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ABSTRACT: The bandwidth and efficiency of folded
rectangular patch antenna can be improved by addition
of superstrate layer over the substrate of folded
rectangular patch antenna results the multi dielectric
layer microstrip folded patch antenna. The superstrate
layer act as a part of the folded patch antenna. Design of
folded rectangular patch antenna with different
multidielectric layer can improves the gain and
antenna efficiency of the antenna. With right choice of
the thickness of substrate and superstrate layer,
significant increase in gain can be achieved for practical
applications. Multidielectric layer microstrip antenna
designed for applications where various physical
properties of antenna such as permittivity, patch
dimensions, height of the substrate and the resonant
frequency can be analyzed. The antenna performances
can been evaluated for variety of cases of permittivity
and thickness of the superstrate layer.

Keywords: Folded rectangular patch antenna, Microstrip
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1.INTRODUCTION

The overall length of folded patch antenna is eight times
shorter than that of conventional patch antenna. The
design which uses air as dielectric reduces the
manufacturing cost and enhances fringing area..Wideband
high gain antenna can be realised from folded patch
antenna. The folded rectangular patch antenna with larger
fringing area increases the electrical aperture of radiating
patch and produces higher gain. One of the main drawback
of folded patch antenna is that it provides low gain and less
bandwidth. When a microstrip folded rectangular patch
antenna antenna is covered with a superstrate dielectric
layer, its resonant frequency, gain and bandwidth are
changed which degrade the system performance. By
selecting the thickness of substrate layers , a very large
gain can be realized in the design of a microstrip antenna
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Figure 1.Folded Rectangular Patch Antenna

To reduce the errors an algorithm is used. The algorithm
reduces the errors at each step ,providing a result which is
highly accurate. The following sections the discussions and
analysis are

)] The design of a multidielectric layer folded
rectangular patch antenna at 10 GHz.

(i) Studies on the folded rectangular multidielectric
antenna based on the superstrate layer permittivity and
thickness.

(iii) Analyzing the performance of the designed folded
patch antenna with/without superstrate layer.

2.EFFECT OF CHANGING SUPERSTRATE LAYER
THICKNESS ON THE ANTENNA PARAMETERS

The microstrip antenna is designed to operate at a
frequency of 10 GHz. The design of antenna is based on the
thickness of the substrate and the superstrate, width and
length of the element.

2.1 Selection of substrate in the design of the

folded rectangular patch antenna

The dielectric substrate of appropriate thickness and loss
tangent is chosen. A thicker substrate is mechanically
strong with improved impedance bandwidth. However it
increases weight and surface wave losses. A low value of er
of the substrate increase the fringing field of the patch and
increases the radiated power.

with various multidielectriclazer.
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A high loss tangent increases the dielectric loss
and reduces the antenna efficiency. The substrate
parameters so selected are as follows: The upper layer
chosen is RT Duroid 5880 of thickness of 0.787mm, and
the permittivity of er = 2.2 and the loss tangent tand =
0.0009. The underneath layer dielectric material chosen
is RT Duroid 5870 with a thickness of 0.787mm,and
permittivity of & = 2.33 and the loss tangent of tané =
0.0012
2.2 Selection of Element width and length of

folded rectangular patch antenna

The selection criteria with patch size of antenna
which is not too large are:

(i)A minimum value of the patch width W and

(ii) Width and the length should be in good ratio with a
good radiation efficiency.The condition needed to be
followis 1<W/L < 2 .Thelength of upper patch should
be half of length of lower patch .The patch dimensions
determine the resonant frequency. Calculated length
and width of the patch obtained is 8.69638mm and 9.6
mm respectively. Effective permittivity is 2.15644, for
the net height of the substrate 1.574 mm. So, the
calculated Rin which is the value of the patch
resistance at the input slot is 326.8508ohms. The
condition taken into account, we obtain the values of

self conductance G1 and susceptance B1 using
equation (1) and (2) respectively
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while element as two slots, one at each end of the
resonator, the interaction between the two slots is type of
mutual conductance. Then, the directivity of a patch is
calculated.
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Therefore the calculated input resistance of the patch is
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When applying the formula for the impedance matching
we get the matching impedance to be
Z1=(326.8508*90)"0.5=171.5120hm..The values of the
patch length and width are 8.69638 mm and 9.6 mm
respectively.

The matching transformer impedance Z,=178.813
ohm and width = 0.26 mm. The patch with width 9.6 mm
and length 8.58 mm corresponds to input impedance=
324.0673 ohm. The effective permittivity eeff is equal to
2.15644, the input resistance of the patch is equal to
326.8508 ohm. Impedance of the port used is 90 ohm. Then
the impedance parameters are: width=0.26 mm and
height=7.25 mm, Feed line impedance=98.35450hm and
width = 1.5 mm, this comes same as the calculated value
obtained through the design. The multidielectricfolded
patch microstrip antenna designed is to radiate 1.034 mW
power, having directivity of 6.77 dB and gain of 5.95 dB
achieving the antenna efficiency of 87.88%. Antenna is
resonate at the designed frequency of 10 GHz at a return

loss of -31.797 dB as shown in Figure
freq=10.00GHz
, dB(S(1,1))=-31.797
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Figure 2. Return Loss of the Multidielectric Antenna

without Superstrate layer
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Figure 3. Radiation Pattern E¢ both front and back
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Figure 4. Radiation Pattern E6 both front and back

3. EFFECT OF SUPERSTRATE LAYER
THICKNESS ON THE FOLDED RECTANGULAR
PATCH ANTENNA PARAMETERS

3.1 Superstrates Selection

Superstrates are selected in such a way to compare the
effects of its permittivity and its thickness on various
parameters of the antenna. The two superstrate selected
are Roger’s Corporation are: High Permittivity: RT/Duroid
6010LM have a relative permittivity of 10.2 and a loss
tangent of 0.0023. Low Permittivity: RT/Duroid 5880LZ
with a relative permittivity of 1.96 and loss tangent of
0.0019. Low and high thickness of the substrate under
consideration are 0.254mm and 2.54mm respectively.

Figure 5. Return Loss for High Permittivity Thick
Superstrate Antenna
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Figure 7. Radiation Pattern £6 both front and back

From the Figure 5 and Figure 6 it can be concluded that
combination of thick superstrate of high relative
permittivity result in antenna behavioural pattern

3.2.2 Case 2

Antenna parameters in case of Low Permittivity Thick
Superstrate shows increase in antenna gain and the
efficiency. Return loss at 9.392 GHz is -14.405 dB shows
slight improvement as seen in Figure 7. Radiation patterns
given in Figure 8 and Figure 9 shows significant
improvement ,also radiated power output as compared to

Case 1.
3.2 Analysis based on Superstrate Layer ’—‘freq=9.3926Hz
Properties 0 dBEIAN=-14.405
3.2.1Casel ]
High Permittivity Thick Superstrate has effect on ]
parameters of antenna. Poor gain can be achieved by very = 6
low antenna efficiency of the order of 37.65%. For the Case e
1, return loss is very poor and at frequency of 8.537 GHz, it g 0]
is -3.754 dB as shown in Figure ..
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Figure 9. Radiation Pattern E¢ both front and back
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Figure 10. Radiation Pattern E6 both front and back

3.2.2 Case 3

When use the High Permittivity Thin Superstrate, shows a
significant improvement in antenna parameters . Return
loss of 8.607 GHz is -21.331 dB, gives a good improvement
as seen in Figure 10. Radiation pattern shown in Figure 11
and Figure 12,have similar radiation plots as seen in Case
2. Marginal value increase in radiated power output is
seen as compared to Case 2.
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Figure 11. Return Loss for High Permittivity Thin
Superstrate Antenna.
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Figure 12. Radiation Pattern E6 both front and back

Figure 13. Radiation Pattern E¢ both front and back
3.2.4 Case 4

The use of Low Permittivity Thin Superstrate shows
decrease in antenna gain and increase in efficiency.
Return loss at the value 9.721 GHz, is -35.041 dB, shows
slight improvement and as seen in Figure 13. Figure 14
and Figure 15, gives the radiation plots.For antenna to
resonate close to the desired frequency, radiated power is
around 1 mW and pattern with no sidelobes. Case 4 viz.
Low Permittivity Thin Superstrate is the good choice for

multi-dielectric antenna design.
freq=9.721GHz
dB(S(1,1))=-35.041
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Figure 14. Return Loss for Low Permittivity Thin
Superstrate Antenna
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Figure 15. Radiation Pattern E¢ both front and back

Figure 16. Radiation Pattern E£6 both front and back

Plots shown in Figures 5,8,11 and 14 indicate changes in
resonant frequency, effect on return loss. To minimize
losses the choice of thin and low permittivity superstrate
having sufficient mechanical strength to withstand stress.

V. CONCLUSION
Parameters’ of microstrip antenna which limits the gain,
directivity, returns loss and radiated power is improved
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upon.The effect of superstrate layer method for accurately
determining the resonant frequency of such structures is
reported using the variation of patch antenna dimension. A
direct use in algorithm for the design of the antenna is
suggested to overcome the time consuming and laborious
accurate numerical methods. Data obtained from
simulation and its effect can be used to find the antenna
parameters such as resonant frequency, return loss, power
radiated, directivity and gain of folded patch antenna for
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