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CHAPTER 4 BEVELED UWB MONOPOLE ANTENNA WITH SLOT

LOADED SEMI-CIRCULAR LIKE GROUND PLANE

4.1 Introduction

This chapter presents an UWB monopole antennagroafion. It is designed to
overcome the problems of antenna geometry compsxiassociated with fractal
antenna structure discussed in previous chaptefoarndwidth enhancement.

The frequency domain and time domain analysishef honopole antenna is
carried out by using Ansoft HFSS [477] and CST Mvweave Studio software [478]
respectively. A brief description about the feasud these simulation softwares is
already presented in chapter three.

A planar beveled monopole antenna with slot loaskemicircular like ground
plane is presented. The shape of the radiatarigset from a conventional rectangular
monopole antenna by the application of bevelindnnéque to its lower portions. The
conventional partial rectangular ground plane s akplaced by a semi-circular like
ground plane. This modified ground plane is load&t a pair of rectangular slots. The
combination of above mentioned three techniquesiltezs into achieving wider
bandwidth.

4.2 Antenna Design

The geometry of the designed antenna is showrigaré 4.1. The antenna is
printed on a FR4 substrate having a relative pérntyt of 4.4, loss tangent of 0.002
and thickness of 1.6mm. The size of the FR4 sutestreed is Lw»xWsy, The designed
antenna is derived from a conventional rectangot@nopole antenna with partial
rectangular ground plane. The dimensions of théanggilar patch are calculated by

using the following standard antenna design equafi76]:
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= Width of radiating patch,
= Speed of light,
= Lower cutoff frequency,

= Relative dielectric constant of the substi

Effective dielectric constant,

= height of substrat

= Effective length of radiating patch,

Delta length of radiating patch,

= Actual length of radiating patch

The designed antenna structure comprises a dgal &agbered radiating patch,

modified microstrip feedline and slot loaded seimiwdar like ground plane. The dual

edge tapered radiating patch consists of a reclangatch and two trapezoidal patches.

The antenna structure is fed by a®0nicrostrip line. The dimensions of the feed line

are calculated using the standard feedline equatibime upper section of the feed line

is tapered for impedance matching improvement. dpeémized dimensions of the

designed antenna are listed in Table 4.1.



BEVELED UWB MONOPOLE ANTENNA | 15C

The trapezoidal sections are generated by thecagiph of beveling technique
to the radiating edges of two lower subsectionst{&e Il and Ill) generated after the
division of rectangular patch antenna into thregtises along its radiating edge. The
beveling technique is applied for the smooth triamss between the feedline and
radiating patch resulting into bandwidth enhancemen

During the evolution of the designed antenna #irec five intermediate or
deriving configurations are achieved. The five imtediate stages are shown in Figure
4.2(a)-(e). In first stage, Antenna |, is the carti@nal rectangular patch antenna fed by
a modified microstrip feedline and having partiactangular ground plane. Before
moving towards the second stage, the rectangulamhpa divided into three sub
sections i.e. section I, section Il and sectioralting its radiating edges. Thereafter, the
radiating edges of the section Il are beveledcapeted for bandwidth enhancement due
to smooth transitions of modes from the feedlinéht® radiating patch. After this, the
radiating edges of section Il are also beveledrfgagrovement in impedance matching
resulting into further bandwidth enhancement.

During the transition from third to fourth stagbe partial rectangular ground
plane is replaced by a semi-circular like grourahplfor the smooth transition of higher
modes between the ground plane and radiating pAtdhe final stage, the semicircular
like ground plane is loaded with a pair of rectdagslots symmetrical to the feedline.
These slots are etched to excite additional resmarhigher frequency. The length of
these rectangular slots is calculated by usinddthewing equation:

¢ (54)

Lgior =

where,

length of the rectangular slot = 2x(slot_l+sie}_
higherresonance frequen = 15.8 GH:

I-slot

—h
=
I
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(a) Top View

(b) Bottom View

Figure 4.1 Geometry of the beveled monopole antenna
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(a) Antenna | (b) Antenna ll

(c) Antenna lll (d) Antenna IV

(e) Antervigdesigned antenna)

Figure 4.2 Deriving stages of beveled monopolerarae
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Table 4.1 Optimized dimensions of the beveled motepntenna

Parameter Dimension(mm) Parameter Dimension(mm)
Lsut 40 Ls 10

Wsut 30 I—fl 6

L1 8.5 W 3

Lo 3.5 slot_| 0.5

Ls 3.5 slot w 5

W, 20 slotX 9

W, 13 slotY 2

Wi 1.2 Rgnc 15.2

4.3Results and Discussion

This section discusses about the various resbi@ired during the analysis of
the designed antenna structure. The results whiehdéscussed in the following
subsections include reflection coefficient charastie, input impedance characteristic,
radiation patterns, peak gain, efficiency and pataic analysis results in frequency
domain. The time domain analysis subsection preval@escription about the results
like group delay, fidelity factor, isolation magmite and phase to prove the suitability

of the designed antenna for UWB applications.

4.3.1 Reflection Coefficient versus Frequency Charactestics

The comparison of the reflection coefficient verdvequency plots for five
deriving stages of the designed antenna, showiguré& 4.2, is demonstrated in Figure
4.3 and listed in Table 4.2. From Figure 4.3 andldat.2, it is observed that the
conventional rectangular monopole antenna, Antdnrieas two operating bands i.e.
8.6334-16.3933 GHz and 17.6967-18.4483 GHz. In aafséAntenna II, the first
operating band of Antenna | got splitted into twaerating bands i.e. 8.85-14.7324 GHz
and 15.6112-16.5295 GHz with no significant effentthe second operating band of

Antenna I. In addition to above mentioned two opegabands, an additional operating
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band from 2.7476-5.8153 GHz is achieved. For Araelhin two lower operating bands

of Antenna Il got merged into one operating baramfr2.6745-14.332 GHz and the
band from 17.6531-18.5742 GHz is shifted to 18.388®279 GHz without affecting

the third operating band of antenna Il. For Antehnat is observed that the impedance
bandwidth is enhanced significantly due to the tsigf of edge frequencies of first
operating band of antenna lll from 2.6745 GHz t43B. GHz and 14.332 GHz to
14.6367 GHz. The second operating band of antdhm@im 15.6583-16.7794 GHz is

observed to get shifted towards higher frequenngedrom 16.3187-17.7843 GHz and
the last operating band got disappeared for antévindn case of antenna V, the slot
loading of ground plane removed the second opegraband of antenna IV and

enhanced the impedance bandwidth of first operdttamg from 12.2007 GHz to 14.154
GHz by shifting the higher band edge towards highequency without affecting its

lower band edge. Six resonances at the frequenti2®, 7.1, 8.6, 11.6, 13.7 and 15.8
GHz are achieved in case of antenna V.

From Figure 4.3, it can be seen that the desigm#dnna structure has six
resonances including three major resonances. Theger resonances at 2.9, 7.1 and
11.6 GHz are due to three sections of differentegisions. The first resonance of
2.9 GHz is achieved due to the overall size ofrtthating patch. Second resonance at
7.1 GHz is achieved due to combined effect of tpeting of the middle and lowest
section while the third resonance of 11.6 GHz imfbdue to the lowermost section of
the radiating patch. The first two resonances hikirgy towards the lower frequency
due to the introduction of the modified ground gawith no effect on the higher
resonance. The first resonance shifted towardsridneguency on loading the ground

plane with rectangular slots.
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Reflection Coefficient (dB)

= Antenna | = Antenna Il = Antenna lll
= Antenna IV — Antenna V
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Figure 4.3 Comparison of reflection coefficient sies frequency plot for five deriving
stages of the beveled monopole antenna structure

Table 4.2 Comparison of the bandwidth of five angerconfigurations of beveled
monopole antenna

Antenna I Il 1 v V

fl1 (GHz) 8.63 2.75 2.67 2.44 2.45
fu1(GHz) 16.39 5.82 14.33 14.64 16.6
BW.(GHz) | 7.76 3.07 11.66 12.2 14.15
flo (GHz) 17.7 8.85 15.66 16.32 -

fi2 (GHz) 18.45 14.73 16.78 17.79 -
BW,(GHz) | 0.75 5.88 1.12 1.47 -
fl3(GH2) - 15.61 18.34 - -

fuz (GHz) - 16.5: 19.0¢ - -
BW;(GHz) |- 0.9z 0.6¢ - -

fla (GH2) - 17.65 - - -

fH4 (GHZ) - 18.57 - - -
BW,4(GHz) | - 0.92 - - -

Prior to the fabrication of the prototype of thesijned beveled monopole
antenna with slot loaded semi circular like groymane, the HFSS simulation results
are verified by using the FIT based CST MWS simarfatool. The prototype of the
designed antenna structure is shown in Figure #hé. experimental measurement of

the fabricated prototype is done by using Agilel@3&B PNA. The comparison
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between the measured and simulated reflection icaeft characteristics is shown in
Figure 4.5 and is also listed in Table 4.3. FroguFe 4.5 and Table 4.3, it is observed
that the experimental and simulation results argand agreement. The discrepancy
between the two simulation results is due to thigemint analytical techniques of
simulation software§225]. The discrepancy among the simulated and expetahen
results can be attributed to the manufacturingrémlees, losses of SMA connector
(SMA connector increases the return loss upto saweent) and  scattering

measurement environment.

4.3.2 VSWR versus Frequency Characteristic
The comparison among the simulated and experime8/R versus frequency
characteristics for the designed antenna is depicte Figure 4.6. It provides

observations similar to those provided by refletoefficient characteristics above.

(a) Top view (b) Bottonew

Figure 4.4 Prototype of the beveled monopole argtenn
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Reflection Coefficient (dB)
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Figure 4.5 Comparison of simulated and measuretectadn coefficient versus
frequency characteristics for the beveled monopotenna.

Table 4.3 Comparison of simulated and measuredtsefr the beveled monopole
antenna structure

S. No. | Method Lower  Cutoff, | Higher Cutoff, fy | Bandwidth
fL (GHz) (GHz2) (GHz) %
1. HFSS 2.45 16.60 14.15 148.62
2. CST 2.48 17.05 14.57 149.28
3. Measured 2.4 17.1 14.7 150.771
6
5
—=HFSS o CST —Measured

VSWR

10

Frequency (GHz)

Figure 4.6 Comparison of simulated and measured RSWérsus frequency
characteristics for the beveled monopole antenna.
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4.3.3 Input Impedance versus Frequency Characteristic

The variation of real and imaginary parts of inpupedance with frequency is
shown in Figure 4.7. From Figure 4.7, it is obsdnthat the real part of input
impedance is varying around %P whereas the reactance is arounf @n the whole
operating frequency range. These variations of esal imaginary parts of input
impedance are indicating that the designed antdm® an input impedance of

approximately 5@ over the entire frequency range.

—Re(Z) HFSS  ==Re(Z)_CST
——|m(Z)_ HFSS  ==Im(Z) CST

Input Impedance Q)

Frequency (GHz)

Figure 4.7 Simulated real and imaginary parts efitiput impedance for the beveled
monopole antenna.

4.3.4 Surface Current Density Distribution

The simulated surface current density plots ofdégigned antenna structure at
its six resonance frequencies are shown in Figl@eFom Figure 4.8(a), it is observed
that at the resonance of 2.9 GHz the surface cuisedistributed along the surface of
the radiating patch, feedline and the ground pléess current density is observed at
the upper non-radiating edge of the patch anddiel edges of the ground plane. At

the resonance of 7.1 GHz, shown in Figure 4.8ft® current density is observed to be
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Jsurfla/m] Jsurfla/m]
3.16B9e+082 3168904082
1.9438c+002 1,94386+082
1.1954e+0m2 1.185Ne+0B2
7.3512e+001 7.3512e+001
45287 ev0m1 4.5287e+0B1
2.7881e+001 2.7881e+001

3.9761c+000 3.9761c+000
2, 44525+008 2.4482¢+000
1.5037¢+080 1.5037¢+000
9.2471e-001 9.2471e-001
5.6886-081 5.6886¢-081
3.4971c-081 3.4971e-001
2.19B6e-0B1 2.15m8e-001
1.3225¢0-081 1.32258-081

(a) 2.9 GHz (b) 7.1 GHz

Jsurf[a/m] Jsurf[a/m]
3.1683e+002 3. 16m3e+002
1.94380+082 1.0438¢+082
1,1954e+0m2 1,1954e+002
7.3512¢+081 7.3512¢+081
4,5287¢+001 4,5207¢+001
2.78B1 24081 2. 760124001
1.7097e+001 1.7097e+081
1.8514 24081 1.85142+001
6.4658e+0m0 6. 4656e+020
3.9761 4000 3.9761e+080
2. 445204000 2. 44520020
1.5037¢+0m0 1.5037e+080
9.2471e-081 9.2471e-081
5. 6886-081 5. 68868-081
3.4971e-081 3.4971e-081
2.1586e-001 2.15m6e-001
1.32250-081 1.32250-081

(c) 8.6 GHz (d) 11.6 GHz

Jsurf[a/m] Jsurf[a/m]
3.16m3e+002 3.16m3e+002
1.9438e+082 1.94380+082
1,195 e+0m2 1,195 e+0m2
7.3512¢0+081 7.3512¢0+081
4,52876+001 4,5287¢+001
2.78B1e+0B1 2.76B1 4081
1.7097c+001 1.7097e+001
1.851Y 4001 1.8514e+081
6.4656c+000 6.4658e+0m0
3.9761¢+080 3.9761 4000
2.4452e+000 2.4452e+000
1.5037¢+000 1.5037¢+0m0
9.2471e-001 9.2471e-081
5.6886-081 5. 6886-081
3.4971c-001 3.4971c-081
2.15BBe-001 2.15m8e-001
1.3225¢-001 1.32250-081

(e) 13.7 GHz (f) 15.8 GHz

Figure 4.8 Simulated surface current distributidnttte beveled monopole antenna
structure at its six resonances.
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concentrated along the two trapezoidal sectionsaditing patch, feedline, above and
below the slots in the ground plane. Null surfaggrent density is observed inside the
rectangular section of radiating patch, at theeswtr right and left half of the ground
plane.

In case of resonance at 8.6 GHz, shown in FiguBé&c)y the current density is
observed to be gathered along the radiating patchugpper half section of ground
plane. Minimum surface current density is obseratdthe middle portion of the
radiating patch and the extreme lower halves of dleund plane. Almost similar
observations are made at the resonance of 11.6 shidwn in Figure 4.8(d). The area
of null current density surface in the ground plasereduced significantly. At the
resonance of 13.7 GHz, shown in Figure 4.8(e),stiméace current is observed to be
zero in larger area inside the patch and groundepdes compared to that of 11.6 GHz.

For the last resonance at 15.8 GHz, illustrateéigure 4.8(f), the current is
mainly concentrated inside the feedline, grounai@land around the slots of the ground
plane. The high density of current around slotsdscating that the resonance at 15.8
GHz is excited by these ground slots. Very lesswarhof current is present inside the
radiating patch. The area of null current densityfexe is again reduced than the

previously discussed resonance.

4.3.5 Far Field Radiation Patterns

The radiation pattern measurement setup for tisggded antenna is shown in
Figure 4.9. The antenna is placed along the x4axig/-plane. The E-plane pattern is
measured in the direction #=0° and the H-plane pattern is measured albrg(.

The measured radiation patterns of the designéenaa structure at its six
resonance frequencies in both E-plade=@) and H-plane $=9C°) are shown in

Figure 4.10.
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Figure 4.9 Radiation setup of the beveled monopotenna

From Figure 4.10(a), it is observed that the demigantenna structure has
omnidirectional radiation pattern in H-plan®=90°) and dipole like pattern in E-plane
(®=0° at the resonance frequency of 2.9 GHz. In caseodnd resonance at 7.1 GHz,
shown in Figure 4.10(b), the E-plane radiation grattis observed to be distorted
without any affect on the omnidirectional radiatjwattern in H-plane.

At the third resonance of 8.6 GHz, shown in Figdirg0(c), it is observed that
the H-plane omnidirectional pattern is stable wherthe 8-shaped radiation pattern in
E-plane is distorted.

In case of fourth resonance at 11.6 GHz, showrignre 4.10(d), the E-plane
pattern is distorted significantly whereas the Hra pattern is slightly distorted. The
observations at the resonance of 13.7 GHz, showigire 4.10(e), are similar to those
at 11.6 GHz resonance.

At the last resonance of 15.8 GHz, shown in Figdr&0(f), a quasi
omnidirectional radiation patterns in both H-plaaed E-plane are observed. The
distortions in the radiation patterns at highergfrencies may be attributed to the

excitation of higher modes at higher frequencies.
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Figure 4.10 Measured radiation patterns of the leeivenonopole antenna structure at
its Six resonances.
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The measured co- and cross-polar radiation patiarboth E- and H-plane at all
six resonance frequencies i.e. 2.9, 7.1, 8.6, 1136/ and 15.8 GHz are shown in
Figure 4.11. From Figure 4.11, it is observed thdt-plane at all resonances the cross-
polar patterns are down by a minimum of 25 dB thia® co-polar level. It is also
observed that in H-plane the cross-polar levetss by 25 dB than the co-polar level for
first two resonances whereas for remaining founmasces the level of cross-polar
patterns is less than the level of co-polar patbgra minimum of 0 dB and a maximum

of 25 dB.
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Figure 4.11 Measured co- and cross-polar radigtatterns of the beveled monopole
antenna at its six resonance frequencies in bodn&-H-plane.
4.3.6 Gain and Efficiency Characteristics

The variation of measured peak realized gain acites operating bandwidth is
shown in Figure 4.12. From Figure 4.12, it is oledrthat the designed antenna has a
maximum peak realized gain of 5.49 dB at 17 GHz amdinimum of 2.91 dB at 3.17
GHz with an average of 3.57 dB. The peak gain ef dntenna is increasing with
frequency due to the fact that at higher frequentie patch dimensions are large in

comparison to the wavelength.
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Figure 4.12 Measured peak realized gain of thelbdvaonopole antenna
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The simulated total and radiation efficienciesh® designed antenna structure
are shown in Figure 4.13. From Figure 4.13, itliseyved that the designed antenna
structure has a radiation efficiency of more th&n% and a total efficiency of more
than 70% in the entire frequency range. The efficye of the designed antenna
decreases as the frequency increases because ofatyfieg performances of the

radiating structures, substrate material and cdoreat various frequencies.

1
=—Total Efficiency

Radiation Efficiency

N
\/\’\/\\

2 6 10 14 18
Frequency (GHz)

o
©

Efficiency
o
(o]

o
\l

Figure 4.13 Simulated total and radiation efficierod the beveled monopole antenna
structure.
4.3.7 Time Domain Analysis

The time domain performance is an important charetic of an UWB antenna.
The time domain analysis is carried out by placimg identical designed antenna
structures in two orientations i.e. face to facd ame by side. The distance between
two antenna structures in each configuration iediat 15 cm i.e. the farfield region of
each antenna. The analysis is done by using CST M8 of those antenna structures
is excited by a Gaussian pulse and the other aatstracture is used to receive the
transmitted pulse. The normalized signal valuethefexcited and received pulses are

shown in Figure 4.15. A well defined parameter litgiefactor is calculated by using
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equation (46). From Table 4.4, it is observed tihatace to face configuration the
excited pulse is distorted significantly. In cadesale by side configuration a good
correlation between the excited and received pidsebserved which signifies low

distortion.

(a) Face To Face

(b) Side By Side

Figure 4.14 Configurations of the beveled monopotdime domain analysis.

1.0+ —|ncident Pulse
Face to Face
Q Side by Side
S 05-
£
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5 0.0 v
]
N
S
€ .0.5-
o
zZ
'10 T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5

Time (ns)
Figure 4.15 Time domain analysis of the beveled opote antenna.
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Table 4.4 Fidelity factor for two configurations lzéveled monopole antenna

Configuration Face to Face Side by Side
Fidelity factor 54 75

The group delay is defined in previous chapteegyation (47). The simulated
group delay for both orientations is shown in Fegu.16. From Figure 4.16, it is
observed that for both orientations the group dédawithin the limits of 1 ns and is

almost constant over the entire operating range.

4
-—ace to Face
7 2 O Side by Side
=
g
()
a
o
-]
o
o -2
—4 T T T 1
2 6 10 14 18

Frequency (GHz)

Figure 4.16 Simulated group delay of the bevelechapole antenna structure in two
configurations.

The transfer function is also presented in abdwpter by equation (48). The
simulated amplitude of isolation:Sin both configurations is shown in Figure 4.17.
From Figure 4.17, it is observed that the isolation face to face configuration is
varying between -20 dB and -50 dB. For side by sidefiguration, the isolation is
lying between -20 dB and -40 dB.

The simulated phase of isolation;,Sor each configuration of designed antenna
structure is shown in Figure 4.18. It is observhdt tthe phase is linear for both

configurations which signifies the absence of“i8tase shift in any configuration.
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Figure 4.17 Simulated magnitude of isolation verdusquency plot for two
configurations of the beveled monopole antenna

27C
—[ace to Face = =Side by Side

180

Phase of §, (degree)

Frequency (GHz)

Figure 4.18 Simulated variation of phase of isolatwith respect to frequency for two
configurations of the beveled monopole antenna.

4.3.8 Effect of Different Substrates

During the parametric analysis of the designedrard structure, three materials
i.e. FR4 epoxy, Carbon Nano Tubes (CN#B1] and Np:Cap2ZnoFe0,4 [482] are
used as substrate. The comparison between thetrefiecoefficient versus frequency

performance of the designed antenna structurdnfeetsubstrate materials is depicted
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in Figure 4.19. The comparison is also listed ibl€a4.5. From Figure 4.19 and Table
4.5, it is observed that the impedance bandwidti5o87 (143.43 %) is achieved for
CNT substrate having lowest value of relative pémily and a bandwidth of 10.23
GHz (137.06 %) for NiCop2ZngeFe04 substrate having highest value of relative
permittivity among three analyzed substrates. Themesitions of the bandwidth (in
case of CNT and NCoy 2Zng sFe04) from that of FR-4 lead to a conclusion that the
bandwidth is enhanced/reduced on using the subshtrating lower/higher value of

relative permittivity as stated by the standardrostrip antenna theory.

TV

L)

Reflection Coefficient (dB)
)
o

====Ni0.2C00.2Zn0.6Fe204
-40 T T T T T T T T

2 4 6 8 10 12 14 16 18 20
Frequency (GHz)

Figure 4.19 Comparison of reflection coefficientfpemance of the beveled monopole
antenna with different substrate materials.

Table 4.5 Beveled monopole antenna performancthfee different substrate materials

Substrate Carbon Nano Tubes FR-4 NizC0g.2ZNno.eFe04
g 2.272 4.4 5.974

tan & 0.0002 0.02 0.0023

fL (GHz) 3.13 2.45 2.35

fy (GHz) 19 16.6 12.58

BW (GHz) 15.87 14.15 10.23

% BW 143.43 148.62 137.04
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4.3.9 Comparison with respect to previously reported strgctures

The designed antenna structure is compared whbradntenna structures in
terms of dimensions and the bandwidth, as showralrle 4.6. It clearly indicates that
the designed antenna structure is providing widerdividth performance with smaller
dimensions in comparison to other structures. Acsipsize reduction of 58.19% and a

fractional bandwidth of 150.77 % is achieved.

Table 4.6 Comparison between beveled monopole aatand other monopole antenna
structures

Bandwidth % size
Antenna (GH2) % BW Size (mnf) reduction
[228] 2.3-10.8 129.77 40%30 0
[258] 2.21-11.71 136.4¢ 35%3t 2.04
[252] 2.38-12.40 135.59 36x36 7.41
[62] 2.67-12 127.2 46x30 13.04
[264] 2.35-11.6 132.62 40x36 16.67
[225] 2.5-10.5 123.08 40%40 25
[56] 2.64-12 127.87 47%x35.3 27.67
[108] 2.55-13.47 136.33 45x40 33.33
[240] 2.6-14.3 138.46 50x40 40
[86] 2.59-10.97 123.6 50%x46 47.83
[275] 2.6-10.8 122.39 50x50 52
[55] 2.43-8.16 108.22 57.4x50 58.19
Designed Antennal 2.4-17.1 150.77 40x30 -

A compact microstrip-fed beveled monopole anteisndesigned and analyzed.
It is shown that by modifying the structure of @tthg patch and ground plane, a wide
bandwidth is achieved. The impedance bandwidthuithér enhanced by etching two
symmetrical rectangular slots with proper dimensi@md position in the modified
ground plane. The designed antenna has a simpléggemtion and easy fabrication
process. The experimental results have proventhieatealized antenna with a very

compact size, simple structure, and wide bandwidtla good candidate for UWB
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applications. The designed antenna has nearly 1% tvandwidth and a typical size
reduction upto 58% in comparison to the previoustported monopole antenna
structures having approximately same lower bande efilgquency. It will find its
applications in radio determination application®ailway applications(2.446-2.454
GHz), RFID (2.446-2.454 GHz), Wideband Data Trarssmon Systems(2.400-2.4835
GHz), satellite applications, Mobile applicationgjefence systems, radars,
BBDR(4.940-4.990 GHz), Satellite Navigation systeMBAS/RLANS, RTTT (5.795-
5.815 GHz), ITS(5.875-5.925 GHz. 5.855-5.875 GHX9ppler Navigation aids, etc.
[483]

The design of beveled UWB monopole antenna redutted geometry
complexities and enhanced the impedance bandwidilm widen the impedance

bandwidth further, a crescent dipole antenna isgireed in the next chapter.



