EP 2 804 254 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
19.11.2014 Bulletin 2014/47

(21) Application number: 13290105.9

(22) Date of filing: 13.05.2013

(11) EP 2 804 254 A1

EUROPEAN PATENT APPLICATION

(51) IntClL:

HO1P 1/208 (2006.0%) HO1P 1100 (2006.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(74) Representative: Sarup, David Alexander
Alcatel-Lucent Telecom Ltd
Intellectual Property Business Group
Christchurch Way
Greenwich
London SE10 0AG (GB)

(71) Applicant: ALCATEL LUCENT Remarks:
92100 Boulogne-Billancourt (FR) Amended claims in accordance with Rule 137(2)
EPC.
(72) Inventor: Bulja, Senad
Dublin 15 (IE)
(54) A RADIO FREQUENCY FILTER, A METHOD OF RADIO FREQUENCY FILTERING, AND A

METHOD OF CONSTRUCTING A FILTER

(57) A radio frequency filter (10’) is provided com-
prising at least one resonant chamber (14’), each cham-
ber housing a respective resonator (16’°), in which each

resonant chamber is at least substantially filled by the
respective resonator (16°) and a granular dielectric ma-
terial (18’).

18’
DIELECTRIC
POWDER—FILLED

FIG. 3

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 804 254 A1 2

Description

Field of the Invention

[0001] The present invention relates to filters for tele-
communications, in particular to radio-frequency filters.

Description of the Related Art

[0002] Filters are widely used in telecommunications,
in many applications, for example base stations, radar
systems, amplifier linearization systems, point-to-point
radio, and RF signal cancellation systems. Although a
specific filter is chosen or designed dependent on the
particular application, it is generally desirable for a filter
to have low insertion loss in the pass-band and high at-
tenuation in the stop-band. Furthermore, in some appli-
cations, the frequency separation (known as the guard-
band) between stop-band and pass-band needs to be
small, so a filter of a high order is required. Of course as
the order of a filter is increased so does its complexity in
terms of the number of components the filter requires
and hence the filter’'s size. Furthermore, although in-
creasing the order of a filter increases stop-band atten-
uation, insertion loss in the pass-band is also thereby
increased.

Summary

[0003] The reader is referred to the appended inde-
pendent claims. Some preferred features are laid out in
the dependent claims.

[0004] An example of the present invention is a radio
frequency filter comprising at least one resonant cham-
ber, each chamber housing a respective resonator, in
which each resonant chamber is at least substantially
filled by the respective resonator and a granular dielectric
material.

[0005] Preferably the dielectric material has a relative
dielectric constant in the range 2 to 10, preferably in the
range 3 to 5. Preferably the dielectric material has a loss
tangent at least approximately in the range 4x10-4 to
6x10-5. Preferably, the dielectric material is a manufac-
tured dielectric powder or granular fused quartz.

[0006] In preferred embodiments, the use a granular
dielectric material give good design flexibility, and pro-
vide a cavity filter having good performance but small
size.

[0007] Preferred embodiments advantageously have
a granular dielectric material in the resonant cavities that
provided a good compromise between high dielectric
constant and low insertion loss. A relative dielectric con-
stantinthe range of about 1.5to 10is preferably provided.
[0008] Preferredfilters are filled with granular dielectric
material and retain the design flexibility traditionally at-
tributed to air-filled filters. The granular dielectric material
may be easily poured in without special consideration of
the particular shape and size of resonators. This has an
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advantage as compared to the known dielectric ring load-
ed filter that resonator posts need be no longer a partic-
ular shape, such as cylindrical, to accommodate solid
dielectric rings of a given shape.

[0009] The present invention also relates to corre-
sponding methods of radio frequency filtering comprising
passing a signal for filtering through at last one resonant
chamber, each chamber housing a respective resonator
and being at least substantially filled by the respective
resonator and a granular dielectric material.

[0010] The present invention also relates to a method
of constructing a filter comprising: designing a substan-
tially air-filled filter operating at a given operating frequen-
cy; selecting a granular dielectric material; from knowl-
edge of the dielectric constant of the material, calculating
the reduced size filter dimensions appropriate for a filter
having substantially the same band pass properties but
filled with the dielectric material in place of the air; con-
structing the filter with the reduced dimensions, and pour-
ing the granular dielectric material into the filter. In a pre-
ferred embodiment, space in each resonant chamber of
the filter is thereby filled with the granular dielectric ma-
terial.

[0011] In another aspect the present invention pro-
vides aradio frequency filter comprising at least one res-
onant chamber, each chamber including a resonator, in
which each resonant chamber is filled with a granular
dielectric material. In another aspect the present inven-
tion also provides a method of radio frequency filtering
comprising passing a signal for filtering through at least
one resonant chamber, each chamber including a reso-
nator, in which each resonant chamber is filled with a
granular dielectric material.

Brief Description of the Drawings

[0012] An embodiment of the present invention will
now be described by way of example and with reference
to the drawings, in which:

Figure 1 is an oblique view illustrating a known third
order air-filled combline filter (PRIOR ART)

Figure 2 is an oblique view illustrating a known third
order combline filter with dielectric rings (PRIOR
ART), and

Figure 3 is an oblique view illustrating a third order
combline filter according to a first embodiment of the
present invention,

Figure 4 is a graph of insertion loss vs. radio frequen-
cy for three filters: (a) an Eccosorb dielectric powder-
filled filter as shown in Figure 3, (b) a fused quartz
powder-filled filter according to a second embodi-
ment of the present invention, and for comparison
(c) a known filter as shown in Figure 1.

Figure 5 is a graph showing a portion of Figure 4
expanded, and

Figure 6 is a graph of return loss as a function of
radio frequency for these three filters.
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[0013] Thedrawings are notto scale but are schematic
representations.

Detailed Description

[0014] Cavity-based filters are known for use in cellular
wireless base stations. Known filters provide low inser-
tion loss but are relatively large. An example of such a
filter is shown in Figure 1.

[0015] Figure 1 shows a known third-order combline
filter 10 having an aluminium housing 12, with copper
and/or silver plating on the inside of the housing 12. The
filter 10 includes three cavities (also known as resonant
chambers) 14 each cavity including a cylindrical resona-
tor 16. Inside the filter, the cavities are air-filled and sep-
arated by low walls 18. The housing 12 includes not only
a bottom wall 20, a back wall 22 and end walls 24, but
also a top wall (not shown) and a front wall (not shown)
that completes the housing 12. Thefilter 10 includes input
ports 26, one through each end wall 24.

[0016] In designing filters, it is known to seek to in-
crease the dielectric constant of the cavity, and so reduce
the size of the filter in consequence by loading filters with
rings of ceramic material. An example of such a filter is
shown in Figure 2.

[0017] Figure 2 shows a known filter of essentially the
same configuration as the filter shown in Figure 1, save
that the cylindrical resonators 16’ are loaded with a re-
spective cylindrical ceramic sleeve 28, each of which can
also be considered as a ceramic "ring". Use of ceramic
rings allows filters to be designed that are smaller but
with similar performance to the known example shown
in Figure 1. For example by using ceramic rings, the ef-
fective relative dielectric constant was increased to a val-
ue of 3.6, as compared to a value of 1 for the correspond-
ing air-filled cavity case. As the possible reduction in size
is known to be proportional to the value of the effective
relative dielectric constant, the filter is smaller in conse-
quence.

[0018] Another known approach in filter design is to
have the resonant cavities basically filled with ceramic
material. However ceramic is difficult to work being sin-
tered into fixed shapes that are very difficult to drill. Drill-
ing is an irreversible process, so tuning in just one direc-
tion is possible. Furthermore, even though a substantial
size reduction is achieved as compared to an equivalent
air-filled filter, for example more than 20 times, ceramic
filters produced in this way have a high insertion loss, for
example 2 to 3 dB which may be undesirable in many
applications.

[0019] From consideringthese known approaches, the
inventors realised that the effective dielectric constant in
the resonant chambers plays a major role in filter size
reduction. They realised that in the known filter shown in
Figure 2, dielectric rings of a high dielectric constant,
namely 37, are used to increase the effective dielectric
constant of each resonant chamber, in that case to 3.6.
The inventors realised that although a higher value of
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effective dielectric constant could be achieved by using
larger dielectric rings or using dielectric rings of a higher
dielectric constant, insertion loss, in other words attenu-
ation, would correspondingly increase, to likely unac-
ceptable levels. This was seen in known commercially
available filters that include ceramic rings. The inventors
realised that the effective dielectric constant inside the
resonant chamber should not be large, but values in a
range of 3 to 10 allow significant size reduction whilst
keeping attenuation, and hence the deterioration of the
filter's response, to acceptably low levels.

Use of Granular Dielectric Materials

[0020] The inventors realised that one can load a res-
onant chamber with a granular dielectric material having
an appropriately high dielectric constant but low loss. In
consequence, as there are effectively no substantial air-
to-powder boundaries in the resonant chamber, the die-
lectric constant of the powder or granular material is the
same as the effective dielectric constant in the resonant
chamber.

[0021] We first consider the general principles as to
why dielectrics are beneficial then consider two examples
filters, one filter involving Eccosorb dielectric powder, the
other filter involving granular fused quartz (also known
as sand).

Filter size reduction by using a granular dielectric material

[0022] The size of a radio frequency filter is directly
proportional to its operational frequency and hence wave
length. Basically speaking, the relationship between the
length (L,) of an air-filled filter and the length (L) of a
dielectric-filled filter operating at the same frequency is:

(1)

where g is the effective (relative) dielectric constant.
Therefore, the reduction of the length is equal to:

@

L._f
eff

Ld

[0023] Since cavity based filters are three dimensional

devices, the overall reduction of the volume by dielectric
loading is equal to:
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(3)

where V, is the volume of the air-filled filter and V is the
volume of the dielectric-filled filter. From this equation (3)
it is seen that, as compared to air, using a dielectric of
even a modest value of the dielectric constant greatly
reduce the overall volume.

Eccosorb Example

[0024] Low loss dielectric powders are available in a
range of dielectric constant values, for example from ht-
tp://lwww.eccosorb.com sold under the trademark Ec-
cosorb.

[0025] These powders are in a range of available die-
lectric constants of 2.5 to 12 and a corresponding range
of loss tangents of tan(5)=4x104 to tan(8)=7x10-4. A loss
tangent is ¢"/¢’ where ¢" is the imaginary component of
the electric permittivity and ¢’ is the real component.
[0026] A filter using this powder is shown in Figure 3.
[0027] As shown in Figure 3, a third-order combline
filter 10’ is provided having an aluminium housing 12’,
with copper and/or silver plating on the inside of the hous-
ing 12’. The filter 10’ includes three cavities (also known
as resonant chambers) 14’ each cavity including a cylin-
drical resonator 16’. Inside the filter, the cavities are air-
filled and separated by low walls 18’. The housing 12’
includes not only a bottom wall 20°, a back wall 22’ and
end walls 24’, but also a top wall (not shown) and a front
wall (notshown) that completes the housing 12’. The filter
10’ includes input ports 26’, one through each end wall
24,

[0028] The filter in this example is filled with Eccosorb
Eccostock HiK Powder (not shown) which is a dielectric
powder of dielectric constant (also known as relative real
permittivity) &, = 4 and loss tangent tan(5) = 4x10-4 (data
taken from the website of http://www.eccosorb.com). The
filter was simply filled by the dielectric powder having
been poured in, for example until the resonant chambers
are all full.

Sand Example (granular fused quartz)

[0029] The inventors realised that sand is suitable for
dielectric loading of RF filters. The inventors realised that
sand is a widely available ceramic material that displays
dielectric properties and has a low loss tangent.

[0030] For example, sand in the form of fused quartz
powder having a dielectric constant of about 4 and a loss
tangent of tan(8) = 6x10-5 is available from, for example,
http://www.goodfellow.com . This loss tangent is about
an order of magnitude lower than manufactured dielectric
powders on the market such as the Eccosorb range.
[0031] An example filter using sand is not shown, but
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one example is of a similar structure and configuration
as the commercial dielectric powder-filled filter shown in
Figure 3. The sand was simply poured in to fill the filter,
for example until the resonant chambers are all full.

Comparison of examples

[0032] We now compare both the Eccosorb dielectric-
filled filter described above and shown in Figure 3 and
the granular fused quartz -filled filter described above
with the known air-filled filter described with reference to
Figure 1.These three filters are third-order Chebeshev
filters. The three filters have a pass-band ripple of 0.1dB,
a central frequency of 1.88 GHz and a usable pass-band
of 60MHz.

Dimensions

[0033] Using the equations (1) to (3) above the dimen-
sions calculated for the filters were:

Eccosorb-filled filter: 55 mm x 15mm x 15mm
=12,375 mm3.

Fused quartz-filled filter: 55 mm x 15mm x 15mm
=12,375 mm3.

Air-filled filter for comparison: 100mm x 30mm x
30mm = 90,000mm3.

[0034] It will be seen that compared to the air-filled fil-
ter, the use of granular dielectric material means the vol-
ume is reduced more than seven-fold (namely by a factor
of 7.27). There is a small difference from the expected
theoretical volume reduction of 8 to be expected from
equation 3, as the coupling walls 18" between the reso-
nators 16’ were not altered.

Performance

[0035] The performances of the three filters are shown
graphically in Figures 4 to 6. Figure 4 is a graph of inser-
tion loss vs. radio frequency for the three filters. Figure
5 is a graph which is an expanded portion of Figure 4,
and Figure 6 is a graph of return loss vs radio frequency
for those three filters. In each of those three Figures, the
performance of Eccosorb dielectric powder-filled filter is
indicated by squares, the performance of the fused
quartz powder-filled filter is indicated by triangles, and
for comparison the performance of the known air-filled
filter is indicated by circles.

[0036] It will be seen that compared to the air-filled fil-
ter, the Eccosorb powder-filled filter provides aninsertion
loss increase of approximately 0.4dB which corresponds
to approximately 0.13dB per resonator, and the fused
quartz-filled filter provides an insertion loss increase of
merely 0.2dB which corresponds to 0.066 dB per reso-
nator.

[0037] It is believed that these small increases in in-
sertion loss are usually acceptable particularly in view of
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the relative size reduction compared to an air-filled filter.
[0038] Further dielectric powder-filled filters retain the
design flexibility traditionally attributed to air-filled filters.
The dielectric powder may be easily poured in without
special consideration of the particular shape and size of
resonators. This has an advantage as compared to the
known dielectric ring loaded filter that by using powder
resonator posts need be no longer a particular shape,
such as cylindrical, to accommodate solid dielectric
sleeves of a given shape. Another advantage as com-
pared to the known dielectric ring loaded filter lies in the
fact that dielectric rings are costly, while granular dielec-
tric powder materials are much cheaper.

Some further embodiments

[0039] In some similar further embodiments, conven-
tional tuning techniques using tuning screws are applied
as the tip of the tuning screw may move through the pow-
der.

[0040] In some similar further embodiments, for great-
er size reduction a dielectric powder with a higher die-
lectric constant is used. However, this has an increased
insertion loss meaning that greater signal attenuation oc-
curs.

General

[0041] The presentinvention may be embodied in oth-
er specific forms without departing from its essential char-
acteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restric-
tive. The scope of the invention is, therefore, indicated
by the appended claims rather than by the foregoing de-
scription. All changes that come within the meaning and
range of equivalency of the claims are to be embraced
within their scope.

[0042] A person skilled in the art would readily recog-
nize that steps of various above-described methods can
be performed by programmed computers. Some embod-
iments relate to program storage devices, e.g., digital
data storage media, which are machine or computer
readable and encode machine-executable or computer-
executable programs of instructions, wherein said in-
structions perform some or all of the steps of said above-
described methods. The program storage devices may
be, e.g., digital memories, magnetic storage media such
as a magnetic disks and magnetic tapes, hard drives, or
optically readable digital data storage media. Some em-
bodiments involve computers programmed to perform
said steps of the above-described methods.

Claims
1. Aradio frequency filter comprising at least one res-

onant chamber, each chamber housing a respective
resonator, in which each resonant chamber is at
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10.

1.

12.

13.

least substantially filled by the respective resonator
and a granular dielectric material.

A radio frequency filter according to claim 1, in which
the dielectric material has a relative dielectric con-
stant in the range 2 to 10.

A radio frequency filter according to claim 2, in which
the dielectric material has a relative dielectric con-
stant in the range 3 to 5.

A radio frequency filter according to any preceding
claim, in which the dielectric material has a loss tan-
gent at least approximately in the range 4x10 to
6x1075.

A radio frequency filter according to any preceding
claim, in which the dielectric material is a manufac-
tured dielectric powder.

A radio frequency filter according to any preceding
claim, in which the dielectric material is granular
fused quartz.

A method of radio frequency filtering comprising
passing a signal for filtering through at least one res-
onant chamber, each chamber housing a respective
resonator and being at least substantially filled by
the respective resonator and a granular dielectric
material.

A method of radio frequency filtering according to
claim 7, in which the dielectric material has arelative
dielectric constant in the range 2 to 10.

A method of radio frequency filtering according to
claim 8, in which the dielectric material has arelative
dielectric constant in the range 3 to 5.

A method of radio frequency filtering according to
any of claims 7 to 9, in which the dielectric material
has alosstangentatleastapproximately inthe range
4x10* to 6 x10°5.

A method of radio frequency filtering according to
any of claims 7 to 10, in which the dielectric material
is a manufactured dielectric powder.

A method of radio frequency filtering according to
any of claims 7 to 11, in which the dielectric material
is granular fused quartz.

A method of constructing a filter comprising:

designing a substantially air-filled filter operating
at a given operating frequency;

selecting a granular dielectric material;

from knowledge of the dielectric constant of the
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material, calculating the reduced size filter di-
mensions appropriate for afilter having substan-
tially the same band pass properties but filled
with the dielectric material in place of the air;
constructing the filter with the reduced dimen-
sions; and

pouring the granular dielectric material into the
filter.

Amended claims in accordance with Rule 137(2)
EPC.

1. A radio frequency filter (10’) comprising at least
one resonant chamber (14°), each chamber housing
arespective resonator (16’), in which each resonant
chamber is at least substantially filled by the respec-
tive resonator and a granular dielectric material.

2. A radio frequency filter according to claim 1, in
which the dielectric material has a relative dielectric
constant in the range 2 to 10.

3. A radio frequency filter according to claim 2, in
which the dielectric material has a relative dielectric
constant in the range 3 to 5.

4. Aradio frequency filter according to any preceding
claim, in which the dielectric material has a loss tan-
gent at least approximately in the range 4x10-4 to 6
x10-5.

5. Aradio frequency filter according to any preceding
claim, in which the dielectric material is a manufac-
tured dielectric powder.

6. Aradio frequency filter according to any preceding
claim, in which the dielectric material is granular
fused quartz.

7. A radio frequency filter according to any of claims
1 to 6, constructed by:

designing a substantially air-filled filter operating
at a given operating frequency;

selecting a granular dielectric material;

from knowledge of the dielectric constant of the
material, calculating the reduced size filter di-
mensions appropriate for a filter (10°) having
substantially the same band pass properties but
filled with the dielectric material in place of the
air;

constructing the filter (10’) with the reduced di-
mensions; and

pouring the granular dielectric material into the
filter.

8. A method of radio frequency filtering (10°) com-

10

15

20

25

30

35

40

45

50

55

prising passing a signal for filtering through at least
oneresonant chamber (14’) , each chamber housing
a respective resonator (16’) and being at least sub-
stantially filled by the respective resonator and a
granular dielectric material.

9. A method of radio frequency filtering according to
claim 8, in which the dielectric material has arelative
dielectric constant in the range 2 to 10.

10. A method of radio frequency filtering according
to claim 9, in which the dielectric material has a rel-
ative dielectric constant in the range 3 to 5.

11. A method of radio frequency filtering according
to any of claims 8 to 10, in which the dielectric ma-
terial has a loss tangent at least approximately in the
range 4 x 104 to 6x10-5.

12. A method of radio frequency filtering according
to any of claims 8 to 11, in which the dielectric ma-
terial is a manufactured dielectric powder.

13. A method of radio frequency filtering according
toany of claims 8to 12, in which the dielectric material
is granular fused quartz.
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