
Abstract
Microstrip patch antennas are strong candidates for use in many 
wireless communications applications. In this paper a dual band 
microstrip antenna is designed and its measurement results in terms 
of S11 and radiation patterns studied. Microstrip design equations 
are introduced and validated by simulated and experimental results. 
A patch antenna is designed to support modes with resonance at 
1.8 and 2.4 GHz. By this design it is also shown that dual band 
operation is possible with proper position of the feed line and 
proper determination of inset size. This antenna is implemented 
on RT-Duroid with εr=2.2 and h=1.575 mm. Designed antenna is 
simulated by IE3D (ZELAND).
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I. Introduction
Microstrip antennas in general have the attractive features of 
low profile, light weight, easy fabrication and conformability to 
mounting host. The more popular bands (1.8GHz and 2.4GHz) 
radios systems are used in many applications where maximum range 
is required, but the physical environment requires compromises 
in antenna placement. The resonant frequency of MSA needs to 
be determined accurately as these MSAs have narrow bandwidth 
and can operate effectively in the vicinity of resonant frequency 
[1]. In some cases, these problems may be mitigated by a single 
innovative antenna which can meet the requirements of multiple 
antennas. 

II. Design procedure
The first design step is to choose a suitable dielectric substrate of 
appropriate thickness (h). 
Three most common substrate materials used are rexolite 
(εr=2.6), RT Duroid (εr=2.2) and Alumina (εr=9.8). Here as per 
the manufacturer (roger corporation) datasheet RT DUROID with 
εr=2.2 having thickness (h) =1.575mm is chosen as the substrate 
material for the patch antenna. First the dimensions of the patch 
and feed line are to be determined and the feed line is to be placed 
properly to resonate at 1.8 GHz. Then the modifications of antenna 
structure is studied and simulated to create multiple resonances.
For efficient radiation, patch width is given by [2]: 
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c=velocity of light=3x1011 mm/sec.
Effective dielectric constant is given by [3]:

Where,
εreff  =Effective dielectric constant

εr =Dielectric constant of substrate
h =Height of dielectric substrate
W =Width of the patch
For a given resonance frequency fr, the effective length is given 
by [3]:
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The actual length of patch is given by [4]:

LLL eff ∆−= 2

Where              
                      
By using transmission line model analysis the input resistance due 
to the two identical slots at the edges of patch which are separated 
by distance 2/λ is given by [3]:

Where,
G1=Conductance 
G12=Mutual conductance
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k0=wave number = λ
rfΠ2

The characteristic impedance of any line is a function of the 
geometry of the line and the dielectric constant. For a transmission 
line, its characteristic impedance is defined as the ratio of voltage 
and current of the travelling wave. Hence, the characteristic 
impedance of a microstrip line of width Wf is governed by the 
following two equations [3]:

The width to height ratio to obtain proper characterstic impedance 
can be solved by plotting a graph between Zc and WF/h.
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Fig.1 : WF/h Ratio Plot for εr=2.2

As the input impedance varies rapidly as a function of cos2 ((∏/L) 
y0) and becomes zero at the centre of the patch an inset cut is 
required to match the load and input impedances. Here a 50Ω 
feed line is used so the feeding point also should be also 50Ω to 
get perfect matching. The length of inset cut (y0) is calculated by 
the formula [3]:
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According to the above formulas using εr=2.2 with standard 
thickness 1.575 mm the antenna dimensions are shown in Table 1.

Table 1: Single Band Patch Dimensions
W 65.88 mm

L 55.45 mm

WF 4.85 mm

y0 19.46 mm

Fig. 2 : Single Band Patch Geometry

Fig. 3 : Return Loss Plot of Single Band Antenna

III. Modification of antenna structure for dual band
The dual band microstrip antenna (MSA) is realized by cutting the 
slots of different shapes like, U-slot, V-slot, pair of rectangular slots 
and step slots, etc [4–8]. The geometry of dual band rectangular 
microstrip antenna is shown in fig 4. It is constructed on the 
substrate having dielectric constant (εr) 2.2 and thickness (h) at 
1.575 mm. The proposed structure is simulated using MOM based 
IE3D. The design is for a resonant frequency of around 1.8 GHz. 
The first stage involves the creation of additional TMoδ resonant 
modes at a resonant frequency above that of the fundamental 
TM01 mode, with the same polarization sense. The next stage is 
to simultaneously bring the input impedance of all modes to 50Ω 
at resonances through the use of an inset feed position control.

A. Creation of additional resonant modes
The first point to note in the design process is the effect of slot 
separation on the patch design. With reference to the value of slot 
separation, simulation results have shown that placing the slots 
close to the radiating & non-radiating edges of patch increase 
the effect of slot length on resonant frequency. This gives greater 
freedom to tune the resonant frequency of the TMoδ mode. 
Increasing the slot width produces an increase in input impedance 
of the TM01 mode.

Fig. 4 : Dual Band Patch Geometry
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Table 2: Slot Dimensions

WS1 1 mm
WS2 1.9 mm
LS1 15.1 mm
LS2 6.1 mm

As the slot width increases further, a stage is reached where the 
input impedance is too high for impedance matching. Regarding 
the effect of the slot lengths LS1 & LS2 on creating an additional 
TMoδ mode, the simulation results indicate that the slot length 
LS1 and LS2 must take on a value of 27% L and 11% L.

B. Impedance matching for dual band
The first part of the impedance matching procedure is to produce 
equal value of input impedance at both resonant frequencies. The 
second part of impedance matching is achieved by varying WS2. 
The final stage in the design process involve the use of an inset 
feed is found that the impedance at both frequency match to 50Ω. 
Z (1, 1) plot is shown in fig. 6.

Fig. 5 : Return Loss Plot of Dual Band 

Fig. 6 : Z (1, 1) Plot

IV. Results and discussion
The simulated patch antenna gave a resonant frequency of 1.8 
GHz. The simulated return loss is found to be – 47.06dB from 
the curve shown in fig. 3. It is shown in fig. 5 useful return loss 
peaks of the dual band patch antenna at 1.8GHz and 2.4 GHz are 
– 15.34 dB and -17.75 dB respectively. The radiation pattern at 
the both frequency in polar form is shown in fig. 7. 

Fig. 7: Radiation Pattern for Dual band antenna

V. Conclusion
A multi-slot patch antenna is proposed for dual frequency 
applications. The simulation shows operation at 1.8 GHz and 2.4 
GHz with consistency of radiation patterns. The antenna can be 
suitable for operating in GSM (1800) and WLAN communication 
system applications
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