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Abstract: The simulation and experimental resulis of square paich
antennas having a noich and designed on FR4 subsirate are
reported in this paper. The noich angle is varied and different
radiation properties of antennas are tested. It is found that on
reducing the notch angle 8 from 180" to 164°, the patch resonates
at a single frequency. However on reducing notch angle furiher,
the paich starts resonating at two different frequencies. The f6
ratio almost linearly increases on decreasing the notch angle. The
104E inpedance bandwidih (YVS5WER 2:1) of antenna increases up
to noich angle 151° but thereafiter that antenna hehaves simply as
a dual frequency antenna with narrow handwidth at each
resonance frequency.

I INTRODUCTION

Wlicrostrip antennas have a number of attractive features
because of their small size, lightweight, low profile and
conformability ower host stacture. Although the conducting
patch of the microstrip antenna can have any arbitrary shape
but in practice, rectangular, circular, triangular and square-ring
shapes are commonly employed for their investigations A
simmple patch antenna of regular shape resonates only at a single
resonance frequency and its bandwidth 12 also very poor (1 to
2%y [1-3] The recent adwancements in  wireless
cormtmanication systems patticulady in cellular phones and
wireless data comtnunication, have increased the demand for
wide band, multi fequency and multi band patch antennas.
Wlicrostrip antennas for dual frequency applications may be
realized by exciting patch geometry by using a single [4] or
dual feed [5]. In thiz paper we propose a single feed square
patch antenna with a notch for dual frequency wide band
applications. The notch is designed on one side of the square
patch as showm in figure -1, The notch angle (80 iz vaned and
different radiation properties are sirmulated and also obtained
expetimentally. The simulation analysis of these antennas is
carried out by applying an em. simulation software before
actual designing of the patch geometries.

II. ANTEWNA GEOMETEY AND SIMULATION RESULTS
The antenna geometry used in the present investigations is
shown in figure — 1. The antenna is designed on glass epoxy
FE4 substrate (Er=44, fand = 0.002, substrate thickness 0158
cirn) with copper as its ground plane.
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Figuwe 1. Geomety of a square patch with anotch

The patch size of 3o x 3om is considered for the present
wotk lying in xy-plane. The theoretical analysis of square
patch antenna without notch is carried out by applying cavity
model based modal expansion technique [d] and results are
verfied by smulation analysis camried out by applying an em.
simulation software. These analyses reveal that the square
patch antenna wathout notch resonates at a single fequency
346 GHz Since it was designed on a high permittivity
subztrate hawving high logs tangent, antenna radiation efficiency
wag found low (38%) through simulation analysis. The feed
location (Eg, ¥o) to match input impedance of antenna with
commecting cable is shown in the table-1. After its testing, a
notch iz designed on one side of square patch with notch angle
0D = 8. Dased on the simmlation analysis, patch geometiies
with different notch angles varying from 8 = 180° ta 132° are
designed and tested experimentally.

The sirmulation results indicate that the square patch with a
notch resonates at a single resonance frequency till notch angle
varied from as notch angle A = 120° to 164" However this
resonatice frequency increases targinally with decrease in
notch angle On decreasing notch angle fiurther, antenna start
resonating at two different frequencies (f) and £, One of these
frequencies (6 iz lower than the resonance frequency of
square patch without notch while other one (f2) iz higher than
the resonance frequency of square patch. The ratio of these
frequencies (£ / f) increases significantly as notch angle
decreazes.
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Figure 6. Variation of resonance frequency with notch angle
Figure 2. Variation of resonance frequency with notch angle £ q Y s

1.16 - These results are shown n figure 2 and 3 respectively for
different notch angles. The simulation results for directivity
and gain of these antennas with notch angle are presented
graphically in figure 4 and 5. These vanations indicate that
directivity of antenna corresponding to f; frequency decreases
with decrease in notch angle while corresponding to f,
frequency, it increases with decrease in notch angle. The
simulation results indicate that the gain of antenna is quite low.
Maximum gain around 2.62dbi is obtained when notch angle ©
] ‘ is 138°, which is obvious as the substrate parameters are
120 140 160 180 sufficiently high. On insertion of a notch, the radiation
Notch Angle (in degree)-------> efficiency of antenna improves marginally at the cost of
Figure 3. Variation of £, / f, ratio with notch angle antenna efficiency. The variation in radiation efficiency of
antenna for different notch angle values are shown in figure 6.
The radiation efficiency of antenna improves marginally
(38.1% at 6 = 180° to 40.42% at 0 = 144") on insertion of a
notch in a square patch. However antenna efficiency for a
square patch without a notch is (38%) which reduces further to
34.44% for an antenna having notch angle 0 = 144°,
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m. MEASURED RESULTS
The experimental results of square patch antenna with notch

having following design specifications are presented here:

(1) Substrate material: Glass epoxy R4

substrate.

Figure 4. Variation of Directivity of antenna with notch angle (it) Dielectric constant: €r: 4.4,
(1i1) Substrate loss tangent tand: 0.002,
4 (iv) Substrate thickness: 0.158 cm,

() Patch dimensions: 2cm x 2 cm,

(vi) Notch angle 8: 158°,

(vi1) Feed location (xo, yo): 1.36mm, 1.39mm

The experimental results for a square patch antenna with

notch angle © = 158" are presented in this paper. These
measured results are also compared with simulation results and
are shown in figures 7-9. As shown in figure 7, the measured
resonance frequencies of this geometry are 3.385 GHz and 3.53
120 140 160 180 GHz respectively while corresponding simulated frequencies

Notch Angle (in degree)—-> are 3.42 GHz and 3.54 GHz respectively. A difference of 0.035
GHz for measured and simulated f; frequencies {1.04%) and a
difference of 0.01 GHz for measured and smulated £,
frequencies (0.28%) are recorded. The 10dB impedance
bandwidth (VSWR 2:1) of this geometry (8 = 1587) is arcund
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Figure 5. Variation of antenna gain with notch angle
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Figure 7. Comparison between simulated return loss of antenna
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Figure 8. Measured input impedance of antenna
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Figure 9. Simulated input impedance of antenna

7.01%, which is much higher than that recorded for a square
patch antenna without notch (1.09%) designed on same FR4
substrate.

A large difference in measured and simulated return loss
values at f; = 3.53GHz frequency can be seen though a fairly
good agreement at f; = 3.385GHz frequency was obtained. The
measured input impedance of proposed antenna with frequency
is shown in figure 8. Figure 9 shows its simulation results. If
we compare these two results we will find that the measured
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Figure 10. Variation of bandwidth with notch angle

put impedance Z;, at frequency 3.385GHz is 56.12 + 7 0.959
ohm which is in fairly good agreement with the simulated input
mmpedance Z;, = 52.11 - j 3.42 ohm at same frequency.
However a large difference in measured input impedance Z =
56.12 +j 0.959 ohm and simulated input impedance Z = 52.11
- j 3.42 ohm at resonance frequency 3.53GHz is recorded. This
indicates that further improvement in antenna geometry is
necessary at this second resonance frequency. The variation in
bandwidth of antenna as a function of notch angle is shown in
figure 10. This figure indicates that at notch angle 0 = 151°,
maximum bandwidth up to 10.29% may be achieved. On
further reducing notch angle 0, the bandwidth of antenna starts
decreasing. © = 151° is the optimum value of notch angle
obtained for the proposed antenna.

Due to the lengthening of the excited surface current path,
the square microstrip antenna with a notch possesses a smaller
size as compared to the square microstrip antenna for a given
frequency. Therefore, the square patch microstrip antenna with
a notch is a considerable candidate for compact wireless
communication applications.
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