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ELECTRICAL CONTACT

Technical Field

The present invention pertains to an improved electrical contact. In particular, the
present invention pertains to a female contact, also known as a socket or socket contact,
containing features that, when used as an electrical connector, can minimize electrical

discontinuities thereby improving bandwidth.

Background

An electrical contact provides a junction for two electrical conductors through
which a current passes. When used with electrical conductors, such as a coaxial cable, the -
combination of the electrical contact and the cable, along with other components, can be
referred to as an electrical connector. Preferably, the electrical connector provides
mechanical and electrical contact between two elements of an electronic system without
unacceptable signal distortion or power loss. Several electrical contacts and their
respective electrical connector systems are available.

US Patent 5,190,472 (Voltz et al) discloses a miniaturized high-density
interconnect system for use in termination of coaxial signal cables to electrical signal
transmission systems. In some embodiments, a signal contact comprising a three-beam
cylindrical body is used. As shown in Figures 3 and 7 of the patent, the beams on the
signal contact have a rectangular cross-section.

US Patent 4,359,258 (Palecek ef al.) discloses a circuit board mounted electrical
connector having a socket and an integral solder tail. The socket has a pair of integral
beam portions extending from a cylindrical base portion. As a male contact is inserted
between the pair of integral beam portions, they deflect outwardly and are resiliently
biased against the contact to retain the contact and to establish an electrical contact
connection between the contact and the beam portions. Also, US Patent 5,199,910 (Kahle
et al.), in Figures 4, 5 and 6, among other places, discloses a female contact that includes a
tri-beam end for electrical connection with a male contact. And, US Patent 6,045,402
(Embo et al.), in Figures 2, 4 and 5, among other places, discloses socket contacts having

dual beams. These references show that the beams have a first end that is free, the end
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where the contact is first inserted, and a second end that is supported, usually by a shaft or
a cylindrical portion.

Yet another reference is US Patent 3,404,367 (Henschen) disclosing a contact
socket having two spaced-apart substantially square end sections that are connected to
each other by semi-elliptic springs. Figure 2 shows that each spring is an integral part of
and forms the sides of the end sections. The springs are said to be capable of substantial
deflection upon insertion of a contact pin so that a wide range of pin sizes can be
accommodated by a given socket size. This patent shows that each contact socket has four
springs.

Although the foregoing technology may be useful, there exists a need for other
electrical contacts and electrical connectors that are easy to use, that can better minimize
electrical discontinuities, and that can be manufactured in a streamlined, economical

process.

Summary

The present invention provides a new electrical contact designed to minimize
electrical discontinuities that can arise when connecting two electrical conductors. As a
result, better electrical connection can be achieved leading to improved bandwidth
performance for the electrical device.

In brief summary, in one aspect, the invention relates to an electrical contact
having a longitudinal axis and comprising a substantially tubular, hollow body having a
first end and a second end. The first end has a bounded aperture. The body has at least
two elongated slots and at least two contact members, both disposed along the longitudinal
axis. The phrase “disposed along the longitudinal axis” means that the elongated slot or
the contact members lie generally parallel to the longitudinal axis. One skilled in the art
will recognize that either the elongated slot or the contact member can lay at an angle, i.e.,
not parallel to, the longitudinal axis. Each contact member has a compound curve. A
solder cup is disposed adjacent the second end of the body. The solder cup has a flared
portion distal to the second end of the body. In another aspect of the invention, the
electrical contact is stamped and formed from metal substrates and at least one of the

contact members has a compound curve.
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In yet another aspect, the invention relates to a terminated electrical connector
comprising an electrical contact mounted on a coaxial cable, at least a portion of both
residing in a conductive shell. The electrical contact has a longitudinal axis and comprises
a substantially tubular, hollow body having a first end and a second end. The first end has
a bounded aperture. The body has at least two elongated slots disposed parallel to the
longitudinal axis thus forming contact members. Each contact member has a compound
curve. A solder cup is disposed adjacent to the second end of the body. The solder cup
has a flared portion distal to the second end of the body. The coaxial cable comprises a
central signal conductor, optionally metal braid wrapped around the central signal
conductor, a core tube surrounding the central signal conductor and the metal braid (if
used), at least one layer of metal wire shielding the core tube, and a jacket surrounding the
metal wire. When attached, the flared portions on the electrical connector abut the core
tube of the coaxial cable. And, the central signal conductor in the coaxial cable is
disposed in at least a portion of the solder cup of the electrical connector.

An advantage of the present invention is the design of the contact members.
Because each contact member has a compound curve, as further described herein, it is able
to make good mechanical and electrical contact with the signal pin. Thus, the inventive
electrical contact minimizes electrical discontinuities that are inherent in systems where
two electrical conductors are connected.

Another advantage of the present invention is that the electrical contact has contact
members that act as springs, where the springs exhibit a variable rate. This variable spring
rate nature of the contact members enables the connector to accommodate a wider range of

signal pin diameters.

Brief Description of the Drawings

The invention will be further described with reference to the drawings wherein in
accordance with the present invention:

Figure 1 is an isometric view of an illustrative embodiment of a female electrical
contact;

Figure 2 is a cross-sectional view of an illustrative terminated electrical connector;

Figure 3 is a schematic representation of a stamping step in the manufacturing of

the electrical contact;
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Figure 4 is an isometric view of another illustrative embodiment of a female
electrical contact;

Figure 5 is an isometric view of another illustrative embodiment of a female
electrical contact;

Figure 6 is an isometric view of the embodiment of Figure 1 with a signal pin
inserted;

Figure 7 is a cross-sectional view taken along line 7-7 of Figure 6; and

Figure 8 is a cross-sectional view of an illustrative microaxial cable.

These figures are idealized, not drawn to scale, and are intended merely to be

illustrative and non-limiting. In the figures, like reference numbers represent like parts.

Detailed Description

Figure 1 illustrates one embodiment of a female electrical contact 10 in accordance
with the present invention. The electrical contact has a substantially tubular, hollow body
12 having a first end 14 and a second end 30. For reference purposes, the contact has a
longitudinal axis, shown as “z” in Figure 1. As used herein, the phrase “substantially
tubular” means that the hollow body itself is generally cylindrical in structure but that the
diameter of cylinder, when the contact is not mated with a signal pin, varies along the
longitudinal axis of the connector. In a preferred embodiment, when the electrical contact
is not mated, from the first end 14, the diameter of the hollow body gradually decreases to
a minimum diameter at the midsection of the hollow body and then enlarges as it
approaches the second end 30. The first end has a bounded aperture 16 to receive a signal
pin (not shown). Preferably, the first end has been processed to provide for a lead-in
chamfer 18 to aid in the mating of the signal pins. The term “bounded” as used herein
meaﬁs that the ring (generally shown as 18) forms the boundary of the aperture. Bounded
does not imply that the aperture has to be defined by a continuous opening, and in fact,
Figure 1 shows that there is a seam 15. The hollow body contains at least two contact
members 22 lying between two elongated slots 20. The contact members and the
elongated slots lie generally parallel to the longitudinal axis.

Figure 1 shows that both contact members 22 have compound curves while Figure
4 shows that at least one of the contact members (the top one) has a compound curve. As

used herein, the term “compound curve” means that the contact member has curvature in
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two directions. The compound curves are present when the electrical contact does not
contain a mating signal pin. In a preferred embodiment, along the length of the hollow
body the contact members 22 are rounded inwardly, i.e., concave towards the z-axis. And,
the outer surface of the contact members is convex, i.e., curved like the exterior surface of
the sphere. As shown in Figure 7, this compound curve nature allows for intimate contact
between the signal pin (typically circular in cross-section) and the contact members
thereby improving electrical connection between them. The present invention differs from
that of US Patent 5,190,472 where its contact 3 is rectangular in cross-section and thus has
localized contact to its signal pin 55 as shown in its Figure 7.

One of the advantages of the present invention is that, due to its elongated tubular
design, the contact has a large area (defined generally by the surface area around the
contact members) where mating with the signal pin can occur. With repeated mating of
the signal pin to the contact, the mating surfaces on the pin and on the contact will likely
wear down thereby possibly degrading the electrical connection therebetween. By
increasing the surface area for contact, there is an increased likelihood of making a good
electrical contact between the pin and the contact members over an extended period of
time. In contrast, US Patent 4,359,258 shows a rather localized area, defined by
designated contact area 35 (in its Figure 2), where mating of the pins and its socket 16
occurs.

In one embodiment, at the second end 30 of the hollow body, there is a wire stop
32. The wire stop functions primarily to act as a stop for the central conductor of a
transmission line cable, as further explained in Figure 2. Also, the wire stop can minimize
the wicking of solder when the central conductor of a coaxial cable is assembled to the
electrical contact. Adjacent to the second end of the hollow body is a solder cup 34. The
solder cup has a means for bearing against the insulator of a transmission cable line to stop
the electrical contact from penetrating into the cable line during assembly or during mating
with the signal pin. One useful means is a flared portion located distal to the second end
of the electrical connector. In one embodiment, the flared portion is a positioning arm,
shown as 36 in Figure 2. In a preferred embodiment, the solder cup has three positioning
arms.

Figure 2 illustrates one embodiment of a terminated electrical connector 1. A

micro coaxial cable 40 is mated with the electrical contact 10. A conductive shell 60
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covers the entire electrical connector and a portion of the micro coaxial cable. The micro
coaxial cable typically has a central signal conductor 42, optionally insulative filaments
wrapped around the central conductor (not shown), a core tube 44 surrounding the central
signal conductor and the filaments (if used), at least one layer of braid 46, typically metal,
shielding the core tube, and a jacket 48 surrounding the layer of metal wire. The
positioning arms 36 on the electrical connector abut the core tube 44 on the micro coaxial
cable. And, the central signal conductor 42 resides in the solder cup up to the wire stop
32. Figure 8 shows a cross-sectional view of a micro coaxial cable with filament 43 and
two layers of braid 46. The positioning arm 36 would span the distance “d” between the
central conductor 42 and the core tube 44.

The central conductor can be anchored to the solder cup through the use of a
soldering medium 50. The conductive shell 60 can be anchored to the cable 40 through
the use of a solder medium 54 preferably at the braid 46. The conductive shell 60 has an
opening 64 and an insulator 66. The opening 64, which has a lead-in 52, is aligned with
the aperture 16 in the first end of the electrical contact, thus allowing for insertion of a
signal pin (not shown). The conductive shell 60 is typically fabricated from a metal or
metal alloy, such as brass and preferably has a lead-in curve 51 for ease in mating with
other parts, such as a coupler. Because Figure 2 shows a terminated electrical connector
without the mating signal pin, the contact member is in relaxed state as shown by air gap
56. |

Figure 5 illustrates another embodiment of a female electrical contact 10 having an
enclosed solder cup portion 71. Preferably a vent 70 is provided to allow solder flux vapor
to vent when the central signal conductor is soldered to the solder cup. Because the
enclosed solder cup portion has a constant diameter, this embodiment may have less
impedance discontinuity when compared to the electrical contact of Figure 1.

Figure 6 shows the electrical contact 10 in use, i.e., when a signal pin 72 is inserted
therein and at least a portion of the pin touches the contact members deflecting them
outwards. The diameter of the signal pin determines the amount of deflection the contact
members experience. As the contact members deflect, the tubular hollow body 12 changes
in diameter, to accommodate the signal pin, and approaches the nominal diameter of the
electrical contact. This change in diameter effectively provides for a socket with a

constant diameter, thereby minimizing electrical discontinuities that inherently arise in a
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contact that has changes in geometry between the contact outside diameter and the
conductive shell inside diameter. This constant diameter feature provides one key
advantage of the present invention.

Figure 7 is a cross-sectional view taken along line 7-7 in Figure 6 and shows that
the contact members 22 have intimate contact with signal pin 72 such that the contact
members cup the signal pin. This type of intimate contact is in contrast to the type of
contact disclosed in U.S. Patent 5,190,472.

The inventive electrical connector can be used to mate or connect electrical
conductors. Although Figures 2 and 8 show the use of the inventive electrical connector
with a micro axial cable, the connector can be used with any kind of cable, whether
coaxial or not. One skilled in the electrical connector art will recognize the variety of uses
for the inventive electrical connector. For example, the terminated electrical connector
can be loaded into a carrier and mated with a male coaxial connector, e.g., a coupler.

The electrical contacts are fabricated from metal substrates. As used herein, the
term metal encompass pure metals and their alloys. Suitable metal substrates include
copper and beryllium-copper alloys. In preferred embodiments, the metal substrates are
covered, typically via a plating process, with other metal layers such as nickel, chrome, or
gold. In a more preferred embodiment, the solder cup further contains a coating of tin and
lead.

The electrical contacts can be of made of any suitable dimensions to mate several
electrical conductors. In a preferred embodiment, the electrical contacts are used in
conjunction with micro coaxial cables. In such a case, the electrical contact is typically
about 0.1 to 0.5 inch (2.5 to 12.7 mm) in length. The opening in the first end of the hollow
body has an outer diameter of about 0.1 to 0.4 inch (2.5 to 10.2 mm). The metal substrate
is about 0.001 to 0.010 inch (0.025 to 0.25 mm) thick.

The inventors have discovered that the compound curve nature of the contact
members yields a socket that is compatible with a wide range of signal pin diameters.
This result is advantageous for the user because it relaxes the tolerance required for the
signal pin. In general, the tighter the tolerance for a part, the more expensive it is to make
it, particularly when the method of making the part involves some type of machining. Itis
believed that wider operating range for the pin diameter results from the ability of the

contact members to deflect toward a zero force point between two undeflected, stable
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positions. For purposes of analogy only, the contact members act much like a bistable
spring described in US Patent 4,703,301 (Hollweck et al.).

One advantage of the present invention is that the electrical contact can be
manufactured using a stamping and forming process, which is more cost effective than a
machining process. One illustrative stamping and forming process is described herein.

A strip of stock metal, such as copper, having a thickness of about 0.005 inch
(0.13 mm), is supplied, usually in roll form, for a semi-continuous process. The stock
metal is blanked using punches and dies through several processing stations. During the
blanking process, typically a carrier is formed along the top and bottom of the stock metal.
The carrier can have pilot holes so as to help guide the stock metal through the various
processing stations. Also during the blanking process, typically, the shape of the electrical
connector is stamped from the stock metal. At this point, the electrical contact is
substantially flat. The electrical contact is conveyed along with the carrier, usually
through some bars. After the electrical contact is stamped, various shaping dies are used
to form it_ into its substantially tubular shape and the flared portions are also formed.

F igure 3 schematically shows one illustrative step, in this case a stamping process,
in the manufacturing process for one illustrative electrical contact. The in-process
connector 100 has as a precursor stock metal 102 that have been partially blanked out to
form carriers 104 and pilot holes 106. The electrical contact, at this processing stage
appearing as a substantially flat and patterned metal sheet, is connected to the carrier
through tie bar 108. The electrical contact has a body portion 112, a first winged portion
114, middle portion 122, elongated slot 120, second winged portion 130 and an extension
134 that will become the solder cup. At the forming step, the first and second winged
portions and the middle portion are folded to form a tubular body having a first end, a
second end generally as shown in Figure 1. As a result of the forming step, two slots are
formed; one corresponding to the slot 120 and the other is formed as a result of grooves
220 on both sides of the middle portion. Once folded, seams are formed when edges 224
meet. At other forming steps, the body portion is further processed to create compound
curves on the contact members. While the foregoing general description on the stamping
and forming method is useful to make the inventive electrical contact, one skilled in the art

will recognize that variations to this description can be used to make the electrical contact.
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All references cited herein, including those in the Background section are

incorporated by reference, in each reference’s entirety.
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What is claimed is:

1. An electrical contact having a longitudinal axis, said contact (10) comprising
(a) a substantially tubular, hollow body (12) having a first end (14) and a
second end (30), said first end having a bounded aperture (16) therein, said hollow
body having at least two elongated slots and at least two contact members, said
elongated slots and contact members disposed along said longitudinal axis, each
contact member having a compound curve (22); and
(b) a solder cup (34) disposed adjacent said second end of said hollow body,
said solder cup having a flared portion (36) distal to said second end of said hollow
body.

2. The electrical contact of claim 1, wherein said second end of said hollow body

further comprises a wire stop (32).
3. The electrical contact of claim 1, wherein along the length of said hollow body,
said contact member is concave and said contact member has an outer surface that is

convex.

4. The electrical contact of claim 1, wherein said hollow body has at least one seam

disposed along said longitudinal axis, said seam extending from said elongated slot.

5. The electrical contact of claim 1, wherein said flared portion is a positioning arm.

6. The electrical contact of claim 1, wherein said connector is a metal selected from

the group consisting of copper and beryllium-copper.

7. The electrical contact of claim 6, wherein said metal is coated with at least one

material selected from the group consisting of nickel, chrome, and gold.
8. The electrical contact of claim 1 having a length of about 0.1 to 0.5 inches (2.5 to
12.7 mm) and wherein the opening at said first end of said body has an outer diameter of

about 0.1 to 0.4 inches (2.5 to 10.2 mm).

10
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9. An electrical contact having a longitudinal axis, said contact comprising
(a) a substantially tubular, hollow body having a first end and a second end, said
ﬁrsf end having a bounded aperture, said body having at least two elongated slots
and at least two contact members, said elongated slots and contact members
disposed along said longitudinal, and wherein at least one of said contact member
has a compound curve;
(b) a solder cup (34) disposed adjacent said second end of said hollow body; and

(c) said electrical contact is stamped and formed from metal substrates.

10.  The electrical contact of claim 9, wherein said metal is selected from the group

consisting of copper and beryllium-copper alloy.

11. The electrical contact of claim 10, wherein said metal is coated with a material

selected from the group consisting of nickel, chrome, and gold.

12.  The electrical contact of claim 10, wherein said solder cup is coated with a tin-lead
alloy.
13. The electrical contact of claim 9, wherein said metal substrate has a thickness of

about 0.001 to 0.010 inch (0.025 to 0.25 mm).

14.  The electrical contact of connector of claim 9, wherein along the length of said
hollow body, said contact member is concave and said contact member has an outer

surface that is convex.

15. A terminated electrical connector comprising an electrical contact mounted on a
coaxial cable (40) and disposed in an conductive shell, wherein:

said electrical contact has a longitudinal axis and comprises (i) a substantially

tubular hollow body having a first end and a second end, said first end

having a bounded aperture, said hollow body having at least two elongated

slots and at least two contact members disposed along said longitudinal

11
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axis, wherein at least one of said contact members has a compound curve
and (ii) a solder cup disposed adjacent to said second end of said hollow
body, said solder cup having at least one flared portion distal to said second
end of said hollow body;

said coaxial cable comprises a central signal conductor, a filament wrapped around
said central signal conductor, a core tube surrounding said central signal
conductor and said filament, at least one layer of metal wire shielding said
core tube, and a jacket surrounding said metal wire

such that said flared portion on said electrical contact abut said core tube of said
coaxial cable and said central signal conductor in said coaxial cable is

disposed in at least a portion of said solder cup of said electrical contact.

16.  The terminated electrical connector of claim 15 wherein said conductive shell has a
Jongitudinal axis, an opening disposed in a portion of said shell, and a layer of insulation
and said electrical contact is disposed inside said conductive shell such that said
longitudinal axis of said electrical contact is parallel with said longitudinal axis of said
conductive shell such that said opening in said conductive shell is aligned with said

bounded aperture in said electrical contact.

17.  The terminated electrical connector of claim 16, further comprising a signal pin
slidingly engaged into said opening of said conductive shell, said signal pin contacting and
deflecting said contact members of said electrical contact such that said contact members

are substantially straight.

18. The terminated electrical connector of claim 17, wherein said electrical contact is a

metal selected from the group consisting of copper and beryllium-copper alloy.

19.  The terminated electrical connector of claim 18, wherein said metal is coated with

at least one material selected from the group consisting of nickel, gold, and an alloy of tin
and lead.

12
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