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ULTRA-WIDEBAND BANDPASS FILTERS USING
MULTILAYER SLOT COUPLED TRANSITIONS

M. Nedil, T. A. Denidni, A. Djaiz, and H. Boutayeb

INRS-EMT, University of Quebec
800 rue de la Gauchetiere, Montreal Quebec H5A 1K6, Canada

Abstract—New Ultra-Wideband (UWB) bandpass filters are pro-
posed and tested. The filters are composed of two microstrip -
Conductor-Backed Co-Planar Waveguide (CBCPW) transitions and
a multiple-mode resonator, constituted by a line section. The both
cases, where the line section is a microstrip or a CBCPW are tested.
First, simulated and experimental results for the transition are pre-
sented, showing that a wide operating band is obtained. Then, the
results for the proposed filters that use this transition structure are
presented. Simulated and measured data show that the filters can
provide an operating band from 3.1 GHz to 10.6 GHz (—10dB band-
width), which is suitable for ultra-wideband systems. The group delay
is about 0.3 ns over the most central band and less than 0.45 ns all over
the operating band. In addition, using an optimization procedure, a
bandwidth of 15 GHz can be achieved with the proposed filter which
is more than what was fixed by Federal Communications Commission
(FCC) for UWB radio systems. Moreover, a filter constituted by com-
bining the two proposed filters was also designed and fabricated, to
improve further the band rejection.

1. INTRODUCTION

Ultra-Wideband (UWB) radio technology has been getting more
popular for high-speed wireless connectivity applications, since the
Federal Communications Commission (FCC)’s decision to permit the
unlicensed operation band from 3.1 to 10.6 GHz in 2002 [1]. UWB radio
systems are very promising, because transmission data rates greater
than those of other wireless LAN systems can be obtained with low
power dissipation. In this area, various studies are under progress
[2-7]. UWB filters, which are among the most important passive
components, should satisfy the following requirements. These filters
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should satisfy the following requirements: low insertion loss over the
operating band, good band rejection, and small group delay variation,
which is important for impulse-radio systems.

Conventional filter design procedure is adequate only for relatively
narrowband filters, but it is not suitable for wideband filters [8-12].
However, the most major challenge is to design an ultra-wideband filter
with about 110% bandwidth, which makes some usual techniques for
broadband designs inefficient. In this area, few UWB bandpass filters
have been proposed [13-16]. In [13], dual-mode resonators have been
used, whereas in [14], a broadside coupled microstrip to coplanar filter
has been reported. Another ultra-wideband bandpass filter with a
shielded multi-layered structure has been proposed [15]. However, this
filter does not cover all FCC’s band. Recently, an UWB filter using
Co-Planar Waveguide-to-microstrip transition based on multiple-mode
resonators has been introduced [16], but this filter has a moderate
group delay and a limited bandwidth due to the transition. To resolve
this problem, a slot coupled Conductor-Backed Co-planar Waveguide
(CBCPW) to microstrip transition has been proposed recently [17].

In this paper, new UWB bandpass filters are presented. They are
based on hybrid microstrip to Conductor-Backed Co-planar Waveguide
(CBCPW) transitions. It is shown that the proposed filters offer good
performances in terms of band rejection and group delay, and they are
suitable for ultra-wideband systems. Furthermore, it is demonstrated
that a bandwidth of about 15 GHz can be achieved with this type of
filters. A filter constituted by combining the proposed filters was also
designed and fabricated, to improve further the band rejection. A good
agreement is obtained between simulated and measured results, for the
transition and the filters.

2. MICROSTRIP TO CBCPW TRANSITION

In this subsection, the Conductor-Backed Co-planar Waveguide
(CBCPW)-to-microstrip slot coupled transition used for our design
is presented.

Figure 1 shows the geometrical layout of the proposed two-port
microstrip-to-CBCPW transition. Referring to Fig. 1a, the transition
is characterized by an aperture etched on the common ground plane
located between the two-layered structures to provide a fed-through
coupling between the upper microstrip and the lower CBCPW lines.
In this structure, the upper microstrip conductor is vertically coupled
with the central strip conductor of the lower CB-CPW via the aperture
as illustrated in Fig. 1.

The transition was designed using commercial software IE3D [18].



UWRB filters with multilayer transitions 3

w
Microstrip
line
Slot on
ground plane
e _ B -CPW
,:/7,,’,' line
4 4
S AL
sV 2
. I. e " 7 7
2
(a)

(b)

Figure 1. (a) Layout of the microstrip-to-CB-CPW transition (b)
Top view.

The top and bottom 50 Ohm transmission lines were computed using
HP’s LineCalc. The coupling line widths and line lengths were varied
in order to optimize the transition match. It is noted that the coupling
mechanism is controlled by the thickness of the substrate and the
dimensions of the slot in the common ground plane. Transitions with
different slot widths were simulated to optimize the design. Figure 2
shows the S-parameters of the transition for different values of the
width Wj. When the slot coupled width W1 increases from 2.6 to
4.5mm, the return loss decreases, and the matching and bandwidth
increase. From these results, it can be noted that this optimized design
offers a good transition and tight coupling between the microstrip feed
line to CBCPW-line section. The transition was designed using a
Duroid substrate (RT/Duroid 5880) with r = 2.2 and thickness of
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Figure 2. Simulated S parameters of the transition for different values
of W1 .

0.254 mm. The parameters of the transition are the followings: Lg =
5.15mm, L = 4.75mm, W = 2.7mm, W1 = 4.5mm, W2 = 4.3 mm,
S =02mm, G = 0.69mm, e = 0.2mm. The main drawback of the
CBCPW technology is the parallel-plate modes, which are considered
as unwanted bulk modes [19]. This indicates that the minimum
parasitic resonant frequency from the parasitic parallel-plate modes
of the CBCPW can be predicted using a simple rectangular patch
model as reported in [19]. The calculated lowest order mode resonance
frequency is f11 (20.8 GHz) when the width and length of the ground
are Wy = 5mm and Ly = 20 mm, respectively. In this case, it can be
noted that the leaky-wave phenomenon does not affect the performance
of the proposed transition, which allows to avoid the use of via.

To validate the proposed design, a prototype was fabricated and
tested. Fig. 3 shows the simulated and measured results. From
these, a good agreement is obtained between the simulated and
experimental data, and the microstrip-to- CB-CPW transition offers
a bandwidth about 12 GHz, which is superior than previous results
obtained with other transitions [20]. In the next section, this transition
was introduced to design a new multi-layer UWB filter with different
feed-lines.
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Figure 3. Simulated and measured S parameters of the proposed
transition.
3. FILTER USING CBCPW FEED

In this section, the proposed filter with CBCPW fed and satisfying the
UWB bandwidth requirement (110%) is presented.

CB-CPW to microstrip
transition

Side View

Bottom layer

Figure 4. Layout of the CBCPW fed UWB filter.

Figure 4 shows the layout of this filter. The filter is composed
of two CBCPW to microstrip transitions, described in the previous
section, and a microstrip line section, which acts as a multiple-
mode resonator (MMR) between the two transitions. At the center
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frequency of pass-band, both side sections of the MMR (CBCPW
to microstrip transitions) are identical, and they are chosen as
one quarter-wavelength (A\,/4), while the middle section is set as
one half-wavelength (\;/2). The filter was simulated using IE3D
software. In these simulations, it is found that the out-of-band
rejection at high frequencies can be improved by optimizing both
CBCPW and microstrip line of the transitions. A parametric study
was performed, and the optimized parameters dimensions are the
followings: Luicrostrip = 15.5mm, L = 7.8mm, LS = 8.1mm, W =
1.4mm, W1 =3.13mm, W2 = 2.68mm, G = 1.83mm, e = 0.15 mm

Figure 5. Photograph of the fabricated UWB filter.

Figure 5 shows the photograph of the fabricated filter. The S-
parameters were measured using a network analyzer. The simulated
and measured results are plotted in Fig. 6, showing that a good
agreement is obtained between them. These result show also that
the the insertion loss is small. Fig. 7 shows the simulated insertion
loss and the return loss magnitude of the UWB filter over a wide
frequency range (1-13 GHz) with different coupling lengths (L = 0.5,
2.8, and 7.8mm). From these results, for L = 0.5 and 2.8 mm, it
can be seen that three resonant frequencies were generated. When
L = 7.8mm, which is approximately \;/4, at the center frequency
of the UWB band (6.85 GHz), the magnitude curve of S9; achieves
a flat frequency response near the 0dB line over the desired band
(3.1-10.6 GHz). This indicates that the coupling enhancement of both
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Figure 6. Simulated and measured S parameters of the filter.

both transitions allows to generate other modes in the filter structure,
which makes S7o2 response flat in the UWB band. Meanwhile, the
return loss is lower than —15dB.

Fig. 8 shows the simulated and measured results of the group
delay. 'The group delay varies between 0.3ns and 0.5ns with a
maximum variation of 0.2ns, which leads to good linearity of the
proposed UWB filter. The group delay of the proposed filter is found
to be lower than that of the hybrid microstrip/CPW filter reported
in [16]. From these results, it can be concluded that the proposed
filter satisfies the requirements of a small and flat group delay over the
operating band, which is strongly required for impulse radio systems
to minimize the distortion in short pulse transmission system.

The transition parameters affect the behavior of the filter
considerably. Because the bandwidth of the transition is about 12 GHz,
it is possible to increase further the bandwidth of the filter. We found
that a wider bandwidth may be achieved by optimizing the parameters
of the microstrip-CBCPW transitions and the microstrip line. The
optimized dimensions are the followings: Lymicrostrip} = 8.1mm, L
=52mm, Lg =5.5mm, W =3.1mm, W1 =4.8 mm, W2 = 4.68 mm,
G = 45mm, e = 0.15mm. The simulation results of the optimal
UWB filter are shown in Fig. 9. It can be seen that a bandwidth
improvement is achieved by comparison with the results plotted in
Fig. 3. The obtained bandwidth is about 15 GHz, which is wider than
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the bandwidth fixed by FCC.
In the next section, we present another type of UWB filter with
microstrip-line feed.

4. FILTER USING MICROSTRIP-LINE FEED

A filter composed of two microstrip-CBCPW transitions and a section
of CBCPW transmission line was designed. The CBCPW feed line and
the microstrip line are replaced by microstrip feed line and a section of
CBCPW, respectively to generate the multi-mode resonator (MMR).
At the central frequency of the concerned UWB passband, the two side
sections of this MMR are equally selected as one quarter-wavelength
while the central section is set as one half-wavelength (A(403/2) long.
From this, the second resonant frequency of this MMR can be fixed
around 6.85 GHz. According to numerical analysis, the out-of-band
rejection at high frequencies can be improved by optimizing both
the microstrip/CBCPW transition and the microstrip. The following
optimized parameters were obtained: Licpyy = 16.2, L = 7.8 mm,
Ls = 83mm, W = 1.0mm, W; = 3.15mm, Wy = 2.68mm,
G = 1.4mm, e = 0.15mm.

Figure 10. Filter with microstrip-line feed.

The fabricated filter is illustrated in Fig. 10. The simulated and
measured results are shown in Fig. 11. It can be seen that the measured
results agree well with the simulated ones. The results show that a
smaller insertion loss is obtained with this filter than for the previous
filter.

Fig. 12 shows the simulated insertion loss and return loss
magnitude of the second UWB filter over the wide frequency range
(1.0-13.0 GHz) for three different coupling lengths (L = 0.8, 2.8 and
7.8mm). For L = 0.1 and 2.8 mm, the three resonant frequencies can
be clearly seen to be almost equally spaced within the UWB pass-band.
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Figure 11. Simulated and measured results of the filter with
microstrip-line feed.

For L = 7.8 mm, the Ssl-magnitude in the two regions among
the three peaks moves up so as to realize an almost flat frequency
response near the 0dB line over the desired band (3.1-10.6 GHz).
These results demonstrate that for the both UWB filters, the structure
of CBCPW /microstrip transitions and microstrip or CBCPW section
lines allow to generate an MMR to design an UWB filter.

The simulated and measured group delays are plotted in Fig. 13,
a small value is obtained (0.3 ns).

5. COMBINATION OF THE TWO FILTERS

To improve further the band rejection in low frequencies, the previous
filters are combined as illustrated in Fig. 14. This design allows
to increase the number of pole. After a numerical study, we
obtained the following optimized parameters: Licpyy = 13.8mm,
L{microstrip} = 15.3mm, Lg = 8.2mm, L = 7.8 mm, W = 1.46 mm,
Wi =32mm, Wy = 2.6 mm, W3 = 1.4mm, G = 1.6 mm.

Figure 15 shows the simulated results of both insertion loss and
reflection loss of the global filter. From these curves, the out-of-band
rejection level is about —55dB at 1 GHz and —50dB at 13 GHz, the
pass-band is ultra-wide from 3.1 to 10.6 GHz (—10dB bandwidth), the
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insertion loss is very low and flat, and the reflection coefficient is less
than —12dB. The simulated group delay response of the global filter
is plotted in Fig. 16. At the middle-band, the group delay is about
0.5 ns, and its maximum variation in the pass-band is around 1ns.

6. CONCLUSION

New UWB filters using a back-to-back microstrip to CBCPW
transition have been presented. First, it has been shown that the
transition can offer a wide-band of 12 GHz. Then, UWB filters with
different feed lines have been designed and tested, showing that these
filters have low insertion loss, good band rejection, high return loss,
small group delay variation, and can operate in the band 3.1 - 10.6 GHz,
which is suitable for UWB wireless systems. In addition, by cascading
multiple filters, it has been demonstrated that the band rejection can
be improved further.
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