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Abstract—.

A six–pole, triple mode filter with true elliptic-
function response has been synthesized and experimen–

tally realized, This was done by using a new inter–
cavity iris structure that can control three inter-

cavity mode couplings simultaneously.

Introduction

High capacity communication satellite transponders
usually require many receive and transmit channelizing
filters. These channelizing filters went through a
series of advancement between 1968 and 1974. In 1969

Comsat Laboratories began an active search for a wave-
guide structure which would enable real transmission
zeros to be generated, The geometry which realized

this objective was the dual–mode waveguide filters
first introduced in 1970 [1] and generalized in 1972

[2]. To realize the frequency selectivity of the
INTELSAT IV channelizing filter, the dual–mode filter

required only eight poles or four physical cavities.

Consequently, weight and volume savings were achieved.

Between 1974 and 1982 the communications satellite
industry started to use the dual-mode waveguide filter

extensively. However, no more advancement has been

made during this period to further improve the multi-

mode waveguide filter structures. In this’ paper multi-

mode concepts have been utilized to design a triple-
mode waveguide filter (6Poles- 2 cavities) capable of

realizing true elliptic response. This waveguide struc-
ture will allow a further reduction of size and weight
in communication satellite waveguide channelizing
filters.

Multi-Mode Filters

Design of multi-mode filters, using degenerate

modes with identical natural frequency in a single

cavity, was first suggested by Lin [3]. He demonstrated

the possibility of exciting and controlling up to five
degenerate modes in a single cylindrical or spherical

cavity. In 1969 the first multi-mode cavity filter, a
longitudinal dual-mode waveguide filter was patented

[4]. This filter used two orthogonal TEO1l modes in a

rectangular cavity or TE
111

modes in a cylindrical

cavity. Coupling between the electric cavities was
achieved by using a direct coupling method [5]. Although

this dual–mode longitudinal filter represents a major
advancement in filter design, it is not capable of

realizing a true elliptic response for filter higher

than 4th order [6]. In 1971 canonical dual–mode struc–
tures that enabled the realization of any even order

elliptic-function response in a dual-mode configuration
was presented [6]. In the same paper the use of two
orthogonal TE1ll modes and a ‘TM

010
mode to construct a

sixth order two cavity elliptic filter was demonstrated.
%wever, the measured reaulea indicated that they were

unable to control all inter-cavity couplings simulta-
neously, and, therefore, failed to achieve a true
elliptic-function response.

In the case of two cavity triple-mode filters, one

requires three inter-cavity couplings between six elec-

trical cavities. The coupling mechanism is provided by
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placing a metal plate with slots (iris) between the two
cavities. However, the iris can only provide a two
dimensional independence for inter-cavity couplings.

Therefore, in order to construct a two cavity six-pole
elliptic filter, one must first find an iris structure

that can control three inter-cavity couplings simulta-
neously.

In the following, a new iris structure that is

capable of providing three independent inter-cavity

couplings is designed, The experimental performance of

a sixth order triple mode filter using this new coupling
iris is presented.

Inter–Cavity Aperture Design

In the current filter design, electrical cavities

1, 2 and 3 are excited in the physical cavity–1, and

the electrical cavities 4, 5 and 6 are excited in physi–
cal cavity–2. Electrical cavities 1, 3, 4 and 6 were

chosen ‘0 be %1
modes (1 and 6 orthogonal to 3 and 4),

and cavities 2 and 5 were taken to be TM010
modes.

(This choice of cavity-mode sequencing avoids some

problems encountered in [6]). To achieve true elliptic

function response, the required coupling matrix for the

prototype network is as shown in Fig. 1, In this
coupling matrix, elements M

16’ ’25’
and M

34
involve

energy coupling between two physical cavities, and
therefore has to be realized with an appropriate inter-

cavity aperture.
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Fig. 1 Coupling Natrix Structure
for Six-Pole Elliptic Filter

‘ince ’16 and ’34 p
rovide coupling between TE

111

modes, they are usually achieved by placing iris or

cross at the centre of the inter-cavity aperture (see

Fig. 2a). From the analysis of the mode pattern of

‘*111
mode it can be shown that these couplings are

obtained through the magnetic fields at the slot opening.

On the other hand,, the element M25, which represents the

1983 IEEE MTT-S DIGEST



coupling between the TM
010

modes in two physical cavi-

ties, is achieved with both the magnetic and axial
electric fields at the aperture opening. Thus, in

Fig. 2a once the lengths of the slots (11 and 22) are

fixed (W has to be small compared to the wavelength) to
give proper susceptances corresponding to M16 and M34,

the susceptance providing the coupling between TM
010

modes cannot be controlled. In fact, since the axial

electric field of TMOIO is maximum at the centre, the

structure of Fig. 2a inherently yields a large value

‘or ’25’
whereas for a true elliptic–function realiza-

tion, typical value of M25 is quite small. It has been

observed that the coupling M25 determines the inner

transmission zeros (nearest to the pass band) and M16

gives the outer transmission zeros. Thus, if proper

‘alue ‘or ’25
is not obtained, a true elliptic-function

response cannot be realized.

The aperture structure shown in Fig. 2b can alle-
viate the above problem, since it can satisfy all three

(M16, M25, M34) coupling requirements simultaneously.

This structure provides 3 parameters; nainely, R(R1 and
R2),, L (Ll and L2) and W for controlling the inter-

cavity mode couplings. Due to the difference in field

patterns of TE1ll and ~foio> it is pOssible tO find a

combination of R, L and W which satisfies all 3 coup–

Iing values simultaneously. For a given filter sPeci–

fication, a graphicalmethod, using the values of mag–
netic and electric polarizability of slots [7,8] and

variational formulaa [9] for TE1ll and TMOlo mode sua-

ceptances, has been developed for designing the
required inter–cavity aperture of Fig. 2b [1O].

Theoretical and experimental studies of the new
inter-cavity aperture suggest that only a range of sus–

ceptance values can be realized simultaneously by this

structure (limited by range of R and L determined by

the cavity radius). This limitation in susceptance
realization will limit the realizable bandwidth andlor

notch level of a practical filter. However, as the

experimental results presented in the next section

indicate, the specification of a typical satellite
channelizing filter can be Aasily met with this aper-

ture structure.

Experimental Results

The experimental realization of a 6-pole, triple-

mod e, true elliptic-function response filter shown in

Fig. 3 is presented in Fig. 4. The filter was synthe-
sized to have a centre frequency of 3.93 GHz with a BW
of 32 MHZ. Other specifications of this filter were
as follows:

Notch level = 40 dB

tiSWR= 1 : 1.15

The measured return loss of this filter is shown in
Fig. 4a. From an inspection of the variation of the

return loss in the pasa-band it is clear that all six
modes have been controlled and excited properly. The
measured insertion leas characteristic of this filter
is ahown in Fig. 4. The isolation characteristic given

in Fig. 4b clearly shows the two transmission zeros in

the stop–band, which is a typical feature of a true
elliptic-function response. The wide band isolation

characteristic of the filter shows the spurious
response of the filter between 3 GHz and 5 GHz range.

These are, of course, due to the propagating higher
order modes.

An interesting observation made during the experi–

mental phase of this work is that the measured Q of the

filter was found to be approximately 13 k. This value

is much larger than the Q obtained in normal production
of a six-pole dual mode filter, which is typically

around 11 k. This large difference in Q is attributed
to the fact that in triple–mode filter only one inter–

cavity aperture, aa opposed to two in dual–mode filter,
is required,

Conclusions

By using a new inter–cavity aperture structure and

proper mode sequencing, a six-pole, triple–mode, true

elliptic–function response filter has been realized.

The experimental results have indicated that an excel–

lent control of the degenerate mode excitation and

inter–cavity mode coupling is possible. In addition to

the reduction in size and weight, this filter provides

a much larger Q than the corresponding dual mode
counter part.

Fig. 2 Inter-Cavity Aperture Structure; (a) As Used In [6],

(b) Aa Used In Present Paper.
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Fig. 3 Schematic Diagram of the Two-Cavity Six-Pole Elliptic Filter
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Fig. 4 Measured Response of the Designed Filter;
(a) Return Loas, (b) Isolation Characteristic.
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