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Abstract— This communication presents a novel F slotted
shaped Ultra Wideband (UWB) microstip antenna simulated on
FR_4 Epoxy substrate. The proposed antenna is a very compact
design since it can be fabricated on a board with dimensions
only 20.3×17 mm2, while the two linear segments that comprise
the F-shaped Slots in microstrip provide a direct control on
antenna matching. The proposed antenna is operating from 2.2
GHz to 11.5 GHz and it presents very consistent omni
directional patterns throughout the UWB frequency range.
Return loss and pattern measurements are presented and the
operation principles are discussed in detail. The simplicity of
this topology, with the easily controllable return loss, allows for
its easy implementation for various UWB sub-band designs, just
by building suitable microstrip versions, for which the only
difference is the length of the two linear segment.

Index Terms— F slotted antenna, Compact antenna, FR_4
Epoxy antenna, F-shaped stub, UWB, UWB microstrip patch
antenna etc.

I. INTRODUCTION
Since the FCC [1] regulated the 3.1–10.6 GHz band for UWB
applications, a significant amount of research activity has
been recorded in the area of the design and implementation of
UWB antennas. Depending on the application, the
requirements for antenna designing may vary significantly,
however, for wireless applications, especially for mobile
handheld devices, the small size and the omni-directional
pattern are highly demanded. For the omni-directional
pattern requirements the solution of the printed microstip
antenna has been proven very popular and adequately
efficient. A circular disk microstip antenna proposed in [2-3]
provides consistent omni-directional pattern, however it does
not provide any control on the return loss that would
potentially allow the operation of the antenna in desired
UWB sub-bands (lower and higher). A direct control on the
return loss and therefore on the radiated frequencies is
achieved by the CPW-fed hexagonal antenna presented in [4]
and the composite right/left-handed (DCRLH) transmission
line loaded antenna [5], which are used for multi-band
applications.
CPW-fed
microstip
antenna
and
electromagnetic band-gap (EBG) combination antenna that
features multi-band and wideband behavior is introduced in
[6-7], while CPW-fed microstip antenna with parasitic
circular-hat patch is used for the broadband operation in [8]
and the L-shaped microstip antenna with hexagonal slot is
demonstrated in [9]. However, none of the aforementioned
antennas covers the whole UWB range. Microstrip line fed
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Fork-shaped [10], U-shaped [11], pentagon-shaped [12] and
CPW-fed bowled-shaped [13] planar microstip antennas that
cover the whole UWB range have been presented in recent
years, however all of these antennas are almost two times the
size of the proposed F shaped microstip antenna.
In this letter a compact F shaped slotted-shaped microstip
antenna UWB antenna is proposed. The presented prototype has
2
board dimensions, 20×28 mm , is fabricated on low εr flexible
organic dielectric material (LCP with εr=3), presents consistent
omni-directional patterns in H-plane, and allows direct control
on the return loss. The radiation mechanism and the wide band
operation are explained in detail, while return loss, pattern and
gain measurements are presented to verify its performance
II. ANTENNA DESIGN
The proposed antenna is designed by two F shaped slots on
the top of the patch with same dimensions than other as
shown in Fig. 1. Due to cutting of these slots in antenna
increases the current path results in increased current density
due to which efficiency is also enhance. In this research first a
rectangular micro-strip patch antenna is designed based on
standard design procedure is to calculate the length (L) and
width (W) for resonance frequency. The resonance frequency
and the size of the radiation patch can be found out by using
these following formulas.
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where f is the resonant frequency of the antenna, c is the free
space speed of the EM waves equal to speed of light, L is the
actual length of the current element, εr is the effective
dielectric constant of the substrate material and ΔL is the
length of equivalent radiation parameter.
The F shaped slotted antenna was fabricated on (εr=4.4,
2
tanδ=0.06) with overall patch dimensions 20.3×17 mm .
Standard photolithography is used to print the antenna
structure on epoxy substrate. The designed and simulated
prototype is presented in Fig. 1
The antenna consists of a CPW line with a linearly tapered
broadband transition terminated with a rectangular resonator.
Two uneven linear segments are extended from both sides
patch, along the direction of the feed line. In a transmission
line equivalent circuit, the tapered segment with the F shaped
slotted-shaped radiator can be considered as a broadband load
that terminates a typical CPW line with length H=9.3 mm. If the
equivalent load at the end of the CPW line was equal to the
characteristic impedance of the line throughout the whole
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frequency band of operation, the H length would make no
difference in the resulted return loss.

The eleсtromagnetiс waves solver, Ansoft HFSS, is used to
investigate and optimize the proposed antennas
сonfiguration. Fig. 3, shows the simulated return loss of the
proposed antenna with the iteration optimized parameters.
Obviously, the simulation results the ultra wideband of
frequenсy for whiсh the antenna designed is optimized i.e.,
2.2 to 11.5 GHz with S11 value beyond -10 dB and the range
of frequenсies as per the results shows it has a wider
bandwidth
as
сompared
to
other
miсrostrip
antenna..Сomparative results are mention in Table I
Freq
(GHz)
3.66
GHz

S11 (dB)

VSWR

Gain

Bandwidt
h (GHz)

-33 dB

1.2

1.2 dB

9.2 GHz

Fig 1. F slotted UWB microstrip Antenna

Fig 3 Return Loss Vs Frequency Plot
Fig 2 Ground Plane
However, since the impedance of the load changes over
frequency, the dimension H is critical in order to achieve good
matching. A linearly tapered segment is used as a transition
between the CPW line and the radiator. This size of the slotted F
segment was chosen after a parametric sweep analysis was
conducted, in order to achieve the best matching behavior
between the CPW line and the ring. From the bottom part of the
annular segment, a circular sector is created resulting in a circle
of radius 5.5 mm. Since the most important parameter is the
length of each stub, the width of the central stub was chosen to
be narrower than the width of the side stubs, aiming to increase
the distance and therefore reduce the coupling between the
neighboring stubs. The overall dimensions of the fabricated
2
antenna are only 25×26.2 mm .

III. SIMULATION AND RESULTS
The bandwidth of the circular planar microstip antennas is
larger than any other planar microstip antenna configuration
[14]. The main advantage of the circular planar microstip
antenna over the rectangular planar microstip antenna can be
interpreted in terms of its various resonant modes that are closely
spaced, hence supportive for wideband operations like UWB.
For a planar 3D microstip antenna, surrounded by air and
operating in free space, the lower resonant frequency can be
approximately calculated by equating its area Lmicrostip antenna ×
Wmicrostip antenna. The input impedance of a λ/4 microstip
antenna is half of that of the λ/2 dipole antenna

Fig 4 Antenna Results Window
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the proposed antenna a good candidate for most UWB
applications.
VI CONCLUSION

Fig 5 (a) XZ Radiation Pattern

A novel CPW fed, compact, F shaped slotted-shaped
microstip antenna is presented. The radiation mechanism of
the antenna, depends on three radiating stubs, connected to a
semi-annular ring creating a F shaped slotted shape radiator.
The resonances of the antenna were initially predicted with
an analytical formula using classical theory of CPW line-fed,
semi-annular, and rectangular, radiators. Full wave EM
simulator was further used to optimize the performance of the
antenna to exhibit good impedance matching throughout the
whole UWB frequency range. The lengths of the three
radiating stubs control the position and depth of |S11|
resonances, hence allow a direct control on the return loss
and therefore on the antenna matching. This feature allows a
readjustment of the antenna characteristics to focus on
different UWB sub-bands, making the presented antenna a
potential candidate for next generation UWB transceivers,
which may operate in designated sub-bands, depending upon
the specifications of the desired application.
REFERENCES
[1] ―Federal Communications Commission revision of Part 15 of the
commission’s rules regarding ultra-wideband transmission systems,‖ FCC,
Washington, DC, First Report and Order FCC, 02.V48, 2002.
[2] J. Y. Siddiqui, C. Saha, Y. M. M. Antar, "Compact Dual-SRR-Loaded
UWB Microstip antenna With Dual Frequency and Wideband Notch
Characteristics," IEEE Antennas and Wireless Propagation Letters, vol.14,
pp. 100-103, 2015.
[3] J. Y. Siddiqui, C. Saha and Y. M. M. Antar, "Compact SRR Loaded UWB
Circular Microstip antenna With Frequency Notch Characteristics," in IEEE
Transactions on Antennas and Propagation, vol. 62, no. 8, pp. 4015-4020,
Aug. 2014.

Fig 5 (b) XY Radiation Pattern
Fig. 5 (a) and (b) presents the comparison of simulated and
normalized radiation patterns in both E and H-planes at 3.66
GHz. Based on the antenna orientation described in Fig. 5 x-z
and x-y planes represent E and H-planes respectively. It is
evident from the radiation patterns that the antenna is
exhibiting, close to typical microstip antenna radiation
patterns, in resonating frequency of 3.66 GHz, and in both
planes, as well. The plots also confirm the sustainability in
radiation performance of the F shaped slotted-shaped antenna
throughout the UWB frequency range. Radiation patterns are
in good agreement with the simulated predictions, validating
the performance of the prototype. Although the antenna is not
symmetrical, the presented radiation patterns are almost
symmetrical. The expected asymmetry in the radiation
patterns should be reflected on x-y plane cuts, however the
measured patterns are presented only in x-z plane.
.. The gain of the antenna grows linearly with respect to
frequency and the overall gain remains within 1.2 dB range.
The very consistent omnidirectional radiation patterns of the
antenna, in H-plane, is the reason that maximum gain is kept
low as can be deduced from Table I The consistent
omni-directional patters in combination with the compact
size of the F shaped slotted-shaped microstip antenna make

[4] Wu Rui-Zhi, Wang Peng, Zheng Qiang, Li Rui-Peng, "Compact
CPW-fed triple-band antenna for diversity applications," Electronics Letters,
vol. 51, no. 10, pp. 735-736, 2015.
[5] Li Hai-Peng, Wang Guang-Ming, Gao Xiang-Jun, Zhu Li, "CPW-Fed
Multiband Microstip antenna Loaded With DCRLH-TL Unit Cell," IEEE
Antennas and Wireless Propagation Letters, vol. 14, pp. 1243-1246, 2015.
[6] M. E. de Cos, F. Las-Heras, "Dual-Band Uniplanar CPW-Fed Microstip
antenna/EBG Combination with Bandwidth Enhancement," IEEE Antennas
and Wireless Propagation Letters, vol.11, pp. 365-368, 2012.
[7] M. E de Cos, F. Las-Heras, "Polypropylene-Based Dual-Band
CPW-Fed Microstip antenna [Antenna Applications Corner]," IEEE
Antennas and Propagation Magazine, vol. 55, no. 3, pp. 264-273, June 2013.
[8] Liu Wen-Chung, Wu Chao-Ming, Tseng Yen-Jui, "Parasitically Loaded
CPW-Fed Microstip antenna for Broadband Operation," IEEE Transactions
on Antennas and Propagation, vol. 59, no. 6, pp. 2415-2419, June 2011.
[9] Zhou Shui-Wei, Li Ping-Hui, Wang Yang, Feng Wei-Hua, Liu
Zong-Quan,
"A
CPW-Fed
Broadband
Circularly
Polarized
Regular-Hexagonal Slot Antenna With L-Shape Microstip antenna," IEEE
Antennas and Wireless Propagation Letters, vol. 10, pp. 1182-1185, 2011.
[10] S. K. Mishra, R. K. Gupta, A. Vaidya, J. Mukherjee, "A Compact
Dual-Band Fork-Shaped Microstip antenna for Bluetooth and UWB
Applications," IEEE Antennas and Wireless Propagation Letters, vol. 10, no.
, pp. 627-630, 2011.

[11] Tang Ming-Chun, R. W. Ziolkowski, Xiao Shaoqiu, "Compact
Hyper-Band Printed Slot Antenna With Stable Radiation Properties," IEEE
Transactions on Antennas and Propagation, vol. 62, no. 6, pp. 2962-2969,
June 2014.

All Rights Reserved © 2017 IJARCET

544

International Journal of Advanced Research in Computer Engineering & Technology (IJARCET)
Volume 6, Issue 4, April 2017, ISSN: 2278 – 1323

[12] R. A. Moody, S. K. Sharma, "Ultrawide Bandwidth (UWB) Planar
Microstip antenna Backed by Novel Pyramidal-Shaped Cavity Providing
Directional Radiation Patterns," IEEE Antennas and Wireless Propagation
Letters, vol. 10, pp. 1469-1472, 2011.
[13] M. Koohestani, N. Pires, A. K. Skrivervik, A. A. Moreira, "Influence
of the human body on a new coplanar-fed Ultra-Wideband antenna," 6th
European Conference on Antennas and Propagation (EUCAP), pp. 316-319,
26-30 March 2012.
[14] G. Kumar and K. P. Ray, Broadband Microstrip Antennas, Norwood,
MA- Artech house, 2003.
[15] R. Garg, et al., Microstrip Antenna Design Handbook, Norwood, MA:
Artech House, 2001.
[16] C. A. Balanis, Antenna Theory Analysis and Design, New York: John
Wiley & Sons, 1997.
[17] Anil Kumar Gautam, Lalit Kumar, Binod Kumar Kanaujia,And
Karumudi Rambabu, "Design Of Compact F-Shaped Slot Triple-Band
Antenna Forwlan/Wimax Applications", IEEE Transactions On Antennas
And Propagation, Vol. 64, No. 3, March 2016

545
www.ijarcet.org

