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(54) Metafilter with asymmetric structure
(57) A radio frequency band-pass filter device (31),
comprising

- a grounded frame structure (34),

- a dielectric substrate (32) suspended within the frame
structure (34),

- and a microstrip conductor structure (1; 21; 33) located
on top of the dielectric substrate (32),

wherein the microstrip conductor structure (1; 21; 33)
comprises

- an input conductor part (2),

- a plurality of identical unit cell conductor parts (4a-4e),
- and an output conductor part (3), with these conductor
parts (2, 4a-4e, 3) arranged in a straight line (L),
wherein the unit cell conductor parts (4a-4e) are asym-
metric with respect to a mirror plane (M) perpendicular
to the substrate (32) and running along the straight line
(L) of conductor parts (2, 4a-4e, 3),

and wherein the unit-cell conductor parts (4a-4€) are sep-
arated by gaps (5a, 5b) of equal width. The invention
provides an improved RF band-pass filter device which
is less expensive in production, and allows the exploita-
tion of a CRLH behaviour of the filter device.
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Description

Background of the invention

[0001] Theinventionrelatestoaradiofrequency (=RF)
band-pass filter device, in particular for use in a mobile
base station.

[0002] Suchfilterdevices are, forexample, known from
Kathrein-Werke KG, Rosenheim, DE, technical data
sheet of Duplexer Type Nos. 78210168 through
78210172, available on Sept. 9th, 2008 via http:
/lwww .kathrein.de/de/fillindex.htm, via item "Produkte
A-Z", item "790-2500 MHz, Duplexers"

[0003] Mobile telephony and other mobile data trans-
mission services apply radio transmissions in the radio
frequency range. To adequately operate for example mo-
bile base transceiver stations, band-pass filter devices
are necessary.

[0004] Filter devices used inside mobile base trans-
ceiver stations for various standards, such as GSM, CD-
MA, UMTS or WiMAX, in the state of the art, are of the
cavity duplex type, compare the Kathrein-Werke filters
above. This type comprises a profile machined out of
cast iron (or a comparable metal construction), compris-
ing a plurality of tube-like metal resonators extending
from the bottom of the profile, and metal bolts projecting
into the resonators, with the metal bolts extending from
a metal cover plate. Although the design details depend
on the filter specification, the size and weight of such
cavity duplex type filters are generally rather large. In
particular, the lower the specified frequency range of the
filter, the bigger must be the cavity duplex type filter.
[0005] Forthereasonsabove, cavity duplex type filters
are particularly expensive in production. Attempts to re-
duce the costs for cavity duplex type filters were mainly
based on the relaxation of margins of these filters, but
this decreases the filter efficiency.

[0006] In recent years, the theory of so called "meta-
materials" has been discussed. Meta-materials exhibit a
"left-handed" behaviour resulting from a negative relative
magnetic permeability. Although materials exhibiting a
left-handed behaviour do not exist in nature, some device
structures have been found which exhibit a "mixed be-
haviour" as if the device was composed of both some
material of conventional right-handed behaviour and
some material of left-handed behaviour, compare C.
Caloz and T. Itoh in 2003 IEEE MTT-S Digest, pages
195-198. The behaviour of such structures has become
known as "composite right/left handed" (CRLH).

[0007] CRLH behaviour results in RF device charac-
teristics different from and often superior to conventional
RF devices. However, only few device structures exhib-
iting a CRLH behaviour have been found so far, with
equally few practical implementations.

Object of the invention

[0008] It is the object of the invention to introduce an
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improved RF band-pass filter device which is less expen-
sive in production than known RF band-pass filter devic-
es, in particular wherein a CRLH behaviour of the filter
device can be exploited.

Short description of the invention

[0009] This object is achieved, in accordance with the
invention, by a radio frequency band-pass filter device,
comprising

- agrounded frame structure,

- a dielectric substrate suspended within the frame
structure,

- and a microstrip conductor structure located on top
of the dielectric substrate, wherein the microstrip
conductor structure comprises

- aninput conductor part,

- a plurality of identical unit cell conductor parts,

- and an output conductor part,

with these conductor parts arranged in a straight line,
wherein the unit cell conductor parts are asymmetric with
respect to a mirror plane perpendicular to the substrate
and running along the straight line of conductor parts,
and wherein the unit-cell conductor parts are separated
by gaps of equal width.

[0010] The inventive filter device is based on a sus-
pended stripline circuit design with microstrip gaps, with
an asymmetric structure. The asymmetric structure is
typically achieved by open stubs protruding to one side
of the strung unit cell conductor parts. The inventive de-
sign reliably results in composite right/left handed
(=CRLH) behaviour of the filter device, and allows a bet-
ter RF band-pass filter performance than known conven-
tional filter devices, and also a better performance than
known CRLH behaving devices with symmetric struc-
tures.

[0011] The straight line of the conductor parts of the
microstrip conductor structure, with a sequence of input
conductor part - unit cell conductor parts - output con-
ductor part, results in a serial capacity and shunt induc-
tivity. The serial capacity is represented by the microstrip
gaps between the unit cell conductor parts (and typically
in addition an input gap and an output gap, see below),
and shuntinductivity is represented by the section of each
unit cell conductor part introducing the asymmetry, such
as open stubs. By reducing the capacity in the serial
branch, the distance between resonances in the frequen-
cy domain can be reduced. The width of the gaps steers
the bandwidth of the filter device. The smaller the capac-
ity (i.e. the wider slot), the narrower is the band-pass.
[0012] Insertion losses of the filter are mainly due to
the substrate. In order to keep its influence low, shielded
suspended substrate technology is applied. By this
means, the electromagnetic field may be concentrated
outside the substrate, i.e. in the free space (typically air-
filled) above and below the substrate within the shielding.
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Thin substrates also help reduce insertion losses and
improve the filter efficiency (Q-factor).

[0013] Itis noted that the inventive design can be op-
timized with respect to a specific, desired filter perform-
ance by adapting, in particular,

- the width of the gaps,

- the amount of unit cell conductor parts,

- the properties of the substrate (in particular its elec-
tric susceptibility € and/or the permeability w, by
choosing a corresponding substrate material),

- the gap-to-gap distance (i.e. the length of a unit cell
conductor part in the direction of the straight line of
conductor parts),

- the design of the unit cell parts, in particular with
respect toits sections(s) establishing the asymmetry
with respect to the mirror plane,

- and/or the distance between the microstrip conduc-
tor structure and the shielding (i.e. the grounded
frame structure).

[0014] Itis noted that the input conductor part and the
output conductor part may have a special form (in par-
ticular comprising asymmetric sections with respect to
the mirror plane, for example of open stub-like type) in
order to adapt to the impedance level in the area of the
unit cell conductor parts. In addition, impedance trans-
formers can be used to match in particular a 50 Ohms
input/output impedance. Note that the inventive filter de-
vice is contacted via the input conductor part and the
output conductor part, typically with an input contact line
and an output contact leading through an opening of the
grounded frame structure (shielding) each.

[0015] By means of the invention, RF band-pass filter
devices can be designed which are smaller in size and
weight and less expensive to produce, as compared to
conventional filter designs, with the same filter perform-
ance. In particular, depositing a microstrip conductor
structure on a substrate (i.e. manufacturing a printed cir-
cuit board) and introducing the substrate into the ground-
ed frame structure is much cheaper than machining a
profile out of cast iron. The invention offers a new design
approach for RF band-pass filters that can be used in
mobile base stations, namely with input power levels in
the range of 50 W to 1000 W. This new design approach
does not have the strict reciprocal correlation between
filter frequency and filter size that conventional cavity du-
plex filters exhibit, thus granting particular benefits when
the filter frequency is relatively low.

Preferred variants of the invention

[0016] In a highly preferred embodiment of the inven-
tive filter device, the unit cell conductor parts comprise
an open stub each. Open stubs, as a section of the unit
cell conductor parts introducing an asymmetry with re-
spect to the mirror plane, are simple to produce and have
shown good results in practice. Typically, only one open
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stub on one side of a unit cell conductor part is provided.
[0017] In an advantageous embodiment, the asym-
metric unit cell conductor parts are all oriented to the
same side of the straight line of conductor parts. By this
means, a particularly compact design can be achieved.
[0018] Alternatively, the asymmetric unit cell conduc-
tor parts are oriented to different sides of the straight line
of the conductor parts, in particular wherein the asym-
metric unit cell conductor parts have an alternating ori-
entation along the straight line of the conductor parts.
This design allows more adaptation to required filter char-
acteristics.

[0019] A particularly preferred embodiment of the in-
ventive filter device is characterized in that the unit-cell
conductor parts comprise a mircrostrip conductor ele-
ment with a width B, wherein the microstrip conductor
element comprises a central section broadened with re-
spect to the width B, and that an open stub extends from
one side of the central section of each unit-cell conductor
part in a direction perpendicular to the straight line of the
conductor parts. This relatively simple design has shown
particularly good filter performance in practice.

[0020] Further, in a preferred embodiment, the input
conductor part and a neighbouring first unit-cell conduc-
tor part are separated by an input gap, and/or a last unit-
cell conductor part and the neighbouring output conduc-
tor part are separated by an output gap. The input gap
and output gap may help to achieve a good matching
with the (internal) impedance level of the unit cell con-
ductor parts. However, it is noted that an input gap and
output gap might be omitted when choosing the form of
the input and output conductor part according to the im-
pedance matching demands.

[0021] In a further development of this embodiment,
the gaps between unit-cell conductor parts on the one
hand, and the input gap and/or the output gap on the
other hand have an identical width. This simple design
has shown good filter performance in practice.

[0022] Preferred is also an embodiment of the inven-
tive filter device, wherein the microstrip conductor struc-
ture has a uniform height on the substrate. Such a micro-
strip conductor structure is particularly simple to deposit
on the substrate, e.g. by lithographic means.

[0023] Inanadvantageous embodiment, the inputcon-
ductor part and/or the output conductor part are connect-
ed to an impedance transformer, in particular wherein
the impedance transformer matches to 50 Ohms. This
simplifies the cooperation of the filter device with equip-
ment connected to it.

[0024] Inaparticularly preferred embodiment, the filter
device exhibits characteristics corresponding to a com-
posite right/left handed (CRLH) material. This gives ac-
cess to improved filter performance as compared to con-
ventional filter types.

[0025] Further preferred is an embodiment, wherein
the number of unit cell conductor parts is between 3 and
11. With such a number of unit cells (or filter stages),
both low input losses and good edge steepness can be
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achieved. It is noted that the number of unit cell parts
depends, in particular, on the desired filter characteristics
and the desired frequency range. It is also noted that due
to the identity of the unit cell conductor parts in an inven-
tive filter device, each filter stage has an identical center
frequency, in contrast to conventional filter stages which
are out of tune to a small degree with respect to each
other.

[0026] In another preferred embodiment, the frequen-
cy range of the filter device is in the range of 700 MHz
to 2100 MHz, with a band width in the range of 25 MHz
to 75 MHz. In these ranges, which are of particular rele-
vance in numerous commercial applications, good filter
performance can be achieved by means of the invention.
[0027] Finally, an advantageous embodiment is char-
acterized in that the grounded frame structure is box-
shaped. In this design, suspending the substrate is sim-
ple, and the separation of the microstrip conductor struc-
ture from the shielding can be well-controlled. The box-
shaped frame structure is typically made of sheet metal.
Alternatively, the frame structure may for example be
round in cross-section perpendicular to the straight line
of conductor parts.

[0028] Inthe scope of the present invention is also the
use of an inventive filter device for filtering of transmit
signals of a mobile base station. In mobile base (trans-
ceiver) stations, the inventive advantages in size, weight
and filter performance are of particular relevance.
[0029] Further advantages can be extracted from the
description and the enclosed drawing. The features men-
tioned above and below can be used in accordance with
the invention either individually or collectively in any com-
bination. The embodiments mentioned are not to be un-
derstood as exhaustive enumeration but rather have ex-
emplary character for the description of the invention.

Drawing and detailed description of the invention

[0030] The invention is shown in the drawing.

Fig.1  shows a schematic top view on the microstrip
conductor structure of a first embodiment of an
inventive RF band-pass filter device, compris-
ing three unit cell conductor parts;

Fig. 2  shows a schematic top view on the microstrip
conductor structure of a second embodiment of
an inventive RF band-pass filter device, com-
prising five unit cell conductor parts;

shows a third embodiment of an inventive RF
band-pass filter device, comprising three unit
cell conductor parts, in a schematic 3D view;

Fig. 3

Fig. 4 shows schematically a cross-sectional view

through aninventive RF band-pass filter device.

[0031] Fig. 1 illustrates a top view onto the microstrip
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conductor structure 1 of a first embodiment of an inven-
tive RF band-pass filter device. The microstrip conductor
structure 1 is deposited on top of a flat, dielectric sub-
strate (not shown). The microstrip conductor structure 1
comprises an input conductor part 2 (marked with a
dashed box), a plurality of identical unit cell conductor
parts 4a, 4b, 4c, here with three unit cell conductor parts
(all marked with an own dashed box), and an output con-
ductor part 3 (also marked with a dashed box).

[0032] The conductor parts 2, 4a-4c, 3 are arranged
in a straight line, in Fig. 1 from left to right (in parallel to
the x direction). Said straight line is indicated schemati-
cally with a dashed line marked L. The fist unit cell con-
ductor part 4a is separated from the second unit cell con-
ductor part 4b by a gap 5a, and the second unit cell con-
ductor part 4b is separated from the third unit cell con-
ductor part 4c by another gap 5b. Further, in the example
shown, the input conductor part 2 is separated from the
first unit cell conductor part 4a by an input gap 6a, and
the last unit cell conductor part 4c is separated from the
output conductor part 3 by an output gap 6b. In the ex-
ample shown, the gap width of all gaps 5a, 5b, 6a, 6b in
the x direction is identical.

[0033] The unit cell conductor parts 4a-4c are now de-
scribed in detail by way of example with the first unit cell
conductor part 4a. The unit cell conductor part 4a com-
prises a microstrip element 7, which basically establishes
the connection to the neighboring conductor parts 2, 4b
along the straight line L of conductor parts. The microstrip
element 7 has a rectangular, central section 8, which is
broader in y-direction as compared to the remaining
microstrip element 7 in before and after it (where its width
is B). On the right hand side of the central section 8 (seen
inthe direction along the straightline L of conductor parts,
from the input to the output conductor part, in Fig. 1 on
the bottom side) protrudes an open stub 9. The open stub
9 is rectangular in shape here, and the open stub 9 is
oriented perpendicular to the straight line L. By means
of the open stub 9, the unit cell conductor part 4a is asym-
metric with respect to a mirror plane M running along
straight line L and extending perpendicular to the sub-
strate plane, which corresponds to the plane of the draw-
ing here. For the open stub 9 on the right hand side, there
is no corresponding section of the unit cell conductor part
4a on the left hand side (in Fig. 1 on the top side).
[0034] In other words, seen in the direction of the cur-
rent path from the input conductor part to the output con-
ductor part (with the mirror plane M running through the
center of said current path), there is at least one section
(here the open stub 9) of the unit cell conductor part 4a
at one side on the substrate surface, which has no cor-
responding section of the unit cell conductor part 4a on
the other side on the substrate surface. Therefore, the
design of the unit cell conductor part is considered asym-
metric. The inventors have found out that using such an
asymmetric design of the unit cell conductor parts allows
establishing a CRLH behaviour of the inventive filter de-
vice in a simple way.
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[0035] Theinputconductor part2, as well as the output
conductor part 3, comprise several sections each, here
also including an asymmetric section 10a, 10b each. The
overall forms of the input and output conductor parts 2,
3, together with the input and output gaps 6a, 6b, are
designed to adapt to an internal impedance level within
the plurality of the unit cell conductor parts 4a-4c. The
outermost sections 11 a, 11 b of the input and output
conductor parts 2, 3 may be used to connect to lines
leading to external systems (equipment) which use the
inventive RF band-pass filter device. The contacting lines
are indicated by arrows.

[0036] The input conductor part 2 and the output con-
ductor part 3 (here there outermost elements 11 a, 11 b)
are moreover connected toimpedance transformers 12a,
12b, for matching the inventive band-pass filter device
to (here) 50 Ohms.

[0037] Fig. 2 illustrates a microstrip conductor struc-
ture 21 of another embodiment of an inventive RF band-
pass filter device, similar to the one shown in Fig. 1. For
simplicity, only the deviations are discussed in the fol-
lowing.

[0038] The microstrip conductor structure 21 here
comprises five identical unit cell conductor parts 4a-4e.
However, the unit cell conductor parts 4a-4e have an
alternating orientation. The open stubs 9 of unit cell con-
ductor parts 4b, 4d protrude to the left hand side (in Fig.
2 to the top), and the open stubs of unit cell conductor
parts 4a, 4c and 4e protrude to the right hand side (in
Fig. 2 to the bottom).

[0039] Fig. 3 shows in a schematic 3D view an inven-
tive radio frequency (RF) band-pass filter device 31. On
the top surface of a dielectric substrate 32, a microstrip
conductor structure 33 is deposited, here comprising
three unit cell conductor parts with a relatively long open
stub 9 each. The substrate 32 is suspended within a box-
shaped grounded frame structure 34 (indicated by lines
showing the internal boundaries). Note that the suspen-
sion can be accomplished for example by means of bear-
ings fixed on the bottom of the frame structure 34. The
grounded frame structure 34 entirely encapsulates the
substrate 32 and the microstrip conductor structure 33,
for the purpose of electromagnetic shielding. According-
ly, above and below the substrate 32, and above the
microstrip conductor structure 33, there is some empty
space (typically filled with air).

[0040] The frame structure 34 is typically made of steel
or another electrically highly conducting metal. The
microstrip conductor structure 33 is typically made of cop-
per, and typically exhibits a uniform height (in the z di-
rection perpendicular to the substrate 32).

[0041] Fig. 4 illustrates a cross-sectional view in the
y-z plane through an inventive RF band-pass filter device
31 similar to the one shown in Fig. 3. Within a box-shaped
(and in the cross-section rectangular shaped) grounded
frame structure 34, here comprising a removable cover
34a for mounting purposes, a dielectric substrate 32 is
suspended. On top of the substrate 32, there is deposited
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a microstrip conductor structure 33.
Detailed example

[0042] In experiments performed by the inventors,
which exhibited good filter performance, a separation S
(see Fig. 4) of the substrate with respect to the bottom
and top of the frame structure of 20 mm was used. A
typical width W of microstrip elements in y direction was
3 mm. A typical length of unit cell conductor parts in x
direction was 14 mm, and a gap spacing (gap width) in
x direction used was 0.15 mm. Open stubs with width (in
x direction) of 5 mm and a length (in y direction) between
1.2 mm and 274 mm were used. A substrate material
used with the invention was Rogers4003 (with €, = 3.38,
and tan 6 = 0.002 rad). A substrate thickness T (see Fig.
4) of 0.5 mm exhibited sufficient mechanical stability for
the purposes of the invention.

Claims

1. Aradio frequency band-pass filter device (31), com-
prising

- a grounded frame structure (34),

- a dielectric substrate (32) suspended within
the frame structure (34),

- and a microstrip conductor structure (1; 21; 33)
located on top of the dielectric substrate (32),

wherein the microstrip conductor structure (1; 21;
33) comprises

- an input conductor part (2),

- a plurality of identical unit cell conductor parts
(4a-4e),

- and an output conductor part (3),

with these conductor parts (2, 4a-4e, 3) arranged in
a straight line (L), wherein the unit cell conductor
parts (4a-4e) are asymmetric with respect to a mirror
plane (M) perpendicular to the substrate (32) and
running along the straight line (L) of conductor parts
(2, 4a-4e, 3),

and wherein the unit-cell conductor parts (4a-4e) are
separated by gaps (5a, 5b) of equal width.

2. Afilter device (31) according to claim 1, character-
ized in that the unit cell conductor parts (4a-4e) com-
prise an open stub (9) each.

3. Afilter device (31) according to claim 1, character-
ized in that the asymmetric unit cell conductor parts
(4a-4e) all oriented to the same side of the straight
line (L) of conductor parts (2, 4a-4e, 3).

4. Afilter device (31) according to claim 1, character-
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ized in that the asymmetric unit cell conductor parts
(4a-4e) are oriented to different sides of the straight
line (L) of the conductor parts (2, 4a-4e, 3), in par-
ticular wherein the asymmetric unit cell conductor
parts (4a-4e) have an alternating orientation along
the straight line (L) of the conductor parts (2, 4a-4e,
3).

A filter device (31) according to claim 1, character-
ized in that the unit-cell conductor parts (4a-4e)
comprise a mircrostrip conductor element (7) with a
width B, wherein the microstrip conductor element
(7) comprises a central section (8) broadened with
respect to the width B, and that an open stub (9)
extends from one side of the central section (8) of
each unit-cell conductor part (4a-4e) in a direction
perpendicular to the straight line (L) of the conductor
parts (2, 4a-4e, 3).

A filter device (31) according to claim 1, character-
ized in that the input conductor part (2) and a neigh-
bouring first unit-cell conductor part (4a) are sepa-
rated by an input gap (6a), and/or a last unit-cell con-
ductor part (4c; 4e) and the neighbouring output con-
ductor part (3) are separated by an output gap (6b).

A filter device (31) according to claim 6, character-
ized in that the gaps (5a, 5b) between unit-cell con-
ductor parts (4a-4e) on the one hand, and the input
gap (6a) and/or the output gap (6b) on the other hand
have an identical width.

A filter device (31) according to claim 1, character-
ized in that the microstrip conductor structure (1;
21; 33) has a uniform height on the substrate (32).

A filter device (31) according to claim 1, character-
ized in that the input conductor part (2) and/or the
output conductor part (3) are connected to an im-
pedance transformer (12a, 12b), in particular where-
in the impedance transformer (12a, 12b) matches to
50 Ohms.

A filter device (31) according to claim 1, character-
ized in that the filter device (31) exhibits character-
istics corresponding to a composite right/left-handed
(CRLH) material.

A filter device (31) according to claim 1, character-
ized in that the number of unit cell conductor parts
(4a-4e) is between 3 and 11.

A filter device (31) according to claim 1, character-
ized in that the frequency range of the filter device
(31) is in the range of 700 MHz to 2100 MHz, with a
band width in the range of 25 MHz to 75 MHz.

A filter device (31) according to claim 1, character-
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ized in that the grounded frame structure (34) is
box-shaped.

14. Use of a filter device (31) according to claim 1 for

filtering of transmit signals of a mobile base station.
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