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Description
Technical domain

[0001] The disclosure generally relates to the field of
connectors, such as for example, the field of connectors
for automotive vehicles. This disclosure also relates to
an interconnect assembly comprising a printed circuit
board to be connected to such a connector.

State of the art

[0002] Automotive vehicles are more and more
equipped with sensors, calculators and various electron-
ic devices. Generally, it is important that the information
signals transmitted through the information network com-
prising such sensors, calculators and electronic devices
be reliable and not disturbed by electromagnetic interfer-
ences (EMI). This becomes of paramount importance
when the information and the corresponding signals are
used for controlling the safety, as this is the case for ex-
ample for autonomous vehicles. Further, with the in-
creasing quantity of information to be collected and man-
aged in automotive vehicles, it is also important to keep
the weight of interconnecting harnesses as low as pos-
sible.

[0003] Plastic waveguide communication links appear
as a potential solution for automotive in the future. Plastic
waveguides are relatively cheap compared to copper
wires or optical fibres. They have many other advantag-
es. For example, they provide a large bandwidth, they
prevent EMI issues, they allow less severe alignment re-
quirements than optical fibres (therefore they allow for a
relatively easy assembly), they are compatible with
CMOS circuits and they allow for coherent detection.
[0004] The present disclosure relates to interconnect
solutions for connecting plastic waveguides to printed
circuit boards.

Summary of the invention

[0005] The present disclosure provides an electrical
connector according to claim 1.

[0006] The connector of claim 1 makes it possible to
mechanically secure a plastic waveguide to a printed cir-
cuit board and accommodates at least one coupler part
allowing for a signal transmission between such a
waveguide and a printed circuit board.

[0007] In other words, the connector of claim 1 may
combine a mechanical coupling function and a signal
transmission function.

[0008] The connector of claim 1 can be coupled and
mated with a counter-connector. Several configurations
can be envisioned without departing from the scope of
the present disclosure.

[0009] For example, the coupler part and the printed
circuitboard can be both accommodated in the connector
of claim 1, while the plastic wave guide is inserted in the
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tubular body of the coupler part of this connector. In this
case, the printed circuit board is coupled to a grounded
co-planar wave guide portion onto which is mounted a
counter-connector. In other words, the plastic wave guide
has a free end which is inserted in a coupler part, this
coupler part having a coupling portion designed to be
coupled to a substrate integrated wave guide, the coupler
part (including its tubular body and its coupling portion)
and the substrate integrated wave guide being both ac-
commodated in a first connector to be mated to a second
connector mounted on a printed circuit board comprising
a grounded co-planar wave guide.

[0010] Alternatively, only the coupler partis accommo-
dated in the connector of claim 1. A free end of the plastic
wave guide is mechanically maintained in this connector
and is inserted in the tubular body of the coupler part of
this connector. The coupler part has also a coupling por-
tion. The counter-connector can be mounted onto the
printed circuit board to be coupled with the coupling por-
tion of said connector. In other words, the plastic wave
guide has a free end which is inserted in the tubular body
of a coupler part, in a first connector. But, the coupling
portion of the coupler part is coupled to a substrate inte-
grated wave guide which is located on a printed circuit
board onto which a second connector is mounted. This
printed circuit board onto which a second connector is
mounted can also comprise a grounded co-planar wave
guide. The first and second connectors being designed
to be mated.

[0011] Alternatively, the coupler partis accommodated
in the connector of claim 1, while a free end of the plastic
wave guide is mechanically maintained in this connector
and is inserted in the tubular body of the coupler part of
this connector, but the coupler partalso comprises a tran-
sition cavity. In this case, the connector of claim 1 does
notnecessarily comprise a printed circuitboard. The tran-
sition cavity is extended by the coupling portion. In other
words, a first connector accommodates the tubular body,
the transition cavity and the coupling portion, the coupling
portion being coupled to a grounded co-planar wave
guide portion which is a portion of another circuit board
onto which is mounted a second connector. The first and
second connectors being designed to be mated.

[0012] Alternatively, the coupler partis accommodated
in the connector of claim 1, while the plastic wave guide
is mechanically maintained in the counter-connector,
with a free end extending from a coupling face of the
counter-connector. When the connector and the counter-
connector are mated, the free end is inserted in the tu-
bular body of the coupler part accommodated in the con-
nector of claim 1. In this case, the connector of claim 1
can be mounted onto the printed circuit board comprising
the grounded co-planar wave guide portion. In other
words, a printed circuit board comprising a grounded co-
planar wave guide portion, extended by a substrate in-
tegrated wave guide is coupled to the coupling portion
of a coupler part also comprising the tubular body. At
least the coupling portion and the tubular body are ac-
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commodated in a first connector. Possibly, the substrate
integrated wave guide is accommodated in the first con-
nector too. The second connector only accommodates
a portion of the plastic wave guide which extends through
the second connector so that a free end of this plastic
wave guide comes out of the face of the second connec-
tor intended to mate with the first connector.

[0013] The coupler part which is accommodated in the
connector of claim 1, can comprise all the element of a
coupler, for example:

- atubular body, atransition cavity and a coupling por-
tion; or

- a tubular body, a coupling portion and a substrate
integrated wave guide. Alternatively, the coupler part
which is accommodated in the connector of claim 1,
can comprise essentially the tubular body and the
coupling portion.

[0014] In otherwords, the coupler can be integrally ac-
commodated in the first connector only, or the coupler
comprises atleast one partaccommodated in the second
connector (for example, a substrate integrated wave
guide). Or, alternatively, the coupler can be integrally ac-
commodated in the second connector only. The coupler
canbe arather simple structure. Forexample, the coupler
part can be made up of a metallic single piece, or it can
be made up of a metallic part, designed to accommodate
the end of the plastic waveguide, and a transition module
made up of a printed circuit board, designed to electro-
magnetically couple the plastic waveguide to a micro-
wave circuit.

[0015] The disclosed connector may also optionally in-
clude one and / or the other of the features of any one of
claims 2to 7.

[0016] The disclosure also relates to an interconnect
assembly according to claim 8 or 9.

Brief description of the drawings

[0017] Other features, objects and advantages of the
invention will become apparent from reading the detailed
description thatfollows, and the attached drawings, given
as non-limiting examples and in which:

FIG. 1 is a schematic diagram illustrating the cross-
section of an example of an interconnect assembly.
FIG. 2 is a schematic perspective view of an embod-
iment of a coupler designed to be accommodated in
a connector.

FIG. 3 is a schematic side view of the coupler shown
in FIG. 2.

FIG. 4 is a schematic perspective view of the coupler
shown in FIG. 2 and FIG. 3, integrated between a
plastic wave guide without cladding and a printed
circuit board.

FIG. 5 is a schematic perspective view of another
embodiment of a coupler designed to be accommo-
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dated ina connector, in front of a schematic exploded
perspective view of a multilayer printed circuit board
designed to be coupled to the coupler.

FIG. 6 is a schematic cross section of a portion of
multilayer a printed circuit board designed to be cou-
pled to the coupler shown in FIG. 5.

FIG. 7 is a schematic side elevation of the coupler
and the multilayer printed circuit board coupled to
the coupler shown in FIG. 5.

FIG. 8 is a schematic elevation, seen from above, of
the coupler and the printed circuit board coupled to
the coupler shown in FIGs. 5 and 7.

FIG. 9 is a schematic perspective view of another
embodiment of a coupler designed to be accommo-
dated in a connector, as well as a schematic per-
spective view of a printed circuit board designed to
be coupled to the coupler.

FIG. 10 is another schematic perspective view of the
embodimentshownon FIG. 9, as well as a schematic
perspective view of a printed circuit board designed
to be coupled to the coupler.

Detailed description

[0018] As schematically shown in FIG. 1, an example
of aninterconnectassembly 1 comprises afirst connector
2 and a second connector 3. For example, the first con-
nector 2 is a cable connector and the second connector
3 is an edge connector. For example, the interconnect
assembly 1 is designed to transmit millimetre-waves from
an electronic chip 4 to a plastic wave guide 5, and vice-
versa. The first connector 2 comprises a housing 200
having aninlet face 201 and an outlet face 202. The hous-
ing 200 comprises at least one alveolus 203 between the
inlet face 201 and the outlet face 202, each alveolus 203
accommodating a coupler 9. The coupler 9 may comprise
one or several parts. The second connector 3 is mounted
on a printed circuit board 6 comprising a grounded co-
planar wave guide portion 7 with a transmission line 8,
and the electronic chip 4. For example, the electronic
chip 4 may be a CMOS chip in the form of a millimetric-
wave integrated circuit. The first 2 and second 3 connec-
tors are mated so that the transmission line 8 is coupled
to the coupler 9.

[0019] According to a first embodiment, illustrated by
FIGs. 2 to 4, the coupler 9 is made of a metallic single
piece designed to be accommodated in an alveolus 203
formed in the housing 200 of the first connector 2. The
coupler 9 comprises a transition cavity 12 extending es-
sentially between a tubular body 10 and a coupling por-
tion 11. The tubular body 10 has a shape and dimensions
adapted for receiving, along an insertion direction ID, the
end of a plastic wave guide 5 therein. The tubular body
10 has, for example, a round cylindrical shape extending
along an axial direction parallel to the insertion direction
ID. The coupling portion 11 is intended to be coupled to
the transmission line 8 of the printed circuit board 6. A
wall 13 perpendicular to the insertion direction ID sepa-
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rates the tubular body 10 from the transition cavity 12.
[0020] The wave signal generated by the chip 4 can
be dramatically attenuated if there is a mismatch between
the transmission line 8 and the plastic wave guide 5. Ad-
vantageously, an in-line configuration helps reducing the
losses between the plastic wave guide 5 and the trans-
mission line 8. An in-line configuration also makes easier
its integration in a connector assembly.

[0021] Further, the transition cavity 12 of the coupler
9 has a form factor corresponding to a multi-section
matching transformer, like a Chebyshev transformer or
a binomial transformer. This also helps reducing the loss-
es due to a possible mismatch between the transmission
line 8 and the plastic wave guide 5. For example, as
shown in FIGs. 2 and 3, the coupler 9 comprises the
tubular body 10, a transition wave guide portion 14 to
adapt rectangular to tubular shaped portions of the cou-
pler 9, a multi-section matching transformer section 15
and the coupling portion 11 adapted to be embedded in
the printed circuit board 6. For example, the tubular body
10 has an internal diameter of 3 millimetres, and is two
millimetres long in a direction parallel to the insertion di-
rection ID. For example, the transition wave guide portion
14 is about 1 millimetre long in a direction parallel to the
insertion direction ID and has a width of 2.6 millimetres.
For example, the multi-section matching transformer
section 15 has four portions each about 1 millimetre long
in a direction parallel to the insertion direction ID and a
height decreasing respectively from 1.4 to 0.4 millime-
tres. The coupling portion 11 is about 2 millimetres long.
For example, the grounded co-planar wave guide 7 is
504 micrometres thick, has a 50 Ohms impedance, has
a 2.2 permittivity, and a 0.0009 dielectric loss (angle 3).
For example, the grounded co-planar wave guide 7 is
comprised, for instance, of a RT/duroid® 5880 substrate
from Rogers corporation.

[0022] Thetubularportion 10 makesit possible to avoid
a plastic wave guide 5 tapered end. The coupling portion
11 can be inserted in the printed circuit board 6. This
allows avoiding or at least limiting leakage field issues
and helps strengthening the mechanical coupling be-
tween the coupler 9 and the printed circuit board 6.
[0023] Optionally, as shown on FIG. 4 which illustrates
the case of a plastic waveguide without metallic cladding,
the coupler 9 comprises a horn antenna 16. Forexample,
the horn antenna 16 is conical shaped with a vertex 18
connected to the free end of the tubular body 10 (with a
3 millimetres diameter opening at the vertex), and a 10
millimetres height and 9 millimetres diameter at its base.
[0024] A second embodiment is illustrated in FIGs. 5
to 8. The elements, parts, properties, functions and fea-
tures of the second embodiment which are similar oriden-
tical to those already mentioned in connection with the
first embodiment will not be repeated in detail. The cou-
pler 9 consists essentially of a metallic part 34. This me-
tallic part 34 is made up of a metallic single piece. It com-
prises a tubular body 10 and a coupling portion 11, sep-
arated by awall 13 perpendicular to the insertion direction
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ID. The tubular body 10 is similar to that of the first em-
bodiment. The coupling portion 11 comprises two round
cylindrical portions 19, 20. A first one 19 of these cylin-
drical portions 19, 20 has the same diameter as the tu-
bular body 10 and is aligned with the tubular body 10. A
second one 20 is juxtaposed to the first one 19, and has
a smaller diameter. Both cylindrical portions 19, 20 are
centered on the insertion direction ID. The coupling por-
tion 11 also comprises a parallelepipedal intermediate
portion 21 extending, in front (in the insertion direction
ID) and symmetrically on opposite sides of the two round
cylindrical portions 19, 20.

[0025] When the first 2 and second 3 connectors are
mated, the parallelepipedal intermediate portion 21 is lo-
cated in front of an edge of the printed circuit board 6
onto which the second connector 3 is mounted. This edge
of the printed circuit board 6 is perpendicular to the in-
sertion direction ID (see FIGs 7 and 8). This edge of the
printed circuit board 6 is in mechanical contact with the
parallelepipedal intermediate portion 21. The printed cir-
cuit board 6 comprises five conductive layers 24a, 24b,
24c, 24d, 24e and four insulating layers 25a, 25b, 25c,
25d (see FIGs 5 and 6). The conductive layers 24a, 24b,
24c, 24d, 24e and the insulating layers 25a, 25b, 25c,
25d are stacked along a stacking direction SD perpen-
dicular to the insertion direction ID. The stacking direction
SD is perpendicular to the top 22 and bottom 23 main
faces of the printed circuit board 6. Each one of the in-
sulating layers 25a, 25b, 25¢, 25d is respectively inserted
between two adjacent conductive layers 24. For exam-
ple, close to the bottom face 23 of the printed circuit board
6, a firstinsulating layer 25a is covered with a conductive
layer 24a. The first insulating layer is for instance 0.254
millimetre thick (dimension parallel to the stacking direc-
tion SD). A second insulating layer 25b is stacked over
the first layer 25a in the stacking direction SD, with a
conductive layer 24b in between. The second insulating
layer 25b is for instance 0.254 millimetre thick. A third
insulating layer 25c¢ is stacked over the second insulating
layer 25b in the stacking direction SD, with a conductive
layer 24c in between. The third insulating layer 25c¢ is for
instance 0.127 millimetre thick. A fourth insulating layer
25d is stacked over the third insulating layer 25c in the
stacking direction SD, with a conductive layer 24d in be-
tween. The fourth insulating layer 25d is for instance
0.504 millimetre thick. The conductive layers 24a, 24b,
24c, 24d, 24e are for instance made up of copper or a
copper alloy. Each conductive layer 24a, 24b, 24c, 24d,
24e is electrically connected to an adjacent one with con-
ductive vias 26 (that is "Vertical Interconnect Access").
The insulating layers 25a, 25b, 25c¢, 25d are for instance
made up of glass microfiber reinforced PTFE composite.
These vias 26 are designed to prevent signal leakages
and limit signal losses.

[0026] The printed circuit board 6 comprises a sub-
strate integrated wave guide section 27 (see Figs. 6 to
8). This substrate integrated wave guide section 27 com-
prises a first multilayer section 28 where the five conduc-
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tive layers 24a, 24b, 24c, 24d, 24e are interconnected
(see FIG. 8). This first multilayer section 28 is for example
3.2 millimetres long in the insertion direction ID. In this
first multilayer section 28, each one of the five conductive
layers 24a, 24b, 24c, 24d, 24e is interconnected to an
adjacent one by virtue of two first rows of four vias 26.
Each one of these two first rows is parallel to the insertion
direction ID. Each one of these two first rows is located
on an opposite side of cut-outs or etched sections 29
made in the conductive layers 24a, 24b, 24c, 24d, 24e.
These etched sections 29 are staggered so as to provide
an internal routing for the signal. The dimension of the
sections 29 parallel to the insertion direction ID increases
from the second conductive layer 24b to the third con-
ductive layer 24c (which is adjacent to the second con-
ductive layer 24b relatively to the stacking direction SD),
and from the third conductive layer 24c¢ to the fourth con-
ductive layer 24d (which is adjacent to the third conduc-
tive layer 24c relatively to the stacking direction SD). A
second row of four vias including, at each of its ends, a
via of each first row, extends perpendicular to the inser-
tion direction ID, after each etched sections 29. There-
fore, there are three second rows of vias connecting two
adjacent conductive layers through respectively the sec-
ond 25b, third 25c and fourth 25d insulating layers.
[0027] The substrate integrated wave guide section 27
comprises a second multilayer section 30 where only the
two upper conductive layers 24d, 24e are interconnected.
This second multilayer section 30 is adjacent and in con-
tinuity with the first multilayer section 28 in the insertion
direction ID. This second multilayer section 30 is for ex-
ample 1.7 millimetre long in the insertion direction ID. In
this second multilayer section 30, two third rows of three
vias 26 interconnect the two upper conductive layers 24d,
24e. These third rows spread apart from the first rows of
the first multilayer section 28 up to a third multilayer sec-
tion 31. These two third rows define a funnel shape hav-
ing a narrow input end 32 and a wider flare end 33, so
as to change the characteristic impedance of the cross-
section, along the insertion direction ID, in order to allow
for a more efficient impedance matching between the
plastic wave guide 5 and the printed circuit board 6.
[0028] In the third multilayer section 31, only the two
upper conductive layers 24d, 24e are interconnected.
This third multilayer section 31 is adjacent and in conti-
nuity with the second multilayer section 30 in the insertion
direction ID. This third multilayer section is for example
2 millimetres long in the insertion direction ID. In this third
multilayer section 31, two fourth rows of two vias 26 in-
terconnect the two upper conductive layers 24d, 24e.
Each one of these two fourth rows extends from a column
of the second multilayer section 30 up to a grounded co-
planar wave guide portion 7. The two fourth rows of the
third multilayer section 31 narrow up to the grounded co-
planar wave guide portion 7 wherein fifth rows of vias 26
are parallel and extend each respectively on one side of
a transmission line 8 which joins a CMOS chip.

[0029] For example, in this second embodiment, the
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printed circuit board 6 is 504 micrometres thick, has a 50
Ohms impedance, has a 2.2 permittivity, and a 0.0009
dielectric loss (angle §). For example, the printed circuit
board is comprised, forinstance, of RT/duroid®5880 sub-
strate from Rogers corporation.

[0030] A third embodiment is illustrated in FIGs. 9 and
10. The elements, parts, properties, functions and fea-
tures of the third embodiment which are similar or iden-
tical to those already mentioned in connection with the
first and second embodiments will not be repeated in
detail. The coupler 9 is made up of two parts, a metallic
part 34 comprising the tubular body 10 and a transition
module 35 made up of a multilayer printed circuit board.
The metallic part 34 and the transition module 35 are
designed to be incorporated in the first connector 2. The
metallic part 34 is similar or identical to the metallic part
of the second embodiment. An edge of the transition
module 35, perpendicular to the insertion direction ID, is
located in front of the parallelepipedal intermediate por-
tion 21. This edge of the transition module 35 is in me-
chanical contact with the parallelepipedal intermediate
portion 21.

[0031] Forexample, the transition module 35 compris-
es four conductive layers 24a, 24b, 24c, 24d and three
insulating layers 25a, 25b, 25¢, which are structurally and
dimensionally identical or similar to the respective con-
ductive and insulating layers of the second embodiment.
[0032] The transition module 35 comprises a first mul-
tilayer section 28 similar or identical to the first multilayer
section 28 described in connection with the second em-
bodiment. In particular, the first multilayer section 28 has
an etched section 29 in the conductive layer 24d which
is similar or identical to the one 24d described in connec-
tion with the second embodiment.

[0033] This first multilayer section 28 is designed to be
placed in front of a grounded co-planar wave guide por-
tion 7 onto which is mounted a second connector 3 (e.g.
an edge connector).

[0034] The grounded co-planar wave guide portion 7
comprises a conductive layer 36 having an etched sec-
tion 37. The dimensions of the etched section 37 are
equal or greater than those of the etched section 29 of
the first multilayer section 28.

[0035] When the first 2 and second 3 connectors are
mated, the free edge of the first multilayer section 28 is
mechanically in contact with the conductive layer 36 of
the grounded co-planar wave guide portion 7.

Claims

1. Connector comprising a housing (200) with an inlet
face (201) and an outlet face (202) and at least one
alveolus (203) between the inlet (201) and outlet
(202) faces,
characterized in that at least one coupler part (9)
is accommodated in the at least one alveolus (203),
the coupler part (9) being made up of an essentially
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metal piece extending between a tubular body (10)
adapted for the insertion, along an insertion direction
(ID), of an end of a plastic wave guide (5) therein,
and a coupling portion (11) intended to be coupled
to a printed circuit board (6).

Connector according to claim 1, wherein the at least
one coupler part (9) is made up of a metallic single
piece.

Connector according to claim 1 or 2, wherein the
coupling portion (11) has a parallelepipedal shape.

Connector according to any preceding claim, where-
in the at least one coupler part (9) comprises a tran-
sition cavity (12) extending between the tubular body
(10) and the coupling portion (11), the transition cav-
ity (12) having a form factor corresponding to a multi-
section matching transformer.

Connector according to claim 1, wherein the at least
one coupler part (9) is made up of at least two parts
comprising a metallic part (34) comprising the tubular
body (10) and a transition module (35) made up of
a multilayer printed circuit board.

Connector according to claim 5, wherein the metallic
part (34) comprises a parallelepipedal intermediate
portion (21) extending from the tubular body (10)
along the insertion direction (ID) and facing the tran-
sition module (35).

Connector according to claim 6, wherein the transi-
tion module (35) is a multilayer printed circuit board
comprising at least four conductive layers (24a, 24b,
24c, 24d, 24e) and at least three insulating layers
(254, 25b, 25c¢, 25d), each one of the insulating lay-
ers (25a, 25b, 25c¢, 25d) being respectively inserted
between two adjacent conductive layers (24a, 24b,
24c, 24d, 24e), the conductive layers (24a, 24b, 24c,
24d, 24e) and the insulating layers (25a, 25b, 25c,
25d) being stacked along a stacking direction (SD)
perpendicular to the insertion direction (ID), the con-
ductive layers (24a, 24b, 24c, 24d, 24e) being elec-
trically connected through the insulating layers (25a,
25b, 25¢, 25d), wherein atleast three conductive lay-
ers comprise a cutout (29) facing the parallelepipedal
intermediate portion (21), the dimension of the cut-
outs (29) parallel to the insertion direction (ID) in-
creasing from a second conductive layer (24b) to a
third conductive layer (24c) adjacent to the second
conductive layer (24b) considered along the stacking
direction (SD), and from the third conductive layer
(24c) to a fourth conductive layer (24d) adjacent to
the third conductive layer (24c) considered along the
stacking direction (SD).

Interconnect assembly comprising a connector ac-
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cording to any one of claims 1 to 6 and a printed
circuit board (6) comprising a grounded co-planar
wave guide portion (7).

Interconnect assembly comprising a connector ac-
cording to claim 7 and a printed circuit board (6) com-
prising a grounded co-planar wave guide portion (7),
the transition module facing the grounded co-planar
wave guide portion (7) along the insertion direction
(ID).
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