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@ Transmission line cable.

@ An electrical transmission wire consisting of a
single or a twisted pair of wires has the effective
electrical diameter of the primary conductor in-
creased by wrapping conductive foil (2), or conduc-
tive foil (2) laminated to a substrate layer (1), on to a
primary conductor (3) with a diameter less than 20
mils (0.508mm), the foil being in contact with the
conductor. An outer insulating cover (4) may be
applied over the wrapped wire. )

The conductive wrapping can be a spiral wrap-
ping or a longitudinal wrapping around the electrical
conductor. A desired characteristic impedance along
the length of the wire(s) can be achieved with easy
removal of the wire covering for standard termination
and increased cut-through resistance.
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TRANSMISSION LINE CABLE

This invention relates fo the manufaciure of an
eleciric transmission wire including a primary con-
ductor wherein the characteristic impedance along
the length of the wire is low, yet the wire is capable
of being terminated using standard termination
equipment. This invention is particularly useful for
solderless wrap connections o printed circuit
boards or panels and for twisted wire and single
wire interconnections.

Prior to this invention, fransmission wire with a
low impedance (less than 100 ohms) was not avail-
able for use with standard termination equipment.
Typically, a primary conductor with a diameter
greater than 20 mils (0.508mm) had to be selected
in order to achieve a low characteristic impedance.
Only a thin wall of insulation could be wrapped
around the primary conductor without increasing
the characteristic impedance. Since only a thin wall
of insulation could be used, there was a poor cut-
through resistance of this outer wall of insulation
and there were other siripping difficulties.

Because of the low cut-through and abrasion
resistance of these thin outer insulation walls, it
was often necessary to apply a protective jacket
over the wire. This further aggravated the stripping
problem as the jacket first had to be removed
during termination. During removal, the primary
conductor is frequently damaged by the stripping
blades. These difficulties have been eliminated, or
at least substantially reduced, by the present in-
vention.

According to the present invention there is
provided an electric transmission wire comprising a
primary conducior with a diameter of less than 20
mils (0.508mm) wrapped with at least one layer of
material characterised in that said material com-
prises a conductive layer in continuous contact with
the primary conductor, said primary conductor and
wrapped conductive layer further wrapped with at
least one layer of an insulafing film such that the
overall transmission wire maintains a characteristic
impedance below 100 ohms.

Since the layer of conductive material, which
can be conductive foil or a conductive foil lami-
nated fo a subsifrate layer, is in contact with the
primary conductor, the effective electrical diameter
of the primary conductor is increased. An outer
layer of insulation may be applied over the foil and
primary conductor.
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The foil or foil laminate may be applied by
either spiral wrapping or by longitudinal wrapping
around the primary conductor. This invention pro-
vides a desired characteristic impedance along the
length of the wire and allows easy removal for
standard termination and increased cut-through re-
sistance.

The invention will now be particularly de-
scribed, by way of example, with reference to the
accompanying drawings in which:-

Figure 1 is a schematic representation of a
cross-section of a single insulated wire according
o the invention;

Figure 2 is a schematic representation of a
cross-section of a twisted pair of insulated wires
according to the invention, and

Figure 3 is a graphical representation depict-
ing the relation between impedance and the ratio
D/d where D is the diameter of the insulated wire
and d is the actual diameter of the conductor.

In the present invention the effective electrical
diameter of a primary conductor of less than 20
mils (0.508mm) diameter is increased by wrapping
conductive foil, or conductive foil laminated o a
substrate on to the primary conductor, the foil
being in contact with the conductor. This may be

-accomplished by conventional wire wrapping tech-

niques and equipment.

The primary conductor with conductive foil or
laminate in contact with it is able to maintain a low
characteristic impedance and still be compatible
with standard termination equipment and printed
circuit boards.

A thicker layer of outer insulation may be ap-
plied over the wrapped primary conductor and will
not affect the characteristic impedance. This pro-
vides increased cui-through resistance. Conven-
tional stripping equipment may be used with the
wrapped wire and the thicker layer of outer insula-
tion is easily removed for termination.

The invention also provides benefits for ap-
plications in state of the art electronic equipment.
The primary conductor with a diameter of less than
20 mils (0.508mm) is compatible with terminal and
grid spacings of a printed circuit board having
0.025 square inch (0.16 sqg.cm) terminal with grid
spacing of 0.100 inch (0.254cm).

An inventive embodiment may be used either
as a single insulated wire or two insulated wires
may be twisted together and be used as a pair of
twisted wires. -

Referring to the cross-sectional view of a single
insulated wire depicted in Figure 1, a conductive
metal foil laminate, consisting of a metal foil coat-
ing 2 on a laminar support 1, is spirally wrapped
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around a primary conductor 3 with the metal foil 2
facing into and in continuous contact with the pri-
mary conductor 3 and making electrical contact
between the primary conductor 3 and foil 2. The
preferred metal foil laminate comprises aluminum
foil bonded to polyester or polyimide base film 1 or
aluminum foil bonded to a film of expanded poly-
tetrafluoroethylene 1. The primary conductor 3 may
have a single wrapping of metal foil or it may have
a plurality of wrappings, depending on the desired
thickness of the wall, as depicted in Figure 1.
Additional insulation 4, if required, is applied over
the top of the metal foil laminate wrapping.

Figure 2 shows a cross-sectional view of a
twisted pair of insulated wires in which a conduc-
tive metal foil laminate, consisting of metal foil 12
on a laminar support 10, is spirally wrapped around
each primary conductor 13 with the metal foil 12
facing the wires and in continuous contact with
primary conductors 13 making electrical contact
between the primary conductors 13 and the foil 12.
Additional insulation 14, if required, is applied over
the top of the metal foil laminate wrapping.

Figure 2 also shows the initial diameter of the
primary conductor 13 as being d.. As the conduc-
tive metal foil is wrapped around each conductor,
the effective electrical diameter is increased and is
measured as dey . Without the conductive wrap-
ping, the primary conductor actual diameter d, is
also its effective electrical diameter. Additional in-
sulation 14 may be applied over the top of the
metal foil laminate wrapping. The total diameter of
the conductor 13, wrapped conductive foil 12, sup-
port 10 and outer insulation covering 14 is mea-
sured as D. The characteristic impedance Z is
logarithmically related to the diameter of the in-
sulated wire by the ratio D/d. Where the invention
is used, the diameter of the primary conductor (d)
is substituted by deg. Thus, by using the invention,
the characteristic impedance is reduced because
the effective electrical diameter of the primary con-
ductor is increased.

In a preferred embodiment, the additional in-
sulation 14 may be a polyester film or polyimide
based film insulation. This additional insulation may
be applied by extrusion or by additional wrapping
to a desired outside diameter. Cut-through resis-
tance is increased by the addition of this insulation.
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EXAMPLE 1

Existing solderless wrap on a primary conduc-
tor, and a primary conductor wrapped according to
the present invention, for a single 50 ohm insulated
wire are contrasted. A final outer diameter of wire
of 19.6 mils. (0.498mm) is desired as this is the
optimum size for automatic wire stripping equip-
ment.

Using conventional technology, a single 28(l)
AWG (American Wire Gauge) primary conductor
with an actual diameter of 12.6 (0.32mm), delectric
constant E=3.1 and a characteristic impedance of
50 ohms, was covered by an outer layer of polyes-
ter film insulation. Here, the final diameter of 14.1
mils (0.358mm) was attained without increasing the
characteristic impedance. A D/d ratio of 1.12 was
calculated by referring to Figure 3.

Using the present invention, a single 28(l) AWG
primary conductor of actual diameter 12.6 mils
(0.32mm) was wrapped with three layers of alu-
minum foil laminated tape whereby the foil was in
constant physical contact with the primary canduc-
tor. An outer layer of polyester film insulation was
applied over the primary conductor foil combina-
tion. The final diameter of this embodiment was
19.6 mils (0.498mm).

By wrapping the foil around the-primary con-
ductor, the diameter of the primary conductor of
12.6 mils (0.32mm) was increased to an effective
electrical diameter of 17.5 mils (0.445mm).. The
characteristic impedance was maintained at 50
ohms and the resulting wire had a calculated D/d
ratio of 1.13.

The following chart summarizes results of the
calculated outer wall thickness and cut-through ra-
dius of curvature for both conventional solderless
wrap on a primary conductor and the present in-
vention.
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An insulated wire with an outer wall thickness
of 0.75 mils (0.019mm) does not fit standard auto-
mated stripping machines. The standard wire cut-
ting equipment is not able to cut into, grab and pull 5
off the outer wrapping without injury to the primary
conductor. Further, a radius of curvature of 7.05
mils (0.179mm) does not meet conventional wire
cut-through requirements.

In contrast, the present invention provides a 10
primary conductor with an increased electrical di-
ameter and increased outer wall diameter and cut-
through radius of curvature so that standard auto-
mated stripping machines could be used.

15

EXAMPLE 2

A comparison similar to that described in Ex-
ample 1 was also made with a 28() AWG primary 20
conductor with an actual diameter of 12.6 miis
(0.32mm), dielectric constant E = 3.1 and a char-
acteristic impedance of 55 ohms. Here the D/d
ratio was found to be 1.15 by referring to Figure 3.

Test data was accumuiated and calculations 25
made were similar to those as described in Exam-
ple 1. Test results are summarised in Chart 2
shown below.
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Here again, one skilled in the art can see that
the inventive entity aliows the impedance to remain
at 55 ohms but the outer wall and cui-through
radius are increased (by 39%) and can be used
with existing wire stripping equipment.

EXAMPLE 3

Existing solderless wrap of primary conductors
and the present invention for a 75 ohm twisted pair
of insulated wires are compared. An outside diam-
eter of 19.5 mils (0.495mm) is desired as this is the
optimum size for the automatic wire-stripping ma-
chines.

Using conventional technology, a pair of 30(l)
AWG primary conductors with initial diameters of
10.1 mils (0.257mm), dielectric constant of 3.12, a
characteristic impedance of 75 ohms is extrapo-
lated from Figure 3 to have a D/d ratio of 1.36.

Similarly, a pair of 30(l) AWG primary conduc-
tors are individually wrapped with aluminum foil
laminated tape so that the foil is in constant phys-
ical contact with each primary conductor. Here, the
outer diameter D is 19.5 mils (0.495mm), the effec-
tive electrical diameter dgq is 14.4 mils (0.366mm),
and the ratio of D/dgyis found to be 1.31.

The following chart summarizes physical char-
acteristics of a 30(I) AWG twisted pair using exist-
ing art and a twisted pair as constructed by the
present invention.
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In this example, we achieve the desired com-
bination of a 30() AWG twisted pair of wires with
an outer diameter of 195 mils (0.495mm) and
maintain the desired impedance of 750hms. If one
were simply to insulate the 30(])) AWG with polyes-
ter film insulation o make an outer diameter of
19.5 mils (0.495mmy), the characteristic impedance
would be 100 ohms.

. Also for a.75 ohm twisted pair 30(l) AWG, the
wall thickness has been increased to add cut-
through resistance without increasing the character-
istic impedance in this invention. Further, the cui-
through radius of curvature is increased by 43%
and is easily compatible with existing stripping
equipment.

Claims

1. An electric transmission wire comprising a
primary conductor with a diameter of less than 20
mils (0.508mm) wrapped with at least one layer of
material characterised in that said material com-
prises a conductive layer in continuous contact with
the primary conductor, said primary conductor and
wrapped conductive layer further wrapped with at
least one layer of an insulating film such that the
overall transmission wire maintains a characteristic
impedance beiow. 100 ohms.»

2. An electric transmission wire according to
claim 1 characterised by a second primary conduc-
tor with a diameter of less than 20 mils (0.508mm)
wrapped with a said conductive layer in continuous
contact therewith and further wrapped with at least
one layer of an insulating film, the two wrapped
conductors twisted together.

3. An electric transmission wire according to
claim 1 characterised in that said wire maintains a
characteristic impedance less than 75 chms. ’

4. An electric transmission wire according to
claim 1 characterised in that the conductive wrap-
ping material is aluminum laminated {o polyester
film.

5. An electric transmission wire according to
claim 1 characterised in that the conductive wrap-
ping material is aluminum laminated to an ex-
panded PTFE fiim.

6. An electric fransmission wire according to
claim 1 characterised in that the conductive wrap-
ping material is aluminum laminated to a polyimide
film.

7. An electric transmission wire according to
claim 1 characterised in that the conductive wrap-
ping material is wrapped spirally around said pri-
mary conductor.
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8. An electric transmission wire according to
claim 1 characterised in that the conductive wrap-
ping material is wrapped longitudinally around said
primary conductor.
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