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Abstract

In this paper, a novel wideband notched compact UWB antenna is designed to satisfy the licensed UWB frequency
bandwidth(3.1~48 GHz, 7.1~102 GHz) by symmetrically arranging two adjacent sectorial loop antennas. The
widevband(4.8~7.1 GHz) notch can be obtained by inserting the inverted-L shaped slits on the patch. The designed UWB
antenna has return loss lower than -10dB at 3.1 GHz and over, group delay value lower than 1 ns and the linear phase
property. The optimized UWB antenna inserted the inverted-L shaped slits has return loss great than -10dB, 5 ns of

group delay, nonlinear phase and decreased gain properties over the frequency band, 48 GHz to 7.1 GHz.

Keywords : Wideband notch, inverted-L shaped slit, UWB(ultra-wideband)

I.M E

In order to use the limited frequency resources
UWB(ultra-wideband)
currently under consideration for many applications

effectively, technology  is
such as satellite communication, wireless mobile

communication, broadcasting and so on. It can be
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used the

frequencies without mutual interference. In addition,

at existing wireless communication
there are many advantages of the UWB technology
such as low dissipation power and high data
transmission rate(500 Mbps ~ 1 Gbps).

These advantages are considered as various
military
communications, radar systems. For example, UWB
technology has been applied to ACAS(airborne
collision avoidance system), GPR(ground penetrating
IDR(ntrusion detection radar),
Geolocation System. UWB technology was recently
adapted for wireless USB and it will be adapted for

PC, mobile, home network in the future.

applications in commercial and

radar), Precision
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In 2002, the Federal Communication Commission
(FCC) in United States officially released the
regulations for UWB technology and the spectrum
from 3.1 GHz to 10.6 GHz is allocated for unlicensed
UWB measurement, medical and communication
applications with EIRP less than -41.3 dBm/MHz.
However UWB system may cause some interference
with a few systems such as WLAN and GPS.
Therefore, UWB system needs a function to keep out
of the interferences. Moreover the reserved frequency
band for mobile services, 42~48 GHz, is to be
approved by 2010. Therefore, a UWB antenna should
have a notched frequency band for its radiation.
Accordingly, A few kinds of techniques to notch
some frequency bands of the UWB antenna have
been studied® ™ but most of them have a notch
function only for the limited narrow band.

In this paper, we design a coupled sectorial loop
antenna for UWB communication and examine its
performances  depending on its  geometrical
parameters. Next, a UWB antenna by inserting a pair
of the inverted-L shaped slits is designed to notch
(48~72 GHz) includng WLAN

bandwidths and examined its performances depending

wideband

on the geometrical parameters of the slits. Finally,
the antenna performances in the frequency and time
domains are to be evaluated for the fitness in the

UWB communication services.

. Design of the UWB antenna

A. Coupled sectorial loop UWB antenna

The basic configuration of the designed coupled
sectorial loop UWB antenna(CSLA)Y is shown in
Fig. 1a). To have a ultra-wideband for UWB
communication, the input impedance of the antenna
should be matched well at the every frequency. The
input impedance can be controlled by connecting two
identical antennas in parallel as shown in Fig. 1(b).
Therefore, an antenna can have a property of wide
bandwidth.

In this case, the input currents £ and Z, are same

due to the symmetry. However the direction of

(868)

9=z 55
Anteana 2 Antenna |
él, g
a2l 1. @EHME = ol LKSLA:  sectorial  loop
antenna)el =, OAEME FZ oL}
(CLSA: coupled sectorial loop antenna)el X,
OFXIH 2off 0l % MEME FZ o
L =
Fig. 1. (alconfiguration of a sectorial loop antenna(SLA),

{blconfiguration of a coupled sectorial
antenna(CSLA).
ground plane.

loop
{¢) Half of a CSLA above a

magnetic field of two loops is opposite each other. It
rise to a strong mutual coupling. For the two-port
system of the antennas shown in Fig. 1(b), the
following equations can be written:

V
[/'2_.

where, V1,1, V, and I, are the input voltages

Znh+ Zyh

(D
Zin b+ Zoy

and currents of antenna #1 and #2 respectively. Zj,
is a self input impedance of anterma #1 and Z,, is a
self input impedance of antenna #2. Z,, and Z,, are

a mutual impedance of the two antennas. In this

case, reciprocity mandates that Z,, = Z,; and the
symumetry requires that 2, = Z,5.
When the two antennas are fed with a single

source, we will have V; = V, and in consideration

of symmetry, L = L= I Therefore, the input
impedance of the antenna can be obtained from
equation:
1
z 2

= E(Z11+Z12)

m

In order to obtain a wide-band operation spectral
variations of Z;; and Z;, must counteract each

other. That is, when the real(imaginary) part of Z,,
increases with frequency the real(imaginary) part of
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Table 1. Parameters of the optimized CLSA.
Value
Rout 22 mm
R, 215 mm
o 70 °
G 100 mm
cut,, 30’
|1S1,1| in dB
® Roout =21
& R_out = 22
o R_out=23
-1 g R_out=24

15

Frequency / GHz

a3 3 R,,,°l ¥l mE
Fig. 3. Simulated retun losses of the different A,
values.

AONESN

Z,5 should decrease so that their average remains
constant. If we determine the bandwidth of UWB
antenna from 31 GHz to 106 GHz, the lowest
frequency for radiation can be obtained approximately

as follows:

fi 3

_ c
(r—a+2)R

out

V€ess

where e is the effective dielectric constant, c¢ is
the speed of light, @ and R,,, are the geometrical
parameters of the antenna. From the equation, we
can design a optimized antenna by controlling the
geometrical parameter values such as «, R, and
_ Rmm.

We can make a much smaller and lighter UWB
antenna by removing the significantly non-distributed

AAHE AF UWB 2HE|Lt A
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Fig. 5. Simulated retun

values.

losses of the different T

part of the antenna patch. The configuration of the
designed CSLA is shown in Fig. 2.

A designed UWB antenna is simulated by CST
Microwave StudioMWS)  based the
integration method(FIM). The optimized values of
each physical dimension of the proposed antenna are

on finite

shown in Table 1. Fig. 3 shows the antenna’s return
losses depending on the R,,, values. The figure
indicates that the lowest operation frequency become
lower according to increasing the R,,, value. Fig. 4
shows the antenna’s return losses depending on the
a. The antenna has a wide bandwidth at ="70".

Fig. 5 shows the antenna’s return losses depending
on the 7 which is the difference between R,,, and
R,,. The antenna has the lowest retum loss at

7=0.5mm.

B. Wideband notched coupled sectorial loop
UWB antenna
A designed UWB antenna in the previous section
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el 6.
Fig. 6.

HAHE FN-CSLAS| 7=
Configuration of the designed FN-CSLA.

has a bandwidth from 31 GHz to 106 GHz.
Therefore, it needs a function to notch the bandwidth
from 48 GHz to 7.1 GHz to avoid the interference
with WLAN and to satisfy the UWB regulation.
There are many techniques to notch the band such
as the method of inserting a U-shaped slot”, the
method of removing the parts of the patchm and the
method of inserting a V-shaped slot*.  However
those methods can notch only the narrow bandwidth.
It doesn’'t comply with the UWB regulation. That is,
they can not notch the wide bandwidth from 4.8 GHz
to 7.2 GHz. Therefore, a wideband frequency notched
CSLA(FN-CSLA) inserting a pair of inverted-L
shaped slits on the patch is proposed in this paper.
Fig. 6 shows the configuration of the FN-CSLA.

The notched frequency can be determined from the
following approximate equation”™:

2c

slit; + slit,, @

fr=

where ¢ is the speed of the light, slit, is the
distance from the center of the antenna patch to slits
and slit, and slit; are the length of the slits as
shown in Fig. 6. The width of the slits, slit,, is 0.1
mm. At that time, the
slit; +slit;, is a half-wavelength at the notched

sum of the length,

frequency. The length, slit_, is related with the

notched beamwidth.

Fig. 7 shows the return losses depending on the
lengths of slit,, slit, and slit;. We can also see
that the notched frequency is changed by controlling
the parameters. That is, the longer the slits become,
the lower the notched frequency is.

Based on the calculated results of the Fig. 8, we

z 57
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{a) Return loss depending on slit, values
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10

e shit L =62
ot L= 72
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sl L =92
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Frequency / GHz

(o) Return loss depending on slit; values

14,1 indB

@ slitp = 6.9

el p = 7.9
W slit.p=89
v shit_p = 9.9

-60

10 15

Frequency / GHz

(c) Return loss depending on slit, values
a8l 7 £3le malo|eof w2 gk
Fig. 7. Simulated retum losses

slity, slit, values.

of the different slit,,

can find that the currents are concentrated near the
slits at the notched frequency, while they are
distributed mostly near the edges of the patch at the
other frequencies. Therefore, we can expect that
inserted slits have a function to notch the particular
frequency.

Fig. 9 shows the equivalent-circuit model for the
antennas, which have a shunt stub and antenna
resistanqe(Ra)[5]. When the length of slit; + slit, is
a half-wavelength at the notched frequency, the stub

plays a short circuit. Therefore, it prevents the
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antenna from impedance matching at the notched
frequency.

C. Characteristics in the Time Domain

The group delay and phase linearity are important
parameters in UWB antenna properties. The group
delay is defined as

__ 9

T, == omof 5)

where ¢ is the far—field phase and f is frequency.
The UWB antenna must have a phase linearity in the
resonant frequency. If the group delay exceeds 1 ns,
the phases are no longer to be linear in the far-field
region and a pulse distortion is occurred.

III. Fabrication and Measurement

Table 2 shows the values of the designed UWB
antenna’s parameters. A patch is fabricated on a thin
substrate with thickness of 0.508mm and dielectric
constant of 2.5 and mounted on a 100x100mm square
ground plane. Fig. 10 shows the photographs of the

E 2 HHEE UwWB HELte] MA
Table 2. Parameters of the optimized UWB antennas.
CSLA FN-CSLA
R, Z22mm 22mm
T 0.5mm 0.5mm
o 70° 62.5°
cut,, 30° 30°
slitp - 8.9mm
slit;, - 8.2mm
slity, - 3mm
slit,, - 1mm

{a) CSLA {b) FN-CSLA
a3 10. ®=HE oHHLte] AR
Fig. 10. Photographs of some fabricated prototypes.
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fabricated UWB antennas.

Antenna properties are measured by the Network
Analyzer(Anitzu 37369). Fig. 11 and Fig. 12 show the
measured return losses and VSWRs.

CSLA’s return losses is less than -10 dB and
VSWR is less than 2 dB at the resonated
frequencies. But FN-CSLA's return losses is over
-10 dB and VSWR is over 2 dB from 48 GHz to
7.1 GHz.

The group delay and phase of UWB antennas are
measured without additional devices such as a LNA.
In our experiments two antennas were separated at a
distance of 60 mm in consideration of the low output
power of network analyzer.
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Fig. 16. Measured gains of the UWB antennas.

Fig. 13 shows the group delay of UWB antennas.
If the group delay variation exveeds 1 ns, the phases
are no longer to be linear in far-field region and a
pulse distortion is caussed. We can see that the value
of group delay is less than about 0.5 ns in CSLA.
However the value of group delay in FN-CSLA is
about bns at the notched frequency.

Fig. 14 shows the phase of UWB antennas. We
can see that the phase of CSLA is linear but one of
FN-CSLA 1is nonlinear at the notched frequency.

Fig. 15 shows the radiation patterns of the UWB
antennas. They are similar with the radiation pattern
of the monopole antenna. But the number of the
sidelobe are increased at the high frequency. Fig. 16
shows the gains of UWB antennas. The gain of
FN-CSLA decreased shapely at 56 GHz and 7.1
GHz.

In this paper, A CLSA has VSWR less than 2 dB,
group delay less than 1 ns, and phase linearity over
the band from 31 GHz to 15 GHz. We can expect
that distortion in UWB
communication. On the other hand, a FN-CSLA has
VSWR lager than 2 dB, group delay of 5 ns, phase

non-linearity and the low gain properties at the

there 1s no pulse

notched frequency. Therefore, we can expect that a
FN-CLSA have a function to notch the particular
frequency controlling.

IV. Conclusion

In this paper, a FIN-CSLA has been designed. The
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lowest frequency of the CSLA can be determined by
the radius of the sector. And a good impedance
matching over wideband can be obtained by
controlling the angle of the sector. Inverted-L shaped
slits are inserted on the fan-type arms to notch the
wideband. The notched frequency bandis determined
by the positions and lengths of the slits. For the
UWB  communication services, the designed
FN-CSLA has good performances in return loss over
-10dB, group delay of 5 ns, radiation patterns and
gain reduction in the notched bandwidth.
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