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- -Company of Beilin and Munlch German
Federal Repubhc do hereby declare the

invention, for Wthh we pray that a patent
may be granted to us, and the method by
which it is to be performed to be particularly

- described in and by the following statement:-

10

The inyention relates to micro-wave fil-
ters, i.e. to filters for’ very short elec-
tromagnenc waves, consisting of a plurality
of ‘mutually coupled resonators in adjacent

».rows and operated in the dual mode to pro-

15

20

" vide a. fllter ‘characteristic equivalent to a

s€ties of resonant circuits with additional
bridge couphng between at least two said
resonant circuits which do not lie adjacent in

Y said ! sequence, there being an input {ine for a
first Tesonator in the direction of transmis-

sion, and an output line connection for the
last resonator considered in said direction,
the Ttequisite - additional bridge couphngs

. -1 being provided between resonators which do

25

"not directly follow one. another in the trans-

mission direction.
It is :known in micro-wave technology to
construct a filter from a plurallty of micro-

o wave resonators Wthh are coupled to one

30

35

another, using capacmvely and/or inductive
couphng The Tesonators themselves can be
coaxial line resonators - ~or waveguide
resonators, for example.

. In contrast to filters constructed with -
lumped circuit elements, the geometrically

predetermlned conflguratlon of the
resonators makes it impossible to readily
construct ‘an equivalent for évery circuit

o ;whlch ¢dn be' constricted using lumped cir-
cuijt elements Particular difficulty occurs if it

is necessary to produce attenuation poles in

the "attenuation characteristic of the filter,

and/ Or. 10 ‘effect’an equahsatlon of transit
- time in the pass ‘band of the filter by means of
additional bridge couplings of filter circuits.

Oneproposal for avordlng this, drffrculty is

ing rows being provided - with additional”

bridge couplings in respective common parti-

tion walls between pairs of resonators‘

arranged in different rows.

The possibility of constructing micro- wave
filters using cavity resonators which are
simultaneously operated in more than: one

mode is also known, see for example- the .
article entitled “Microwave Filters Employ- .
ing a Single Cavity Excited in More than One -
Mode”, published in “Journal of Applied.

Physws” Vol. 22 No. 8, August, 1951, by

Wei-Guan Lin; or an article entitled “A Four' .
Cavity Elliptic Wavegmde Filter”, published

in “IEEE Transactions on Micro-wave

Theory and Techniques”, Vol.-MTT 18, No. -
12, December, 1970 by A.E. Williams.. In,

these cases preferably two identical but

orthogonal modes are employed in Hior.
resonators or Hii1 resonators, and are mutu- .

ally coupled by a coupling screw arranged at

45° to the direction of the respective

E-vectors (dual mode). In this way, two

resonant circuits of a filter can be constructed _

in one single cavity resonator in a technically

effective fashion. On account of the saving in. .

respect of weight and volume of up to 50°

" which can be achieved with such dual-mode
operation, it presents important advantages
for application in satellite technology, pai- -
ticularly as the filters employed therein are .
. required to satisfy stringent requirements, ..
which is normally manifest by a relatively.

large number of resonant circuits .or their.

equivalent.

Since these fllters requlre attenuatlon .
_ poles and/or equahsatlon of the transit time -
in the pass band, it is obviously-desirable to..
exploit suitable equrvalent_s of lumped circuit.
filters using the dual-mode technique. In this =
context one known proposal is described in ..
“Nonminimum-Phase .
Optimum-Amplitude Bandpass Waveguide

an - article. entitled .

PATENT SPECIFICATI()N - a1 590 860
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+Filters”, published in “IEEE Transactions
“on; Micro-wave Theory and Techniques”,

Vol MTT-22, No. 4, April 1974 by AE
" ~'Atia and A.E. Williams but this proposal is

restricted to filter circuits which are symmet-
rical both in respect of structure and in

respect of element values, and which furth-
“ermore - possess overlapping, additional

bridge couplings whose number and
geomeétric position within the filter arrange-
ment cannot be preselected, and the equival-
ent number of resonant circuits must amount
to a multiple of four, as a result of which
there are many cases in which this proposal
cannot be put into practice. One important
prerequisite of the construction of filters with
additional bridge couplings and using the
dual-mode technique 1s that the resonator
arrangement permits a correct sign realisa-
tion for all the couplings.

One possible arrangement for improving
the realisability of filter circuits which are
asymmetrical in particular in respect of ele-
ment values and are operable in the dual-
mode is described in our co-pending United
Kingdom Patent Application No. 8859/76
(Specification No. 1,549,318), in which the
resonators are arranged in. neighbouring
rows, with a different number of resonators
in at least two rows.

The coupling of filter circuits in resonators
which differ spatially is conditional upon the
relevant two filter circuits being identically
orientated spatially, so that, for example, the
E-vectors thereof are mutually “parallel.
Since this condition restricts the number of
theoretically conceivable couplings, and thus
limits the spectrum of possible realisations,
unless extra additional bridge couplings are
provided, and in any case, presents consider-
able production drsadvantages

.One object of the invention is to provide a
construction ‘which - ‘substantially overcomes
these difficulties in ‘a-simple fashion and
extends the spectrum of possible realisations.

The ihvention consists in a micro-wave fil-

ter in which two or more rows, €ach compris-
ing'“a plurality’of mutually coupled .
resonators operated in the ' dual-mode€ to
provide' two mutually coupled effectrve“
. resonant circuits in‘€ach case; the first ‘and
" last resonators, considered in'the directionof ",
energy 't'ranSmi‘s'sioh‘ “being ‘provided:-with'
input and output connection lines respec-’

tively, and a plurality of additional bridge

... coupling being provided, respectively linking -
- selected effective résonant circuits which are
not directly’ consécutive in the transmission -

diréction, said resonators being arranged ina
mechamcally ‘Symmeétrical’ configuration

relative toa central pomt but the eqmvalentf
* circuit'diagram having an asymmetrrcal dis~-

tribution of the coupled resonant circuit val-
ues relative to said point, such that the
number of additional bridge couplings

requrred is srgmfrcantly less tha‘

uld be .

needed in apurely'symmetricdl design.” '

Thus, in a'preferred embodiment the equi-*
valent circuit diagram of the embodiment has .
asymmetrical element values, selected such’
that the number of additional bridge coupl- :
ings equals the minimum number: of addi-;, ..,
tional bridge couplings, as determined by
theory.

The invention is based on the recognltlon 75
that it is possible to construct a filter in the
dual-mode technique with the minimum
number of additional bridge couplings by
basing a mechanically symmetrical resonator
arrangement upon an equivalent circuit diag- 80
ram which is asymmetrical ‘in Tespect of its
element values.

A particular. advantage .is achleved m
embodiments of the invention in’ that the )
limitations regarding the p0831b111ty ‘of con—.'_’ 85
structing comphcated circuit’ - structy :
which exist in kniown fllters of th1s ty e
considerably reduced. -

Further advantages are’ aftained by t ,
significant reduction in the number of addiZ* 90
tional couplings required for the reahsatlon y
and the resultant substantial s1mphf1cat10n ,
production and for tuning of a filte
structed in accordanicé with the'ir iventi ,

One advantageous embodlment con-“"
structed in accordance with the 1nvent10n isa
transit-time equalised twelve-ci Cuit b
pass filter, with a pair of attenuation pole
finite frequencres both below and above the -
pass band the resonator$ be g arr‘ange’_
two adjacent rows of thrée résona '
five adidtional bridge couplings.

In a further advantageous eran,d,llmentf[
constructed in accordance with the'i 1
has only four additional brldge couph
described with referenée to th :
embodrment

theoretical equlvalent cii
symmetncal lumped ‘cir
comprising ‘the basis
dual-mode band-pass frl er1;

ult dlagram of a‘
uit configuration”’

ment formmg a filf rvunlt havmg ch a

tics correspondlng to the Figu
Fxgure -3, schematlcal i s’ the™”

theoretical equivalent ‘ciréuit dlagram of 'a “120

circtiif witha conflguratlon ' S

cal, but has anas 1CtriC arrah 'é

resonant crrcurt d “bri '

filter; *
Figure 4" schematically” ilhust one
exemplary embodlment of a tweIVe ection
filter constructed in accordance with the
invention;
Figure 5 graphically shows the echo 130
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attenuation characteristic of the filter shown
in Figure 4; and

Figure 6 graphically shows the operating
attenuation characteristic of the filter shown
in Figure 4.

Figure 1 schematically illustrates the
theoretical equivalent circuit diagram of a
symmetrical configuration of elements that
are symmetrically valued, for a twelve sec-
tion dual-mode band-pass filter of known
construction, as described for example in the
article, referred to in the introduction enti-
tled ‘‘Nonminimum-Phase Optimum-
Amplitude Bandpass Waveguide Filters”.

The circuit in question is a four terminal
network having shunt arms in which are
arranged respective parallel resonant circuits
S1 to S12, symbolically illustrated as circles,
and with mutual couplings effected via coupl-
ing reactances 1/2,2/3,to 11/12, which are
represented as simple line connections
located in series arms. Additional bridge
couplings are provided by the five bridge
coupling reactances, 1/12,2/11, 3/10, 4/9
and 5/8, which symimetrically overlap a
centre S of the circuit, and four coupling
reactances 1/4, 3/6, 7/10 and 9/12, which
are symmetrically disposed relative to the
circuit centre S, but do not extend across the
circuit centre S. In Figure 1 these bridge cou-
pling reactances have been represented as
simple line connections running between the
relevant parallel resonant circuits, and are
identified by references which indicate the
respective two parallel resonant circuits with
an interposed oblique stroke. The central
line of symmetry passes through the electri-
cal circuit centre S, and, in the case of the
known realisation shown in Figure 2 is also
mechanically symmetrical relative to the line
S. For reasons of symmetry this circuit diag-
ram is subject to the following requirement
for the bridge coupling band-widths:

Nia = Aoz

ANfye = Ao

A filter structure based upon the circuit
illustrated in Figure 1, can be achieved, for
example, by means of Hio: resonators, as
schematically for the known structure illus-
trated in Figure 2. Here the correct-sign cou-
pling of the filter circuits is effected in known
manner by a suitable positioning of dual-
mode coupling screws (not illustrated) within
each resonator, and by coupling slots (not
shown) in common partition walls between
neighbouring resonators. For this mechani-
cally symmetrical resonator arrangement,
which is constructed in two neighbouring
rows within each case three resonators,
arrows E1 to E12 indicate the position of the
respective E-vectors of the corresponding
resonant circuits S1 to S12. With this type of

realisation of a twelve section band-pass fil-
ter, however nine additional bridge coupl-
ings are required arranged in common parti-
tion walls of the resonators, which necessi-
tates a substantial production expenditure.

For a twelve section dual-mode filter con-
structed in accordance with the invention, to
provide the same electrical transmission
function as the equivalent circuit diagram
shown in Figure 1, a basically mechanically
symmetrical resonator arrangement of a con-
figuration identical to that of the known
structure shown in Figure 2 may be used, if
the fundamentally mechanically symmetrical
realisation is based upon an asymmetrical
electrical equivalent circuit diagram such as
that shownin Figure 3.

The theoretical equivalent circuit diagram
shown in Figure 3 has a symmetrical config-
uration, but has asymmetrical element val-
ues, and although its characteristics are equi-
valent to the circuit illustrated in Figure 1,
and is formed by parallel resonant circuits S1
to S12, symbolically shown as circles, and
series mutual couplings via reactances 1/2,
2/3to11/12 arranged in the series arms.

By way of additional bridge couplings,
there are introduced in this case an overall
bridge coupling reactance 1/12 and the
intermediate bridge couplings 4/9 and 5/8,
which all overlap the circuit centre (not
shown), together with bridge coupling reac-
tances 1/4 and 9/12 which are symmetrical
to the circuit centre, but do not overlap. The
construction of an element-asymmetrical
equivalent circuit diagram of this type by
means of a symmetrical resonator arrange-
ment requires four additional couplins less
than the known construction corresponding
to Figure 1 and 2, and the overall coupling
1/12 is optional. On account of the asym-
metry in respect of the element values, in the
band-pass filter constructed in accordance
with the invention the tuning is achieved if
the bridge coupling band widths Afi/s and
Afo/12 differ from one another.

The exemplary embodiment of the inven-
tion shown in Figure 4 illustrates a corres-
ponding filter arrangement which consists of
six cavity resonators 1 to 6 and the physical
equivalent circuit diagram of which, as
described in the following, is governed in
principle by the circuit illustrated in Figure 3,
except for the omission of the over-all bridge
1/12. Asin Figure 2, the resonators 1 to 6 in
the exemplary embodiment are distributed
between two neighbouring rows in such
manner that one row contains the resonators
1 to 3 and the other row contains the
resonators 4 to 6, and that the resonators
arranged beside one another, and those
above one another in the two rows each pos-
sess a respective common partition wall.

The exemplary embodiment thus consists
of a twelve section dual-mode band-pass fil-
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ter having only four additional bridge coupl-
ings in order to achieve attenuation poles at
finite frequencies and a transit time equalisa-
tion in the pass band, employing Hin
resonators. The middle frequency of the
band-pass filter indicated is 4,015 MHz, and
has a signal band width Af that amounts to
36 MHz. Apart from the overall additional
bridge coupling 1/12, which is dispensed
with, the exemplary embodiment corres-
ponds to the theoretical equivalent circuit
diagram shown in Figure 3
(Afiza #  Afo12), in which all the addi-
tional bridge couplings are inductive, and,
with the exception of capacitive series coupl-
ing reactances 1/2 and 11/12, the remaining
coupling reactances 2/3 to 10/11 arranged
in the series arms are inductive.

In the exemplary embodiment, the coupl-
ing elements which serve to couple the
resonators operated in the dual-mode are
designed as slot couplings, and are arranged
in such manner that the electromagnetic
energy fed to the resonator 1 of the filter via
input terminal I successively passes through
the resonators 1 to 3 of the first row and then
through the resonators 4 to 6 of the second
row, from which it is coupled out at output 0
of the resonator 6.

In the illustrated exemplary embodiment,
in known manner, in each case two neigh-
bouring parallel resonant circuits of the
equivalent circuit diagram in Figure 3 are
both realised by a single resonator, operated
in the dual-mode, with two mutually

orthogonal modes. The individual E-vectors.

are orthogonal within any one resonator, and
in the drawing appropriately referenced
arrows E1 to E12 identify the associated
parallel resonant circuits S1 to S12.

For the adjustment of coupling between
the orthogonal modes operated therein, each
of the resonators is provided with a respec-
tive coupling screw K12, K34, K56, K78,
K910 and K1112, each of which is arranged
between the corresponding E-vectors at an
angle of 45° thereto. These screws in each
case produce the coupling between two
neighbouring parallel resonant circuits of the
equivalent circuit, which resonant circuits
are constructed in that one resonator.

Furthermore, in the illustrated exemplary
embodiment the coupling elements in the
common partition walls of the individual
resonators are designed as slot couplings,
which could possibly be replaced, or partially
replaced, by hole couplings, the coupling of
the resonator 1 to the resonator 2 being
effected through pairs of coupling slots
CS1/4 and CS2/3, whilst additional bridge
coupling 1/4 is effected through a pair of
coupling slots CS1/4, and the series coupling
reactance 2/3 of the equivalent circuit diag-
ram located in the series arm being effected
through a pair of coupling slots CS2/3. In

this case the coupling always takes place
between those two modes whose associated
E-vectors are aligned in neighbouring
resonators, and in parallel with one another,
via coupling slots which are arranged mutu-
ally perpendicular to these E-vectors in the
common partition wall of these resonators.
These considerations regarding the
arrangement of the coupling slots also apply
to the following resonators 2 to 6, identified
by the associated E-vectors, E3 to E12,

respectively. The common partition wall

between the resonators 2 and 3 contains
coupling slots CS4/5, the common partition
wall between the resonators 3 and 4 contains
coupling slots CS6/7 and CS5/8, the com-
mon partition wall between the resonators 4
and 5 contains coupling slots CS8/9, whilst
the common partition wall between the
resonators 5 and 6 contains coupling slots
CS9/12 and CS10/11. In the common parti-
tion wall between the resonators 2 and 5
there is also arranged a bridge coupling slot
CS4/9, which runs perpendicularly to the
E-vectorsE4 and E9.

The construction of the twelve section
dual-mode filter can thus have five bridge
couplings less than in a known construction
corresponding to Figure 1 and 2, and thus
offers considerable advantages both electri-
cally and in particular from the point of view
of production technology.

Figure 5 graphically shows the echo
attenuation course of an exemplary embod-
iment as shown in Figure 4. As can be seen
from this drawing, within a frequency range
having a width of Af = 44.3 MHz, the
measured echo attenuation curve lies above
a value of 23 dB, which corresponds to a
reflectionfactorof =  7%.

The two clearly defined pairs of poles both
below and above the pass band can be seen
from the curve, illustrated in Figure 6, which
shows the operating attenuation in the block-
ing band.

WHAT WE CLAIMIS:-

1. A microwave filter in which two or
more rows, each comprising a plurality of
mutually coupled resonators operated in the
dual-mode to provide two mutually coupled
effective resonant circuits in each case, the
first and last resonators, considered in the
direction energy transmission, being pro-
vided with input and output connection lines
respectively, and a plurality of additional
bridge coupling being provided, respectively
linking selected effective resonant circuits
which are not directly consecutive in the
transmission direction, said resonators being
arranged in a mechanically symmetrical con-
figuration relative to a central point, but the
equivalent circuit diagram having an asym-
metrical distribution of the coupled resonant
circuit values relative to said point, such that
the number of additional bridge couplings
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required is significantly less than would be
needed in a purely symmetrical design.

2. Afilter asclaimed in Claim 1, in which
the filter characteristic is that of a transit-
time equalised band-pass filter having a pair
of attenuation poles at finite frequencies
both below and abot the pass band, said
resonators being arranged in two juxtaposed
rows which each contain three resonators,
with five additional bridge couplings.

3. Afilter as claimed in Claim 1, in which
the filter characteristic is that of a transit-
time equalised band-pass filter having a pair
of attenuation poles at finite frequencies
both below and above the pass band, said
resonators being arranged in two juxtaposed
rows which each contain three resonators,
with four additional bridge couplings.

4. A microwave filter substantially as
described with reference to Figure 4.

For the Applicants:-
G.F.REDFERN & CO.,
Marlborough Lodge,
14 Farncombe Road,
Worthing,
Sussex.

Printed for Her Majesty's Stationery Office,
by Croydon Printing Company Limited, Croydon, Surrey, 1981.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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