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A Printed Dipole Antenna With Tapered Slot Feed for
Ultrawide-Band Applications

Tzyh-Ghuang Ma and Shyh-Kang Jeng

Abstract—1In this paper a planar antenna is studied for ultrawide-band
(UWB) applications. This antenna consists of a wide-band tapered-slot
feeding structure, curved radiators and a parasitic element. It is a modifi-
cation of the conventional dual exponential tapered slot antenna and can
be viewed as a printed dipole antenna with tapered slot feed. The design
guideline is introduced, and the antenna parameters including return loss,
radiation patterns and gain are investigated. To demonstrate the applica-
bility of the proposed antenna to UWB applications, the transfer functions
of a transmitting-receiving system with a pair of identical antennas are
measured. Transient waveforms as the transmitting-receiving system being
excited by a simulated pulse are discussed at the end of this paper.

Index Terms—Dipole antennas, slot fed antennas, ultrawide-band
antennas.

1. INTRODUCTION

Ultrawide-band (UWB) technology has experienced a blooming
growth in the past few years. The basic idea of this promising tech-
nology is to directly transmit and receive trains of extremely short
pulses that spread over bandwidth of several GHz. In 2002, the Federal
Communication Commission (FCC) in United States allocated the
spectrum from 3.1 to 10.6 GHz with EIRP less than —41.3 dBm/MHz
for unlicensed UWB applications. The antenna implemented in an
UWB system is very distinct from those applied to the traditional
narrowband systems [1]. In such a system, the antenna behaves like a
bandpass filter and tends to reshape the spectrum of the baseband sig-
nals. Generally speaking, it is quite challenging to design an antenna to
simultaneously fulfill all the requirements in an UWB system, which
include ultrawide bandwidth, omnidirectional patterns, constant gain
and group delay, high radiation efficiency, and low profile. Various
literatures have been devoted to discussing the antennas for UWB
systems [2]—[5], which include magnetic slot antennas, disc monopole
antennas and tapered slot antennas.

The tapered slot antennas, belonging to traveling wave antennas with
planar structures, exhibit wide-band characteristics [6], and are capable
of transmitting baseband pulses with low distortions [5]. These an-
tennas, however, may become unsatisfactory in UWB systems due to
their inherently directional patterns. Recently, we reported an antenna
that is a modification of the conventional dual exponentially tapered
slot antennas [7], and can be viewed as a printed dipole antenna with
tapered slot feed [8]. This antenna consists of a wide-band tapered-
slot feeding structure and a pair of curved strips that can radiate en-
ergy more uniformly over the space. To improve the antenna in-band
impedance matching, an additional parasitic element is added in front
of the feeding aperture [9]. In this paper, a detailed study of this antenna
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is given, which includes the design guideline as well as the antenna per-
formance. In Section II, the antenna geometry, design guideline, and
parameters including return loss, radiation patterns and gain are intro-
duced. The transfer functions of a transmitting-receiving system with
a pair of identical antennas are discussed in Section III. As indicated
in [1], this system transfer function is very useful in UWB antenna
designs. To unveil how the pulses are distorted by such a system, the
simulated transient waveforms are evaluated at the end of this paper.

II. ANTENNA DESIGN AND PERFORMANCE

Fig. 1 illustrates the geometry of the proposed antenna with the as-
sociated parameters. The antenna lies in the xz-plane with its normal
direction being parallel to the y-axis. The feeding slotline and the ra-
diators are on the top layer of the substrate whereas the microstrip line
and its open stub are printed on the bottom layer of it. The substrate is
with height & and dielectric constant ¢,.. The energy is first transferred
from the microstrip line to the slotline by a wide-band transition [10].
A pair of curved strips is then attached to the slotline and forms a ta-
pered-slot feeding structure. This feeding structure acts as a wide-band
impedance transformer and guides the wave propagating from the slot-
line to the space without causing pernicious reflection. Unlike the con-
ventional dual exponentially tapered slot antenna, in this design the
outer part of the strips is curved backward to deliver part of the energy
to the opposite side of the feeding aperture. The inner and outer bound-
aries of the strips are described by two ellipses, whose semi-major axes
are equal to L, and L, + W,, and semi-minor axes are equal to W,
and W3 4+ W, respectively. An additional parasitic element is added in
front of the feeding aperture. This parasitic element alters the current
distribution of the radiators and therefore has influence on the antenna
input impedance. By suitably adjusting the location of this parasitic
element, the antenna in-band impedance matching can be effectively
improved [8].

In designing the antenna, the lowest operating frequency f is first
estimated by

C C

N T Y RN ¥

where Ly = w(\/((Ly + W,)? + (W, + W,)2)/2) is the approxi-
mated longest current path along the outer boundary of the curved
strips, c is the speed of light and z.g = (2, + 1)/2) is the effective
dielectric constant. After determining the lowest operating frequency,
the dimension of the wide-band microstrip line-to-slotline transition is
designed to maximize the antenna impedance bandwidth. The highest
operating frequency f,, of the antenna is related to that of the wide-band
transition. Finally, the distance from the parasitic element to the feeding
aperture L, is adjusted to improve the antenna in-band impedance
matching. The length of the parasitic element, which only has minor
effects on the antenna performance [8], is equal to L, /2.

Following the design guideline, the proposed antenna was designed
on a Rogers RT/Duroid 5880 substrate with & = 1.57 mm and ¢, =
2.2. The design parameters are summarized in the caption of Fig. 1.
The dimension of this antenna is 71 by 86 mm?. Fig. 2 illustrates the
measured return loss of the antenna. Referring to the figure, the op-
erating bandwidth with |S11] < —9.53 dB (or VSWR < 2) covers
almost the whole UWB spectrum from 3.1 to 10.6 GHz. The radiation

fi= ¢y
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Fig. 1. Geometry of the antenna. (a) Top layer, (b) bottom layer, and
(c) cross-sectional view. The design parameters are L, = 25 mm,
Wy, = 15mm W, = W, = 4 mm, L, = 385 mm, D, = 12 mm,

Wit = 0.3 mm, Dgoe = 4 mm, Wy, = 4.95 mm, reeu, = 8 mm,
Ostur, = 100°, Wy, = 22 mm, L;; = 12 mm, and L;>» = 7 mm.
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Fig. 2. Measured return loss and gain of the proposed antenna.
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Fig. 3. Measured radiation patterns of the proposed antenna at 3, 5, 7, and
9 GHz. (a) E-plane and (b) H -plane.

patterns were measured in an anechoic chamber and calibrated with the
standard two-antenna gain measurement method. The measured radia-
tion patterns at 3, 5, 7, and 9 GHz in both E- (xz-) and H- (xy-) planes
are illustrated in Fig. 3(a) and (b), respectively. Comparing to those
of a conventional dual exponential tapered slot antenna, the radiation
patterns of the proposed antenna are less directive as expected. Nev-
ertheless, it is observed that the radiation patterns are not stable as the
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Fig. 4. (a) Magnitudes and (b) group delays of the measured system transfer

functions at ¢ = 0°,90°,180°,270°, and & = 90°.

frequency varies. This can be principally attributed to the variations of
the current distributions on the radiating strips that may cause destruc-
tive interferences at certain frequencies. The reflections from the SMA
connector may also have some influence. The antenna gain, which is
depicted in Fig. 2, reveals a similar trend as well.

III. SYSTEM TRANSFER FUNCTIONS

In designing UWB antennas, it is insufficient to evaluate the an-
tenna performance solely in traditional well-defined parameters like
return loss, radiation patterns and gain, etc. Instead, as indicated in [1],
it is crucial to evaluate the system transfer functions as the transmit-
ting and receiving antennas are viewed as a whole system. For UWB
applications, the magnitude of this transfer function should be as flat
as possible in the operating band. The group delay is required to be
constant over the entire band as well. A transmitting-receiving antenna
system whose transfer functions satisfy these requirements will intro-
duce limited distortions to baseband signals. In this paper, the system
transfer function, which is in essence the transmission scattering pa-
rameter S21 (f) of a two-port network, was measured in an anechoic
chamber with a pair of proposed antennas serving as the transmitting
and receiving antennas. The separation between the antenna apertures
was 1.2 m. To eliminate the responses of the instruments the reference
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Fig. 5. (a) Simulated input pulse at the transmitting antenna terminal.
(b) Evaluated transient waveforms at the receiving antenna terminal at ¢ = 0°
and 180°

planes were calibrated to the antenna terminals in advance. Fig. 4(a)
illustrates the magnitudes of the measured system transfer functions
at ¢ = 0°,90°,180°,270°, and # = 90°. As shown in the figure, the
variations of the system transfer functions are within 15 dB in most part
of the operating band, but can be as high as 40 dB at the band edges.
These nonflat responses inevitably introduce undesired distortions to
baseband pulses. The measured group delays are shown in Fig. 4(b).
Referring to the figure, the group delays are rather stable over the fre-
quency band of interest.

To illustrate how the pulses are distorted by such a transmitting-re-
ceiving antenna system, in this paper the fifth derivative of a Gaussian
pulse is chosen as the simulated input pulse at the transmitting antenna
terminal, as shown in Fig. 5(a). The corresponding pulse spectrum com-
pletely complies with the FCC indoor emission mask. The transient
waveform at the receiving antenna terminal can be achieved by per-
forming an inverse Fourier transform on the product of this pulse spec-
trum and the measured system transfer function. Fig. 5(b) illustrates
the received waveforms evaluated at ¢ = 0° and 180°. Referring to
the figure, the received pulses are distorted and broadened to more than
Ins. This also concludes that the nonflat system transfer functions dra-
matically affect the baseband signals.

IV. CONCLUSION

In this paper, an ultrawide-band printed dipole antenna with tapered
slot feed has been proposed and demonstrated. The performance of
this antenna has been experimentally investigated with the help of
the well-defined antenna parameters as well as the transfer functions
of a transmitting-receiving antenna system. The simulated transient
waveforms are discussed as well. The future works will be in im-
proving the unstable antenna radiation patterns as well as in further
reducing the antenna dimension to give additional flexibility in circuit
integrations.
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EMC Internal Patch Antenna for UMTS Operation in a
Mobile Device

Chih-Ming Su, Kin-Lu Wong, Chia-Lun Tang, and Shih-Huang Yeh

Abstract—A novel patch antenna suitable to be applied in a mobile de-
vice as an internal antenna having an electromagnetic compatibility (EMC)
property with nearby conducting elements is presented. The antenna is
easily fabricated from a single metal plate and mainly comprises a top
patch and an inverted-L vertical ground wall. Due to the presence of the in-
verted-L ground wall, which is perpendicular to the system ground plane of
the mobile device, the possible fringing EM fields in the surrounding region
of the antenna are suppressed. In this case possible coupling between the
antenna and the nearby conducting elements is expected to be small, and
thus degrading effects on the performance of the antenna are eliminated.
A design example of the proposed antenna for Universal Mobile Telecom-
munication System (UMTS) 1920-2170 MHz operation in a mobile device
is demonstrated and discussed.

Index Terms—Antennas, electromagnetic compatibility (EMC) an-
tennas, internal mobile phone antennas, mobile antennas, Universal
Mobile Telecommunication System (UMTS) antennas.

I. INTRODUCTION

Conventional patch planar inverted-F antennas (PIFAs) mainly
comprise a top radiating patch, a bottom ground plane, and a vertical
feeding pin and a vertical shorting pin placed in between the top
patch and the bottom ground [1]. This kind of patch PIFAs has been
successfully applied as internal antennas in mobile devices, such as the
mobile phone or Personal Digital Assistant (PDA) phone, for cellular
communications [1]. However, with the configuration of the conven-
tional patch PIFA, the side surfaces between the top patch and the
bottom ground plane are open to exterior, thus allowing the fringing
electromagnetic (EM) fields easily penetrated into the surrounding
region of the antenna. In this case, strong coupling between the an-
tenna and the nearby associated elements inside a mobile device will
occur. This possible coupling will then cause degrading effects on the
performance of the internal antenna. Thus, for practical applications,
an isolation distance (usually at least 5 mm or even larger than 7 mm)
is required such that the antenna performance will not be degraded
due to the possible coupling effects.

To overcome the problem, we propose a new internal patch antenna
EM compatible with the nearby associated conducting elements in
a mobile device. The proposed antenna is designed to have an in-
verted-L. vertical ground wall at the antenna’s side surfaces, which
can be expected to effectively suppress or eliminate the fringing
EM fields in the surrounding region of the antenna. Thus, for ap-
plying the proposed internal antenna in a mobile device, the required
isolation distance between the antenna and the nearby conducting el-
ements will be no longer required. A design example of the proposed
antenna for Universal Mobile Telecommunication System (UMTS)
1920-2170 MHz operation in a mobile device is demonstrated in the
study. Details of the design considerations of the proposed antenna
are described. Effects of the possible nearby conducting elements
such as the RF/battery shielding metal case and the shielding metal
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