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(57) A coaxial connector comprises am outer conductor having an mner diameter D, an mner conductor coaxial with
the outer conductor and having an outer diameter d, and an insulating structure having plural radi between the
conductors. The diameters are selected 1n such a manner that the connector has a predetermined characteristic
impedance (see above figure). The connector has a first cable side for connection to a coaxial cable and a
second connection side for connection to a corresponding coaxial connector. The insulating structure 1s one piece,
including a disk and tube, together having a bore with a diameter less than d. The inner conductor 1s inserted

into the bore of the tube that 1s mounted 1n proximity to the second end. The disk periphery 1s fixedly

mounted against

the mner wall of the outer conductor. The portion of the inner conductor 1n the bore and the bore have a smaller

diameter than d to compensate for the dielectric properties of the insulating structure in such manner t.

hat the connector

has the predetermined characteristic impedance 7, where the insulating structure 1s located. The s

ructure radiil are

selected as a function of the structure dielectric constant € 1n such manner that the predetermined characteristic

impedance 7., wave equation 1s attained.
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ABSTRACT OF THE DISCLOSURI

A coaxial connector comptises an outer conductor having an inner
diameter D, an inner conductor coaxial with the outcr conductor and having an
outer diameter d, and an insulating structure having plural radu between the

conductors. The diameters are selected 1 such a manner that the connector has a

60, [D
J; d

first cable side for connection to a coaxial cable and a second commection side for

predetermined characteristic impedance Z, = ] . The connector has a

connection to a corresponding coaxial connector. The insulating structure 1s one
piece, including a disk and tube, together having a bore with a diameter less than d.
The inner conductor is inserted into the bore of the tube that is mounted 1
proximity to the second end. The disk periphery is fixedly mounted against the
inner wall of the outer conductor. The portion of the inner conductor in the bore
and the bore have a smaller diameter than d to compensate for the dielectric
properties of the insulating structure in sucb manner that the connector has the
predetermined characteristic impedance Z, where thc insulating structure is
located. The structure radii arc selected as a function of the structure diclectric
constant £ in such manner that the predetermined characteristic impedance Z,

wave equation is attained.
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ield of Invention

The present invention relates generally to coaxial connectors, whether
male or female and, more particularly, to a connector including an insulating
structurc having plural radii between coaxial inner and outer conductors, wherein
(1) the insulating structure receives the inner conductor in an opening having a

smallcr diameter than a standard innet conductor diameter and (2) the connector

has a predetermined characteristic impedance Z, = c0 ln[-—fz-)-] , where g is the

%

dielectric constant of an insulator between the conductors, d is the outer diameter
of the standard inper conductor and D is the inside diameter of the outer

conductor.

Background Art

In accordance with German DIN standard 47 223, a 7/16 coaxial
connector has an outside diameter (d) of an inner conductor of about 7 mm and an
inside diameter D of an outer conductor of about 16 mm. With air as the
dielectric between the inner and outer conductors, suich a connector, whether male
or female, has a constant characteristic impedance of 50 2. The family of 7/16
coaxial connectors, whether male or female, 1S appropriate to connect tubular
coaxial conductors and flexible cables preferably having an outer conductor with
an cffective inside diamcter between 10 mym and 20 mm. Such connectors usually
includc an insulating disk to support and brace the inner conductor within the
outer conductor. The insulating disk supports a bush-shaped inner conductor of a
femalc coaxial connector and a pin-like inner conductor of a male coaxial

connector. The insulating disk is made of an insulator matenal having a dielectnc
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constant & enabling the connector to have a characteristic impedance

L, =

Jﬁi ln[-;—)-] to satisfy the wave equation.
8!‘

Because the dimensions of d = 7 mm and D = 16 mm are selected for air
as the dielectric between the inner and outer conductors, the inner conductor must
have a smaJ_lcr diameter in the vicinity of the disk in order for the wave equation
to provide the desired 50  characteristic impedance. For that reason the inner
conductor of a 7/16 coaxial connector per DIN 47 223 is constricted in the
vicinity of the insulating disk. On both sides of the insulating disk, that is on both
sides of the constriction, the inner conductor has a standard 7 mm outside
diameter. The constriction of the inner conductor diameter 1s a substantial
drawback to use of 7/16 coaxial connectors having insulating disks, because of
the complexity encountered in manufacturing and assembling such coaxial
connectors. It is impossible simply to push the inner conductor through the
insulating disk.

Accordingly, an object of the present invention is to provide a new and
improved coaxial connector having a solid dielectric separating the connector
inner and outer conductors, wherein the dielectric is made to simplify
manufacture and assembly of a functionally reliable connector without changing

the connector characteristic impedance.

Summary of the Invention

A coaxial connector in accordance with thc invention comprises an outer

conductor (having an inner diameter D), an inner conductor (having an outer
diameter d) coaxial with the outer conductor, and an insulating structure between

the conductors. The diameters are selected in such a manner that, according to the

wave equation, a predetermined charactenistic impedance Z,= jo_ ln[g-] 1S
gr

attained. The connector has a first cable side adapted to be connected to a coaxial
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cable and a second connection side adapted to be connected to a corresponding
coaxial connector. The insulating structure has a dielectric constant € and 1s
mounted in proximity to the second end and remote from the first end. The
insulating structure has a substantial length along the longitudinal axis of the inner
conductor and includes a first portion that is fixedly mounted relative to the outer
conductor. The insulating structure includes an opening through which the mner

conductor passes. The opening has a smaller diameter than d, as does the outer

diameter of the portion of the inner conductor which passes through the opening.

The insulating structure has differing radii between the inner and outer
conductors along its length. The insulating structure radii, the opening diameter
and the insulating structure dielectric constant & are such that the predetermined
characteristic impedance Z, of the wave equation 1s attained where the insulating
structure is located to compensate for the diclectric properties of the insulating
structure.

Preferably, the insulating structure includes a first disk like portion and a
second portion extending from the disk like portion toward the second end. The
first portion has a constant diamecter equal to D, while the second portion has a
constant diameter between d and D. Preferably, the diamneter of the second portion

D
1s less than "2" :

The insulating structure is preferably constructed in such a manner that the
reduced diameter i1nner conductor does not include a constriction at the
connection-side of the insulator structure. As a result, the coaxial connector can
be assembled in a simple manner by merely pushing the imner conductor through
the insulator. The values of d and D of the coaxial comnector make it possible to
connect the cotinector, without need for compensation, in the region of an
electrical or mechanical reference plane to a standard d/D coaxial connector.
Moreover, despite the reduced outer diameter of the inner conductor at the

connection-side end of the insulating disk, rclative to the standard inner conductor
diamecter, d, the inside diameter D of the outer conductor is unchanged at the
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connection-side end of the coaxial connector. As a result no jump occurs when a
coaxial connector of the present invention is connccted to a cable having the
standard values of d and D or to another connector having an insulating structure
in accordance with the invention. Such a connection between the outer ¢conductor
of the connectors defines both a mechanical and an electrical reference plane.
Because no jump occurs no compensation is necessary to attain the predetermined
charactenistic ampedance Z,.

In onc embodiment, the coaxial connector is a male coaxial connector
with an innet conductor in the form of a pin. The insulating structure is fixed in
place at the connection-side end of the comnector in a stable and very easily
implemented manner in such a male coaxial connector. The connector outer
conductor includes a metal ring abutting the insulating structure. The metal ring
outer diameter is the same as the outer conductor inner diameter. The metal ring is
preferably a press-fitted metal ring, extending between the insulating structure
and an electrical and mechanical reference plane formed by an interface between
the outcr-conductors of the male connector and a mating female connector. The
female connector preferably has an insulating structure similar to the male
connector or a convention female connector of an end of a coaxial cable. In
another embodiment, the coaxial conncctor is a female connector having a bush-
shaped inner conductor having a connection interface region with a mating male
conncctor. The mterface region of the bush-shaped inner conductor includes slits
circumferentially distributed over the interface. The slits form an elastic chuck.
This design offcrs the particular advantage that the slitted portion of the inner
conductor bears against a wall defining the inner diameter of a second portion of

the insulating structure having an outer diameter less than D, and preferably less

D
tha.nz.

The insulating structure wall braces the chuck segments. If the female

comnector 1s connccted to a malc connector in such a way that the male and

fermale connectors are not exactly aligned, bending or breaking of the chuck
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segments does not occur, cven though the chuck segments have a thinner wall
relative to a standard female connector because of support for the chuck segments
the wall provides.

Appropriately, the coaxial connector is a 7/16 coaxial connector,
illustratively a 7/16 coaxial female connector or a 7/16 coaxial male conncctor
having a charactenstic impedance Zy = 50 2. Many high-frequency applications
are covered, for instance mobile-radio base stations, where the desired
characteristic impedance Zy = 50 Q2.

The above and still further objects, features and advantages of the present
invention will become apparent upon consideration of the following detailed
descriptions of plural specific embodiments thereof, especially when taken in
conjunction with the accompanying drawings.

jef Description e Drawings

Fig. 1 1s a sideview, partly in section, of a first preferred embodiment of
the invention in the form of a straight male ¢oaxial connector;

Fig. 2 1s a sideview, partly in section, of a second preferred embodiment of
the invention in the form of a straight fermale coaxial connector;

Fig. 3 is a partly sectional, perspective view of matched male and female
coaxial connectors 1llustrated in Figs. 1 and 3 before being connected;

Fig. 4 1s a partly sectional, perspective view of the structure illustrated in
Fig. 3 when the male and female connectors are connected; and

Fig. 5 1s a partly sectional, perspective view of a male coaxial connector of
the type illustrated in Fig. 1, when connected to a conventional, standard female

coaxial connector.
Detailed Description of the Drawines

The coaxial connector shown in Fig. 1 is a male coaxial connector
including an outer conductor 10, and a pin-shaped inner conductor 12 coaxial

with outer conductor 10. The connector of Fig. 1 includes a connection-side end
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14 adapted to be connected to a corresponding coaxial connector and an insulating
disk 16 mounted In proximity to connection-side end 14 to support inmer
conductor 12. The illustratively shown coaxial connector of Fig. 1 is a type 7/16,
that is, the outside diameter d of inner conductor 12 is about 7 mm with air being
the diclectric, and the inside diameter D of outer conductor 10, again with air as
the dielectric, is about 16 mm. With air the diclectric, the connector of Fig. 1 has
a characteristic impedance Zy = 50 (2. Bcecausc a material other than air is present
in the portion of the connector where insulating disk 16 extends between inner
conductor 12 and the outer conductor 10, the outer diameter of the inner
conductor 12 and hence of borchole 18 in insulating disk 12 through which the
inner conductor passcs, must be smaller 1n diameter than 7 mm to maintain the S0
Q) characteristic impedance.

The segment of inner conductor 12 which exlends along the common
longitudinal axes of the connector, as well as the inmer and outer conductors, and
in borehole 18 of the insulating disk 16 toward connection-side end 14, has a
reduced diameter compared to the 7 mm outer diameter of the remainder of the
inner conductor. The electric Insulating structure including disk 16 also includes
tube 20, having a circular cross-section bore having a diameter aligned with and
equal to the diameter of the bore in disk 16. Inner conductor 12 passes through
the aligned bores 1n thc centers of tube 20 and disk 16. Disk 16 and tube 20 are
an mtegral, one piece structure, made of the same dielectric material, having a
dielectric constant £,. Tube 20 extends from a face of disk 16 toward conncction-
side end 14 1n such manner that the dielectric tube 20 overlaps the inner conductor
12 as far as interface 22 of the inner conductor 12. Interface 22 of the inner
conductor 12 denotes that plane at which the inner conductor of the male coaxial
connector of Fig. 1 comes to rest against the inner conductor of another female
coaxial connector, e.g., the fcmale connector of Fig. 2. Hence, the inmer
conductors of the mating male and female connectors are connected at interface
22. The female connector of Fig. 2 has a corresponding end face with a bush-

shaped nner conductor that bears against interface 22.
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Accordingly, a contact plane between the outer ¢conductors of joined male
and female coaxial connectors forms an- outer-conductor interface which
determines a plane that is defined both as an electrical and a mechanical reference
plane 24. According to DIN standard 47 233, the interface plane 22 of the inner
conductor 12 of the male and female coaxial connectors projects 1.77 mm beyond
electrical and mechanical reference plane 24 (Fig. 2).

The male coaxial connector of Fig. 1 also comprises coupling nut 26, O-
ring 28 that seals the insulating disk 16 from outer conductor 10, insulator 30 in a
cable entry region, housing 32, seal 34 to seal housing 32, locking ring 36 for the
outer conductor of a coaxial cable to be inserted into the conncctor, sealing
element 38, seat 40 for sealing clement 38, packing 42 and O-ring 43 that seals
the zone of the coupling nut 26. Press-fitted ring 44 holds insulating disk 16 in
the connection-side end 14 of the coaxial connector and forms the outer conductor

between the Insulating disk 16 and the electrical and mechanical reference plane
24,

The female 7/16 coaxial connector shown in Fig. 2 includes a bush-shaped
inner conductor 12. Contrary to the case of the male connector of Fig. 1, the inner
conductor 12 of Fig. 2 is configured like a bush including appropriate axial slits in
the connection-side end. The slits in inner conductor 12 constitute a chuck with
corresponding segments. The female coaxial connector of Fig. 2 includes an
msulating structure having the same configuration as the msulating structure of
Fig. 1 and thus cornprises disk 16 and additional tube 20. Dielectric tube 20 also

overlaps the chuck segments 46, whereby the additional dielectric tube 20
constitutes a support for segments 46. Accordingly, if the male coaxial connector
of Fig. 1 is inserted in less than exact alignment into the female coaxial conpector
of Fig 2, chuck segments 46 arc not bent or broken because the chuck segments
are additionally supported by the interior wall of dielectric tube 20 against which
the chuck segments bear.

In Fig. 2, electric and mechanical rcference plane 24 projects about 1.77

mm sbove interface plane 22 of inner conductor 12. In the female connecior of
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Fig. 2, press fitted ring 44 and coupling nut 26 of the male connector are not
nceded and arc replaced at connection side end 14 by metal thread SO for
receiving a threaded flange at the end of the male connector inserted into end 14.

Figs. 3 and 4 are perspective, partially sectional diagrams of the male and

20 and the 1mner conductors 12 of the male and female connectors of Figs. 1 and 2
mect and abut at interface 22, Fig. 4. The outer conductors 10 of the male and
female copnectors meet and abut in electrical and mechanical reference plane 24
The 1nner diameters of the outer conductors of the male and fernale connectors are
the same (equal to D). In contrast, the outer diameters of the inner conductors
within disk portion 16 and tube 20 portion of the insulating structure of the male
and female connectors are slightly less than d. As shown especially clearly in Fig.
4, 1n order to prescrve a constant characteristic impedance Zo = 50 ©, this design
requires no compensation or jump in the region of the outer conductor or in the
region of the electrical and mechanical reference plane 24.

Fig 5 is a perspective, partially sectional diagram of a 7/16 male coaxial
connector of Fig. 1 joined to a conventional prior art female connector according
to DIN 47 223, In Fig. S the transition beiween the outer conductors of the male
and fernale conncctors takes place free of any jump or any compensatory design
In clectrical and mechanical reference plane 24. Accordingly, the male coaxial
connector of the invention is wholly compatible with conventionally
manufactured DIN 47 223 female coaxial connectors. This compatibility also
applies reversely to the female coaxial connector of Fig. 2 and male coaxial
connectors of the prior art. Because there is freedom from compensation or jumps
in the region of the outer conductors, that is in the electrical and mechanical
reference plane 24, the cutoff frequency of these male and female connectors, in
spite of thc non-standard dimensions of the inner conductors thereof, is not
significantly reduced. This featurc also applies in particular when a malc or
female connector of the invention is being joined to a prior art standard-
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configuration female or male connector. Moreover, the design of the invention
offers greater handling reliability because the chuck segments of lower wall
thickness are not at risk of breaking, as discussed above.

Another feature of the invention, shown in particular in Figs. 3 through 5,
is the mclusxon of O-rings 19 and 21, respectively mounted for sealing purposes
in borehole 18 of the insulating disk 16 of the male and fernale connectors for
sealing purposes.

While there have been described and illustrated plural specific embodiments
of the invention, it will be clear that variations in the detai Is of the embodiments
specifically illustrated and described may be made without departing from the true
spirit and scope of the invention as defined in the appended claims.
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10

WE CLAIM:

1. A coaxial connector comprising an outer conductor having an
inner diameter D, an inner conductor coaxial with said outer conductor and

having an outer diameter d, the diameters being such that, according to the wave

equation, the comnector has a predetermined character stic 1mpedance

2o = j& ln[-‘g-] where ¢, is the dielectric constant of an insulator between the
5)"
conductors. the conmector having a first cable side adapted to be connected to a
coaxial cable and a second connection side adapted to be connccted to a
corresponding coaxial conmector, an insulating structure having a diclectric
constant € mounted in proximity to the second end and remote from the first end,
the structure having a substantial length along the longitudinal axis of the inner
conductor, the structure including a first portion that is fixedly mounted relative to
the outer conductor, the structure including an opening through which the imnner
conductor passes, the portion of the inner conductor passing through the opening
having a smaller diameter than d to compensate for the dielectnc properties of the
insulating structure in such manner that the commector has the predetermined
characteristic impedance Z, where the insulating structure is located, the diameter
of the inner conductor corresponding to the reduced diameter of the opening of
the insulating structure, the structure having differing radii between the inner and
outer conductors along its length, the structure radii bemng in accordance with a
function of the structure dielectric constant £ in such manner that the connector

has the predetermined characteristic impedance Z,,

2. The coaxial connector of claim 1 wherein the insulating structure
includes a first disk like portion and a second portion cxtending from the disk like

portion toward the second end, the first portion having a constant outer diameter

cqual to D, the second portion having a constant outer diamcter less than D.
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3. The coaxial commector of claim 1 wherein the radius of the second
. D
portion is less than 7.
4. The coaxial connector of claim 2 wherein the connector imcludes a

male end having a pin-shaped 1oner conductor.

5. The coaxial connector of claim 2 wherein the outer conductor 1n
the vicimity of the second end includes a metal press-fitted ring holding the
msulating disk in situ, the ring extending parallel to the nner conductor
longitudinal axis toward the sccond end to an outer conductor interface in the

form of an clectrical and mechanical reference plane.

6. The coaxizal connector of claim 2 wherein the connector includes a

femmale end having a bush-shaped inner conductor.

7. The coaxial connector of claim 6 wherein the bush-shaped inner

conductor includes a connection interface region including a chuck having a
circumference including axial slits.

8. The coaxial connector of ¢laim 2 wherein the connector is a 7/16
coaxial connector, where D is about 16 mm and d 1s about 7 mm and the

predetermined characteristic impedance Z, = 50 2.

9. The coaxial connector of claim 8 wherein the 7/16 coaxial

connector 18 a 7/16 coaxial male connector.

10. The coaxial connector of claim 8 wherein the 7/16 coaxial

connector 1s a 7/16 coaxial female comnector.

11. The coaxial conncctor of claim 2 wherein all of the insulating
structure has the same dielectric constant.
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12. The coaxial connector of clairn 2 wherein thc insulating structure

consists of one piece.
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