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Novel Design Possibilities for Dual-Mode Filters
Without Intracavity Couplings

Uwe RosenbergSenior Member, IEEEBnd Smain AmariMember, IEEE

Abstract—This letter presents coupling schemes and design
guidelines for dual-mode filters without intracavity couplings. Ex-
amples of filters of orders two and four are presented to document
the flexibility of these solutions. These coupling schemes allow the
change of transmission zeros from either side of the passband to
the other by only detuning the resonators and without changing
the coupling coefficients.
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. INTRODUCTION

HE synthesis and design of dual-mode and multimode fil
ters is still attracting considerable interest due to the im-
portance of these components in communication systems where © (@
size and weight are a major consideration such as in satellite &fgd 1. Coupling schemes for two- and four-pole filters. (a) and (b): Conven-
mobile communications. In addition to achieving a size redugggjvl gﬁ:;?r?]bgcg 223itfg)sz).Appr°a°h without intracavity couplings. (gray areas
tion, dual-mode and multimode filters implement elliptic and
pseudo-elliptic filters which exhibits much sharper cutoff slopes
than the all-pole (Chebychev) solution. Further attempts for rectangular dual-mode cavity filters were
An examination of the synthesis techniques available in tigroduced in, e.g., [4] and [5]. Despite all this progress, the
literature shows that elliptic and pseudo-elliptic filters are cofftracavity coupling is still arguably the most demanding part
sidered as perturbed versions of the all-pole Chebychev solutirihe design of dual and multimode cavity filters.
for a filter of the same order, center frequency, bandwidth and!n this paper, instead of proposing yet another structure for
ripple level. The perturbation, which takes the form of cross #fe intracavity couplings, we propose to eliminate these intra-
bypass couplings, is used to bring the transmission zeros fréavity couplings altogether. Although dual-mode filters without
infinity to finite positions in the complex plane. In particularintracavity couplings have been presented before [6], the fil-
the coupling and routing scheme of these filters always inclué®ing functions implemented by these structures are still pertur-
amain path in which théth and ¢ + 1)th resonators are directly bations of the all-pole solution; all of their direct couplings are
coupled with relatively strong direct or main couplings as in th@onzero. Here, we focus attention on those solutions of the syn-
all-pole solution [cf. Fig. 1(a) and (b)]. Since the introduction ofhesis problem of resonator filters satisfying elliptic, pseudo-el-
dual-mode filters for space applications [1] in the 1970s, mo4#gtic, or asymmetric characteristics, in which some of the direct
of the research effort in this area has been focused on more ingUplings (intracavity) are zero [cf. Fig. 1(c) and (d)].
nious ways of achieving the coupling schemes discussed above
and in particular the intracavity couplings. Instead of the orig- Il. SYNTHESIS PROBLEM
inal coupling screws, rectangular waveguide sections were ap-
plied as coupling sections thereby obtaining a structure whichThe synthesis problem consists in determining the coupling
lends itself to direct and complete analysis by efficient numegoefficients, which are assumed frequency-independent and the
ical techniques such as the mode matching technique (MMFr?quency shifts of the resonators such that the response of the
[2]. A slightly different solution was introduced in [3] to achieveStructure is identical to a prescribed elliptic, pseudo-elliptic, or
an optimal coupling mechanism. asymmetric response. To this end, we use the technique pre-
sented in [7] with proper extension to include source/load-multi-
resonator coupling. In this technique, the entries of the coupling
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vided by using the two resonancesjEand Tky; in a rectan-
gular cavity. This structure was used in reference [10] without
explaining how the coupling mechanism works. The filters in
[10] were designed by optimization, an approach which is cer-
tainly practical for H-plane structures since they can be rapidly
analyzed by the mode-matching method (MMM), for example.
However, the knowledge of the important information of the
coupling matrix and coupling mechanism becomes necessary
for the design of more complex structures.

Verification of the coupling structure (matrix in Fig. 2) has
been performed by a two-pole filter design at 11 GHz (band-
width 100 MHz) based on a T /TE2q; dual-mode cavity
structure (cf. Fig. 2). It should be noted that the different trans-
o L0m 06 O formation properties of the modes at the coupling locations ac-

! ‘ N ‘ = ‘ count for the respective signs of the couplings. The comparison
105 1.0 15 of synthesized (long-dashed lines) and analyzed (solid lines) re-
Frequency/ G ———> sponses shows almost perfect agreement over a broad frequency
Fig. 2. Two-pole filter design: Coupling matrix and prototype response (solmand' The increasing deviation at the higher frequency range can
lines), TEq2/TE20: dual-mode cavity and analyzed response (long-dashdie attributed to dispersion effects.
lines), and analyzed response (dashed VIines) with only changed cavity width,Ap interesting property of this coupling scheme is the fact
and length, representing changed signafof, andfze. that the location of the transmission zero can be moved from
the lower stopband & = —3.5 to the upper stopband & =
number of finite transmission zeros. This number can be det8rs by simply detuning the resonators in the opposite direction
mined using the algorithm in [8]. The choice of the topologwhile leaving all the other coupling coefficients unchanged. For
is ultimately dictated by the limitations of the technology useexample, the transmission zero of filter 1 is moved to a mirror
for the implementation. More specifically, we are interested position above the passband by only changing width and length
synthesizing coupled resonator filters where some of the dir@étthe dual-mode cavity (cf. dashed lines, Fig. 2). This property
couplings are zero. Consequently, we apply the technigsinplifies the design of filters with arbitrarily located zeros by
described in [7] where the desired topology is strictly enforcedsing this dual-mode cavity as a basic building block. Given the
in particular, the vanishing of specific main couplings. Theseportance of this property, it is worth proving it rigorously.
topologies can be used to eliminate intracavity couplings in The proof starts from the observation that the finite transmis-
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dual-mode cavity filters, for example. sion zeros are the zeros of the cofadtdy},, o 1, where[4] =
—j[R] + QU] + [M], [R] = null matrix except thafR]; ; =
IIl. RESULTS [Rlnt2n+2 = 1, [R]ij = 0,[U] = (n+2)x(n+2) identity ma-

) i trixt, Q@ = normalized frequency, arjd/] is the(n+2) x (n+2)
In the following, we present two examples of filters whergqpjing matrix [8]. For the coupling scheme shown in Fig. 1(c),

some of the direct couplings, dedicated as the intracavity ongg; gives the location of the transmission zero as
in dual-mode filters, are zero. Although symmetrical character-

istics can be realized by this approach, the examples provide the MMMy + Moo My My,
general design case with asymmetrical responses. It should be =- MM+ My M, ) @)
noted that the realization of asymmetric responses with conven-
tional dual-mode filters yield complicated designs, due to the It can be clearly seen from (1) that changing the sign¥/ef
need of interface and intracavity couplings of normally orthogndM>> and leaving all other coupling coefficients unchanged
onal polarized resonance modes in adjacent cavities [9].  change< into —(2, as stated above.

Although filters with two resonators coupled to the source

A. Two-Resonator Filter With One Transmission Zero were presented before, [11] and [12], these filters include all di-
rect couplings. Consequently, in the coupling schemes in [11]

We assume that the normalized position of the transm|SS|8Hd [12], the transmission zeros cannot be shifted from one side

zero is€) = —3.5 and the in-band return loss of the filter is 20 ; ;
dB (cf. Fig. 2). A specific coupling and routing scheme for thof the passband to the other by simply detuning the resonances,

L . . ; uch an operation requires changing the signs of some coupling
fa\symmet_ncﬂ_lterde3|gnW|thou_t any coupling ofthe resonanceBetficients in general in contrast to the coupling scheme pre-
IS SE?W” '3 E'gt'hl(c).' A :{ansmlssmnfetro at ?trhealt\lteque«gcysemed here where shifting the transmission zeros can be done
IS obtained by the simultaneous excitation of Ine tWo modes only adjusting the resonant frequencies of the resonators.
different frequencies considering a different sign for one of th

overall couplings. For the present specifications, we obtain thein the complete response of the filter, the first and last diagonal elements
coupling matrix in Fig_ 2. of [U] are zero. However, the transmission zeros do not depend on these two

A possible implementation of this filter consists in using §""€S ©f Il they can be set to one instead of zero. _
2A more exhaustive proof shows tHat ; (€2)] and| S21 (€2)] are changed into

dgal-mode cavity eithgr in circulgr or recFanguIar wgveguid§:§n(_9)| and| s, (—0)| when only the diagonal elements of the coupling
with proper degeneracies. A particularly simple solution is praratrix change sign.
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of the two transmission zeros in the upper stopband (cf. dashed
lines, Fig. 3). The numerical results were obtained using the
MMT.

Some of the important properties of filters based on the cou-
pling schemes described here, including sensitivity and tuning,
are not discussed here for lack of space, but will be described in
future reports. It is sufficient to say that tuning elements must
be accurately placed to take advantage of the properties of these
filters.

IV. CONCLUSION

New coupling schemes for dual-mode filters without intra-
cavity couplings were presented. A salient feature of these cou-
pling schemes is the possibility to shift the positions of the finite
transmission zeros from one side of the passband to the other by

Fig. 3. Four-pole filter design: Coupling matrix and prototype response (soigimply detuning the resonators (changing their dimensions) and

lines), original TEo2/ TE2o: dual-mode cavity structure (left) and its analyzeq
response (long-dashed lines), and optimized response (dashed lines) of cavi

structure (right) obtained by mainly changing widths and lengths of the initi
structure (left).

B. Four-Resonator Filter With Two Transmission Zeros
The second example is a four-resonator filter with two tran

eaving all the remaining coupling coefficients unchanged. Ex-
arﬁples of filters were designed using this property and their per-
formance simulated using rigorous numerical techniques. Their
response was shown to fit all the specifications. The same ap-
proach holds also for designs using other than rectangular wave-
g_uide cavities.

mission zeros which are asymmetrically locateftat —4 and

= —2.84. The filter design is considered at 11 GHz with 100
MHz equiripple bandwidth (return loss 25 dB). A coupling so- [1]
lution in which there are no intracavity couplings is shown in
Fig. 1(d); the corresponding coupling matrix is given in Fig. 3
with the zero entried4;» and M3, i.e., the degenerate modes
within each cavity are not coupled to each other.

A relatively simple implementation of this filter is to use two
dual-mode cavities of the same structure as in the previous filter[4]
The two cavities are then cascaded with a relatively small iris
between them as suggested by the coupling matrix (cf. Fig. 3)[5]
The location of the iris in combination with the transformation
properties of the resonance modes account for the relative signs
of the coupling coefficients. A final fine optimization of the 6
structure yields satisfactory agreement between the synthesized
(solid lines) and analyzed characteristics (long-dashed lines) (cf.
Fig. 3). A sketch of the filter geometry is shown in Fig. 3.

The coupling scheme in Fig. 1(d) (matrix in Fig. 3) provides
the same property as the above two-resonator filter, namely, th 3
transmission zeros can be switched from one side of the pass-
band to the other by simply changing the signs of the diagonal
elements of the coupling matrix and leaving all other coupling
coefficients unchanged. Note, these changes are dedicated {0]
only detuning the filter resonances. A rigorous proof of this[10]
statement follows the same steps used in the previous example.

This property was used to design a four-resonator dual-mo
filter with two transmission zeros at4 and +2.84 starting
from the previous design, changing only cavity lengths an
widths. The filter shown in Fig. 3 needed minimal optimization
to achieve satisfactorily all requirements including the presence
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