be used
to achieve multi-functionality [18]-[20].
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The behaviour of a printed antenna depends strongly on the nearby objects of the module
where it is integrated [21]. Therefore, in order to integrate the antenna with hosting device, an
investigation should be performed to study the antenna housing effect. The main goal of this
paper is to find out how the nearby metallic objects affect the performance of the multi-band
slotted microstrip antenna. A relatively simple antenna design with slots incorporating in the
radiating patch is proposed, to illustrate the impact of an antenna’s environment on its
performance. In the following Sections, the design procedure is described as well as simulated
results and measured data are presented.

2. Antenna Geometry

The direction of the fringing field of a microstrip antenna is always from the radiating
element to the ground plane, and vice versa [2]. Although this type of an antenna has its own
ground plane, its performance will be affected when attached to the metallic object [22]. To
make up for this drawback, the slotted microstrip antenna is proposed. The basic structure of
proposed antenna is shown in Fig.1. The antenna is printed on 1.575 mm-thick Roger
RT/Duroid 5880 (e = 2.2, tano = 0.0009) substrate. The antenna is probe fed. The ground
plane and the patch dimensions are 50.95 x 59.00 mm? and 41.35 x 49.41 mm?, respectively.
To maintain the required multi-band performance, increasing the number of operating
frequencies as well as widen its bandwidths, the patch is loaded with double U-shaped slots
placed face to face and separated with 2.0 mm, as shown in Fig.1. This slotted configuration
is considered because the housing detuning effects are more critical at the patch antenna edges
[23]. The form of the U-shaped slot can be considered as a combination of three slots joint
together, two vertical slots parallel to y-axis and one horizontal slot parallel to the x-axis. The
gray area is the metal Copper of patch, whereas the white areas inside the gray ones are the
slots made by peeling off the metal Copper from dielectric substrate. The horizontal slots have
dimensions of 39.35 x 2.00 mm?. The vertical slots have dimensions of 2.00 x 15.71 mm?% A
strip of width 1.0 mm is considered between the slots and the left, upper, and right edges of
the patch.

The manner the slots are loaded into the patch changes the resonant frequencies due to the
disturbance caused to the mean current paths of any resonant frequency (a mode). Changing
dimensions and position of a slot causes changes in the effective current paths of a certain
mode which in turn forces the resonant frequency of that mode to shift. Since the radiated
fields are created by the currents crossing the radiating edges of the patch, then vertical slots
placed close to these edges can control the resonance frequency bands.
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Fig.1. 2-D layout of the proposed antenna with slotted patch.
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3. Antenna Performance; Results and Discussion

The simulation of the proposed antenna is performed using the commercial software, IE3D
that is based on Method of Moments (MoM) numerical technique. For this simulation the
frequency range is set to 2-10 GHz. Several feeding points were tested in order to find the
best one of the prototype structure. The center point of the patch is designated as (0, 0) and
the feeding point is located at (X, Ys) = (-6.75, 0), which is chosen to give the best matching in
the frequency range interest.

The comparison of simulated return loss |Si1| versus frequency of the antenna with and
without loading the double U-shaped slots is illustrated in Fig. 2. It is observed that, multiple
resonances are obtained from the proposed slots arrangements with reasonable bandwidths,
which give the antenna the property of multi-band operation to be used for different
applications. Also it can be seen that, using two U-shaped slot increases the numbers of bands
than using antenna without slot. As well as, from the simulated results it is obvious that the
proposed antenna operates at 2.4, 2.8, 4, 5.8 and 6.8 GHz.
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Fig. 2. The simulated return loss |S11| of the antenna with and without the double U-
shaped slots.

The parameters that affect the wideband performance of the antenna are the slot length and
width, and the position of the slot. When the slot is incorporated to the radiating patch the
currents and the excited mode is perturbed which helps to perturbation the effective designed
resonant frequency. The higher resonant mode is sensitive to the length variation of the
horizontal slots, whereas the lower resonant mode strongly depends on the perimeter vertical
slots. These slots act as inductors because they cut off the flow path of the electrical current.
For the vertical slot, the electric current travels along a longer path in the patch because the
current flows around the slots. This causes the antenna to resonate at the lower frequency
band. In contrast, for the horizontal slot, some of the electrical currents can go directly
through the slot, thereby shortening the average length of the current path, which enables the
antenna to resonate at the higher frequency band. Moreover, the presence of the slot in the
vicinity of the feeding probe could add a capacitive load at the input impedance of the patch.
This capacitive load could effectively contribute to the resonance of the patch because can
counteract the inductive part of the probe’s input impedance.

Due to the above mechanism of operation, the resonance frequency and its bandwidth
could be controlled by the slots number and the whole configuration of the slots. One of the
key advantages of the slot loading technique is add one more degree of freedom for re-
arranging the slots configuration that might be used to control the resonance frequencies and
bandwidths of the antenna, which can be used for different applications.
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To validate the antenna’s operation mechanism, the slotted patch antenna was fabricated
using photolithographic technique with the same characteristics used in simulation. Fig. 3
shows the photograph of the fabricated antenna. The return loss characteristics [S11| of the
proposed antenna obtained by simulation and measurement are compared in Fig. 4, in which
good agreements are observed. The discrepancy between simulation and measurement could
be due to the effect of manufacturing tolerance. Moreover, the coupling between the slots and
the presence of the slots in the vicinity of the connector may slightly affect the performance of

the antenna.

(a) (b)

Fig. 3. Photographs of proposed antenna with the double U-shaped slots. (a) Front view.
(b) Back view.
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Fig. 4. The measured and simulated return loss |S1;| vs. frequency for the proposed
antenna with the double U-shaped slots.

The radiation characteristics and functionality of the proposed antenna are related to the
current distribution on its surface. Any slight change in the geometrical configuration of the
structure will create new current paths and new radiation edges, which give the antenna new
resonances and different operation. Fig. 5 illustrates the simulated peak gain and radiation
efficiency of the proposed antenna over the frequency band of interest.
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Fig. 5: The simulated (a) peak gain (b) radiation efficiency.

4. Effects of Metallic Surface on Antenna Performance

In mobile and vehicular applications, the antenna could be used in proximity to a variety of
materials, such as metal objects or the human body. Metallic surface or object in the vicinity
of an antenna changes its radiation pattern, input impedance, radiation efficiency and resonant
frequency. These changes depend on the size and shape of the metallic object and also on the
distance of the antenna from the object [24]-[25]. When the antenna radiates in the vicinity of
an object, the backscattered fields produced by the object induce electric current on the
antenna, affecting the antenna performance. Therefore, the housing effect of such nearby
devices on the antenna performance is a critical factor [26]-[27].

The orientation of the antenna to a nearby object is critical in maintaining the performance
of the antenna [28]. The worst case scenario of housing effect setup is when the antenna is
located in the front of the metallic surface, as shown in Fig. 6. The front of the antenna is
placed closely above the metallic surface keeping air as the medium between them.

Air | Ground Plane

/ Antenna / F Y
J X
| Air r4

D
_l_ Metal Plate

Fig. 6. The isometric view of the housing effect setup to investigate the performance of
the antenna in the vicinity of metallic surface.

After optimized the proposed antenna structure, the effects on antenna parameters when placed horizontally
near a metal plate, as shown in Fig. 6, are investigated. The antenna configurations with and
without loading the double U-shaped slots, are studied. For each configuration a simulation is
done and the results are compared to the free space results. Analysis on resonant frequencies,
gain and radiation pattern of the proposed antenna is investigated for different separation
distances. A 100 mm x 100 mm (0.8% x 0.8\ at 2.4 GHz) Copper sheet placed closely in the
front of the antenna with a separation distance of D =2, 5 and 9 mm (D = 0.016A, 0.04A and
0.072A at 2.4 GHz, respectively) is considered. At every distance, the performance of
proposed antenna is examined.
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Fig. 7 presents the investigation and analysis of the effects of a metallic surface on the
resonance frequencies of the proposed antenna for different separation distances as
considered. The performance is evaluated in terms of return loss, bandwidth and shift in
resonance frequencies. Fig. 7(a) shows the return loss |[S11| characteristics versus frequency of
the proposed antenna without loading the U-shaped slots. It can be observed that, for all the
separation distances, the metallic surface affecting the impedance matching of the antenna and
degrading its performance over the frequency band of interest. The results in Fig. 7(b) are for
the antenna when incorporated with the double U-shaped slots. It can be seen that the antenna
performance is affected less, due to the variation in the inductance caused by the slots. Shift in
antenna resonant frequencies is occur at D = 0.072A and 0.04A, especially in high frequency
band. Severe degradation in the resonance frequency is observed for the antenna mounted
near a metal plate by D = 0.016), although the antenna still operates at 2 and 6 GHz
frequency bands. Since the metal plate is so close to the antenna it’s radiating element acts
like a microstrip line and radiation is suppressed [29].

From the obtained results, it can be inferred that, the slots weakened the effects of the
metallic surface. The placement distance of the antenna is the most significant parameter.
Furthermore, simulation study not shown here (for brevity) showed that, for the two antenna
configurations, as the separation distance, D increases than 0.072A the degradation in antenna
performance decreases. At D < 0.016A the antenna performance over the whole frequency
band is significantly deteriorates which is due to the adverse effect of the antenna image [28].
On the other hand, the shift in resonant frequency due to increase the size of metal plate is
very low. Also, the study showed that the thickness of the metal plate has almost no effect on
antenna performance.
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Fig. 7. Impact of metal plate on return loss |S11| characteristics of the proposed antenna

for various separation distances, D. (a) Without loading slots. (b) With loading the
double U-shaped slots.

Fig. 8 demonstrates the impact on peak gain variation when a metal plate is placed nearby
the proposed antenna with and without loading slots, for the same separation distances, D =
0.016A, 0.04A and 0.072A at 2.4 GHz. An interesting point to note is the fact that the peak gain
is greater when the metal plate is included in the analysis, even when D = 0.0161, the nearest
separation in the study, the peak gain is enhanced by reducing backward radiations. When the
antenna is attached to metallic objects it develops interference as metal is an electromagnetic
reflector and radio signals cannot penetrate through it. This leads to a conclusion that
sometimes the metal plate is also part of the antenna even though the plate is not physically
connected to the antenna [29]. Therefore, careful attention needs to be placed on analyzing the
antenna’s performance when objects are close to the antenna.
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Far-field radiation patterns of the proposed antenna with double U-shaped slots, in free
space and by the presence of the metal plate were also simulated for various separation
distances, and shown in Fig. 9. Obvious metal plate affects the radiation pattern
characteristics. It is clear that the metal plate directs the energy in perpendicular direction.
The back radiation in the -z direction is decreased when the antenna is mounted on the metal
plate. There are some nulls also observed due to the diffraction effect of the metallic surface.
The number of nulls increases as frequency increases.
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Fig. 8. Impact of metal plate on peak gain of the proposed antenna for various
separation distances, D. (a) Without loading slots. (b) With loading the double U-shaped
slots.
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Fig. 9. Simulated far-field radiation pattern of E»in the xz-plane in free space and on
(0.8 x 0.8\ at 2.4 GHz) metal plate for the proposed antenna with loading the double U-
shaped slots at, (a) 5.5 GHz. (b) 10 GHz.

5. Conclusion

Designing multi-band antenna nearby metallic object is a challenging task as antenna
parameters are highly affected by metallic surface. In this analysis, it is observed that, the
metallic object near the multi-band microstrip antenna has both positive and negative effects
on the performance of the antenna. The positive effect is increasing the antenna gain and
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improving the radiation pattern by reducing the back lobes when the antenna is placed in the
vicinity of a metal plate. On the other hand, the negative effect is represented in degradation
of the resonant frequencies and bandwidths. All these effects depending on the separation
distance between the antenna and the metallic surface. A solution to alleviate the effects is to
re-tune or co-design the antenna in close-proximity with the metallic object based on the
information from this study.
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