4.7 Planar ultra wideband antennas
Basic theory

Ultra wide band technology

Systems with extreme bandwidth are one of the prospective systems of modern high-capacity radio communications. Originally, this technology
has been designed for radar sensing. Due to the wide frequency band radar had the opportunity to "see" beyond barriers such as wooded
sections, etc. For their resistance to interference, security against eavesdropping and small power intensity began to be used for data
transmission.

Today, a wide range of applications from the replacement of cables between multimedia devices such as camcorders, digital cameras and
portable MP3 player through the networking of computers and peripherals, high-speed wireless universal serial bus (WUSB) to replace the
cables in the third generation mobile phones. With the use of UWB technology are calculated primarily for very fast networks with short range
(10m), where the need for large data throughput.

Speed data transmission in broadband technology can deliver hundreds of Mb/s. Another advantage of UWB technology is the absence of the
intermediate frequency modulator and demodulator and low power levels, which allows coexistence with other technologies in the same
frequency band. With low power level is reduced to detection of these signals, allowing widespread use in military applications, high security

transmission, and interception virtually impossible confidentiality presence of wireless devices.

With regard to the bandwidth UWB (Ultra Wide Band) technology will interfere in the frequency bands other systems and it is necessary to
define the spectral mask of UWB and to minimize interference with other systems. UWB technology often uses frequencies from 3.1 GHz to
10.6 GHz. This is the largest contiguous region with the highest power allowed in the defined spectral mask for UWB designated by the FCC
(Federal Communications Commission). Each radio channel can have bandwidth more than 500 MHz, depending on its center frequency.
Effective use of occupied frequency spectrum ensures the method of the overlay model or implementation of the ad hoc network access
between nodes WP AN. Regulation of the frequency spectrum UWB due to the use the same spectrum of other radio services is not yet fully
solved and in this dealt the standardizing group of IEEE 802.15.3 and IEEE 802.15.4 [40].

As already mentioned above, for this technology is characterized by a large bandwidth. In absolute terms we are talking about a minimum width
of 500 MHz, in relative terms, the minimum width is 20% [39]:
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where By is bandwidth for the observed decrease in quantity of 10dB and f; is central frequency of the bandwidth.

Unlike other advanced radio technologies, broadband technologies are not harmonic and carrier information is encoded in a sequence of very

short pulses (0.2 to 1.5 ns) [43]. Gaussian and Hermitian pulses are particularly used.

Gaussian pulse is described by the relation [39]
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In relation K3 denotes amplitude constant and 7 is constant for changing pulse width.

The sequence of pulses, which is encoded, usually modulates on the carrier. The most commonly used modulation is PPM (Pulse Position
Modulation), PAM (Pulse Amplitude Modulation), two-phase modulation, amplitude keying modulation and orthogonal [39]. This type of
modulation practically eliminates distortion reflection, respectively, and multipath receiving.

Planar ultra wideband antennas

Planar antennas have significant advantages (small size, low profile and easy integrability into planar microwave circuits, low manufacturing cost
in serial manufacturing), but when used in UWB applications, it is necessary to solve their shortcomings, which include mainly narrow
impedance bandwidth, low polarization purity, low radiation efficiency. Increase bandwidth can be achieved by many different techniques, as
will be shown below.

The main feature of broadband antennas is the minimal variation of the electrical parameters in a relatively wide frequency band. When

designing an antenna, the emphasis is put on the stability of input impedance (the standing wave ratio should not exceed 2).

Antenna characteristics depend on the relative dimensions of the antenna to the wavelength. Theoretically, if the length of the antenna is infinite,
then the antenna bandwidth can be infinite too. Since the implementation of such antennas is not possible, it is necessary to find another

solution.
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The most commonly used types of planar antennas for UWB technology:

e patch antenna: consists of conductive patch on one

other. Basic shapes often used in practice are shown

in fig. 4.7A.3a Their radiation characteristics are
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side of dielectric substrate and ground plate on the E_ |

symmetrical. These antennas usually have gain
between 5 to 6 dB. Other forms patches (fig.
4.7A.3b) are used for special applications [39]. a) b)

e planar dipole: differs from the rectangular patch
antennas by its length to width ratio. Width of the
dipole is usually less than 0.05 Ao (wavelength in free
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space). Radiation characteristics of dipole and patch

are identical at the same longitudinal distribution of

current. However, radiation resistance, bandwidth and

level of cross polarization are different. Microstrip <) &

dipole antennas are attractive due to its properties,

which are small size and linear polarization. Dipoles
are very suitable for higher frequency and achieve
significant bandwidths. As an example, a symmetric
printed folded dipole can be given, which is composed

of the dipole combined with another identical dipole

(mirror image) and creates a symmetrical structure.
This structure can be regarded as a rectangular patch f)
with a slot in shape H. By VSWR = 2, the bandwidth €)

of the dipole is around 16% [39]. Fig. 4.7A.1 Basic types of printed slot antennas.
a) rectangular slot with microstrip feed,
e printed slot antenna: consist of the slot board b) rectangular slot with coplanar feed,
grounded in the underlying substrate. Slot can have ¢) angular slot with microstrip feed,
d) angular slot with coplanar feed,
e) rectangular ring slot,
) tapered slot [39].

practically any cross section. Theoretically, most of
microstrip patch shapes can be realized in the form of
printed slot. In practice, we used a few basic shapes
of the slots only: a rectangular slot, a circular slot, a rectangular ring and the tapered conical slit (fig. 4.7A.1). Like microstrip patch
antennas, slot antennas can be coupled with microstrip or coplanar waveguide feed. Slot antennas are omnidirectional radiators (emitting

of both sides of the slot). Radiation to one half-space can be obtained by using reflective plate on one side slits [39].

e travelling wave antennas: can consist of concatenated sections of periodic microstrip lines or long segments of sufficient band width to
support the propagation of transversely electric (TE) waves. End of the antenna with a traveling wave is terminated by resistive loads
preventing the generation of standing waves on the antenna. Various configurations of antennas with a traveling wave are depicted in
fig. 4.7A.2 [39].

e complementary (dual) antenna: complementary pair created by two such antennas, which seized conductor position for the first
antenna, is by the shape and dimensions identical by flat cut from the second antenna wire [38].
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Fig. 4.7A.2 Basic shapes of the travelling wave antennas [39].

The definition of bandwidth for UWB planar antenna:

o impedance bandwidth: the range of frequencies where the antenna has good impedance matching and can be heard by standing wave
ratio (VSWR 2 or 1.5) or module of the reflection coefficient (s11 -10 dB and -15 dB).

¢ radiating bandwidth: radiation pattern is the most important indicator of operating modes of antennas [41]. Radiation characteristics
depend on the distribution of current on the antenna patch.

e polarization and axial ratio bandwidth: is defined as the maximum level of cross-polarization, or levels of axial ratio. Control of
polarization of the antenna depends on the control of orthogonal modes excited in the linear and circularly polarized antennas. The
difference between orthogonal modes sets the level of cross-polarization, or the level of axial ratio [41]. The level of axial ratio is
influenced by the type of feed and the quality factor of the antenna.

Generally, the bandwidth of microstrip antennas depends on the shape of emitters (patch), on the properties of the substrate, on the feed type,
on the value of quality factor of the antenna, on the excited multiple resonance and on the impedance matching. This is valid for broadband

planar antennas also. Furthermore, the effects of the basic parameters of the planar antennas on the broadband behavior will be given.

Shape of the patch

A metallic patch of a given shape is etched on a dielectric substrate. A metallic layer should be well-conductive. Patch length is equal to half the
wavelength on the substrate. Patch shape affects the distribution of current on the antenna and thus the radiation characteristics of antennas.

Basic shapes of the patch antennas are shown in fig. 4.7A.3a, the other used shapes of the patch antennas are shown in fig. 4.7A.3b.

Fig. 4.7A.3a Basic shapes of the patch antennas [39].
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Fig. 4.7A.3b Less common shapes of the patch antennas [39].

Dielectric substrate

Dielectric substrate used for microwave antennas is often of a relative permittivity of 2.2 < ¢ < 16 and loss factor 0.0001 < tg 6 < 0.06. High
permittivity & has usually the effect of reducing the radiation efficiency of the antenna. Thickness of the substrate is much smaller than the

wavelength.

Feeding

Feeding structure affects the impedance matching, operating modes, parasitic radiation, the radiation of surface waves, and radiated power. The
most commonly used feeding is coaxial probe (outer conductor is connected to ground plane, an internal wire is connected with antenna
element) and microstrip feeding (fig. 4.7A.4).

a) b) c)

Fig. 4.7A.4 Microstrip feeding [39]. a) non-embedded lines, b) capacitor coupling, c) embedded
lines.

In some applications, galvanic-separated coupling is used: an antenna is excited by field of the microstrip line (fig. 4.7A.5a) or through the slot
(fig. 4.7A.5b) by the so-called aperture coupling.

Copyright © 2010 FEEC VUT Brno All rights reserved.



] ‘
e it
' ]
I (N
)
i ]
F i
| & i 3 | | |
E | k 1

r
L

Fig. 4.7A.5 Galvanically separated feeding by a) near field b) aperture
coupling.

By requirements for high bandwidth, the antennas are often coupled with coplanar feeding (fig. 4.7A.6). Connection between patch and CPW
can be inductive (fig. 4.7A.6a) or capacitive one (fig. 4.7A.6b). Backward radiation can be reduced by substitution of long direct slot over a
circular loop (fig. 4.7A.6¢), the loop is located under the center of the patch [39].

|

Fig. 4.7A.6 Different types of the coupling CPW [39], a) coupling slot, b) coupling slot, ¢) coupling loop.

Decreasing of the quality coefficient

The broadband planar antennas can be considered as a circuit of a high quality factor. Increasing the bandwidth, quality factor of the antenna
has to be reduced. Quality factor can be reduced by selecting appropriate patch shape (this affects operating modes, and thus radiation
efficiency of antennas [41]), and a suitable choice of dielectric substrate (thick substrate with low relative permittivity extending the bandwidth).

Impedance matching

Feeder exhibits frequency-stable characteristic impedance; the input impedance of the antenna is frequency dependent. The contradiction can be
solved by the insertion of a separate adaptive circuit - quarter wave impedance transformer (fig. 4.7A.7a), tuning stubs (fig. 4.7A.7¢,d),
combinations of them (fig. 4.7A.7b) or adapting the patch shape by slots and notch (fig. 4.7A.8).

a) bh) c) d)

Fig. 4.7A.7 Matching circuits a) quarter wave transformer, b) quarter wave transformer with debbuging stub, c¢),d)
debbuging stubs [41].
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Fig. 4.7A.8 Matching of the patch shape with notchs and slots [41].

A well-matched antenna should cover the desired operating frequency range when keeping the defined level of the parameters which should
vary marginally only (VSWR < 2, module of the reflection coefficient s11 < -10 dB, stable value of gain, the main lobe beam width and radiation
pattern over the desired bandwidth).

In the layer B, a concrete example of the calculation of broadband planar antennas is mentioned. We show the influence of the patch shape and

his size, the choice of coupling and choice of substrate on the characteristics of the antenna.
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