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Low Passive Intermodulation RF Connector

Field of the invention

The invention relates to a coaxial connector for radio frequencies (RF). A socket
part having a low Passive Intermodulation (PIM) outer conductor and may be

mated with a plug part.

Description of the related art

US 9,236,694 B2 discloses a coaxial connector system designed for low passive
intermodulation. A plug connector has a spring-loaded outer connector for con-
tacting the solid side wall of a socket connector. Due to a precision contact de-
sign and high contacting forces between the plug connector and the second con-

nector, a low passive intermodulation is achieved.

JP 2010257678 A discloses a simple coaxial connector housing being one part

with a mounting flange.

CA 2 432 051 A1l discloses a connector having an outer mounting thread.

DE 84 24 348 U1 discloses a coaxial connector having soldering openings for the

outer conductor.

US 2009/280682 A1 discloses a RF connector with a mounting flange at the outer

connector.

WO 2015/192382 A1 discloses a RF connector being part of a complex housing.

DE 18 13 161 U discloses a further RF connector with slotted outer conductor.
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Summary of the invention

The problem to be solved by the invention is to provide a socket connector hav-
ing a spring-loaded outer conductor while improving passive intermodulation

characteristics.

Solutions of the problem are described in the independent claims. The depend-

ent claims relate to further improvements of the invention.

In general, a coaxial plug connector and a coaxial socket connector each have a
housing, a center conductor and an outer conductor. The center conductors de-
fine by their centers a center axis of the connectors. The outer conductors are
arranged coaxially around the center conductors and hold the center conductors

by insulators. The housing may be a part of the outer conductor.

Herein, for simplicity it is distinguished between a plug connector and a socket
connector. This naming has no influence on the embodiments as long as the es-

sential features are provided.

A coaxial plug connector has an outer conductor, which fits, into a socket of the
socket connector. A center conductor at the plug connector contacts and prefer-
ably fits into a center conductor of the socket connector. There is preferably at
least one means for mechanically fastening the plug connector to the socket

connector.

According to a first embodiment, the coaxial socket connector has an outer con-
ductor with a plurality of parallel slits extending from the plug connector facing
side and dividing the outer conductor into a plurality of spring loaded contact
elements. These spring-loaded contact elements fit into the inner contour of the
coaxial plug connector, which preferably comprises cylindrical and conical sec-
tions. Preferably, the spring-loaded contact elements are oriented such, that

they apply force in radial direction outwards of the center when mated.
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The coaxial socket connector has a base which may be used for mounting the
connector and which preferably forms the ground connection of the connector.
The base may be mounted to any device like a metal plate, a housing or similar.
Preferably, the base comprises a flange, most preferably a rectangular flange.

The flange may be held by at least one screw.

Alternatively, the base may comprise a bearing surface. The outer housing may
comprise an outer thread for holding a nut which may be tightened to hold any
device like a metal plate, a housing or similar between the bearing surface and

the nut. There may be a sealing close to the bearing surface.

The base may also have a cylindrical shape, preferably having a thread, such that

it may be held in a hole and locked by a nut.

The outer conductor comprising a plurality of spring loaded contact elements is
one part with the base. Here, the spring loaded contact elements are not pressed
forming a press fit nor soldered nor welded into the base. Due to this monolithic
embodiment, there is no electrical connection in the current path of the outer
conductor between two parts, which may have a thin oxide layer generating PIM.

Therefore, PIM is further minimized.

The connector may have a mechanical contact surface at a right angle to the cen-

ter axis and distant from the spring loaded contact elements.

An outer housing may be provided at the base forming one part with the base.

It is further preferred, if an outer housing of the coaxial socket connector is also
one part with the base. The outer housing may further comprise a mechanical
reference plane and/or centering means. It may also comprise locking means for
a plug connector like a thread, preferably an outer thread, a protrusion or bayo-

net components.
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In another preferred embodiment, the outer housing of the coaxial socket con-
nector is screwed, soldered or welded to the base. It may have a thread fitting to
a thread at the base and/or the spring loaded contact elements. The outer hous-
ing may further comprise a mechanical reference plane and/or centering means.
It may also comprise locking means for a plug connector like a thread, a protru-
sion or bayonet components. This embodiment significantly simplifies manufac-
turing, as the spring loaded contact elements together with the base may be
manufactured in one step while the outer housing may be manufactured sepa-
rately. This would also allow using different materials for the spring loaded con-

tact elements and for the outer housing.

In a further embodiment, to provide a high-quality low PIM electrical contact,
means for positioning of the plug connector in relationship to the socket con-
nector may be provided. The plug connector may have a mechanical contact sur-
face at a right angle to its center axis. The socket connector may have a corre-
sponding mechanical contact surface, which also is at a right angle to the con-
nector’s center axis. The mechanical contact surfaces define a mechanical refer-
ence plane for each connector. When mated, both mechanical contact surfaces
preferably are in close contact with each other. Therefore, the mechanical con-
tact surfaces define the spatial relationship of the plug connector and the socket
connector in the direction of the center axis, when the connectors are mated.
This may allow for a precise positioning of the plug connector relative to the
socket connector. Preferably, the mechanical contact surfaces are not part of the
outer conductors’ electrical contacts, as known from prior art. Instead, the me-
chanical contact surfaces may be separate surfaces, distant from the spring load-

ed contact elements.

The coaxial connectors furthermore may have precision centering means for
aligning the center axis of the plug connector with the center axis of the socket

connector. The precision centering means preferably are distant from the spring
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loaded contact elements. Preferably, the plug connector preferably has a cylin-
drical outer surface of the outer conductor, while the socket connector prefera-
bly has a cylindrical inner surface of the outer conductor. This may also be re-
versed, such that the plug connector preferably has a cylindrical inner surface of
the outer conductor, while the socket connector preferably has a cylindrical out-
er surface of the outer conductor. Furthermore, the precision centering means
may be distant from the mechanical contact surfaces defining the spatial rela-
tionship of the plug connector and the socket connector in the direction of the
center axis. The cylindrical inner surface preferably fits tightly into the cylindrical
outer surface and therefore limits parallel displacement of both center axes, so
that the center axis of the plug connector is aligned with the center axis of the
socket connector. Alternatively, the precision centering means may have a coni-
cal shape comprising a conical surface at the plug connector and at the socket
connector. Furthermore, it is preferred, if the precision centering means and/or
the mechanical contact surfaces are sized to prevent tilting of the plug connector

against the socket connector.

Due to the precision positioning means the location of the plug connector with
respect to the socket connector is laterally (radially) and axially within a compar-
atively low tolerance. When mated, the spring-loaded contact elements of the
socket connector’s outer conductor are in electrical contact with the outer con-
ductor of the plug connector at a plug connector contact surface. Due to the high
precision centering, the contact forces of all spring-loaded contact elements are
equal. This results in an even current distribution and therefore high return loss
and low passive intermodulation. Allowing for a simple and low pressure mating
of the connectors, a conical section is provided at the plug connector’s outer
conductor, which continuously forces the spring-loaded contact elements to a
smaller radius when mating the connector. Dependent on the slope of the coni-

cal section low insertion forces and high contact pressures may be obtained.
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Herein the term of “one part” relates to a monolithic embodiment. Accordingly,
the connector base, the outer conductor and optionally, the outer housing are
made of one part. This means that they are machined in one piece, molded in
one piece or manufactured otherwise in one piece such there are no intercon-
nections between the connector base, the outer conductor and optionally, the

outer housing.

Description of Drawings

In the following the invention will be described by way of example, without limi-
tation of the general inventive concept, on examples of embodiment with refer-

ence to the drawings.

Figure 1 shows a coaxial socket connector and a coaxial plug connector according

to the invention.

Figure 2 shows the coaxial socket connector and the coaxial plug connectorin a

sectional view.

Figure 3 shows the socket connector and the plug connector mated in a sectional

view.

Figure 4 shows a detail of the mated connectors.

Figure 5 shows a further detail of the connectors.

Figure 6 shows a screw-in version of the connector.

Figure 7 shows a further screw-in version of the connector.
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In figure 1, a coaxial socket connector 11 and a coaxial plug connector 10 are
shown. The coaxial socket connector 11 comprises at least one center conductor
31 and one outer conductor 30. The outer conductor comprises a plurality of slits
35 with lands in between, forming a plurality of spring loaded contact elements
36 at its socket connector-facing end. A center axis 52 of the socket connector is

defined by the center of center conductor 31.

The complementary coaxial plug connector 10 comprises at least one center
conductor 21 and one outer conductor 20. A center axis 51 of the plug connector
is defined by the center of center conductor 21. When mated with the coaxial

socket connector 11, the center axis 51, 52 coincide.

Preferably, at least one locking means 29, 39 is provided for locking or fastening
the plug connector 10 to the socket connector 11. The at least one locking means
29 of the plug connector 10 interfaces with the at least one locking means 39 of
the socket connector 11. The locking means may be of screw type like a thread
or bayonet type. The Plug connector may have a nut 27 or a handle for rotating

the locking means 29 and therefore initiating a locking action.

Figure 2 shows sectional views of the socket connector 11 and the plug connect-

or 10.

According to a first embodiment, the socket connector 11 has a connector base
37 for mounting the connector. The base may be mounted to any device like a
metal plate, a housing or similar. Preferably, the base comprises a flange, most
preferably a rectangular flange. The flange may be held by at least one screw
which may pass through at least one hole 46. The base may also have a cylindri-
cal shape, preferably having a thread, such that it may be held in a hole and

locked by a nut. Preferably, the base serves as a ground contact.
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The outer conductor 30 comprising a plurality of spring loaded contact elements
36 is one part with the base 37. Due to this monolithic embodiment, there is no
electrical connection in the current path of the outer conductor between two
parts of the outer conductor, which may have a thin oxide layer generating PIM.
Therefore, PIM is further minimized. A benefit of this embodiment is, that there
are no additional mechanical tolerances by fitting two parts like the outer con-
ductor and the base, as the one part may be made in one manufacturing step.
This leads to a higher precision and lower position tolerances, specifically of the
mechanical contact surface and the precision centering means, which further

leads to lower PIM.

In another preferred embodiment, the outer housing 38 of the coaxial socket
connector is screwed, soldered or welded to the base 37. The outer housing 38
may have an outer housing thread 61 fitting to a base thread 62 at the base
and/or at the spring loaded contact elements 30 (being one part with the base).
Preferably, the outer housing 38 has an inner thread 61 adapted to fit to an out-
er thread 62 of the base 37. The outer housing 38 may further comprise a me-
chanical reference plane and/or centering means. It may also comprise locking
means for a plug connector like a thread, a protrusion or bayonet components.
This embodiment significantly simplifies manufacturing, as the spring loaded
contact elements together with the base may be manufactured in one step while
the outer housing may be manufactured separately. This would also allow using
different materials for the spring loaded contact elements and for the outer
housing. Also here a benefit is the increased mechanical precision further leading
to reduced PIM. Due to the larger length of the outer housing compared to the
base thickness, a thread 61, 62 as well as corresponding soldering or welding
surfaces may have a larger length compared to the small base thickness into
which the outer conductor may have been press-fitted previously. The larger

length further results in higher mechanical precision.
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Preferably, the outer conductor 20 of plug connector 10 fits around the outer
conductor 30 of socket connector 11, therefore having a larger diameter then
the outer conductor 30. In an alternate embodiment, outer conductor 20 of plug
connector 10 may fit within the outer conductor 30 of socket connector 11, hav-
ing a smaller diameter than the outer conductor. Furthermore, the center con-
ductor 21 of the plug connector 10 and the center conductor 31 of the socket
connector 11 may be connected together. Preferably, the socket connector’s 11
center conductor 31 is a female connector while the plug connector’s 10 center
conductor 21 is a male connector. Alternatively, the gender may be reversed.
The center conductors 21, 31 are held within the outer conductors 20, 30 by

means of insulators 40, 45.

In a preferred embodiment, precision positioning of the plug connector 10 in

relation to the socket connector 11 is achieved by the following means:

— The position along (in the direction of) the center axis 51 of the plug con-
nector 10 and the center axis 52 of the socket connector 11 is defined by
a mechanical contact surface 22 of the plug connector and a mechanical
contact surface 32 of the socket connector, which are in close contact,
when the connectors are mated. The contact plane defined by the me-
chanical contact surfaces is the mechanical reference plane of the con-

nector.

— Precision centering, e.g. alignment of the center axis 51 of the plug con-
nector 10 and the center axis 52 of the socket connector 11 is done by a
plug connector’s precision centering means 23 which fits into a socket

connector’s precision centering means 33.

The plug connector’s precision centering means 23 preferably has a cylindrically
shaped precision-machined outer contour. The plug connector’s precision cen-

tering 23 means preferably is part of the outer conductor, which allows keeping



WO 2018/024822 PCT/EP2017/069641
10

mechanical tolerances low, but it may also be separate from the outer conduc-
tor. Furthermore, the socket connector’s precision centering means 33 prefera-
bly has a cylindrically shaped precision-machined inner contour, tightly fitting
around the plug connector’s precision centering means 23. This socket connect-
or’'s precision centering 33 means may be part of the outer conductor 30, but
may also be separate from the outer conductor 30. When mated, the precision
centering means 23, 33 align the center axis 51 of the plug connector and the

center axis 52 of the socket connector.

For achieving a good electrical contact, the socket connector’s outer conductor
30 has a plurality of slits 35 extending from the plug connector-facing end of the
outer conductor 30 and forming a plurality of spring loaded contact elements 36.
When mated, these spring-loaded contact elements 36 of the outer conductor

30 electrically contact the plug connector at a contact surface 24.

Figure 3 shows both connectors 10, 11 mated together.

Figure 4 shows a base 37 with the socket connector outer conductor 30 but

without further components.

Figure 5 shows a further embodiment. Here, the outer housing 38 of the coaxial
socket connector 11 is also one part with the base 34. Therefore, the outer hous-
ing thread 61 and the base thread are no more required. This monolithic embod-

iment is a very simple and robust design.

The outer housing 38 may further comprise a mechanical reference plane and/or
centering means. It may also comprise locking means 39 for a plug connector like

a thread, a protrusion or bayonet components.

A benefit of this embodiment is, that there are no additional mechanical toler-
ances by fitting two parts like the outer conductor and the base, as the one part

may be made in one manufacturing step. This leads to a higher precision and
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lower position tolerances, specifically of the mechanical contact surface and the
precision centering means, which further leads to lower PIM. As this embodi-
ment base 34 includes the outer conductor 30 and the outer housing 38, this has

the lowest total mechanical tolerances leading to the lowest PIM.

Figure 6 shows a screw-in version of the connector. This embodiment is very sim-
ilar to the previous embodiments, but it has no flange. Instead, the base 71 com-
prises a bearing surface 76. The outer housing 77 comprises an outer thread 73
for holding a nut 74 which may be tightened to hold any device like a metal
plate, a housing or similar between the bearing surface and the nut. There may

be a sealing 75 close to the bearing surface.

Figure 7 shows a further screw-in version of the connector. Here, the base 72

also includes the outer housing 77.
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Claims

1.  Coaxial connector (11) comprising at least
- a center conductor (31) defining a center axis (52) of the connector,

- an outer conductor (30) coaxial to the center conductor (31), the
outer conductor (30) having a basically cylindrical shape with slits

(35) forming a plurality of spring loaded contact elements (36),

- a base (34, 37, 71, 72) for mounting the coaxial connector (11), the

base (34, 37, 71, 72) being one part with the outer conductor (30),
characterized in, that

the base (34, 37, 71, 72) comprises an outer thread (62), and
an outer housing (38, 77) is provided, further comprising an inner thread

(61), the inner thread (61) matches to the outer thread (62).

2. Coaxial connector (11) according to claim 1,
characterized in, that

the coaxial connector (11) is a socket connector.

3. Coaxial connector (11) according to claim 1 or 2,
characterized in, that
an outer housing (38, 77) is provided at the base (34, 37, 71, 72) forming

one part with the base.

4, Coaxial connector (11) according to claim 1 or 2,
characterized in, that
an outer housing (38, 77) is screwed, welded or soldered to the base (34,

37).
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5. Coaxial connector (11) according to any one of claims 1 to 4,
characterized in, that

the base (34, 37) comprises a flange.

6. Coaxial connector (11) according to any one of claims 3 to 4,
characterized in, that
the base (71, 72) comprises a bearing surface (76) and the outer housing

(38, 77) comprises an outer thread (73).

7. Coaxial connector (11) according to any one of the preceding claims,
characterized in, that
a mechanical contact surface (32) at a right angle to the center axis and dis-
tant from the spring loaded contact elements (36) to define the spatial re-
lationship of the coaxial connector and a plug connector (10) in the direc-
tion of the center axis, when the connectors are mated, is provided, and
at least one precision centering means (33) is provided for aligning the cen-
ter axis (51) of the connector to a center axis (52) of the socket connector

(10).

8. Coaxial connector (11) according to claim 7,
characterized in, that
the at least one precision centering means (33) has a cylindrical outer con-
tour which is precision machined and matches to the at least one precision

centering means of a coaxial plug connector (10).

9. Coaxial socket connector (11) according to claim 7 or 8,

characterized in, that
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the at least one precision centering means (33) has a cylindrical inner con-
tour which is precision machined and matches to the at least one precision

centering means of a coaxial plug connector.

10. Coaxial plug connector (10) comprising at least
- a center conductor (21) defining a center axis (51) of the connector,

- an outer conductor (20) coaxial to the center conductor, the outer
conductor having a basically cylindrical shape with a contact area

(24),

- a mechanical contact surface (22) at a right angle to the center axis
and distant from the contact area (24) to define the spatial relation-
ship of the plug connector and a socket connector in the direction

of the center axis, when the connectors are mated,
characterized in, that

at least one precision centering means (23) is provided for aligning the cen-
ter axis (51) of the connector to a center axis (52) of a mating socket con-

nector (11).

11. Coaxial plug connector (10) according to claim 11,
characterized in, that

a circular protrusion (25) is provided close to the contact area (24) which
has the same inner diameter as spring loaded contact elements (36) of a

coaxial socket connector.

12. Coaxial connector (10, 11) according to any one of the preceding claims,

characterized in, that
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17

an O-ring (28) is provided for sealing a gap between the plug connector
outer conductor (20) and the socket connector outer conductor (30) when

mated.

Coaxial connector system comprising of a coaxial connector (11) according

to claim 1 and a coaxial plug connector (10) according to claim 11.
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-9(completely); 13(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-9(completely); 13(partially)

A coaxial connector comprising a center conductor, an outer
conductor and a base wherein the base is one part with the
outer conductor, the base comprises an outer thread, and an
outer housing is provided, further comprising an inner
thread, the inner thread matches to the outer thread .

2. claims: 10-12(completely); 13(partially)

A coaxial plug connector comprising a center conductor, an

outer conductor and a mechanical contact surface wherein at
least on precision centering means is provided for aligning
said connector with a mating socket connector.
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