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(54) Abstract Title: Coaxial connector
(57) Aradio frequency coaxial connector is designed to terminate a coaxial cable having a centre conductor 3,

a dielectric material 5 surrounding the central conductor, a conductive foil 7a surrounding the dielectric
material and optionally a conductive braid 7b surrounding the foil. The connector comprises a
substantially tubular metallic connector body arrangement 19 having a first end for receiving the coaxial
cable and a second end for interfacing with a complementary connector, and a substantially tubular
insulator 21 in the connector body between the first and second ends and coaxial with the connector
body. The first end 19a of the connector body arrangement is an open end having a bore extending from
the open end to the insulator for receiving the centre conductor, dielectric material and conductive foil of
the cable. An inner diameter of the bore reduces across a portion of the bore between the open end and
the insulator to provide an interference fit with the conductive foil. This avoids a gap (see Fig 2b) which
would cause return loss and resonance.
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Coaxial connector

This invention relates to radio frequency (RF) coaxial cable connector. In
particular, this invention relates to an RF coaxial connector for terminating high

performance coaxial cables having wrapped conductive shields.

Coaxial cables are commonly used in transmission line designs to transmit
electrical signals from one location to another. Generally, a coaxial cable
includes a solid or stranded inner conductor surrounded by a layer of polymer
dielectric material. The dielectric material is precisely centred within a woven
braid outer conductor, and the cable has an outer jacket of polymer material. In
coaxial cables, the outer conductor defines a ground return path necessary for

microwave signal transmission.

High performance, low loss coaxial cables have been developed to transmit
higher frequencies with minimal impedance discontinuities. With low loss
dielectrics, these cables may transmit higher power levels with minimal
attenuation. The high performance cables generally comprise an inner
conductor surrounded by a low loss dielectric material such as celiular
polyethylene, a thin wrapped metallic outer shield such as a conductive foil, a
woven plated copper braid shield, and a polymer outer jacket such as polyvinyl
chloride (PVC). This type of cable is desirable for use in the transmission of
digital signals such as those used in the High Definition Television (HDTV)

industry.

A known high performance coaxial cable 1, as described above, is shown in
Figure 1 and comprises a centre conductor 3 and two outer conductors 7. The
two outer conductors are a thin wrapped metallic foil 7a and a woven braid
outer conductor 7b. A dielectric material 5 separates the centre conductor 3

and the outer conductors 7. The entire cable 1 is enclosed in an outer jacket 9.

Connectors for terminating coaxial cables are well known. Cables are

generally prepared for termination by stripping the centre conductor, the
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dielectric material, the braid and the cable jacket to the strip lengths specified

by the manufacture of the RF coaxial connector.

In the case of the high performance coaxial cable having the wrapped metallic
shield, the metallic foil forming the shield is generally removed and stripped
back approximately evenly with the jacket, as shown in Figure 2a (which will be
described in detail below). The removal of the metallic foil in this way is an
inconvenience for cable assembly manufacturers and cable installers because
it requires the foil to be stripped back behind the braid that surrounds it. This
Operation is time consuming and requires special tools, and may lead to

damage of the braid.

A preferred termination technique would therefore be to leave the metallic foil
intact, i.e. flush with the dielectric material and/or braid. However, this presents
a problem in terms of electrical performance. At lower frequencies, cables
prepared and terminated in this way exhibit no electrical performance
problems, with particular respect to return loss. However, at higher
frequencies, a convoluted signal path occurs, and a higher than expected

return loss or VSWR (voltage standing wave ratio) is consequently exhibited.

According to the invention, there is provided a radio frequency coaxial
connector for terminating a coaxial cable, the coaxial cable comprising a centre
conductor, a dielectric material surrounding the centre conductor and a
conductive foil surrounding the dielectric material, the connector comprising: a
substantially tubular metallic connector body arrangement having a first end for
receiving the coaxial cable and a second end for interfacing with a
complimentary connector; and a substantially tubular insulator arrangement
located in the connector body between the first and second ends and coaxial
with the connector body, wherein the first end of the connector body
arrangement is an open end having a bore extending from the open end to the
insulator arrangement for receiving the centre conductor, dielectric material and
conductive foll of the cable, and wherein an inner diameter of the bore reduces

across a portion of the bore between the open end and the insulator
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arrangement to provide an interference fit with the conductive foil. The reduced
inner diameter of the bore is preferably located adjacent the insulator

arrangement.

The invention provides a radio frequency coaxial connector for terminating a
high performance coaxial cable, and is capable of providing very low return
loss, or VSWR, in a transmission line. The connector has a bore for receiving
the coaxial cable. In use, the centre conductor, dielectric material surrounding
the centre conductor and the conductive foil are received into the first end of
the RF coaxial connector, and the conductive braid surrounds the first end of
the connector body. The cable is easily received into the first end of the
connector body, but the reducing diameter of the bore provides an interference
fit between the conductive foil of the cable and the inner surface of the bore.
This interference fit eliminates any clearance between the conductive foil of the
cable and the inner surface of the bore, and thereby eliminates the convoluted
signal path between the conductive foil and the connector body.

It has been found that prevention of such a longitudinal signal path is an
effective way of maintaining the transverse orientation of the electric field,

thereby ensuring good electrical performance at higher frequencies.

The connector may further comprise a centre conductor contact pin
arrangement located in the insulator arrangement and coaxial therewith.
Alternatively, the insulator arrangement may simply have a central hole formed
therein for receiving an extended length of the centre conductor of the cable.

The connector preferably further comprises a ferrule for crimping onto the first
end of connector body arrangement. In use, the ferrule clamps the conductive
braid of the coaxial cable onto the outer surface of the first end of the

connector.

The second end of the connector body arrangement preferably includes a

bayonet collar. For example, the connector may be a solder, crimp or clamp
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type BNC plug. Alternatively, the second end of the connector body

arrangement may have a push-fit or threaded collar.

The minimum inner diameter of the bore may be 3.75mm or less, and is
preferably 3.70mm or less. The minimum inner diameter may be 3.60mm or

more, and is preferably 3.65mm or more.

The maximum inner diameter of the bore may be 3.80mm or more, and is
preferably 3.85mm or more. The maximum inner diameter of the bore may be

4.00mm or less, and is preferably 3.95mm or less.

The first end of the connector body arrangement may have an outer diameter in

the range 4.50mm to 5.50mm, and preferably in the range 4.75mm to 5.25mm.

The invention also provides a coaxial lead comprising the connector described
above and a coaxial cable. The coaxial cable includes a centre conductor, a
dielectric material surrounding the centre conductor, a conductive foil
surrounding the dielectric material, a conductive braid surrounding the foil and
an outer jacket. The centre conductor, dielectric material and conductive foil of
the coaxial cable are received within the bore of the first end of the connector

body arrangement such that there is an interference fit.

The outer diameter of the conductive foil may be in the range 3.7mm to
3.85mm, and preferably in the range 3.76mm to 3.79mm.

An embodiment of the invention will now be described, by way of example only,
In detail with reference to the following drawings in which:

Figure 1 is a partially cut away view of a known high performance
coaxial cable;

Figures 2a and 2b are cross sectional view of the known high
performance coaxial cable shown in Figure 1 terminated with a known coaxial

connector;
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Figure 3 is a cross sectional view showing electric field lines at step
discontinuities in coaxial conductors;

Figure 4 is a cross sectional view of a coaxial connector according to the
invention;

Figure 5 is a cross sectional view of the high performance coaxial cable
shown in Figure 1 terminated with the coaxial connector shown in Figure 4;

Figure 6a, 6b and 6¢c show predicted return loss for the terminated
coaxial connectors shown in Figures 2a, 2b and 5 respectively; and

Figure 7a, 7b and 7c show predicted voltage standing wave ratio

(VSWR) for the coaxial connectors shown in Figures 2a, 2b and 5 respectively.

The electric field lines of a high performance coaxial cable in the normal
transverse electromagnetic mode of transmission are purely radial, and thus
terminate perpendicular to the surfaces of the centre and outer conductors.
However, at sudden transitions in the diameter of the conductors, such as a
step change in the conductor diameter of a coaxial connector, the electric field
lines distort so as to maintain their perpendicular relationship with the
conductor surfaces, as shown in Figure 3. This distortion in the electric field
lines creates higher order modes of propagation. Since the connector is not
usually designed to transmit these higher order modes of propagation, they are
attenuated over a very short distance, and are thus localised in the vicinity of
the discontinuity. The higher modes of propagation lead to a power loss from
the normal transverse electromagnetic mode, which results in a higher than
expected return loss, or VSWR, at higher frequencies. The distortions upon
analysis appear capacitive, and are a major source of reflections within an

otherwise matched impedance connector.

It is almost impossible to avoid discontinuities in a connector design. For
example, methods of terminating of a cable to a connector often result in
diameter variations between the cable and the connector. These variations
require changes in conductor diameters to maintain the proper impedances,
thus creating discontinuities. Below 1000 MHz, these discontinuities usually

have no significant effect on the resulting return loss or VSWR. However, at
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higher frequencies, the discontinuities have a major impact on the performance

of the connector.

Figure 2a shows the known high performance coaxial cable 1 shown in Figure
1 terminated with a known coaxial connector 11. For clarity, only the part of the

connector 11 that receives the cable 1 is shown in the Figure.

As shown in the Figure, the cable jacket 9 is stripped back from the centre
conductor 3 and dielectric material 5 of the cable 1. The conductive foil 7a is
also stripped back under the braid 7b to be flush with the cable jacket 9. The
centre conductor 3 and the dielectric material 5 are received within a first end
13 of the connector 11. The exposed centre conductor 3 is also received into a
centre conductor contact pin 23, and the dielectric material 5 abuts a

corresponding insulator element 21 in the connector 11.

The braid 7b is received around the outer surface of the first end 13 of the
connector 11. A ferrule 15 is crimped onto outer surface of the first end 13 of
the connector 11 to urge the braid 7b against the first end 13 of the connector

11 and to prevent the connector 11 from detaching from the cable 1.

Figure 2a also shows the electric field lines between the centre and outer
conductors 3, 7. It can be seen from the Figure that electric filed lines in the
intact cable 1 are perpendicular. The electric field lines are slightly distorted in
the region adjacent the open end of the first end 13 of the connector 11, where
the braid is not parallel with the centre conductor. However, the slight distortion
of the electric field lines in this region does not cause significant return loss.
Within the first end 13 of the connector 11, the perpendicular orientation of the
electric field lines is restored, with the field lines running from the centre
conductor 3 to the first end 13 of the connector 11 (which is electrically
connected to the braid 7b).

The terminated cable shown in Figure 2a provides acceptable performance in

terms of return loss, even at high frequency applications such as high definition
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video cabling. However, as described above, the arrangement shown in Figure
2a requires that the end of the cable 11 be prepared by cutting the conductive
foil 7a away from underneath the braid 7b, so that the end of the conductive foil

7a is approximately flush with the end of the cable jacket 9.

Figure 2b shows the known high performance coaxial cable 1 shown in Figure
1 terminated with the same known coaxial connector 11 as that shown in
Figure 2a. However, in this case, only the cable jacket 9 is stripped away from
the end of the cable 1, with the conductive foil 7a lying flush with the dielectric
material 5. This is the preferred way of preparing the cable, as it does not
require any special effort or special tools. Again, for clarity, only the part of the
connector 11 that receives the cable 1 is shown in the Figure.

As shown in the Figure, the centre conductor 3, the dielectric material 5 and the
conductive foil 7a are received within the first end 13 of the connector 11. The
centre conductor 3 is received into the centre conductor contact pin 23 and the
dielectric material 5 and the conductive foil 7a abut the insulator element 21 in
the connector 11.

The braid 7b is received around the outer surface of the first end 13 of the
connector 11 and the ferrule 15 is crimped onto outer surface of the first end 13

of the connector 11.

Figure 2b shows the electric field lines between the centre conductor 3 and the
outer conductive foil 7a of the known high performance coaxial cable 1 shown
in Figure 1. It can be seen from the Figure that, again, electric filed lines in the
intact cable 1 are perpendicular to the centre conductor 3 and outer conductive
foil 7a. It can also be seen that a gaped region exists between the outside
surface of the conductive foil 7a and the inside surface of the bore of the first
end 13 of the connector 11. Within the first end 13 of the connector 11, the
electric field lines are generally perpendicular, terminating at the centre
conductor 3 and the conductive foil 7a. However, electric field lines from the

exposed end of the central conductor 3 do not terminate at the conductive foil
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3a, and instead extend in a longitudinal direction from the end of the dielectric
material 5 and conductive foil 7a and would terminate at some point within the
gaped region. These longitudinal field lines are concentrated in a clearance
gap formed between the conductive foil 7a and the inner surface of the first end
13 of the connector 11. The electric field lines are considerably distorted,
resulting in a so-called cylindrical reentrant cavity, and thus causing the

connector to resonate at a specific frequency.

The invention provides a connector for terminating high performance coaxial
cables having an outer conductive foil, which does not cause a cylindrical
reentrant cavity and the consequential high return loss, even at high
frequencies, and without the need for the end of the cable to be specially

prepared as shown in Figure 2.

Figure 4 shows a coaxial connector 17 according to the invention. The coaxial
connector 17 comprises a substantially tubular metallic connector body 19, a
substantially tubular insulator arrangement 21, a centre conductor contact pin

23 and a ferrule (not shown).

A first end 19a of the body 19 has an open end for receiving the coaxial cable
11.  The first end 19a of the body 19 may be formed from a different
component to the rest of the body 19, different sized first ends 19a being
provided for different sized cables 1. A second end 19b of the body 19
provides a BNC plug for interfacing with a complimentary socket. The design
of the second end 19b of the body 19 will be known to the skilled person, and
will not be described further. The insulator arrangement 21 is located between
the ends of the body 19 so as to be coaxial therewith 19. The insulator
arrangement comprises two insulator blocks 21a, 21b through which are
formed axial holes. The centre conductor pin arrangement 23 is located in the
axial holes in the axial holes of the insulator arrangement 21.  The pin
arrangement comprises a portion 23a for receiving, via the first 19a end of the

body 18, the centre conductor 3 of the coaxial cable 1.
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The connector 17 may also comprise a number of other components (not
shown) such as a bayonet collar, gaskets, spring washers and split washers.
These components are all known from existing connectors and will not be
described further.

The first end 19a of the connector body 19 has a bore extending from an open
end to the insulator arrangement 21. The inner diameter of the bore steps from
a first diameter at the open end to a second, smaller diameter adjacent the
insulator arrangement 21. The outer surface of the first end 19a of the body 19
has a knurled surface.

In use, the high performance coaxial cable 1 is prepared in the same way as
the cable shown in Figure 2b, by stripping back the dielectric material 5 and the
conductive foil 7a to be flush, thereby leaving an exposed portion of centre
conductor 3. The cable 1 is then received into the connector 17, as shown in

Figure 5.

Referring to Figure 5, it can be seen that the centre conductor 3, the dielectric
material 5 and the conductive foil 7a are received within bore of the first end
19a of the connector body 19. The exposed portion of the centre conductor 3
is also received into the centre conductor contact pin 23. The dielectric
material 5 and the conductive foil 7a then abut the insulator arrangement 21 of
the connector 17. The relative dimensions of the bore and the cable
components are such that the dielectric material 5 and conductive foil 7a are
easily received into the bore, but that the smaller second diameter of the bore
provides an interference fit with the conductive foil 7a adjacent the insulator

arrangement 21 of the connector 17.

In the specific example shown in the Figure, the outer diameter of the
conductive foil 5 is 3.78mm and the first and second inner diameters of the

bore are 3.9mm and 3.68mm respectively.
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The braid 7b is received around the outer surface of the first end 19a of the

connector body 19, and the ferrule is crimped over the braid.

Figure 5 shows the electric field lines between the centre and outer conductors
3, 7 of the cable. The electric field lines in the intact cable 1 are perpendicular.
Within the bore, the electric field lines are perpendicular, terminating at the
centre conductor 3 and the conductive foil 7a. However, in contrast to the
arrangement shown in Figure 2b, there are no longitudinal electric field lines
extending along the length of the first end 19a of the connector body 19. This
is because the interference fit between the conductive foil 5 and the bore
ensures that there are no clearance gaps to provide a path for the electric field.
Instead, the electric filed lines from the exposed portion of the centre conductor

terminate directly to the connector body, as shown in the Figure.

As noted above, the elimination of the longitudinal electric field lines
reduces return loss and VSWR at high frequencies. Figure 6a, 6b and 6¢ are
graphs showing predicted return loss for the terminated coaxial connectors
shown in Figures 2a, 2b and 5 respectively. The graphs are directly
comparable. It can be seen from the graph that the return loss for the coaxial
connector of the invention (Figure 6¢) is a large improvement on that shown in

Figure Bb, and is similar to that shown in Figure 6a.

Figure 7a, 7b and 7c are directly comparable graphs showing predicted
voltage standing wave ratio (VSWR) for the coaxial connectors shown in
Figures 2a, 2b and 5 respectively. Again, it can be seen from the graph that
the VSWR for the coaxial connector of the invention (Figure 7c) is a large
improvement on that shown in Figure 7b, in that there is no specific resonant
frequency. The VSWR for the coaxial connector of the invention is similar to

that shown in Figure 7a.

Various modifications to the invention will be apparent to those skilled in the art.
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For example, the connector described above is a BNC connector. However,
the Invention is equally applicable to other types of radio frequency coaxial

connector.

In the connector described above, the bore of the first end of the connector
body has two inner diameters with a step between them. However, other bore
profiles are suitable. For example, the inner diameter of the bore may
gradually ramp from the first diameter to the second diameter, or more than two
discrete inner diameters may be provided. What is important is that an
interference fit 1s provided between the bore and the conductive foil of the cable

adjacent the insulator arrangement of the connector.

Specific dimensions of the bore are provided for the connector described
above. However, the actual dimensions of the bore will vary depending on the

size and type of the cable.



10

15

20

25

30

12

Claims:

1. A radio frequency coaxial connector for terminating a coaxial cable, the
coaxial cable comprising a centre conductor, a dielectric material surrounding
the centre conductor and a conductive foil surrounding the dielectric material,
the connector comprising:

a substantially tubular metallic connector body arrangement having a
first end for receiving the coaxial cable and a second end for interfacing with a
complimentary connector; and

a substantially tubular insulator arrangement located in the connector
body between the first and second ends and coaxial with the connector body;
and

wherein the first end of the connector body arrangement is an open end
having a bore extending from the open end to the insulator arrangement for
receiving the centre conductor, dielectric material and conductive foil of the
cable, and wherein an inner diameter of the bore reduces across a portion of
the bore between the open end and the insulator arrangement to provide an

interference fit with the conductive foil.

2. The conductor of claim 1, further comprising a centre conductor contact

pin arrangement located in the insulator arrangement and coaxial therewith.

3. The connector of claim 1 or 2, further comprising a ferrule for crimping

onto the first end of connector body arrangement.

4. The connector of any preceding claim, wherein the second end of the

connector body arrangement includes a bayonet collar.

5. The connector of claim 4, wherein the connector is a BNC connector.

6. The connector of any preceding claim, wherein the minimum inner

diameter of the bore is 3.75mm or less.
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7. The connector of any preceding claim, wherein the maximum inner

diameter of the bore is 3.80mm or more.

8. The connector of claim 2, wherein the centre conductor contact pin
arrangement includes a receiving portion for receiving a central conductor of

the coaxial cable.

9. The connector of any preceding claim, wherein the first end of the
connector body arrangement has an outer diameter in the range 4.50mm to
5.50mm.

10. A coaxial lead comprising:

the connector of any preceding claim; and

a coaxial cable including a centre conductor, a dielectric material
surrounding the centre conductor, a conductive foil surrounding the dielectric
material, a conductive braid surrounding the foil and an outer jacket,

wherein there is an interference fit between the inner surface the bore of

the connector and the conductive foil of the cable.

11.  The lead of claim 10, wherein the centre conductor, dielectric material
and conductive foil of the coaxial cable are received within the bore of the first

end of the connector body arrangement.

12.  The lead of claim 11, wherein the outer diameter of the conductive foil is

in the range 3.76mm to 3.79mm.
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