L=

. L . -
View metadata, citation and similar papers at core.ac.uk brought to you by ,i CORE

provided by IntechOpen

We are IntechUpen,

the world’s leading publisher of

Open Access books
Built by scientists, for scientists

4,800 122,000 135M

Open access books available International authors and editors Downloads

Our authors are among the

154 TOP 1% 12.2%

Countries delivered to most cited scientists Contributors from top 500 universities

pTE AN
Q)Q ¢, ;,))

G

“ BOOK
CITATION
INDEX

NDEXE®

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y


https://core.ac.uk/display/322390151?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

UWB and SWB Planar Antenna Technology

Shun-Shi Zhong

School of communication and Information Engineering,
Shanghai University, Shanghai 200072

China

1. Introduction

Various wideband antennas have been interesting subjects in antenna designs and have
found important applications in military and civilian systems. For examples, the
super-wideband (SWB) antenna is a key component of electronic counterwork equipment in
the information warfare; while the ultra-wideband (UWB) antenna is widely used in
impulse radar and communication systems. With the development of high-speed integrated
circuits, and the requirement of the miniaturization and integration, the research and
application of UWB/SWB planar antennas have been growing rapidly. On February 14,
2002, the Federal Communications Commission (FCC) in the United States allocated the
3.1-10.6GHz spectrum for commercial application of UWB technology, which has sparked
renewed attention in the research of ultra-wideband planar antennas. Fig.1 shows its some
applications.

It is worth noting that the actual frequency range of an indoor UWB communication
antenna in the provision of UWB technology is from 3.1 to 10.6GHz with a ratio bandwidth

of 3.4:1 , while the antenna with a ratio bandwidth not less than 10:1 is generally called the

super-wideband (SWB) antenna in antenna engineering. Both types are reviewed and for
simplification, usually they are called the UWB antenna in this chapter. In the UWB system,
the former operates just like a kind of pulse figuration filter, which requires the antenna to
radiate pulses without distortion. To that end, the UWB antenna should not only possess an
ultra-wide impendence bandwidth, but also have good phase linearity and a stable
radiation pattern. Hence, for this sort of UWB antenna some particular considerations are
entailed [1.

The earliest antenna with wideband properties is the biconical antenna executed by Oliver
Lodge in 1898, as shown in Fig.2a. It can be regarded as a uniformly tapered transmission
line excited by TEM mode so as to possess the ultra-wideband input impedance properties.
Its bandwidth is mainly influenced by the ending reflection due to its limited dimension.

Following improvements consist of Carter’s improved match biconical antenna ( Fig.2b) and

conical monopole antenna (1939), Schelkunoff’s spheroidal antenna (1941), Kandoian’s
discone antenna (1945), Brillouin’s omni-directional and directional coaxial horn antenna
(1948), etcl2l. All these antennas are based on three-dimensional structures with bulky
volume. In the late 1950s and early 1960s, a family of antennas with more than 10:1
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64 Microwave and Millimeter Wave Technologies: Modern UWB antennas and equipment

bandwidth ratio was developed by V. Ramsey et al, which was called
frequency-independent antennal®l. Classical shapes of such antennas basically include the
equiangular spiral antenna and the planar log-periodic dipole antennas, as shown in Fig.3.
These designs reduce the volume, but the transfer of effective radiating region for the
different frequencies results in waveform distortion in transmitting pulse. Later on, P.J.
Gibson presented in 1979 the Vivaldi antenna, or called tapered slot antenna, as shown in
Fig.4, which behaves like an endfire traveling wave antenna with a moderate gain and is of
a super-wide bandwidthl4l.

From 1990s, many new-style ultra-wideband planar antennas have been proposed, which
can be sum up as three typesl5, namely the Ultra-wideband planar metal-plate monopole
antennas, the UWB printed monopole antennas and the UWB printed slot antennas. The
progress in these three types of UWB planar antennas is introduced and compared below .
In addition, the UWB printed antennas with the band-notched functions are also reviewed.

(@) (b)

Fig. 2. Lodge’s biconical antenna and Carter’s improved match biconical antennal2]
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Fig. 4. Vivaldi-like antennas [4]

2. UWB metal-plate monopole antennas

The wideband metal-plate monopole antenna was first proposed by G. Dubost (¢l in 1976
and continually developed. Its impedance bandwidth has been broadened by optimizing the
structure of metal-plate monopole, such as discs or elliptical monopole antenna (7],
trapezium monopole antennal®], inverted cone monopole and leaf-shaped planar plate
monopole antennas etc, as shown in Fig.5. The planar inverted cone antenna (PICA)
designed by S.Y. Suh, as shown in Fig.5c ¥, provides an impedance bandwidth ratio of
more than 10:1, and a radiation pattern bandwidth of 4:1. The one with two circular holes
has extended the radiation pattern bandwidth due to the effective changing of its surface
current. In the author’s laboratory, another leaf-shaped plate monopole antenna with three
circular holes was developed, as shown in Fig.5d [10l. It achieves the impedance bandwidth
ratio better than 20:1, covering the frequency range from 1.3GHz to 29.7GHz. As is well
known, the rectangular metal-plate monopole antenna is a wideband metal-plate monopole
antenna with the simplest structure and a steady radiating pattern, but its impedance
bandwidth is only about 2:1 in the early period. In order to realize the ultra-wideband
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66 Microwave and Millimeter Wave Technologies: Modern UWB antennas and equipment

properties, many methods have been brought forward, such as using an offset feed, double
or three feeds, shorting post with beveling technique, etc. P.V. Anob improved its
impedance bandwidth to 6:1 by changing the location of the feeding ['1l. M.J. Ammann
widened the bandwidth to 10:1 (VSWR<3) by combining the short post and beveling
technique ['2], as shown in Fig.6. Some designs, such as double or three feeds in Fig.7, not
only consumedly widen the impedance bandwidth, but also improve the stability of
radiation pattern [13l. The Ultra-wideband metal-plate monopole antennas always need a
perpendicular metal ground plane.

Zl—>
y
X

(a) (b) (c) (d)

Fig. 5. Evolution from biconical antenna to metal-plate monopole antennal®!

-
v

Fig. 6. Monopole antenna with Fig. 7. Monopole antenna with
short post[12] double feeds [13]

3. UWB printed monopole antennas

The UWB printed monopole antenna consists of a monopole patch and a ground plane, both
printed on the same or opposite side of a substrate, while a microstrip line or CPW is located
in the middle of the ground plane to feed the monopole patch. Compared with the
ultra-wideband metal-plate monopole antenna, the UWB printed monopole antenna does
not need a perpendicular ground plane. Therefore, it is of smaller volume and is suitable for
integrating with monolithic microwave integrated circuits (MMIC). To broaden the
bandwidth of this kind of antennas, a number of monopole shapes have been developed,

such as heart-shape, U-shape. circular-shape and elliptical-shape ,etc. A circular printed

monopole antenna designed by J. Liang and L. Guo, as shown in Fig 8al!4], possesses a ratio
bandwidth of S11<-10dB exceeding 5.3:1, with the frequency range from 2.27 to 12GHz or
above. The UWB printed monopole antenna designed by J. Jung[15], as shown in Fig. 8b, has
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a trapezium transition in the monopole patch and a rectangle slot in its ground plane ,
equivalent to add a matching network between the patch and the ground plane, thereby to

broadening the antenna bandwidth. It covers the frequency range 3.1~11GHz with a

mere size of 16 mmx18mm. A printed elliptical monopole antenna designed by C.Y. Huang
[16] also uses a rectangular slot in the ground plane to widen the bandwidth. The circular
printed monopole antenna with an annulus, as illustrated in Fig. 9, possesses S11<-10dB
from 2.127GHz to 12GHz[7]. All these designs are fed by a microstrip line. In the meantime
some printed monopole antennas fed by coplanar waveguides (CPWs) have been developed
too, as shown in Figl0 [18 19, The ratio bandwidth of aforementioned antennas mostly are

about 3 ~7:1. Based on the idea to plate the discone antenna, our group has developed a

new type of modified printed monopole antennas with super-wide bandwidth, as plotted in
Fig 11, which consists of a monopole patch and a trapeziform ground plane with a tapered
coplanar waveguide (CPW) feeder in the middle, achieving an impedance bandwidth ratio
of exceeding 10:1[20-23]. To have wider bandwidth, we have changed the rectangular patch to

elliptical patch and optimized the dimension, as shown in Fig.11 , whose parameters are:

a=120mm, b=30mm, t=2.3mm, Dnin=9mm, Dmnax=140mm, H=75mm, G = 3.0mm w;,p=1.0mm,
and  Wpottom=2.7mm, with a substrate of thickness h=1.524mm and relatively
permittivity ¢ = 3.48[24. Its tapered CPW transmission line smoothly transforms the input
impedance of about 100€2 at the top point A to 50€2 of an N-type connector at Point B.

This antenna achieves a measured impedance bandwidth of exceeding 21:1, covering
frequency range from 0.41 ~8.86GHz, with a good gain and omni-directional radiation

performance, as shown in Fig 12, while its area is only about 0.194; x0.16A;, where ; is the
wavelength of the lowest operating frequency. In this figure, the simulated results are
obtained by means of CST Microwave Studio software based on the finite integration
technique (FIT) method.

L. |t

Microstrip : *
feed line truncateld ground \
|| plane input port
@) (b)

Fig. 8. Microstrip-fed printed monopole antennas(4! [15]
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Fig. 9. Printed circular monopole antenna with an annulus(!7]

Fig. 10. Printed CPW-fed monopole antennasl('8. 1]
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Fig. 11. UWB printed monopole antennas with trapeziform ground plane(20-24].
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Co-pol. simulated
——————— Cross-pol.  simulated
—a—=a— Co-pol. measured

—O0——0— Cross-pol. measured
©
Fig. 12. VSWR , gain and radiation patterns of the Fig.11c antenna with trapeziform ground
planel4

In Tablel, the simulated and measured VSWR<2 bandwidths for two elliptical monopoles
and other monopoles with rectangular and circular shapesl?2 [23] are listed. Comparing the
measured bandwidths of No.1 and No.2, it is seen that by adopting the tapered CPW (No.2),
the VSWR<2 bandwidth is enhanced by 10.7/6.3=1.7 times. Comparing the calculated
bandwidths of No.3 and No.4, it is shown that using the trapeziform ground plane instead
of a rectangular one may broaden the impedance bandwidth to 11.0/7.2=1.5 times; while
comparing No.4 with No.6, it is noted that by selecting the elliptical monopole with an
optimum major axis a, the measured impedance bandwidth is enhanced to more than 21:1,
i.e. almost double. Therefore, the bandwidth broadening of the Fig.11c antenna comes from
three improvements: the optimum elliptical monopole shape, a trapeziform ground plane
and a tapered CPW feeder.

Frequency range of VSWR<2 Ratio bandwidth of

<
IC\)I Antenna Configuration (CHz) VSWR_I\i
Calculated Measured Calculated eadsure
Rectangular monopole with a 50Q N _ ] )
1 CPW 2 0.64 ~3.46 0.59 ~3.72 5.4:1 6.3:1
Rectangular monopole with a _ _ ) ]
2 tapered CPW2I 0.83 ~8.17 0.76 ~ 8.15 9.8:1 10.7:1
3 Circular monopole with a 13~94 L 791 L
rectangular ground plane®!
4 Circular monopole with a 0.87~956  0.79~9.16 11.0:1 1161
trapeziform ground plane (%]
5 Elliptical monopole of 2=60mm/?*! 0.58 ~9.54 0.64 ~8.94 16.4:1 14.0:1
6 Elliptical monopole of 4=120mm24] 0.4~9.51 0.41 ~ 8.86 23.8:1 21.6:1

Table 1. Comparison of impedance bandwidths

The current distribution of elliptical monopole antenna is shown in Fig.13. It is noted that, at
all frequencies of its operation bandwidth, the surface currents of the monopole patch are
mostly concentrated on the bottom periphery of the patch close to the feed, while those on
the upper periphery and around the center of the patch are of very low current density.
From this observation, a circular hollow was cut out from the elliptical patch to eliminate
the region of low current density, resulting in the new design of Fig.13, whose measured
VSWR<2 bandwidth is 24.1:1, covering a frequency range from 0.44 t010.6 GHz [25]. Its area
is only about 0.184; x0.134;.In order to reduce size, a semi-monopole printed antenna was
developed and the VSWR<2 ratio bandwidth of 25.9:1 ( 0.795-20.6 GHz ) was measured
[26] . However, its cross-polarization radiation is higher.
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Fig. 15. Hollowed elliptical monopole antenna and its VSWR [26]

4. UWB printed slot antennas

For the integration application of a Vivaldi-like slot antenna, its impedance bandwidth is
inherently limited by the microstrip-to-slotline transition. A printed two-side-antipodal
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exponential tapered slot antenna proposed by Gazit [27] has resolved the transition problem,
though with a relatively higher cross-polarization level. Later, the balanced antipodal
Vivaldi tapered slot antenna introduced by J.D.S. Langley[28], as shown in Fig. 16a, restrains
the cross-polarization to be less than -17dB, with a ratio bandwidth of 15:1, covering

frequencies from 1.3 ~20GHz. Fig.16b is a dual tapered UWB design using CPW feeding[29].

metallisation
= } strip line
top view sice view

(@)

Fig. 16. Printed tapered slot antennas(28 [29]

(@) (b)

Fig. 17. Microstrip-fed rectangular slot antennas 301 [31]

In recent years, many researches have been engaged in the printed wide-slot antenna and
have realized the ultra-wideband property through a combination of changing the slot
shape and using different feeding structures. Fig.17 shows two kinds of printed wide-slot
antennas with different feeding structures. In Fig.17a the wide-slot antenna is fed by a
cross-shaped feeding with a cross-shaped stub at the end instead of the common opened
microstrip feeder, which is equivalent to introducing a resonance circuit and hence resulting
in an impedance bandwidth of 98% [30. The slot antenna fed by a fan-shaped stub togather
with a strip line proposed by our lab, as shown in Fig 17b, has achieved a bandwidth of
114% by optimizing the length of the stub and the size of the fan-shape [31l. Fig.18 shows two
printed slot antennas using U-shaped microstrip feedings. Fig. 18a adds a rectanglar patch
in the middle of the rectanglar slot and connecting with the ground plane to achieve a
measured impedance bandwidth of 111% [321. In Fig.18b, by adding a rectanglar copper sheet
in one side of the microstrip to adjust the port impedance of the antenna, its impedance

bandwidth extends to 135.7%, covering frequencies 2.3 ~ 12GHz[33].
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Fig. 18. U-shaped microstrip fed printed slot antennas!32! [33]
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Fig. 19. Printed slot antennas with shaped-slots [34][3¢]

The printed wide-slot antennas have been designed to use various slot shapes. In Fig.19a,the
design of PICA(Planar Inverted Cone Antenna) achieves a VSWR<2 ratio bandwidth of 13:1
341 The CPW-fed printed wide-slot antennas also have been designed to use various shapes
of the guide strip terminal of its CPW feeder to excite the slot, and accordingly obtain the
broadenning of its impedance bandwidth.A design achieves an impedance bandwidth
about114%, whose CPW terminal is a rectanglar patch with a concave gapl33l. The
elliptical slot antenna with an elliptical patch as its feed, as shown in Fig.19b, widens the
impedance bandwidth to 175%, covering frequencies from 1.3GHz to 20GHz or above with
a ratio bandwidth about 15:1 3¢l

Another type of printed slot antenna is the printed bow-tie slot antenna, as shown in Fig.20,
which has the virtue of simple configuration,wider bandwidth,lower cross-polarization
level and hig}}er gain.

AY

ra
.VLB "

S |

(a) (b)
Fig. 20. CPW-fed bow-tie printed slot antennas [37] [38]

www.intechopen.com



74 Microwave and Millimeter Wave Technologies: Modern UWB antennas and equipment

Fig.20a was designed at our lab, which widens the impedance bandwidth by using a lineally
tapered slot at the joint of the coplanar waveguide and the bow-tie slot 371. In Fig.20b a small
bow-tie slot is added under the bow-tie slot antenna, and excited by the coupling of the
coplanar waveguide. In addition ,a tapered coplanar wavrguide feeder is applied, so that
the antenna achieves an impedance bandwidth of 123% [381.

A comparison of the main performances of several UWB planar antennas is listed in Table 2.
It is noted that the UWB printed monopole antennas have dimensions close to those of UWB
plate monopole antennas, whereas without a perpendicular metal ground plane. For
example, a printed elliptical monopole antenna with a trapezium ground plane has the
dimension of only 0.19%0.16A22, where \; is the wavelength of the lowest operating frequency,
and an impedance bandwidth of 21.6:1. UWB printed slot antennas possess a relatively
higher gain compared with the other two UWB antennas, and a relative larger size.

. Ratio )
No. Antenna type Bandw1dt}iGHz) bandwidth %a];r‘l size
(VSWR < 2) (VSWR <2) (dBi) \2)
1 Trapezoidal metal plate 1.07 ~12.2 11.4:1 05~45 | 089%0.89*
monopole [ 8]
2 Planar inverted cone 1~10 1011 03~86 | 025%0.25
antenna [9]
3 Leaf-shaped plate 13~29.7 22.8:1 3~5 0.35%0.35
monopole [10]
Circular monopole with a

4 trapeziform ground plane 0.79 ~9.16 11.6:1 08~41 0.37x0.24

[21 ]
Rectangular monopole with 0.65 ~

5 a trapeziform ground plane 1.76 ~8.17 10.7:1 '4 5 0.35%x0.30

[22] '
Elliptical monopole with a

6 trapeziform ground plane 0.41 ~8.86 21.6:1 04~4 0.19x0.16
[24]

7 Tapered slot antenna [29] 1.3~20 15.4:1 3.2~9 0.43%0.32

8 printed Elliptical slot 13~20 1541 | e 0.39%0.39

antenna [36]

* Ground plane dimension
Table 2. Comparison of UWB planar antennas

The UWB printed monopoles are more suitable for smaller portable devices where volume
constraint is a significant factor. In such devices a main requirement for antennas is the
capability to transmit a pulse with minimum distortion and thus preserve the shape of the
pulse. Three printed monopole antennas with typical shapes and sizes have been evaluated
in the radio channel in the context of frequency and time domain performances [3l. The
antenna geometries used are shown in Fig.21, where (A) is a rectangular planar monopole of
area 75 mmx40 mm with FR4 substrate of 1.52 mm thick, (B) a smaller antenna with both
radiator and ground plane spline-shaped of area30 mmx40 mm on a 0.76 mm thick RO 4350
substrate, and (C) an even smaller spline antenna on 0.4 mm FR4 of area 30mmx30mm .
The measured S11 for each antenna is shown in Fig.22. Ant. A exhibits a 10 dB return loss
from 1.59 to 6.9 GHz, and Ant. B offers a 14 dB return loss over the bandwidth 3.1-10.6 GHz,
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while Ant.C offers 6 dB from 2.31-6.7 GHz.
To quantify the distortion of each antenna, a pair of each antenna shape was set up to
transmit and receive a pulse. The correlation of the received pulse with the input one was
expressed by the fidelity factor, which is a measure of the capability of an antenna to
preserve a pulse shape, and is written as [40]

F = max | L[ f(t)}r(t +T)dt
Where the input 7@) and the output () have been normalized to have unit energy,

and L[}(r)} is the idealized system function, while the delayris varied to maximize the

integral term.

Each pair of antennas was placed in different orientations, face-to-face, back-to-back,
face-back, and so on. The pulse used was a raised cosine pulse of 0.4 GHz bandwidth
centered at 4 GHz. The fidelity factor for each combination is listed in Table 3. It is seen that
Ant. B generally achieves the best fidelity in any configuration. The analysis shows a general
advantage for the spline based antenna geometries over the rectangular monopole shape.
Fig.23 shows the input and normalized measured output pulse for Ant. B in the
back-to-back configuration. It is demonstrated that the shape of the pulse is preserved very
well by the antennas.

A 20mm B 25Hmen

mm
A0mm
13 16

THmm

Fmm

-

18mm

Fig. 21. Geometries and dimensions of 3 test printed monopole antennas 3]
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Table 3 1391

FIDELITY FACTOR. OF THE THREE ANTENNAS
IN DIFFERENT ORIENTATIONS (%)

A B C

face-to-face Q94 9 9.7 93 0
back-to-back 952 a0 4 95 4
face-to-back 959 98 8 967
face-to-side 919 963 952
back-to-side a4 2 00 1 95 8
side-to-side 953 981 az .0

u-al

e 4

e - | | -

2 1 {

o Il |||||I fi gt by b 1
_a3 I | J
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Fig. 23. Input and normalized measured output pulses for Ant. B [39]
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5. UWB band-notched planar antennas

To avoid the interference between the UWB system and the wireless local area network
(WLAN) 802.11a system with 5.15 to 5.825 GHz frequency band, a band-notch filter in the
UWB system is needed. To avoid adding filters and possible interference with existing
WLAN systems, UWB antennas with band-notched characteristics have been developed.
The sail-boat antenna, as shown in Fig 24a, achieves the UWB property by using an inverse
taper planar patch, and forms the band-notch function near the 5GHz frequency by cutting

two slots in the patch, which possesses a bandwidth of 3~11GHz for VSWR<2 except

frequencies neighboring 5.2GHz[*ll. A UWB circular disc monopole antenna designed by our
lab, as shown in Fig. 24b, provides the band notched function by inserting an arched slot in
the circular monopole patch [42. The antenna of Fig. 25 achieves the wide bandwidth
property by using a step-shape taper in the pear-shape monopole patch, then forming the
band-notch function by introducing two parasitic printed patches [43l. The CPW-fed antenna
of Fig. 26 obtains the UWB performance also by means of the step-shape taper in the
monopole patch, while its band-notch function is realized by introducing two
folded-striplines on the backside of the substrate [441.

In Fig.27a,the configuration of a novel band-notch printed antenna is illustrated [45], where
the double-feed technique combined with the tapered impedance transformer is used to
obtain a wide impedance bandwidth, and an inverted U-shaped slot embedded in the
microstrip feeder is adopted to realize the band-notch characteristic, which does not worsen
antenna radiation performance. As shown in Fig.27b, the measured VSWR with slot exhibits

a notched-band of 5.15-6.02 GHz for VSWR>2,while the wideband performance from 3.05 to

10.84 GHz is maintained.Fig.27c shows the simulated omnidirectional performance in the
entire operating bandwidth, where the omnidirectional fluctuation is denoted by the
max-radiation level minus the min-radiation level in the H-plane. It is noted that the
fluctuation is below 4.8 dB in the frequency range of 3.1-10 GHz, and that the

cross-polarization is below -19dB in the whole bandwidth. The measured antenna gain is

about 2.6-4.5 dBi in the operating bandwidth while a sharp decreased gain is about -5.5dBi
in the notched-band of 5-6 GHz.

VEWR=1854at525GHz

—— with slot
- - - without slot

¥
VSWR

Frequency (GHz)

(a) (b)

Fig. 24. UWB printed monopole antennas with band-notch function(4!1[42]
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Fig. 25. UWB printed band-notch antenna with two parasitic patches!43]
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Fig. 26. UWB printed band-notch antenna with two folded-striplines[44]
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Fig. 27. UWB printed band-notch antenna with an inverted U-shaped slot in the feeder[45]

6. Conclusion

The recent progress in the development of UWB planar antenna technology has been
reviewed. Some types of UWB metal-plate monopole antennas, UWB printed monopole
antennas and UWB printed slot antennas are presented. The comparison results of indicate
that the UWB printed monopole antennas can realize relatively smaller dimensions, and that
the UWB printed slot antennas can achieve relatively higher gain. Finally, some realization
manners of the band-notch function of UWB printed monopole antennas have been
introduced. Along with the wide application of the UWB technology, compact UWB
antennas will achieve further development.
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