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ABSTARCT

In this paper a low cost edge fed printed planar monopole antenna is presented for Ultra Wide
Band (UWB) applications. The proposed antenna exhibits a notching characteristic at the
frequencies 6 GHz to 7.6 GHz and has several rectangular shaped dlits which are symmetrical in
nature, placed towards the radiating edges of the patch. The two corners of the patch surface has
been etched to obtain a notching behavior. The antenna is placed on a 1.6mm low cost FR-4
substrate material of dimension 36 mm x 34 mm and has a partial ground plane below it. The
proposed antenna exhibits an Omni-directional radiation pattern and has a wide impedance
bandwidth of about 50% in the frequency range 3.6 GHz to 6 GHz and 27.2 % in the frequency
range 7.6 GHz to 10 GHz. The proposed antenna has been designed and simulated using an
Method of Moment (M.O.M) based Electromagnetic solver, CADFEKO version 5.5. The plots of
various antenna parameters like Return loss, Voltage Sanding Wave Ratio (VSWR), Gain,
Bandwidth etc. of the proposed antenna have been observed.These results clearly indicate that the
proposed antenna exhibits Ultra Wide Band behavior.
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INTRODUCTION

The Federal Communication Commission (F.C.C.) ie year 2002 has allotted 3.1-10.6 GHz
frequency band for Ultra Wide Band applications fijd has been used by several wireless
standards of varying data rate. There are severangages like high bandwidth, high data rate,
more reliability, less power consumption etc. whilging in these frequencies [2]. But a main
drawback of this system is the interference whichitses to the various wireless systems such as
Wireless Local Area Network (W-LAN) [3]. Severalsearches have been undertaken to design
antennas that operate in these bands. The antdes@med for this purpose should satisfy certain
requirements such as low cost, omnidirectionalataah pattern, large bandwidth etc [4-5].Several
broadband antennas such as Vivaldi [6], Log PerioBowtie antennas [7] can also be used to
support UWB communication but the geometry of santennas are relatively very large and are
not very compact. A planar monopole antenna [8}eseras an ideal candidate for this requirement
and many antennas have been designed consideisrigadh
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Several techniques have been introduced so asotadpra band notching characteristics [9-10].
The most popular among them is achieved by comgesteveral band-stop filters to the antenna.
But this method increases the complexity of theesys Another method to achieve notching is by
configuring the antenna to achieve band-stop cheniatics. Many antennas have already been
developed based on this fact and most of them Veeesed on notching the WLAN frequencies
[11]. UWB antennas that provide notching at morantltone frequency are studied. Most of the
UWB antennas designed today are non-planar andhisocan't be integrated with 1Cs.Another
consideration that should be taken into accoutiteswide bandwidth while designing an antenna
which radiates iless tharlO dB. Generally the radiation efficiency of th&enna should be above
70% to work efficiently and the size of such antshould be smaller since they are employed for
wireless communication devices. A compromise netmisbe achieved between size and
performance of the antenna.Band notching of Ultidé\Band antennas have been studied in the
literature. A split ring resonator has been plagedhe radiating edges so as to obtain UWB
behavior [12] and a T-shaped back conductor grqalae has also been proposedin [13]. A UWB
antenna with trapezoidal shaped patch for bandhimajcis proposed in [14]. In this paper a
broadband Omni-directional monopole antenna wigfadial ground plane and rectangular shaped
patch with rectangular slits have been proposexl)ghgth of the monopole is at least a quarter of
the wavelength. The band notched characteristie® lteeen achieved for the C-band satellite
communication frequencies.

MATERIALSAND METHOD

Antenna Design

A partial ground plane which is a Perfect Elect@onductor (PEC) has been introduced at the
bottom side of the monopole antenna. The groundepis of dimension 36 mm 10 mm. Three
symmetrical rectangular slits of dimension 4 mm.5 mm and 2 symmetrical rectangular shaped
slits of dimension 2 mm 1 mm is used for the design as in Fig 1.
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Fig.1.Geometry of Proposed Antenna
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An edge feeding technique has been used for theopod® antenna that improves the bandwidth
when compared with other feeding methods. The dewas of the edge fed monopole antenna are
given by Table 1.

Tablel.Parameters of the Proposed Antenna

Parameter s Value (mm)
Length of patch (L) 11.2
Width of Patch (W) 18

Length of substrate (Ls) 34

Width of substrate (\Ws) 36

Height of substrate (Hs) 1.6
Length of dlitsl (L1) 1t
Width of dlitsl (WL1) 4
Length of patch (L2) 1
Width of dits2 (W2) 2
Length of dlits3 (L3) 1
Length of patch (L4) 3
Length of patch (L5) 5
Length of feed (L6) 5.€
Length of feed (L7) 6

The antenna has been fabricated on an inexpenBiestbstrate material with a height of 1.6 mm,
permittivity of 4.4 and loss tangent 0.0019. Thepmsed antenna has several rectangular shaped
slits placed on the surface of the patch. Slitsseaumeandering of the surface current path
presented on the patch surface. The top and batimmof the proposed antenna is shown in Fig 2.

(@) (b)

Fig.2. Geometry of the Proposed Antenna, (a) Top view (b) Rear view
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The resonant frequency of the design is assumed as

| c
F_LL seﬁ] M)
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Eoi —[ > } ) (2

Where,

&:Relative dielectric constant of the substrate
&qr. Effectivedielectric constant of the substrate
C:Velocity of light .i.e. 3x 1C°

L:Length of the patch

RESULTSAND DISCUSSION

The proposed antenna is simulated using an eleaggpatic simulator, CADFEKO and parameters
such as Return loss, Bandwidth, Gain, Voltage Stapd#Vave Ratio (VSWR) are measured.
Return loss indicates the amount of power thabss$ {o the load and does not return as reflection.
The Fig 3 shows the variation of return loss wigtiency of the slit loaded rectangular monopole
antenna and the bandwidth of operation can easl\cdiculated from this plot. The proposed
antenna resonates at frequencies ranging from B6t6 6 GHz and 7.6 GHz to 10 GHzand has a
return loss of -30 dB at 5.5 GHz and -44 dBat 9HzGAN impedance bandwidth of 2.4 GHz each
is obtained for the resonating frequencies beldivdg.

S-parameters

‘ — 8lit loaded Rectangular Monopole Antenna

S-parameters [dB]

Frequency [GHz]

Fig.3. Sicurvesof dit loaded Rectangular shaped Monopole antenna
VSWR is a parameter that shows the level of impedanismatch and is always a positive real

number. The VSWR ratio of the proposed antennali s given in Fig 4 at the frequencies
5.5 GHz and 9.4 GHz.
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Fig.4. VSWR Curvesof dlit loaded Rectangular shaped Monopole antenna

Gain is the ratio of radiation field intensity t#st antenna to that of the reference antenna. It i
usually expressed in dB. The Fig 5(a) shows theulsitad antenna gain plot of a slit loaded
rectangular monopole antenna with partial grouraath@l The 3 D plot of radiation pattern in the far
field of the antenna is shown in Fig 5(b). In the Blot the regions highlighted with red color
indicates the areas with maximum Gain. The obsemadde of gain of the proposed antenna at
resonant frequency of 5.5 GHz is 2 dB. Thus weamartlude that the antenna gain is reduced when
slits are loaded into the radiating edges of thielppresent on the FR-4 substrate.
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Fig.5. Gain plot for Slit loaded Rectangular shaped M onopole antenna (a) 2D at 5.5 GHz (b)

3D at thefar fidds

The 2-D radiation plot of the proposed antennaiféerént frequencies is shown in Fig 6. Fig 6(a)
shows the 2D plot of radiation pattern at 3 GHazslbbserved that an omnidirectional pattern is
observed along the H plane while a bidirectiondlgoa is observed along the E plane
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The shapes of both these patterns get distortel@ witreasing the frequencies. Fig 6(b) shows the
pattern at 5.4 GHz, Fig 6(c) shows the pattern@t& and Fig 6(d) shows the pattern at 9.4 GHz.
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Fig.6.2D Radiation pattern of Slit loaded rectangular monopole antenna at
(a) 3GHz (b) 5.4 GHz (c)7GHz (d)9.4GHz

The radiation pattern in 3D is shown in the Figrig 7(a) shows the 3D pattern at 3 GHz, Fig 7(b)

shows the 3 D pattern at 5.4 GHz, Fig 7(c) shows3tb pattern at 7 GHz, Fig 7(d) shows the 3 D
pattern at 9 GHz. Here the red color regions inditaose with maximum field intensity.
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Fig.7. 3D Radiation pattern of Slit loaded Rectangular Monopole Antenna at
() 3GHz (b) 5.4 GHz (0 7GHz (d)9.4GHz

Tablell. Comparison of Antenna Parameters
Antenna Parameters Proposed Antenna
5.5
Resonant Frequency (GH2) 94
-30,
Return Loss (dB) a4
VOAR 1.2
Gain (dB) 2
Bandwidth (MH2) 4800
I mpedance Bandwidth (%) 77.2
Application UwB
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The simulated results of proposed antenna are qexbén a table as in Table Il. From the table we
see that the gain is enhancéar the proposed antenna when compared to otheznaat

CONCLUSION

In this paper a printed edge fed Rectangular Molepntenna with a PEC ground plane has been
designed and simulated using CADFEKO. The anteramViide bandwidth, Omni directional
radiation pattern and good impedance matching. Saudlennas are less fragile and can be
integrated with ICs. The antenna resonates inrdguéncy range 3.6 to 6 GHz and 7.6 to 10 GHz
with a bandwidth of 2400 MHz and 2400 MHz respegirwith a VSWR less than 2 at both these
frequency ranges. The gain of the antenna is 4.@kiBh is satisfactory for wireless systems. The
experimental results show that the printed plandgeded rectangular shaped slit loaded monopole
antenna with partial ground plane exhibits a bgtegformance for UWB applications.

REFERENCES

[1] Yang, T. & W. A. Davis, “Planar half-disk antea structures for ultra wideband
communications”, Proc. IEEE Int. Symp Antennas RBggtion, Vol. 3, 2508-2511, JuRé04.

[2] Y. Kim & D. H. Kwon, “CPW-fed planar ultra wideand antenna having a frequency band
notch function”, Electronics letters, vol. 40, Nol&t, April2004

[3]Q. X. Chu, and Y. Y. Yang, “A compact ultrawideid antenna with 3.4/5.5 GHz dual
band-notched characteristics”, IEEE Antennas anteMA&s Propagation Letters, vol. 56, pp. 3637-
3644,2010

[4] Y. Zhu, F. S. Zhang, C. Lin, Y. C. Jiao and &ou, “Design of band-notched structure for
UWB applications”, Electronics letters, vol. 47, Mpl17th, Februarg2011

[5] J.Ding, Z Lin, Z Ying, and S He, “A compaditra-wideband slot antenna with multiple notch
frequency bands”, Microwave and Optical Technolbgtters, vol. 49, pp. 3056-3062007

[6] Cerny, P., Nevrly, J., & Mazanek, M, “Optinaizon oftapered slot Vivaldi antenna for UWB
application”, In International conference on apgplielectromagnetics and communicatiog807
pp. 1-4, 2007.

[7] Mehdipour, A., Aghdam, K. M., Dana, R. F., &8k, A. R,“Modified slot bow-tie antenna for
UWB applications”, Microwave and Optical Technoldgstters,50(2), 429-432008.

[8] M. Abdollahvand, G. Dadashzadeh, and D. MastdCompact dual band-notched printed
monopole antenna for UWB application”, IEEE Antaarand Wireless Propagation Letters, vol.
10, pp.1148-11512010

[9] W. Mazhar,M. A Tarar, F. A. Tahir, Shan Ulladmd F. A. Bhatti “Compact Microstrip Patch
Antenna for Ultra-wideband Applications” PIERS Reedings, Stockholm, Sweden, Aug. 12-15,
2013 pp 1100-1104

[10] Lim, K.-S, M. Nagalingam, and C.P. Tan, “Dasignd construction of microstrip uwb antenna
with time domain analysis," Progress In Electronegs Research M, Vol. 3, 153-12d08.

152



Sneha Mohan et al J. of Eng. & Techn. Res., 2014, 2(1):145:153

[11] Bahador, K., & Rahamat Samii, Y, “A miniatued elliptic-card UWB antenna with WLAN
band rejection for wireless communications”, IEEEBAS. Antennas Propag 55(11), 3326—-3332,
2007.

[12]T. G. Ma and S. J. Wu, “Ultra-wideband bandeahetd folded strip monopole antenna”, IEEE
Transactions On Antenna and Propagation, vol. p52473-24792007

[13]A. Nouri and G. R Dadashzadeh, “A compact UWdhdb-notched printed monopole antenna
with defected ground structure”, IEEE Antennas &kdleless Propagation Letters, vol. 10, pp.
1178-11812010

[14] J.K. Park, J.N. Lee &H.W. Song, “A Trapezoidaltra-Wideband Antenna having a Notch
Function,” International Journal of Microw and Opéech., vol. 1, no.22006, pp. 791-794

153



