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(54) Device for filtering radio frequency signals and system thereof

(57) The invention relates to a device (DEV) com-
prising means for filtering radio frequency signals and
means for suppressing resonances, wherein the means
for filtering comprise at least one capacitive means

(CAP_M2_2, CAP_M3_2), and wherein the at least one
capacitive means (CAP_M2_2, CAP_M3_2) is adapted
for providing the means for suppressing the resonances.
The invention further relates to a system comprising the
device.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a device for filtering ra-
dio frequency signals according to the preamble of claim
1 and to a system comprising the device,

BACKGROUND

[0002] RF filters (RF = radio frequency) are used in
radio communication systems to extract specific frequen-
cy components of a broadband radio frequency signal or
to suppress unwonted frequency components above or
below a cut-off frequency of the RF filters.
[0003] An Rf filter such as a coaxial low-pass filter com-
prises a central inner conductor in an axial position of a
cylindrical outer conductor. Such an assembly is prefer-
ably chosen due to its simplicity of fabrication and its
excellent performance capabilities. The central inner
conductor comprises short sections of high-impedance
lines, which simulate series inductances, alternating with
short sections of very-low impedance lines, which simu-
late shunt capacitances.
[0004] The short sections of high-impedance lines,
which are depicted as inductive means in the following,
are usually thin rods or thin wires and are surrounded
usually by air as a dielectric,
[0005] The short sections of very-low impedance lines,
which are depicted as capacitive means in the following
due to their capacitive properties, are usually solid disks
with a small rim of the dielectric between the solid disks
and the cylindrical outer conductor.
[0006] Coaxial low-pass filters can be used for filtering
radio frequency signals in frequency ranges such as
1900 to 2170 MHz for UMTS (UMTS = Universal Mobile
Telecommunication Systems) or around 400, 700, 850,
900, 1800 or 1900 MHz for GSM (GSM = Global System
for Mobile Communication). But also other RF frequency
ranges can be covered. Fora specific operating frequen-
cy range, size and length of a coaxial low-pass filter has
to be adapted. If the operating frequency range is adopt-
ed to the lower GSM frequency ranges such as GSM
400, GSM 700, GSM 850 or GSM 900 and if a same filter
assembly is used as for UMTS, size and length of the
coaxial low-pass filter has to be increased, because of
the dependency between a length of the inductive means
and a frequency range of the radio frequency signal,
[0007] A theoretical description of the RF filters is given
for example in chapter 7 of G. Matthei, L. Young, E.M.T.
Jones "Microwave filters, impedence-matching networks
and coupling structures" Artech House Books, Dedham,
MA.
[0008] By increasing a diameter of the capacitive
means an impedance of the capacitive means can be
decreased and by decreasing a diameter of the inductive
means an impedance of the inductive means can be in-
creased. Thereby, a larger difference in the impedances

of the capacitive means and the inductive means can be
achieved and a length of the capacitive means and of
the inductive means can be reduced.
[0009] However, a distance between the solid disks
acting as reflectors of a resonator becomes smaller and
frequency locations of resonances of higher order modes
come closer to an operating frequency range of the co-
axial low-pass filter due to the equation
fr = n • C / (2 • L) with fr being a resonator frequency, n
being a natural number, c being the speed of light, and
L being a length of the resonator. The higher order modes
within the operating frequency range must be sup-
pressed to avoid a degradation of a spectral character-
istic of a radio frequency signal filtered by the coaxial
low-pass filter.
[0010] One possibility to suppress the higher order
modes in the coaxial low-pass filter is to arrange radio
frequency absorbers around the inductive means. The
way of suppressing resonances of higher order modes
affects an assembly of a coaxial low-pass filter and the
spectral characteristic of a radio frequency signal filtered
by the coaxial low-pass filter.
[0011] Therefore, it is an object of the invention to pro-
vide an improved coaxial low-pass filter assembly for pre-
venting a generation of resonances of higher order
modes in the coaxial low-pass filter and also for prevent-
ing a passing of such higher order modes from an input
to an output of the coaxial low-pass filter,

SUMMARY

[0012] The object is achieved by a device comprising
means for filtering radio frequency signals and means
for suppressing resonances, wherein the means for fil-
tering comprise at least one capacitive means, and
wherein the at least one capacitive means is adapted for
providing the means for suppressing the resonances.
[0013] The device provides a first advantage of not re-
quiring any additional components such as the radio fre-
quency absorbers within a housing of the device for the
suppressing of the resonances of higher order modes,
which otherwise would have been generated in the de-
vice or which are generated elsewhere and would
traverse the device.
[0014] If the device is for example a coaxial low-pass
filter, additional advantages are related to a size reduc-
tion of the coaxial low-pass filter up to 50 percent in com-
parison to a size, if a length of the device is not reduced.
The smaller size results in lower manufacturing costs of
the low-pass filter itself and in a smaller installation space
required by the low-pass filter, if the low-pass filter is im-
plemented in a system such as a tower mounted amplifier
or a tower mounted booster. Therewith, also manufac-
turing costs of the system can be reduced.
[0015] Preferably, the at least one capacitive means
is adapted at a border area of said at least one capacitive
means. This provides the benefit, that only the higher-
order modes, which am plitude distributions have a larger
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cross sectional area than an amplitude distribution of a
fundamental mode are affected by the of least one ca-
pacitive means.
[0016] In a first group of embodiments of the invention,
the at least one capacitive means is adapted by adapting
a form of the of least one capacitive means. This provides
the advantage of reducing a reflectivity of the at least one
capacitive means for the higher-order modes of the radio
frequency signals in such a way, that a resonator cavity
for the higher-order modes is avoided and the resonanc-
es will not be generated or will only be generated with
very low amplitude levels.
[0017] In two embodiments of the invention, the form
of the at least one capacitive means comprises a solid
body with at least one opening or with at least one notch.
This offers the benefit of positioning the opening or the
notch at the capacitive means at a location, where the
resonances of the higher order modes are affected but
the fundamental mode of the radio frequency signal is
not affected. The at least one opening or the at least one
notch is used to reduce the reflectivity at some locations
of the at least one capacitive means and thereby let a
signal of the higher-order modes pass through and pre-
vent a trapping and a resonating of the higher-order
modes.
[0018] A further benefit is a reduction of material to be
required for the capacitive means, which results in re-
duced material costs.
[0019] In a further embodiment of the invention, the at
least one notch is arranged in a radial direction. This pro-
vides a benefit of a simple and accurate manufacturing
of the at least one capacitive means with the least one
notch for example by milling and by simply rotating the
at least one capacitive means, if further notches may be
used.
[0020] I n even further embodiments of the invention,
a number and a size of the at least one opening or the
at least one notch is adapted to a predefined capacitance
of said at least one capacitive meons. This offers the
advantage of balancing the number and the size of the
of least one opening or the at least one notch between
a maximizing of the suppressing of the resonances and
a minimizing of an effect of the openings or notches on
a required capacitive property of the at least one capac-
itive means.
[0021] In a preferred embodiment of the invention, a
cross section of the at least one capacitive means com-
prises a first segment and at least one second segment,
and a radial distance or an average radial distance of a
border of the first segment is larger than a radial distance
or an average radial distance of a border of the at least
one second segment. This provides for example the ad-
vantage of simply cutting a part of the solid body and not
requiring a time-consuming cutting process with many
edges as required for example for the of least one notch
or the at least one opening,
[0022] In a second group of embodiments of the inven-
tion, the least one capacitive means is adapted by adapt-

ing a composition of the at least one capacitive means.
This provides the benefit of not requiring to change or
adopt the form of the at least one capacitive means.
[0023] In even another embodiment of the invention,
a cross section of the form of the at least one capacitive
means comprises a first segment and at least one second
segment, and the first segment comprises at least one
conductive material and the at least one second segment
comprises at least one dielectric material. This provides
the benefit of reducing the reflectivity for the higher-order
modes at a location of the at least one second segment
by using the at least one dielectric material. Thereby, a
solid body with an improved stability can be obtained,
which may be similar to the disks used in coaxial low-
pass filters according to the prior art.
[0024] In even other embodiments of the invention, the
at least one opening or the at least one notch is filled with
the at least one dielectric material and thereby combining
the advantages, of corresponding embodiments de-
scribed above.
[0025] Systems such as jumper and feeder cable con-
nections between a base station cabinet ond antennas
of a base station, duplex filters for base stations, tower
mounted amplifiers, tower mounted boosters, or other
coaxial cable connections may comprise devices accord-
ing to the embodiments of the invention.
[0026] Further advantageous features of the invention
are defined in the following detai led description of the
invention.

BRIEF DESCRIPTION OF THE FIGURES

[0027] The embodiments of the invention will become
apparent in the following detailed description and will be
illustrated by accompanying figures given by way of non-
limiting illustrations.

Figure 1 shows schematically a coaxial low-pass fil-
ter according to the prior art.
Figure 2 shows schematically a longitudinal section
of a device according to a first embodiment of the
invention.
Figure 3 shows schematically cross sections of ca-
pacitive means according to the first embodiment of
the invention.
Figure 4 shows schematically cross sections of ca-
pacitive means according to a second embodiment
of the invention.
Figure 5 shows schematically cross sections of ca-
pacitive means according to a third embodiment of
the invention.
Figure 6 shows schematically cross sections of ca-
pacitive means according to further embodiments of
the invention.
Figure 7 shows schematically two systems compris-
ing a device according to the embodiments of the
invention.
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DESCRIPTION OF THE EMBODIMENTS

[0028] Figure 1 shows schematically a seven pole co-
axial fitter CF according to the prior art. The coaxial filter
CF comprises a cylindrical outer conductor CYL_OC1
and a central inner conductor CEN_IC1.
[0029] The central inner conductor CEN_IC1 is located
in an axial position of the cylindrical outer conductor CYL_
OC1 and is an assembly of several components.
[0030] The central inner conductor CEN_IC1 compris-
es two cylindrical inner conductors CYL-IC1 CYL_IC2 at
both ends of the central inner conductor CEN_IC1.
[0031] The central inner conductor CEN_IC1 further
comprises in a middle part four solid disks CAP_M1,
CAP_M2, CAP_M3, CAP_M4, which are short sections
of very-low impedance lines and which are depicted as
capacitive means in the following due to their capacitive
properties. The capacitive means CAP_M1, CAP_
M2,CAP_M3, CAP_M4 are surrounded usually with a
small rim of a dielectric such as air.
[0032] The central inner conductor CEN_IC1 further
comprises in the middle part three solid cylinders IND_
M1, IND_M2, IND_M3, which are short sections of high-
impedance lines and which are depicted as inductive
means in the following due to their inductive properties.
The inductive means IND_M1, IND_M2, IND_M3 are
usually thin rods or thin wires and are surrounded also
by the dielectric.
[0033] The capacitive means CAP_M1, CAP_M2,
CAP_M3, CAP_M4 and the inductive means IND_M1,
IND_M2, IND_M3 add up to seven poles of the seven
pole coaxial filter CF and are arranged in an alternating
composition CAP_M1 - IND_M1 - CAP_M2 - IND_M2 -
CAP_M3 - IND_M3 - CAP_M4 with electrical contact be-
tween two adjacent components in each case.
[0034] A first one CAP_M1 of outer capacitive means
CAP_M1, CAP_M4 is in electrical contact to a first one
CYL_IC1 of the two cylindrical inner conductors CYL_
IC1, CYL_IC2 and a second one CAP_M4 of the outer
capacitive means CAP_M1, CAP_M4 is in electrical con-
tact to a second one CYL_IC2 of the two cylindrical inner
conductors CYL_IC1, CYL_IC2,
[0035] inner capacitive means CAP_M2, CAP_M3 are
used for a first operation frequency range. The outer ca-
pacitive means CAP_M1, CAP_M4, which may be thicker
than the inner capacitive means CAP_M2, CAP_M3, can
be used for a second operation frequency range.
[0036] A radio frequency signal passing the coaxial fil-
ter CFfrom on input to an output is modified by spectral
characteristics of the coaxial filter CF, which are deter-
mined by an arrangement and geometrical form of the
components of the middle part of the central inner con-
ductor CEN_IC1.
[0037] A dependency of an operating frequency range
of the coaxial filter CF an lengths of the inductive means
and the capacitive means is given for example in chapter
7 of G. Matthei, L. Young, E.M.T. Jones " Microwave fil-
ters, impedence-matching networks and coupling struc-

tures" Artech House Books, Dedham, MA.
[0038] Figure 2 shows schematically a longitudinal
section of a device DEV according to a first embodiment
of the invention. The detailed structure of the device DEV
is not critical, and os can be understood by those skilled
in the art, that the detailed structure of the device DEV
may vary without departing from the scope of the inven-
tion,
[0039] The device DEV may be for example coaxial
fitter, which comprises a cylindrical outer conductor CYL_
OC2 and a central inner conductor CEN_IC2.
[0040] The device DEV may be used as a low-pass
filter, a high-pass filter, or a band pass filter.
[0041] A space between the central inner conductor
CEN_IC2 and the cylindrical outer conductor CYL_OC2
may be filled with air AIR as a dielectric. In further alter-
natives, the space many be filled with another gaseous
dielectric material, with a solid dielectric material, or may
be evacuated to have a vacuum between the central inner
conductor CEN_IC2 and the cylindrical outer conductor
CYL_OC2.
[0042] The cylindrical outer conductor CYL_OC2 pref-
erably comprises between both ends of the coaxial filter
a conductive hollow cylinder as a single component. In
an alternative, the outer conductor may comprise tapered
sections at the both ends of the device DEV, which per-
mits an enlarging of a coaxial region at the centre of the
device DEV and which may reduce dissipation losses.
[0043] The central inner conductor CEN_IC2 is located
in an axial position of the cylindrical outer conductor CYL_
OC2 and is an assembly of several components. In an
alternative, the central inner condudor CEN_IC2 may be
a single component with different longitudinal sections.
[0044] Two cylindrical inner conductors CYL_IC1_2,
CYL_IC2_2 of the central inner conductor CEN_IC2 are
located at both ends of the central inner conductor CEN_
IC2. In an alternative, the two cylindrical inner conductors
CYL_IC1_2, CYL_IC2_2 may comprise tapered sections
at both ends of the central inner conductor CEN_IC2,
which permits an enlarging of a coaxial region at the cen-
tre of the device DEV and which may reduce dissipation
losses.
[0045] A middle part of the central inner conductor
CEN_IC2 comprises two solid disks as two outer capac-
itive means CAP_M1_2, CAP_M4_2, two further solid
disks as inner capacitive means CAP_M2_2, CAP_
M3_2, and three solid cylinders as inductive means IND_
M1_2, IND_M2_2, IND_M3_2 in an alternating compo-
sition CAP_M1_2 - IND_M1_2 - CAP_M2_2 - IND_M2_2
- CAP_M3_2 - IND_M3_2 - CAP_M4_2.
[0046] The device DEV shown in Figure 2 is a seven
pole low-pass filter with four capacitive means (four
poles) and three inductive means (further three poles),
In a first alternative, the central inner conductor CEN_
IC2 may comprise more than seven poles with more than
four capacitive means and/or more than three inductive
means,
[0047] In a second alternative, the central inner con-
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ductor CEN_IC2 may comprise less than seven poles
with the at least one capacitive means and less than three
further capacitive means and at least one inductive
means and less than two further inductive means. For
example, a filter may be used which comprises in the
central part two inductive means and one capacitive
means in-between (three pole low-pass filter) or two ca-
pacitive means and one inductive means in-between (fur-
ther three pole low-pass filter). In a third alternative, in-
stead of the inner capacitive means GAP_M2_2, CAP_
M3_2 being circular disks, the inner capacitive means
CAP_M2_2, CAP_M3_2 may comprise another geomet-
rical form such as elliptical disks. The inner capacitive
means CAP_M2_2, CAP_M3_2 may be used for a first
operation frequency range. The outer capacitive means
CAP_M1_2, CAP_M4_2, which may be thicker than the
inner capacitive means CAP_M2_2, CAP_M3_2, may be
used for a second operation frequency range.
[0048] The outer capacitive means CAP_M1_2, CAP_
M4_2 may be not required, if a second operation frequen-
cy range is not required.
[0049] For reducing a size in particular an overall
length of the device DEV diameters D_CAP_M2_2, D_
CAP_M3_2 of the inner capacitive means CAP_M2_2,
CAP_M3_2 and diameters D_CAP_M1_2, D_CAP_
M4_2 of the outer capacitive means CAP_M1_2, CAP_
M4_2 are increased and diameters D-IND-M of the in-
ductive means IND_M1_2, IND_M2_2, IND_M3_2 are
decreased Thereby, lengths L_CAP_M2_2, L_CAP_
M3_2 of the inner capacitive means CAP_M2_2, CAP_
M3_2, lengths L_CAP_M1_2, L_CAP_M4_2 of the outer
capacitive means CAP_M1_2, CAP_M4_2 and lengths
L_IND_M1_2, L_IND_M2_2, L_IND_M3_2 of the induc-
tive means IND_M1_2, IND_M2_2, IND_M3_2 can be
reduced to reduce the overall length of the device DEV.
[0050] Due to a smaller distance between the inner
capacitive means CAP_M2_2, CAP_M3_2 affecting as
reflectors of a resonator for the radio frequency signals,
frequency locations of resonances for higher-order
modes come more close to the first operating frequency
range of the device DEV.
[0051] To suppress the resonances of the higher-order
modes, a geometrical form of the inner capacitive means
CAP_M2_2, CAP_M3_2 is adopted for providing means
for suppressing the resonances according to a first group
of embodiments of the invention. Therefore according to
Figure 2, a first one C_CAP_M2_2 of the inner capacitive
means CAP_M2_2, CAP_M3_2 may comprise at least
one slit SLT1 and a second one C_CAP_M3_2 of the
inner capacitive means CAP_M2_2, CAP_M3_2 may
comprise at least one further slit SLT4. This is described
in more detail according to Figure 3 with the aid of cross
sections C_CAP_M2_2, C_GAP_M3_2 of the inner ca-
pacitive means CAP_M2_2, CAP_M3_2.
[0052] Referring to Figure 3, cross sections of the inner
capacitive means CAP_M2_2, GAP_M3_2 are shown
according to the first embodiment of the invention.
[0053] In comparison to the coaxial filter CF shown in

Figure 1, a solid body of the first one CAP_M2_2 of the
inner capacitive means CAP_M2_2, GAP_M3_2 com-
prises three slits SLT1, SLT2, SLT3 in a radial direction
of the first one CAP_M2_2 of the inner capacitive means
CAP_M2_2, CAP_M3_2 and a solid body of the second
one CAP_M3_2 of the inner capacitive means CAP_
M2_2, CAP_M3_2 comprises three further slits SLT4,
SLT5, SLT6 in a radial direction of the second one CAP_
M3_2 of the inner capacitive means GAP_M2_2, CAP_
M3_2. In further alternatives, the first one and the second
one of the inner capacitive means CAP_M2_2, CAP_
M3_2 comprise at least one slit but less or more than
three slits. In even further alternatives, instead of slits
with rectangular geometrical form, notches having geo-
metrical forms such as quadratic or wedge form or notch-
es with arbitrary geometrical form may be used.
[0054] A number of slits or notches may be adapted
to a predefined capacitance of the inner capacitive
means CAP_M2_2, CAP_M3_2 in such a way, that a
suppressing of the resonances is maximized and a de-
grading effect of the slits or notches on a required capac-
itive property of the inner capacitive means CAP_M2_2,
CAP_M3_2 is minimized.
[0055] Each slit SLT1, SLT2, SLT3, SLT4, SLT5, and
SLT6 has a size given by a width W_SLT and a depth
D_SLT, which may be adopted to the predefined capac-
itance of the inner capacitive means CAP_M2_2, CAP_
M3_2 in such a way, that the suppressing of the reso-
nances is maximized and a degrading effect of the size
of the slits or notches on a required capacitive property
of the inner capacitive means CAP_M2_2, CAP_M3_2
is minimized. In further alternatives, for example at least
two slits have different sizes or all the slits SLT1, SLT2,
SLT3, SLT4, SLT5, and SLT6 have different sizes.
[0056] By using the slits SLT1, SLT2, SLT3, SLT4,
SLT5, and SLT6 at the inner capacitive means CAP_
M2_2, CAP_M3_2 a form of the inner capacitive means
CAP_M2_2, CAP_M3_2 is adopted to reduce a reflec-
tivity of the inner capacitive means CAP_M2_2, CAP_
M3_2 for the higher-order modes to suppress any reso-
nances of the higher-order modes. Thereby, an effect of
a cavity resonator for the resonances can be reduced or
even avoided by means of the adapted inner capacitive
means CAP_M2_2, CAP_M3_2. A lateral extension of a
fundamental mode of the radio frequency signal is con-
fined to a central axis of the device DEV and a central
region of the inner capacitive means CAP_M2_2, CAP_
M3_2. Thereby, a reflectivity of the fundamental mode is
not affected by the slits SLT1, SLT2, SLT3, SLT4, SLT5,
SLT6, which extensions are preferably limited to a border
area of the inner capacitive means CAP_M2_2, CAP_
M3_2.
[0057] Referring to Figure 4, cross sections of inner
capacitive means CAP_M2_3, CAP_M3_3 are shown
according to a second embodiment of the invention. A
solid body of a first one CAP_M2_3 of the inner capacitive
means CAP_M2_3, CAP_M3_3 comprises three circular
openings OP1, OP2, OP3 in an outer part of the first one
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CAP_M2_3 of the inner capacitive means CAP_M2_3,
CAP_M3_3 and a solid body of a second one CAP_M3_3
of the inner capacitive means CAP_M2_3, CAP_M3_3
comprises three further circular openings OP4, OP5,
OP6 in an outer part of the second one CAP_M3_3 of
the inner capacitive means CAP_M2_3, CAP_M3_3. In
further alternatives, the first one and the second one of
the inner capacitive means CAP_M2_3, CAP_M3_3
comprise at least one circular opening but less or more
than three circular openings. In even Further alternatives,
instead of the circular openings, openings with geomet-
rical form such as an ellipse, a square, or a rectangle or
openings with arbitrary geometrical form may be used.
[0058] A number of the openings may be adapted to
a predefined capacitance of the inner capacitive means
CAP_M2_3, CAP_M3_3 in such a way, that a suppress-
ing of the resonances is maximized and a degrading ef-
fect of the openings on a required capacitive property of
the inner capacitive, means CAP_M2_3, CAP_M3_3 is
minimized.
[0059] Each opening OP1, OP2, OP3, OP4, OP5, OP6
has a size given by a width W_OP, which may be adapted
to the predefined capacitance of the inner capacitive
means CAP_M2_3, CAP_M3_3 in such a way, that the
suppressing of the resonances is maximized and a de-
grading effect of the size of the openings on a required
capacitive property of the inner capacitive means CAP_
M2_3, CAP_M3_3 is minimized. In further alternatives,
for example at least two openings have different sizes or
all the openings OP1, OP2, OP3, OP4, OP5, and OP6
have different sizes.
[0060] By using the openings OP1, OP2, OP3, OP4,
OP5, and OP6 at the inner capacitive means CAP_M2_3,
CAP_M3_3 o form of the inner capacitive means CAP_
M2_3, CAP_M3_3 is adapted to reduce the reflectivity
of the inner capacitive means CAP_M3_3, CAP_M3_3
for the higher-order modes of the radio frequency signals
and thereby suppressing the resonances of the higher-
order modes. An effect of a cavity resonator for the high-
er-order modes can be reduced or even avoided by
means of the adapted inner capacitive means CAP_
M2_3, CAP_M3_3. A reflectivity of the fundamental
mode is not affected by the openings OP1, OP2, OP3,
OP4, OP5, OP6, which extensions are preferably limited
to a border area of the inner capacitive means CAP_
M2_3, CAP_M3_3.
[0061] Referring to Figure 5, cross sections of inner
capacitive means CAP_M2_4, CAP_M3_4 are shown
according to a third embodiment of the invention. A solid
body of a first one CAP_M2_4 of inner capacitive means
CAP_M2_4, CAP_M3_4 comprises a first segment
SEG2_4_1 and a second segment SEG2_4_2. A border
of the second segment SEG2_4_2 has a second radial
distance RAD_DIS2 respectively a second average ra-
dial distance which is smaller than a first radial distance
RAD_DIS1 respectively a first average radial distance of
a border of the first segment SEG2_4_1. The border of
the second segment SEG2_4_2 may be a straight bor-

der, In further alternatives, the border may be for example
meandering or forked. In even further alternatives, the
solid body of the first one CAP_M2_4 of the inner capac-
itive means CAP_M2_4, CAF_M3_4 may comprise fur-
ther second segments having a border with a second
radial distance or a second average radial distance small-
er than the first segment of the solid body of the first one
CAP_M2_4 of the inner capacitive means CAP_M2_4,
CAP_M3_4.
[0062] In a same way, a solid body of a second one
CAP_M3_4 of the inner capacitive means CAP_M2_4,
CAP_M3_4 comprises a first segment SEG3_4_1 end a
second segment SEG3_4_2. A border of the second seg-
ment SEG3_4_2 has the second radial distance RAD_
DIS2 respectively the second average radial distance
which is smaller than the first radial distance RAD_DIS1
respectively the first average distance of a border of the
first segment SEG3_4_1.
[0063] A number of second segments with a border
having a smaller radial distance or smaller average radial
distance than the radial distance of the border of the first
segment may be adopted to a predefined capacitance of
the inner capacitive means CAP_M2_4, CAP_M3_4 in
such a way, that a suppressing of the resonances is max-
imized and a degrading effect of the openings on a re-
quired capacitive property of the inner capacitive means
CAP_M2_4, CAP_M3_4 is minimized.
[0064] A size of the radial distance or the overage ra-
dial distance of the border of the second segments
SEG2_4_2, SEG3_4_2 may be adapted to the prede-
fined capacitance of the inner capacitive means CAP_
M2_4, CAP_M3_4 in such a way, that the suppressing
of the resonances is maximized and a degrading effect
of the size of the openings on a required capacitive, prop-
erty of the inner capacitive means CAP_M2_4, CAP_
M3_4 is minimized.
[0065] By using the second segments SEG2_4_2,
SEG3_4_2 at the inner capacitive means CAP_M2_4,
CAP_M3_4 a form of the inner capacitive means CAP_
M2_4, CAP_M3_4 is adapted to reduce the reflectivity
of the inner capacitive means CAP_M2_4, CAP_M3_4
for the higher-order modes to suppress the resonances.
Thereby, the effect of the cavity resonator for the reso-
nances can be reduced or even avoided by means of the
adapted inner capacitive means CAP_M2_4, CAP_
M3_4. The reflectivity of the fundamental mode is not
affected by the second segments SEG2_4_2,
SEG3_4_2, which extensions are preferab!y limited to a
border area of the inner capacitive means CAP_M2_4,
CAP_M3_4.
[0066] Referring to Figure 6, further cross sections of
capacitive means according to a second group of em-
bodiments of the invention are shown. Cross sections of
solid bodies of second ones of the inner capacitive means
are not shown for simplification. In the second group of
the embodiments of the invention, the at least one ca-
pacitive means is adapted by adapting a composition of
the at least one capacitive means.
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[0067] In Figure 6 a) a solid body of an inner capacitive
means CAP_M2_5 comprises four segments
SEG2_5_1, SEG2_5_2, SEG2_5_3, SEG2_5_4. A first
segment SEG2_5_1 may be identical to the solid body
of the first one CAP_M2_2 of the inner capacitive means
CAPM2_2, CAP_M3_2 according to Figure 3. Further
three segments SEG2_5_2, SEG2_5_3, SEG2_5_4 may
be identical to a location and expansion of the three slits
SLT1, SLT2, SLT3 of the solid body of the first one CAP_
M2_2 of the inner capacitive means CAPM2_2, CAP_
M3_2 according to Figure 3.
[0068] The first segment SEG2_5_1 may comprise a
conductive material as being used for the central inner
conductor of the coaxial filter.
[0069] The further three segments SEG2_5_2,
SEG2_5_3, SEG2_5_4 may comprise a dielectric mate-
rial, which is not conductive. In that case, the three slits
SLT1, SLT2, SLT3 may be filled with the dielectric ma-
terial.
[0070] In an alternative, the further three segments
SEG2_5_2, SEG2_5_3, SEG2_5_4 may comprise dif-
ferent dielectric materials.
[0071] In further alternatives, less than three segments
but at least one segment or more than the further three
segments SEG2_5_2, SEG2_5_3, SEG2_5_4 may com-
prise a dielectric material.
[0072] In even further alternatives, instead of a uniform
location of the further three segments SEG2_5_3,
SEG2_5_3, SEG2_5_4 as shown in Figure 6 a), the fur-
ther three segments SEQ2_5_2, SEG2_5_3, SEG2_5_4
may be arbitrary located at the inner capacitive means
CAP_M2_5.
[0073] By using the further three segments
SEG2_5_2, SEG2_5_3, SEG2_5_4 with the dielectric
material at the inner capacitive means CAP_M2_5 a
composition of the inner capacitive means CAP_M2_5
is adapted to reduce the reflectivity of the inner capacitive
means CAP_M2_5 for the higher-order modes to sup-
press the resonances of the higher-order modes. There-
by, the effect of the cavity resonator for the resonances
can be reduced or even avoided by means of the adapted
inner capacitive means CAP_M2_5. A reflectivity of the
fundamental mode is not affected by the further three
segments SEG2_5_2, SEG2_5_3, SEG2_5_4, which
extensions are preferably limited to o border area of the
inner capacitive means CAP_M2_5.
[0074] In Figure 6 b) a solid body of an inner capacitive
means CAP_M2_6 comprises four sesments
SEG2_6_1, SEG2_6_2, SEG2_6_3, SEG2_6_4. A first
segment SEG2_6_1 may be identical to the solid body
of the first one CAP_M2_3 of the inner capacitive means
CAPM2_3, CAP_M3_3 according to Figure 4. Further
three segments SEG2_6_2, SEG2_6_3, SEG2_6_4 may
be identical to a location and expansion of the three open-
ings OP1, OP2, OP3 of the solid body of the first one
CAP_M2_3 of the inner capacitive means CAPM2_3,
CAP_M3_3 according to Figure 4.
[0075] The first segment SEG2_6_1 comprises a con-

ductive material as being used for the central inner con-
ductor of the coaxial filter.
[0076] The further three segments SEG2_6_2,
SEG2_6_3, SEG2_6_4 comprise a dielectric material,
which is not conductive. In that case, the three openings
OP1, OP2, OP3 may be filled with the dielectric material.
[0077] In an alternative, the further three segments
SEG2_6_2, SEG2_6_3; SEG2_6_4 may comprise dif-
ferent dielectric materials.
[0078] In further alternatives, less than three segments
but at least one segment or more than the further three
segments SEG2_6_ 2, SEG2_6_3, SEG2_6_4 comprise
a dielectric material.
[0079] In even further alternatives, instead of a uniform
location of the further three segments SEG2_6_2,
SEG2_6_3, SEG2_6_4 as shown in Figure 6 b), the fur-
ther three segments SEG2_6_2, SEG2_6_3, SEG2_6_4
may be arbitrary located at the inner capacitive means
CAP_M2_6.
[0080] By using the further three segments
SEG2_6_2, SEG2_6_3, SEG2_6_4 with the dielectric
material at the inner capacitive means CAP_M2__6 a
composition of the inner capacitive means CAP_M2_6
is adapted to reduce the reflectivity of the inner capacitive
means CAP_M2_6 for the higher-order modes to sup-
press the resonances of the higher-order modes. There-
by, the effect of the cavity resonator for the resonances
can be reduced or even avoided by means of the adapted
inner capacitive means CAP_M2_6. A reflectivity of the
fundamental mode is not affected by the further three
segments SEG2_6_2, SEG2_6_3, SEG2_6_4, which
extensions are preferably limited to a border area of the
inner capacitive means CAP_M2_6.
[0081] In Figure 6 c) a solid body of an inner capacitive
means CAP_M2_7 comprises two segments SEG2_7_1,
SEG2_7_2. A first segment SEG2_7_1 may be identical
to the solid body of the first one CAP_M2_4 of the inner
capacitive means CAPM2_4, CAP_M3_4 according to
Figure 5. A second segment SEG2_7_2 may be used to
add up to a circular cross section of the solid body of the
inner capacitive means CAP_M2_7.
[0082] The first segment SEG2_7_1 may comprise a
conductive material as being used for the central inner
conductor of the coaxial filter,
[0083] The second segment SEG2_7_2 may comprise
a dielectric material, which is not conductive. In an alter-
native, the inner capacitive means CAP_M2_7 may com-
prise further second segments with a same dielectric ma-
terial of with different dielectric materials.
[0084] In further alternatives, at least two second seg-
ments are uniform or arbitrary located at the inner capac-
itive means CAP_M2_7.
[0085] By using the second segment SEG2_7_2 with
the dielectric material at the inner capacitive means
CAP_M2_7 a composition of the inner capacitive means
CAP_M2_7 is adopted to reduce the reflectivity of the
inner capacitive means CAP_M2_7 for the higher-order
modes to suppress the resonances of the higher-order
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modes. Thereby, the effect of the cavity resonator for the
resonances can be reduced or even avoided by means
of the adapted inner capacitive means CAP_M2_7. A
reflectivity of the fundamental mode is not affected by
the second segment SEG2_7_2, which extension is pref-
erably limited to a border area of the inner capacitive
means CAP_M2_7.
[0086] The invention is not limited to an application of
a single embodiment in the device DEV but also can be
used for a combination of several of the embodiments in
the device DEV such as a capacitive means comprising
at least one opening and at least one notch or two ca-
pacitive means, wherein a first one comprises at least
one opening and a second one comprises at least one
notch.
[0087] In a further alternative, the device DEV may be
for example a printed-circuit, strip-line filter and the em-
bodiment according to Figure 5 of the coaxial filter can
be simply adopted by reducing a lateral dimension of the
capacitive means of the printed-cifcuit, strip-line filter on
one side.
[0088] In an even further alternative, the device DEV
may be for example a corrugated waveguide filter and
the embodiment according to Figure 6 b) of the coaxial
filter can be simply adopted by introduction of dielectric
layers within the waveguide structure by etching and dep-
osition processes as being used in semiconductor device
fabrication.
[0089] Referring to Figure 7, two systems comprising
the device DEV according to the embodiments of the
invention are shown schematically.
[0090] In Figure 7 a) a tower mounted bopster TMB
may be located between a base station and an antenna
system, The tower mounted booster TMB is preferably
located at a top of an antenna most next to the antenna
system. The tower mounted booster TMB is preferably
used for compensate of feeder cable losses, for boosting
cell coverage e.g. along coastlines, or for boosting up
low power signals from low power base stations such as
a micro BTS (BTS = base transceiver station).
[0091] The tower mounted booster TMB may be con-
nected to the antenna system via an antenna connection
C-ANT1 and may be connected to a base station cabinet
via a base station connection G-BTS1.
[0092] The tower mounted booster TMB may comprise
a duplexer DUP, a coupler COUP, a power amplifier PA,
and a low noise amplifier LNA1,
[0093] A received signal coming from the antenna sys-
tem is delivered to a receiving path of the tower mounted
booster TMB via a junction J1, is filtered by a receive
filter RX of the duplexer DUP and amplified by the low-
noise amplifier LNA1 and is coupled to the base station
connection C-BTS1 via the coupler COUP.
[0094] A transmit signal coming from the base station
cabinet is coupled to a transmit path of the tower mounted
booster TMB via the coupler COUP, is amplified by the
power amplifier PA, is filtered by the device DEV being
for example a coaxial low-pas, filter, is further filtered by

a transmit filter TX1 and is delivered to the antenna con-
nection C-ANT1 via the junction J1.
[0095] In further alternatives, the device DEV may be
located for example at an end of the antenna connection
C-ANT1 next to the antenna system or between a feeder
cable and a jumper cable of the base station connection
C-BTS1.
[0096] In Figure 7 b) a tower mounted amplifier TMA
may be located between a base station and an antenna
system. The tower mounted amplifier TMA is preferably
located at a top of an antenna mast next to the antenna
system. The tower mounted amplifier TMA is preferably
used for reducing a base station noise figure and thereby
can improve an overall receiver sensitivity to be able to
receive weaker radio frequency signals.
[0097] The tower mounted amplifier TMA may be con-
nected to the antenna system via an antenna connection
C-ANT2 and may be connected to a base station cabinet
via a base station connection C-BTS2.
[0098] The tower mounted amplifier TMA may com-
prise a first receive filter RX_F, a low noise amplifier
LNA2, and a second receive filter RX_B in a receive path
and the device DEV being for example a coaxial low-
pass filter and a transmit filter TX2 in a transmit path.
[0099] The receive path and the transmit path are split-
ted and combined by two junctions J2, J3.
[0100] In further alternatives, the device DEV may be
located for example at an end of the antenna connection
C-ANT2 next to the antenna system or between a feeder
cable and a jumper cable of the base station connection
C-BTS2.
[0101] In even further alternatives, the device DEV
may be used in duplex filters for base stations, in receive
paths of radio communication systems or in transmission
systems for radio frequency signals at a junction between
two cables of the transmission systems.
[0102] Using the device DEV according to the embod-
iments of the invention, a spectral characteristic of the
transmit signal passing the tower mounted booster TMB
or the tower mounted amplifier TMA can be improved.
Furthermore, the invention allows for a smaller required
space for the device DEV within the housings of the du-
plexer DUP, the tower mounted booster TMB, or the tow-
er mounted amplifier TMA and thereby may reduce man-
ufacturing costs.
[0103] The invention is not limited to an application of
a single embodiment in systems such as the tower
mounted booster TMB or the tower mounted amplifier
TMA but also can be used by combining of several of the
embodiments of the invention in such systems.

Claims

1. A device (DEV) comprising means for filtering radio
frequency signals and means for suppressing reso-
nances, said means for filtering comprise at least
one capacitive means (CAP_M2_2, CAP_M3_2,
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CAP_M2_3, CAP_M3_3, CAP_M2_4, CAP_M3_4,
CAP_M2_5, CAP_M2_6, CAP_M2_7),
wherein said at least one capacitive means (CAP_
M2_2, CAP_M3_2, CAP_M2_3, CAP_M3_3, CAP_
M2_4, CAP_M3_4, CAP_M2_5, CAP_M2_6, CAP_
M2_7) is adapted for providing said means for sup-
pressing said resonances.

2. Device according to claim 1, wherein said capacitive
means (CAP_M2_2, GAP_M3_2, CAP_2_3, CAP_
M3_3, CAP_M2_4, CAP_M3_4, CAP_M2_5, CAP_
M2_6, CAP_M2_7) is adapted at a border area of
said capacitive means (CAP_M2_2, CAP_M3_2,
CAP_M2_3, CAP_M3_3, CAP_M2_4, CAP_M3_4,
CAP_M2_5, CAP_M2_6, CAP_M2_7).

3. Device according to claim 1 or claim 2, wherein said
at least one capacitive means (GAP_M2_2, CAP_
M3_2, CAP_M2_3, CAP_M3_3, CAP_M2_4, CAP_
M3_4) is adopted by adapting a form of said at least
one capacitive means (CAP_M2_2, CAP_M3_2,
CAP_M2_3; CAP_M3_3, CAP_M2_4, CAP_M3_4).

4. Device according to claim 3, wherein said form com-
prises a solid body with at least one notch (SLT1,
SLT2, SLT3, SLT4, SLT5, SLT6).

5. Device according to claim 4, wherein said at least
one notch (SLT1, SLT2, SLT3, SLT4, SLT5, SLT6)
is arranged in a radial direction.

6. Device according to claim 3, wherein said form com-
prises a solid body with at least one opening (OP1,
OP2, OP3, OP4, OP5, OF6).

7. Device according to claim 4 or claim 6, wherein a
number and a size of said at least one notch (SLT1,
SLT2, SLT3, SLT4, SLT5, SLT6) or said at least one
opening (OP1, OP2, OP3, OP4, OP5, OP6) is adopt-
ed to a predefined capacitance of said at least one
capacitive means (CAP_M2_2, CAP_M3_2, CAP_
M2_3, CAP_M3_3, CAP_M2_4, CAP_M3_4).

8. Device according to claim 3, wherein a cross section
of said form comprises a first segment (SEG2_4_1;
SEG3_4_1) and at least one second segment
(SEG2_4_2, SEG3_4_2), and wherein a radial dis-
tance (RAD_DIS1) or an average radial distance of
a border of said first segment (SEG2_4_1,
SEG3_4_1) is larger than a radial distance (RAD_
DIS2) or an average radial distance of a border of
said at least one second segment (SEG2_4_2,
SEG3_4_2).

9. Device according to claim 1 or claim 2, wherein said
at least one capacitive means (CAP_M2_5, CAP_
M2_6, CAP_M2_7) is adapted by adapting a com-
position of said at least one capacitive means (CAP_

M2_5, CAP_M2_6, CAP_M2_7).

10. Device according to claim 9, wherein a cross section
of said at least one capacitive means (CAP_M2_5,
CAP_M2_6, CAP_M2_7) comprises a first segment
(SEG2_5_1, SEG2_6_1, SEG2_7_1) and at least
one second segment (SEG2_5_2, SEG2_5_3,
SEG2_5_4, SEG2_6_2, SEG2_6_3, SEG2_6_4,
SEG2_7_2), and wherein said first segment
(SEG2_5_1, SE02_6_1, SEG2_7_1) comprises at
least one conductive material and said at least one
second segment (SEQ2_5_2, SEG2_5_3,
SEG2_5_4, SEG2_6_2, SEG2_6_3, SEG2_6_4,
SEG2_7_2) comprises at least one dielectric mate-
rial.

11. Device according to claim 1 0 and claim 4 or claim
6, wherein said at least one opening (OP1, OP2,
OP3, OP4, OP5, OP6) or said at least one notch
(SLT1, SLT2, SLT3, SLT4, SLT5, SLT6) is filled with
said at least one dielectric material.

12. Device according to any of the preceding claims,
wherein said device (DEV) is a coaxial filter.

13. Device according to any of the preceding claims,
wherein said device (DEV) is a low-pass filter.

14. A system (TMB, TMA) comprising a device (DEV)
according to any of the preceding claims.

15 16 



EP 2 287 964 A1

10



EP 2 287 964 A1

11



EP 2 287 964 A1

12



EP 2 287 964 A1

13



EP 2 287 964 A1

14



EP 2 287 964 A1

15



EP 2 287 964 A1

16



EP 2 287 964 A1

17



EP 2 287 964 A1

18


	bibliography
	description
	claims
	drawings
	search report

