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BAND-NOTCHED ULTRA-WIDEBAND
ANTENNA

FIELD OF THE INVENTION

[0001] The present invention relates to an ultra-wideband
antenna, especially to a band-notched ultra-wideband
antenna.

BACKGROUND OF THE INVENTION

[0002] Ultra-wideband was applied in military field at early
stage. In 2002, FCC (Federal Communication Commission)
in US authorized the licensed use of ultra-wideband (UWB)
application in short-range and the bandwidth was set in the
range of 3.1 to 10.6 GHz. Along with the evolution of the
science and technology, mobile communication era has
arrived, so the USW technology has been combining gradu-
ally with the mobile communication products.

[0003] Nowadays, wireless communication system prod-
ucts are increasingly evoluting in light and slim direction. In
order to improve the circuit characteristics of the system,
lower the circuit power loss and shorten the circuit size,
circuit integration technology has become one of the most
important research topic in mobile communication field. If
the UWB antenna and the bandstop filter are integrated in a
single circuit, not only wide band, high-frequency-edge
selectivity, low loss, and miniaturization properties can be
provided but also effective use of space and downsizing of
circuit can be achieved.

[0004] Theintegration of UWB antenna and bandstop filter
in a single circuit has been found in conventional technique.
For example, U.S. Pat. No. 7,061,442B2 has disclosed an
UWRB antenna, as shown in FIG. 1, in which an U-shape slot
11 having half-wavelength of resonant frequency is provided
inan UWB antenna 1 so as to provide bandstop function in the
UWRB antenna 1. However, the above design allows only one
radiation null to be generated, and hence good notch-band-
edge selectivity is impossible. Therefore, there are still rooms
for improvement in current communication products.

[0005] Further, technology concerning the integration of
UWRB antenna and bandstop filter has also been disclosed in
professional literatures. As shown in FIG. 2, in a first docu-
ment (S.-W. Qu, I.-L. Li, and Q. Xue, “A band-notched ultra-
wideband printed monopole antenna,” Antenna Wireless
Propag. Lett., vol. 5, pp. 495-498, 2006), a first-order band-
stop filter 21 and an UWB antenna 2 are integrated in circuit
board 20 by a matching circuit 22. However, this conventional
integration method needs additional circuit for synthesis, this
might enlarge the overall circuit area and lower its applica-
bility.

[0006] Next as shown in FIG. 3, in a second document
(C.-Y.Hong, C.-W.Ling, I-Y. Tarn, and S.-J. Chung, “Design
of a planar ultra-wideband antenna with a new band-notch
structure,” IEEE Trans. Antenna propag., vol. 55, pp. 3391-
3397, December 2007), a band-notch parallel LC resonant
circuit 31 is designed to be within an UWB antenna 3 so as to
achieve the purpose of miniaturization. This circuit needs not
10 use additional circuit area and the circuit having bandstop
function is embedded in the UWB antenna, however there is
only one radiation null in the stopband and hence good notch-
band-edge selectivity is impossible.

[0007] Inturn, as shownin FIG. 4, the third document (S.-J.
Wu, C.-H. Kang, K.-H. Chen, and J.-H. Tarng, “Study of an
ultra-wideband monopole antenna with a band-notched open-
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looped resonator,” IEEE Trans. Antenna Propag., vol. 58, pp.
1890-1897, June 2010), a band-notch parallel LC resonant
circuit 41 is also designed to be embedded in an UWB
antenna 4. Similarly, this circuit also needs not to use addi-
tional circuit area and the circuit having bandstop function is
embedded in the UWB antenna. However there is only one
radiation null generated in the stopband and hence good
notch-band-edge selectivity is impossible.

[0008] Accordingly, how to integrate the UWB antenna and
the bandstop filter effectively and to provide good notch-
band-edge selectivity are worth exploring.

SUMMARY OF THE INVENTION

[0009] Inview of the abovementioned situation, this inven-
tion provides a band-notched ultra-wideband antenna, with a
purpose to integrate the UWB antenna and the bandstop filter
and to provide good notch-band-edge selectivity.

[0010] The band-notched ultra-wideband antenna of the
present invention comprises a top layer non-uniform short-
circuit metal patch connected with a signal transmission sec-
tion; a middle layer metal radiation patch electrically con-
nected to the top layer non-uniform short-circuit metal patch;
and a bottom layer metal patch including a ground metal pad
and a coupled open/short circuit stub which contains an open
circuit stub and a short circuit stub, the short circuit stub being
electrically connected to the middle layer metal radiation
patch; wherein the equivalent circuit of the top layer non-
uniform short-circuit metal patch is a parallel LC resonator,
and the equivalent circuit of the coupled open/short circuit
stub is a series LC resonator, the resonant frequency ofthe top
layer non-uniform short-circuit metal patch being equivalent
to the resonant frequency of the coupled open/short circuit
stub, so that the top layer non-uniform short-circuit metal
patch and the coupled open/short circuit stub combine to form
a second-order bandstop filter. The combination of the sec-
ond-order bandstop filter and the UWB antenna can generate
two radiation nulls at the notch band and two transmission
zeros at the notch band edge. Therefore, better notch-band-
edge selectivity can be achieved.

[0011] The resonant frequency of the top layer non-uni-
form short-circuit metal patch and the coupled open/short
circuit stub can be set at 5.5 GHz. Thus, the second-order
bandstop filter can stop the transmission signal of frequency
5~6 GHz s0 as to avoid the mutual interference with the other
wireless signal (such as WLAN, 802.11a, the bandwidth used
is between 5.015 GHz and 5.825 GHz.).

[0012] The middle layer metal radiation patch acts as the
ground plane of the coupled open/short circuit stub and this is
the main characteristics of the present invention. Further, the
top layer non-uniform short-circuit metal patch is preferably
a trapezoidal metal patch, the middle layer metal radiation
patch is a pentagonal metal radiation patch, and the signal
transmission section can be a microstrip feed line.

[0013] Theopen circuit stub and the short circuit stub of the
present invention can be microstrip lines of equal or unequal
length. Preferably, the length of the open circuit stub is a
quarter-wavelength corresponding to the resonant frequency
of the coupled open/short circuit stub. Furthermore, the
length of the top layer non-uniform short-circuit metal patch
is a quarter-wavelength corresponding to the resonant fre-
quency of the top layer non-uniform short-circuit metal patch.
The coupled open/short circuit stub is designed to be on the
same plane in microstrip line mode, and the energy of two
stubs is coupled with each other through a notch. Alterna-
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tively, the coupled open/short circuit stub can be realized by
another method instead of microstrip line, such as coplanar
waveguide (CPW), strip line or the like.

[0014] Theband-notched ultra-wideband antenna provided
by the present invention can reduce circuit area effectively,
not only wide band and high-frequency-edge selectivity can
beprovided butalso the purpose of circuit miniaturization can
be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic view of the conventional first
ultra-wideband antenna.

[0016] FIG. 2 is a schematic view of the conventional sec-
ond ultra-wideband antenna.

[0017] FIG. 3 is a schematic view of the conventional third
ultra-wideband antenna.

[0018] FIG. 4 is a schematic view of the conventional
fourth ultra-wideband antenna.

[0019] FIG.5 (@)isanassembly view of the ultra-wideband
antenna of a preferred embodiment of the present invention.
[0020] FIG.5(b)is anexploded view of the ultra-wideband
antenna of a preferred embodiment of the present invention.
[0021] FIG. 6 is an equivalent circuit diagram of the top
layer non-uniform short circuit metal patch, the coupled
open/short circuit stub, and the middle layer metal radiation
patch of the present invention.

[0022] FIG. 7 (a) is a schematic view of an open/short
circuit stub resonator of prior art.

[0023] FIG. 7 (b)1is a first schematic view of an open/short
circuit stub resonator of the present invention.

[0024] FIG. 7 (¢) is a second schematic view of an open/
short circuit stub resonator of the present invention.

[0025] FIG. 8 (a) is a diagram showing the comparison of
equivalent inductance extraction between the conventional
open/short circuit stub resonator and the coupled open/short
circuit stub of present invention in different line width.
[0026] FIG. 8 (b) is a diagram showing the comparison of
computer simulation result of the coupled open/short circuit
stubs in different line width.

[0027] FIG. 9 (a) is a comparison chart of return loss fre-
quency response between the band-notched ultra-wideband
antenna of the present invention and the conventional ultra-
wideband antenna.

[0028] FIG. 9 (b)isa comparison chart of isotropic radiant
power frequency response between the band-notched ultra-
wideband antenna of the present invention and the conven-
tional ultra-wideband antenna.

[0029] FIG. 10 (a) is the measurement result of antenna
radiation pattern at low band of the ultra-wideband antenna of
the band-notched ultra-wideband antenna of the present
invention.

[0030] FIG. 10 (b) is the measurement result of antenna
radiation pattern at stopband of the ultra-wideband antenna of
the band-notched ultra-wideband antenna of the present
invention.

[0031] FIG. 10 (¢) is the measurement result of antenna
radiation pattern at high band of the ultra-wideband antenna
of the band-notched ultra-wideband antenna of the present
invention.

DETAIL DESCRIPTION OF THE INVENTION

[0032] FIG. 5(a) is an assembly view of a preferred
embodiment of the present invention, while FIG. 5(b) is an
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exploded view of a preferred embodiment of the present
invention. As shown in these figures, the band-notched ultra-
wideband antenna 5 of the present invention comprises a
middle layer metal radiation patch 51, a top layer non-uni-
form short-circuit metal patch 52, and a bottom layer metal
patch 53. The band-notched ultra-wideband antenna 5 of the
present invention is a three-layer metal layer structure.
[0033] The top layer non-uniform short-circuit metal patch
52 is connected to a signal transmission section 521, and the
top layer non-uniform short-circuit metal patch 52 is electri-
cally connected to the middle layer metal radiation patch 51
through a plurality of connecting channels 52a. The bottom
layer metal patch 53 includes a ground metal pad 531 and a
coupled open/short circuit stub 532. The coupled open/short
circuit stub 532 includes an open circuit stub 532a, a short
circuit stub 5324, and the short circuit stub 5324 1s electrically
connected to the middle layer metal radiation patch 51
through a connecting channel 5324'. In this embodiment, the
middle layer metal radiation patch 51 is a pentagonal metal
radiation patch, the top layer non-uniform short-circuit metal
patch 52 is a trapezoidal metal patch, and the signal transmis-
sion section 521 is a microstrip feed line which is used to
transmit the transmission signals about to be outgoing. In the
present invention, the middle layer metal radiation patch 51
acts as a radiator of the ultra-wideband antenna 5 for sending
out the transmission signals. In the mean time, the middle
layer metal radiation patch 51 is also a ground plane of the
coupled open/short circuit stub 532. This is the main charac-
teristics of the present invention.

[0034] FIG. 6 is an equivalent circuit diagram of the top
layer non-uniform short-circuit metal patch 52, the coupled
open/short circuit stub 532, and the middle layer metal radia-
tion patch 51 of the present invention. Referring to FIGS. 5 (b)
and 6, the point A in FIG. 6 is equivalent to the point A in FIG.
5 (b), the point B in FIG. 6 to the point B in FIG. 5 (), and the
point C in FIG. 6 to the point C in FIG. 5 (b).

[0035] Again referring to FIGS. 5 (b) and 6, the length of
the top layer non-uniform short-circuit metal patch 52 is a
quarter-wavelength corresponding to the resonant frequency
of the top layer non-uniform short-circuit metal patch 52, and
the equivalent circuit thereof is a parallel LC resonator 61.
The equivalent circuit of the coupled open/short circuit stub
532 is a series LC resonator 62. The resonant frequency of the
top layer non-uniform short-circuit metal patch 52 (i.e., the
parallel LC resonator 61) is

1
wVLC

and the resonant frequency of the coupled open/short circuit
stub 532 (i.e., the series LC resonator 62) is

1
VLG

In this embodiment, the resonant frequency of the top layer
non-uniform short-circuit metal patch 52 is equivalent to the
resonant frequency of the coupled open/short circuit stub 532
so that the top layer non-uniform short-circuit metal patch 52
and the coupled open/short circuit stub 532 combine together
to form a second-order bandstop filter.
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[0036] The design of the coupled open/short circuit stub
532 is also a main characteristics of the present invention.
This characteristics will be described cleatly in reference to
FIGS. 7 (a)and 7 (b). FIG. 7 (a) is a structure of conventional
open/short circuit stub resonator 7, while FIG. 7 (b) is a
structure of the coupled open/short circuit stub 532 of the
present invention. As shown in FIG. 7 (a), the conventional
opet/short circuit stub resonator 7 is mainly a series structure
formed by an open circuit stub 71 having its length equal to a
quarter-wavelength of the resonant frequency together with a
short circuit stub 72, with point D as the signal input end and
point E as the signal output end. When the frequency of the
transmission signal is lower than the resonant frequency, the
open circuit stub 71 and the short circuit stub 72 respectively
display capacitance property and inductance property so as to
form a parallel LC resonator; when the frequency of the
transmission signal is higher than the resonant frequency, the
open circuit stub 71 and the short circuit stub 72 respectively
display inductance property and capacitance property so as to
form a parallel LC resonator. However, in this structure, the
open circuit stub 71 operating at resonant frequency can only
provide a lower equivalent inductance value so that the con-
ventional structure is not suitable for designing bandstop
filter of narrow bandwidth.

[0037] As compared with the conventional structure, the
coupled open/short circuit stub 532 of the present invention is
ofa coupling type, i.e. the open circuit stub 532q and the short
circuit stub 5325 are disposed parallelly along the same direc-
tion. This design can allow the series LC resonator operating
at resonant frequency to generate a higher equivalent induc-
tance value. In order to increase the degree of freedom in
design, this invention provides two design modes for coupled
open/short circuit stub. The open circuit stub 532a and the
short circuit stub 5324 can be microstrip lines of equal or
unequal length. In this embodiment, the open circuit stub
5320 and the short circuit stub 5325 are unequal in length and
the length of the open circuit stub 5324 is a quarter-wave-
length corresponding to the resonant frequency of the
coupled open/short circuit stub 532. Moreover, the open cir-
cuit stub 532a and the short circuit stub 5325 can be designed
to be equal in length, and the length of the open circuit stub
532¢ or the short circuit stub 5325 is a quarter-wavelength
corresponding to the resonant frequency of the coupled open/
short circuit stub 532, as shown schematically in FIG. 7 (¢).
Alternatively, the coupled open/short circuit stub 532 can be
realized by another method instead of microstrip line, such as
coplanar waveguide (CPW), strip line or the like.

[0038] Similar to the conventional open/short circuit stub
resonator 7, the coupled open/short circuit stub 532 provided
in the present invention is operated as the series LC resonator
at the central band, while a pair of transmission zeros are
produced at both sides of the notch-band. FIG. 8 (a) is a
diagram showing the comparison of equivalent inductance
extraction between the conventional open/short circuit stub
resonator 7 and the coupled open/short circuit stub 532 of
present invention in different line width. It is understood that,
as compared to the conventional open/short circuit stub reso-
nator 7, the coupled open/short circuit stub 532 of present
invention can provide a higher equivalent inductance value.

[0039] Next, as to the open circuit stub 532a and the short
circuit stub 5325 being microstrips of equal or unequal
length, the present invention also provides computer simula-
tion result to describe its effect. Referring to FIG. 8 (5), when
the central frequency is 5.5 GHz, the length ofthe open circuit

Jul. 25,2013

stub 532a is fixed at a quarter-wavelength (90/360), while the
length of the short circuit stub 5325 can be adjusted to 90/360
wavelength, 80/360 wavelength, and 70/360 wavelength
alternatively. It is apparent from the drawings that the fre-
quency response near the central frequency will not change
due to the different length of the short circuit stub 53256, which
means that the length of the short circuit stub 5325 does not
affect the central frequency. When the lengths of the open
circuit stub 532a and the short circuit stub 5325 are all a
quarter-wavelength (90/360), it is understood that transmis-
sion zeros are generated respectively at 3.3 GHz and 7.5 GHz.
When the short circuit stub 5325 is gradually shortened, it is
observed that two transmission zeros are shified to high fre-
quency, in which the transmission zero of higher frequency
moves faster than that of lower frequency. When designing a
bandstop filter, the bandwidth and frequency response out-
side the notch-band (i.e., the passband frequency band) can be
improved by suitably controlling the frequency of the trans-
mission zero. Therefore, the coupled open/short circuit stub
532 of present invention not only provides higher inductance
value at the central frequency but also provides additional
degree of freedom in design so as to control efficiently the
property of the passband frequency band. In actual design, the
coupled open/short circuit stub 532 having equal length can
be designed first, and then the length of the coupled open/
short circuit stub 532 can be adjusted according to the
required ultra-wideband antenna bandwidth.

[0040] In turn, FIGS. 9 (a) and 9 () are the comparison
figures of return loss, and isotropic radiant power frequency
response between the band-notched ultra-wideband antenna
5 of the present invention and the conventional ultra-wide-
band antenna, in which simulation and measurement results
of full-wave electromagnetic simulation software (Ansoft
HFSS 10) used by the present invention and the simulation
result without the band-notched ultra-wideband antenna are
included in the charts. It is apparent from the figures that the
band-notched ultra-wideband antenna 3 of the present inven-
tion, when compared with the conventional ultra-wideband
antenna, has lower bandwidth in low frequency and this is due
to the transmission zero generated at low frequency by the
coupled open/short circuit stub 532 of the band-notched ultra-
wideband antenna 5 of the present invention. If the second-
order bandstop filteris embedded in basic antenna, itis appar-
ent that the signals can be blocked between 5 GHz to 6 GHz
successfully.

[0041] In the simulation result of the band-notched ultra-
wideband antenna 5 of the present invention, two radiation
nulls are generated at 5.25 GHz and 5.8 GHz. Further, the
efficiency of the simulation result operated at frequency 5.5
GHz is 7.5%, while the efficiency of the simulation radiation
at the two radiation nulls are all lower than 5%. When the
measurement result and the simulation result are compared,
they are similar to each other. Under the condition of the same
circuit area, the band-notched ultra-wideband antenna 5 of
the present invention has smooth return loss and full-wave
radiation power response lower than —10 db at the stop band,
and has higher band-stop-edge selectivity.

[0042] Next, FIGS. 10 (a), 10 (b) and 10 (¢) are the mea-
surement results of the antenna radiation pattern of the band-
notched ultra-wideband antenna 5 respectively at low band,
stopband, high band. As shown in the figures, the antenna
radiation pattern on the x-y plane of the band-notched ultra-
wideband antenna 5 of the present invention is omni-direc-
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tional, the antenna gain thereofis about 0 dBi at low band and
high band, and is at least less than —10 dBi at stopband.
[0043] According to the band-notched ultra-wideband
antenna 5 in the present invention, resonant circuit with effec-
tive stopband can be designed under limited circuit area, not
only wide band and high frequency edge selectivity can be
provided but also the purpose of circuit miniaturization can be
achieved. However, the above-mentioned embodiment is
only for illustrative purpose, not intended to limit the scope of
the present invention. Variations and modifications equivalent
to the above embodiment and able to be realized are consid-
ered to be within the scope of the present invention.
What is claimed is:
1. A band-notched ultra-wideband antenna, comprising:
a top layer non-uniform short-circuit metal patch con-
nected to a signal transmission section;
amiddle layer metal radiation patch electrically connected
to said top layer non-uniform short-circuit metal patch;
and
a bottom layer metal patch having a ground metal pad and
a coupled open/short circuit stub, said coupled open/
short circuit stub comprising an open circuit stub and a
short circuit stub electrically connected to said middle
layer metal radiation patch;
wherein an equivalent circuit of said top layer non-uniform
short-circuit metal patch is a parallel LC resonator, and
an equivalent circuit of said coupled open/short circuit
stub is a series LC resonator, a resonant frequency of
said top layer non-uniform short-circuit metal patch
being equivalent to a resonant frequency of said coupled
open/short circuit stub, so that said top layer non-uni-
form short-circuit metal patch forms a second-order
bandstop filter with said coupled open/short circuit stub.
2. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said middle layer metal radiation patch
functions as a ground plane for said coupled open/short cir-
cuit stub.
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3. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said middle layer metal radiation patch is a
monopole ultra-wideband antenna, or some other ultra-wide-
band antennas and the variations thereof.

4. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said open circuit stub is disposed substan-
tially parallel to said short circuit stub along the same direc-
tion.

5. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said open circuit stub and said short circuit
stub are microstrip lines having the same length.

6. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said open circuit stub and said short circuit
stub are microstrip lines different in length.

7. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said open circuit stub has a length which is
a quarter of a wavelength corresponding to the resonant fre-
quency of said coupled open/short circuit stub.

8. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said coupled open/short circuit stub is dis-
posed on the same plane in a microstrip line form, and
wherein energy of said open circuit stub is coupled with
energy of said short circuit stub through a notch.

9. The band-notched ultra-wideband antenna as claimed in
claim 1, wherein said top layer non-uniform short-circuit
metal patch has a length which is a quarter of a wavelength
corresponding to the resonant frequency of said top layer
non-uniform short-circuit metal patch.

10. The band-notched ultra-wideband antenna as claimed
in claim 1, wherein said second-order bandstop filter is con-
figured to combine with said ultra-wideband antenna so as to
form two radiation nulls at the notch-band, so that two trans-
mission zeros are produced at notch-band edges to obtain
better notch-band edge selectivity.
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