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Ultra Wideband Antennas — Past and Present

Eng Gee Lim, Zhao Wang, Chi-Un Lei, Yuanzhe Wang, K.L.. Man

Abstract- Since the release by the Federal Communications
Commission (FCC) of a bandwidth of 7.5GHz (from 3.1GHz to
10.6GHz) for ultra wideband (UWB) wireless communications,
UWB is rapidly advancing as a high data rate wireless
communication technology. As is the case in conventional
wireless communication systems, an antenna also plays a very
crucial role in UWB systems. However, there are more
challenges in designing a UWB antenna than a narrow band
one. A suitable UWB antenna should be capable of operating
over an ultra wide bandwidth as allocated by the FCC. At the
same time, satisfactory radiation properties over the entire
frequency range are also necessary. This paper focuses on
UWB planar printed circuit board (PCB) antenna design and
analysis. Studies have been undertaken covering the areas of
UWB fundamentals and antenna theory. Extensive
investigations were also carried out on the development of
UWB antennas from the past to present. First, the planar PCB
antenna designs for UWB system is introduced and described.
Next, the special design considerations for UWB antennas are
summarized. State-of-the-art UWB antennas are also reviewed.
Finally, a new concept for the design of a UWB antenna with a
bandwidth ranging from 2GHz-11.3GHz is introduced, which
satisfies the system requirements for S-DMB, WiBro, WLAN,
CMMB and the entire UWB .
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L INTRODUCTION

In February 14, 2002, the Federal Communications
Commission (FCC) amended the Part 15 rules which govern
unlicensed radio devices to include the operation of UWB
devices. The FCC also allocated a bandwidth of 7.5GHz, i.e.
from 3.1GHz to 10.6GHz to UWB applications [1], by far
the largest spectrum allocation for unlicensed use the FCC
has ever granted.

Ultra-wideband (UWB), a radio transmission technology
which occupies an extremely wide bandwidth exceeding the
minimum of 500MHz or at least 20% of the centre
frequency [1], is a revolutionary approach for short-range
high-bandwidth wireless communication. Differing from
traditional narrow band radio systems (with a bandwidth
usually less than 10% of the centre frequency) transmitting
signals by modulating the amplitude, frequency or phase of
the sinusoidal waveforms, UWB systems transmit
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information by generating radio energy at specific time
instants in the form of very short pulses thus occupying very
large bandwidth and enabling time modulation.

Due to the transmission of non-successive and very short
pulses, UWB radio propagation will provide very high data
rate which may be up to several hundred Megabytes per
second, and it is difficult to track the transmitting data,
which highly ensures the data security. For the same reason,
the transmitting power consumption of UWB systems is
extremely low in comparison with that of traditional narrow
band radio systems. Moreover, the short pulses give rise to
avoidance of multipath fading since the reflected signals do
not overlap the original ones. Because of these alluring
properties, UWB technology is widely employed in many
applications such as indoor positioning, radar/medical
imaging and target sensor data collection.

One of the challenges for the implementation of UWB
systems is the development of a suitable or optimal antenna.
The first important requirement for designing an UWB
antenna is the extremely wide impedance bandwidth. In
2002, the US FCC allocated an unlicensed band from
3.1GHz to 10.6GHz on the frequency spectrum for UWB
applications [1]. Hence, up to 7.5GHz of bandwidth is
required for a workable UWB antenna. And commonly, the
return loss for the entire ultra-wide band should be in the
criterion of less than -10dB. Next, for indoor wireless
communication, omnidirectional property in radiation
pattern is demanded for UWB antenna to enable
convenience in communication between transmitters and
receivers. Therefore, low directivity is desired and the gain
should be as uniform as possible for different directions.

Another important requirement is the radiation efficiency.
Since the power transmitted into space is very low, the
radiation efficiency is required to be quite high (normally
the radiation efficiency should be no less than 70%).
Moreover, linear phase in time domain characteristics is
desired for UWB application. Since linear phase will
produce constant group delay, the transmitted signals, in the
form of extremely short pulses, will not be distorted and
hence the system works effectively. Last but not least, since
UWB technology is mainly employed for indoor and
portable devices, the size of the UWB antennas is required
to be sufficiently small so that they can be easily integrated
into various equipments.

This paper focuses on UWB planar printed circuit board
(PCB) antenna design and analysis. Extensive investigations
are carried out on the development of UWB antennas from
the past to present. First, the planar PCB antenna designs for
UWB system is introduced and described. Next, the special
design considerations for UWB antennas are summarized.
State-of-the-art UWB antennas are also reviewed. Finally, a
new concept (case studies) for the design of a UWB antenna
with a bandwidth ranging from 2GHz-11.3GHz is
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introduced, which satisfies the system requirements for S-  antennas are optimized to cover UWB Bandwidth and to
DMB, WiBro, WLAN, CMMB and the entire UWB with  miniaturize the antenna size.
Sl’ 1< -10dB.

I. PLANAR PCB ANTENNA DESIGNS

As shown in Fig. 1 and 2, TEM horn antenna (Fig. 1.(a)),
crossed and rolled monopole antennas (Fig. 1.(b)-(c)),
modified rectangular/elliptical/slotted planar antennas (Fig.
2.(a)-(1)) are capable of yielding ultra wide bandwidth with
nearly omni-directional radiation patterns [2-19]. However,
those types of antenna are not a fully planar structure and
the antenna size can not be significantly miniaturized in
compared with full planar structure. Those antennas
structure are also not suitable for integration with a PCB and
hence limits their practical application. Therefore there is
great demand for UWB antennas that offer fully planar
structure.

In the design of a planar printed UWB antenna, the
radiator is usually constructed and etched onto the dielectric (b) (c
substrate of a piece of the PCB and a ground plane near the
radiator. The antenna can be fed by a microstrip
transmission line or a coplanar waveguide (CPW) structure,
as shown in Fig. 3.

~

(a)

Figure 1. (a) TEM horn, (b) Crossed and (c) Rolled Antennas

(€3]

Fig. 3(a) shows a typical planar printed monopole
antenna fed by a microstrip transmission line [20]. This
UWRB antenna has a structure similar to the microstrip patch
antenna, it consists of three layers: the top is a radiator; the
middle is a substrate with dielectric constant; the bottom is
an etched ground plane. This type of antenna can easily be
integrated into system circuits for a compact design and
fabricated at a very low manufacturing cost.

The geometry for the radiator of the planar PCB antenna
may be elliptical, rectangular, triangular, or some Figure 2. Modified Shapes Planar Antennas
combination or modified version from these regular
geometries, as shown in Fig. 3(b)-(e) [21-24]. These

() (1)
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In Fig. 3(b), in order to maximize the impedance
bandwidth a pair of notches is placed at the two lower
corners of the radiator and notch structure is also embedded
in the truncated ground plane [21]. This phenomenon occurs
because the two notches affect the electromagnetic coupling
between the radiator and the ground plane. Moreover, the
modified truncated ground plane acts as an impedance
matching element to control the impedance bandwidth of a
square monopole. Furthermore, the impedance matching can
also be enhanced by modifying CPW-fed trapezoidal
radiating patch with a PI-shaped matching stub or notching
the radiator with a slit as shown in Fig. 3(c)-(d) [22-23].

In addition, the typical planar printed antenna consisting
of a planar radiator and system ground plane is essentially
unbalanced design, where the electric currents are
distributed on both the radiator and the ground plane so that
the radiation from the ground plane is inevitable. In order to
reduce ground-plane effect for the UWB application, the
design in Fig. 3(e) is being proposed [24]. In Fig. 3(e), the
ground plane effect on the impedance performance is greatly
reduced by removing the notch from the radiator because the
electric currents on the ground plane are significantly
suppressed at the lower edge operating frequencies. Such a
characteristic are conductive to applications of the antennas
in mobile devices. With the notch and additional attached
strip, the overall size of the antenna can also be reduced for
acceptable radiation efficiency.

II.  SPECIAL DESIGN CONSIDERATIONS FOR UWB
ANTENNAS

Interference is a serious problem for UWB application
systems. UWB applications are necessary for the rejection
of the interference with existing wireless local area network
(WLAN) technologies such as IEEE 802.11a in the USA
(5.15-5.35GHz, 5.725-5.825GHz) [25]. As a result, UWB
transmitters can not cause any electro-magnetic interference
on nearby communication systems such as Wireless LAN
(WLAN) applications. However, the use of a filter will
increase the complexity of the UWB system.

Up to date, many UWB antennas have been attempted to
overcome interference problem using frequency band
rejected function design. In these designations, the filter can
be eliminated and the radio frequency systems will be
simplified. The most popular antennas design with
frequency band rejected function approaches are embedding
slots(arc-slot) [26], double U-slots [27], square-slot [28],
V-slot [29], and attaching bar [29] as shown in Fig. 4(a)-(e).

Most of the designs in Fig. 3 have only single band-
notched characteristic because the antennas with frequency
band rejected function design occupy a large space of the
antenna. Furthermore, some designs occupy too much wide
band-notch that reaches more than 2GHz. However, the
needed band-notches are 0.2GHz for lower WLAN band and
0.1GHz for upper WLAN band. The other designs can reject
only one lower WLAN band or one upper WLAN band.
Obtaining high efficiency band-notched characteristic is a
challenging issue because it is very difficult to control the
width of the band-notch in a limited space and the strong
couplings between two band-notched characteristic designs

for adjacent frequencies are obstacles to achieving efficient
dual band-notched UWB antenna. Therefore, an efficient
frequency band rejected technique for lower WLAN band
and upper WLAN band is very difficult to implement.

Recently, the two separated strips on the radiator as
shown in Fig. 5 has been proposed to control for the width
of the band-notches and the rejected frequency[30]. The
design in [30] provides very good band-notch for the lower
WLAN (5.15-5.35GHz) band and the upper WLAN (5.725-
5.825GHz) band.

Side view

(a)

(c)

g

(@ (e)

Figure 3. Planar PCB Antenna Designs
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Figure 4. Antennas design with frequency band rejected
function

Figure 5. Dual Band-notched UWB Antenna

IV. CASESTUDY

A. Design, Investigation and Optimization of a Compact
UWB Antenna

As mentioned above, UWB technology has gained great
popularity in research and industrial areas due to its high
data rate wireless communication capability for various
applications. As a crucial part of the UWB system, UWB
antennas have been investigated a lot by researchers and
quite a few proposals for UWB antenna design have been
reported [2-24, 31-32]. However, the design of those
proposed papers are quite complex and tolerance of those
special features/variables on the antenna design will be a big
issue when it goes to mass production. Hence, this has
motivated us to design up a very low complexity, low cost
and compact antenna to cover a very wide frequency band
including Satellite Digital Multimedia Broadcasting (S-
DMB), Wireless Broadband (WiBro), Wireless Local Area
Network (WLAN), China Multimedia Mobile Broadcasting
(CMMB) and the entire UWB.

In this case study, we present a very simple rectangular
(no perturbation) planar antenna having the operating
bandwidth ranging from 2GHz-11.3GHz, by integrating
various technologies into one compact antenna. We start with
a simple rectangular planar antenna fed by a 50Q microstrip
line with a truncated ground plane. Next, based on the study
of the feeding position and current distribution, the antenna is
designed to have the operating bandwidth covering the entire
UWRB, i.e. 3.1GHz-10.6GHz. Then, studies upon the size of
the partial ground plane are done to increase the bandwidth
towards the lower side of the frequency spectrum, covering
the bands for WLAN (2.4GHz-2.484GHz) and CMMB
(2.635GHz-2.66GHz). With an extra patch printed on the
back side of the substrate, underneath the rectangular radiator,
the bandwidth can be further increased to cover Wibro
(2.3GHz-2.4GHz) and S-DBM (2.17GHz-2.2GHz) without
significantly influencing other frequency bands. Thus the
proposed antenna can be applied in various applications: S-
DBM, Wibro, WLAN, CMMB and the entire UWB. The
operating bands are evaluated by CST Microwave Studio ™
2009 [33] with the criterion of return loss Sy less than -10dB.
Simulated radiation patterns over the whole frequency bands
are acceptable.

B. Antenna Configuration and Design

Fig. 6 shows the top, bottom and side views of the
proposed antenna as well as its dimensions. As has been
stated before, the antenna structure comes from a
conventional design: a simple pure rectangular planar
monopole antenna. L and W are critical parameters
associated with the operating frequencies and input
impedance of the antenna. Accordingly, L, is selected to

= 6GHz, which is
approximate centre of the UWB band. A good starting point

have a reasonable return loss at f ...
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Wsub

(a) Top View

(b) Bottom view;

(c) Side view

Figure 6. Configuration of the proposed antenna

for the dimension is as follows:

L = ﬂ‘eﬁ” ’ f middle
r= 2 ()

where A, =4,/,/¢, is the effective wavelength for the

radiation mode in the substrate with the effective dielectric
constant. W_is chosen to obtain reasonable return loss for the

whole frequency band.
After performing the optimization of L, and W, , the
radiator is having a small size of

13.8mm x 16mm(L,_ x W )and printed on the top side of the
70mm x 60mm(L_, xW_,) RT/Duriod 5870 substrate with

sub sub

dielectric constant £, =2.33 and height 7 =0.79mm .

In order to fulfil the requirements of a portable device, a
microstrip feed line has been chosen for antenna feeding
network. The following synthesis equations help determine
the microstrip line [34]:

For
W, [ h>2
&l (B=1)+0.39-0.61/¢ ]
Weﬁ:% 2¢, ' @
+B-1-In(2B-1)
For
W, /h<2
3
W, =8he’ /(¢ =2) ©
t
W, =W, —;[1+ In(2h/1)] “

where W, andW ; are the effective and physical widths of

the microstrip line, /2 and ¢ are the thickness of the substrate
and patch.

é(eﬁl
60 2
B 37x

G

These equations provide a starting point of a 50Q
microstrip line width -- 2.36mm.

&L 023+0.117¢)
£ +1

A — )0.5 +

C. Parametric Studies and Simulation Results

The simulated results are evaluated by CST Microwave
Studio 2009 [33] and modeled by Vector Fitting [37] for
ease of simulation.

C.1. Learning the feeding position

As has been stated before, the feeding position has been
studied. Fig. 7 gives the return loss of the antenna due to
different feeding positions. It can be seen that the operating
bandwidth is sensitive to the offset of the radiator and when
the radiator shifts 2.5mm away from the symmetrical
position, the resulting bandwidth is from 3GHz to 11GHz,
covering the entire UWB band.
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Return LossrdB

0 -+ radiator shifed by Omm (symmetical feecing) | |
| adiaior shifed by fmm
— — raditor shified by 2mm
+ radiator shifed by 2 5mm

Frequency/GHz

Figure 7. Return loss due to different feeding positions

It is worth noticing that the impedance matching is very
sensitive to the dimensions of the antenna. For different
stages, the antenna dimensions should be slightly re-
optimized to achieve impedance matching purpose.

C.2. Studying the size of the truncated ground plane

Fig. 8 gives the return loss of the antenna due to different
lengths of the ground plane. Again, at this stage, to meet the
impedance matching, the antenna dimension is slightly
adjusted. It can be seen that the lower side of operating
bandwidth becomes even lower, following the increment in
the length of the ground plane. When L, =35mm and the

radiator is optimized to 14.8mmx16mm (L. xW.), as seen

from Fig. 8, the antenna is designed to cover 2.35GHz-
11.2GHz, which is able to include CMMB and WLAN
applications.

For space saving purpose, the substrate width W, , is

reduced to 50mm. At the same time, the radiator is modified
to 16mmx16mm while the feed line width is optimized to
2.2mm for impedance matching purpose. Comparison with
the unreduced-substrate design is made in Fig. 9. As the Fig.
shows, when the width of the substrate is reduced, the
impedance matching is significantly affected. This is due to
the influence on current distribution, since for a UWB planar
antenna, the electric current is greatly affected by the shape
and size of the system ground plane [7, 8].

C.3. Investigating the additional patch

To cover more bands, a promising idea is to add an extra
patch underneath the radiator, on the bottom side of the
substrate (Fig. 6 (b)). Intensive work has been done to
investigate the antenna performance due to different
dimensions of the additional patch.

Loss/dB

Returm

e |f=1mm
=== 25mm
== (f=Fmn

£ Jomm vith tune rad ator

Frequenzy/Giz

Figure 8. Return loss due to varying ground plane length

Return Loss/dB

= Siylaton without reducing substrte wickh, Wub = TOmm
1| === Siulton sfer educig sabstrte v, Wauh = 50

Frequercy/GHz

Figure 9. Return loss due to reduced substrate width

We set L, =—0.8mm; L, =2.8mm;W, =16mm; andt = Omm
as a starting point for our study. Then try to vary L and see

the differences in antenna performance. The return loss plots
due to different values of L, are shown in Fig. 10. From the

plots, it is found that increasing L  can help shift the
P
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frequency band to the lower side. It should be noticed that
the bandwidth can hardly be affected by further increment
in L, as long as it reaches lmm. However, impedance

matching is improved at lower frequencies due to larger L , .
P

Return Loss/dE

IR
(m gt = i
i=—lpt=14m
D+ =20

i i i i i i i
1 i i § § 1 § 1
FraquencylGhz

Figure 10. Parametric study on Lpl

Next, we hold Lp1 = 1.4mm;Lp2 =2.8mm and 7 =0mm
and start to see how W, can affect the performance. Changes
in return loss due to the variation inW, are concluded in Fig.
11. It is clear to see that W, can affect the middle frequency

band but hardly the lower and upper bands.

Next, we start to investigate how the extending part 7 can
influence the return loss. Based on the above findings, we
start with Lp1 =2.2mm, Lp2 =2.8mm and WP =13mm . The

simulation results are put into Fig. 12. Again, it can be seen
that the extending part 7 can affect the impedance matching
in the middle frequency band while presenting negligible
influence on the lower and upper bands.

Based on the above results, the parameters are set
as Lp1 = 2.2mm;WP =13mm and 7 =0mm . Investigations are

then made on Lp2 to see whether the variation in Lp2 can

influence the antenna performance. Fig. 13 gives the

simulation results. It is clear to see that larger L,, helps

move the lower operating bands towards even lower side of
the frequency spectrum without influencing the upper bands,
resulting in an ultra-wideband ranging from 2GHz-11.3GHz.
Moreover, the impedance matching is greatly improved at
lower frequencies

voenn Yo = d6mmvith Lp1 = 1. 4mm
== lp = tmmvith Lp1 = 1 4mm
h
h

Return Loss/dB

==y = {3mmvith Lp1 = 1 4mm
= Wp="13mmuith Lp1 = 22mm

Frequency/GHz

Parametric study on Wp

m
.
At

DIVAAND
BUVARR.

Return Loss/dB

e —

e Sang = Jmm
end t= mm
—Cend t= 2

Frequancy/GHz
Figure 12. Parametric study on the extending part 7

Up to now, optimized dimensions for the extra-patch
equipped UWB planar antenna are obtained:

sub ‘sub — SOX 60mm2 ’Wr X Lr = l6>< l6mm2
L, =35mm;W, =2.2mm;G =1.4mm;d = 4.4mm

W XL

LP1 =22mm; Lp2 = lOmm;Wp =13mm;t = 0mm
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Comparison between the optimized design and the one
without the extra patch in terms of the return loss is given in
Fig. 14

Raturn | oss/dR

L4 i i
[ T
(HE : L
T e il
I‘ H ! ! == {lmm
H i I
4 ! 3

0 | | | | | | | | |

40

Frequency/GHz

Figure 13. Parametric study on Lp2

2.4GHz, 3.1Ghz, 7GHz and 10GHz. It is worth noticing that
the current distribution has extended into the additional patch
on the lower edge of the radiator and the patch, which
contributes to the lower end of the operating band. Therefore
the operating frequency is extended downwards to 2GHz for
this design.

With the extra patch Without the extra patch

(a) At 2.4GHz

. I Vi /
: o IV g1 /
H o i i J
S TN b
c : <] [
: Ry RN
¢ ! + ; 1‘ { I i
Rl : o ot
P ol
Lo U (b) At 3.1GHz
* b o
o I
: I . . P :
A ; “ ; Figure 15. Comparison between optimized design and the one
=+ 8imulztin ofthe oplimized cesign without the extra patch at 2.4GHz and 3.1GHz
i e Simuletion o the antenna vithout an 2xta peich
48 : :
P | | | | | | | |

A Z 1 { 5 6 1 i H 10 i 1
Frequency/GHz

Figure 14. Comparison between optimized design and the one without the
extra patch

The current distributions are evaluated to help
understand the performance of the antenna. Fig. 15 and 16
illustrate the simulated current distributions on the antenna at

Simulations for radiation pattern have been performed at 2.4
GHz and 10GHz (see Fig. 17 and 18). The radiation pattern
at y-z plane (E-plane) is in donut shape, and the x-y plane
(H-plane) is omni-directional at lower frequencies, and
shifted to -y direction which contributes more at higher
frequency band
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Without the extra
patch 0

330 30

With the extra patch

300 60

270 o OB i 30

240 120

210 150

180

(c) At 7GHz x-y plane
f 7 Z

330 30

300 60

90

(d) At 10GHz

240 120

210 150
Figure 16. Comparison between optimized design and the one without the

extra patch at 7GHz and 101GHz.

180

y-z plane
V. CONCLUSION (a) At 2.4GHz
Since the release by the Federal Communications
Commission (FCC) of a bandwidth of 7.5GHz (from
3.1GHz to 10.6GHz) for ultra wideband (UWB) wireless
communications, UWB is rapidly advancing as a high data Figure 17. Comparisons of the radiation patterns at 2.4GHz
rate wireless communication technology. As is the case in (Dotted line: with extra patch; Solid line: without extra patch):

conventional wireless communication systems, an antenna
also plays a very crucial role in UWB systems. Therefore,
UWB planar printed circuit board (PCB) antenna design and
analysis have been discussed in this paper. Studies have
been undertaken covering the areas of UWB fundamentals
and antenna theory. Extensive investigations were also
carried out on the development of UWB antennas from the
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300

270

240

180

x-y plane

300

210 150

180

y-z plane

(b) At 10GHz

Figure 18. Comparisons of the radiation patterns at 10GHz
(Dotted line: with extra patch; Solid line: without extra patch):

past to present. First, the planar PCB antenna designs for
UWB system is introduced and described. Next, the special
design considerations for UWB antennas were discussed and
summarized. In addition, a state-of-the-art for the design of

a UWB antenna with a bandwidth ranging from 2GHz-
11.3GHz was presented, which satisfies the system
requirements for S-DMB, WiBro, WLAN, CMMB and the
entire UWB .
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