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(54) A WAVEGUIDE INTERCONNECT

(67)  The present disclosure relates to a waveguide
interconnect made of dielectric layer and a method there-
of. The waveguide interconnect comprises at least one
pair of elongated though-holes with a longitudinal axis

parallel to one another, thereby forming an elongated
stripe of dielectric layer extending in the direction of lon-
gitudinal axis and such that the dielectric layer in between
the elongated through-holes forms a waveguide.
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Description
Technical field

[0001] The present disclosure relates to a waveguide
interconnect for interfacing a chip to other components.
Furthermore, the present disclosure relates to a method
for making such waveguide interconnect.

Background

[0002] Two main technical challenges need to be tack-
led in order for dielectric waveguides to become a viable
option for chip-to-chip as well as chip-to-component in-
terconnects. The first is the integration/assembly of die-
lectric waveguides and their couplers into standard man-
ufacturing processes, for example standard Printed Cir-
cuit Board (PCB) processes. The second is related to the
field confinement of the waveguide mode, which is crucial
especially when used as a cable substitute, but also rel-
evant for board level integration when e.g. multiple par-
allel communication channels are desired without exces-
sive crosstalk.

Summary

[0003] The present disclosure aims at providing a
waveguide interconnect which can be easily integrated
with a support element, such as a PCB, a metal
waveguide split-block assembly or a glass substrate. Ad-
ditionally, the waveguide interconnect can form an inte-
gral part of a flexible PCB, silicon or a glass substrate.
This obviates the need to fabricate the waveguide sep-
arately from the substrate and then assembile it together,
for example, after PCB fabrication. Moreover, it allows
low-cost fabrication as standard manufacturing technol-
ogies can be used to produce the interconnect and hence
mass production becomes possible. Finally, this integra-
tion approach ensures precise alignment of the
waveguide to the coupler and thus well-controlled mode
conversion performance. The waveguide interconnect
can be used for interfacing a chip to other components,
such as chip-to-chip, chip-to-antenna, chip to rigid hollow
metal waveguide, chip to on-wafer probe, chip to remote
sensor probe, etc. Additionally, the waveguide intercon-
nect can be directly connected to the analog front-end
circuitry of the chip, given that the waveguide coupler is
realized in the same metal layer as where the chip solder
balls are attached to.

[0004] This object is achieved according to the disclo-
sure with a waveguide interconnect made of a dielectric
layer and comprising a pair of elongated though-holes
with a longitudinal axis parallel to one another, thereby
forming an elongated stripe of dielectric layer extending
in the direction of longitudinal axis and such that the di-
electric stripe in between the elongated through-holes
forms a waveguide.

[0005] Depending on the application, the waveguide
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is dimensioned to propagate signals with within certain
frequencies range, such as communication signals with
base frequency or radio frequency signals. Depending
on the frequency range of the signals, the width of the
waveguide is varied. The length of the waveguide is de-
fined by the distance between the chip and the compo-
nent. Forexample, the proposed waveguide interconnect
can replace a baseband copper bus on a PCB thereby
providing a smaller and cheaper PCB.

[0006] In one embodiment of the present disclosure,
the waveguide interconnect comprises at each end of
the dielectric waveguide a coupler for coupling the die-
lectric waveguide to a passive or an active module which
is provided by printing or depositing a metal layer on a
surface of the dielectric layer.

[0007] The coupler design determines how much of
the signal is transferred from the waveguide to a module
and vice versa thus providing a flexible design depending
on the relative fraction of the signal required for transferal
to and from a module.

[0008] An active module can be a semiconductor chip
such as a radio or a radar. A passive module can be for
example an antenna or a sensor. When the waveguide
is used to couple an active module to a passive module,
such as antenna or a sensor, the waveguide is used for
communicating RF signals to and from the antenna. In
some embodiments, the passive module may also be
located on another planar PCB or on a metal waveguide
structure. When coupling active modules, such as chips,
the waveguide is used for chip-to-chip communication.
[0009] By printing or depositing a metal layer over the
dielectric layer, the coupler structure is easily integrated
into the waveguide interconnect using standard manu-
facturing processes.

[0010] Possible coupler topologies include Vivaldi-
style, differential dipole, loop, or a metal horn placed
around the waveguide, or a combination of the above to
launch one or multiple modes in the waveguide. A coupler
such as a planar Vivaldi-style coupler with elliptical ta-
pering is preferred as it allows for easy printing or depos-
iting using standard manufacturing processes and offers
a wide bandwidth and good mode field match.

[0011] Inanembodiment of the present disclosure, the
dielectric layer is flexible. The dielectric layer may be
made of a polyimide, a liquid crystal polymer or polypro-
pylene. Preferably, a low-loss polymer such as PTFE is
used.

[0012] The flexible waveguide interconnect increases
the design options depending on the specific structure in
which the waveguide interconnect needs to be installed.
The waveguide interconnect can be bent with radii of
curvature to a certain extent without introducing exces-
sive bending loss. For example, at 100 GHz a bending
radius of 30 cm can be tolerated. This value for the tol-
erable bending radius scales inversely proportional to
the operating frequency.

[0013] Inotherembodiments of the present disclosure,
the waveguide interconnect is provided on top of a first
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support element or between a first and a second support
elements and arranged so that a continuous air channel
enclosing the waveguide is provided. The support ele-
ment may be a glass or Printed Circuit Board (PCB) sub-
strate.

[0014] In further embodiments of the present disclo-
sure, the dielectric layer comprises at least one through-
hole around each end of the dielectric waveguide for at-
taching and/or positioning the dielectric layer to the first
support element or to the first and second support ele-
ments.

[0015] The though-hole provides an easy way of at-
taching and positioning the waveguide interconnect to
the support element(s).

[0016] In an embodiment of the present disclosure, at
least one through-hole extends into and through at least
one of the support elements.

[0017] The extended through-hole serves to align the
waveguide within for example a two-part metal enclosing
structure for clamping the waveguide, but also serves as
an electromagnetic shielding structure to avoid radiation
loss from the coupler to the waveguide.

[0018] In certain embodiments of the present disclo-
sure, the waveguide interconnect may comprise one or
more waveguides which may have differentlength and/or
width. The waveguides may be dimensioned so that
propagation of signals with different frequencies, such
as communication signals or radio frequency signals, is
possible. Depending on the frequency range of the sig-
nals to be propagated, the width of the waveguide can
be varied. The width of the waveguide is inversely pro-
portional to the frequency of operation. For example, for
operation in the 100 GHz range, the width of the
waveguide will be in the range of 3 mm, for operation in
the 1 THz range the waveguide width will be in the 300
micronrange. Thelength, as mentioned above, is defined
by the distance between the chip and the component.
[0019] By providing multiple waveguides for the prop-
agation of signals with different frequency range, the
waveguide interconnect can be used both as a commu-
nication and a data interconnect.

[0020] In an embodiment of the present disclosure, at
least one metal line is provided by printing or depositing
a metal layer on a surface of the dielectric layer.

[0021] By printing or depositing metal lines on the di-
electric layer, the interconnect can in addition to the
above be used for baseband I/O signaling and electrical
power distribution.

[0022] Another object of the present disclosure relates
to a method for making a waveguide interconnect, the
method comprising a) providing a layer of a dielectric
material and b) cutting in the dielectric layer at least one
pair of elongated through-holes with a longitudinal axis
parallel to one another thereby forming a waveguide.
[0023] The method uses standard manufacturing proc-
ess steps which allows for a cheap and easy production
of a waveguide interconnect.

[0024] Inanembodimentofthe present disclosure, the
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method further comprises providing at each end of the
waveguide a coupler for coupling the waveguide to a pas-
sive or an active module by printing or depositing a metal
layer on a surface of the dielectric layer.

[0025] Inembodiments of the present disclosure, step
a) of the method further comprises providing the dielectric
layer on a first support element or between a first and a
second support elements and wherein step b) further
comprises removing the support elements around the at
least one formed waveguide, thereby forming a continu-
ous air channel enclosing the formed waveguide. De-
pending on the material, the support element may be
remover by methods such aslaser cutting, stamping, me-
chanical milling/routing, chemical or reactive ion etching
and others.

[0026] Inanembodiment of the present disclosure, the
support element is a glass substrate, Printed Circuit
Board (PCB) substrate or silicon substrate.

[0027] This method has the same advantages as the
waveguide interconnect discussed above.

Brief description of the drawings

[0028] For a better understanding of the present dis-
closure, some exemplary embodiments are described
below in conjunction with the appended FIG.1 and FIG.5
description, wherein:

FIG.1illustrates a top view and cross-sectional views
along B-B’ and A-A’ of a waveguide interconnect of
FIG.1 provided on a top of a support element, re-
spectively.

FIG.2 illustrates a top view, cross-sectional views
along B-B’ and A-A’ and a bottom view of a multichip
arrangement employing the proposed waveguide in-
terconnect as a chip-to-chip interconnect.

FIG.3 illustrates a planar Vivaldi-style coupler with
elliptical tapering.

FIG.4 illustrates a split-bock adapter comprising the
proposed waveguide interconnect.

Detailed description

[0029] The present disclosure will be described with
respect to particular embodiments and with reference to
certain drawings but the disclosure is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not necessarily corre-
spond to actual reductions to practice of the disclosure.
[0030] A waveguide interconnect 100 according to the
present disclosure can be used as a communication in-
terconnect between modules, such as semiconductor
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chips for RF communication or radar, distribution of ref-
erence signals, interconnect to remote antennas or near-
field sensors etc.

[0031] The waveguide interconnect is made of a die-
lectric layer 30 with a pair of elongated though-holes 43
with a longitudinal axis parallel to one another which form
an elongated stripe 44 extending in the direction of lon-
gitudinal axis of the through-holes. The formed elongated
dielectric stripe 44 has dimensions such that stripe of the
dielectric layer in between the elongated through-holes
forms a waveguide.

[0032] The width of the waveguide is inversely propor-
tional to the frequency of operation. For example, for op-
eration in the 100 GHz range, the width of the waveguide
will be in the range of 3 mm, for operation in the 1 THz
range the waveguide width will be in the 300 micron
range. Application examples include reference signal
distribution between modules(e.g. semiconductor chips)
for millimeter wave automotive radar in the 76-81 GHz
band or higher frequency bands (e.g. 140 GHz, and high-
er), cabling formedium range (up to 30m)wired millimeter
wave communication systems, chip to antenna connec-
tions in consumer electronics using millimeter wave fre-
quencies for communications, millimeter to THz imaging
systems for security portals, non-commercial millimeter
wave radar systems where reference signals need to be
distributed over multiple units, millimeter wave radio as-
tronomy systems relying on local oscillator signal distri-
bution between antennas.

[0033] FIG.1 illustrates a waveguide interconnect 100
with two pairs of elongated through-holes 43 which form
two dielectric stripes 44 which function as waveguides.
The waveguides 44 have same length, L, but different
widths, W. The thickness, H, of the waveguide is deter-
mined by the thickness of the dielectric layer 30. The
cross-sectional shape of the waveguides is rectangular.
However, the polygonal, elliptical or circular cross-sec-
tional shapes are also possible. Naturally, depending on
the distance between the modules to be coupled with the
waveguide and the frequency range of the signal prop-
agating through the waveguide, the length and the width
of the waveguide will vary. As described above, for com-
munication signal with frequency range of 100 GHz the
waveguide may have dimension in the range of 3 mm,
with this waveguide width scaling inversely proportional
to the operating frequency. The waveguide interconnect
may comprise waveguides configured to act as a com-
munication channel and/or an interconnect for reference
signal distribution between separate chips or modules
that should share the same reference tone.

[0034] To avoid unwanted crosstalk between adjacent
waveguides, the cutout between them should be suffi-
ciently wide. For example, in the case of 100 GHz where
the optimum width is in the 3 mm range, the width of the
cutout between adjacent waveguides should also be
roughly in the same range. Depending on the crosstalk
requirements when using multiple adjacent waveguides,
one may choose to make this cutout narrower or wider,
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resulting in more or less crosstalk.

[0035] The waveguide interconnect 100 may be pro-
vided with a coupler 45 at each end of the dielectric
waveguide 44. Each coupler 45 couples the waveguide
to a signal source 50 which may be a semiconductor chip
50. The impedance of the couplers and the waveguide
should be matched and should have substantially similar
high-pass frequency responses. The waveguide has a
high-pass characteristics with a cut-off frequency of the
being dependent on its cross-sectional area. Possible
coupler topologies include Vivaldi-style, differential di-
pole, loop, or a metal horn placed around the waveguide,
or a combination of the above to launch one or multiple
modes in the waveguide.

[0036] In addition to the waveguide, the waveguide in-
terconnect may further comprises one or metal lines 41
for supplying power or metal lines 42 for electrical sign-
aling between chips. The metal lines (also commonly
called metal tracks) may be provided on the top surface
of the dielectric layer using the same standard manufac-
turing processes as for the coupler. Thus, the coupler
and the power lines may be provided in a single manu-
facturing step.

[0037] The dielectric layer 30 may be a flexible dielec-
tric layer. For example, the dielectric layer may be made
of a low-loss polymer such as PTFE, liquid crystal poly-
mer, polypropylene, etc.

[0038] Thewaveguideinterconnect 100 may be placed
on top of a support element 20, such as a PCB or a glass
substrate. For the waveguide to function properly a con-
tinuous air channel enclosing the waveguide should be
provided, for example by removing part of the support
element(s) enclosing the waveguide as shown in FIG.1B
and FIG.1C. The PCB substrate around the waveguide
44 can be removed using a subtractive manufacturing
technique that is suitable for the material used, such as
laser cutting, stamping, mechanical milling/routing,
chemical or reactive ion etching. As shown in the figure,
the support element 20 below the two already formed
waveguides 44 is removed, leaving the two waveguides
entirely surrounded by air and the dielectric layer sup-
ported partly by the support element.

[0039] Alternatively, the dielectric layer may be placed
between two support elements. Similarly to above, to
maintain the waveguide propagation properties, the part
of the substrates around the waveguide 44 has to be
removed so that a continuous air channel enclosing each
waveguide is formed.

[0040] Additionally, the waveguide interconnect 100
may comprise a through-hole 46 around each end of the
dielectric waveguide for easy attaching and/or position-
ing the dielectric layer to the support element(s). Alter-
natively, multiple through-holes as shown in FIG.1 can
be used as well. If the dielectric layer is placed between
two support elements, some of the though-holes may be
used for aligning the dielectric layer to the first support
element and the remaining ones for aligning to the sec-
ond support element.
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[0041] The through-hole may further extend into and
through one or both the support elements to align the
bottom supportelementto the coupler. Such an extended
through-hole also act as a shielding structure for the cou-
pler.

[0042] FIG.2 lllustrate a multichip arrangement em-
ploying the proposed waveguide interconnect as a chip-
to-chip interconnect. The waveguide 44 couples two
semiconductor chips 50 placed on top of the dielectric
layer 30 which is supported on a PCB substrate 20. RF
communication signals from one of the chips are fed into
one end of the waveguide 44 using a first coupler 45 and
received by the other chip at the other end of the
waveguide using a second coupler 45. Each coupler in-
cludes a metal layer. The shape and dimensions of the
coupler are merely illustrative and should not be taken
to be restrictive. The coupler may be provided using
standard manufacturing processes, for example by print-
ing or depositing a metal layer on the top surface of the
dielectric layer. For better alignment of the coupler rela-
tive to the waveguide, the coupler is provided before the
waveguide is formed. The coupler converts a transverse
electromagnetic mode (TEM) from a coaxial feed port to
a transverse magnetic (TM) surface-wave mode. The
coupler may be a planar Vivaldi-style coupler with ellip-
tical tapering. The coplanar Vivaldi-type coupler compris-
es a planar structure which is easily deposited or printed
on the dielectriclayer. FIG.3 shows one part of a coplanar
Vivaldy-style coupler. The teethed section of the coupler
should be positioned within the formed waveguide so that
the wave is fed into the waveguide.

[0043] Anexample of a possible full system integration
is illustrated where a four-by-four antenna array 60 for
each respective semiconductor chip is placed on the bot-
tom of the PCB substrate 20.

[0044] The waveguide interconnectis easily fabricated
by simply cutting elongated through-holes within a die-
lectric layer thereby forming a waveguide. Depending on
the dielectric material, the cutting step may involve meth-
ods such as laser cutting, stamping, mechanical mill-
ing/routing, chemical or reactive ion etching and others.
[0045] After a waveguide is formed a coupler at each
end of the waveguide is printed or deposited. However,
to ensure precise alignment of the waveguide to the cou-
pler and thus well-controlled mode conversion perform-
ance it is preferred that the coupler is deposited on the
dielectric layer prior the formation of the waveguide.
[0046] In some embodiments, the dielectric layer may
be provided on a first support element or between a first
and a second support element for example by using
standard bonding techniques. Subsequently, the support
elements around the at least one formed waveguide are
removed by for example laser cutting, stamping, me-
chanical milling/routing, chemical or reactive ion etching
and others so that a continuous air channel surrounds
the formed waveguide.

[0047] When a flexible PCB substrate, fPCB, is used,
the dielectric layer of the waveguide interconnect forms
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part of the support element. A fPCB consists of a rigid
section and a flexible section. The flexible section com-
prises a dielectric layer and is typically located on top of
the rigid section. The inventors have realized that the
flexible section of the fPCB can be used as a interconnect
by forming a waveguide in the flexible section as de-
scribed above and then removing the rigid section of the
fPCB underneath an already formed waveguide. Subse-
quently, at each end of the waveguide, a coupler is print-
ed or deposited on top of the flexible section in the same
manner as detailed above. This way the waveguide in-
terconnect forms an integral part of a fPCB. This obviates
the need to fabricate the waveguide separately from the
substrate and then assemble it together, for example,
after PCB fabrication. Since excellent alignment preci-
sion can be achieved between the topology of the metals
comprising the coupler and the cutouts realizing the
waveguide, this integration approach ensures precise
alignment of the waveguide to the coupler and thus well-
controlled mode conversion performance. Moreover, it
allows low-cost fabrication as standard manufacturing
technologies can be used to produce the interconnect
and hence a mass production becomes possible.

[0048] FIG.4 illustrates the split block adapter employ-
ing the proposed waveguide interconnect. To for the split
block adapter, a waveguide interconnect 100 with a sin-
gle waveguide 44 is placed between two metal parts 70
on each side of the waveguide which provide a transition
to air-filled metal waveguide flanges 71 (e.g. WR-10, WR-
8, WR-6, etc.). The metal parts are aligned to the
waveguide using pins 80 and fixed together using screws
(not shown in the figure). FIG.4A shows a top view of the
waveguide interconnect and FIG.4B shows a side view
of the split block adapter employing the waveguide inter-
connect of FIG.4A. This arrangement can be used to re-
place metal waveguide interconnect over certain lengths
of the signal path, e.g. for on-wafer metrology applica-
tions where short connections are needed (typically less
than 1m) between the measurement equipment front-
end and the on-wafer probe. Such an arrangement allows
convenient re-assembly of waveguides with different
lengths with the same pair of split-block adapters.

Claims

1. A waveguide interconnect made of dielectric layer
comprising at least one pair of elongated though-
holes with a longitudinal axis parallel to one another,
thereby forming an elongated stripe of dielectriclayer
extending in the direction of longitudinal axis and
such that the dielectric layer in between the elongat-
ed through-holes forms a waveguide.

2. The waveguide interconnect as in any preceding
claims, wherein at least one of the formed
waveguides has a different length and/or a different
width.
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The waveguide interconnect as in claim 1 or 2,
wherein at each end of the dielectric waveguide a
coupler for coupling the dielectric waveguide to a
passive or an active module is provided by printing
or depositing a metal layer on a surface of the die-
lectric layer.

The waveguide interconnect as in claim 3, where the
coupler is a planar Vivaldi-style launcher with ellip-
tical tapering.

The waveguide interconnect as in any preceding
claims, wherein at least one power line is provided
by printing or depositing a metal layer on a surface
of the dielectric layer.

The waveguide interconnect as in any preceding
claims, wherein the dielectric layer is flexible.

The waveguide interconnect as in claim 6, wherein
the dielectric layer is made of a polyimide or a Liquid
crystal polymer.

A waveguide interconnect as in any of claims 1to 7,
wherein the waveguide interconnect is provided on
top of a first support element or between a first and
a second support elements and arranged so that a
continuous air channel enclosing the waveguide is
provided.

The waveguide interconnect as in any preceding
claims, wherein the dielectric layer comprises at
least one through-hole around each end of the die-
lectricwaveguide for attaching and/or positioning the
dielectric layer to the first support element or to the
first and second support elements.

A waveguide interconnect as in claim 9, wherein the
at least one through-hole extends into and through
at least one of the support elements.

A waveguide interconnect as in claims 9 or 10, com-
prising at least one waveguide configured to act as
a communication interconnect and/or at least one
waveguide configured to act as a radio frequency
interconnect.

A method for making a waveguide interconnect, the
method comprising :

a) providing a layer of a dielectric material, and
b) cutting, in the dielectric layer, atleast one pair
of elongated through-holes with a longitudinal
axis parallel to one another thereby forming a
waveguide.

The method as in claim 12, further comprises pro-
viding a coupler at each end of the waveguide for
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14.

15.

coupling the waveguide to a passive or an active
module by printing or depositing a metal layer on a
surface of the dielectric layer.

The method as in claims 12 or 13 , wherein step a)
further comprises providing the dielectric layer on a
first support element or between a first and a second
support elements and wherein step b) further com-
prises removing the support elements around the at
least one formed waveguide, thereby forming a con-
tinuous air channel enclosing the formed waveguide.

The method as in claim 14, wherein the support el-
ement is a glass substrate or Printed Circuit Board
(PCB) substrate.
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