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Abstract
The design of an antenna is the crucial study for today’s wireless 
Communication system to achieve higher gain, highly directional 
beam and minimum return loss at sufficient number of resonant 
frequencies. This paper presents a slot loaded compact multiband 
microstrip patch antenna. Initially rectangular patch antenna with 
inset feed design is examined which results in return loss of s11<-
19dB at resonant frequency. Designs are further amended to achieve 
the tripleband approach. Then simultaneous slotting is applied in 
both radiating patch and ground plane to achieve the reasonable 
return loss at three resonant frequencies. The proposed antenna 
exhibits excellent performance of multiband characteristics at 
frequency of 2.6 GHz, 3.4 GHz and 4.4 GHz with return loss s11 
ranging between <-50 dB to <-17 dB and voltage standing wave 
ratio (VSWR) below 1.2. The antenna is designed and simulated 
in Ansoft HFSS Designer. Simulated results of proposed antenna 
designs are discussed in this paper.
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I. Introduction
To comply with the requirements in communication systems 
such as the Global Positioning Systems (GPS), Wireless local 
network (WLAN), vehicular satellite communication and wireless 
communications it is often required that antennas are of compact 
size, low cost and capable of operating at more than one band 
of frequencies [1]. However, considering antenna performance 
requirements and the trade-offs associated with operation over 
multiple different frequency bands, constraints on size and 
limitations of commercial low cost materials, this task becomes 
very challenging. Low-profile and low-cost antennas support the 
operation of many modern communication systems [7]. Microstrip 
patch antennas represent one family of compact antennas that 
offers the benefits of a conformal nature and the capability of ready 
integration with a communication system’s printed circuitry. By 
using a straightforward transmission-line model [8], it is possible 
to accurately model and analyze microstrip-line inset-fed patch 
antenna designs. A multi-band antenna allows users to transmit 
and receive over multiple frequency bands of interest, in a single 
antenna unit. This is advantageous as it minimizes the number 
of antennas required on a platform, for the best combination of 
compact size, light weight, space efficiency and ease of integration, 
install, test, maintenance and upgrade within a system [9-10]. For 
the above mentioned applications, new research motivations have 
evolved for design of Multiband Microstrip antenna. One such 
proposed method is embedding of rectangular as well as staircase 
structured slots on a Microstrip antenna to produce dual and triple 
frequency responses [1]. To achieve this, slots are positioned 
parallel to the non-radiating edges of a rectangular patch. In this 
study, an antenna has been designed to achieve high gain, minimum 
return loss and minimum VSWR at various resonant frequencies. 
The main operating frequencies of the proposed antenna are at 
WLAN (4.5 GHz), Bluetooth (2.5 GHz) and WiMAX (2.6 and 

3.5 GHz) bands. The direction of maximum radiations is normal 
to the patch geometry.

II. Design Methodology
To analyze and simulate the proposed designs, High Frequency 
structure Simulator (HFSS) software tool is used. HFSS is a high-
performance full-wave electromagnetic (EM) field simulator for 
arbitrary 3D volumetric passive device modelling. It integrates 
simulation, visualization, solid modelling and automation in an 
easy-to-learn environment where solutions to 3D EM problems 
are quickly and accurately obtained [2]. Ansoft HFSS employs the 
Finite Element Method (FEM), adaptive meshing, and brilliant 
graphics to give unparalleled performance and insight to all 3D 
EM problems. Ansoft HFSS can be used to calculate parameters 
such as S-Parameters, Resonant Frequency, and Fields. HFSS 
is an interactive simulation system whose basic mesh element 
is a tetrahedron thus allowing us to solve any arbitrary 3D 
geometry.

III. Antenna Geometry 
The geometry of the proposed antenna is presented in fig. 1. The 
rectangular patch antenna of dimensions L1 x W1 is separated 
from the ground plane by a substrate of ‘Rogers RT/duroid 
5880’ of thickness 1.58 mm [3]. The antenna patch is loaded 
with rectangular slots and staircase structure. The location of 
the approximate rectangular slots on the Microstrip patch can 
be specified by the parameters L4 and S1 and the position of the 
staircase structure start exactly opposite to the inset feedline and 
approaches towards the width of antenna. 

Fig. 1: Geometry of Proposed Triple Band Antenna

The positions of the rectangular slots [5] are P1 apart from the 
centre of the staircase structure.  
The rectangular patch is fed by Microstrip inset feedline with 
dimensions of 4.4mm width and 22.5mm length. Furthermore the 
defects in the ground plane have also been employed to enhance 
the performance of the proposed design.
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Fig. 2: Geometry of Proposed Triple Band Antenna with Defected 
Ground Plane and Substrate Demonstration

A good impedance matching of the three operating frequencies 
can be obtained by using a microstrip inset feedline of length 
with arm length( L2+L3) and width W2 etched on a substrate of 
the same thickness and permittivity, to provide electromagnetic 
coupling.

Table 1: Parameter Values of Antenna in ‘mm’

Antenna
Dimensions

Antenna 
Design 
1

Antenna 
Design 
2

Antenna 
Design 
3

Antenna 
Design 
4

Patch Length (L1) 38 38 38 38

Patch Width (W1) 42 42 42 42
Feed Length (L2 
+ L3) 22.5 22.5 22.5 22.5

Feed Width (W2) 4.4 4.4 4.4 4.4

Slot Width (S1) - 3.5 4 4

Slot Length (L4) - 10 10 10

Slot Position (P1) - 16 20 20
Staircase Step Size 
(S2) - - 2 2

Ground slot 
Diameter (D) - - - 6

In our work we have analysed four antenna design structures 
based on different dimensions as clearly represented in Table 1. 
Antenna design 1 is the simple inset feed microstrip patch antenna, 
antenna design 2 is advancement over design 1 with slots loaded 
on either sides of antenna. 
The performance of antenna is enhanced by referring design 3, 
which comprises of staircase structure as shown in the fig. 2. Final 
design i.e. design 4 is achieved by making the tradeoffs between 
different parameters of antenna and inserting small defects in the 
ground plane of the MSA [6].

IV. Results and Discussion
In order to evaluate the performance of the proposed antenna, 
the antenna is simulated using the simulation tool Ansoft HFSS 
(Version: 13). At the initial stage of our work we have analyzed 
and compared the performance characteristics of simple inset 
feed microstrip patch antenna and rectangular slot loaded patch 
antenna as shown in fig. 3.
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Fig. 3: Return Loss of Simple msa and Slot Loaded msa

In above fig. solid blue line represents the return loss of 
approximately -20dB at the resonance frequency of 2.6 GHz and 
only a single band design is achieved. Dotted red graph shows the 
return loss of slotted inset feed microstrip patch antenna which 
is near about 50dB and is very excellent. It can also be observed 
from fig. 3, that dual band structure is being formed within the 
band of interest. Although the return loss at the second resonance 
frequeny is slightly greater than -10dB but it is acceptable. It is 
important to know that the minimum acceptable return loss is 
-10dB and VSWR should approximately equal to 2 but ideal value 
for VSWR is 1. Antenna design 3 exhibits stair case structure on the 
patch geometry and position of the staircase structure is as shown 
in the fig. 1. Study of this design reveals that with the insertion 
of staircase structure, antenna is exhibiting triple band response 
which is our main objective to achieve. The performance of this 
antenna can be approximated by referring the s11 parameter graph 
as shown in fig. below.

Fig. 4:  s11 Parameter Versus Frequency Graph for Antenna Design 
3

It is observed from the above figure that design 3 representing 
the return loss as -26dB, -10dB, and -14.8dB at frequencies of 
2.6 GHz, 3.4 GHz and 4.3 GHz respectively. 
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Fig. 5: Return Loss Versus Frequency Plot by Changing the Slot 
Position P1

This proposed antenna shows return loss very much close to the 
minimum acceptable value of exactly -10dB at the resonance 
frequency of 3.4GHz that’s why this design may be considered as 
partially triple band antenna.  Further the analysis of this proposed 
antenna for different physical parameter values has been done by 
varying one of them and keeping others as constant. It is carried 
out here to expose the flexibility in designing this antenna.
Antenna design 3 is taken into consideration for analysis by 
varying the position of the slots loaded on to the patch geometry 
to approach the triple band structure. P1 is the position of the 
starting slot edge from the center of the patch as can be observed 
from the fig. 1. It is seen through fig. 5 that there are variations 
in the return loss values of the antenna by changing the value of 
P1. If we consider P1 = 16mm, solid green line exhibiting the 
value of return loss which is -26dB, -10dB and -15dB at resonant 
frequencies 2.63GHz, 3.37GHz and 4.38GHz respectively. 
Now if we slightly increase the position of slot as P1 = 18mm, 
red graph shows the performance of the proposed antenna in 
the form of its return loss which is updated as -22dB, -14dB 
and -16dB corresponding to 2.63GHz, 3.80GHz and 4.38GHz 
frequencies. This change represents that the return loss at first 
resonant frequency decreases by 4dB, but return loss at the centre 
frequency increase from -10dB to -16dB as well as slight increase 
is observed at the third frequency of interest which is 4.38 GHz. At 
the next step of modification we further increase the position P1 = 
20mm. The results are notified by dotted blue line which exhibits 
that the return loss now modified as -21.2dB, -15.2dB and -16dB 
at the resonant frequencies 2.60GHz, 3.502GHz and 4.38GHz. 
It is clear from this discussion that with the change in P1 from 
16mm to 18mm three band of interests have become noticeable  
and our design changes from partially triple band to full triple band 
having all return loss values less than -10dB. Further increase in 
P1 make the slot loaded staircase structure antenna the tripleband 
recognizable antenna with slot positions P1 =20mm.
Antenna design 3 is further investigated by varying the width of the 
slots i.e. S1. If we assume S1 = 3mm the pink dotted graph shows 
the return losses as -21dB, -15.4dB and -16dB at frequencies 
2.63GHz, 3.50GHz and 4.4GHz respectively.
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Fig. 6: Return Loss Versus Frequency Plot by Changing the Slot 
Width s1.

Return losses observed are -21dB, -20.4dB and -17.6dB at resonant 
frequencies 2.60GHz, 3.40GHz and 4.35GHz by considering the 
slot width S1 = 4mm. Further increase of S1 = 5mm shows the 
return losses by the dotted blue line as -19.5dB, -10dB and -15dB 
at resonant frequencies 2.62GHz, 3.40GHz and 4.35GHz. It is 
observed that if we increase the slot width S1 from 3mm to 4mm 
it achieves the tremendous return loss values and antenna is then 
can be treated as perfect triple band antenna, but if we increase 
again the slot width S1 from 4mm to 5mm, performance of this 
structure deteriorates even antenna starts to move towards the 
partially triple band Structure. Therefore the acceptable slot width 
is s1 = 4mm for our proposed antenna design. We have analyzed the 
three exclusive structures of the antenna designs and found the best 
proposed tripleband antenna by manually optimizing the positions 
as well as width of the slots. This antenna design can further be 
investigated after introducing the circular shape defects in the 
ground plane as shown in the figs. 1 & 2. The design parameters 
have already mentioned in Table 1, under antenna design 4.
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Fig. 7: Return Loss Versus Frequency Plot by Introducing the 
Defects in the Ground Plane

Therefore it is analyzed that after introducing the circular defects 
in the ground plane the corresponding return losses become -34dB, 
-20dB and -17dB at resonant frequencies 2.60GHz, 3.40GHz and 
4.40GHz respectively as shown in fig. 7.
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Fig. 8: VSWR Versus Frequency Plot of Proposed Antenna

From this detailed discussion it is observed that the excellent 
proposed antenna is achieved by varying the design parameters 
with appropriate degree of freedom. VSWR and radiation pattern 
of this final proposed antenna is given in fig. 8 and fig. 9. It can 
be seen from the fig. 8 that the VSWR value of the final proposed 
design i.e. antenna design 4 is approximately 1.04, 1.06, and 1.12 
at triple band resonant frequencies, which are again very excellent 
values because ideal value of VSWR is 1 and VSWR values of 
our proposed design are approximately near 1.

Fig. 9: Radiation Pattern of Proposed Antenna

Radiation pattern is shown in fig. 9, and it is seen from the figure 
that our antenna design is radiating perfectly normal to the patch 
of the antenna. The Gain for the proposed antenna is achieved to 
be 5.20dB which is again within acceptable limits.

IV. Conclusion and Future Scope
The antenna designs are investigated with some referred 
manipulations in the geometrical parameters of the proposed 
antenna. The proposed triple band antenna exhibits excellent 
return loss which is -34dB at main frequency of resonance. 
Sufficient return losses are obtained on the other frequencies of 
the required band which is -20dB and -17dB respectively. The 
obtained VSWR values at all resonant frequencies are below than 
2 which is the optimum criteria to achieve the better performance 
of the antenna. This antenna design is proposed for the Wi-MAX 

and WLAN wireless applications accordingly the gain of the final 
design is achieved as 5.20dB, and it is observed from the previous 
work done that it is sufficient for Wi-MAX and WLAN wireless 
applications.
Our proposed design of antenna although exhibits very narrow 
bandwidth on all three resonant frequencies which is approximately 
45MHz-55MHz yet we can claim it as a partial broadband antenna 
because of its total performance range covering the frequencies 
between 2.60-4.40 GHz i.e. the bandwidth becomes 1800MHz. 
Further our proposed design can also be extended to complete 
broadband as well as multiband performance may also be achieved 
so far within specified range.
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