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(57) ABSTRACT 
The present invention relates to a tunable microwave arrange 
ment (100) comprising a waveguide arrangement and tuning 
elements comprising a number of varactors for tuning an 
electromagnetic signal input to the waveguide arrangement. 
It comprises a substrate (1), a layered structure (20) compris 
ing at least two conducting layers (2,3) and at least one 
dielectric layer (4) which are arranged in an alternating man 
ner. The layered structure is arranged on the substrate (1) such 
that a ?rst of said conducting layers (2) is closest to the 
substrate (1). It also comprises at least one surface mounted 
waveguide (5), a second of the conducting layers (3), most 
distant from the substrate, being adapted to form a wall of the 
surface mounted waveguide (5), which wall incorporates said 
tuning elements which are arranged to enable control of sur 
face currents generated in said wall, hence loading the 
waveguide (5) with a tunable, controllable impedance. 

11 Claims, 9 Drawing Sheets 
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TUNABLE MICROWAVE ARRANGEMENTS 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

This application is a 35 U.S.C. §37l National Phase Entry 
Application from PCT/EP2008/066526, ?led Dec. 1, 2008, 
and designating the United States, the disclosure of which is 
incorporated herein in its entirety by reference. 

TECHNICAL FIELD 

The present invention relates to tunable microwave 
arrangements comprising a waveguide arrangement and tun 
ing elements, wherein the tuning elements consist of a num 
ber of varactors for tuning electromagnetic waves input to the 
waveguide arrangement. The invention also relates to a 
method for providing such tunable microwave arrangements. 

BACKGROUND 

For microwave systems in general tunable arrangements or 
components are of great importance. As examples of tunable 
arrangements can be mentioned resonators, ?lters, phase 
shifters and antennas. Particularly important are tunable com 
ponents or arrangements for agile microwave systems. Typi 
cally the tunable components are implemented in the form of 
lumped inductors and capacitors (so called lumped LC 
devices) and sections of transmission lines where varactors 
(controllable capacitors) are used as tuning means. The var 
actors can be of many different kinds. For example micro 
electro-mechanical varactors (MEM), alternatively semicon 
ductor varactors, for example consisting of p-n junctions, 
MOS (Metal Oxide Semiconductors) varactors etc. The var 
actors may also be ferroelectric. Typically the varactors, the 
sections of the transmission lines and the LC devices are 
arranged as hybrid, monolithic integrated circuits wherein the 
lumped and distributed elements have microstrip, stripline or 
a coplanar structure. In order to increase the quality factor 
while still keeping the fabrication costs low, it has been sug 
gested to use hollow waveguides as surface mounted compo 
nents. 

It is however a problem with such arrangements, compris 
ing a tunable resonator and other integrated components 
which are based on lumped LC elements and sections of 
microstrip, coplanar waveguide and striplines, that they are 
associated with relatively high losses. This is mainly due to 
currents being highly concentrated in thin and narrow metal 
strips and since currents are concentrated in open structures 
which then will radiate. Even if surface mounted waveguides 
have smaller losses than other types of integrated waveguides, 
it is di?icult to electronically tune the parameters of the 
electromagnetic waves travelling in such waveguides without 
a substantial reduction of the quality factor (Q-factor). It is 
also dif?cult to keep the fabrication costs low. 

SUMMARY 

It is an object of the present invention to provide improved 
tunable microwave arrangements which are cheap and easy to 
fabricate and which at the same time do not suffer from high 
losses. It is another object to provide microwave arrange 
ments which can be electronically tuned, without any sub 
stantial reduction of the quality (Q) factor. Particularly it is an 
object to facilitate electronic tuning of microwave arrange 
ments. It is also an object of the invention to provide a method 
for fabrication of such tunable microwave arrangements. 
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2 
Therefore, to solve one or more of these problems, a tun 

able microwave arrangement which comprises a waveguide 
arrangement and tuning elements consisting of varactors is 
provided. It comprises a substrate and a layered structure. The 
layered structure comprises at least two conducting layers 
and at least one dielectric layer which are arranged in an 
alternating manner. The layered structure is disposed on the 
substrate in such a manner that a ?rst conducting layer is 
located closest to the substrate. The waveguide arrangement 
also comprises one or more surface mounted waveguides. A 
conducting layer which is disposed most distant, or furthest 
away, from the substrate is adapted to form a wall of the 
surface mounted waveguide. This waveguide wall is adapted 
to incorporate or assist in forming the tuning elements. The 
tuning elements are arranged to control, or to in?uence, sur 
face currents which are generated in the wall and therefore 
load the waveguide with an impedance which is tunable or 
controllable. 
A method for providing such a tunable microwave arrange 

ment is also provided. According to the method a layered 
structure is provided which comprises two or more conduct 
ing layers and at least one dielectric layer. The layered struc 
ture is provided on a substrate in such a manner that one of the 
conducting layers is disposed close to, or on, the substrate. In 
another of the conducting layers, the one which is located 
most far away from the conducting layer placed on the sub 
strate, tuning elements are integrated or provided. A 
waveguide arrangement is mounted on a surface which is 
formed by the distant conducting layer in such a manner that 
this distant layer will form a wall of the surface mounted 
waveguide. In order to tune electromagnetic waves input to 
and propagating through the waveguide arrangement, a tun 
ing voltage can be applied to the layered structure. The tuning 
elements in the wall will cut the lines of surface currents 
which are generated in the wall by an input electromagnetic 
signal. 

It is an advantage of the invention that microwave arrange 
ments can be provided which are cheap and easy to fabricate 
and at the same time have a high performance. It is also an 
advantage that surface mounted components canbe tuned, i.e. 
that the parameters of electromagnetic waves travelling in 
such waveguides can be electronically tuned substantially 
without affecting or reducing the Q-factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will in the following be further described, in 
a non-limiting manner, and with reference to the accompany 
ing drawings, in which: 

FIG. 1 illustrates a tunable arrangement comprising a sur 
face mounted waveguide according to a ?rst embodiment, 

FIG. 2 is a larger scale illustration of a surface mounted 
waveguide showing currents generated in the walls of the 
waveguide due to the input of a microwave signal, 

FIG. 3 illustrates the surface mounted waveguide of FIG. 2 
with tunable elements in the bottom wall, 

FIG. 4 illustrates a proximate conducting layer to be dis 
posed on the substrate of an arrangement as in FIG. 1. 

FIG. 4A is a cross-sectional view along lines A-A in FIG. 
4A also showing further layers of the layered structure 
(dashed lines), 

FIG. 5 illustrates the distant conducting layer forming the 
wall of the hollow waveguide resonator of the arrangement 
shown in FIG. 1, in a larger scale, 

FIG. 6 is a view from below of the layered structure shown 
in FIG. 1, 
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FIG. 7 is a circuit diagram showing the equivalent circuit of 
an arrangement as in FIG. 1, 

FIG. 8 illustrates a second embodiment of a tunable micro 
wave arrangement, 

FIG. 9 illustrates a third embodiment of a tunable micro 
wave arrangement, 

FIG. 1 0 illustrates a fourth embodiment of a tunable micro 
wave arrangement comprising a ?lter, 

FIG. 11 illustrates a ?fth embodiment of an arrangement 
according to the invention comprising a phase shifter or a 
delay line, 

FIG. 12 illustrates a waveguide with tuning elements in a 
wall according to a sixth embodiment, and 

FIG. 13 is a ?ow diagram describing a method according to 
the invention for providing a tunable microwave arrange 
ment. 

DETAILED DESCRIPTION 

FIG. 1 shows a microwave arrangement 100. It comprises 
a substrate 1 which may consist of a printed circuit board 
(PCB), for example FR-4 (Flame Reterdant 4) or similar, or 
be a substrate of silicon (SiGe), GaAs or similar. On the 
substrate 1 a layered structure 20 is disposed. The layered 
structure 20 here comprises a ?rst, also called proximate, 
conducting layer and a second, distant, conducting layer 3. 
Between the conducting layers 2, 3 a dielectric layer 4 is 
provided. The dielectric layer 4 comprises a complex metal 
oxide, e.g. a liquid crystal, a ferroelectric or a pyrochlore 
complex oxide. The distant conducting layer 3 is preferably 
pre-patterned to have areas forming or comprising tuning 
elements (not shown). Also the ?rst, proximate, conducting 
layer 2 may be prepattemed. The dielectric layer 4 compris 
ing a complex metal oxide may also be pre-patterned, par 
ticularly at least in areas corresponding to the pre-patterned 
areas forming or comprising the tuning elements in the con 
ducting layer 3 or layers. The dielectric permittivity of the 
dielectric layer 4 is tunable by means of application of an 
electric ?eld. 
On top of the layered structure, a surface mounted 

waveguide 5 is attached to the distant or top conducting layer 
3. The conducting layer 3 will serve as a bottom wall of the 
waveguide 5. In an advantageous embodiment the surface 
mounted waveguide 5 is hollow. In other embodiments it is 
not hollow. It may for example comprise a dielectricum with 
metallized sides or surfaces except for the one which is dis 
posed on the conducting layer 3. The dielectricum is then 
preferably a low loss dielectricum. 

SIN, SOUT in FIG. 1 illustrate input and output of an elec 
tromagnetic signal. It is coupled in/out by means of coupling 
means which may comprise loops, probes or irises in a con 
ventional manner. The coupling means are connected to the 
waveguide. 

FIG. 2 schematically illustrates a hollow waveguide reso 
nator 5 for which a conducting layer 3 acts as bottom wall. In 
the ?gure are shown the currents generated by an input elec 
tromagnetic signal. The hollow waveguide 5 is here rectan 
gular; it should be clear that the invention is not limited to the 
surface mounted waveguide having any particular shape, it 
may also be square shaped, circular or have any other appro 
priate shape. 

In the bottom wall of the surface mounted waveguide 5, i.e. 
the top conducting layer 3, slots are provided as will be more 
thoroughly explained with reference to FIG. 3. Input/output 
coupling means are not shown in FIG. 2 but, as referred to 
above, input/output coupling may be provided by means of 
probes or loops, irises etc. When a microwave signal is input, 
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4 
surface currents are generated. They ?ow from the top wall 
towards the centre of the bottom wall 3 along the vertical 
walls I7, I71, I7”, I71”, i6, i6, i6”, i6”. 

FIG. 3 is a ?gure similar to FIG. 2 but illustrates slots 8, 8' 
provided in the bottom wall (conducting layer 3) which are 
continently opened to cut the paths of the currents I6” and I6 
respectively. In an alternative embodiment slots may be pro 
vided to cut the currents I6” and I6”. Still further slots may be 
provided to cut all currents I6-I6m. Variable capacitors or 
varactors 9, 9' are provided or connected in the slots 8, 8' 
respectively to allow currents to ?ow through them to a con 
trollable extent. These capacitors 9, 9' may comprise chips, 
for example MEM (Micro-electro mechanical) or semicon 
ductor devices etc. In another implementation the capacitors 
are formed as an integral part of the layered structure, for 
example layered structure 20 of FIG. 1. Thus, there are several 
different implementations of varactors which fall within the 
scope of the present invention, as integrated or discrete, stand 
alone components. 

FIGS. 4, 4A and 5 show layers of a layered structure and the 
layered structure respectively with one particular implemen 
tation of integrated capacitors. 

FIG. 4 schematically illustrates a ?rst proximate conduct 
ing layer 2 and a patterning to provide such integrated capaci 
tors. FIG. 4 is a top view of a patterned conducting layer 2 
which comprises a cross-shaped recess or opening consisting 
of a rectangular opening with a ?rst and a second portion 11, 
11' respectively which in the centre is crossed by another 
rectangularly shaped opening, the centre of which in this 
embodiment crosses the ?rst rectangular opening at the centre 
thereof. The width of the ?rst rectangular opening portions is 
preferably larger than that of the second rectangularly shaped 
opening portions. The second opening preferably ends closer 
to the respective outer borders of layer 2 which here are 
orthogonal to the sides where the input and output coupling 
means may, but do not have to, be connected to the ?rst or 
proximate metal conducting layer 3. Two metal conducting 
stripes 10A, 10A' with respective enlarged outer end portions 
10, 10' facing the outer borders of layer 2 are provided in the 
second rectangular opening portions. They are aligned but not 
interconnected and there is a slight distance between them. A 
biasing control or tuning voltage can be applied to said outer 
end portions 10, 10'. 

FIG. 4A is a cross-sectional view along the line A-A in 
FIG. 4. It is supposed that a ?rst conducting layer 2 is dis 
posed below a dielectric layer 4 and a second or distant 
conducting layer 3, the latter (3,4) here being indicated by 
dashed lines. It is also supposed that a surface mounted 
waveguide 5 is mounted such that the upper surface of con 
ducting layer 3 forms its bottom wall. The dielectric layer 4 is 
arranged above the conducting layer 2 and dielectric material 
may also be disposed in the opening 11, 11'. Solder pads 17, 
17', as will be more thoroughly described with reference to 
FIG. 5, are deposited on the top surface of conducting layer 3. 
The solder pads provide the particular advantage of facilitat 
ing for arranging or placing the hollow waveguide 5 on the 
conducting layer 3 through self alignment. It should be clear 
that FIG. 4A is very schematical and therefore has no limiting 
effects, neither as far as relations between thicknesses and 
sizes of layers, nor as far as the absolute values thereof, are 
concerned. 

FIG. 5 schematically illustrates the second, distant, con 
ducting layer 3 and how it can be patterned according to a ?rst 
advantageous embodiment. Input and output coupling means 
for microwave signals, i.e. for coupling microwave signals 
into and out of the tunable microwave arrangement, here a 
resonator, are formed by means of one another facing 
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T-shaped slots, 13, 13' in which strips 14, 14' ofa similar but 
smaller size are arranged to form coplanar waveguides 
adapted to act as coupling means. Two elongated openings or 
recesses 8, 8' are arranged as schematically illustrated in FIG. 
3 perpendicularly to the T-shaped slots, to cut generated sur 
face currents as discussed earlier in the application. The 
T-shaped slots 13, 13' are provided at locations which sub 
stantially correspond to the location of the respective outer 
parts of openings or recesses 11, 11' in the ?rst conducting 
layer 2 as shown in FIG. 4. In opening 12A, 12A' respective 
connecting metal strips 12, 12' are located. The openings 
12A, 12A' are rectangular and arranged orthogonally to the 
T-shaped slots 13, 13' at locations substantially correspond 
ing to the outer ends of the thinner cross-legs opening por 
tions of layer 2. The conducting layer 3 can be said to consist 
of a main conductive portion 3A and strips 12, 12' arranged in 
openings or recesses 12A, 12A' and T-shaped strips 14, 14' 
arranged in somewhat larger T-shaped recesses 13, 13'. In 
main portion 3A also current regulating or current cutting 
openings 8, 8' are provided in an appropriate manner depend 
ing on which surface currents are to be cut. Two solder pads 
17, 17', cf. FIG. 4A, are deposited on top of the metal layer 3 
to facilitate self-alignment at positioning of the hollow 
waveguide 5. 

FIG. 6 is a schematical view of a layered structure with 
conducting layers 2, 3 from below, i.e. seen from the substrate 
1. Metallic vias 15, 15' (see FIG. 5) are provided at locations 
corresponding to strips 12, 12' (layer 3) and enlarged portion 
10, 10' (in layer 2) in order to galvanically connect the ?rst 
and the second conducting layers 2, 3. Ferroelectric varactors 
16, 16', 16", 16'" are formed at the interfaces where the metal 
layers 2, 3 overlap by means of strips 10A, 10A', (layer 2) and 
the main portion 3A where the strips cross openings or 
recesses 8, 8' in layer 3. 

FIG. 7 is a simple equivalent circuit explaining the func 
tioning of the arrangement according to the invention. The 
terminals 18, 18' represent strip 14 and the main portion 3A of 
layer 3 separated by slot 13. Correspondingly terminals 19 
and 19' represent strip 14' and main portion 3A of the con 
ducting layer separated by slot 13'. Terminals 18, 18' and 19, 
19' form input/output ports, i.e. the microwave input and 
output coupling means. In FIG. 7 the waveguide arrangement 
100 is represented as a section of an equivalent two-wire 
transmission line loaded by a capacitor 20. The capacitor 20 
represents varactors 9, 9' in FIG. 3 corresponding to varactors 
16, 16', 16", 16'" in FIG. 6. The electromagnetic waves input 
at the input coupling means propagate in the waveguide 
arrangement and the parameters of the propagating waves can 
be controlled by varying the capacitance of the capacitor 20. 
The capacitance is controllable, variable, by means of appli 
cation of a DC voltage between strips 12, 12' and the main 
portion 3A of the conducting layer 3. The DC voltage is 
particularly applied to conducting layer 2, to portions 10, 10', 
cf. FIG. 4. It can alternatively be applied to layer 3 at any 
appropriate location. 

FIG. 8 is a schematical illustration of an alternative 
embodiment showing a microwave arrangement 200 with a 
substrate 1A on which a layered structure 20A is provided. 
Also in this environment the layered structure 20A comprises 
three layers, a ?rst, proximate, conducting layer 2A and a 
second, distant, conducting layer 3A between which a dielec 
tric layer 4A is sandwiched. The distant, here top, conducting 
layer 3A forms the bottom wall of a surface mounted hollow 
waveguide 5A which in this case is circular. This embodiment 
is schematically illustrated in order to show that the invention 
is not limited to square-shaped or rectangular surface 
mounted waveguides. 
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FIG. 9 shows still another implementation of a waveguide 

arrangement 300 according to the present invention. It com 
prises a substrate 1B on which a layered structure 20B is 
disposed. The layered structure 20B here comprises a ?rst 
proximate, conducting layer 2B 1 disposed on the substrate, on 
which is disposed a dielectric layer 4B 1, on top of which a ?rst 
distant conducting layer 3B2 is disposed. On top thereof is a 
second dielectric layer 4B2, on which there is a second distant 
conducting layer 3B 1 which is adapted to form the bottom 
wall of a surface mounted waveguide 5B. The surface 
mounted waveguide here is square-shaped although it could 
also have had any other appropriate form. It should be clear 
that there can also be more layers included in the layered 
structure 20B, as also in any of the other embodiments. 

FIG. 10 shows still another embodiment of a microwave 
arrangement 400 which comprises a ?lter, particularly a 
multi-pole ?lter. On top of a substrate 1C a layered structure 
20C is provided which may comprise three, or more, layers 
arranged in an alternating manner. A conducting layer is 
provided adjacent to the substrate 1C. Another conducting 
layer is provided as an uppermost layer of the layered struc 
ture which forms the bottom wall of a plurality of surface 
mounted waveguides or resonators 5C1, 5C2, 5C3 which are 
connected in cascade. These surface mounted waveguides 
5C1, 5C2, 5C3 are here interconnected by means of irises. 
They can also be interconnected in other appropriate man 
ners. S [N and SOUP schematically illustrate input/ output of a 
microwave signal. Tuning elements (not shown in FIG. 10) 
are provided by means of integrated varactors (or varactors 
provided for in any other appropriate manner as discussed 
above). The tuning elements are provided in the waveguide 
bottom wall which is formed by said uppermost conducting 
layer. It should be clear that the invention is not limited to 
provisioning of one or three surface mounted waveguides. It 
could be two or any other appropriate number arranged in 
cascade to form a ?lter. It should also be clear that the shape 
of the surface mounted waveguides can be different from 
what is shown herein. 

FIG. 11 shows still another embodiment of a tunable 
microwave arrangement 500 which comprises a substrate ID 
on top of which a layered structure 20D is arranged. For 
reasons of simplicity the layered structure 20D is here illus 
trated as comprising three layers with a top or distant con 
ducting layer 3D forming the bottom wall of a surface 
mounted waveguide 5D. The waveguide 5D has a longitudi 
nal extension which considerably exceeds its transverse 
extension and a plurality of tuning elements 8Dl, 8D2, . . . , 

8D8, are regularly arranged in said longitudinal extension. 
The tuning elements comprise varactor arrangements pro 
vided as discussed earlier (integrated or separate) in the top 
conducting layer/bottom wall. In still other embodiments 
there are more or fewer tuning elements comprising varac 
tors. Of course such an embodiment is not restricted to the 
longitudinal extension considerably exceeding the transverse 
extension although, if there are to be a considerable number of 
tunable elements arranged in one direction, the length of that 
direction normally has to exceed the length of the other direc 
tion. The waveguide arrangement may comprise a phase 
shifter or a delay line. The longitudinal waveguide is here 
periodically loaded with varactors. Input and output coupling 
means are not illustrated but could be of any appropriate kind 
as discussed above. 

FIG. 12 very schematically illustrates a surface mounted 
waveguide arrangement SE for which a top or distant con 
ducting layer 3E (only schematically indicated) of a layered 
structure forms the bottom wall. The other layers of the lay 
ered structure, the substrate and the extension thereof, are not 
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shown in this ?gure but these features have been extensively 
discussed with reference to the previous embodiments. The 
difference is that in FIG. 12 current cutting/interrupting slots 
are disposed in a different manner, intended to cut the currents 
i shown in the ?gure. Slots 8E1, 8E2 are disposed in parallel in 
the transverse direction of the rectangular waveguide. Vari 
able capacitors 9E1, 9E2 are provided by means of the slots to 
allow a controllable amount of current to ?ow across the slots 

in the waveguide bottom wall formed by the conducting layer. 
As discussed earlier in the application, slots can be disposed 
in different manners to cut different currents, also orthogo 
nally to one another. 

It should be clear that in all embodiments the substrate can 
be made of different materials and for example comprise a 
PCB (Printed Circuit Board) e.g. of PVDF (Polyvinylidene 
Fluoride) or a polymer, silicon or a GaAs substrate. Micro 
wave input/ output means can be provided in different man 
ners. The slots or openings arranged in the distant conducting 
layer and intended to cut surface currents can also be arranged 
in different manners, the purpose being to load, or put a 
varactor inside part of the cavity, or load the waveguide. 

The number of, dimensions, shapes and sizes of the slots 
can be selected in any appropriate manner. In particular 
embodiments the slots or holes are rectangular within a length 
l which is smaller than half the wavelength of the microwaves, 
M 2, and a width which is smaller than or equal to (x/ 2, wherein 
0t is the width of the waveguide, cf. FIG. 3. Generally these 
dimensions, w,l are a trade-off between the Q-factor on one 
hand and the tunability on the other hand. Generally, the 
smaller the slots, 1 or w, the higher the Q-factor and the lower 
the tunability, whereas, the larger the slots, the higher the 
tunability and the lower the Q-factor. Thus, the dimensions 
are selected depending on whether a high tunability or a high 
Q-factor is most important. 

In a particular embodiment the dielectric layer or layers 
comprises a complex metal oxide, at least where the slots are 
located. In other parts it may be dielectric, e.g. of another 
material. The complex metal oxide may comprise a ferroelec 
tric, liquid crystal or a pyrochlore complex oxide. The con 
ducting layers are preferably electrically isolated. 

FIG. 13 schematically illustrates a method according to the 
present invention for providing a tunable microwave arrange 
ment according to the present invention. It is supposed that a 
layered structure, comprising alternating conducting and fer 
roelectric layers, is provided on a substrate such that a ?rst 
conducting layer is disposed closest to the substrate, 101. It 
should be clear that the layers or the ferroelectric layer alter 
natively may be a liquid crystal or a pyrochlore complex 
oxide or more generally a complex metal oxide as discussed 
above, at least at the locations where the tuning elements are 
formed or provided. The tuning elements are provided, either 
as separate tuning elements, or integrated in another conduct 
ing layer of the structure which is distant from the substrate, 
102. Then a waveguide, particularly, but not necessarily, a 
hollow waveguide, is provided on said structure such that the 
distant conducting layer forms a wall, bottom wall, of that 
waveguide, 103. To the hence fabricated waveguide arrange 
ment, a tuning voltage is applied to the tuning elements to 
control electromagnetic waves propagating through the 
waveguide, 104, illustrated by means of dashed lines since it 
does not form part of the fabrication method itself. 

It should be clear that the invention is not limited to the 
explicitly illustrated embodiments, but that it can varied in a 
number of ways within the scope of the appended claims. 
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8 
The invention claimed is: 
1. A microwave arrangement comprising: 
a substrate; 
a waveguide arrangement; 
and tuning elements comprising a number of varactors for 

tuning an electromagnetic signal input to the waveguide 
arrangement, wherein the waveguide arrangement com 
prises 
(i) a layered structure comprising at least two conduct 

ing layers and at least one dielectric layer which are 
arranged in an alternating manner, and 

(ii) at least one surface mounted waveguide, 
wherein a second of said conducting layers being adapted 

to form a wall of the surface mounted waveguide which 
wall is adapted to incorporate said tuning elements 
which are arranged to enable control of surface currents 
generated in said waveguide wall, hence loading the 
waveguide with a tunable, controllable impedance, 

wherein said layered structure is arranged on the substrate 
such that a ?rst of said conducting layers is closest to said 
substrate, that the second conducting layer that is adapted to 
form a wall of the surface mounted waveguide is most distant 
from the substrate and comprises slots located and shaped to 
cut or affect surface currents generated in said wall by the 
input electromagnetic signal, and that in said varactors are 
provided or connected in said slots, that the ?rst conducting 
layer is pre-pattemed and comprises a cross-shaped recess or 
an opening, in which two stripes are located, at a position 
corresponding to the position on the second, distant, conduct 
ing layer adapted to receive the surface mounted waveguide, 
and that the cross-shaped recess or opening has dimensions 
slightly smaller than the dimensions of the portion of the 
second conducting layer adapted to form the waveguide wall, 
that said two stripes are aligned and arranged at a slight 
distance from one another, and have respective enlarged outer 
end portions facing the outer borders of the ?rst conducting 
layer and adapted to receive a biasing control or tuning volt 
age, that the second conducting layer consists of a main 
conductive portion, and stripes arranged in openings or 
recesses and T-shaped stripes arranged in T-shaped recesses 
that are arranged to act as microwave input/output coupling 
means, wherein the openings or recesses with the stripes are 
arranged orthogonally to the T-shaped recesses at locations 
substantially corresponding to the locations of the enlarged 
outer end portions of the stripes of the ?rst conducting layer, 
and that the varactors are formed at overlapping areas 
between said stripes of the ?rst conducting layer and the 
second conducting layer at the interfaces of said current cut 
ting slots, that said ?rst and second conducting layers are 
interconnected by vias or similar, and that the dielectric layer 
includes a complex metal oxide at least in areas correspond 
ing to pre-pattemed areas adapted to form or include the 
varactors in the second most distant conducting layer. 

2. The microwave arrangement according to claim 1, 
wherein the at least one surface mounted waveguide is 
mounted on the second of said conducting layers. 

3. The microwave arrangement according to claim 2, 
wherein the second of said conducting layers is arranged on 
the dielectric layer, the second of said conducting layers 
having a shape corresponding to the dielectric layer. 

4. The tunable microwave arrangement according to claim 
1, wherein the complex metal oxide includes a ferroelectric 
material, a liquid crystal or pyrochlore. 

5. The tunable microwave arrangement according to claim 
1, wherein the slots have a length or largest dimension Isl/2, 
7» being the wavelength of propagating electro-magnetic 
waves in the waveguide propagating electro-magnetic waves. 



US 8,797,126 B2 

6. The tunable microwave arrangement according to claim 
1, wherein the waveguide arrangement includes a plurality of 
surface mounted waveguides or resonators connected in cas 
cade and that the tuning elements are provided in the respec 
tive waveguide bottom wall formed by said upper or distant 
conducting layer, and wherein the waveguide arrangement 
includes a ?lter. 

7. The tunable microwave arrangement according to claim 
1, wherein the waveguide has a longitudinal extension which 
considerably exceeds a transversal extension, wherein a plu 
rality of tuning elements are regularly arranged in said lon 
gitudinal extension, and wherein the waveguide arrangement 
includes a phase shifter or a delay line. 

8. A method for providing a microwave arrangement 
including a waveguide arrangement and tuning elements for 
tuning electromagnetic an electromagnetic signal input to the 
waveguide arrangement, and wherein the waveguide arrange 
ment comprises (i) a layered structure comprising at least two 
conducting layers and at least one dielectric layer which are 
arranged in an alternating manner, and (ii) at least one surface 
mounted waveguide, wherein a second of said conducting 
layers forming a wall of the surface mounted waveguide 
which wall incorporates said tuning elements which are 
arranged to enable control of surface currents generated in 
said waveguide wall, hence loading the waveguide with a 
tunable, controllable impedance, 
the method comprising the steps of: 

providing the layered structure comprising the at least two 
conducting layers and the at least one dielectric layer on 
a substrate and placing a ?rst of said conducting layers 
closest to the substrate; 

arranging the second conducting layer so that it forms a 
wall of the surface mounted waveguide and placing it 
most distant from the substrate and locating and shaping 
slots therein to cut or affect surface currents generated in 
said wall by the input electromagnetic signal, whereby 
said varactors are provided or connected in said slots; 

pre-patterning the ?rst conducting layer and make it 
include a cross-shaped recess or an opening in which 
two stripes are located at a position corresponding to the 
position on the second, distant, conducting layer receiv 
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ing the surface mounted waveguide, and so that the 
cross-shaped recess or opening has dimensions slightly 
smaller than the dimensions of the portion of the second 
conducting layer forming the waveguide wall; 

aligning and arranging two stripes at a slight distance from 
one another, which stripes have respective enlarged 
outer end portions facing the outer borders of the ?rst 
conducting layer and adapted to receive a biasing control 
or tuning voltage, that the second conducting layer con 
sists of a main conductive portion, and stripes arranged 
in openings or recesses and T-shaped stripes arranged in 
T-shaped recesses, and being arranged to act as micro 
wave input/output coupling means, wherein the open 
ings or recesses with the stripes are arranged orthogo 
nally to the T-shaped recesses at locations substantially 
corresponding to the locations of the enlarged outer end 
portions of the stripes of the ?rst conducting layer, the 
varactors being formed at overlapping areas between 
said stripes of the ?rst conducting layer and the second 
conducting layer at the interfaces of said current cutting 
slots, interconnecting said ?rst and second conducting 
layers by vias or similar, and wherein 

the dielectric layer comprises a complex metal oxide at 
least in areas corresponding to pre-pattemed areas form 
ing or comprising the varactors in the second most dis 
tant conducting layer. 

9. The method according to claim 8, wherein the at least 
one surface mounted waveguide is mounted on the second of 
said conducting layers. 

10. The method according to claim 9, wherein the second 
of said conducting layers is arranged on the dielectric layer, 
the second of said conducting layers having a shape corre 
sponding to the dielectric layer. 

11. The method according to claim 8, wherein the step of 
providing tuning elements further comprises: 

selecting the dimensions of the slots, depending on tun 
ability and quality factor requirements, and such that the 
longitudinal extension of each slot is smaller than or 
equal to M2, 7» being the wavelength of the propagating 
electromagnetic waves. 

* * * * * 


