Design of Wide-Band Slot Antennas for UWB Systems
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1. Introduction

There has been significant interest in developing ultra-wideband (UWB) antennas for short-range
high-speed wire-less communications since the Federal Communications Commission (FCC) allocated
the frequency band from 3.1 to 10.6 GHz, which represents a bandwidth of 110 % for UWB systems
in 2002. In particular, the antenna of ultrawide bandwidth is the key component of the UWB system.
Various types of printed slot antennas have been reported for UWB systems because of the feasible
features, such as ultrawideband performances of the impedance matching, smaller sizes, light weight,
easy of fabrication, low manufacturing cost and integration with RF components [1]-[3].

In this paper, two novel designs of small size printed slot antenna are proposed for UWB wireless
systems. One or two slots are fed by dual offset coplanar wave guide (CPW) in order to expand the
frequency bandwidth. The simulated and the measured results of the S;; characteristics and the measured
results of the radiation pattern are presented and discussed.

2. Dual Offset CPW Fed Slot Antenna

Fig. 1 shows the geometry of a dual offset CPW fed slot antenna. The antenna is printed on a PCB
with a relative permittivity of & = 2.25, a loss tangent of tans = 0.00038(@10GHz), and a thickness
of t = 1.6 mm. The antenna consists of a slot and CPW on the top side of the substrate. The length and
width of the rectangular slot are S; and Sy, respectively. The slot is fed by two symmetrically placed
100 Q@ CPW which are connected in parallel to the 50 Q CPW. This feeding technique provides very
wideband matching for slot antenna and patch antenna fed by microstrip line [4], [5]. The 50 Q CPW is
fed through an SMA connector. Table 1 shows the optimized antenna dimensions in order to widen the
bandwidth.

Fig. 2 illustrates the simulated and the measured frequency characteristics of the return loss of
the dual offset CPW fed slot antenna. The return loss is simulated by using FDTD method. The size
of Yee cell is Ax = Ay = Az = 0.1 mm. The absorbing boundary condition is the eight layers of
Perfectly Matched Layer. Note that the simulated result almost agrees with the measured results. It
is shown that the Si1 characteristics is less than —10 dB in the frequency band of about 3 GHz to 7
GHz. The bandwidth of the simulated and the measured results are about 75 % and 90 %, respectively.
Consequently, it is shown that the achieved bandwidth of the dual offset CPW fed slot antenna can not
cover the whole FCC defined UWB frequency band.

3. Dual Offset CPW Fed Dual Slot Antenna

The geometry of the dual offset CPW fed dual slot antenna is shown in Fig. 3. The antenna is printed
on the PCB of the same type as having described in the previous section. There are two slots which have
overlapped partially on the PCB and the slots are fed by the dual offset CPW. The shorter slot is added
for cover the high frequency band above 7GHz. The optimized antenna dimensions for widening the
bandwidth are shown in Table 2.

Fig. 4 shows the simulated and the measured return loss for the dual offset CPW fed dual slot an-
tenna as a function of frequency. It is seen that the calculated input impedance is well matched as the



—10 dB return loss bandwidth covers the entire UWB band. On the other hand, the measured return loss
characteristics is higher than —10 dB on the frequency of about 6 GHz. It appears that the fabrication
accuracy of the antenna and the undesired coupling with a cable affect the measured result because of
the small dimensions of the antenna. In order to improve the measurement accuracy, we made the triple
size antenna which enlarged the dimension of the dielectric substrate and the slot, and the characteristic
impedance of CPW transmission lines of the antenna are not changed. The measured return loss charac-
teristic of the triple size antenna is also illustrated in Fig. 4 on the converted frequency. It is observed
that the measured result of the triple size antenna rather agrees with the simulated result. The bandwidth
for the return loss is less than —10 dB of the measured results of the triple size antenna and the simulated
result of a full scale are 112 %.

Fig. 5 shows measured normalized radiation patterns of the dual offset CPW fed dual slot antenna in
the xy plane, xz plane and yz plane at 3.0 GHz, 6.9 GHz and 11.1 GHz, respectively. The patterns were
measured with the triple size antenna at converted frequency using a network analyzer in an anechoic
chamber. Note that the copolarized patterns are reasonably omnidirectional in the xy plane and bidirec-
tional in the yz plane and xz plane at 3.0 GHz. It can be seen that the influence of the radiation pattern
in the xz plane by frequency is relatively small. Except for the pattern in the xy plane at 11.1 GHz, the
cross-polarization levels are lower than the copolarization by more than approximately 10dB.

4. Conclusion

In this paper, two novel designs of small size printed slot antenna have been proposed for UWB
wireless systems, which have one or two radiating slots fed by the dual offset CPW. The dual offset CPW
fed slot antenna shows that the simulated and measured bandwidth for the return loss is less than —10 dB
are 75 % and 90 %, respectively. Additionally, we propose the dual offset CPW fed dual slot antenna in
order to achieve the broadband characteristic of the impedance matching. There are two slots overlapping
partially each other fed by the dual offset CPW. It is shown that the bandwidth of the measured results
of the triple size antenna and the simulated result of the full scale antenna are 112 %. It is observed that
the measured radiation patterns are nearly omnidirectional in xy plane and bidirectional in yz plane and
xz plane. These features are attractive for UWB applications.

References

[1] P. Li,J. Liang, and X. Chen “Study of Printed Elliptical/ Circular Slot Antennas for Ultrawideband
Applications,” IEEE Trans. Antennas Propag., vol.54, no.6, pp.1670-1675, June 2006.

[2] M. Ameya, Y. Ito, M. Yamamoto, and T. Nojima, “Experimental study on 2-element UWB array
antenna using leaf-shaped bowtie element,” Proc. of ISAP’07, 2A4-1, Niigata, Japan, 2007.

[3] H. Kobayashi, T. Sasamori, T. Tobana, and K. Abe, “A Study on Miniaturization of Printed Disc
Monopole Antenna for UWB Applications Using Notched Ground Plane,” IEICE Trans. Commun.
vol.E90-B, no.9, pp.2239-2245, Sept. 2007.

[4] S. D. Targonski, R. B. Waterhouse, and D. M. Pozar, “Design of Wide-Band Aperture-Stacked
Patch Microstrip Antennas,” IEEE Trans. Antennas Propag., vol.46, no.9, pp.1245-1251, Dec.
1998.

[5] M. Klemm, I. Z. Kovcs, G. F. Pedersen, and G. Troster, “Novel Small-Size Directional Antenna for
UWB WBAN/WPAN Applications,” IEEE Trans. Antennas Propag., vol.53, no.12, pp.3884-3896,
Dec. 2005.



G
St

Cmn
100Q C;
ol 111 |_7 o
G| SW]
7! d
z

T Thickness : ¢
. w
Cpy Cs) &
50Q tand y

%‘SMA(SOQ)

Figure 1: Structure of the dual offset CPW fed slot antenna.

Table 1: Structural parameters of the dual offset CPW fed slot antenna (unit:mm).

Gw | GL | S | Sw | d | Cu | Co
30.0 | 30.0 | 27.2 5.0 159 | 7.35 | 8.35
Cis | Cwi | Cs1 | Cw2 | Cs2 t &

6.0 2.4 0.2 0.7 0.6 16 | 2.25

UWB band(3.1 — 10.6GHz)

Amplitude of S|,[dB]

Frequency[GHz]

Figure 2: Measured and calculated S, characteristics of the dual offset CPW fed slot antenna.
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Figure 3: Structure of the dual offset CPW fed dual slot antenna.



Table 2: Structural parameters of the dual offset CPW fed dual slot antenna (unit:mm).

Gw | GL | Siu | Swi | Stz | Swe | & Cu | Co
30.0 | 300 | 272 | 50 | 220 | 25 | 159 | 735 | 6.1
Cizs | Cu | Cwmi | Cs1t | Cw2 | Cs2 t w &

2.25 5.2 2.4 0.2 0.7 0.6 1.6 0.5 2.25

UWB band(3.1 — 10.6GHz)

Cal.

Amplitude of S,[dB]

Frequency[GHz]

Figure 4: Measured and calculated S;; characteristics of the dual offset CPW fed dual slot antenna.
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Figure 5: Measured radiation patterns for triple size antenna at converted frequency.



