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(57) ABSTRACT

A plug-in connector having an inner conductor and an
insulator which is surrounded by the inner conductor, the
insulator having a first insulator part and a second insulator
part which are interconnected such that they can rotate with
respect to each other through an insulator joint.
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PLUG-IN CONNECTOR

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to a plug-in connector. The
invention also relates to a multiple plug-in connector which,
in interaction with a mating plug-in connector, is in particu-
lar intended for the transmission of radio frequency signals
between two circuit boards.

[0003] 2. Description of Related Art

[0004] Plug-in connectors or multiple plug-in connectors
should ensure the most loss-free possible transmission of
radio frequency signals, including within a defined tolerance
range in terms of parallelism as well as ensuring the distance
between the two circuit boards. The plug-in connectors
should also be economical to manufacture and should gen-
erally be sufficiently robust for integration in an assembly
line.

[0005] It is known for a single connection (i.e., one
forming a single radio frequency signal path) between two
circuit boards to be established by means of two coaxial
plug-in connectors firmly connected with the circuit boards
as well as an adapter connecting the two coaxial plug-in
connectors, the so-called “bullet”. This adapter makes pos-
sible an equalization of axial and radial tolerances, as well
as the equalization of tolerances of parallelism. Typical
coaxial plug-in connectors used for this purpose are SMP,
Mini-SMP, or FMC. If a plurality of radio frequency paths
between two circuit boards is provided, a plurality of such
single plugged connections must be used, which represents,
in particular, a significant amount of complexity in assem-
bly.

[0006] The complexity of assembly involved in connect-
ing two circuit boards can be reduced significantly in
comparison with the use of single plug-in connectors by
means of multiple plug-in connectors which integrate a
plurality of contact elements in a defined arrangement within
ahousing. However, the integration of a tolerance equalizing
functionality in the multiple plug-in connector represents a
challenge.

[0007] A plugged connection with two multiple plug-in
connectors for the electrical connection of two circuit boards
is known from DE 20 2012 008 969 Ul. The multiple
plug-in connectors are thereby designed as right-angled
plug-in connectors, so that the plugging direction in which
the two multiple plug-in connectors are plugged together is
aligned parallel to the circuit boards. All of the contact
elements are designed as stamped and bent sheet metal
components. The individual inner conductors of one plug-in
connector are thereby designed as flat contact lugs which are
contacted on both sides by spring contact tabs of the
corresponding inner conductors of the other plug-in connec-
tor, which are in a tong-like arrangement. In both plug-in
connectors, the outer conductors surrounding the respective
inner conductors are cage-formed in design, whereby the
outer conductors of one of the plug-in connectors are pushed
into the outer conductors of the other plug-in connector,
resulting in a large surface-area contact on three sides of
each outer conductor. In the multiple plug-in connectors
known from DE 20 2012 008 969 U1 a tolerance-equalizing
functionality is achieved through an elastic deformability
and relative displaceability of the flat-surface contact ele-
ments.
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SUMMARY OF THE INVENTION

[0008] Starting out from this prior art, the invention was
based on the problem of providing a plug-in connector
which, despite possessing a tolerance-equalizing function-
ality, is distinguished by a robust design.

[0009] This problem is solved through a plug-in connector
according the independent claims. A multiple plug-in con-
nector integrating several plug-in connectors according to
the invention is the subject matter of an independent claim.
Advantageous embodiments of the plug-in connector
according to the invention and of the multiple plug-in
connector according to the invention are the subject matter
of the respective dependent claims and are explained in the
following description of the invention.

[0010] The above and other objects, which will be appar-
ent to those skilled in the art, are achieved in the present
invention which is directed to a plug-in connector compris-
ing an inner conductor and an insulator surrounding the
inner conductor, wherein the insulator has a first insulator
part and a second insulator part which are interconnected
such that they can rotate with respect to each other at an
insulator joint having two structurally separate parts which
slide against each other during the relative movement, such
that the insulator parts are biased in a relative neutral
position by a spring device.

[0011] The insulator joint makes possible a relative rota-
tion around a longitudinal axis of one of the two insulator
parts as well as around an axis perpendicular to the longi-
tudinal axes of both insulator parts. One of the insulator
parts may include a partially spherical outer surface which
lies against a partially spherical inner surface of a housing.
One of the insulator parts may include a groove within
which a section of the other insulator part which is round in
cross section is arranged.

[0012] The groove is arranged in the section of the insu-
lator part forming the partially spherical outer surface.
[0013] The spring device may be comprised of a flat
surface or an edge on the partially spherical outer surface
defining a flat surface which, in the neutral position, lies flat
against a flat contact surface of an elastically deflectable
spring element.

[0014] A first inner conductor part and a second inner
conductor part of the inner conductor are connected pivot-
ably by an inner conductor joint. One of the inner conductor
parts forms a fork which accommodates a section of the
other inner conductor section which is round in cross
section.

[0015] An outer conductor surrounds the inner conductor
and the insulator. The plug-in connector may further include
a housing which forms a part of the outer conductor.
[0016] Inasecond aspect, the present invention is directed
to a multiple plug-in connector with several plug-in con-
nectors, including and a housing integrating the plug-in
connectors. The multiple plug-in may include several plug-
in connectors wherein the housing forms a part of the outer
conductors of all plug-in connectors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The features of the invention believed to be novel
and the elements characteristic of the invention are set forth
with particularity in the appended claims. The figures are for
illustration purposes only and are not drawn to scale. The
invention itself, however, both as to organization and
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method of operation, may best be understood by reference to
the detailed description which follows taken in conjunction
with the accompanying drawings in which:

[0018] FIG. 1 shows a perspective view of a plugged
connection with a multiple plug-in connector according to
the invention as well as a mating plug-in connector in the
unplugged state;

[9019] FIG. 2 shows a front view of the plugged connec-
t[TOO(;IZ;O] FIG. 3 shows a rear view of the plugged connec-
t[?)o(;gl] FIG. 4 shows a side view of the plugged connec-
t[100(;12;2] FIG. 5 shows a longitudinal section through the

plugged connection in the partially plugged state with the
plug-in connectors in neutral position;

[0023] FIG. 6 shows a longitudinal section through the
plugged connection in the partially plugged state with the
plug-in connectors in offset position;

[0024] FIG. 7 shows a perspective view of a first insulator
part of the multiple plug-in connector;

[0025] FIG. 8 shows a perspective view of an inner
conductor of the multiple plug-in connector;

[0026] FIG. 9 shows a perspective view of an alternative
first insulator part for a multiple plug-in connector according
to the invention; and

[0027] FIG. 10 shows a perspective view of the insulator
part according to FIG. 9 with associated second insulator
part.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0028] In describing the preferred embodiment of the
present invention, reference will be made herein to FIGS.
1-10 of the drawings in which like numerals refer to like
features of the invention.

[0029] According to the invention, a plug-in connector
according to the invention with an (elongated, in particular
tubular or pin-formed) inner conductor and an insulator
surrounding the inner conductor is characterized in that the
insulator has a first insulator part and a second insulator part
structurally separate from the first insulator part which are
connected so as to rotate relative to one another by means of
an insulator joint.

[0030] “Joint” is understood to mean that two structurally
separate parts (i.e., not formed in a single piece) interact in
such a way that they form at least one axis of rotation for
their relative rotation, whereby the two parts are in direct or
indirect contact and in particular slide against one another
during their relative rotation.

[0031] The plug-in connector according to the invention
can be designed as a right-angled plug-in connector,
whereby the inner conductor has a first inner conductor part
and a second inner conductor part, the longitudinal axes of
which are aligned at an angle to one another.

[0032] The design of a plug-in connector according to the
invention makes it possible to integrate the inner conductor
substantially immovably in the insulator, which is preferably
formed of a rigid material, as a result of which the inner
conductor is well protected. In particular, this can prevent
the inner conductor, which is often in the form of a delicate
metal part, from being bent as the plug-in connector is being
handled, and in particular when plugging it together with a
mating plug-in connector. The integration of a joint in the
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insulator ensures the desired functionality of tolerance
equalization, so that the plug-side end of the inner conductor
(together with the corresponding sections of the insulator)
can move within certain limits.

[0033] Ina preferred embodiment of the plug-in connector
according to the invention, in particular in the preferred
embodiment as an right-angled plug-in connector, it can be
the case that the insulator joint makes possible a relative
rotation at least around the longitudinal axis of one of the
two insulator parts (preferably not of the plug-side insulator
part) as well as around an axis perpendicular to two longi-
tudinal axes of the insulator parts. It can also preferably be
the case that a relative rotation around the longitudinal axis
of the other insulator part and in particular a rotation of the
plug-side insulator part around its own longitudinal axis is
not possible due to a corresponding design of the insulator
joint.

[0034] Inan advantageous possible design of the insulator
joint, one of the insulator parts can have a partially spherical
outer surface which is arranged in a partially spherical inner
surface of a housing of the plug-in connector. This allows the
relative rotation of the insulator parts to be guided reliably
irrespective of the direction of rotation.

[0035] It can also preferably be the case that one of the
insulator parts contains a groove in which a section of the
other insulator part which is round in cross section, in
particular cylindrical, is arranged. This makes possible, by
simple means, a relative rotation of the insulator parts
around the longitudinal axis of the sections with a round
cross section as well as around an axis running transversely
to the groove. At the same time, an undesired relative
rotation around a third axis, perpendicular to these two axes,
for example the longitudinal axis of the plug-side insulator
part, can be effectively prevented. It can thereby particularly
preferably be the case that the groove is arranged in the
section of the insulator part forming the partially spherical
outer surface and also preferably extends in the direction of
the longitudinal axis of this insulator part.

[0036] Ina preferred embodiment of the plug-in connector
according to the invention, it can also be the case that the
insulator parts are biased, by means of a spring device, into
aneutral position relative to one another which these assume
automatically in an unloaded state. By these means it can be
ensured that the plug-side insulator part as well as the inner
conductor part arranged therein are in a defined orientation
on being plugged together with a mating plug-in connector.
[0037] Such a spring device can for example comprise a
flat surface or an edge defining a flat surface on the partially
spherical outer surface of one outer conductor part which, in
the neutral position, lies flat against a flat contact surface of
an elastically deflectable spring element. In this case a
rotation of this outer conductor part can cause a tilting of the
flat surface (defined by the edge) relative to the contact
surface, as a result of which this, or the spring element, is
elastically deflected.

[0038] In particular if the inner conductor parts are
arranged substantially immovably within the insulator parts,
the relative rotation of the insulator parts can also lead to a
relative rotation of the inner conductor parts. In the case of
an inner conductor formed in a single piece this can be made
possible through a deformation, in particular in an angled
section of the inner conductor. However, it can be advanta-
geous for a joint also to be integrated in the inner conductor,
so that a first inner conductor part and a second inner



US 2016/0380374 Al

conductor part, structurally separate from the first inner
conductor part, are connected, so as to rotate relative to one
another, by means of an inner conductor joint. It can thereby
particularly preferably be the case that the inner conductor
joint makes possible a relative rotation around at least the
same axes as the insulator joint.

[0039] In a structurally simple design of such an inner
conductor joint, one of the inner conductor parts can form a
fork which accommodates a round cross-sectioned, in par-
ticular cylindrical section of the other inner conductor
section.

[0040] In order to achieve a good transmission perfor-
mance for radio frequency signals, an outer conductor
surrounding the inner conductor and the insulator can be
provided which acts as shielding for the inner conductor. It
can thereby be the case that a housing of the plug-in
connector forms the outer conductor or a part thereof.
[0041] A multiple plug-in connector according to the
invention comprises at least several plug-in connectors
according to the invention as well as a housing integrating
the plug-in connectors. It can thereby be the case that the
housing forms a part of outer conductors of all plug-in
connectors, as a result of which a structurally simple design
for the multiple plug-in connector can be achieved.

[0042] FIGS. 1 to 8 show a plugged connection with two
plug-in connectors, a multiple plug-in connector 1 according
to the invention and a matching mating plug-in connector 2.
The plugged connection serves to connect, in an electrically
conductive manner, two (sections of) circuit boards (not
shown) which are substantially oriented parallel to one
another, for the transmission of radio frequency signals. For
this purpose, both plug-in connectors are designed as (mul-
tiple) right-angled plug-in connectors. Accordingly, the
plugging direction in which the plug-in connectors can be
plugged together runs substantially parallel to the supporting
surface of the circuit boards against which the plug-in
connectors are intended to lie.

[0043] Each of the plug-in connectors comprises a plural-
ity of inner conductors which are each surrounded, at least
in sections, by an insulator and an outer conductor. This
provides a coaxial conductor arrangement with a good
shielding effect for the signal-carrying inner conductor.
[0044] The inner conductors of the multiple plug-in con-
nector 1 according to the invention, which serves as a
coupler, are designed in two parts and comprise a tubular-
formed first inner conductor part 3 arranged on the plug side
and a pin-formed second inner conductor part 4 arranged on
the circuit board side. Both inner conductor parts 3, 4 have
longitudinal axes which intersect at an angle of approxi-
mately 90°. An inner conductor joint is formed in the contact
region of the two inner conductor parts 3, 4 which makes it
possible for the inner conductor parts 3, 4 to rotate relative
to one another. For this purpose, the end of the first inner
conductor part 3 facing the second inner conductor part 4 is
fork-shaped. An elongated slot is formed between two lugs
5, said slot widening on both sides at one point. A cylindrical
section of the second inner conductor part 4 is held at this
point, with a slight spreading of the slot and thus an elastic
deflection of the two lugs 5. This design of the inner
conductor joint makes possible a largely reaction-force-free
swiveling of the first inner conductor part 3 around the
longitudinal axis of the second inner conductor part 4 as well
as around an axis perpendicular to the longitudinal axes of
both inner conductor parts 3, 4.
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[0045] The inner conductors are in each case held, largely
immovably, in receiving openings of an insulator. The
insulators of the multiple plug-in connector 1 are also
designed in two parts. These comprise a first insulator part
6 which in each case accommodates the whole of the first
inner conductor part 3 and the section of the second inner
conductor part 4 forming the inner conductor joint. The
insulators of the multiple plug-in connector 1 also each
comprise a second insulator part 7, through which the
second inner conductor part 4 extends. The longitudinal axes
of the insulator parts 6, 7 are oriented coaxially or parallel
to the longitudinal axes of the inner conductor parts 3, 4 and
thus also extend approximately at right angles to one
another. The insulators form an insulator joint between the
two respective insulator parts 6, 7, which makes possible a
swiveling of the insulator parts 6, 7 relative to one another.
Like the inner conductor joints, the insulator joints make
possible a relative rotation (or a swiveling of the first
insulator parts 6) around the longitudinal axis of the second
insulator parts 7 as well as around an axis perpendicular to
the longitudinal axes of both insulator parts 6, 7. In contrast,
a relative rotation around the longitudinal axis of the first
insulator part 6 is substantially not possible.

[0046] In order to form the insulator joints, each of the first
insulator parts 6 has on its rear end (i.e. not the plug-side
end) a partially spherical outer surface, a section of which
lies against a partially spherical inner surface of a housing 8
of the multiple plug-in connector 1. In addition, the rear ends
of the first insulator parts 6 form longitudinal grooves 9 on
the sides adjacent to the second insulator parts 7 (running in
the direction of the longitudinal axes of the first insulator
parts 6), into which partially cylindrical swivel pins 11 of the
second insulator parts 7 project. The swivel pins 11, the
basic form of which is cylindrical, form ribs 12 extending in
the direction of the longitudinal axes of the first insulator
parts 6 which serve as limit stops for a swiveling of the first
insulator parts 6 around the longitudinal axes of the second
insulator parts 7.

[0047] The insulators each form a spring device through
which the two insulator parts 6, 7 are biased in the neutral
position shown in FIG. 5. The spring devices each have a
partially peripheral projection 13 forming an edge on the
spherical shaped end of the first insulator part 6 as well as
an elastically deflectable, bow-shaped section 14 of the
second insulator part 7. In the neutral position, the peripheral
projection 13 of the first insulator part 6 lies, substantially
over its entire length, against a flat contact surface of the
deflectable section 14.

[0048] If, other than as shown in FIG. 5, the two plug-in
connectors are not plugged together substantially exactly
coaxially in relation to the longitudinal axes of the plug-side
parts of the inner conductors or the insulators, a contact
between outer conductors of the mating plug-in connectors
2 with the plug-side ends of the first insulator parts 6, which
each have a conical peripheral projection 19, leads to a
lateral deflection or a swiveling of the first insulator parts 6,
as shown in FIG. 6 by way of example for a swiveling
around the axis arranged perpendicular to the longitudinal
axes of both insulator parts 6, 7. The planes defined by the
peripheral projections 13 on the spherical ends of the first
insulator parts 6 thereby tilt in relation to the contact
surfaces of the deflectable sections 14 of the second insu-
lator parts 7.
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[0049] Due to the partially spherical ends of the first
insulator parts 6 resting in the partially spherical inner
surfaces of the housing 8, the centers of rotation for the
swiveling of the first insulator parts 6 lie roughly in the
centers of the partially spherical ends. As a result, due to the
contact with the peripheral projections 13, the deflectable
sections 14 of the second insulator parts 7 are elastically
deflected. The pre-tension in the deflectable sections 14
created in this way causes an elastic biasing of the insulator
parts 6, 7 in their neutral positions.

[0050] FIGS. 9 and 10 show an alternative design of a
two-part insulator which can be used in a multiple plug-in
connector according to the invention as shown in FIGS. 1 to
8 in place of the insulators used therein. In this insulator, the
elastic biasing of the insulator parts 6, 7 in a neutral position
is achieved in that a flat end surface of the first insulator part
6 lies against a (closed) flat contact surface of an elastically
deflectable section 14 of the second insulator part 7. As in
the insulators shown in FIGS. 1 to 8, a swiveling of the first
insulator part 6 out of the neutral position causes an elastic
deflection of the deflectable section 14 of the second insu-
lator part 7.

[0051] Both plug-in connectors have outer conductors
which, at least in sections, surround the associated inner
conductors coaxially. Also, in both plug-in connectors, the
housings 8, 15, formed of electrically conductive material,
represent at least a part of the respective outer conductor. In
the multiple plug-in connector 1, a ring-formed spring tab
cage 16 made of elastic, electrically conductive material
which is connected with the housing 8 is provided for each
inner conductor. A tubular-formed outer conductor section
17 of the mating plug-in connector 2 forming an integral part
of'the housing 15 is plugged into each of the spring tab cages
16. The spring tab cages 16 are thereby spread radially so
that these lie, under pressure, against the outer sides of the
outer conductor sections 17. This ensures a good contact
between the outer conductors of both plug-in connectors,
even when the plug-in connectors are not plugged together
in an exactly coaxial alignment, in this way realising a
tolerance-equalising functionality for the outer conductors.

[0052] The single-piece inner conductors 21 of the mating
plug-in connector 2 are pin-formed in design and angled by
around 90°. The position of each of the inner conductors 21
within the housing 15 is secured by means of an insulator 18
made of a dielectric material, which also insulates it elec-
trically from the housing 15 serving as outer conductor.

[0053] While the present invention has been particularly
described, in conjunction with a specific preferred embodi-
ment, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art in light
of'the foregoing description. It is therefore contemplated that
the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope
and spirit of the present invention.

Thus, having described the invention, what is claimed is:

1. A plug-in connector comprising an inner conductor and
an insulator surrounding the inner conductor, wherein the
insulator has a first insulator part and a second insulator part
which are interconnected such that they can rotate with
respect to each other at an insulator joint having two
structurally separate parts which slide against each other
during the relative movement, such that the insulator parts
are biased in a relative neutral position by a spring device.
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2. The plug-in connector of claim 1, wherein the insulator
joint makes possible a relative rotation around a longitudinal
axis of one of the two insulator parts as well as around an
axis perpendicular to the longitudinal axes of both insulator
parts.

3. The plug-in connector of claim 1, wherein one of the
insulator parts includes a partially spherical outer surface
which lies against a partially spherical inner surface of a
housing.

4. The plug-in connector of claim 1, wherein one of the
insulator parts includes a groove within which a section of
the other insulator part which is round in cross section is
arranged.

5. The plug-in connector of claim 4, wherein the groove
is arranged in the section of the insulator part forming the
partially spherical outer surface.

6. The plug-in connector of claim 3 wherein the spring
device comprises a flat surface or an edge on the partially
spherical outer surface defining a flat surface which, in the
neutral position, lies flat against a flat contact surface of an
elastically deflectable spring element.

7. The plug-in connector of claim 1, wherein a first inner
conductor part and a second inner conductor part of the inner
conductor are connected pivotably by an inner conductor
joint.

8. The plug-in connector of claim 7, wherein one of the
inner conductor parts forms a fork which accommodates a
section of the other inner conductor section which is round
in cross section.

9. The plug-in connector of claim 1, wherein an outer
conductor surrounds the inner conductor and the insulator.

10. The plug-in connector of claim 9, including a housing
which forms a part of the outer conductor.

11. A multiple plug-in connector with several plug-in
connectors comprising an inner conductor and an insulator
surrounding the inner conductor, wherein the insulator has a
first insulator part and a second insulator part which are
interconnected such that they can rotate with respect to each
other at an insulator joint having two structurally separate
parts which slide against each other during the relative
movement, such that the insulator parts are biased in a
relative neutral position by a spring device; and a housing
integrating the plug-in connectors.

12. The multiple plug-in connector of claim 11 including
said several plug-in connectors wherein the housing forms a
part of the outer conductors of all plug-in connectors.

13. The plug-in connector of claim 2, wherein one of the
insulator parts includes a partially spherical outer surface
which lies against a partially spherical inner surface of a
housing.

14. The plug-in connector of claim 3, wherein one of the
insulator parts includes a groove within which a section of
the other insulator part which is round in cross section is
arranged.

15. The plug-in connector of claim 5 wherein the spring
device comprises a flat surface or an edge on the partially
spherical outer surface defining a flat surface which, in the
neutral position, lies flat against a flat contact surface of an
elastically deflectable spring element.

16. The plug-in connector of claim 6, wherein a first inner
conductor part and a second inner conductor part of the inner
conductor are connected pivotably by an inner conductor
joint.

17. The plug-in connector of claim 7 wherein an outer
conductor surrounds the inner conductor and the insulator.
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