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Abstract—In this paper, an ultra-wideband (UWB) monopole
printed antenna with wing-shaped coplanar waveguides (CPW) feeder
is proposed, in which the wing-shaped CPW feeder is used to increase
the impedance bandwidth. A CPW-fed antenna is used in this design
for its simple structure, compact size and ease of integration with
microwave circuits. The proposed antenna is fabricated on Durion
Roger R4003c, 22 x 41 mm? substrate and measured. The simulated
and measured results show that the antenna operates between 2.04 to
11.67 GHz. The unique wing-shaped CPW feeding structure causes
a significant increase on the bandwidth of the proposed antenna
compared to the present patch antennas. Also it removes unwanted
ripples from the return loss and improves antenna’s pattern.

1. INTRODUCTION

The Federal Communication Commission (FCC) in the United States
of America has determined a frequency range of 3.1 to 10.6 GHz as an
Ultra Wideband. The UWB antennas are one of the important part
of those researches for developing of UWB communication systems.
Nevertheless, some limitations, such as size, pattern and time-domain
characteristics, must be considered in many commercial ultra wideband
units.

First of all, they have to be small enough to be compatible with
UWB terminals. Also they usually need to have an omnidirectional
pattern to cover a large area. Finally, they need a good
impulse response with minimum distortion for both transmission and
reception [1-3].
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Signal transmission and reception need minimized distortion,
spreading and ringing since UWB antennas transmit narrow pulses
instead of continuous wave for sending information [4]. Microstrip
patch antennas are small enough to be located in commercial UWB
terminals, so they are very popular in UWB systems. In spite of their
small size, they have some serious limitations to be used in UWB
systems. One of those limitations refers to their bandwidth. They
have a very narrow bandwidth, less than 5%. However, there have
been many techniques to increase their bandwidth [2]. Creating some
slots in patch and ground plane, using finite and modified ground plane,
thicker substrate with lower permittivity are some of those techniques
employed in this paper to achieve ultra-wide bandwidth. The slots
may produce wider bandwidth as it makes irregular current surface on
patch and ground plane [5]. Many research efforts have been devoted
to ultra-wide band systems and signals [5-23].

In this paper, a monopole printed antenna with a wing-shaped
CPW feeding structure for UWB applications is presented and
discussed. This antenna operates from 2.04 GHz up to 11.67 GHz
(140% of the impedance bandwidth). The design of the antenna was
simulated using the CST Studio Suite and good agreement achieved
between measurement and simulation after fabrication of prototype.

2. ANTENNA STRUCTURE

2.1. Resonance Frequency

By using some numerical methods to calculate the resonant frequencies
of a polygonal patch antenna, a good approximate equation for
resonant frequency of polygonal ring patch is obtained:

XnmC
- wm= 1
Jr 167 sin (g) Er )
where c¢ is the velocity of light in free space, Xpm = knmr, and @ is
shown in Figure 1.

And

2 V€,
b= 2)

By solving Eq. (1) for the first TM,,,,, modes of an octagonal ring patch
antenna (6 = 45°), a good approximation of resonant frequency can be
achieved:
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where f, is the resonance frequency in GHz, r the radius in mm, and &,
the dielectric permittivity. The field dose not vary in the ¢ direction
since TMjy,,, modes only vary through the width of patch antenna,
where m is even. Also TM;j; is called as dominant mode since it has
the minimum mean radius of ring for any given frequency [1-3].

Figure 1. 6 in a polygon.

2.2. Antenna Design

Figure 2 shows the octagonal semi-ring monopole printed antenna with
a wing-shaped CPW-fed. r; and ry are the outer and inner radii of the
proposed octagonal semi-ring patch antenna, respectively. To achieve
50€Q input impedance, Wy, hy and hy were chosen at 2.6, 20.4 and
3 mm, respectively. Also Duroid Roger4003c was used as a dielectric
substrate with a thickness of h = 0.87 mm and relative permittivity of
e = 3.8.

According to [3], wide bandwidth can be achieved by overlapping
some close resonant frequencies. Hence, three close resonant
frequencies were assumed for first stage of antenna design at 4.5, 7.5
and 9.5 GHz. Regarding to Eq. (3), we can calculate the radius of
octagonal ring monopole antenna:

90.24
"= fr\/gr (4)

Also considering Eq. (4), the inner and outer radii of octagonal ring
monopole antenna at 4.5 and 9.5 GHz were chosen as follows:

r1 ~ Smm (5)
ro &~ 10mm (6)

The separation resonant modes can be controlled by the ration of outer
to inner radius [2, 3]. To achieve another desired resonant frequency at
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Figure 2. The geometry of the proposed antenna.

7.5 GHz, we used two rectangular slots on the CPW feeding structure.
They can be calculated using Eq. (7) :

~C
TRV

where C (velocity of light) equals 3 x 108m/s, and f, is the resonant
frequency in Hz and h; the length of patch in m. The slots are
symmetrical and will be achieved as follow:

h1 ~ 10mm (8)

Figure 3 illustrates how the dimensions of wing-shaped CPW feeding
are determined by steps. After calculating the radiuses of the octagonal
antenna (with assumption of microstrip line feeder and an infinite
ground plane at the other side of substrate), the wing-shaped CPW-
feeding structure is designed. Figure 3(a) is the basic shape of CPW-
fed structure, then four slots are designed in Figures 3(b) and (c)

h1

(7)
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Figure 3. Design procedure of wing-shaped CPW feeding structure.
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Figure 4. Simulated return loss for each design steps of wing-shaped
CPW feeding structure.

to increase the impedance bandwidth of antenna. Also, Figure 3(d)
shows how a new slot with height of hj, which is calculated in this
section, is located. Finally, two narrow rectangular slots are designed
in the patch to intensify the current distribution on the patch shown
in Figures 3(e) and (f). In addition, Figure 4 depicts the simulated
return loss results of aforementioned design steps for the wing-shaped
CPW feeding structure.

Any intentional changes on the CPW feeding structure leads to
new changes on current surface distribution. If these changes can be
selected carefully, they can achieve wider bandwidth. The optimized
values of antenna’s parameters are summarized in Table 1.
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Table 1. Dimensions of the proposed antenna.

Parameter | Wy | Wo | Wa | Wy | Ws | Ws | Wy
Size (mm) 1 2 87|57 103 |07 26
Parameter | hy hy ha | hs | ha r1 T2
Size (mm) | 20.8 | 10 2 16 3 5 10

3. RESULTS AND DISCUSSION

Figure 5 shows the prototype of the proposed antenna which
is measured, and good agreement can also be observed between
simulation and measurement. Also the simulated and measured return
losses shown in Figure 6 demonstrate that the antenna operates
between 2.04 to 11.67 GHz which can cover the UWB frequency range.

Figure 5. Prototype of the proposed antenna.

Figure 6 depicts comparison among simulated return loss results
in various feeding approaches with different ground plane types. The
measured return loss of the proposed antenna is also illustrated in
Figure 6. The pink color shows three resonant frequencies calculated
for normal octagonal ring antenna although they do not provide
enough impedance bandwidth. Hence the wing-shaped structure is
designed to achieve the adequate bandwidth for proposed antenna.
As can be noted from return loss results, the overlapping of closely
distributed resonance modes across the spectrum results in an ultra-
wide bandwidth. The insignificant inconsistence observed between
measured and calculated resonances may have many reasons. If we
use effective dielectric constant, e,., instead of dielectric constant &,
in Eq. (1), we may get more coordination between calculated and
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Figure 6. Simulated and measured return losses for proposed antenna.
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Figure 7. Simulated and measured radiation patterns for proposed
antenna for (a) E-Plane and (b) H-Plane at 4.7, 7.6 and 9.3 GHz.
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measured results.
XnmC
fr=—""/—— 9)
167 sin (5) Er
To get the value of &,, the modified outer and inner radii, 1. and
r9¢, should be used. The empirical formulas for r1. and ro. are:
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Figure 8. Simulated and measured gains of proposed antenna.
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Figure 9. Simulated and measured group delays of proposed antenna
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The radiation patterns for both E- and H-planes of the proposed
antenna is shown in Figure 7. As can be observed, the radiation pattern
can be said normal to the radiating patch. The inconsistence between
simulated and measured results may occur due to the alignment factor
between the reference and test antennas.

Figure 8 indicates the simulated and measured gains for the
proposed antenna within the frequency band. As it represents, the
antenna gain ranges between 2.4 to 5.5dBi along 2.55 to 11.6 GHz.
Also the maximum gain variation is about 3.1dBi, and the maximum
gain peak yielded from measurement is almost 5.1 dBi. In addition,
Figure 9 depicts the measured group delay of the proposed antenna
which looks almost flat in desired bandwidth.

Figure 10 indicates the current distribution of proposed antenna.
As it is obvious, the current has higher density on the wing-shaped
CPW-feeding. These current distributions show the effect of slots
on the antenna. As it is clearly obvious, majority of the current
surface incline at the edge of slots which leads to have more resonant
frequencies. If these slots are created by calculations, they can create
close resonant frequencies which result in wider bandwidth.

©)

Figure 10. Current distribution of proposed antenna. (a) 2.5 GHz.
(b) 4GHz. (c) 7GHz. (d) 10 GHz.

4. CONCLUSION

The realized antenna designed for ultra-wideband applications has
a —10dB impedance bandwidth from 2.04 GHz to 11.67 GHz (140%
fractional bandwidth), and the gain is about 2.4 dBi to 5.5dBi. The
measured antenna performance agrees well with those predicted by
the numerical models. The antenna has small group delay variations
in frequency domain and is studied in terms of return loss, radiation
pattern, gain, group delay and current distributions in this paper.



122 Rafiee, Ain, and Aftanasar

ACKNOWLEDGMENT

The authors wish to acknowledge the Universiti Sains Malaysia
(USM) for the funding under the fellowship scheme and also grant
(Electroceramic for Microwave Applications, 1001/PELECT /854004,
USM RUT) that enable this work to be accomplished. Furthermore,
especial thanks are to school of Electrical and Electronics Engineering,
Universiti Sains Malaysia for their helps and kindness.

REFERENCES

1. Garg, R., Microstrip Antenna Design Handbook, Artech House
Publishers, 2001.

2. Lee, K. F. and K. M. Luk, Microstrip Patch Antennas, Imperial
College Press, 2010.

3. Roderick, J. and P. S. Hall, Handbook of Microstrip Antennas,
Vol. 2, Peregrinus, 1989.

4. Nekoogar, F., Ultra-wideband Communications: Fundamentals
and Applications, Prentice Hall Press, 2005.

5. Aghda, M. R., M. R. Kamarudin, and H. U. Iddi, “M-shape
surrounded with ring patch wideband monopole printed antenna,”
Microwave and Optical Technology Letters, Vol. 54, No. 2, 482—
486, 2012.

6. Aghda, M. R., M. F. Ain, and A. B. Md. Shahar, “A new ultra-
wideband antenna with unique ground plane shape,” Progress In
Electromagnetics Research Letters, Vol. 35, 165—179, 2012.

7. Aghda, M. R. and M. R. Kamarudin, “UTM-logo wideband
printed monopole antenna surrounded with circular ring patch,”
Progress In Electromagnetics Research C, Vol. 15, 157-164, 2010.

8. Zhang, X., T.-L.. Zhang, Y.-Y. Xia, Z.-H. Yan, and X.-M. Wang,
“Planar monopole antenna with band-notch characterization
for UWB applications,” Progress In FElectromagnetics Research
Letters, Vol. 6, 149-156, 2009.

9. Yin, X.-C., C.-L. Ruan, C.-Y. Ding, and J.-H. Chu, “A planar
u type monopole antenna for UWB applications,” Progress In
Electromagnetics Research Letters, Vol. 2, 1-10, 2008.

10. Yang, T. and W. A. Davis, “Planar half-disk antenna
structures for ultra-wideband communications,” IEEE Antennas
and Propagation Society International Symposium, Vol. 3, 2508-
2511, IEEE, 2004.

11. Sze, J.-Y., T.-H. Hu, and T.-J. Chen, “Compact dual-band
annular-ring slot antenna with meandered grounded strip,”
Progress In Electromagnetics Research, Vol. 95, 299-308, 2009.



Progress In Electromagnetics Research Letters, Vol. 41, 2013 123

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Suh, S.-Y., W. L. Stutzman, and W. A. Davis, “A new
ultrawideband printed monopole antenna: The planar inverted
cone antenna (PICA),” IEEE Transactions on Antennas and
Propagation, Vol. 52, No. 5, 1361-1364, 2004.

Su, S.-W., K.-L. Wong, and F.-S. Chang, “Compact printed
ultra-wideband slot antenna with a band-notched operation,”
Microwave and Optical Technology Letters, Vol. 45, No. 2, 128-
130, 2005.

Mallahzadeh, A. R, A. A. Dastranj, and H. R. Hassani, “A
novel dual-polarized double-ridged horn antenna for wideband
applications,” Progress In FElectromagnetics Research B, Vol. 1,
67-80, 2008.

Lin, C.-C. and H.-R. Chuang, “A 3-12GHz UWB planar
triangular monopole antenna with ridged ground-plane,” Progress
In Electromagnetics Research, Vol. 83, 307-321, 2008.

Lee, S. H., J. K. Park, and J. N. Lee, “A novel CPW-fed ultra-
wideband antenna design,” Microwave and Optical Technology
Letters, Vol. 44, No. 5, 393-396, 2005.

Lee, H. K., J. K. Park, and J. N. Lee, “Design of a planar
half-circle-shaped UWB notch antenna,” Microwave and Optical
Technology Letters, Vol. 47, No. 1, 9-11, 2005.

Chang, D.-C., M.-Y. Liu, and C.-H. Lin, “A CPW-fed U type
monopole antenna for UWB applications,” 2005 IEEE Antennas
and Propagation Society International Symposium, Vol. 2, 512—
515, IEEE, 2005.

Chen, M.-E. and J.-H. Wang, “CPW-fed crescent patch antenna
for UWB applications,” Flectronics Letters, Vol. 44, No. 10, 613~
614, 2008.

Chung, K., S. Pyun, and J. Choi, “Design of an ultrawide-
band tem horn antenna with a microstrip-type balun,” IEEE
Transactions on Antennas and Propagation, Vol. 53, No. 10, 3410—
3413, 2005.

Chung, K, T. Yun, and J. Choi, “Wideband CPW-fed monopole
antenna with parasitic elements and slots,” Electronics Letters,
Vol. 40, No. 17, 1038-1040, 2004.

Dehdasht-Heydari, R., H. R. Hassani, and A. R. Mallahzadeh,
“Quad ridged horn antenna for UWB applications,” Progress In
Electromagnetics Research, Vol. 79, 23-38, 2008.

Fallahi, R., A. A. Kalteh, and M. G. Roozbahani, “A novel
UWRB elliptical slot antenna with band-notched characteristics,”
Progress In Electromagnetics Research, Vol. 82, 127-136, 2008.



