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Abstract— A bandpass ridge waveguide filter, with
input/output realized through tapped-in stripline is
designed. Using rigorous mode matching technique
the generalized scattering matrices of all the building
blocks can be obtained. Design procedure is described
and examples are given to demonstrate the features of
the proposed coupling structure. The proposed struc-
ture shows a considerable reduction of the filter’s total
length.

I. INTRODUCTION

In modern communication systems, there is a grow-
ing need for small size, light weight and compact high
performance RF/microwave elements. Since large ar-
eas in the printed circuit boards of systems are usu-
ally occupied by passive components, integration of the
passive components into multilayers substrates [1] is an
efficient way to miniaturize the size and to increase the
reliability of the RF/microwave systems. RF and mi-
crowave filters are very important passive components,
among which, 3-D cavity filters usually offer lower loss
characteristics compared to the planar circuits [2]. A
typical filter to meet these requirements is the ridge
waveguide filter as it is characterized by large single
mode broadband operation, the dominant mode cutoff
frequency of the ridge waveguide is smaller than that
of a rectangular waveguide with the same cross sec-
tion, low loss, high spurious performance and compact
size. Ridge waveguide filter designs suitable for mul-
tilayers applications can be found in [3], [4] and [5].
Fig. 1(a) [5] shows the configuration of a typical ridge
waveguide filter that consists of single ridge waveguide
resonators. The coupling between each two resonators
is achieved through a section of rectangular waveg-
uide, with evanescent mode, operating below the cut-
off frequency of the dominant mode of the single ridge
waveguide. This typical configuration of ridge waveg-
uide filters makes them useful in designing compact
filters that have moderate to wide bandwidth opera-
tion and good spurious performance. Transitions from
the single ridge waveguide at the input and the output
to the stripline as shown in Fig. 1(b) [4] is designed to
make the filter compatible with other components in
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multilayers packages. Very good results were obtained
for filters designed according to the configuration in
Fig. 1. However, the problem is that going from the
input/output ridge waveguides to the 50§ stripline in-
volves a long transition (multisections of striplines), re-
dundant input/output ridges and evanescent sections
at the input and the output for coupling realization
thus increasing the filter’s total length. It is proposed
in this paper to replace the input and output trans-
former couplings by direct tapped connections to the
first and the last resonators as shown in Fig. 2(a). In
the examples included in this paper, the resulting total
filter’s length reduction is between 36% and 70%. The
full wave mode matching technique is used to obtain
the generalized scattering matrices of all the building
blocks. The building blocks are cascaded together to

get the total filter’s response. Full wave optimization

is used to get the optimum filter’s response.
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Fig. 1. (a) Configuration of a N poles ridge waveguide filter.
(b) Transition from single ridge waveguide to 5062 stripline at
the input and the output. Dimensions: N = 5, a = 0.3", b =
0.096", by = 0.012", d = 0.0127, rw = 0.1", & = 3.38, d; =
do = 0.030", L; = 0.0837", Ly = 0.1239", Lz = 0.2123",
L4 =0.0968", Ly = 0.2576", Lg = 0.0949", L7 = Ly, Lg = Ly,
Lg = L3, Liop = Lg, L1y = Ly, stripline thickness= 0.0005",
Wo = 0.060”7, W; = 0.030”, Wa = 0.0215", do = 0.115", d; =
0.145"

II. MODELING AND DESIGN

The proposed filter’s structure shown in Fig. 2(a) is
decomposed into building blocks characterized by their
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Fig. 2. (a) Configuration of a N poles ridge waveguide filter
excited by a tapped-in 502 stripline. Dimensions: N =5, ¢ =
0.3", b = 0.096”, ba = 0.012"”, d = 0.044", rw = 0.1", &r =
3.38, t = 0.0005", L; = 0.1084"", Ly = 0.2027", L3 = 0.0968",
L4 = 0.252", Ly = 0.0953", Lg = L4, Ly = L3, Lg = Lo,
Ly = L, Wp = 0.0545". (b) Generalized scattering matrices
building blocks.

generalized scattering matrices. The building blocks
as shown in Fig. 2(b) are the discontinuity from the
stripline to the single ridge waveguide [S°7], the dis-
-continuity from the ridge waveguide to the rectangu-
lar waveguide [S™] and [S¥"] is the discontinuity from
the rectangular waveguide to the ridge waveguide. The
generalized scattering matrices of these building blocks
are obtained using the full wave mode matching tech-
nique. Before applying the mode matching, the eigen-
modes in the stripline and in the ridge waveguide are
to be found first.

A. Eigenmodes

The modes in the stripline can be classified into
TEM, TE and TM modes. While, the modes in the
ridge waveguide can be classified into TE and TM
modes. For each of these modes, eigenfields within
the guides are to be found first. The approach of get-
ting the eigenmodes and their field distributions can
be found in [2].

B. Generalized Scattering Matriz

After obtaining the eigenmodes and the correspond-
ing field components, the mode matching technique is
applied to obtain the generalized scattering matrices
of all the discontinuities involved. At each side of a
discontinuity, the fields are expressed as the superpo-
sition of the incident and the reflected waves of all the
eigenmodes that are orthogonal and constitute a com-
plete set of basis functions. By applying the boundary
conditions at each discontinuity and performing ap-
propriate inner products of these eigenmode fields, the
generalized scattering matrices of the discontinuities
are obtained.

C. Filter Design

Dimensions of the evanescent mode waveguide are
determined so that its fundamental mode cutoff fre-
quency is much higher than the filter operating center
frequency. The ridge waveguides are chosen to have
the same cutoff frequencies. The filter design consists
of two steps. The first is the prototype synthesis to
get the required impedance inverters [7}, [8] for the in-
ner sections of the filter and to realize the required in-
put/output coupling. A modification factor [4] is intro-
duced to modify the fractional bandwidth that turns
out to be wider than the desired one due to disper-
sion and large bandwidth that were not considered in
(7]. Fig. 3 shows the configuration and the correspond-
ing building blocks used to compute the input/output
coupling. The actual coupling is obtained by using the
following equation:
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where ¢ is the phase angle of the input reflection co-
efficient obtained at the reference plane t — t, f; is
the loaded resonant frequency that corresponds to the
maximum phase angle variation [9]. The stripline di-
mensions are changed until the required coupling is
achieved. The second step is the full wave optimiza-
tion to get the optimum filter parameters. An objec-
tive function [6], [8] is defined and is minimized effi-
ciently using a gradient optimization method together
with a numerical interpolation technique.
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Fig.3. (a) The configuration used to compute the input/output
coupling of a ridge waveguide filter excited by a tapped-in 500
stripline. (b) Generalized scattering matrices building blocks.
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III. NUMERICAL RESULTS

Two 5 poles ridge waveguide bandpass filters, to
have a 6.175 GHz operating center frequency and 0.5
GHz bandwidth, were designed by using the configu-
rations shown in Figs 1, 2. Fig. 4 shows a comparison
of the in-band and the out-of-band frequency response
of the filter, with input/output transitions, which has
a total length of 2223.5 mils and the tapped-in filter
which has a total length of 1415.1 mils. The tapped-
in filter has a 36.5% reduced length from the conven-
tional filter while it has better return loss in the pass-
band, the conventional filter has better stopband per-
formance. Another interesting application on the same
topic is the interdigital bandpass filters. From the
analysis point of view, interdigital filters can be mod-
eled exactly the same way as double-ridge waveguide
filters. This concept can be well illustrated in Fig. 5,
where the cross sections (transverse to the direction
of propagation) of the interdigital filters are related to
that of double-ridge waveguide filters. To demonstrate
the feasibility of this concept, an 8-pole interdigital fil-
ter with center frequency 2.14 GHz and 152 MHz band-
width is designed and manufactured. The detailed di-
mensions are shown in Fig. 6. The simulated response
using rigorous mode matching technique is included in
Fig. 7. Fig. 8 shows the experimental results which is
in good agreement with the simulated response.

IV. CONCLUSION

A bandpass ridge waveguide filter with 5082 tapped-
in stripline is proposed for multilayers compact pack-
age. The mode matching technique is used to get
the generalized scattering matrices of all the building
blocks of the tapped-in ridge waveguide filter. Full
wave optimization follows to get the optimum filter
parameters. It is shown through designed filters that
the tapped-in ridge waveguide filter results in a signif-
icant length reduction compared to the conventional
filter with input/output transitions and also the fil-
ter has a good spurious performance. The accuracy of
the numerical results are checked by comparison with
HFSS and experimental data are shown.
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Fig. 4. Comparison of frequency response of the filters shown
in Figs. 1, 2 (a) In-band (b) Out-of-band.
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Fig. 5. (a) Top view of a general interdigital bandpass fil- Fig. 7. Simulation results using mode matching for the filter
ter; cross sectional views of (b) general double-ridge waveguide configuration shown in Fig. 6.
bandpass filter, (c) plane AA’ and (d) plane BB’ of the inter-
digital filter showing the relationship in the analysis point of
view.
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Fig. 6. Configuration and dimensions of the tapped-in interdig- Fig. 8. Experimental results for the filter configuration shown
ital 8 poles filter in Fig. 6.
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