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CHAPTER 5 CRESCENT SHAPED UWB DIPOLE ANTENNA

5.1 Introduction

From the literature survey, it is found that thepedance matching complexity
faced while designing monopole or fractal antentr@cture can be resolved or
minimized by designing dipole antenna structurethag have large input impedance.
This large value of input impedance makes the iraped matching easier. Another
advantage of dipole antenna structures is that theeye omnidirectional radiation
patterns as desired for UWB communication. The adiljadvantage with dipole
structures is that their size gets increased.

This chapter presents the design and analysisestent shaped dipole antenna
configuration for UWB applications. The frequenoynthin and time domain analysis
are done by using HFSS [477] and CST MWS [478]eetypely. Their techniques and
features are already discussed in chapter three.

5.2  Antenna Design

A compact crescent shaped dipole antenna for WAMBications is designed.
The techniques of loading the radiator with notold anodified feedline are utilized to
achieve the designed antenna structure with aa witte bandwidth.

The geometry of the designed antenna structushasvn in Figure 5.1. The
optimized dimensions of the designed antenna streicare listed in Table 5.1. The
designed antenna structure is etched on a FR-4yepolstrate having dielectric
constantg=4.4, loss tangent tat¥0.02 and a thickness of h=1.6mm. The radiator and
the feedline are printed on both sides of the satest A stepped microstrip line
comprising of five rectangular subsections is zeitl to feed the crescent shaped

radiator. Each subsection of the feedline hasmiffelength and width. Maximum
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impedance is achieved for the subsection havingnmoim width and vice versa. Due to
the stepped structure of feedline, there is a smdmnsition between the input
impedance of dipole antenna and the impedanceaxiaagprobe. The crescent shape of
the radiator is derived by loading an ellipticatliesior with semi-elliptical notch along
its major axis. The dimensions of each subsectibthe stepped feedline, crescent
radiator and truncated rectangular ground planeoptémized. The location of the
elliptical notch is also optimized. The optimizatiof antenna structure dimensions is
done by varying one parameter and fixing the oth&hme truncation of ground plane
created a capacitive load to neutralize the ingtaatiature of the patch producing nearly
pure resistive input impedance. Due to this pusistive input impedance, impedance
matching between the patch and the feedline gotrawgul in a wide range of

frequencies.

Table 5.1 Optimized dimensions of the crescentldipatenna

Parameter Dimension (mm) Parameter Dimension (mm)
I—sut 34 \Nsut 41
L, 5.4 W 2.6
L, 4.€ W, 2.8
Ls 12.8 W, 2.4
L,y 2.4 W, 1.6
Ls 0.7 W 0.75
a 5.2E b 6

c 3 d 4
L9 0 W8 10
Lq 6.8 h 1.6
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(a) Top View

(b) Bottom View

Figure 5.1 Geometry of the crescent dipole antenna.
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(a) Triangular (b) Rectangular

(c) Elliptical (d) Crescent Shaped

Figure 5.2 Different shapes of the radiating eletmén dipole antenna.

5.3Results and Discussion

In this section, various frequency and time dom&isults are discussed and
analyzed. These results include reflection coeffiticharacteristic, input impedance
characteristic, radiation patterns, peak gaincigfficy and parametric analysis results in
frequency domain. In time domain analysis subsectibe results like group delay,
fidelity factor, isolation magnitude and phase tove the suitability of the designed

antenna for UWB applications are discussed.
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5.3.1 Reflection Coefficient versus Frequency Charactestics

The comparison between the reflection coefficiemérsus frequency
characteristics for different shapes of radiatingments, shown in Figure 5.2, is
depicted in Figure 5.3 and listed in Table 5.2.nkrBigure 5.3 and Table 5.2, it is
observed that the triangular radiating dipole eleimieas four operating bands. On
replacing the triangular dipole elements with ragtdar elements, the antenna
performance is improved and five operating bandsamhieved with enhancement in
the bandwidth of first operating band. On replacdihg rectangular radiating element
with elliptical element, two wide bands of operatiare achieved. After loading the
elliptical radiating element with semi-ellipticabtth along its major axis, the reflection
coefficient curve around 11 GHz shifted downwardl aasulted into a single wide
operating band. The designed antenna structursikassonances at the frequencies of
3.7, 7.7, 9.4, 11.6, 14.4 and 17.1 GHz. From FiguB and above discussion, it is
concluded that the reflection coefficient perforroanof the antenna structure gets
improved with increase in the number of edges efrtidiating patch. This increase in

the number of edges results into larger area ofatiating patch.

Table 5.2 Tabular comparison of performances dédiht radiating elements

Configu- | Triangular Rectangular Elliptical Crescent Shaped
ration fL fy fL fy fL fu fL fu

(GHz) | (GHz) | (GHz) | (GHz) | (GHz) | (GHz) | (GHz) | (GHz)
BW I 3.82 7.14 | 3.08 6.9 3.18 10.16 3.28 17.8b
BW I - - 8.17 9.44 10.68| 17.88 - -
BWIII |- - 11.36 12.29 | - - -
BWIV |- - 14 15.15 | - - -
BW V - - 16.47 1756 | - - -
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Figure 5.3Variation of reflection coefficient with frequendpr different radiating
elements

The fabricated prototype of the designed antennatsire is shown irFigure
5.4. The experimental measurement of the variatiolt; ;| for the fabrcated prototyp:
is done by using the Anritsu's MS2038C VNA. The dated and measured reflecti
coefficient plots for the designed antenna are showFigure 5.5. InFigure5.5, the
reflection coefficient versus frequency plot of thesigned antenna obtained during
time domain analysis of the optimized antenna bgqu&IT based CST MWS is al:
presented. The band edge frequencies and banduwfidtte simulated and measd
reflection coefficient plots are listed Table 5.3. From Figure 5.5 and Tabhig, it is

observed that a good agreement is obtained betiieesimulated and measured res

(a) Top View (b) Bottom View

Figure 5.4Prototype of the crescent dipole ante
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Figure 5.5 Comparison of simulated and measuretectadn coefficient versus
frequency characteristics for crescent dipole arden

Table 5.3 Comparison of simulated and measuredisesiucrescent dipole antenna

S. No. | Method Lower cutoff, Higher  cutoff,| Bandwidth

fL(in GHz) fu(in GHz) In GHz In %
1. HFS< 3.2¢ 17.8¢ 14.57 137.¢
2. CST 3.2¢ 18.32 15.0¢ 13¢
3. Measure 3.2¢ 19.1 15.8¢ 141.7

5.3.2 VSWR versus Frequency Characteristic
The simulated and measured VSWR plots of the dedigmtenna, presented in Figure

5.6, leads to the observations similar to thaeflection coefficient characteristics.
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Figure 5.6 Comparison of simulated and measured RSWérsus frequency
characteristics for crescent dipole antenna.
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5.3.3 Input Impedance versus Frequency Characteristic

The variation of resistance and reactance of npetiimpedance for designed
antenna with frequency are demonstrated in FigufeFsom Figure 5.7, it is observed
that the resistance is oscillating around25@hereas the reactance is varying around 0
Q in the operating band. These observations leaddonclusion that the overall input
impedance of the designed antenna structure i®rjppately equal to the characteristic

impedance of the coaxial probe i.e(b0

10C
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Figure 5.7 Variation of simulated resistance aratta@nce of the input impedance with
frequency for crescent dipole antenna.

5.3.4 Surface Current Density Distribution

The simulated surface current distribution pldtthe designed antenna structure
at its six resonances are demonstrated in Fig@@)5(f). At the first resonance, Figure
5.8(a), the surface current is observed to be curated inside the feedline, ground
plane, lower dipole element and left half of dipelement fed by the feedline. Zero or
negligible current density is observed at the righlf of the dipole element fed by the
feedline. For the second resonance, Figure 5.8({®, current is observed to be
distributed uniformly along the whole antenna stefaln case of third resonance,

Figure 5.8(c), uniform current distribution is obs=d along the antenna surface except
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(€) 14.4 GHz (f) 17.1 GHz

Figure 5.8 Simulated surface current density pidtthe crescent dipole antenna at its
six resonance frequencies.

around the semi-elliptical notches of dipole eletaeand quarter sections of ground
plane at its extremities. At the fourth resonariigure 5.8(d), uniform distribution of
surface current is observed along the antennacgurfaimilar current distribution is
observed for the fifth resonance, shown in Figu&e€j, with increase in the area of

zero current density surface in the ground planecase of sixth resonance, depicted in
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Figure 5.8(f), the distribution of current is uratid along the antenna structure except
small area of zero current density surfaces atéméral portion of dipole elements.
5.3.5 Far Field Radiation Patterns

During the radiation pattern measurement setlystibted in Figure 5.9, the
antenna structure is placed along eaxis, pointing in the direction ob=0° and
located in theX-Y plane. The is varied fromf=0° to 360° to measure the E-plane and

H-plane patterns in thé-Z plane andv—Z plane respectively.

~

Figure 5.9 Radiation pattern measurement setupréscent dipole antenna

The simulated and measured radiation patternseotiesigned antenna at its six
resonances in both E- and H-planes are depict&thure 5.10. For the first resonance
at the frequency of 3.7 GHz, shown in Figure 5.),0itais observed that the E-plane
(®=0° pattern is quasi omnidirectional whereas the &hpl(P=9C") pattern has figure
of eight shape. In case of second resonance &HZ/ depicted in Figure 5.10(b), the
bidirectional nature of the H-plane pattern staghdting towards the omnidirectional
nature and the omnidirectional nature of the E-@l@megligibly distorted. At the third
resonance of 9.4 GHz, demonstrated in Figure 5]1Gfe E-plane pattern got

directional and the H-plane pattern has becomdyneamidirectional.
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Figure 5.10 Simulated and measured radiation pettef the crescent dipole antenna at
its six resonance frequencies
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for the remaining three higher resonances at 11464 and 17.1 GHz, depicted in
Figure 5.10(d)-(f), the radiation patterns in bgillanes are observed to be distorted
omnidirectional in nature. The distortions in tlagliation patterns at higher frequencies
can be attributed to the excitation of higher maaldsigher frequencies.

The measured co- and cross-polar radiation pattrall six resonances in both
E- and H-planes are depicted in Figure 5.11. Fidufel(a)-(f) show that at lower
frequencies (<10 GHz), the cross polar level isdothan co-polar patterns for E-plane
while for H-plane the levels of two patterns aranparable. At higher frequencies
(>10 GHz), depicted in Figure 5.11(g)-(l), the Iewé cross-polar patterns is either
comparable or higher than co-polar level in bo#mpk which may be attributed to the
excitation of hybrid modes at higher frequencies
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Figure 5.11 Measured co- and cross-polar radiapatierns of the crescent dipole
antenna at its six resonance frequencies in bodn&-H-planes.
5.3.6 Gain and Efficiency Characteristics
The variation of measured peak realized gain vitdguency for designed
antenna is demonstrated in Figure 5.12. It is ofeskthat the peak realized gain is
varying between a maximum of 4.85 dB and a mininoir.08 dB with an average of

3.5 dB over the entire operating frequency band.
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Figure 5.12 Variation of measured peak realizea gath frequency for the crescent
dipole antenna
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The simulated total efficiency and radiation a#fircy versus frequency plots for
the designed antenna structure are shown in Figur@ Figure 5.13 shows that the
total efficiency has its variation between 59% &ids. It is also observed that the
radiation efficiency is varying between 67% and 93%he antenna efficiency is
observed to be decreasing with increase in frequehigsis phenomenon is occurring
due to the varying performances of the radiatingcstires, substrate materials and

SMA connectors.

1
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05 —Totalll Efficiency | | |
3 7 11 15 19
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Figure 5.13 Variation of simulated total and raidiatefficiencies with frequency for the
crescent dipole antenna.

5.3.7 Time domain Analysis

The time domain analysis of the designed antetmgtare is carried out by
using CST MWS simulation tool. During the time demanalysis, two identical copies
of the designed antenna structure are kept attandis of 15 cm from each other in two
configurations i.e. face to face and side by sidemonstrated in Figure 5.14. A
Gaussian impulse is transmitted through each aatstmcture and is received by the
another antenna structure. The normalized ampbtudehe transmitted and received

pulses for both configurations are presented irufeigs.15. From these normalized
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values of pulses, a predefined parameter i.e. ifgdeactor is calculated by using the

following equation for both configurations.
[ s:()s,(t —1)dt

F = max{
T S sZ(@®)dt /T sz@dt

where, gt) and gt) are the excited and received pulses. The catledl values of

} (55)

fidelity factor for both configurations are listéd Table 5.4. From Table 5.4, it can be
observed that an equal and good correlation isesehi between the transmitted and
received pulses in both configurations.

The mathematical expression to define group d&ayiven in equation (47).
Figure 5.16 shows that the simulated group delathefdesigned antenna structure is
varying from -1 to 1 ns for both configurations ptke entire operating range. These

values of the group delay are in the desired limits

(a) Face to Face

(b) Side by Side
Figure 5.14 Configurations of the crescent dipoieeana

Table 5.4 Fidelity factor(%) of the designed antestructure in two configurations

Configuration Face To Face Side By Side

Fidelity Factor (%) 61 59.5
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Figure 5.15 Time domain analysis of the crescemtldiantenna
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Figure 5.16 Variation of simulated group delay witbquency for the crescent dipole
antenna in two configurations

The mathematical expression for transfer funcisopresented in equation (48).
The variations of the simulated magnitude of isotat|S4|, in both configurations with
respect to frequency are demonstrated in Figuré. $=fom Figure 5.17, it is observed

that for side by side configuration the isolatienvarying from -40 to -60 dB in the
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frequency range of 3.3-13 GHz, -40 to -50 dB inftleguency band of 13-15 GHz and -
35 to -45 dB in the frequency range of 15-17.85 (e the face to face configuration,

the isolation has its variation between -20 to dB0in the frequency band of 3.3-10.5
GHz and -40 to -60 dB for the frequency range ob41¥.85 GHz except a peak of -80
dB at 16.2 GHz. The simulated phase of the isaldiio both configurations, shown in

Figure 5.18, is observed to be varying linearlyhia entire operating band. this linear
variation of isolation phase indicates that theilélve no out of phase component in the

received pulse.

Isolation, |S,], (dB)

-—Face To Face

—=Side By Side

3 7 11 15 19
Frequency (GHz)

Figure 5.17 Variation of simulated magnitude oflasion, |S,|, with frequency for the
crescent dipole antenna in two configurations
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Figure 5.18 Variation of phase of simulated isolati $;, with frequency for the
crescent dipole antenna in two configurations.
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5.3.8 Parametric Analysis

This section deals with the effect of various pasters on the antenna
performance.
5.3.8.1 Different Substrates

During the parametric analysis of the designedram structure, the default FR-
4 epoxy substrate is replaced by two different sabs materials i.e. Carbon Nanotubes
(CNT) [481] and N CayZnodFe04 [482] The reflection coefficient performances
of the designed antenna structure for three substnaterials are shown in Figure 5.19.
Figure 5.19 shows that for CNT three operating baadte achieved, whereas for
Nig2Cay2Zng eFe04 four bands are achieved. with enhanced bandwidthfirst
operating band. Table 5.5 demonstrates that theviddth of first operating band is
maximum in case of FR4 substrate in comparisornab of other two substrates. The
frequency ranges of three operating bands achigvedse of CNT material are 3.82-
7.6 GHz, 9.39-12.8 GHz and 14.4-16.66 GHz. While R 2Cp 2Zno 6F€,04 substrate,
the designed antenna has an operating range file#13.79 GHz with band-rejection
in the frequency bands of 9.43-9.6 GHz, 13.82-1%#Z, 13.28-13.82 GHz and 15.47-

16.63 GHz.

= R-4 Epoxy
----- Carbon Nano Tubes(CNT)
—Ni0.2C00.2Zn0.6Fe204

Reflection Coefficient (dB)

11 15 19
Frequency (GHz)

Figure 5.19 Reflection coefficient versus frequeabgracteristics of the crescent dipole
antenna for three different substrate materials.
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Table 5.5 Comparison of antenna performance feethlifferent substrate materials

Substrate FR-4 Carbon Nano Tubes 0.4809 27Ny FE04
& 4.4 2.272 5.974
tand 0.02 0.0002 0.00226
fL (GHz) 3.28 3.82 3.04

fy (GHz) 17.85 7.6 9.43
BW; (GHz) 14.57 3.78 6.39

fL (GHz) - 9.39 9.6

fy (GHz) - 12.8 13.28
BW, (GHz) - 3.41 3.68

fL (GHz) - 14.4 13.82

fy (GHz) - 16.66 15.47
BW; (GHz) - 2.26 1.65

fL (GHz) - - 16.63

fr (GHz2) - - 17.79
BW, (GHz) - - 1.16

5.3.8.2 Different thickness of Substrate, h

To study the effect of substrate height (h) on pleeformance of the designed

antenna structure, it is varied from 0.8 to 2.4 mrhe variation of the reflection

coefficient performance with change in the substtaight is demonstrated in Figure

5.20. It is observed that the antenna bandwidtinéseased between the substrate

thickness of 0.8 to 1.6 mm and afterwards it stiadecreasing.
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Figure 5.20 Simulated reflection coefficient verdusquency characteristics of the
crescent dipole antenna for different thicknessutifstrate, h.
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5.3.8.3 Major axis of elliptical slot, d

The reflection coefficient characteristics of ttéesigned antenna structure for
variations in the major axis of the elliptical nlota, between 2 to 6 mm are shown in
Figure 5.21. As shown in Figure 5.21, it is obsdrieat the antenna performance is
almost unaffected for the variation from 3 to 6 mmmereas for 2 mm the performance

is slightly worse.
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Figure 5.21 Simulated reflection coefficient verdusquency characteristics of the
crescent dipole antenna for different values ofamakis of elliptical slot.
5.3.8.4 Minor axis of elliptical slot, ¢

From Figure 5.22, the reflection coefficient cukethe designed antenna is
observed to be shifting downwards around the frequef 11 GHz for the variation of
minor axis of elliptical notch, c, from 1 to 3 m#ior the variation between 3 to 5 mm, it
is observed that the reflection coefficient plotstsfting upward i.e. towards -10 dB

line, around the frequency of 15 GHz.
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Figure 5.22 Simulated reflection coefficient verdusquency curves for different
values of minor axis of elliptical slot.
5.3.8.5 Elliptical slot location along x-axis, Ly

The effect of elliptical notch movement along thegative x-axis, §, on the
antenna'’s reflection coefficient performance isnghn Figure 5.23. Figure 5.23 shows
that the reflection coefficient plot is shifting ward i.e. towards -10 dB line, with
increase in the value oglirom 0 to 4 mm i.e. moving away from the majorsaaf the

elliptical radiator.

0
—9="0mm’ — 9="Imm' —] 9="2mm’

—1.9="3mm’ —L9="4mm’
) \/‘/\/\/\ [ ) [\/
-20
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Reflection Coefficient (dB)

Figure 5.23 Simulated reflection coefficient verstegjuency curves for variation in the
elliptical slot location along x axis.
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5.3.8.6 Elliptical slot location along y-axis, W

As demonstrated in Figure 5.24, the antenna pednce is improving with
elliptical notch movement in +y direction, W8, fradnto 10 mm. From Figure 5.24, it
is observed that for the variation of W8 from G4tem, the reflection coefficient curve
is providing two operating bands with a notch abd9.5 GHz and the lower edge of
the first operating band is shifting towards higfrequency. At the value of 6 mm, the
reflection coefficient curve is found to be shiffibelow and above -10 dB line at the
frequencies of 10.5 GHz and 15.5 GHz respectiviglye to this shift in the reflection
coefficient curves, the notch is shifted from 1GHz to 15.5 GHz. It is also observed
that for W8 equal to 6 mm, the lower edge of thistfoperating band is shifting from
3.25 GHz to 3.41 GHz. For values higher than 6 i, reflection coefficient curve is
observed to be shifting towards -10 dB line at fitegjuencies of 10.5 GHz and 15.5
GHz. The lower band edge is also shifting towaldslower frequency. The maximum

bandwidth of 14.57 GHz is achieved for the valué @imm.

Reflection Coefficient (dB)

—W8="0mm' ====-W8="2mm'
—W8='6mm" -==-W8="8mm' —W8="10mm'
_40 W8:l:!.1mm‘ : : |
3 7 11 15 19
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Figure 5.24 Simulated reflection coefficient verfnegjuency curves for variation in the
elliptical slot location along y-axis.
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5.3.9 Comparison with other structures

The designed antenna structure is compared toioqusy published dipole

antenna structures [457, 450, 442, 443, 451, 428, having nearly equal lower band

edge frequency in terms of dimensions and impeddrecelwidth. The quantitative

comparison, listed in Table 5.6, indicates that thee designed antenna structure a

typical reduction upto 84.46 % with a fractionahdaidth of 141% is achieved over

other structures.

Table 5.6 Comparison of crescent shaped dipole atitbr dipole structures

Antenna Bandwidth (GHz) | % BW | Size (mnf) % size
reduction
[457] 3.06-12.21 119.84 40x35 0.43
[450] 3-11 114.29 48x46 36.87
[442] 2.95-11.76 119.78 48x46 36.87
[443] 3-12 12C 46x4¢ 36.87
[451] 3.656-15.64 124.21 49x53 46.32
[428] 3-11 114.29 71x86 77.17
[458] 3.3-20.7 145 115x78 84.46
designed antenna 3.26-19.10 141.68 34x41 -

A crescent shaped dipole antenna is investigdted.effect of different shapes

of the radiator and different substrate materiaistitoe antenna performance are also

analyzed. The techniques of modified radiator aretline are utilized to improve the

impedance matching resulting into an impedance Wwaltd of 3.26-19.1 GHz. The

performance of the designed antenna for three rdiffesubstrate materials is also

presented. The size of the investigated anten@dsc very compact as compared to

dipole structures available in the literature. Aodagreement is observed between the

simulation and experimental results. The experialemsults verified the suitability of

investigated antenna structure for UWB applicatiombis antenna will find its

applications for radiolocation (3.41 GHz), MFCN43&.8 GHz), BWA (3.4-3.8 GHz),
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BBDR (4.940-4.990 GHz), Radio LANs (WAS/RLANs withithe bands 5.15-5.35
GHz, 5.47-5.725 GHz and 17.1-17.3 GHz), ISM (5.525¢5 GHz), BFWA (5.725-
5.875 GHz), Mobile satellite applications (7.25@75 GHz), ITS (5.875-5.925 GHz
and 5.855-5.875 GHz), radio determination applati (4.5-10.6 GHz, 13.4-14.0
GHz), defence systems, Doppler Navigation aidsellat Navigation systems, etc
[483].

The designing and analysis of crescent shaped dipide antenna structure led
to the conclusion that the impedance matching cerijgs can be minimized and
bandwidth can be further enhanced by designingléiptuctures. It is also concluded
that the impedance bandwidth can be enhanced bgaising the number of edges of the
radiating dipole arms i.e. achieving the circularetliptical shape of radiator and the
impedance matching can be improved by notch loadmghe upcoming chapter, the
major contributions made in this thesis, conclusidrawn during the whole

investigation and future scope are summarized.



