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(54) DIELECTRIC WAVEGUIDE CONNECTOR

(57)  Adielectric waveguide connector (100, 200) for
guiding electromagnetic radiation between a high fre-
quency radiating device and a dielectric waveguide (105,
205) comprising: a cone or pyramid structure (102, 202)
provided from a dielectric material having afirst dielectric
permittivity ¢.4; an integrated circuit insert (103, 203) at
the wide side of the cone or pyramid structure (102, 202)
configured to house an integrated circuit (106, 206) hav-
ing an antenna; a waveguide inset (101, 201) at the nar-
row side of the cone or pyramid structure (102, 202) con-
figured to house a dielectric waveguide (105, 205); a di-
electriclens (104, 204) provided from a dielectric material
having a second relative permittivity €., and wherein g4
< g.5; Wherein the dielectric lens (104, 204) is arranged
in the center of the cone or pyramid structure (102, 202)
above the integrated circuit insert (103, 203).
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Description
TECHNICAL FIELD

[0001] The present invention relates to a dielectric
waveguide connector for guiding electromagnetic radia-
tion between a high frequency radiating device and a
dielectric waveguide, a method for manufacturing such
a dielectric waveguide connector, the use of a cone or
pyramid structure in such a dielectric waveguide connec-
tor and a use of an integrated circuit in such a dielectric
waveguide connector.

TECHNICAL BACKGROUND

[0002] High frequency transceiver devices are used in
many application fields ranging from radar and sensing
applications to communication applications. In many cas-
es, it is required to connect a high frequency transceiver
device to a remote antenna or to synchronize two remote
high frequency transceiver devices to enable a coherent
system or transmit information between one high fre-
quency transmit device to a receiving device. In the prior
art, this is usually provided by using metal transmission
lines in form of coaxial lines or as metal tubes. This is,
however, a bulky and very expensive solution. Addition-
ally, the performance of metal transmission lines is not
optimal because of the large damping especially at high
frequencies above 100 GHz. Better performance can be
obtained with dielectric waveguides for guiding mmW or
Terahertz signals from one point to the other. A bottle-
neck forthe use of dielectric waveguides is often the com-
plicated coupling of the signal of high-frequency compo-
nent to dielectric waveguide.

[0003] A dielectric waveguide is an element that can
be used advantageously to transfer signals between high
frequency transceiver devices or between high frequen-
cy transceiver devices and other high frequency compo-
nents for example antennas. It comprises low-loss die-
lectric material and has usually the shape of round or
rectangular strip with diameters of few millimeters or be-
low one millimeter. Figure 1 shows such a conventional
interconnect system. In this system the, coupling be-
tween a radiating chip and a dielectric waveguide 512 is
indicated with reference 510. In this known example, the
coupling between the radiating chip and the dielectric
waveguide is provided by a beam steering antenna as it
can be realized with a phased array to direct the beam
exactly to the dielectricwaveguide. However, this method
is relatively complicated and expensive because com-
plex antenna system and steering electronics is required
to steer the beam flexibly to the optimum input point of
the dielectric waveguide.

[0004] Traditionally, waveguides are used in systems
of high frequency technology, which are designed either
as a metallic waveguide or as coaxial cables. In the con-
text of this application considered high-frequency signals
with frequencies above 30 GHz and into the Terahertz
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range these waveguides are very expensive and also
inflexible and bulky. Dielectric waveguides will therefore
become more important if suitable coupling technologies
are available. In known high-frequency components, dif-
ferent methods of coupling have hitherto been used. An
interface for transmitting sub-millimeter waves between
a semiconductor chip and a dielectric waveguide is de-
scribed, for example, in US 2012/0068891 A1 and US
9,484,630 B2. A coupling between the semiconductor
chip and the dielectric waveguide takes place here via a
directional antenna arranged on an upper side of the
semiconductor chip. By means of beam steering meth-
ods, the directional antenna can direct the radio frequen-
cy beam to the waveguide disposed above so that radio

frequency energy is effectively coupled into the
waveguide.
[0005] Another solution is described in the publication

of Martin Geiger, Martin Hitzler, Johannes Iberle, Chris-
tian Waldschmidt: "A Dielectric Lens Antenna Fed by a
Flexible Dielectric Waveguide At 160 GHz", EuCAP Con-
ference 2017. Here the high-frequency signal from the
chip is connected via a bond wire to a printed circuitboard
and led to a special waveguide component with coupler.
This coupler couples the signal from metallic waveguide
into a dielectric waveguide.

[0006] A summary of technical solutions and applica-
tions of dielectric waveguides is presented in "Innova-
tions in Terahertz Interconnects; High-Speed Data
Transport Over Fully Electrical Terahertz Waveguide
Links" and in "Polymer Microwave Fibers; A New Ap-
proach That Blends Wireline, Optical, and Wireless Com-
munication" both papers in IEEE Microwave Magazine,
January 2020, pp. 35-66.

[0007] In view of this, it is found that a further need
exists to provide a more simple and more cost-effective
coupling element.

SUMMARY

[0008] In the view of the above, it is an object of the
present invention to provide a simple and cost-effective
coupling element and to achieve an efficient and cost-
effective coupling between high frequency transceiver
devices and dielectric waveguides.

[0009] These and other objects, which become appar-
ent upon reading the following description, are solved by
the subject matter of the independent claims. The de-
pendent claims refer to preferred embodiments of the
invention.

[0010] The presentinvention sets itself over the above
mentioned prior art, the task of specifying a high-frequen-
cy component with a high frequency device to waveguide
coupling for high-frequency signals above 30 GHz and
up to the terahertz range, which is less lossy and which
can be fabricated with low cost.

[0011] A first aspect of the present invention relates to
adielectric waveguide connector for guiding electromag-
netic radiation between a high frequency radiating device
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and a dielectric waveguide comprising: a cone or pyramid
structure provided from a dielectric material having a first
dielectric permittivity &.4; an integrated circuitinsert at the
wide side of the pyramid structure configured to house
an integrated circuit having an antenna; a waveguide in-
set at the narrow side of the pyramid structure (102) con-
figured to house a dielectric waveguide; a dielectric lens
provided from a dielectric material having a second rel-
ative permittivity ., and wherein g4 < g.,; wherein the
dielectric lens is arranged in the center of the pyramid
structure above the integrated circuitinsert. The dielectric
lens preferably has the shape of a half sphere with a flat
surface at the side directing to integrated circuit insert.
However, the dielectric lens also can have an ellipsoid
shape or a hyper hemisphere shape.

[0012] The dielectric waveguide comprises a
waveguiding dielectric material in the solid state capable
of conducting the incoming or outgoing RF electromag-
netic signals along a longitudinal extent of the dielectric
waveguide.

[0013] Preferably,the pyramid structure has a step pyr-
amid shape. In this context, it should be noted that the
term "pyramid" is to be understood in a broad sense and
includes all suitable geometries to provide an intended
wave guiding having a "broader" base geometry and
"smaller" tip geometry. Moreover, the present invention
also comprises inclined pyramids and inclined cones, in
particular bent geometries in which deflection mirrors are
used.

[0014] It is further preferred that the dielectric
waveguide is glued into the waveguide inset. Further-
more, it is preferred that the waveguide connector com-
prises locking means configured to lock the waveguide
connector over the integrated circuit in such a way that
a close contact of the integrated circuit to the dielectric
lens is provided.

[0015] Preferably, the waveguide insert is configured
such that the dielectric waveguide can be stuck into the
waveguide inset providing a detachable connection,
wherein the clear width of the waveguide insert preferably
decreases towards the inside of the waveguide insert.
[0016] The dielectric lens is preferably provided from
Silicon. In this respect it is further preferred that the die-
lectric lens is provided from a monocrystalline, high ohm-
ic Silicon. In an alternative, the dielectric lens is provided
from a plastic material with high permittivity or an alumi-
num nitride.

[0017] Asecond aspectofthe presentinventionrelates
to a method for manufacturing such a dielectric
waveguide connector, comprising the step of printing the
dielectric waveguide connector by means of a 3D-printing
method using plastic materials of different dielectric con-
stants with the relationship ¢4 < g,.

[0018] Inafurtheraspectofthe presentinvention, such
a dielectric waveguide connector is manufactured com-
prising the steps of printing the dielectric waveguide con-
nector except the dielectric lens by means of a 3D-print-
ing method using plastic material having a dielectric con-
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stant g4 and inserting a separate dielectric lens having
a dielectric constant g, by snapping-in.

[0019] Inafurtheraspectofthe presentinvention, such
a dielectric waveguide connector is manufactured com-
prising the steps of injection molding the dielectric
waveguide connector except the dielectric lens using
plastic material having a dielectric constant 4 and in-
serting a separate dielectric lens having a dielectric con-
stant ¢, by snapping-in or by gluing.

[0020] Inafurtheraspectofthe presentinvention, such
a dielectric waveguide connector is manufactured com-
prising the steps of injection molding the dielectric
waveguide connector using plastic material having a di-
electric constant .4 and placing a separate dielectric lens
provided from a material having a dielectric constant g,
a molding tool before the plastic material is injected into
the molding tool.

[0021] A furtheraspect of the presentinvention relates
to a use of a cone or pyramid structure provided from a
dielectric material in such a dielectric waveguide connec-
tor explained above.

[0022] Finally, a further aspect of the presentinvention
relates to a use of an integrated circuit having an antenna
in such a dielectric waveguide connector explained
above.

BRIEF DESCRIPTION OF DRAWINGS

[0023] In the following, the invention is described ex-
emplarily with reference to the enclosed figure, in which
Figure 1 is a schematic view of prior art coupling of
a radiating chip to a dielectric waveguide;
Figure 2 isaschematicview of adielectric waveguide
connector together with printed circuit board
and a dielectric waveguide according to a
first preferred embodiment of the presentin-
vention;

is a schematic cross-section view of the di-
electric waveguide connector shown in fig-
ure 1;

Figure 3

Figure 4 isaschematicview of adielectric waveguide
connector together with printed circuit board
and a dielectric waveguide according to a
second preferred embodiment of the

present invention;

is a schematic cross-section view of the di-
electric waveguide connector shown in fig-
ure 4; and

Figure 5

is a schematic cross-section view of a die-
lectric waveguide connector together with
printed circuit board and a dielectric
waveguide according to a third preferred

Figure 6
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embodiment of the present invention;

[0024] Notably, the figures are merely schematic rep-
resentations and serve only to illustrate embodiments of
the invention. Identical or equivalent elements are in prin-
ciple provided with the same reference signs.

DESCRIPTION OF EMBODIMENTS

[0025] Figure 2 shows a perspective view of a dielectric
waveguide connector 100. The dielectric waveguide con-
nector 100 consists mainly of two types of dielectric ma-
terials, for example a non-conducting plastic material with
one type of high dielectric permittivity and the other type
of low dielectric permittivity. Both types have low damping
factor for high-frequency waves.

[0026] The dielectric waveguide connector 100 com-
prises/has four main components: A waveguide insert
101, a pyramid structure 102, an integrated circuit insert
103, and a dielectric lens 104. The measures of the
waveguide insert 101 are chosen so that it fits to a cross-
section of the dielectric waveguide 105, e.g. it can be a
rectangular cavity in the upper part of the pyramid struc-
ture 102. It has the task to comprise and fix the dielectric
waveguide 105 to be connected. The dielectric constant
ofthe pyramid structure 102 should be the same or similar
as that of the dielectric waveguide 105 to prevent reflec-
tion losses.

[0027] Thedielectric constant of the material of the pyr-
amid structure 102 has a first relative permittivity ¢4 in
the range from 2 to 6. The dielectric Lens 104 is made
from or consists of dielectric material with a relative per-
mittivity €., with a ratio of relative permittivities €4 < g,.
The dielectric Lens 104 can be made of Silicon with g,
= 12 or of any other dielectric material with high permit-
tivity.

[0028] The minimum measure of the cross-section of
dielectric waveguide results from dielectric material &,
and wavelength within this material determined from op-
erational frequency.

[0029] The lower end of the dielectric waveguide con-
nector 100 shown in figure 2 comprises an integrated
circuit insert 103 with a dielectric lens 104 directly above
the integrated circuit insert 103. The integrated circuit
106 with an integrated antenna (antenna in package or
antenna on chip) can transmit or receive electromagnetic
waves. The electromagnetic waves can permeate the
dielectric packaging material of the integrated circuit
package, if any. Directly above the integrated circuit 106,
the dielectric lens 104 is located. Because of radiation
from integrated circuit 106 in upward direction, the radi-
ation passes the dielectric lens 104 and will be focused
towards the pyramid structure 102. The tighter form of
pyramid structure 102 focusses further the radiated beam
towards the waveguide insert 101 and ensures the ef-
fective transition towards the dielectric waveguide 105.
The stronger the focusing action of the dielectric lens 104
performs, the shorter can be the pyramid structure 102.
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[0030] Figure 3 shows a cross-sectional view of the
dielectric waveguide connector 100. Similar to the ele-
ments shown in figure 2, there is a printed circuit board
107 whereupon the integrated circuit 106 and the dielec-
tric waveguide connector 100 are attached. As shown,
the integrated circuit 106 and the dielectric lens 104 are
in close contact. The integrated circuit 106 is soldered to
the conducting lines of the printed circuit board 107 by
contact pads 108 thereby providing electrical connection.
The QFN package can measure 5 x 5 x 0.8 mm3 for
example.

[0031] The integrated circuit 106 can for example be
a standard QFN-package with a radar transceiver chip
inside. The radar transceiver chip has an integrated an-
tenna or an antenna in package.

[0032] A step-wise tightening of the pyramid structure
102 can help to focus the radiated beam more efficiently
towards the dielectric waveguide 105. The physical proc-
ess of this transition is called multimode interference or
self-imaging principle (cf. e.g. L. B. Soldanoand E. C. M.
Pennings, "Optical Multi-Mode Interference Devices
Based on Self-lmaging: Principles and Applications,"
Journal of Lightwave Technology, vol. 13, no. 4, pp.
615-627, 1995).

[0033] Figure 4 shows a perspective view of dielectric
waveguide connector 100 with a step pyramid shape.
The dielectric waveguide connector 100 consists mainly
of two types of dielectric material, for example a non-
conducting plastic with one type of high dielectric permit-
tivity and the other type of low dielectric permittivity. Both
types have low damping factor for high-frequency waves.
[0034] Also here, the dielectric waveguide connector
100 has four main components: A waveguide insert 101,
a pyramid structure 102a with a step pyramid shape, an
integrated circuit 103, and a dielectric lens 104. The
measures of waveguide insert 101 is chosen so that it
fits to a cross-section of the dielectric waveguide 105,
e.g. it can be a rectangular cavity in the upper part of the
pyramid structure 102. It has the task to house/comprise
and fix the dielectric waveguide 105 to be connected.
The dielectric constant of the pyramid structure 102
should be the same or similar as that of the dielectric
waveguide 105 to prevent reflection losses.

[0035] The dielectric constant of the material of pyra-
mid structure 102 has a first relative permittivity &4 in the
range from 2 to 6. The dielectric Lens 104 consists of
dielectric material with relative permittivity &, with a ratio
of relative permittivities g4 < g,.

[0036] The minimum measure of the cross-section of
dielectric waveguide 105 results from dielectric material
g, and wavelength within this material determined from
operational frequency.

[0037] The lower end of the dielectric waveguide con-
nector 100 in figure 4 comprises a cavity in form of an
integrated circuit insert 103 with a dielectric lens 104 di-
rectly above the integrated circuit insert 103. Directly be-
low the dielectric lens 104 is the radiating integrated cir-
cuit 106. Because of the radiation from the integrated
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circuit 106 in upward direction, the radiation passes the
dielectric lens 104 and will be focused towards the pyr-
amid structure 102. The step form of pyramid structure
102 focusses further the radiated beam towards the
waveguide insert 101 and ensures the effective transition
towards the dielectric waveguide 105. Every step of pyr-
amid structure 102 acts as a mode converter and causes
further focusing until fundamental mode of the dielectric
waveguide 105.

[0038] Figure 5 shows a cross-sectional view of a di-
electric waveguide connector 100 with step pyramid
shape. Additional to the elements shown in figure 4, there
is a printed circuit board 107 whereupon the integrated
circuit 106 and the dielectric waveguide connector 100
are attached. As shown, the integrated circuit 106 and
the dielectriclens 104 are in close contact. The integrated
circuit 106 is soldered to the conducting lines of printed
circuit board 107 by contact pads 108 thereby providing
electrical connection.

[0039] Figure 6 shows a cross-sectional view of a di-
electric waveguide connector 200 according to a further
preferred embodiment of the present invention. The di-
electric waveguide connector 200 comprises an internal
beam deflection to redirect the beam into the desired
direction. In the embodiment shown in figure 6, the beam
is deflected parallel to the printed circuit board 107, which
is advantageous for some applications. For this purpose,
a bent pyramid structure 202 with a mirror area 209 is
used. With respect to the functions of the respective
parts, it is referred to the above explanations.

[0040] There is a printed circuit board 207 whereupon
an integrated circuit 206 and the dielectric waveguide
connector 200 are attached. As shown, also here, the
integrated circuit 206 and the dielectric lens 204 are in
close contact. The integrated circuit 206 is soldered to
the conducting lines of the printed circuit board 207 there-
by providing electrical connection to the other radar elec-
tronics. The dielectric waveguide 205 is inserted into a
waveguide insert 201 horizontally. This has advantage
of reduced height of the dielectric waveguide connector
200 and saves place in y-direction.

[0041] In particular, there are a total of 3 uses for the
dialectical waveguide connector 100. First, both sides of
the dialectical waveguide connector 100 are firmly con-
nected with glue (for example) for permanent connection
to integrated circuit 106 at the one side and to dielectric
waveguide 105 at the other side. Second, the broad side
of the pyramid-shaped connector is firmly connected to
the printed circuit board 107 and/or the integrated circuit
106. Third, the dielectric waveguide 105 is firmly con-
nected to the dialectical waveguide connector 100 and
the broad side can be detachably attached to the inte-
grated circuit 106.

[0042] Other variations to the disclosed embodiments
can be understood and effected by those skilled in the
art in practicing the claimed invention, from the study of
the drawings, the disclosure, and the appended claims.
In the claims the word "comprising" does not exclude
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other elements or steps and the indefinite article "a" or
"an" does not exclude a plurality. The mere fact that cer-
tain measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference
signs in the claims should not be construed as limiting
the scope of the claims.

LIST OF REFERENCE SIGNS

[0043]

100 dielectric waveguide connector
101 waveguide insert

102  pyramid structure

103 integrated circuit insert
104  dielectric lens

105 dielectric waveguide
106 integrated circuit

107  printed circuit board
108 contact pads

200 dielectric waveguide connector
201  waveguide insert

202  pyramid structure

203 integrated circuit insert
204  dielectric lens

205 dielectric waveguide
206 integrated circuit

207  printed circuit board
208 contact pads

209  mirror area

Claims

1. Adielectric waveguide connector (100, 200) for guid-
ing electromagnetic radiation between a high fre-
quency radiating device and a dielectric waveguide
(105, 205) comprising:

a cone or pyramid structure (102, 202) provided
from a dielectric material having a first dielectric
permittivity &4;

an integrated circuitinsert (103, 203) at the wide
side of the cone or pyramid structure (102, 202)
configured to house an integrated circuit (106,
206) having an antenna;

a waveguide inset (101, 201) at the narrow side
of the cone or pyramid structure (102, 202) con-
figured to house a dielectric waveguide (105,
205);

a dielectric lens (104, 204) provided from a die-
lectric material having a second relative permit-
tivity £, and wherein g4 < g.5; wherein

the dielectric lens (104, 204) is arranged in the
center of the cone or pyramid structure (102,
202) above the integrated circuit insert (103,
203).
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Dielectric waveguide connector (100) according to
claim 1, wherein the cone or pyramid structure (102,
202) has a step cone shape or a step pyramid shape.

Dielectric waveguide connector (100, 200) accord-
ing to claim 1 or claim 2, wherein the cone or pyramid
structure (102, 202) is a bent structure (202) com-
prising at least one mirror area (209).

Dielectric waveguide connector (100) according to
any one of the preceding claims, wherein the dielec-
tricwaveguide (105, 205)is glued into the waveguide
inset (101, 201).

Dielectric waveguide connector (100, 200) accord-
ing to any one of the preceding claims, wherein the
waveguide connector (100, 200) comprises locking
means configured to lock the waveguide connector
(100, 200) over the integrated circuit (106, 206) in
such a way that a close contact of the integrated
circuit (106, 206) to the dielectric lens (104, 204) is
provided.

Dielectric waveguide connector (100, 200) accord-
ing to any one of the preceding claims, wherein the
waveguide insert (101, 201) is configured such that
the dielectric waveguide (105, 205) can be stuck into
the waveguide inset (101, 201) providing a detach-
able connection, wherein the clear width of the
waveguide insert (101, 201) preferably decreases
towards the inside of the waveguide insert (101,
201).

Dielectric waveguide connector (100, 200) accord-
ing to any one of the preceding claims, wherein the
dielectric lens (104, 204) is provided from Silicon.

Dielectric waveguide connector (100, 200) accord-
ing to any one of the preceding claims, wherein the
dielectric lens (104, 204) is provided from a monoc-
rystalline, high ohmic Silicon.

Dielectric waveguide connector (100, 200) accord-
ing to any one of the claims 1 to 7, wherein the die-
lectric lens (1004, 204) is provided from aluminum
nitride, or a plastic material with high permittivity.

Method for manufacturing a dielectric waveguide
connector (100, 200) according to any one of claims
1 to 9, comprising the step of printing the dielectric
waveguide connector (100, 200) by means of a 3D-
printing method using plastic materials of different
dielectric constants with the relationship 4 < g,.

Method for manufacturing a dielectric waveguide
connector (100, 200) according to any one of claims
1 to 9, comprising the step of printing the dielectric
waveguide connector (100, 200) except the dielec-
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12.

13.

14.

15.

triclens (104, 204) by means of a 3D-printing method
using plastic material having a dielectric constant ¢
and inserting a separate dielectric lens (104, 204)
having a dielectric constant ¢, by snapping-in.

Method for manufacturing a dielectric waveguide
connector (100, 200) according to any one of claims
1 to 9, comprising the step of injection molding the
dielectric waveguide connector (100, 200) except
the dielectric lens (104, 204) using plastic material
having a dielectric constant ¢ 4 and inserting a sep-
arate dielectric lens (104, 204) having a dielectric
constant g, by snapping-in.

Method for manufacturing a dielectric waveguide
connector (100, 200) according to any one of claims
1 to 9, comprising the step of injection molding the
dielectric waveguide connector (100, 200) using
plastic material having a dielectric constant &, and
placing a separate dielectric lens (104, 204) provided
from a material having a dielectric constant ¢, a
molding tool before the plastic material is injected
into the molding tool.

Use of a cone or pyramid structure (102, 202) pro-
vided from a dielectric material in a dielectric
waveguide connector (100, 200) according to any
one of claims 1 to 9 and/or use of an integrated circuit
(106, 206) having an antenna in a dielectric
waveguide connector (100, 200) according to any
one of claims 1 to 9.

Use of a dialectical waveguide connector (100, 200)
which is permanently connected to an integrated cir-
cuit (106, 206) at one side and permanently connect-
ed to a dielectric waveguide (105, 205) at the other
side; or permanently connected to an integrated cir-
cuit (106, 206) at one side and detachably connected
to a dielectric waveguide (105, 205) at the other side;
or detachably connected to an integrated circuit
(106, 206) at one side and permanently connected
to a dielectric waveguide (105, 205) at the other side.
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