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U-slot Loaded Rectangular Patch Antenna for Dual Band Operation
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ABSTRACT: In this paper, a dual  frequency resonance antenna is analysed by introducing U-shaped slot in a rectangular
patch, the results in terms of return loss and radiation pattern are given. It is observed that various antenna parameters are
obtained as a function of frequency for different value of slot length and width; it is easy to adjust the upper and the lower
band by varying these different antenna parameters. In the present work variation of substrate permittivity is also studied.
All the theoretical results using Matlab are compared with the simulated results obtained from Ansoft HFSS which are in
close agreement.
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1. Introduction

Today, the state of the art antenna technology allows the use of different types and models of antennas,depending on the area
of application considered. Microstrip antennas are now extensively used in various communication systems due to their
compactness, economical efficiency, light weight, low profile and conformability to any structure. However, microstrip patch
antenna is limited by its inherent narrow bandwidth. Therefore, this problem has been addressed by researchers and many
configurations have been proposed for bandwidth enhancement [1-3]. Several patch designs with single feed, dual frequency
operation have been proposed recently [4-7]. When a microstrip patch antenna is loaded with reactive elements such as slots,
stubs or shorting pin, it gives tunable or dual frequency antenna characteristics [5]. A rigorous solution to the problem of a
rectangular microstrip antenna which is the most widely used configuration because its shape readily allows theoretical
analysis [8]. Also it is found that the substrate permittivity is a very important factor to be determined in microstrip antenna
designs [9]. In this paper, a rectangular microstrip patch antenna with U-shaped slot is presented. The proposed antenna can
completely cover two bands. The proposed antenna provides a significant size reduction. Dual frequency is tuned by
changing the dimensions of the slot. In this paper the simulation resultants and the performance analyses using Matlab, and
Ansoft HFSS software of the proposed rectangular microstrip patch antenna with U–shaped slot is presented, different
parametric studies have allows and the effect of the various antenna parameters on the return loss and the radiation of the
proposed antenna are given.

2. Antenna design

The geometry for the rectangular microstrip patch antenna with U–shaped slot is shown in Figure 1. The rectangular patch of
dimension W × L printed on the grounded substrate, which has a uniform thickness of h and having a relative permittivity r and
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Figure 1. Geometry of U-shaped slot loaded rectangular patch antenna

Figure 2. Dimensions of U-shaped slot in a rectangular patch
3. Results and Discussion

In this study we simulated U-shaped slot loaded rectangular patch antenna using the Ansoft HFSS software and Matlab code.
Table 1 shows the different parameters of this proposed rectangular microstrip patch antenna with U–shaped slot with ε

r
 = 2.

The folowing figures show the variation of return loss S
11

 with frequency and the effect of the different physical parameters

on the return loss S
11

, the resonant frequencies and the band widths of the proposed U-shaped slod loaded rectangular patch
antenna.
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the dielectric material is assumed to be nonmagnetic with permeability µ
0
. The patch is fed by a probe coaxial (50Ω).

The U-shaped slot with dimension (L
s
, W

s
 ) is embedded in the rectangular patch, (see Figure 2). Feeding is accomplished with

a probe coaxial located on the axial of symmetry of the antenna in the point of coordinates x
0
 and y

0
.

In this study, U-shaped slot loaded rectangular patch antenna is analysed by using circuit theory concept as discussed
elsewhere [4-7, 10].
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Figure 3. Variation of return loss S
11

 with frequency obtained from Matlab code

Figure 4. Variation of return loss S11 with frequency obtained from Ansoft HFSS software

Parameters  W   d1   h     S   Ls   Wn                      Wb  Ws

Value (mm)  70   50   15   1    32    15     (0,−14.95)     5       40

Table 1. Design parameters of the U-shaped slot in a rectangular patch antenna

From Figure 3 given by Matlab it is clear that the antenna resonate at two frequencies (Fr1=1.4GHz and Fr2 = 2.285GHz) with
two band widths. The −0dB bandwidth of lower and upper resonance frequency is respectively 21,42 % and 17,5 %.

From Figure 4 given by Ansoft HFSS, the antenna resonate at two frequencies (Fr1 =1.32GHz and Fr2 = 2.31GHz) with two
band widths. The −10dB bandwidth of lower and upper resonance frequency is respectively 7,57 % and 17,3 %.
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Figure 5. Variation of return loss S
11

 with frequency obtained from Matlab code for different value of slot length Ls

Figure 6. Variation of return loss S
11

 with frequency obtained from Ansoft HFSS software for different value of slot length Ls

The variation of return loss S
11

 according to L
s
 is shown by Figure 5 obtained from Matlab code, it is observed that the

increase of the L
s
, decreases both the lower and the upper resonance frequencies. In Figure 6 obtained from Ansoft HFSS

software. It is found that the variation of the upper resonance frequencies is more significant than the lower resonance.

For the variation of S
11

 according to slot width S shown by Figure 7 (obtained from Matlab code) and Figure 8 (obtained from
Ansoft HFSS softaware), it is observed that the upper gap of the resonance frequencies increase with increasing value of the
slot width. It can be seen clearly that the slot width S has a stronger effect on the upper resonance frequencies than the lower
resonant frequencies.
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Figure 7.Variation of return loss S
11

 with frequency obtained from Matlab code for different value of slot width S

Figure 8. Variation of return loss S
11

 with frequency obtained from software for different value of slot width S

All theoretical results using Matlab are found to be approximately in good agreement with the simulated results obtained with
Ansoft HFSS software and with [4]. Radiation pattern of the antenna is shown in Figure 9 and 10 for both upper and lower
resonance in both principal planes E and H.
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Figure 9. Radiation pattern of U-shaped slot loaded rectangular patch antenna for both
upper resonant frequency (red line) and lower resonant frequency (blue line) at H plane

Figure 10. Radiation pattern of U-shaped slot loaded rectangular patch antenna for both
upper resonant frequency (red line) and lower resonant frequency (blue line) at E plane
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4. Conclusion

The U-shaped slot loaded rectangular patch has been treated in this paper, it is found that this structure can operate at two
resonance frequencies and consequently this antenna can be used for dual band operation, also the effects of different
physical parameters on the characteristics of this structure are investigated, also the variation of substrate permittivity is
presented.

Numerical results indicate that both the upper and lower resonant frequencies and the band widths depend on the size of the
slot dimensions. Also the radiation pattern of both upper and lower resonant frequency of the proposed antenna is presented
in the principal planes E and H.
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