wo 2015/104409 A 1[I 0000 Y R0 O

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

16 July 2015 (16.07.2015)

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2015/104409 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
HOIP 7/00 (2006.01) HOIP 1/201 (2006.01)

International Application Number:
PCT/EP2015/050394

International Filing Date:
12 January 2015 (12.01.2015)

Filing Language: English
Publication Language: English
Priority Data:

1450223 13 January 2014 (13.01.2014) FR

Applicant: THOMSON LICENSING [FR/FR]; 1-5 rue
Jeanne d'Arc, F-92130 Issy-les-Moulineaux (FR).

Inventors: LOUZIR, Ali; Technicolor, 975, avenue des
Champs Blancs, ZAC des Champs Blancs, CS 176 16, F-
35576 Cesson Sévigné (FR). ROBERT, Jean-Luc; 2 rue
Paul Gauguin, F-35830 Betton (FR). ROBLES
CABEZAS, Gonzalo; 113 rue de Paris, F-35000 Rennes
(FR).

Agent: BARR, Angela; 1-5 rue Jeanne d'Arc, F-92443 Is-
sy-les-Moulineaux (FR).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: SLOT LINE RESONATOR FOR FILTERS

10 L1 [
e
N
=, bz IWMJMMWMWM\‘”W”/AW”WMWWW&/IE

AN
N —
mmm\ﬁmm/m

I —
%

\\\\%

i

- P
E minimum

- .
E maximum

FIG.3

(57) Abstract: The present invention relates to a slot line resonator for single or multiple passband filters comprising: a dielectric
substrate with a first surface equipped with a conductive layer and a second parallel face, a slot line (10) etched in the conductive
layer,an excitation line (11) implemented on the second face of the substrate and feeding the slot line by electromagnetic coupling.
The slot line has an electrical length L less than or equal to k /2 where A is the guided wavelength in the slot at the harmonic fre -
quency of order (k-1) and k is an integer greater than or equal to 1 (the fundamental mode being the zero harmonic); The slot line is
folded in a spiral pattern, with a shape factor such that the slot line has parallel sections L1, L2, L3, L4, the electric field of two par-
allel sections being in phase opposition.
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SLOT LINE RESONATOR FOR FILTERS

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a slot line resonator for a filter. The invention
further relates to a filter comprising a said slot line resolnator and a method of

manufacturing a slot line resonator..

TECHNOLOGICAL BACKGROUND

Increasingly, devices used for mobile communications or in home networks
must be able to operate according to several different standards. In such cases, in
order to maintain the integrity of the signal corresponding to the different standards,
very narrow-band filters comprising high quality factor resonators are often used. In
general, the implementation of such filters requires a compromise between the
electrical performance of the filter and its cost and size. Thus, the performance of a
filter depends on the quality factor Q of the resonator used. The higher the quality
factor, the better the performance. However, a high quality factor Q currently leads
to the use of technologies whose cost is significant. These technologies also entail
bulky filters, which is hardly compatible with the necessities of mobile devices.

Generally, for the manufacture of such filters, it is known to use resonators
made using a microstrip line technology such as quarter wave resonators.
Moreover, although the quality factor Q may depend on the shape of the resonator,
it is mainly determined by the parameters of the substrate, in particular by the losses
due to the conductive material and to the substrate. Furthermore, the resonant
frequency of this type of resonator is also highly dependent on the parameters of the
substrate such as the relative permittivity and the thickness, as well as on

manufacturing processes.

SUMMARY OF THE INVENTION

The present invention has been devised with the foregoing in mind.

A first aspect of the invention concerns a slot line resonator for a filter
comprising: a dielectric substrate with a first surface equipped with a conductive

layer and a second surface parallel to the first surface, a slot line provided in the
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conductive layer, an excitation line provided on the second surface of the substrate
and for feeding the slot line by electromagnetic coupling, wherein the slot line is
folded in accordance with a shape factor based on an operating mode of resonance
such that the slot line has parallel (or concentric sections, the electric field of two
adjacent parallel or concentric sections being in phase opposition to one another, in
particular at one or more adjacent respective positions of the parallel or concentric

sections.

In an embodiment, the excitation line is positioned with respect to the slot
line such that it crosses the parallel or concentric sections, for example at a position
where the electric field of the two parallel or concentric sections are in phase

opposition at the operating mode of resonance.
In an embodiment, at least one capacitor is positioned in the slot line.

In an embodiment, the at least one capacitor is positioned in the slot line
according to the electric field profile corresponding to the operating mode of

resonance.

In an embodiment,the or each capacitor in the slot line is positioned with
respect to the position where the electric field is maximum to control the quality
factor of the resonator. The use of this capacitor makes it possible to tune the
resonant frequency and therefore improve the quality factor.

In an embodiment,the slot line is folded in a spiral pattern.

In an embodiment, the shape factor of the spiral pattern is rectangular with a
length at least twice as great as the width. In an embodiment, the shape factor of the

spiral pattern is square.

In an embodiment,the operating mode of resonance is the fundamental

mode or the first harmonic mode.
In an embodiment,the excitation line is a microstrip line.

In an embodiment, the microstrip line has an end positioned Am/8 from the
centre of the pattern where Am is the guided wavelength in the microstrip line at the

fundamental frequency.

In an embodiment,the slot line has an electrical length L less than or equal to

k M2 where A is the guided wavelength in the slot at the harmonic frequency of order
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(k-1) and k is an integer greater than or equal to 1 (the fundamental mode being the

zero harmonic)

A further aspect of the invention comprises at least one slot line resonator
comprising: a dielectric substrate with a first surface equipped with a conductive
layer and a second surface parallel to the first surface, a slot line provided in the
conductive layer, an excitation line provided on the second surface of the substrate
and for feeding the slot line by electromagnetic coupling, wherein the slot line is
folded in accordance with a shape factor based on an operating mode of resonance
such that the slot line has parallel (or concentric sections, the electric field of two
adjacent parallel or concentric sections being in phase opposition to one another at

one or more adjacent positions.
In an embodiment, the filter is a lossy filter.

Another aspect of the invention provides an electronic wireless device
comprising a filter provided with at least one slot line resonator comprising: a
dielectric substrate with a first surface equipped with a conductive layer and a
second surface parallel to the first surface, a slot line provided in the conductive
layer, an excitation line provided on the second surface of the substrate and for
feeding the slot line by electromagnetic coupling, wherein the slot line is folded in
accordance with a shape factor based on an operating mode of resonance such that
the slot line has parallel (or concentric sections, the electric field of two adjacent
parallel or concentric sections being in phase opposition to one another at one or

more adjacent positions.

A further aspect of the invention provides a method of manufacturing a slot
line resonator for a pass band filter comprising providing a slot line in a conductive
layer of a first surface of a dielectric substrate, the slot line being folded with a shape
factor based on the operating mode of resonance such that such that the slot line
has parallel or concentric sections, the electric field of two adjacent parallel or
concentric sections being in phase opposition at one or more adjacent positions;
and providing an excitation line on a second face of the substrate, parallel to the first

surface for feeding the slot line by electromagnetic coupling

Another aspect of the present invention relates to a slot line resonator for
single or multiple passband filters comprising: a dielectric substrate with a first face

equipped with a conductive layer and a second parallel face, a slot line etched in the
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conductive layer, a feed line implemented on the second face of the substrate and
feeding the slot by electromagnetic coupling, characterised in that the slot line has
an electrical length L less than or equal to kM2 where A is the guided wavelength in
the slot at the harmonic frequency of order (k-1) and k is an integer greater than or
equal to 1 (the fundamental mode being the zero harmonic), the slot line being
folded in a spiral pattern with a shape factor such that the slot line has parallel or
concentric sections, the electric field of two parallel sections being in phase
opposition.

In an embodiment, the shape factor of the spiral pattern is rectangular with a
length at least twice as great as the width.

In an embodiment at least one capacitor is positioned in the slot line. The
use of this capacitor makes it possible to tune the resonant frequency and therefore
improve the quality factor.

In an embodiment a Knorr-type coupling is provided between the excitation
line and the slot line.

Further aspects of the invention relate to a single or multiple passband filter
comprising at least one slot line resonator as described above.

Embodiments of the invention propose a new type of printed resonator which
is small and has a high quality factor Q and a reduced sensitivity to the parameters
of the substrate. The present invention is based on the use of a slot line to make a

resonator for filters.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present invention will appear upon
reading the description of different embodiments, made below with reference to the
enclosed drawings, wherein:

- Figure 1 already described shows very diagrammatically a microstrip
line/slot line coupling making it possible to explain the present
invention.

- Figure 2 already described shows the intensity of the electric field as
a function of the length of the slot line for different operating modes.

- Figure 3 shows a first embodiment of a slot line resonator and the

electric field in this resonator for different operating modes.
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- Figure 4 is a curve giving the resonance as a function of the
frequency for the operating mode of figure 3.

- Figure 5 shows, in the left part, a second embodiment of a slot line
resonator in accordance with the present invention and the
distribution of the electric field inside the slot line for different
frequencies corresponding to the different resonance modes, and, in
the right part, the curve of resonance as a function of the frequency.

- Figure 6 is a diagrammatic perspective view of a resonator in
accordance with the present invention.

- Figure 7 shows, in the right part, a variant embodiment of a slot line
resonator in accordance with the present invention and in the left
part, different resonance curves showing the advantages of the
embodiment shown.

- Figure 8 shows, in the left part, a slot line resonator in accordance
with the present invention and a resonator of the same type whose
dimensions have been significantly reduced and, in the right part, the
resonance curves of the two embodiments.

- Figure 9 diagrammatically shows a filter made with a resonator in

accordance with the present invention.

DESCRIPTION OF DIFFERENT EMBODIMENTS

An example of a slot line used to make a radiating antenna is illustrated in
Figure 1. In this case, the radiating antenna uses a microstrip line/slot line
electromagnetic coupling. The resonant slot 1 has a length A slot/2 so as to operate
at a frequency F with A slot slightly less than A0 (A0 = C/F), due to the permittivity of
the substrate. In the example shown in figure 1, A slot/2 is equal to 25.2 mm. The
electromagnetic coupling is achieved using a microstrip line 2 having a length A 0/2
equal to 28.8 mm. This microstrip line has, like the slot line, a width of 0.8 mm. One
of the ends of the microstrip line is connected at A to an excitation circuit not shown.
To obtain a radiation of the antenna, the microstrip line 2 crosses the slot line 1 at
one crossover point found a distance substantially equal to A0/4 from the open-
circuited end of the microstrip line and A slot/4 from the short-circuited ends of the
slot line. A so-called Knorr-type coupling is thus obtained. The behaviour of the slot
line of Figure 1 is illustrated in figure 2 which shows the intensity of the electric field

E as a function of the frequency. If the distribution of the electric field is examined for
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different operating modes, namely the fundamental mode for which the total length
of the slot L equals A slot/2 and the first higher-order mode wherein the resonance is
approximately twice the fundamental frequency (L approximately equal to 2x A
slot/2) and the second higher-order mode with a resonance approximately three
times the fundamental frequency (L approximately equal to 3 x A slot/2), for the
distribution of the field E, the following phenomena are observed:

- In the case of the fundamental mode operating at the fundamental
frequency F, the field E is maximal at a distance equal to L/2 from
the edge of the slot (i.e. in the middle of the slot)

- For the first higher-order mode, namely the first harmonic, the
maximum of the field E is observed at the first quarter from each
edge, namely at L/4 and 3L/4

- And for the second higher-order mode, a maximal electric field is
observed for L/6, L/2 and 5L/6.

Embodiments of the present invention rely on this distribution of the electric field E
to make a slot line resonator for filters which is compact and low-cost.

Embodiments of the invention involve folding a slot line having a length L
determined by the desired resonant frequency so that the electric fields are in phase
opposition in order to be able to cancel each other out. The folding is done in a
spiral pattern so as to obtain a structure which is the most compact possible.

A description will first be given, with reference to figures 3 and 4, of a first
embodiment of a non-radiating slot line resonator in accordance with the present
invention. As shown in part A of figure 3, the resonator has been made by etching,
in the ground plane of a substrate, a slot line 10 of approximate length 25.2 mm
folded according to a rectangular shape factor with a length much greater than the
width. In embodiment shown, the length is 8.67 mm. As a result, if in a first
approximation the width is disregarded, the slot is folded in a rectangular spiral
pattern having 4 parallel line sections L1, L2, L3 and L4.

The slot line 10 is excited by electromagnetic coupling by a microstrip line 11
made in a known manner on the other face of the substrate. The microstrip line
crosses the 4 line sections L1, L2, L3, L4 in their middle. It will be appreciated by
those in the skilled art that other positions for the microstrip line can be envisaged.

With reference to parts B, C and D of Figure 6 the behavior of the resonator
of part A is illustrated. Part B shows the electric field E when the resonator operates

in its fundamental mode or zero harmonic namely at 2.55 GHz. In this case, the
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significant electric fields are on sections L2 and L4 with almost identical amplitudes
and in phase opposition. The radiation efficiency RE obtained is very low, namely
3.5%. A non-radiating resonance is therefore observed for the fundamental mode.
Part C relates to operation at 5.86 GHz, namely at the first harmonic. In this case,
the significant electric fields are, for the first half-wave as shown in figure 2, in the
second half of L1 and the first half of L4; the fields E have an equivalent amplitude in
phase opposition and therefore cancel each other out. Likewise for the second half-
wave, the significant electric fields E are on the second half of L2 and the first half of
L3 with an equivalent amplitude in phase opposition. They therefore cancel each
other out. A second resonance equally weakly radiating and with a radiation
efficiency RE equal to 22.8% is therefore observed. In the case of part D, operation
is in the third mode as shown in figure 2 and it can be seen that the radiation
efficiency is much higher since RE equals 63% and the electric fields tend to add
together. Thus, to obtain a slot line resonator for filters having the required
efficiency, operation will be achieved either in the fundamental mode or in the first
mode namely at the first harmonic. Figure 4 is a curve giving the reflection
coefficient at the input of the microstrip line providing the excitation as a function of
the frequency and clearly shows the 3 resonances obtained at the 3 frequencies
indicated by the markers m1, m2 and m3.

A description will now be given, with reference to figure 5, of another embodiment of
a slot line resonator in accordance with the present invention. In this case, the slot
line of figure 1 has been etched in a spiral pattern having a substantially square
shape factor, namely where the length is substantially equal to the width. With a slot
line 20 of total length 25.2 mm for an operation at 2.26 GHz, a length and a width
substantially equal to 4.28 mm are therefore obtained. In this case, the slot line
comprises 15 line portions starting from outer portions L1, L2, L3, L4 and going up
to the innermost portion L15. The slot line 20 is excited by electromagnetic coupling
using a microstrip line 21 implemented on the opposite face of the substrate. When
this resonator operates in the fundamental mode, namely at 2.26 GHz, as shown in
part B the significant electric fields are on lengths L3, L4, L5, L6 with amplitudes
which are quite close together and in phase opposition for L3 and L5 on one hand
and L4 and L6 on the other hand. A non-radiating resonance is therefore observed
for the fundamental mode or zero harmonic with a radiation efficiency RE of 3.2%,
that is to say quite low. In the case of an operation at the first harmonic namely 5.71

GHz and as shown in part C of figure 5, the significant electric fields are on lengths
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L2, L3, and L4 for the first half-wave and on lengths L7, L8, L9 and L10 for the
second half-wave. Given the directions of the electric fields E, the horizontal
components of L2 and L8 are in phase opposition with L4 and L10 and likewise the
vertical components of L3 and L5 are in phase opposition with L7. In this case the
radiation efficiency of the resonator for the first harmonic is equal to 13.8%. It
therefore remains low. In the case of an operation at 8.86 GHz, the significant
electric fields E are on lengths L6, L9, L10. However, in this case the horizontal or
vertical electric fields add together and the radiation efficiency RE of the resonator is
equal to 55.7%. This efficiency is therefore high. The right part of figure 5 is a curve
giving the reflection coefficient at the input of the microstrip line providing the
excitation as a function of the frequency and clearly shows the 3 resonances
obtained at the 3 frequencies indicated by the markers m1, m2 and m3.

A description will now be given, with reference to figure 6, of a particular
embodiment of a slot line resonator in accordance with the present invention,
implementing the principles described above. In this case, on a substrate 30 having
a ground plane 31, a slot line 32 which has been folded in a spiral pattern with a
square shape factor has been etched into the ground plane 31. On the face of the
substrate opposite the face comprising the ground plane, an excitation line 33 made
using microstrip technology has been etched. This microstrip line 33 crosses a set of
parallel sections of the slot line, passing over the central section 34. The excitation
achieved in this case is an excitation of Knorr type and the centre 34 of the
resonator pattern is approximately Am/4 from the edge of the microstrip line 33
where Am is the guided wavelength in the microstrip line at the first harmonic that is
to say at approximately Am/8 of the fundamental.

A description will now be given, with reference to figure 7, of a refinement in
accordance with an embodiment of the invention making it possible to tune the
quality factor and the frequency of a slot line resonator. As shown in the right part of
figure 7, the slot line resonator 40 has a square shape factor like the resonator
shown in figure 5. It is excited by a microstrip line 41. In accordance with this
refinement, at least one capacitor 42A, 42B, 42C has been mounted in the slot line
40 in different sections of the spiral pattern. Measurements of the resonance as a
function of the frequency have been made by placing a 0.3pF capacitor on the
different sections of the spiral pattern. It is therefore observed that, according to the
position of the capacitor, the resonance frequency of the resonator can be modified.

If the capacitor is placed as near as possible to the strongest zone of electric field E,
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a very significant influence on the behaviour of the resonator is observed. Moreover,
the quality factor Q decreases when we move away from the zone of maximum
electric field. Thus, the insertion of a capacitor in the slot of a slot line resonator in a
specific zone makes it possible to tune the quality factor Q and the frequency. The
left part of figure 7 is a curve giving the reflection coefficient at the input of the
microstrip providing the excitation as a function of the frequency showing the
resonance frequencies (respectively markers m9, m10, m11) and indicating the
quality coefficients corresponding to these resonances (respectively Qu=53, 50, and
39), for the 3 positions of the capacitor indicated in the figure on the right
(respectively 42A, 42B and 42C) and the resonance obtained in the absence of a
capacitor (marker m12) and the corresponding quality factor (Qu=156). This result
clearly shows the possibility of controlling the quality factor and the resonance
frequency of the compact resonator which is the object of the invention using the
insertion of the capacitor at a judiciously chosen point in the slot. The nearer the
location of the capacitor to the strongest zone of electric field E, the greater its
influence on the reduction of the resonant frequency (which is equivalent, at fixed
resonant frequency, to reducing the size of the resonator further) and on the
reduction of the quality factor of the resonator.

A description will now be given, with reference to figure 8, of an embodiment making
it possible to obtain, using the slot line resonator shown in figure 3, a very compact
slot line resonator. The slot line resonator of figures 3 and 4 has a rectangular shape
factor with a length of 8.67 mm, the slot line 10 being folded so as to have 4
sections with long lengths while the widths are very small. This spiral structure is
excited by an excitation line 11 made using microstrip technology on the opposite
face of the substrate. The curve in the right part of figure 8 is a curve giving the
reflection coefficient at the input of the microstrip line providing the excitation as a
function of the frequency showing the resonant frequencies (respectively m1, m2,
m3). According to the embodiment of figure 8, by reducing by 2 the shape factor of
the resonator of figure 3, a slot line 50 folded in a spiral having a length of 4.3 mm
and excited by a microstrip excitation line 51 is therefore obtained and the
fundamental mode changes to approximately double (that is 5.09 GHz) the initial
fundamental frequency (equal to 2.55 GHz); the resonances of modes 2 and 3 have
also been eliminated.

Thus by folding in a spiral pattern a slot line whose length corresponds substantially

to the operating frequency in the fundamental mode, the folding being done so that
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the electric fields cancel each other out and are in phase opposition, it is possible to
obtain a resonator for single or multiple passband filters which is very compact and
low-cost. This resonator has a relatively high quality factor. Moreover, it is not very
sensitive to the parameters of the substrate and to the production tolerances. It is
also possible to control the quality factor Q by incorporating capacitors at chosen
points of the slot line structure of the resonator.
This resonator can be used advantageously to make miniature filters tunable in the
WiFi band as shown diagrammatically in figure 9. The filter shown in figure 9
comprises 4 resonators 60A, 60B, 60C, 60D, with outer resonators 60A and 60D
and two resonators 60B and 60C parallel to each other. The two outer resonators
are each excited by a microstrip line 61A and 61B according to a principle of Knorr
type. An embodiment of an extremely compact fourth-order coupled resonator filter
using the slot resonators which are the object of the present invention is thus
obtained.

Embodiments of the invention provide a compact and inexpensive slot line
resonator making it possible to make low-cost, highly selective filters.

Embodiments of the present invention make it possible to produce a very
compact, low-cost resonator having a high, controllable quality factor Q and which is
not very sensitive to the parameters of the substrate and to the production

tolerances.
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CLAIMS

1. A slot line resonator for a filter comprising:

a dielectric substrate with a first surface equipped with a conductive layer
and a second surface parallel to the first surface

a slot line (10, 20, 32, 40) provided in the conductive layer,

an excitation line (11, 21, 34, 41) provided on the second surface of the
substrate and for feeding the slot line by electromagnetic coupling,

wherein the slot line is folded in accordance with a shape factor based on
an operating mode of resonance such that the slot line has parallel (L1, L2, L3, L4:
L1 to L15) or concentric sections, the electric field of two adjacent parallel or
concentric sections being in phase opposition to one another at one or more

adjacent respective positions.

2. A slot line resonator according to claim 1, wherein the excitation line is
positioned with respect to the slot line such that it crosses the parallel or concentric
sections at a position where the electric field of the two parallel or concentric

sections are in phase opposition at the operating mode of resonance.

3. A slot line resonator according to claim 1 or 2, further comprising at least one

capacitor positioned in the slot line.

4. A slot line resonator according to claim 3, wherein the at least one capacitor
is positioned in the slot line according to the electric field profile corresponding to the

operating mode of resonance.

5. A slot line resonator according to claim 3 or 4, wherein the or each capacitor
in the slot line is positioned with respect to the position where the electric field is

maximum to control the quality factor of the resolnator

6. A slot line resonator according to any preceding claim wherein the slot line is

folded in a spiral pattern
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7. A slot line resonator r according to claim 6, wherein the shape factor of the

spiral pattern is rectangular with a length at least twice as great as the width.

8. A slot line resonator according to claim 6, wherein the shape factor of the

spiral pattern is square.

9. A slot line resonator according to any one of the preceding claims, wherein
the operating mode of resonance is the fundamental mode or the first harmonic

mode.

10. A slot line resonator according to any one of the preceding claims, wherein

the excitation line is a microstrip line.

11. A slot line resonator according to any one of the preceding claims, wherein
the microstrip line has an end positioned Am/8 from the centre of the pattern where

Am is the guided wavelength in the microstrip line at the fundamental frequency.

12. A slot line resonator according to any one of the preceding claims wherein
the slot line has an electrical length L less than or equal to k M2 where A is the
guided wavelength in the slot at the harmonic frequency of order (k-1) and k is an

integer greater than or equal to 1 (the fundamental mode being the zero harmonic)

13. Filter comprising at least one slot line resonator (60A, 60B, 60C, 60D)
according to any one of the preceding claims.

14. Filter according to claim 13 wherein the filter is a lossy filter.

15.  An electronic wireless device comprising a filter according to claim 13 or 14.

16. A method of manufacturing a slot line resonator for a pass band filter
comprising

providing a slot line (10,20, 32, 40) in a conductive layer of a first surface of a
dielectric substrate, the slot line being folded with a shape factor based on the
operating mode of resonance such that such that the slot line has parallel (L1, L2,

L3, L4: L1 to L15) or concentric sections, the electric field of two adjacent parallel or
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concentric sections being in phase opposition at one or more adjacent positions;
and
provding an excitation line on a second face of the substrate, parallel to the

first surface for feeding the slot line by electromagnetic coupling
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