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Notch To Radiating Edge With Novel Loading Of
Capacitance To Wideband Microstrip Patch
Antenna

Ahire Dnyaneshwar, KharateGajanan

Abstract: Capacitive loading to radiating edge notch cut slot loaded microstrip patch antenna for biomedical applicationsis presented. I-shaped slot is
introduced on radiating patch to match impedance. Notch on diagonal sides of patch is introduced to achieve wide bandwidth of 2.16GHz from 4.74GHz
to 6.9GHz. Innovative idea of capacitive loading is presented to improve gain. The antenna is simulated using FR4 substrate with size of
0.215A0%0.298\0. Impedance Bandwidth of 2.16GHz. Parametric analysis of notch cut slots is presented. The proposed antenna has been simulated

using CADFEKO simulator.

Index Terms: CapacitiveLoad, FCC, I- slot, Notch Cut, UWB.

1. INTRODUCTION

Capacitive loading to radiating patch is used to enhance
Bandwidth and Gain. The main objective of this research
work is to discuss the use and effects of capacitive loading
technique. Recent requirement of wireless communication
devices used in commercial, defense as well biomedical
application is of wide bandwidth, and integrated in system.
In this paper, capacitive loaded, I-shape slotted, notch cut
probe feed wideband microstrip patch is design. Designed
structure achieves 2.16GHz bandwidth with moderate gain.
These structure full fill Ultra-Wide Band(UWB) bandwidth
criteria define by Federal Communications Commission
(FCC). Author presents slotting method, useful to convert
single band antenna to multiband operation. T-slot with
capacitive loading technique enhances bandwidth as well
gain.Defective ground structure introduced to match
impedance (Chakraborty U., Kundu A., Chowdhury K., and
Bhattacharjee A. K 2014). Designed structure resonates in
ISM and C band. Authors proposed U-slot antenna for
multiband operation.Cutting of slot on radiating patch is
used to operate implemented structure in multi resonate
frequencies (Zhang Y.P 2007). Designed antenna -10db
impedancebandwidth is begins at 2.474GHz and is up to
2.691GHz second band is begins at 4.313GHz it is up to
4.359GHz. Research group (Ansari J. A., Ram R.B., 2008,
Deshmukh A.A., and Ray K.P, 2009) presents slot cutting
microstrip patch antenna loaded with metamaterial to
enhance performance. Researchers have been presented
multiband microstrip patch antenna loaded with slot. Also
presents analysis of design configuration. Research groups
have been discussed broadband microstrip patch antenna
resonates for more than one frequencies.
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Author presents slotting method, useful to convert single
band antenna to multiband operation. T-slot with capacitive
loading technique enhances bandwidth as well gain (Ahire
Dnyaneshwar, Kharate Gajanan 2016). Defective ground
structure introduced to match impedance. Designed
structure resonates in ISM and C band. Authors proposed
U-slot antenna for multiband operation. Cutting of slot on
radiating patch is used to operate implemented structure in
multi resonate frequencies (Ahire Dnyaneshwar, Bhirud
S.R. 2015). Designed antenna resonates at two bands with
-10db impedance bandwidth is of 218MHz and 46MHz
respectively. Research group present (Joshi J.G., Pattnaik
Shyam S., and Devi S. 2013 presents slot cutting microstrip
patch antenna loaded with metamaterial to enhance
performance. Authors proposed different techniques of
enhancement of bandwidth and gain. Discuss on
miniaturization of microstrip patch antenna. Different kind of
slots like L Shape U shape and wide slits have been used
to enhance performance. This paper is planned as follows.
Section 1l provides design of | slotted capacitive loading
microstrip patch antenna. Section Ill gives detail parametric
study Section IV and section V gives results and conclusion
respectively.

2.RECTANGULAR MICROSTRIP PATCH

ANTENNA DESIGN

First structure (Antenna 1) is of reference antenna design
for 2.45GHz using approximate transmission line
methodology. The FR4 substrate with dimensions W=6h+W

and L=6h+L and thickness is of 1.59mm. Coaxial at

Xf = L W :W

New T2 from non-radiating edge. Calculations
oflength and width of the design geometry has been
calculated using equations (Garg Ramesh 2001 and
Balanis C.A 1997). CADFEKO EM designed tool is utilized
to simulate the antenna structure.
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Where
Ereff _

Effective Dielectric constant
C=Velocity of light in free space
Luff=Effective length of the Patch
AlL=Length Extension of the Patch
To enhance bandwidth and operate antenna structure in
Ultra-Wide Band range I-shaped slot is etched out on patch
and notch on both side of radiating patch is introduced. The
electrical dimensions of the patch are 0.298A0x0.215A0.
The electrical dimension for the slot structure is:
For horizontal Arm: 0.0910 x0.01410
For Vertical Arm: 0.01410 x0.1110
A0 is free space wavelength
I-Slot loaded microstrip patch is analyzed in two sections.
Segment 1 is investigated as a patch in which only vertical
notch is etched out. This I-slot vertical arm increase current
length which is incorporated by an added series inductance
AL along with series capacitance AC. So the capacitance
and inductance of section 1 is modified in which

L2=L+AL (6)

C2=C+AC(7)

The value of additional inductance is calculatedby

AL = Zi1+27Z> tan(ﬂ'ﬂS]

167 cos2 *2° ¢
L (8)
The additional capacitance is given by,
2(1+k'
AC=2s—/|In u +In cothﬂd+0.01302 ><cos’2”TZO

71| (1K) 4h
The second section has two microstrip bend line
considering this the equivalent impedance of the shape is
calculated as,
1
Zo= WL+ ————— (10)
+ JWCb

jWLb

20 100 /Vlb ~4.21 |nH 11)
10 h

Linking the above two segments, consider I-slot loaded
patch. Antenna parameters changed due to change in slot
length and width. S11 plot of antenna 1 and 2 shown in
Figure. 3(a) and Figure. 3(b). It is perceived that resonating
frequency moved towards higher side because of vertical
arm length of I-slot. It is likewise observed that due to
horizontal arm length patch resonates at lower frequency
too. Along with I-slot vertical and horizontal arm length,
introduced notch length and width adds inductance and
capacitance in the equivalent circuit of | slot loaded patch.
The length along with width of the notch varies which
results into enhancement of bandwidth and helps to
achieve wide bandwidth of 1.48GHz with 6.75dBi gain. For

and
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further improvement of bandwidth capacitive loading is
introduced. It is observing that due to capacitive loading
bandwidth of antenna reduced to 668MHz and also shows
reduction in gain abruptly. It is because of capacitance
dominates inductance and capacitive effect shows abrupt
reduction in gain and bandwidth. To reduce capacitive effect
gap between patch and capacitive loading is increased by
0.1110 which shows good improvement in Bandwidth as
well gain. This antenna structure shown in Figure. 1(b)
achieves impedance bandwidth of 2.16GHz with 3.08dBi
gain. Simulated results of I-Slotted, Notch cut capacitive

loaded microstrip patch antenna are presented.
Ls

1.6mm

Ws wp

Figure 1(a). Antenna 1
Ls

(9)  Figure 1(b). Antenna 2

3.PARAMETRIC STUDY

Parametric analysis performs on width of vertical side slots
that shows resonant frequency changes as side slot width
changes from 4.4mm to 4 and 4.8mm, antenna resonates
at 5.17GHz and 3.29GHz at 4mm width and 5.25GHz and
6.31GHz at 4.8mm respectively. Current length changes
because of introduction of slots and it cause to tuned
antenna in wide band having substantial impedance
bandwidth as compare to antenna 1 shows in Figure. 2(a).
Table 1 shows effect of vertical outer slot of notch width
variations.

Reflection cosfficient [dB]

2 3 4 5 5 7 8 g 10
Frequency [GHz]

Figure 2(a) Vertical Outer slot of Notch Length variation
effect.
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Parametric analysis for vertical slot length is carried out and
it shows resonant frequency changes as side slot length
changes from 10mm to 10.5mm and 9.5mm, antenna
resonates at 4.76GHz and 6.7GHz at 10.5mm length and
5.3GHz at 9.5mm respectively. Figure 2(b) shows
significant effect of slot length on reflection coefficient as
well bandwidth. Radiating patch need to modify to tune it at
wide band suitable for biomedical application. Table 2
shows effect of vertical outer slot of notch length variations.

ISSN 2277-8616

Reflection coefficient [dB]

5
2 3 4 5 6 7 8 9 10

Frequency [Gre]
Figure 2(b). Vertical inner slot of Notch width variation
effect.
TaBLE 1
SIMULATED RESULTS
Resonant Reflection Coefficient Band Width (GHz) Gain Impedance(Ohm)
Frequency (S11) dB (dB)
(GH2) VSWR
491 -29.78 2.16 3.31 1.07 46.6
5.17 -54.99 2.05 18.33 1.02 50.12
3.29 -18.7 230MHz -0.95 1.29 46.97
5.25 -20.59 899MHz 13.23 1.02 41.61
6.31 -12.64 480MHz 28.55 1.29 34.18
TABLE 2
SIMULATED RESULTS

Resonant Frequency Reflection Coefficient | Band Width (GHz) Gain Impedance

(GH2) (S11) dB (dB) VSWR (Ohm)

4.91 -29.78 2.16 331 1.07 46.6

4.76 -17.14 340MHz -1.6 1.35 36.08

6.7 -18.1 13 9.36 1.29 36.38

5.3 -23.87 2.21 5.15 1.14 43.42

4. RESULTS AND DiscussiON
Simulation results of reflection coefficient with frequency

results are listed in Table 3. Good matching between
simulated and analytical results. Table 3 shows bandwidth

plot is presented in graph 3(a-b). Implemented structure and gain of both configurations
TABLE 3.
SIMULATED RESULTS
Sr. No. Antenna Resonating Frequency /Band Reflection Gain Band
Configuration Coefficient (dB) width
(dB)
1 Antenna 1 2.456GHz -70.11 2.26 66MHz
(ISM Band)
2 Antenna 2 4.91GHz -29.79 3.08 2.16GHz
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Figure 3(a). Reflection Coefficient of Antenna 1

5.CU
Surfac

Reflection codfficient [dB]

Frequency [GH]
Figure 3(b). Reflection Coefficient of Antenna 2

RRENT DISTRIBUTION

e current is linear in nature and excites TEO1 mode

which is fundamental mode, length of current increases
after embedding slot on radiating patch. Capacitive loaded
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Figure 4. Surface Current Distribution

6. CONCLUSION
UWB antenna structure is designed and implemented
designed configuration using CAD FEKO. Antenna 2 with I-

slot,

notch cut structure is implemented which gives

impedance bandwidth of 2.16GHz resonating at 4.91GHz.

Notch

cut slots length is optimized which gives wide

bandwidth of 2.16GHz with gain of 3.08dBi. To achieve this,
gain capacitive loading plays vital role. Parametric analysis

shows

that slot length effect on performance of antenna.

This antenna configuration will be useful for different RF
and biomedical applications.
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