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The invention relates to an angle connector comprising at least one conductor pair for differential transmission of data signals,
wherein each conductor pair ends with a first conductor pair end (40) in a first flat angle connector end surface (44) and with a
second conductor pair end (42) in a second flat angle connector end surface (46), wherein the first and second angle connector
end surfaces (44, 46) are tilted spatially relative to one another at a predetermined angle a (48), wherein, between the first and the
second angle connector end surfaces (44, 46), the angle connector has at least one first curved section (24) in which all
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the first angle connector end surface (44) to the second angle connector end surface (46), all conductors (10, 12, 14, 16) of the
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(54) Title: ANGLE CONNECTOR FOR DIFFERENTIAL TRANSMISSION OF DATA SIGNALS
(54) Bezeichnung : WINKELVERBINDER ZUR DIFFERENTIELLEN UBERTRAGUNG VON DATENSIGNALEN

(57) Abstract: The invention relates to an angle connector
comprising at least one conductor pair for differential
transmission of data signals, wherein each conductor pair
ends with a first conductor pair end (40) in a first flat angle
connector end surtace (44) and with a second conductor pair
end (42) in a second flat angle connector end surface (46),
wherein the first and second angle connector end surfaces
(44, 46) are tilted spatially relative to one another at a
predetermined angle o, (48), wherein, between the first and
the second angle connector end surfaces (44, 46), the angle
connector has at least one first curved section (24) in which
all conductors (10, 12, 14, 16) of the conductor pair(s) are
arranged with the respective longitudinal axes (28) thereof
parallel to one another and all longitudinal axes (28) of all
conductors (10, 12, 14, 16) of the conductor pair(s) follow a
curved line, wherein in the first curved section (24), the
longitudinal axes (28) of the conductors (10, 12, 14, 16) of at
least one conductor pair (10, 12) follow differently curved
lines, which are curved to varying degrees for the two
conductors of said conductor pair (10, 12) in such a way that,
in the first curved section (24), said two conductors (10, 12)
have different geometric lengths relative to one another,
wherein the angle connector has at least one second section
(50) in which all conductors (10, 12, 14, 16) of the conductor
pair(s) are twisted with one another for a predetermined
fraction of a lay length and at a predetermined pitch in such a

way that, starting from the first angle connector end surface (44) to the second angle connector end surtace (46), all conductors (10,

12, 14, 16) ot the conductor pair(s) have an identical geometric length.

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]



CA 02968274 2017-05-18

WO 2016/082920 A1 |IIWAT 00NN TR AU AR

Veroffentlicht:

—  mit internationalem Recherchenbericht (Artikel 21 Absatz

3)

Die Erfindung betrifft einen Winkelverbinder mit mindestens einem Leiterpaar zum differentiellen Ubertragen von Datensignalen,
wobei jedes Leiterpaar mit einem ersten Leiterpaar-Ende (40) in einer ersten, ebenen Winkelverbinder-Endfldche (44) und mit
einem zweiten Leiterpaar-Ende (42) in einer zweiten, ebenen Winkelverbinder-Endfldche (46) endet, wobei die erste und zweite
Winkelverbinder-Endfléche (44, 46) im Raum relativ zueinander um einen vorbestimmten Winkel o (48) verkippt sind, wobei der
Winkelverbinder zwischen der ersten und zweiten Winkelverbinder-Endfldche (44, 46) mindestens einen ersten, gekriimmten
Abschnitt (24) aufweist, in dem alle Leiter (10, 12, 14, 16) des Leiterpaares/der Leiterpaare mit ihren jeweiligen Langsachsen (28)
parallel zueinander angeordnet sind und alle Langsachsen (28) aller Leiter (10, 12, 14, 16) des Leiterpaares/der Leiterpaare
jeweils einer gekriimmten Linie folgen, wobei in dem ersten, gekriimmten Abschnitt (24) die Langsachsen (28) von den Leitern
(10, 12, 14, 16) mindestens eines Leiterpaares (10, 12) jeweils unterschiedlich gekriimmten Linien folgen, die fiir die beiden
Leiter dieses Leiterpaares (10, 12) derart unterschiedlich stark gekriimmt sind, dass in dem ersten, gekriimmten Abschnitt (24)
diese beiden Leiter (10, 12) relativ zueinander eine unterschiedliche geometrische Lange aufweisen, wobei der Winkelverbinder
mindestens einen zweiten Abschnitt (50) aufweist, in dem alle Leiter (10, 12, 14, 16) des Leiterpaares/der Leiterpaare um einen
vorbestimmten Bruchteil einer Schlagldnge sowie mit einer vorbestimmten Ganghéhe miteinander verseilt sind, derart, dass
ausgehend von der ersten Winkelverbinder-Endflache (44) zur zweiten Winkelverbinder-Endflache (46) alle Leiter (10, 12, 14,
16) des Leiterpaares/der Leiterpaare eine identische, geometrische Lange aufweisen.
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10
Angle connector for differentlal ransmission of data signals

15

The present invention relates 1o angle connectors ,,

In large computer systems it is usual that several processor boards, each forming a
20  server, in the form of populated printed circuit boards, aiso known as “blades’, are
connected slectrically and mechanically via plug-in slots with a so-called "backplane”,
which is itself also a populated printed circuit board. For this purpose, angle
connectors are provided which establish contact between plug connectors or
connection pointa on the blades on the one hand and plug connectors or connaction
25  points on the backplane on the other hand in order to establish corresponding data
transmission channels between the respective blade and the assoclated backplane.

However, the elactrical connection via the angle connector gives rise to various
different problems which affect the high-frequency signal transmission properties of
the electrical connections. For example, the conductors in the printed circuit board
30 plug connectors should all have an identical impedance of 85 Ghm. However, due to
the geometric circumstances, not all conductors In an angle plug connector have an
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identical geometric: length, if these are arranged directly on the shortest paths running

from the first plane to the second. However, phase differences in the transmission of

high-frequency signals via the conductors of the angle connector need to be avoided,

for which reason the conductors are frequently laid in a wavelike manner within the

5 angle connectors, so that all conductors have an identioal geornetric length and thus

also electric length. However, this has the disadvantage that the desired

characteristic Impedance of 85 Ohm is not present at each point between iwo

adjacent conductors due to the distance changing in a wavellke manner. Since the

conductors within a printed circuit board plug connector influence one ancther, for

10  example during the differential transmission of high-frequency signals, this changing

characteristic impedance over the course of the conductors leads to significant
limitations in terms of the maximum transmittable bandwidth and bit rate.

The invention is based on the problem of improving an angle connector of the
aforementioned type such that high bandwidths and bit rates are achieved during the
15 transmission of high-frequency signals via the angle connector.

20 According to the invention, in an angle connector of the aforementioned type,
betwsan the first and second angle connector end surfaces the angle connector has
at least one first curved section in which all conductors of the conductor pair(s) are
arranged with the respective longitudinal axes thereof paraliel to one another and all
longitudinal axes of all conductors of the conductor pair(s) follow a curved ling,

25  wherein in the first curved section, the longituginal axes of the condugtors of at least
one conductor pair follow curved lines which are curved to varylng degrees far the
two conductors of sald conductor pair in such a way that, in the first curved section,
said two conductors have different geometric lengths relative to one another, wherein
the angle connector has at least one second section in which all conductors of the

30  conductor pair(s) are stranded with one another for a predetermined fraction of a lay
length and at a predetermined pitch in such a way that, starting from the first angle

Date Recue/Date Receieved 2020-08-25
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connector end surface to the second angle connector end surface, all conductors of
the conductor pair(s) have an identical geometric length.

This has the advantage that, with minimal spatial extension of the angle connector, a
high channel density or packing density is achieved in combination with good
decoupling between the individual channels or conductor pairs, wherein at the same
time a runtime of signals over all conductors is substantially identical. A so-called
“skew-matching” outside of the angle connector, for example a circuit board
connected electrically and mechanically with the angle connector, can be dispensed
with, as a result of which losses in the signal transmission are reduced. At the same
time the angle connector has a constant, predetermined impedance at each point
between the first and second angle connector end surfaces.

A particularly simple and functionally reliable geometric length compensation for all
conductors is achieved in that two first curved sections are provided which are
identical in terms of the curvature of the lines, wherein the stranding amounts to half
a lay length and the second sectign is arranged between the two first curved
sections, wherein the first curved éections, in each case starting out from the second
section, are curved in opposite directions. Due to the stranding, the conductors swap
over the curved lines which they follow, so that, in one of first curved sections, that
conductor follows the geometrically longer curved line which in the other first curved
section followed the geometrically shorter line and, conversely, in one of first curved
sections, that conductor follows the geometrically shorter curved line which in the
other first curved section followed the geometrically longer line, so that overall the
differences in geometric length are cancelled out over the two first curved sections
and, considered over the entire angle connector, all conductors have an identical
geometric length.

An angle connector of particularly simple geometric design is achieved in that all
conductors of the conductor pair(s) each follow a respective circular arc, wherein in

the first curved section the longitudinal axes of the conductors of at least one
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conductor pair each follow a respective circular arc with different radius and identical
centre point as well as identical centre angle.

A structure which is particularly simple in geometric terms is achieved in that two first
curved sections are provided which are identical in terms of the centre angle and the
radii of the respective conductors, wherein the stranding amounts to half a lay length
and the second section is arranged between the two first curved sections, wherein
the first curved sections, in each case starting out from the second section, are
curved in opposite directions.

A right-angled angle connector is achieved in that the angle connector end surfaces
are tilted relative to one another at an angle of a = 90°, wherein the conductors in the

two curved sections in each case have a centre angle of 45°.

A geometrically correct structure and tension-free installation of the angle connector
is achieved in that the totai of all centre angles of a conductor between the first and
the second angle connector end surface corresponds to the angle a.

A particularly simple stranding, in )conqstruction terms, which is easy to manufacture is
achieved in that the second section is formed in a straight line. A particularly good
adaptation of the construction space of the angle connector to corresponding limiting
conditions in the immediate surroundings of the angle connector is achieved in that
the second section is curved.

A connection via the angle connector of two connection points which are not
arranged parallel to one another is achieved in that the predetermined angle a has a

value in the range 0° < a < 360°.

A particularly good electromagnetic decoupling of the signal transmission channels is
achieved in that two conductor pairs are arranged in the angle connector, wherein the
conductors of the conductor pairs are arranged in the stranded section in the form of
a star quad arrangement.
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A corresponding adaptation of the construction space of the angle connector to
corresponding limiting conditions in the immediate surroundings of the angle
connector as well as to the position of the connection points to be connected with the
angle connector is achieved in that the angle connector has at least one section
running in a straight line in which the respective longitudinal axes of all the
conductors of the conductor pair(s) are arranged parallel to one another and run in a
straight line.

A particularly good adaptation of the angle connector to a given installation situation

is achieved in that the curvature of the lines in the first section is constant or variable.

The invention is explained in more detail in the following with reference to the
drawing, in which:

Fig.1 shows a preferred embodiment of an angle connector according to the
invention with two conductor pairs in a side view,

Fig. 2 shows a perspective view of an angle connector end surface of the angle
connector according to Fig. 1 ;

Fig.3 shows a perspective view of only the coated conductors of the angle
connector according to Fig. 1 and

Fig. 4 shows a perspective view of only the coated conductors of an alternative

embodiment of an angle connector according to the invention .

The angle connector illustrated in Figs. 1 to 3 comprises a first conductor pair with
electrical conductors 10 and 12 as well as a second conductor pair with electrical
conductors 14 and 16. The conductors 10, 12, 14, 16 are arranged in the manner of a
star quad cable such that, viewed in cross section, the conductors are located at the
corners of a rectangle, as can be seen from Fig. 2 in particular. Each conductor 10,
12, 14, 16 comprises a copper wire 18 with a diameter of for example 0.3 mm as well
as a coating 20, for example of Teflon. The four conductors 10, 12, 14 and 16 are
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embedded in a dielectric 22 which for example has a diameter of 1.7 mm. The
dielectric is for example manufactured from the material polyoxymethylene
(abbreviation: POM).

Each conductor pair 10/12 and 14/16 .ends with a first conductor pair end 40 in a first,
flat angle connector end surface 44 and with a second conductor pair end 42 in a

" second, flat angle connector end surface 46, wherein the first and second angle

connector end surfaces 44, 46 are tilted spatially relative to one another at a

predetermined angle a 48.

The angle connector according to Fig. 1 to 3 has two curved first sections 24, 26 in
which the respective longitudinal axes 28 of all conductors 10, 12, 14, 16 of the

conductor pairs are arranged parallel to one another.

In the curved first section 24, all longitudinal axes 28 of all conductors 10, 12, 14, 16
of the conductor pairs in each case follow a respective circular arc with a centre point
30, a radius R, 32, R, 34, R; 36 and a centre angle 38. All longitudinal axes 28 in
each case follow a circular arc with identical centre point 30 and identical centre
angle 38, but in some cases different radius R, 32, R, 34, R; 36. For example, the
longitudinal axes 28 of the conductors 14, 16 of one conductor pair follow a circular
arc with identical radius R, 34. In contrast, the conductors 10 and 12 of the other
conductor pair in each case follow a circular arc with different radius. The conductor
10 follows a circular arc with the radius R, 32 and the conductor 12 follows a circular
arc with the radius R; 36. In other words, the conductor 10 runs on an inner path in
the curved first section 24, while the conductor 12 runs on an outer path. Accordingly,
the conductors 10 and 12 have a different geometric length in the curved first section
24.

As can be seen from Fig. 1, the angle connector according to the invention connects
two angle connector end surfaces 44 and 46 which are tilted relative to one another
by an angle a = 90°. The curved first section 24 has an centre angle 38 of 45°.
Accordingly, the other (second) curved first section 26 must also have a centre angle
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38 of 45° in order for the second end surface 46 to be reached. Also, the other
(second) curved first section 26 must be curved in the same direction in order for the
two centre angles of the curved first sections 24 and 26 of in each case 45° to add up

to a total angle of 90°.

If the conductors 10 and 12 hereby remained unchanged in their position, then once
again the conductor 10 would run on the inner path (inner circular arc) with the
smaller radius R, 32 and the conductor 12 would run on the outer path (outer circular
arc). Overall, the geometric length of the conductor 10, considered from the first end
surface 44 to second end surface 48, would be significantly shorter than the
geometric length of the conductor 12 in this region. This would lead to undesired
runtime differences of electrical signals being transmitted via the conductors 10 and
12.

According to the invention, a second section 50 is provided in which the conductors
10, 12, 14, 16 are stranded with one another over a predetermined lay length in the
manner of a star quad cable. In this section 50, the longitudinal axes 28 of the
conductors 10, 12, 14, 16 do not run parallel to one another. In the exemplary
embodiment according to Figs. 1 to 3 the stranding amounts to half a lay length. As a
result, all of the conductors 10, 12, 14, 16 change their position within the angle‘
connector. Viewed in cross section, the conductors 10, 12, 14 and 16 hereby change
their position by 180°. The changé in ;)osition of the conductors 14, 16 leads, for both
conductors 14, 16, to an identical geometric length of the circular arc in the curved
first section 26 which both also already had in the curved first section 24. In this
respect, for these conductors 14, 16 this means there is no difference between the
two curved first sections 24, 26. However, this is not the case for the conductors 10,
12. As a result of the half lay length stranding the conductor 10 changes over to the
outer path, i.e. onto the circular arc with the larger radius R; 36 and as a result of the
halif lay length stranding the conductor 12 changes over to the inner path, i.e. onto the
circular arc with the smaller radius Ry 32. As a result, the differences in the running
length of the conductors 10, 12 between the two curved first sections 24, 26 are
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equalised and both conductors have an identical geometric length, starting out from
the first end surface 44 to the second end surface 46.

The stranding in the second section 50 has the advantage that, as a result of the star
quad arrangement, an identical impedance is achieved over the entire course of the
second section 50. In other words, the compensation of the geometric length within
the angle connector has no influence, on the impedance. This remains constant over
the entire angle connector. In addition, sections 52, 54 running in a straight line are
formed in the angie connector in which the longitudinal axes 28 of all conductors 10,
12, 14, 16 run parallel. These do not cause any differences in geometric length
between the conductors 10, 12, 14, 16 and are therefore neutral in this respect.

In the illustrated embodiment, the angle connector has two identical curved sections
24 and 26 running in the same direction and a section 50, 52, 54 between them
running in a straight line. However, this is purely exemplary. It is also possible to
provide only one curved section 24 and the section 50 with the stranding can also be
curved. Only the proportion of the lay length in the stranding needs thereby fo be
adjusted such that an identical geometric length exists for all conductors 10, 12, 14,
16 between the first and second end surface 44, 46.

It is also possible for only one conductor pair 10, 12 to be provided, as illustrated in
Fig. 4. Here too, as a result of the stranding in the second section 50 the conductors
10, 12 change over from the outér péth to the inner path and vice versa, so that in
total an identical geometric length for all conductors 10, 12 is achieved.

The stranding in the second section 50 is carried out with a predetermined pitch. The
pitch corresponds to the length of a lay length, i.e. an axial length in which the
conductors 10, 12, 14, 16 are stranded with one another once by 360°. In the first
exemplary embodiment according to Figs. 1 to 3, the pitch is twice the length of the
second section 50.
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The fraction of the lay length of the stranding depends on the extent of the difference
in geometric length between two curved sections which needs to be compensated.
Only if the two curved sections 24, 26 are identical, as in the exemplary embodiment
according to Figs. 1 to 3, does the pitch amount to half a lay length. If, for example,
the centre angle of the two curved sections 24, 26 is not identical, or if only one
curved first section 24 is present and the second section 50 is additionally curved, a
different fraction of the lay length will need to be used for the stranding.

In other words, the angle connector according to the invention has a first curved
section 24 in which, due to the curvature of this first section, at least two conductors
10, 12 of a conductor pair have different geometric lengths in this first section. As a
result of the stranding in the second section, the different geometric lengths are
compensated, so that all conductors 10, 12, 14, 16 have an identical geometric
length, considered over the entire length of the angle connector. The compensation is
thereby attributable to a change in place of the conductors 10, 12, 14, 16 within the
angle connector, so that the conductors have differences in geometric length
complementary to those in the first curved section. The second section 50 can itself
be curved and/or a further first section 26 can be provided with identical curvature to
the first section 24.

The compensation through the stranding thereby offers the particular advantage that
despite the change in place of the conductors 10, 12, 14, 16 within the angle
connector no change in the impedance occurs in the region of the change in place of
conductors, i.e. the region of the stranding; on the contrary, considered in any given
sectional plane perpendicular to the angle connector, the impedance also has an
identical constant value of for example 85 Ohm along the stranding, just as in the rest
of the region of the angle connector without stranding. This is for example achieved
through the arrangement of the conductors 10, 12, 14, 16 in the manner of a star
quad cable at the corners of an imaginary square in the cross section of the angle
connector.
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Claims

1. An angle connector comprising at least one conductor pair for differential transmission of data
signals, wherein each conductor pair ends with a first conductor pair end in a first flat angle
connector end surface and with a second conductor pair end in a second flat angle connector end
surface, wherein the first and second angle connector end surfaces are tilted spatially relative to
one another al a predetermined angle o, such that between the first and the second angle
connector end surfaces, the angle connector bas at least one first curved section in which all
conductors of the at least one conductor pair are arranged with respective longitudinal axes
thereof parallel to one another and all longitudinal axes of all conductors of the at least one
conductor pair follow a curved line, wherein in the first curved section, the longitudinal axes of
the conductors of the at least one conductor pair follow differently curved lines, which are
curved to varying degrees for all conductors of said at least one conductor pair in such a way
that, in the first curved section, said conductors have different geometric lengths relative to one
another, wherein the angle connector has at least one second section in which all conductors of
the at least one conductor pair are twisted with one another for a predetermined fraction of a lay
length and at a predetermined pitch in such a way that, starting from the first angle connector end
surface to the second angle connector end surface, all conductors of the at least one conductor

pair have an identical geometric length.

2. The angle connector of ¢claim 1, wherein two first curved sections are identical in terms of the
curvature of the lines, wherein the stranding amounts to half a lay length and the second section
is arranged between the two first curved sections, wherein the first curved sections, in each case

starting out from the second section, are curved in opposite directions.

3. The angle conncctor of claim 1, wherein all conductors of the at least one conductor pair each
follow a respective circular arc, wherein in the first curved section the longitudinal axes of the
conductors of at least one conductor pair each follow a respective circular arc with different

radius and identical center point as well as identical center angle.

4. The angle connector of claim 2, wherein the iwo first curved sections are identical in terms of

the center angle and the radii of the respective conductors, whercin the stranding amounts to half

Date Recue/Date Receieved 2020-08-25
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a lay length and the second section is arranged between (he two first curved sections, wherein the
first curved sections, in each case starting out from second section, are curved in opposite

directions.

5. The angle connector of claim 4, wherein the angle connector end surtaces are tilted relative to
one another at an angle of 0=90°, wherein the conductors in each case have a center angle of 45°

in the two curved sections.

6. The angle connector of claim 3, wherein the total of all center angles of a conductor of the
conductors between the first and the second angle connector end surface corresponds to the angle

.

7. The angle connector of claim 1 wherein the second section 15 formed in a straight line or is

curved.

8. The angle connector of claim 1 wherein the predetermined angle a as a value in the range

0°<a<360°.

9. The angle connector of claim 1 wherein the at least one conductor pair and a further conductor
pair are arranged in the angle connector, wherein the conductors of these conductor pairs are

arranged in the stranded section in the form of a star quad arrangement.

10. The angle connector of claim | whetcin the angle connector contains at least one section
running in a straight line in which all conductors of the at least one conductor pair are arranged

with their respective longitudinal axes parallel to one another and run in a straight line.

11. The angle connector of claim 1 wherein the curvature of the lines in the first curved section is

constant or variable,

12. The angle connector of claim 2, wherein all conductors of the at least one conductor pair
each follow a respective circular arc, wherein in the first curved section the longitudinal axes of
the conductors of at least one conductor pair each follow a respective circular arc with different

radius and identical center point as well as identical center angle,
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13. The angle connector of claim 3, wherein two first curved sections are identical in terms of the
center angle and the radii of the respective conductors, wherein the stranding amounts to half a
lay length and the second section is arranged between the two first curved sections, wherein the
first curved sections, in each case starting out from second section, are curved in opposite

directions.

14. The angle connector of claim 5, wherein the total of all center angles of a conductor of the
conductors between the first and the second angle connector end surface corresponds to the angle

.

15. The angle connector of ¢laim 13 whetcin the at least one conductor pair and a further
conductor pair are arranged in the angle connector, wherein the conductors of these conductor

pairs are arranged in the stranded section in the form of a star quad arrangement.

16. The angle connector of claim 14 wherein the angle connector contains at least one section
running in a straight line in which all conductors of the at least one conductor pair are arranged

with their respective longitudinal axes parallel to one another and run in a straight line.
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