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(57) Abstract: A tuneable microwave filter having a passband and a stop-
a band with a substantially constant passband bandwidth across a tuneable

Figure |

band, the filter comprising a plurality of resonators, each resonator having an
equivalent electrical circuit comprising a short circuited stub in parallel with
a capacitor; the resonators being etectrically coupled together such that each
resonator is electrically coupled to at least one other resonator by an electric-
al coupling equivalent to a short circuited stub; each short circuited stub be-
ing dimensioned such that its electrical length @ varies between 27/9 and
137/36 or a portion of that range across the tuneable band.
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A tuneable microwave filter and a tuneable microwave multiplexer

The present invention relates to a tuneable microwave filter. More particufarly, but not exclusively,
the present invention relates to a tuneable microwave filter comprising a plurality of coupled
resonators, the short circuited stub of the equivalent circuit of each of the resonators being
dimensioned such that its electrical length lies between 27t/9 and 137/36 or a portion thereof across
the tuneable band of the microwave filter. The present invention further relates to a tuneable
microwave multiplexer comprising a plurality of tuneable microwave filters according to the

invention, a resonator of each filter being connected to a matching circuit.

Tuneable microwave filters comprising a plurality or resonators are known. Such filters have a
passband with a bandwidth. By varying a property of each resonator one can maove the centre of the
passband up and down within a tuneable band. A problem with such filters is that the bandwidth
varies with frequency due to the variation in inter-resonator coupling with frequency. Because of
this, whenever one adjusts the position of the center of the passhand it is also necessaty to manually
atter the inter-resonator coupling to return the bandwith to its original value. This can be a complex
operation often requiring the adjustment of tuning screws to adjust the inter-resonator coupling.
Because of this an operator must visit the filter in situ to make the necessary adjustments which can

be expensive and time consuming.

The tuneable microwave filter according to the invention seeks to overcome the problems of the

priorart,

Accordingly, in a first aspect, the present invention provides a tuneable microwave filter having a
passband and a stopband with a substantially constant passband bandwidth across a tuneakile band,

the filter comprising

a plurality of resonators, each resonator having an equivalent electrical circuit comprising a short

circuited stub in paratlel with a capacitor:

the resonators being electrically coupled together such that each resanator is.electrically coupled to

at least one other resonator by an electrical coupling equivalent to a short circuited stub;
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each short circuited stub being dimensioned such that its electrical length 8 varies between 27/9

and 1377/36 0r a portion.of that range across the tuneable band.

The tuneable microwave filter according to the invention has a passband with-a bandwidth which is
substantially independent of frequency of the centre of the passband across the tuneable band.
Accordingly, when changing the frequency of the centre of the passband there is no need to adjust
the inter-resonator coupling. This makes adjustment of the filter much simpler and can now be

achieved remotely.

Preferably each short circuited stub is dimensioned such that its electrical length 8 is substantially
21t/9 at one end of the tuneable band and substantially 1377/36 at the other end of the tuneahle
band, more preferably /4 at one end of the tuneable band and 7/3 at the other end of the tuneable
barid.

Preferably each resonator is identical

Preferably each short circuited stubis identical

Preferably the tuneable band is in the range 1.7 to 2.7GHz or 700MHz to 1GHz

Preferably the bandwidth i5 less than 50% of width of the tuneable band, more preferabily less than
20% of the width of the tuneable band, more preferably less than 10% of the width of the tuneable
band.

Preferably each resonator comprises

a resonator cavity comprising first and second spaced apart electrically conducting end faces and an

electrically conducting side wall extending therebetween;
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an electrically conducting resonatar body arranged within the resonator cavity extending from the

first'end face to a resonator bodyend face part way towards the second end face; and,

a dielectric body within the resonator cavity, at least a portion of the dielectric body being adapted
to be displaced in the gap between the resonator body and second end face towards and away from

the second end face to alter the resonant frequency of the resonator.

Preferably the resonator body has a conduit extending therethrough from the first end face to the

resonator body end face, at least a portion of the dielectric body being arranged in the canduit.

In a further aspect of the invention there is provided a tuneable microwave filter having a passhand
and stopband with & substantially constant passband bandwidth across a tuneable band, the filter

comprising
a plurality of resonators, each resonator being electrically coupled to at least one other resonator

each resonator having an equivalent circuit comprising a short circuited stub in parallel with a

capacitor

the: plurality of resonators having an equivalent electrical circuit comprising the equivalent circuits
for each resonator, the equivalent circuit foreach resonator being connected in cascade by first and
second signal lines to the equivalent circuit for at least one other resonator, the first signal ling

comprising a further short circuited stub;

each short circuited stub being dimensionad such that its slectrical length 8 varies between 27/9

and 137/36 or a portion of that range across the tuneabfe band.

Preferably the tuneable microwave filter further comprises at least one matching circuit, the

matching cireuit being connected to one of the resonators.

Preferably the tuneable microwave filter comprises an' input matching circuit connected to one

resonator and an output matching circuit conttected to a different respnator;
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Preferably the resistive part of the admittance of the matching circuit varies as 1/f(8) with (8}

increasing with 8.across the tuneable band,

Preferably the resistive part of the admittance of the matching circuit varies substantially as 1/tan 8

across the tuneable bhand.

Preferably f(8) is a polynomial in 8.

Preferably f{8) is a polynomial intan 8.

Preferably the matching circuit comprises an inductor connected to the resonant body of the

resonator and extending out of the resanator cavity.

Preferably the industance L-of the inductor ik calculated from
F{8} = F(82)
where

tan g

MO = e

and 8; and 8, are the values of the electrical length at spaced apart points of the tuneable band and
with a unitary resistive load connected between the inductor and earth.; and,

A8 = L

where w=2nf, and fis the frequency of the signal.

Preferably the matching circuit comgprises an electrically conducting impedance matching bar

arranged within the resonatar cavity of the resonator spaced apart from the resonator body and
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extending from the first end face part way towards the second end face; and, a signal line extending

from the impedance matching bar out of the resonator cavity.

Preferably the value of the characteristic impedance 7 of the matching bar is calculated from
F(8;) = F(62)
where

tan @

FB) = sttt
(@) 1+ Zirantd

and 8; and 8; are the values of the electrical length at spaced apart points of the tuneable band with

a unitary resistive load connected between the signal line and aarth.

Preferably the tuneable microwave filter comprises a plurality of groups of resonators, the

resonators within each group being electrically coupled together;
an input matching circuit connected to a resonator of each group; and,

an output matching circuit connected to a different resonator of each group.

tn a further aspect of the invention there is provided a tuneable microwave maltiplexer comprising
a plurality of tuneable microwave filters as claimed in any one of claims 1 to 9; and,

a matching circuit canngcted to a resonator of each filter.

Freferably the resistive part of the admittance of the matching circuit varies as 1/5(8) with f{8)

increasing with 8 across the tuneable band.

Preferably the resistive part of the admittance of the matching circuit varigs substantially as 1/tan 8

across the tuneable band,
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Preferatdy f{8) is:a polynomial in8.

Preferably #{8) is a polynomial intan 8,

Preferably the matching circuit comprises a plurality of inductors, the inductors being arranged such
that each fiker has one inductor connected to the resonator body of one of its resonators, the

inductors being connected together at a common nede

Preferably the multiplexer is a diplexer and wherein the inductance L of each inductor is calculated

from
F(6,) = F(#,)
where
o tan @
B0 = o

and 8; and 8; are the values of the electrical length at spaced apart points of the tuneable band with

a unitary resistive joad connected between the common niode and earth: and,
Al = La

where w=27f, and { is the frequency of the signal.

Preferably each of the resonators to which the matching circuil is connected share a comman
resonator cavity, the matching circuit comprising an electrically conducting matching bar arranged in
the resonator cavity and spaced apart from the résonator bodies and extending from the first end
face part way to the second end face; and, a signal fine extending from the matching bar out of the

fesonator cavity,

Preferably the muiltiplexer is a diplexer and the value of the characteristic impedance Z of the

matching is calculated from
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F{8;) = F{8;)
where

tan #

) = 4+ F2tan?g

and €, and 8, are the values of the electrical length at spaced apart points of the tuneable band and

where a unitary resistive foad is connected between the signal line and earth.

Preferably the microwave multiplexer further comprises a plurality of output matching circuits, the
number of output matching circuits being equal to the number of filters, a resonator of each filter

having an output matching circuit connected thereto.

The present invention:will now be described by way of example only and not in any fimitative sense

with reference to the accompanying drawings in which

Figure 1 shows a resonator of a microwave filter according to the invention in cross section;

Figures 2{a} and 2{b) show embodiments of tuneable microwave filters according to the invention.

Figure 3 shows the equivalent circuit of the filter according to the invention;

Figures 4{a) and 4{b) show an output matching circuit and its equivalent circuit of a filter accarding

tothe invention:

Figures 5(z) and 5{b}) show a further embodiment of an output matching circuit and its equivalent

circuit of a filter according to the invention;
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Figures 6(a) and 6(b) show an embodiment of an input matching circuit and its equivalent circuit of a

multiplexer according to the invention:

Figures 7{a) and 7(h) show a further embodiment of an input matching circuit and its egquivalent

circuit of @ multiplexer according to the invention;

Figure 8 shows the first resonators and input matching circuit of a four filter midtiplexer stcording to

the invention;

Figure 9 shows a triplexer according to the invention having input and output matching circuits; and,

Figure 10 shows a bandpass filter with three channels according to the fnvention.

Shown in figure 1 is a resonator 1 of a tuneable microwave filter according 1o the invention, The
resonator 1 comprises an electrically conducting resonator cavity 2. The resonatar cavity 2

comprises first and second spaced apart end faces 3,4 and a side wall 5 extending therebetween.

Arranged within the resonator cavity 2 is an electrically conducting resonator body 6. The resonator
body & extends from the first end face 3 to a resanator body end face 7 part way towards the secand
end face 4. A conduit 8 extends through the resonator body & from the first end face 3 to the

resonator body end face 7.

Arranged partiglly within the conduit 8 as shown is a dielectric body 9. The dielectric body 9 extends
into the gap between the resonator body 6 and second end face 4. The dielectric body 9 is adapted
to be displaced towards and away from the second end face 4 to alter theresonant frequency of the
resonator 1. A portion of the second end face 4 is shaped as a cup 10 to receive the dielactric body 9

as the dielectric body 9 approaches the second end face 4.
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Shown in figure 2(a) is an embodiment of a tuneable microwave filter 11 according to the invention
in plan view. The tuneable microwave filter 11 comprises a plurality of resonators 1 electrically
coupled together. Each resonator 1 is coupled to at least one other resonator 1. Resonatars share
side walls 12. Coupling is achieved by means of apertures 13 extending through the side walls 12
through which the microwaves can pass. This coupling is electrically equivalent to a short circuited
electrical stub as described below. At least one of the resonators, preferably all of the resonators are

tuneabhie,

input and output signal lines 14 are provided to provide the microwave signal to the fifter 11 and'to
extract the microwave signal fromi the filter 11. The input signal line 14 extends through the cavity
wall. 5 of a first resonator 1.of the filter 11 to the resonator body & of that resonater. The cutput
signal line 14 extends through the cavity wall § of a last resonator 1 of the filter 11 to the resonatar

body & of that resonator 1.

Shown in figure 2(b} is a further embodiment of a tuneable microwave filter 11 according to the
invention in plan view. In this embodiment the resonators 1 are arranged in a chain with each

rgsonatorl connected to the next.

in this embodiment the tuneable filter 11 has a tuneable band in the range 1.7 to 2.7GHz or 700MHzx
to 1GHz. The bandwidth of the passband or stopband of the filter 11 is typically less than 50% of the
width of the tuneable band, more preferably fess than 20% of the width of the tuneable band, more
preferably less than 10% of the tuneable band. By tuning the resonators (ie varying their resonant

frequencies) one can vary the passband of the filter over the tuneahie band.

Shewn in figure 3 is the equivalent ¢ircuit for the tuneable microwave filter 11 of figure 2{b). Each
resonator 1 has an eguivalent circuit tomprising a capacitor 15 in parallel with a short circuited stub
16. Each equivalent circuit for a resonator 1 is connected in cascade by first and second signal lines

17,18 to an equivalent circuit for another resonator 1. The first signal line 17 comprises a further
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short circuited stub 19 representing the coupling between the resonators. Preferably all of the

resonators 1 are identical and all of the stubs 16,19 are identical,

The admittance of a resonator 1 of the equivalent circuit is
¥ = j(D8 — Beotl)

where 8 is the electrical length of the of the short circuited stub 16 and is proportional to frequency.
D is proportional to the value of the lumped capacitor 15 and B is the characteristic adimittance of

the shunt short circuited stub 19,

Al resonance

DE}G el BCUtgg =)

To scale out the frequency dependence of the series short. circuited stuly 19 which provides the
coupling between resonators 1, esch admittance has to be multiplied by tan 8 to give an affective

admittance of
Ypo= j(D8tant — B)
The bandwidth of the resonator is inversely proportional to the differential of ¥ with respect to B

evaluated at 8= 8,. Hence,

Banawidin © Dtany + 84(1 + tan®8,))

1 B{1+ P }
Bandwidth * 7 |6, 7 sinzo,

Thus, to obtain an approximation to constant bandwidth, then the function

A

sinZo

Fm):%+
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must approximate to a constant over the tuneable band.

The turning point-occurs substantially between B=21/9 and 137/36 at approximately the arithmetic
mean of 8=7r/24. At these points F(27/9) = 3.46 and F{137/36) = 3.49. which is a difference of
around 10% from the value of £ at the mean value of 77/24. Accordingly,. provided the: short
circuited stubs are dimensioned such that their effective length varies between 21/9 and 137/36 or
a portion-of that range over the tuneable band then the bandwidth of the passband {or stopband) of
the filter 11 will vary by anly around 10% as-the centre frequency of the passhand is varied over the
tuneable band of the filter 11. If the electrical length varies over a smaller ra nge of for example /4

ton/3 then the bandwidth will only vary by about 3% over the tuneable range.

In use signals are passed to the microwave filter 11 from a device. Similarly, signals from the filter 11
are output to a further device. In order to do this input and output matching circuits are required.
The input matching circuit is connected to the first resonator 1 of the filter 11. The output matching
circuit is connected to the last resonator 1 of the filter 11. Embodiments of output matching circuits

are described below. Such matching circuits can also be employed as input matching circuits.

To maintain a match to the admittance of the last resonator 1 of the filter 11 the resistive part of

the admittance of the matching circuit seen at the output resonator should vary:as

K

tand

=

where K is a constant. i principle any imaginary component which is required can be obtained by
retuning the resonant frequency of the first and last resonators of the filter. Some deviation from
this relation will still produce an acceptable performance. Mare generally ¥ can be of the form 1/(8)

with £{8) increasing with 6 across the tuneable band. {6} can be a polynomial in G orintan 8.

Shown in figure 4(a) is an embaodiment of a matching circuit 20, The matching circuit 20.comprises
an inductor 21 of value L which éxtends through the cavity wall 5 of the last resonator 1 and is

connected to the resonator body 6. The impedance of the further device to which the filter is



WO 2016/174424 PCT/GB2016/051185

connected is modelled as an impedance of 1 Ohm for convenience although of course will vary

depending on the further device.

The equivalent circuit of the matching circuit 20 of figure 4{a} is shown in figure 4{b). The equivalent
circuit includes a transformer 22 of turns ration 1:n. The input admittance of the matching circuit 20

{ie the admittance as seen by the last resonator of the filter) is

n*

O —
1+ 746

where v is the turns ratio of the transformer 22 and A is related to the value of the inductance L by

AB=Lw, where w=2nf with f being the frequency of the signal provided to the fifter 11.

!/‘ e E\‘ j—

Thus, we require

tand

FO =1 g

to approximate to a constant as @ varies across the tuneable band. Hence, the value of A can be

determined by
F(fy) = F(8,)

where

P = tan
T 1+ 4287

and 8; and 8, are the values of the electrical fength at spaced apart points of the tuneable band,
Preferably the spaced apart paints are spaced apart by at least 50% of the width of the tuneabla
band, more preferably 70% of the 'width of the tuneable band, more preferably 90% of the width of
the tuneable band, more preferably 100% of the width of the tunéable band. 8; and 8, lie within the
range 21/9 to 137/36, more preferably n/4 to m/3
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The reactive component of the load requires that the first and last resonators 1 of the filter 11 to be
tuned to a lower frequency than internal resonators. Also, the transformer effect which is significant

will ultimately mit the tuneable band of the filter 11.

The tap point of the inductor 21 st the: resanator body & determines the turns ratio of the
transformer 22 which in turn determines the bandwidth of the matching circuit 20. This should be
matched to the bandwidth of the filter 11 which is in turn determined by the inter-resonator

coupling.

Stown in figure 5{(a} is a further embodiment of a matching circuit 20 according to the invention:. In
this embodiment the matching circuit 20 comprises an electrically conducting matching bar 23 of
characteristic impetiance Z arranged within the resanator cavity. The matching bar 23 s spaced
apart from the resonatar body 6 and extends from the first end face 3 part way to the second end
face 4. The matching circuit 20 further comprises a signal line 24 extending fromthe matching bar 23
through the cavity wall 5 of the resonator 1. Again, the impedance of the additional device is

modelled as 1 Ohm far convenience.

The equivalent circuit for figure 5{a) is shown in figure 5{(b). The real part of the admittance of the

matching circuit 20 is given by

1
ReV =
14+ Z%tan?g
Therefore in this case one requires the function

tnund

F@)= 14+ Z2tan2g

to remain substantially constant across the tuneable band of the filter 11. Hence, one can determine

the value of Z from
F{0) = F(#,)

where
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tan g

F(o) = 1+ Z%tante

and §; and 8, are the values of the electrical length at spaced apart points of the tuneable band.
Preferably the spaced apart points are spaced apart by at least 50% of the width of the tuneable
band, more preferably 70% of the width of the tuneable band, more prefaerably 90% of the width of
the tunsable band, more preferably 100% of the width of the tuneable band. 8, and B; lie within the

range 21t/9 to 13n/36, more preferably /4 to /3

in a further aspect the present invention provides a tuneable microwave multiplexer. The simplest
embodiment of a multiplexer is a diplexer comprising first and second filters and which is described
below. The filters have been described in detail with reference to figures 1 to 3 and so will not be
described again. The last resonator of the first filter is connected to a first output matching cireuit.
The last resonator of the second filter is connected to 3 second output matching circuit. The sutput

matching cireuits have been described above,

The diplexer further comprises a common input matching circuit 25 which will now be described.

Figure 6(a) shows the input matching circuit 25 of the diplexer connected to the first resonator 1 of
each of the two filters 11. The matching circuit 25 comprises an inductor 26 connected between a
common node 27 and the resonant body 6 of the first resonator 1 of the first filter 11. It further
comprises a second inductor 26 (which in this embodiment is identical to the first} connected
between the commeon node 27 and the resonator body 6 of the first resonator 1 of the secand filter
11. For convenience the input impedance of the device connected to the input of the diplexer is

shown a5t Ohm,

The equivalent circuit for figure 6(a) is shown in figure 6{b}. For two bandpass filtter channels having
sufficient frequency separation the out of band channsl essentially places a shunt inductor 27
across the input of the inband channel. For this matching circuit the real part of the input

admittance for the matching circuit 25 is
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nZ

ReV= e

Resulting in the value of A being increased by a factor of 2 compared to the valueg of A of the

matching circuit connected to only one filter 11.

Shown in figure 7{a}) is a further example of an input matching circuit 25 of a tuneable microwave
diplexer according to the invention. In this embodiment the first resonators 1 of each of the two
filters 11 share a resonant cavity. Arranged within the resonant cavity is an electrically conducting
impedance matchingbar 28 of characteristic impedance Z. The impedance matching bar 28'is spaced
apart from the resonator hodies & of the two resonators 1 and extends part way from the first end
face 3 to the second end face 4. Extending from the impedance matching bar 28 is a signal line 28,

Again, the impedance of the further device is:shown as 1 Ohm

The equivalent circuit for figure 7{a) is shown in figure 7{b), The real part of the admittance for this

matching citcuit 25 s given by

1

Re ¥V = e
4 +Z2tan?l

Accordingly, the value of the characteristic impedance Z can be calculated fram
F(6y) = F(8)
where

tan#

F{f) & o
(@) 4+ Z3tan?e

and 6, and 8, are the values of the electrical length at spaced apart points of the tuneable band.
Preferably the spaced apart points are spaced apart by at least 50% of the width of the tuneable
band, more preferably 70% of the width of the tuneable band, more preferably 90% of the width of
the tuneable band, more preferably 100% of the width of the tuneable band. 8, and 8; lie within the

range 21/9 to 131/36, more preferably /4 to /3
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As mentioned above, higher order multiplexers than diplexers are possible. Showr in figure 8 are the
first resonators 1 of the four filters of a four filter multiplexer. The input matching circuit 30 is' shown
connected to these resonators. Again, one inductor 31 is connected to the resonator body & of each

of the first resonators 1.

Shown in figure 9 is a triplexer 32 according to the invention, The triplexer comprises three filters 11
as previously described. Connected to the first resonators 1 of sach of the three filters 11 is an input
matching circuit 33, The last resonator 1 of each of the filters 11 is connected to a separate output

matching circoit 34,

Shown in figure 10 is a bandpass filter 11 with three channels according to the invention. The
resonators 1 are ‘arranged in groups with the resonators 1 within each group being electrically
roupled together. The last resonator 1 of each of the groups is connected 1g a ‘common output

matching circuit 35 as shown.

Electrical lengths are measured in radians.
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CLAIMS.

1. A tuneable microwave filter having a passband and @ stopband with 3 substantially constant

passband bandwidth across a tuneable band; the filter comprising

a plurality of resonators, each resonator having an equivalent electrical circuit comprising a

short circuited stub in parallel with a capacitor;

the resonators being electrically coupled together such that each resonator is electrically
coupled to at least one other resonator by an electrical coupling equivalent to a short

circuited stub;

each short circuited stub being dimensioned such that its electrical length 8 varies between

27/9 and 137/36 or a portion of that range across the tuneable band.

2. A tuneable microwave filter as claimed in claim 1 wherein each short circuited stub is
dimensioned such that its electrical length 8 is substantially 2rr/9 at one end of the tuneable
band and substantially 137/36 at the other end of the tuneable band, more preferably n/4

at one end of the tuneable band and 71/3 at the other eénd of the tuheable band.

3. A tuneable microwave filter as claimed in either of claims 1 or 7, wherein sach-resonator is
identical
4. A tuneable microwave filter as claimed in any one of claims 1 to 3, wherein each short

circuited stub is identical

5. A tuneable microwave filter as claimed in any one of claims 1 to 4, wherein the tuneable

band is in the range 1.7 to 2.7GHz or 700MHz to 1GHz
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6. A tuneable microwave filter as claimed inany one-of daims 1 105, wherein-the bandwidth is
less than 50% of width of the tuneable band, 'more preferably lass than 20% of the width of

the tuneable band, more greferably lass than 10% of the width of the turieable band.

7. Atuneable microwave filter as claimed in-any one of claims 1 to 6, wherein each resonator

comprises

a resonator cavity comprising first and second spaced apart electrically conducting end faces

and anelectrically conducting side wall extending therebetween;

an electrically conducting resonator body arranged within the resonator cavity extending
from the first end face to-a resonator body end face part way towards the second end face;

anhd,

a dielectric body within the resonator cavity, at least a portion of the dielectric hody being
adapted to be displaced in the gap between the resonator body and second end face
towards and away from the second end face to alter the resonant freguency of the

resonator.

g, A tuneable microwave filter as claimed in claim 7, wherein the resonator bady has a conduit
extending therethrough from the first end face to the resonator body end face, at least a

portion of the dielectric body being arranged in the conduit.

9. A tuneable microwave filter having a passband and stopband with a substantially constant

passhand bandwidth across a tuneable band, the filter comprising

a plurality of resonators, each resonator being electrically coupled to at least one other

resonator;

ach resonator having an equivalent circuit comprising a short circuited stub in paraliel with

a capacitor

the plurality of resonators having an equivalent electrical circuit comprising the equivalent

circuits Tor each resonator, the equivalent circuit for each resonator being connected in
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11

12,

13,

14,

15.

1e

cascade by first and second signal lines to the equivalent circuit for at least one other

resanator, the first signal line comprising'a further short circuited stub;

each short circuited stub being dimensioned such that its electrical length 6 varies between

21t/9 and 137/36 or a portion of that range across the tuneable band.

A tuneable microwave filter as claimed in any one of claims 1 to 9, further comprising at

least one matching circuit, the matching circuit being connected to one of the resonators,

A tuneable microwave filter as claimed in claim 10, comprising an input matching circuit
connected to one resonator and an output matching circuit connected to a different

resonalor.

A tuneable microwave filter as claimed in claim 10 wherein the resistive part of the
admittance of the matching circuit varies as 1/(8) with (8) increasing ‘with 6 across the

tuneahle band.

A tuneable microwave filter as claimed in claim 12, wherein the resistive part’ of the

admittance of the matching circuit varies as 1/tan 8 across the tuneable band.

A tuneable microwave filter as claimed in claim 12, wherein f(8) is & polynomialin 8.

Atuneable microwave filter as claimed in claim 12, wherein f(B).is a polynomial in tan 8.

A tuneable microwave filter as claimed in claim 10, when dependent on claim 7, wherein the
matching circuit comprises an inductor connected to the resonant body of the resonator and

extending out of the resonator cavity.



WO 2016/174424 PCT/GB2016/051185

17

18,

18.

20.

Atuneable microwave filter as claimed in claim 16, wherein the inductance L of the inductor

is calculated from
F(Bﬂ == F(y‘gz)
where

tand

FOY= T

and 8; and @, are the vajues of the electrical length at spaced apart points of the tuneable

band and with a unitary resistive load connected between the inductor and earth; and,

where AB = L, where w=2xf, and f is the frequency of the signal.

Atuneable microwave filter as claimed in claim 10, when dependent on claim 7, wherein the
matching circuit comprises an electrically conducting impedance matching bar arranged
within the resonator cavity of the resonator spaced apart from the resonator body and
extending from the first end face part way towards the second end face; and, a signat line

extending from the impedance matching bar out of the resonator cavity.

A tuneable microwave filter as claimed in claim 18, whereln the valie of the characteristic

impedance 7 of the matching bar s calculated from
F(By) = F(8;)
whare

tand

F) = 14+ Z2tan2g

and 8, and 8, are the values of the electrical length at spaced apart points of the tuneahle

band with a unitary resistive Idad connected between the signal line and earth.

A tuneable microwave filter as claimed in any ane of dlaims 1 1o 9, comprising a plurality of

groups of resonators, the resonators within each grolip being electrically coupled together;
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21,

22,

23,

24.

an input matching circuit connected to a resonator of each group; and

an-output matching circuit connectad to a different resonator of each group.

Atuneable microwave multiplexer comprising
a plurality of tuneable microwave filters as claimed in anv one of claims 1 to 9; and,

a matching circuit connected to a resonator of each filter.

A tuneable microwave multiplexer as claimed in claim 21, wherein the real part of the

admittance of the matching circuit varies substantially as 1/ tan 8 acrossthe tuneable band.

A tuneable microwave multiplexer -as claimed in either of claims 21 or 22, whereii the

matching circuit comprises a glurality-ofinductors,

the ‘inductors being arranged such that each filter has one inductor connected to the
resonator body of one of its resonators, the inductors being connected together at a

commuon node

A tuneable microwave multiplexer as claimed in claim 23 whergin the multiplexer is a

diplexer and wherein the inductance L of each inductor is calculated from
F(8,) = £(8,)

where

and 8, and 8, are the values of the electrical length at spaced apart points of the tuneable
band with a unitary resistive load connected between the common node and earth; and AS =

Lw, where w = 2rrf, where f s the frequenty of the signal,
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25.

28.

27,

28.

29

A tuneable microwave multiplexer-as claimed in either of claims 21 or 22, wherein each of
the resonators to which the matching circuit is connected share a common resonant cavity,
the matching circuit comprising an electrically conducting matching bar arranged in the
resonator cavity and spaced apart from the resonator bodies and extending from the first
end face part way to the second end face; and, a signal line extending from the matching bar

put of the resonator cavity.

A tuneable microwave multiplexer as claimed in ¢laim 25, wherein the multiplexer is a

diplexer and the value of the characteristic impedance 7 of the matching is calculated from
F{6:1) = F(0;)
where

tanf

B = v
@ = T

and 8, and 8; are the values of the electrical length at spaced apart points of the tuneahle

band and where a unitary resistive load is connected between the signal line and earth.

A tuneable microwave multiplexer as claimed in any one of claims 21 to 26, further
camprising a plurality of output matching circuits, the number of output matching circuits
being equal to the nurabgr of filters, a resonator of each filter having an output matching

circuit connected thereto,

Atuneable microwave filter substantiaily as hereinbefore described.

A tuneable microwave diplexer substantially as hereinbefore déscribed.
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