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(54) A MULTI-LAYER WAVEGUIDE ARRANGEMENT

(57)  The present disclosure relates to a waveguide
arrangement comprising a first outer layer (109) and at
least two intermediate layers (111a, 111b, 111c) compris-
ing a first intermediate layer 111a) and a third intermedi-
ate layer (111c). The first intermediate layer 111a) is
bonded to the third intermediate layer (111c) and the first
outer layer 109 is bonded to the first intermediate layer
(111a). Atleast onefirst probe part (114a, 114’a) is formed
in the first intermediate layer (111a), at least one respec-
tive probe post (113, 113’) connected to the first probe
part(114a, 114’a) is formed in the third intermediate layer
(111c), and atleast one second probe part (114b, 114’b) is

formed in the first outer layer (109). Each second probe
part (114b, 114’b) protrudes via a respective probe aper-
ture (115, 115’) and constitutes a continuation of the
respective first probe part (114a, 1 14’a). The layers
are at least partly metallized, where a first waveguide
conductor part (102) is formed in the first intermediate
layer (111a) and a third waveguide conductor part (104)is
formed in the third intermediate layer (111c). The wave-
guide arrangement comprises a dielectric material (140,
141) positioned between the second probe part (114b,
114’b) and a corresponding outer coaxial conductor (121,
121)).

113 114a 1110 11/2

108
100 7

1(14\b [14,0 111c 111a 109 1141 [\141

A IR,
U'N N N NN

5\’&1) | ! \\ = 103

V7777777777 7%

/

/
RN
RN
@

10 114’a

FIG. 4F

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 576 423 A1 2

Description
TECHNICAL FIELD

[0001] The present disclosure relates to a waveguide
arrangement comprising at least one waveguide port,
where at least one waveguide port comprises a coaxial
probe. The waveguide arrangement is formed in a multi-
layer structure.

BACKGROUND

[0002] Traditionally, microwave radios and radars are
using waveguide components due to the low losses.
There are waveguide ports used as interfaces to recei-
vers, to transmitters and to antennas. These waveguide
components are often injection molded, 3D printed in
polymers, or manufactured in milled metal or cast metal.
For all these examples, the materials are often surface-
treated with silver, gold or copper to lower the insertion
losses. Some materials such as for example aluminum
may work to a sufficient extent without surface treatment.
These solutions are common on S-, C-, X-, Ku- and Ka-
bands. It is common that there are H- or E-bends in the
design to connect the waveguide ports to the rest of the
waveguide ports. Sometimes filters are realized using so-
called comb elements in the form of posts within the
waveguide, one example is a so-called interdigital filter
or combline filter.

[0003] A waveguide arrangement typically consists of
a trench embodiment introduced into, or through, a sub-
strate, eventually completed by a top and bottom sub-
strate to seal the waveguide cavity. A silicon-based wa-
veguide arrangement will often be realized by defining
the waveguide trench by means of etching. Such an
etching process will inherently carry a manufacturing
error relating to the etch angle. The deeper the trench
that is etched, the larger the potential error in the man-
ufacturing process.

[0004] The waveguide arrangement is normally ac-
cessed electrically by means of one or more waveguide
ports, and such a port can for example be constituted by a
coaxial port. This means that in this context, the term
"waveguide port" should be interpreted broadly and en-
compass different types of ports that connect to a wave-
guide conductor, for example coaxial ports.

[0005] A coaxial port, integrated in a waveguide ar-
rangement, having a probe that extends through an
aperture is difficult to manufacture in an accurate, repea-
table and reliable manner, in particular at higher frequen-
cies exceeding for example 10GHz, where the probe and
other parts become very small and therefore fragile. It is
also desired to provide an enhanced stability for the
formed probe.

[0006] It is therefore desired to provide at least one
coaxial port in a waveguide arrangement and a manu-
facturing method that provides an accurate and repea-
table process for such a coaxial port.

10

15

20

25

30

35

40

45

50

55

SUMMARY

[0007] The above object is achieved by means of
waveguide arrangement comprising a first outer layer
and at least two intermediate layers comprising a first
intermediate layer and a third intermediate layer. The first
intermediate layer is bonded to the third intermediate
layer, where the first outer layer is bonded to the first
intermediate layer. At least one first probe part is formed
in the first intermediate layer, at least one respective
probe post connected to the first probe part is formed
in the third intermediate layer, and at least one second
probe part is formed in the first outer layer. Each second
probe part protrudes via a respective probe aperture and
constitutes a continuation of the respective first probe
part. The layers are atleast partly metallized, where a first
waveguide conductor partis formed in the firstintermedi-
ate layer and a third waveguide conductor part is formed
in the third intermediate layer. The at least one first probe
part, the at least one respective probe post and the at
least one second probe part are formed by removing
material. The waveguide arrangement comprises a di-
electric material positioned between each second probe
part and a corresponding outer coaxial conductor.
[0008] This structure enables a probe that extends
through an aperture to be formed in an accurate, repea-
table and reliable manner, in particular at higher frequen-
cies exceeding for example 10GHz, where the probe and
other parts become very small and therefore fragile.
Many different parts can be attached to the third inter-
mediate layer, for example a PCB, a metal plate, antenna
elements and/or other types of active and passive micro-
wave structures. Furthermore, a rigid support for the
second probe parts.

[0009] According to some aspects, the waveguide ar-
rangement further comprises a second intermediate
layer and a second outer layer, where the second inter-
mediate layer comprises a second waveguide conductor
part. The second outer layer is bonded to the second
intermediate layer and the second intermediate layer is
bonded to the third intermediate layer such that the third
intermediate layer is positioned between the first inter-
mediate layer and the second intermediate layer.
[0010] This means that a waveguide is formed and
connected to a least one coaxial probe.

[0011] The present disclosure enables creating a de-
sired waveguide arrangement with at least one inte-
grated coaxial probe by means of stacking multiple mi-
cro-structured substrates. With such a coaxial probe
integrated in the waveguide, a cost-effective integration
of the waveguide arrangement can be achieved by direct
mounting of the waveguide arrangement with an inte-
grated coaxial port to a printed circuit board for example,
without need for wire bonding.

[0012] The above object is also achieved by means of
methods associated with the above advantages.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present disclosure will now be described
more in detail with reference to the appended drawings,
where:

Figure 1A shows a perspective view of a wave-
guide arrangement according to a first
example;

Figure 1B shows a cross-section side view of the
waveguide arrangement according to
the first example;

Figure 2 shows an exploded view of the wave-
guide arrangement according to the
first example;

Figure 3 shows a perspective view of a two
layers bonded to each other;

Figure 4A shows a cross-section view of Figure 3;

Figure 4B shows a cross-section view of Figure 3
where material has been removed,;

Figure 4C shows a view of a first outer layer after
metallization;

Figure 4D shows Figure 4B with a further layer
added and bonded;

Figure 4E shows Figure 4C where material has
been removed;

Figure 4F shows Figure 4D with final layers
added and bonded;

Figure 4G shows a partial top view of Figure 4F;

Figure 5A-5B  show a flowchart illustrating methods
according to the present disclosure;
and

Figure 6 shows an alternative waveguide ar-

rangement.
DETAILED DESCRIPTION

[0014] Aspects of the present disclosure will now be
described more fully hereinafter with reference to the
accompanying drawings. The different devices, systems,
computer programs and methods disclosed herein can,
however, be realized in many different forms and should
not be construed as being limited to the aspects set forth
herein. Like numbers in the drawings refer to like ele-
ments throughout.

[0015] The terminology used herein is for describing
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aspects of the disclosure only and is not intended to limit
the invention. As used herein, the singular forms "a", "an"
and "the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0016] With reference to Figure 1A, Figure 1B and
Figure 2, illustrating a first example, there is a waveguide
arrangement 100 comprising a first waveguide port 101,
a second waveguide port 101’ and a waveguide conduc-
tor 102, 103, 104 that extends between the waveguide
ports 101, 101’. The waveguide conductor 102, 103, 104
has alongitudinal extension L and comprises atleastone
electrically conducting inner wall 104, 105, 106, 107, in
this example four electrically conducting inner walls 104,
105, 106, 107, the waveguide conductor 102, 103, 104
having a rectangular cross-section. According to some
aspects, the layers mainly run along an H-plane of the
waveguide conductor 102, 103, 104.

[0017] The ports 101, 101’ are both in the form of
coaxial ports that face a perpendicular direction versus
the longitudinal extension L. The coaxial ports 101, 101’
will be discussed more in detail later.

[0018] The waveguide arrangement is formed in a
multilayer structure 108 comprising two outer layers
109, 110, a first outer layer 109 and a second outer layer
110. The multilayer structure 108 comprises a first inter-
mediate layer 11 1a, a second intermediate layer 111b
and a third intermediate layer 111c that is positioned
between the firstintermediate layer 111a and the second
intermediate layer 111b. The intermediate layers 111a,
111b, 111c are positioned between the two outer layers
109, 110.

[0019] The layers 109, 110, 111a, 111b, 111c are in-
dividually formed and bonded together to form the wa-
veguide conductor 102, 103, 104. According to some
aspects, and as in particular shown in Figure 2, the
internal structures comprised in the third intermediate
layer 111c comprise posts 112a, 112b, 112c, 112d that
extend along a waveguide inner width w;, the posts ex-
tending from one inner wall 104, 105 and ending before
the opposite inner wall 105, 104. Here, four posts 112a,
112b, 112c, 112d are shown, but of course there can be
less or more posts.

[0020] According to some aspects, the posts 112a,
112b, 112c, 112d run between the inner walls 104, 105
in an alternating manner as shown in Figure 2.

[0021] By means of these posts 112a, 112b, 112c,
112d, a combline filter or interdigital filter can be formed
in the waveguide arrangement 100 in a reliable and
uncomplicated manner. The volume formed between
the posts can hereby be reduced, such that a combline
filter becomes smaller than traditional cavity filters.
[0022] The posts 112; 112a, 112b, 112c, 112d are an
example of internal structures that can be formed in the
intermediate layers 111a, 111b, 111c¢, other types of inter-
nal structures are of course possible.

[0023] The two outer layers 109, 110 are plates that in
this example, form a respective top and bottom of the
waveguide arrangement 100 that seal a vertical dimen-
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sion of the waveguide arrangement 100 that is perpen-
dicular to the longitudinal extension L, while the inter-
mediate layers 111a, 111b, 111c comprise corresponding
inner conductor parts that form the waveguide conductor
102, 103, 104. Two or more intermediate layers 111a,
111b, 111c may of course comprise internal structures.
According to some aspects, the two outer layers 109, 110
may also comprise internal structures and/or conductor
parts.

[0024] At least one waveguide port 101, 101’ is in the
form of a coaxial port, where the internal structures of at
least one intermediate layer 111a, 111c comprise at least
one coaxial probe arrangement 113, 114; 113’, 114’. This
means that in this context, the term "waveguide port"
should be interpreted broadly and encompass different
types of ports that connect to the waveguide conductor
102, 103, 104, for example the coaxial ports described
here. Each coaxial probe arrangement comprises a
probe post 113, 113’ and a coaxial probe 114, 114’ that
extends from the respective probe post 113, 113’ and is
adapted to extend via a corresponding probe aperture
115, 115’ in the first outer layer 109. In this example, both
waveguide ports 101, 101’ are in the form of coaxial ports.
There is thus a first coaxial port that comprises a first
probe post 113 and a first coaxial probe 114, and a
second coaxial port that comprises a second probe post
113’ and a second coaxial probe 114’. According to some
aspects, the probe posts 113, 113’ can be a part of a
combline filter or interdigital filter together with the other
posts 112a, 112b, 112¢, 112d described.

[0025] This means that delicate internal structures
such as posts that end before reaching an opposite inner
wall and coaxial probe arrangements can be made in a
reliable and repeatable manner.

[0026] In Figure 2, the coaxial probes 114, 114’ are
shown as being part of the third intermediate layer
111c,however, the coaxial probes 114, 114’ can in prac-
tice be formed in two or more layers as will be described in
the following.

[0027] With reference to Figure 3 and Figure 4A-4F, a
procedure for forming coaxial ports will be described for
the waveguide arrangement 100. The completed wave-
guide arrangement 100 is illustrated in Figure 4F. With
reference to Figure 3, thefirstintermediate layer 111aand
the third intermediate layer 111c are bonded together,
and a sectionis shownin Figure 4A. Figure 4B and 4D-4E
show the same section as the layers are processed and
more layers added to form the multi-layer waveguide
arrangement 108.

[0028] Figure 4B illustrates how material has been
removed from the first intermediate layer 111a and the
third intermediate layer 111c such that a first port first
probe part 114a and a second port first probe part 114’'a
have been formedin thefirstintermediate layer 11 1a, and
how a plurality of posts 112; 112a, 112b, 112c, 112d not
connected to a probe, a first probe post 113 connected to
the first port first probe part 114a and a second probe post
113’ connected to the second port first probe part 114’'a
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have been formed in the third intermediate layer 111c.
Furthermore, a first waveguide conductor part 102 is
formed in the first intermediate layer 111a and a third
waveguide conductor part 104 is formed in the third
intermediate layer 111c. The first waveguide conductor
part 102 comprises the first probe parts 114a, 114’a and
the third waveguide conductor part 104 comprises the
posts 112a, 112b, 112c, 112d, 113, 113’. Then, the first
intermediate layer 111a and the third intermediate layer
111¢ are metallized.

[0029] InFigure 4C, the side of the first outer layer 109
that is intended to face the first intermediate layer 111a
has been metallized such that a metal layer 120 is
formed, and thereafter metal has been removed R1,
R2 where material later is to be removed. In this way,
metal end parts E1, E2 are formed which are intended to
contact the first port first probe part 114a and the second
port first probe part 114’a.

[0030] In Figure 4D, the first outer layer 109 has been
bonded to the first intermediate layer 111a.

[0031] In Figure 4E, material has been removed from
the first outer layer 109, for example from the side that
faces away from the first intermediate layer 111a, such
that afirst port second probe part 114b and a second port
second probe part 114’b have been formed in the first
outer layer 109, the first port second probe part 114b
being a continuation of the first port first probe part 114a
and the second port second probe part 114’b being a
continuation of the second port first probe part 114’a. The
first outer layer 109 is now metallized again such that
electrical contact is made along the probe parts 114a,
114b; 114’a, 114’b that have been formed. Also, all other
surfaces of the first outer layer 109 are metallized such
that a corresponding outer coaxial conductor 121, 121’ is
formed.

[0032] The atleast one first probe part 114a, 114’a, the
at least one respective probe post 113, 113’ and the at
least one second probe part 114b, 114’b are formed by
removing material.

[0033] This method enables a probe that extends
through an aperture to be formed in an accurate, repea-
table and reliable manner, in particular at higher frequen-
cies exceeding for example 10GHz, where the probe and
other parts become very small and therefore fragile. At
this stage, many different parts can be attached to the
third intermediate layer 111c, for example a PCB, a metal
plate, antenna elements and/or other types of active and
passive microwave structures.

[0034] In this example, a completed waveguide ar-
rangement according to the one shown in Figure 1A will
be formed. In Figure 4F, the waveguide arrangement 100
comprising the layer structure 108 is shown just before
the second intermediate layer 111b and the second outer
layer 110 are added, as indicated with arrows A4, A,.
[0035] This addition can be performed in several ways,
for example the second intermediate layer 111b and the
second outer layer 110 are completed and bonded to-
gether separately, before being bonded to the rest of the
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waveguide arrangement 100 as indicated in Figure 4F.
[0036] This means that the second intermediate layer
111b can be bonded to the second outer layer 110, and
then material is removed from the second intermediate
layer 111b and the layers 110, 111b metallized such that a
second waveguide conductor part 103 formed before
bonding the second intermediate layer 111b to the third
intermediate layer 111c. The second intermediate layer
111b and the second outer layer 110 form a U-shape or a
"bathtub-shape". The second intermediate layer 111b
and the second outer layer 110 can be formed in an
SOl (Silicon on Insulator) wafer as a starting material
provided as two bonded silicon wafers with an oxide
separation.

[0037] Otherorders of assembly are of course concei-
vable, for example the second intermediate layer 111b is
bonded to the third intermediate layer 111c, and the
second outer layer 110 is then bonded to the second
intermediate layer 111b. Some steps include that material
is removed from the second intermediate layer 111b and
the layers 111b, 111c are metallized such that a second
waveguide conductor part 103 is formed, where these
steps are performed before the second intermediate
layer 111b is bonded to the third intermediate layer
111c. According to some aspects, material can be re-
moved from the second intermediate layer 111b before
the second intermediate layer 111b is bonded to the third
intermediate layer 111c.

[0038] The posts 112a, 112b, 112c, 112d are not ne-
cessary, and are shown for illustrative purposes. Other
internal structures such as for example a plurality of
ridges extending across at least a part of the entire
waveguide inner width W;, can also be included in one
of the intermediate layers 111a, 111b, 111c.

[0039] The bonding makes the layers 109, 110, 111a,
111b, 111c¢ to be rigidly attached to each other, and the
removal of material can be performed in many ways, for
example by means of etching of the material that form the
layers 109, 111a, 111b, 111c in which structures are
formed. Material may be removed from a layer before
or after that layer has been bonded to another layer. The
procedure disclosed does not have to take place in the
order described, but may be performed in any suitable
order.

[0040] Metallization of the waveguide arrangement
100 may be performed layer-wise, between bonding
steps, when two or more layers are bonded together,
and/or when the complete layer structure 108 has been
formed. In the case of Silicon-based waveguide arrange-
ment, the metallization itself may be used to attach the
layers together.

[0041] According to some aspects, each layer 109,
110, 111a, 111b, 111c is formed in one piece of silicon
and is at least partly metallized. This means that the
waveguide arrangement 100 with the internal structures
can be made by using well-known etching and metalliza-
tion techniques.

[0042] According to some aspects, generally, each
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intermediate layer 111a, 111b, 111c comprises a wave-
guide conductor 102, 103, 104.

[0043] With reference to Figure 5A and Figure 5B, the
present disclosure also relates to a method for forming a
waveguide arrangement 100 with at least one coaxial
port. With reference first to Figure 5A, the method com-
prises providing S100 a first outer layer 109 and at least
two intermediate layers 111a, 111b, 111c. These inter-
mediate layers comprise a first intermediate layer 111a
and a third intermediate layer 111c. The method further
comprises bonding S200 the first intermediate layer 111a
to the third intermediate layer 111c, as shown in Figure
4A, removing S300 material from the first intermediate
layer 111a and the third intermediate layer 111c such that
at least one first probe part 114a, 114’ a is formed in the
firstintermediate layer 111a, and at least one respective
probe post 113, 113’ connected to the first probe part
114a, 114’ais formed in the third intermediate layer 111c,
as shown in Figure 4B, and at least partly metallizing
S400 the intermediate layers 111a, 111c. Here there is a
first probe post 113, a second probe post 113’, a first
probe first probe part 114a and a second probe first probe
part 114’a.

[0044] The method also comprises providing S500
metallization to the first outer layer 109 such that at least
one metal end parts E1, E2 is formed, intended to contact
a corresponding first probe part. Here, there is a first
metal end part E1 intended to contact the first probe first
probe part 114a and a second metal end part E1 intended
to contact the second port first probe part 114’a as shown
in Figure 4C. The method also comprises bonding S600
the first outer layer 109 to the firstintermediate layer 111a
as shown in Figure 4D. The method further comprises
removing S700 material R1, R2 from the first outer layer
109 such that at least one second probe part 114b, 114’b
is formed in the first outer layer 109, each second probe
part 114b, 114’b protruding via a respective probe aper-
ture 115, 115’ and constituting a continuation of the
respective first probe part 114a, 114’a. The method
furthermore comprises at least partly metallizing S800
the layers 109, 111a, 111c and the acquired result is
shown in Figure 4E. Here, material R1, R2 has been
removed such that a first probe second probe part 114b
and second probe second probe part 114’b are formed.
The method also comprises providing S800B a dielectric
material 140, 141 between the second probe parts 114b,
114’b and a corresponding outer coaxial conductor 121,
121,

[0045] According to some aspects, with reference also
to Figure 5B and Figure 4F, optionally, the method further
comprises providing S900 a second intermediate layer
111b and a second outer layer 110, and bonding S1000
the second intermediate layer 111b to the second outer
layer 110.

[0046] The method comprises removing S 1100 mate-
rial from the second intermediate layer 111b and metal-
lizing S1200 the second intermediate layer 111b and the
second outer layer 110 such that a waveguide conductor
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part is formed. The method further comprises bonding
S1300 the second intermediate layer 111b to the third
intermediate layer 111c, this corresponds to Figure 4F
that shows an example of an almost completed wave-
guide arrangement 100.

[0047] Accordingtosome aspects, the layers 109, 110,
111a, 111b, 111c are formed in a substrate material.
According to some further aspects, each layer 109,
110; 111a, 111b, 111c is separately formed in one layer
of a silicon wafer substrate.

[0048] The method above may be performed in differ-
ent ways, according to some aspects such that some
steps can be performed in different orders. For example,
metallizing the layers 109, 110, 111a, 111b, 111c can take
place before or after bonding two or more layers together.
[0049] The present disclosure also relates to a wave-
guide arrangement comprising a first outer layer 109 and
at least two intermediate layers 111a, 111b, 111c com-
prising a first intermediate layer 111a and a third inter-
mediate layer 111c. The first intermediate layer 111a is
bonded to the third intermediate layer 111c, where the
first outer layer 109 is bonded to the first intermediate
layer 111a, where at least one first probe part 114a, 114’a
is formed in the first intermediate layer 111a, atleast one
respective probe post 113, 113’ connected to the first
probe part 114a, 114’ais formed in the third intermediate
layer 111c, and at least one second probe part 114b,
114’b is formed in the first outer layer 109. Each second
probe part 114b, 114’b protrudes via a respective probe
aperture 115, 115’ and constitutes a continuation of the
respective first probe part 114a, 114’a. The layers are at
least partly metallized, where a first waveguide conductor
part 102 is formed in the first intermediate layer 111a and
a third waveguide conductor part 104 is formed in the
third intermediate layer 111c.

[0050] This structure enables a probe that extends
through an aperture to be formed in an accurate, repea-
table and reliable manner, in particular at higher frequen-
cies exceeding for example 10GHz, where the probe and
other parts become very small and therefore fragile.
Many different parts can be attached to the third inter-
mediate layer, for example a PCB, a metal plate, antenna
elements and/or other types of active and passive micro-
wave structures.

[0051] According to some aspects, the waveguide ar-
rangement further comprises a second intermediate
layer 111b and a second outer layer 110, where the
second intermediate layer 111b comprises a second
waveguide conductor part 103. The second outer layer
110 is bonded to the second intermediate layer 111b and
the second intermediate layer 111b is bonded to the third
intermediate layer 111c such that the third intermediate
layer 111c is positioned between the first intermediate
layer 111a and the second intermediate layer 111b.
[0052] This means that a waveguide is provided and
connected to a least one coaxial probe.

[0053] Furthermore, as shown in Figure 4F and Figure
4G, the waveguide arrangement comprises a dielectric
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material 140, 141 positioned between each second
probe part 114b, 114’b and a corresponding outer coaxial
conductor 121, 121°. This provides an increased stability
for the second probe parts 114b, 114’b. The dielectric
material 140, 141 thus at least partly fills the space
between the second probe parts 114b, 114’b and the
corresponding outer coaxial conductor 121, 121, and
is according to some aspects annular. According to some
aspects, the dielectric material 140, 141 is formed in at
least one of the materials resin, glue, epoxy, plastic and
PTFE (polytetrafluoroethylene).

[0054] With reference to Figure 6, that corresponds to
Figure 4F, another way to provide an increased stability
for the second probe parts 114b, 114’b is to realize the
coax feedthrough without creating an air gap between pin
and ground. The ground ring for the coax would need to
be made with at least one narrow gap 600, 601 to keep
material in place during processing. The second probe
parts 114b, 114’b are thus formed as metallization of
etched cavities in the substrate material such that the
metallized pin 602, and ground rings, 603, 604 are
formed.

[0055] An alternative solution would be to make the top
layer in Figure 6 as a glass substrate with integrated
feedthroughs. Glass is more difficult to etch or laser drill
than silicon but the benefit is that in such case excellent
RF properties will be achieved for the feedthrough.
[0056] The present disclosure enables creating a de-
sired waveguide arrangement with at least one inte-
grated coaxial probe by means of stacking multiple mi-
cro-structured substrates. With such a coaxial probe
integrated in the waveguide, a cost-effective integration
of the waveguide arrangement can be achieved by direct
mounting of the waveguide arrangement with an inte-
grated coaxial port to a printed circuit board for example,
without need for wire bonding.

[0057] According to some aspects, each layer is
formed in one piece of silicon.

[0058] The present disclosure is not limited to the
above, but may vary freely within the scope of the ap-
pended claims. For example, one or more probes can be
combined with any other suitable internal structure
formed in one or more of the intermediate layers, or
internal structures other than those relating to the coaxial
ports can be omitted.

[0059] Ridges, posts and coaxial probe arrangements
have been shown as examples of internal structures;
these can of course be combined in any manner, and
many other types of internal structures are of course
conceivable in this multi-layer waveguide arrangement
108. This is the case for all examples described.
[0060] The waveguide arrangement according to the
presentdisclosure is normally a part of a larger assembly,
and several waveguide arrangements may be stacked
and/or connected in serial with intermediate compo-
nents.

[0061] By means of the present disclosure, relatively
complicated coaxial waveguide ports that previously



1 EP 4 576 423 A1 12

have been difficult to manufacture, can now be formed in
a relatively uncomplicated an inexpensive manner using
commercially available manufacturing equipment with an
increased degree of accuracy.

[0062] All Figures are of a schematic character, only
being intended to illustrate the presentinvention, and not
being intended to suggest actual proportions and/or
measures.

[0063] According to some aspects, the waveguide ar-
rangement can be regarded as a waveguide arrange-
ment that is formed in a multilayer structure.

Claims

1. A method for forming a waveguide arrangement
(100) with at least one coaxial port (101, 101’), the
method comprising

providing (S100) a first outer layer (109) and at
least two intermediate layers (111a, 111b, 111c)
comprising afirstintermediate layer (111a)and a
third intermediate layer (111c);

bonding (S200) the first intermediate layer
(111a) to the third intermediate layer (111c);
removing (S300) material from the first inter-
mediate layer (111a) and the third intermediate
layer (111c) such that at least one first probe part
(114a, 114’a) is formed in the first intermediate
layer (111a), and at least one respective probe
post (113, 113’) connected to the first probe part
(114a, 114’a) is formed in the third intermediate
layer (111c);

at least partly metallizing (S400) the intermedi-
ate layers (111a, 111c).

providing (S500) metallization to the first outer
layer (109) such that atleast one metal end parts
(E1, E2) is formed, intended to contact a corre-
sponding probe part (114a, 114’a);

bonding (S600) the first outer layer (109) to the
first intermediate layer (111a);

removing (S700) material (R1, R2) from the first
outer layer (109) such that at least one second
probe part (114b, 114’b) is formed in the first
outerlayer (109), each second probe part (114b,
114’b) protruding via a respective probe aper-
ture (115, 115’) and constituting a continuation of
the respective first probe part (114a, 1 14’a);
atleast partly metallizing (S800) the layers (109,
111a, 111c¢); and

providing (S800B) a dielectric material (140,
141) between the second probe parts (114b,
114’b) and a corresponding outer coaxial con-
ductor (121, 1271).

2. The method according to claim 1, the method further
comprising
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providing (S900) a second intermediate layer
(111b) and a second outer layer (110);

bonding (S1000) the second intermediate layer
(111b) to the second outer layer (110);
removing (S1100) material from the second in-
termediate layer (111b);

metallizing (S1200) the second intermediate
layer (111b) and the second outer layer (110)
such that a waveguide conductor part is formed;
and

bonding (S1300) the second intermediate layer
(111b) to the third intermediate layer (111c).

The method according to any one of the claims 1 or 2,
wherein each layer (109, 110; 111a, 111b, 111c) is
formed in one piece of silicon.

A waveguide arrangement comprising a first outer
layer (109) and at least two intermediate layers
(111a, 111b, 111c) comprising a first intermediate
layer (111a) and a third intermediate layer (111c),
where the firstintermediate layer (111a) is bonded to
the third intermediate layer (111c) and the first outer
layer (109) is bonded to the first intermediate layer
(111a), where at least one first probe part (114a,
114’a) is formed in the first intermediate layer
(111a), at least one respective probe post (113,
113’) connected to the first probe part (114a,
114’a) is formed in the third intermediate layer
(111c¢), and at least one second probe part (114b,
114’b) is formed in the first outer layer (109), each
second probe part (114b, 114’b) protruding via a
respective probe aperture (115, 115’) and constitut-
ing a continuation of the respective first probe part
(114a, 114’a), the layers being at least partly metal-
lized, where a first waveguide conductor part (102) is
formed in the first intermediate layer (111a) and a
third waveguide conductor part (104) is formed in the
third intermediate layer (111c), where the atleast one
first probe part (114a, 114’a), the atleast one respec-
tive probe post (113, 113’) and the at least one
second probe part (114b, 114’b) are formed by re-
moving material, and where the waveguide arrange-
ment comprises a dielectric material (140, 141) posi-
tioned between each second probe part (114b,
114’b) and a corresponding outer coaxial conductor
(121, 127°).

The waveguide arrangement according to claim 4,
further comprising a second intermediate layer
(111b) and a second outer layer (110), where the
second intermediate layer (111b) comprises a sec-
ond waveguide conductor part (103), where the
second outer layer (110) is bonded to the second
intermediate layer (111b) and the second intermedi-
ate layer (111b) is bonded to the third intermediate
layer (111c) such that the third intermediate layer
(111c) is positioned between the first intermediate



13 EP 4 576 423 A1

layer (111a) and the second intermediate layer
(111b) .

The waveguide arrangement according to any one of
the claims 4 or 5, wherein each layer (109, 110; 111a,
111b, 111c) is formed in one piece of silicon.
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