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CONTROLLED-IMPEDANCE COMPLIANT CABLE TERMINATION

TECHNICAL FIELD
The present invention relates to electrical cable
terminations, more particularly, to controlled-impedance
cable terminations which are generally used to transmit high-

frequency signals between electronic devices.

BACKGROUND ART

The purpose of a cable termination is to provide an
interconnect from a cable to an electrical device and to
provide a separable electrical interconnection between the
cable and its operating environment. The characteristic of
separability means that the cables are not interconnected by
permanent mechanical means, such as soldering or bonding, but
by temporary mechanical means.

Currently, cables are terminated using a conventional-
type connector which is also controlled-impedance, such as a
male/female pair connectors that have one piece soldered to
the operating environment, such as a printed circuit board
(PCB), and one piece soldered, crimped, or otherwise
permanently fastened to the wire end. In other cases, the
connector or the cables are soldered to a different PCB which
is then separably connected to the working environment such
as another PCB. The two PCBs are then attached with a
compression interconnect interposer. While being generally
the same impedance environment as the cable, there are
impedance mismatches which cause high-frequency attenuation
at the point of interface between the cable and the PCB’s,
and the connector and its working environment, such as like a
PCB. Additionally, these cable terminations often require
through holes in PCBs for mounting and, consequently, it can
be difficult to design the best possible controlled-impedance
environment. These types of cable terminations have
generally long transitions and thus introduce more signal

reflections which can inhibit higher frequency signals.
1
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Another form of prior art is a system which uses two
independent parts to mate several cables to its electrical
environment. This system uses one part that is generally
soldered to a printed circuit board and another part that is
generally mated to several cables. The two pieces can be
plugged together to form the controlled-impedance
interconnection. These systems are better-controlled
impedance environments but are limited by the signal
integrity of the electrical path since the two mated parts
require a relatively long change in the transmission line
which can cause reflections and limit bandwidth of the
system.

Still another prior art is a connector which terminates
controlled-impedance cables to connectors which use compliant
“pins” to press into holes in a planar device such as a PCB.
These holes are generally required to be large which can also

limit bandwidth of the system.

DISCLOSURE OF THE INVENTION

The present invention is an apparatus and method for
terminating a controlled-impedance cable with compliant
contacts that can mate directly with conductive pads and
lands on an electrical device. The terminator is for use
with a controlled-impedance cable with one or more signal
conductors, each surrounded by a dielectric. A ground shield
with optional drain wires surrounds the dielectric(s) and a
sheath covers the ground shield and drain wires.

The termination 10 of the present invention has two
embodiments.

The first embodiment employs an anchor block, compliant
signal contacts for the signal conductors, compliant ground
contacts for the ground shield, and a clip mounted to the
anchor block and cable. The compliant contacts can have one
or more of a number of different configurations. Each
configuration has a spring finger that extends outwardly from

the body of the contact.
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The nonconductive anchor block holds the compliant
contacts and clip. The anchor block has a cable surface
where the cable comes into the anchor block and signal
contact channels and ground contact channels in the surface
that abuts the device. The contact is retained in the
channel by a knob that extends into the channel from the
channel front wall.

The clip holds the cable to the anchor block, provides
strain relief to the cable, and provides compliant pressure
for the contacts against the device. The clip has a flat
body, a compression arm, a clamp, and a hook. The clamp
extends from the rear of the clip body at about a 45° angle
away from the anchor block. The clamp has wings that extend
around and securely grasp the cable.

To assemble the termination to a cable, the cable is
first prepared by trimming back the sheath, ground shield,
and dielectric to expose the signal conductor and, if
available, the drain wires. The compliant signal contacts
are attached to the exposed signal conductors and compliant
ground contacts are attached to the exposed drain wires. The
contacts are inserted into the appropriate channels and
pushed toward the nose surface until the contacts snap into
the knobs. The clip is installed onto the anchor block by
placing the hook over the anchor block lip and pivoting the
clip body downwardly. The cable is bent until it touches the
clamp and the wings are bent around and cinched to the cable
sheath.

The termination assemblies are removably attached to the
device by a frame that comprises a lattice and a cover. The

body of the lattice has cutouts into which the termination

assemblies are inserted. The cover has a body that spans the
termination assemblies. One end 1is pivotally attached to the
lattice. The other end snaps into a receptacle.

The terminations are placed in the cutouts. The cover is

pivoted downwardly until the end snaps into the receptacle.
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The cover pushes down on the compression arms of the clips,
compressing the terminations against the device.

The second embodiment comes in two configurations, both
of which employ a housing that includes an anchor block, a
cap for securing the cable to the anchor block, and a collar
for securing the cap to the anchor block. Compliant signal
contacts make the electrical connection between the signal
conductors and the device and compliant ground contacts make
the electrical connection between the ground shield and the
ground plane of the device.

A number of different configurations for the contact are
described for use with the present invention. The
configurations are applicable to both the signal conductors
and drain wires. In a first configuration, the contact is
the exposed end of the conductor formed into a contact with a
spring finger. In the second configuration, the contact is a
cylindrical, formed wire contact with a body and a spring
finger extending outwardly from the body. The contact is
bonded directly to the end of the signal conductor. In the
third configuration, the contact is a cylindrical, formed
wire contact with a body and a spring finger extending
outwardly from the body. The contact is attached to the
signal conductor by a collar. 1In the fourth configuration,
the contact has a rectangular contact body with a pair of
tines bent 90° from the body to form a fork that holds onto
the signal conductor by pushing the wire into the gap between
the tines. A spring finger extends outwardly from the body.
In the fifth configuration, the contact has a rectangular
body with a spring finger extending outwardly from one edge
of the body. The other end of the body is at an angle to the
body and bonded directly to the end of the signal conductor.

When there are no drain wires, the ground contacts are
elements of a clamp that is secured around the cable shield.

The housing of both configurations includes an anchor

block, a cap, and a collar. The anchor block has a cable
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tray that extends rearwardly and upwardly at the desired
angle of the cable to the device surface. The anchor block
has a notch for each of the signal conductors and a notch for
each drain wire. Fach notch extends downwardly into a
contact aperture, which are through openings to the device
surface.

The cap clamps the cable/contacts assembly to the anchor
block. The cap has a cable clamp that complements the cable
tray. To assemble, the collar is slid over the end of the
cable. The contacts are inserted into the notches and the
cable is laid in the cable tray. The spring fingers extend
along the aperture openings and from the device surface. The
cap 1s installed on the anchor block and the collar is slid
down around the cable tray and cap cable clamp until the
collar snaps under a lip at the upper edge of the cable tray
and a corresponding lip at the upper edge of the cap cable
clamp.

In one configuration, the termination assemblies are
removably attached to the device by a frame that is comprised
of a lattice and a cover. The lattice attaches to the device
via through-hole solder joints or an interference fit. The
lattice body has a rectangular cutout for each termination
assembly.

The cover spans the termination assemblies and has a
spring set. The spring set has an elongated body and a
cantilever spring extending from and curled under the body
for each termination. When the cover is closed onto the
termination assemblies, each spring pushes its corresponding
termination assembly against the device surface in the
direction of compression.

In another configuration, the termination assemblies are

removably attached to the device by a frame that is comprised

of a lattice and a cover. The lattice has a cutout for each
termination assembly. The cover secures the termination
assemblies in the lattice. The cover has posts extending
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from the bottom, each of which is aligned with a cutout. A
coil spring sits on the post and, when the cover is installed
on the lattice, pushes the termination assembly toward the
device. The frame is secured to the device by clips attached
to the device.

Objects of the present invention will become apparent in
light of the following drawings and detailed description of

the invention.

BRIEF DESCRIPTION OF DRAWINGS

For a fuller understanding of the nature and object of
the present invention, reference is made to the accompanying
drawings, wherein:

FIG. 1 is a top, 1isometric view of the first embodiment
of the termination of the present invention;

FIG. 2 is a bottom, isometric view of the termination of
FIG. 1;

FIG. 3 is a side view of the termination of FIG. 1;

FIG. 4 is a bottom view of the termination of FIG. 1;

FIG. 5 i1is an exploded, isometric view of the termination
of FIG. 1;

FIG. 6 is a side, cross—-sectional view of the termination
of FIG. 1;

FIG. 7 is an isometric view of the end of a twinaxial
cable for use with the termination of FIG. 1;

FIG. 8 is an isometric view of an installed crimped
contact for the termination of FIG. 1;

FIG. 9 is an isometric view of a cylindrical contact
prior to installation for the termination of FIG. 1;

FIG. 10 is an isometric view of an installed cylindrical
contact with solder opening for the termination of FIG. 1;

FIG. 11 is a cross—sectional view of a contact with a
locking barb for the termination of FIG. 1;

FIG. 12 is an isometric view of a crimped contact on a

shaped conductor for the termination of FIG. 1;
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FIG. 13 is a cross—sectional view of a contact with a
straight finger for the termination of FIG. 1;

FIG. 14 is a cross—sectional view of the contact of FIG.
13 showing the finger as it looks engaged with a device pad;

FIG. 15 is a cross—sectional view of a contact with a
hooked finger for the termination of FIG. 1;

FIG. 16 is a cross—sectional view of a contact with a C-
shaped finger for the termination of FIG. 1;

FIG. 17 is a top view of a contact showing important
surfaces for the termination of FIG. 1;

FIG. 18 is a bottom view of the anchor block for the
termination of FIG. 1;

FIG. 19 is a top, isometric view of the clip for the
termination of FIG. 1;

FIG. 20 is a side view of the clip of FIG. 19;

FIG. 21 is a top, isometric view of an another clip for
the termination of FIG. 1;

FIG. 22 is a cross—sectional view of a contact installed
in the anchor block for the termination of FIG. 1;

FIG. 23 is an isometric view of a device adapted to
receive four terminations for the termination of FIG. 1;

FIG. 24 is a top, isometric view of four terminations of
FIG. 1 partially attached to the device;

FIG. 25 is a top, isometric view of four terminations of
FIG. 1 attached to the device;

FIG. 26 is a side, cutaway view of terminations of FIG.
attached to the device;

FIG. 27 is a top, isometric view of a first configuration
of the second embodiment of the termination of the present
invention;

FIG. 28 is a top, isometric view of a second
configuration of the second embodiment of the termination of
the present invention;

FIG. 29 is an isometric view of the end of a twinaxial

cable for use with the terminations of FIGS. 27 and 28;
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FIG. 30 is an isometric view of a first configuration of
a contact for the terminations of FIGS. 27 and 28;

FIG. 31 is an isometric view of a first configuration of
FIG. 30 with a cable;

FIG. 32 is an isometric view of a second configuration of
a contact for the terminations of FIGS. 27 and 28;

FIG. 33 is an isometric view of a cable with installed
contacts of FIG. 32;

FIG. 34 is an isometric view of a third configuration of
a contact for the terminations of FIGS. 27 and 28;

FIG. 35 is a cross—sectional view of a wire with an
installed contact of FIG. 34;

FIG. 36 is an isometric view of a fourth configuration of
a contact for the terminations of FIGS. 27 and 28;

FIG. 37 is an isometric view of a cable and contacts of
FIG. 36 prior to installation;

FIG. 38 is an isometric view of a cable with installed
contacts of FIG. 36;

FIG. 39 is an side view of a signal conductor with an
installed contact of FIG. 36;

FIG. 40 is an isometric view of the end of a twinaxial
cable with notched wires for the contact of FIG. 36;

FIG. 41 is an isometric view of a fifth configuration of
a contact for the terminations of FIGS. 27 and 28;

FIG. 42 is an isometric view of a cable with installed
contacts of FIG. 41;

FIG. 43 is a side view of the spring finger parameters;

FIG. 44 is an isometric, exploded view of a method of
electrically assembling to the cable shield without drain
wires for the terminations of FIGS. 27 and 28;

FIG. 45 is an isometric view of the contacts and clamp of
FIG. 44 partially assembled to the cable;

FIG. 46 is an isometric view of the contacts and clamp of

FIG. 44 fully assembled to the cable;
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FIG. 47 is

assembly method of FIG.

FIG. 48 1is

and clamp of FIG.

FIG. 49 is

and clamp of FIG.

FIG. 50 is
attachment;
FIG. 51 is

molding of FIG.

FIG. 52 is

and molding of
FIG. 53 1is
27;

FIG. 54 is

FIG.

FIG. 55 is
FIG. 56 is
27;

FIG. 57 1is

of FIG.

termination of
FIG. 58 1is
termination of
FIG. 59 1is
termination of

FIG. 60 1is

block for the termination of FIG.

FIG. 61 1is
termination of
FIG. 62 1is
termination of
FIG. 63 1is

27;
64 1is
taken at 64-64

of FIG.
FIG.

PCT/US2019/025426

an isometric, exploded view of a shield
44 with a membrane;

an isometric view of the contacts, membrane,
47 partially assembled to the cable;

an isometric view of the contacts, membrane,
47 fully assembled to the cable;

an isometric, exploded view of an overmolded

an isometric view of the contacts, clamp, and
50 assembled to the cable;
a cross—sectional view of the contacts,

FIG.

clamp,
50 attached to the cable;

a bottom, isometric view of the termination of
a side view of the termination of FIG. 27;
a bottom view of the termination of FIG. 27;
an exploded, isometric view of the termination
a side, cross—sectional view of the
FIG. 27;

a top view of the anchor block for the

FIG. 27;

a bottom view of the anchor block for the
FIG. 27;

a side, cross—-sectional view of the anchor

27;
a bottom,

27;

isometric view of the cap for the
FIG.
an isometric view of the collar for the
FIG. 27;

a top view of the collar for the termination

cross—sectional view of the collar

63;

a side,

of FIG.
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FIG. 65 is an isometric view of the cable installed in
the anchor block for the termination of FIG. 27;

FIG. 66 is a cross—sectional view of the assembly step of
installing the cap for the termination of FIG. 27;

FIG. 67 is a bottom, isometric view of the termination of
FIG. 28;

FIG. 68 is a side view of the termination of FIG. 28;

FIG. 69 is a bottom view of the termination of FIG. 28;

FIG. 70 is an exploded, isometric view of the termination
of FIG. 28;

FIG. 71 is a side, cross—-sectional view of the
termination of FIG. 28;

FIG. 72 is a top view of the anchor block for the
termination of FIG. 28;

FIG. 73 is a bottom view of the anchor block for the
termination of FIG. 28;

FIG. 74 is a side, cross—-sectional view of the anchor
block for the termination of FIG. 28;

FIG. 75 is a bottom, isometric view of the cap for the
termination of FIG. 28;

FIG. 76 is an isometric view of the collar for the
termination of FIG. 28;

FIG. 77 is an top view of the collar for the termination
of FIG. 28;

FIG. 78 is a side, cross—-sectional view of the collar
taken at 78-78 of FIG. 77;

FIG. 79 is an isometric view of the cable installed in
the anchor block for the termination of FIG. 28;

FIG. 80 is a cross—sectional view of the assembly step of
installing the cap for the termination of FIG. 28;

FIG. 81 is an isometric view of a device adapted to
receive four terminations of FIGS. 27 and 28;

FIG. 82 is an exploded, isometric view of the cover and

spring for four termination of FIGS. 27 and 28;

10
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FIG. 83 is a top, isometric view of four terminations of
FIGS. 27 and 28 partially attached to the device;

FIG. 84 is a top, isometric view of four terminations of
FIGS. 27 and 28 attached to the device;

FIG. 85 is a side, cutaway view of terminations of FIGS.
27 and 28 attached to the device;

FIG. 86 is an isometric view of a device adapted to
receive eight terminations of FIGS. 27 and 28;

FIG. 87 is a top, isometric view of a frame for eight
termination of FIGS. 27 and 28;

FIG. 88 is a top, exploded, isometric view of the frame
of FIG. 87;

FIG. 89 is a bottom, exploded, isometric view of the
frame of FIG. 87;

FIG. 90 is a side, cross—-sectional, detail view of the
cover attachment for the frame of FIG. 87;

FIG. 91 is a side, cross—-sectional view of the assembled
frame of FIG. 87;

FIG. 92 is a top, isometric view of the frame of FIG. 87
positioned to attach to the device;

FIG. 93 is a top, isometric view of the frame of FIG. 87
partially attached to the device;

FIG. 94 is a top, isometric view of the frame of FIG. 87
fully attached to the device;

FIG. 95 is a side, cross—-sectional, detail view of the
frame/device attachment for the frame of FIG. 87;

FIG. 96 is a side, cross—sectional view of the frame of
FIG. 87 fully attached to the device; and

FIG. 97 is a side, cutaway view of the frame of FIG. 87
fully attached to the device.

BEST MODES FOR CARRYING OUT THE INVENTION
The present invention is an apparatus and method for
terminating a controlled-impedance cable 20 with compliant
contacts that can mate directly with conductive pads and
lands 4, 5, 6 on an electrical device 2.

11
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The terminator 10 of the present invention is for use
with a controlled-impedance cable 20. Such a cable 20 has
one or more signal conductors 22, each surrounded by a
dielectric 24. A ground shield 26 surrounds the
dielectric(s) 24. Optionally, drain wires 30 extend along
the ground shield 26. The term “ground shield” is used in a
general way and can refer to any structure that operates as a
ground shield, including but not limited to, conductive
metalized wrap, foil, woven wire wraps, braids, drain wires,
and/or combinations thereof. Opticnally, a sheath 28 covers
the ground shield 26 and drain wires 30. The term, “cable”,
in the present specification refers to a controlled-impedance
cable.

The present specification describes the termination 10 of
the present invention with a twinaxial (twinax) cable 20 with
drain wires 30. It is understood, however, that the
termination 10 can be adapted by persons of average skill in
the art to controlled-impedance cables with different numbers
of the conductors and different ground structures.

The termination 10 of the present invention has two
embodiments. The first embodiment shown in FIGS. 1-26 and
the second embodiment is shown in FIGS. 27-97.

Embodiment of FIGS. 1-26

The first embodiment of the present invention is a cable
terminator 10 that employs compliant electrical contacts 344,
34B (collectively, 34) to provide an interface between the
controlled-impedance cable 20 and another electrical device
2. The assembly 10 is removably attached to the electrical
device 2 by a compression force in a direction of compression
3, as described below.

The cable termination 10 of the present invention employs
an anchor block 12, compliant signal contacts 34A for making
the electrical connection between the signal conductors 22
and the electrical device 2, compliant ground contacts 34B

for making the electrical connection between the ground

12
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shield 26 and the ground plane of the electrical device 2,
and a clip 14 mounted to the anchor block 12 and cable 20.

FIGS. 8-16 show several configurations of a compliant
contact 34 for use by the present invention. FIG. 8 shows a
simple stamped contact 34 crimped around the signal conductor
22. Optionally, solder or adhesive can be used at the crimp
opening 44 to facilitate bonding between the contact 34 and
the signal conductor 22.

FIGS. 9 and 10 show a cylindrical contact 34 that is slid
onto the signal conductor 22. Optionally, the conductor 22
and contact 34 are shaped to prevent rotation of the contact
34 on the conductor 22. FIG. 9 shows the contact 34 and
conductor 22 with flat sides 38 to prevent rotation.

Optionally, as shown in FIG. 10, the contact 34 has a
hole 40 in the body 36 for soldering or adhesive. After the
contact 34 is slid onto the signal conductor 22, solder or
adhesive is added through the hole 40 to facilitate bonding
between the contact 34 and the signal conductor 22.

Optionally, as shown in the cross—-section of FIG. 11, the
contact 34 has a locking barb 46. The locking barb 46 is
bent slightly, at least 5°¢, from the contact body 36 into the
contact bore 48 and has a sharp edge 50 at the end. When the
contact 34 is slid onto the conductor 22 from the right in
FIG. 11, the barb 46 is pushed outwardly. When trying to
remove the contact 34 from the conductor 22, the sharp edge
50 digs into the conductor 22, preventing easy removal.

Optionally, the signal conductor 22 is shaped, as at 42
in FIG. 12, prior to installing the contact 34. The shaping
helps to maintain the general size of the cross-section of
the signal conductor 22 after the contact 34 is attached.
Another benefit of shaping is to remove any coatings or
platings to facilitate a more effective soldering or bonding.
The shaping can be done by, for example, forging, stamping,

coining, drawing, or shaving. The shaping can be performed

13
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with external tooling, or by the contact 34 itself as it
collapses around the signal conductor 22.

The contact 34 is formed with a spring finger 60
extending outwardly from the contact body 36. When the
contact 34 is produced, additional cuts are made so that a
strip can be bent away from the contact body 36 to bias
outwardly to form the finger 60. The bend angle is whatever
angle results in the optimum balance between contact force
and bending stresses in the contact material. 1In FIG. 13,
the finger 60 is bent away from the contact body 36 but
remains generally straight. When the finger 60 is compressed
against the electrical device 2, the finger 60 deflects until
the contact 34 forms a non-interrupted cylinder, as in FIG.
14. The property of non—-interruption brings the contact 34
into an optimal shape for impedance control.

Alternatively, the finger 60 is shaped to help reduce
wear on the pads 4, 5 on the device 2 as the finger 60
scrapes across the pad 4, 5 when attaching and detaching. 1In
FIG. 15, the finger 60 has a slight hook 62 at the end. 1In
FIG. 16, the finger 60 has a C shape, as at o04.

FIG. 17 indicates the face 52 of the contact 34 closest
to the cable dielectric 24 and the face of the trimmed back
dielectric 24. The relative positions of these surfaces 52,
54 and the length of the contact 34, among other things,
control the phase length of the assembly as well as how much
of the contact 34 extends past the end of the conductor 22.
The present invention recognizes the need to precisely
control cable length, trim, and contact position on the
signal conductors 22 for optimal phase length and impedance
control.

The anchor block 12 is composed of a nonconductive
material and holds the compliant contacts 34 and clip 14.
The anchor block 12 has a device surface 102 that abuts the
electrical device 2 and a clip surface 104 opposite the

device surface 102 to which the clip 14 is attached. The

14
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anchor block 12 has a cable surface 106 where the cable 20
comes into the anchor block 12 and a nose surface 108
opposite the cable surface 106. The anchor block 12 has two
sides 110, 112 that are typically mirror images of each
other. The sides 110, 112 of the anchor block 12 are
designed so that anchor blocks 12 can be placed next to each
other without the need for extra spacing.

The anchor block 12 has signal contact channels 120A and
ground contact channels 120B (collectively, 120) in the
device surface 102. The channels 120 are open depressions in
the device surface 102 that extend parallel to the device
surface 102. The channels 120 are open at the cable surface
106 and extend toward the nose surface 108 to a wall 122.

The spacing between channels 120 depends on the spacing
between the corresponding signal conductors 22 and drain
wires 30 of the cable 20.

The depth of each channel 120 depends on the size of the
contact 34 installed in the channel. The depth must be such
that the contact spring finger 60 extends below the device
surface 102 when the contact 34 is installed so that the
spring finger 60 can make contact with the device pad 3, 4
without interference from the anchor block 12.

The contact 34 is retained in the channel 120 by a knob
128 that extends into the channel 120 from the channel front
wall 122. The knob 128 has an enlarged head 132 at the end
of a neck 134 that forms a shoulder 136 perpendicular to the
channel 120. The contact 34 has a 90° radial lip 134
extending inwardly, as shown in FIG. 10. When the contact 34
is pressed onto the knob 128, the lip 134 snaps onto the knob
128. The lip 138 abuts the shoulder 136 to retain the
contact 34 on the knob 128 and in the channel 120.

The device surface 102 of the anchor block 12 has spacing
feet 142, 144 that maintain a minimum spacing between the
contact body 36 and the device 2. The optimium spacing is

whatever results in the minimum impedance change. In the
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present design, there are two front feet 142 adjacent to the
nose surface 108 and a back foot 144 adjacent to the cable
surface 106.

The clip 14, shown in FIGS. 19 and 20, holds the cable 20
to the anchor block 12, provides strain relief to the cable
20, and provides compliant pressure for the contacts 34
against the device pads 4, 5. The clip 14 has a flat body
150, a compression arm 152, a clamp 154, and a hook 156. The
body 150 lays flat against the clip surface 104 of the anchor
block 12.

The compression arm 152 is stamped out of the body 150
and bent outwardly at an angle, as at 160. The bend angle is
whatever angle results in a balance of an optimum downward
force and stresses in the clip material. The downward force
value is defined as a value that overcomes the contact
forces, with margin to account for pull forces, shock, and
vibration encountered in the operating environment. The
stamping leaves an opening 162 in the body 150.

Optionally, studs 166 extend outwardly from the anchor
block clip surface 104 into corners 168 of the opening 162 to
provide alignment and stability.

The clamp 154 extends from the rear of the clip body 150
at about a 45° angle away from the anchor block 12. The
clamp 154 has wings 170 that extend around and securely grasp
the cable 20.

At the front of the clip body 150 is a hook 156 formed by
bending the body 150 downwardly greater than 90°. The hook
156 fits around a lip 174 protruding from the nose surface
108 adjacent to the clip surface 104. The hook 156 may
extend across the entire width of the clip 14 or may be
composed of several smaller hook elements 176, as in FIG. 18.

An alternate clip 14 is shown in FIG. 21.

To assemble the termination 10 to a cable 20 to form the
termination assembly 8, the cable 20 is first prepared by

trimming back the sheath 28, ground shield 26, and dielectric
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24 to expose the signal conductor 22 and, if available, the
drain wires 30, as in FIG. 7. The compliant signal contacts
342 are attached to the exposed signal conductors 22 and
compliant ground contacts 34B are attached to the exposed
drain wires 30. In the present specification, “permanently
attached” means non-separable, for example, crimping,
soldering, gluing, welding, and coining. Optionally, the
cable trimming and contact positioning is controlled to
provide more precise phase and impedance matching.

The contacts 34 are inserted into the appropriate
channels 120 and pushed toward the nose surface 104 until the
contacts 34 snap into the knobs 128.

The clip 14 is installed onto the anchor block 12 by
placing the hook 156 over the anchor block lip 174 and
pivoting the clip body 150 downwardly until the studs 166 are
within the opening corners 168. The cable 20 is bent until
it touches the clamp 154 and the wings 170 are bent around
and cinched to the cable sheath 28.

The contacts 34 snapped onto the knobs 128 and the clamp
154 pulling the cable 20 upwardly secure the cable 20 and
contacts 34 in the anchor block 12 to hold the termination
assembly 8 together.

FIGS. 23-26 show how four of the termination assemblies 8
of FIG. 1 are attached to a device 2. FIG. 23 shows a
section of device 2 with pads 4, 5 for attachment by four
adjacent twinax termination assemblies 8. Note the spacing
between adjacent termination sections 6, that is, between two
adjacent ground pads 5, 1s no larger than the spacing between
a signal pad 4 and its adjacent ground pad 5. This is
possible because the anchor blocks 12 are designed to be
placed adjacent to one another without needing extra space
therebetween.

The termination assemblies 8 are removably attached to
the device 2 by a frame 200 that comprises a lattice 202 and
a cover 204. The lattice 202 has a body 210 and feet 212
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that attach to the device 2 with the body 210 spaced from the
device 2. The feet 212 attach to the device 2 by surface-
mount soldering but the present invention contemplates that
the feet 212 can be attached using any practical method.

The body 210 of the lattice 202 has a cutout 220 into
which the termination assemblies 8 are inserted. The cutout
220 is positioned such that the termination assemblies 8 are
in the correct position over the pads 4, 5.

The cover 204 attaches to the ends of the lattice 202 as
described below to hold the termination assemblies 8 against
the device 2 in the direction of compression 3. The cover
204 has a body 224 that spans the termination assemblies 8.

One end of the cover 204 is pivotally attached to one end
of the lattice 202. A cylindrical pin 226 on the cover 204
snaps into a corresponding tubular socket 228 on the lattice
202 so that the pin 226 rotates in the socket 228.

The other end of the cover 204 has a cylindrical bar 234
that snaps into a concave, semicylindrical receptacle 236.

The cover body 204 has key holes 240 into which tabs 242
on the clip surface 104 of the terminations 10 fit.
Alternatively, tabs on the bottom of the cover body fit into
holes in the clip surface 104 of the terminations 10. The
tabs 242/holes 240 help to maintain the correct positioning
of the terminations 10.

To install the terminations 10, they are placed in the
appropriate manner in the cutout 220. The cover 204 is
pivoted downwardly until the bar 234 snaps into the
receptacle 236. At this point, the cover 204 is pushing down
on the compression arm 152 of the clip 14, compressing the
terminations 10 against the device 2. To remove the
terminations 10, an opening tab 244 on the bar end of the
cover 204 is pulled up to release the bar 234 from the
receptacle 236.

The termination 10 of the present invention provides

compliance in two independent ways. In the first, the
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contact springs 60 provide compliance at the device pads 4,
5, in part, to adjust for any non-planarities on the surface
of the device 2. 1In the second, the clip compression arm 152
provides compliance for each of the termination assemblies 8
when compressed to the device 2 by the frame cover 204.

Embodiment of FIGS. 27-97

The second embodiment of present invention is a cable
terminator 1010 that employs compliant electrical contacts
1030A, 1030B (collectively, 1030) to provide an interface
between the controlled-impedance cable 20 and another
electrical device 2. The terminator 1010 is removably
attached to the electrical device 2 by a compression force in
a direction of compression 3 as described below. The
direction of compression 3 is the direction that is
perpendicular to the surface 1 of the device 2, as shown in
FIGS. 85 and 96.

The second embodiment comes in a first configuration
1010A shown in FIGS. 27 and 53-66 and a second configuration
1010B shown in FIGS.28 and 67-80. Both configurations employ
a housing 1018 that includes an anchor block 1012, a cap 1014
for securing the cable 20 to the anchor block 1012, and a
collar 1016 for securing the cap 1014 to the anchor block
1012. Prior to installation in the housing 1018, compliant
signal contacts 10302 for making the electrical connection
between the signal conductors 22 and the electrical device 2
and compliant ground contacts 1030B for making the electrical
connection between the ground shield 26 and the ground plane
9 of the electrical device 2 are attached to the cable 20.

A number of different configurations for the contact 1030
are described below. The configurations described are merely
illustrative, not exhaustive, of configurations that can be
employed. The configurations are discussed below relative to
the signal conductor 22, but are also applicable to the drain

wire 30.
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The contacts are installed on a cable 20 like that shown
in FIG. 29. Although the cable 20 is shown in the figures as
a twinax cable, the present invention is not limited to a
twinax cable and may be employed with cables having one or
more signal conductors. The cable 20 is prepared by trimming
back the sheath 28, ground shield 26, and dielectric 24 to
expose the ends of the signal conductors 22 and, if
available, the drain wires 30. The length of the exposed
signal conductors is determined by the compliant contact 30
that is used.

The first configuration 1186 of a compliant contact 1030
for use by the present invention is shown in FIGS.30-31. The
contact configuration 1186 is the exposed end of the
conductor 22 formed into a contact. The end of the signal
conductor 22 is bent toward the conductor axis 1060, as at
1196, to form a spring finger 1188 extending outwardly at an
angle to a tip 1190. The parameters of the spring finger
1188 and the bend angle 1196 are discussed below. The tip
1190 of the spring finger 1188 is bent, as at 1192, to form a
curved contact point 1194, in part to reduce wear on the
device 2.

Many methods for forming the contact 1186 are well-known
in the art and the any method that is appropriate for the
material and the desired shape may be used. Methods can
include bending, punching, coining, swaging, spanking,
chamfering, and shearing.

The main advantage to this contact 1186 is that, since it
is formed from the conductor 22 itself, there is no
additional attachment that will affect the impedance. Also,
the cylindrical shape of the conductor 22 is continued
throughout the length of the contact 1186, making it easier
to maintain impedance.

The remainder of the contact configurations are separate
components that are attached to the end of the conductor 22.

A separate component may be necessary when the material from
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which the conductor 22 is composed does not have the
mechanical characteristics needed for the particular
application. A separate component can be made of a more
appropriate material or combination of materials.

A second configuration 1170 of a compliant contact 1030
is shown in FIG.32. The contact configuration 1170 is a
cylindrical, formed wire contact with a body 1172. A spring
finger 1174 extends outwardly from the body 1172 at a bend
1184 to a tip 1176. The parameters of the spring finger 1174
and the bend angle 1184 are discussed below. The tip 1176 of
the spring finger 1174 is bent, as at 1178, to form a curved
contact point 1180, in part to reduce wear on the device 2.

The opposite end of the contact body 1172 is a conical
attachment 1182 that is at an angle to the contact body 1172.
The end of the attachment 1182 is shaped to bond directly to
the conductor 22 after the cable 20 is trimmed back, as in
FIG.33, by weld, solder, adhesive, or any other adequate
attachment means. Alternatively, the attachment 1182 is
shaped to extend into a bore in the conductor 22. The only
stipulation is that the bending stress should only be
transmitted to the contact 1170 and not to the softer cable
conductor 22.

The advantage to this contact 1170 is that the
cylindrical shape of the conductor 22 is continued throughout
the length of the contact 1170, making it easier to maintain
impedance.

Cable wire materials are selected mainly for their
electrical properties, such as conductivity. Contact
materials need to have good mechanical and electrical
properties. By this approach, the wire material of the
contact 1170 can be any material with spring properties but
also good electrical properties. If it is an expensive
material, only the last millimeter of the electrical path,

the finger tip 1176, needs to be made from of it. The rest
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of the contact 1170 can be made of the standard cable wire
material.

A third configuration 1250 of a compliant contact 1030 is
shown in FIG. 34. As with the contact of FIG. 32, the
contact configuration 1250 is a cylindrical, formed wire
contact with a body 1252. A spring finger 1254 extends
outwardly from the body 1252 from a bend 1272 to a tip 1256.
The parameters of the spring finger 1254 and the angle of the
bend 1272 are discussed below. The tip 1256 of the spring
finger 1254 is bent, as at 1258, to form a curved contact
point 1260, in part to reduce wear on the device 2.

At the opposite end of the contact body 1252 is an
attachment 1262. The attachment 1262 has a tail 1264 that is
at an angle to the contact body 1252. A collar 1266 attaches
the tail 1264 to the conductor 22. The collar 1266 is
cylindrical with an axial bore 1268 at one end for the tail
1264 and an axial bore 1270 at the other end for the
conductor 22, as shown in FIG. 35. The tail 1264 is inserted
into the tail bore 1268 and the conductor 22 is inserted into
the wire bore 1270 after the cable 20 is trimmed back. The
tail 1264 and conductor 22 are bonded to the collar 1266
using any adequate method, including by weld, solder, or
adhesive.

A fourth configuration 1034 of a compliant contact 1030
is shown in FIGS. 36-39. The contact configuration 1034 has
a rectangular contact body 1036 with a pair of tines 1050.
During production, the tines 1050 are initially planar with
the body 1036 and are bent approximately 90° from the body
1036, as at 1052, to form a fork 1054 perpendicular to the
body 1036.

The contact 1034 is attached to the exposed signal
conductor 22. The fork 1054 holds onto the conductor 22 by
pushing the wire into the gap 1056 between the tines 1050 to
the body 1036, as in FIG. 38. The gap 1056 is slightly

smaller than the diameter of the conductor 22, so the
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conductor 22 fits tightly in the gap 1056. The size of the
fork gap 1056 is designed for the diameter of the conductor
22 with which the contact 1034 is to be used.

When the contact 2014 is installed on the conductor 22,
the body 1036 is generally paraxially aligned with the
conductor 22, as in FIG. 39.

A spring finger 1038 extends from the body 1036 and
signal conductor 22 at a bend 1040 to a tip 1042. The
parameters of the spring finger 1038 and the bend angle 1058
are discussed below. The spring finger 1038 can be shaped
like a truncated cone. The tip 1042 of the spring finger
1038 is bent, as at 1044, to form a curved contact point
1046, in part to reduce wear on the device 2.

The spring finger 1038 provides compliance by its ability
to bend toward the signal conductor axis 1060.

Optionally, the signal conductor 22 is notched, as at 32
in FIG. 40, to facilitate easier installation of the contact
1034. Optionally, solder or adhesive can be used in the gap
1056 to facilitate bonding between the contact 1034 and the
conductor 22. Optionally, the cable trimming and positioning
of the contacts 1034 on the signal conductors 22 is
controlled to provide more precise phase and impedance
matching.

FIG. 41 shows a fifth configuration 1154 of a compliant
contact 1030. The contact configuration 1154 has a
rectangular contact body 1156. A spring finger 1158 extends
outwardly from one edge of the body 1156 at a bend 1168 to a
tip 1160. The parameters of the spring finger 1158 and the
angle of the bend 1168 are discussed below. The tip 1160 of
the spring finger 1158 is bent, as at 1162, to form a curved
contact point 1164, in part to reduce wear on the device 2.

The opposite end of the contact body 1156 is at an angle
to the contact body 1156. The end has an attachment 1166
that is perpendicular to the end of the conductor 22 so as to

bond directly to the conductor 22 after the cable 20 is
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trimmed back, as in FIG. 42, by weld, solder, adhesive, or
any other adequate attachment means.

The parameters of the spring finger are shown in FIG. 43,
using the reference numerals of the configuration of FIG. 36.
The angle 1058 of the spring finger 1038 from the axis
1060 of the signal conductor 22 depends on the angle 1024 of
the signal conductor 22 to the device 2 and the amount of

compliance that is desired in the spring finger 1038.
Typically, the bend angle 1058 can be in the range of from
90° to 270°. 1In FIG. 43, the bend angle 1058 is
approximately 140°.

The length 1020 of the spring finger 1038 is determined
by several factors. The longer the spring finger 1038, the
greater the compliance, all other parameters being equal.
However, it also means a greater loss of signal integrity.
The greater the angle 1022 of the spring finger 1038 relative
to the device 2 prior to installation, the greater the
compliance because the spring finger 1038 can displace more
before the termination is secured against the device surface
1.

The spring finger displacement 1026, that is, the
distance that the contact point 1046 can move is in the range
of from 0.002 inches to 0.020 inches, with a preferred range
of from 0.003 to 0.010 inches, and an optimal displacement of
about 0.006 inches

As indicated above, all of the contact configurations
described above can be used with drain wires 30. When there
are no drain wires 30, another method is needed to provide
electrical contact with the cable shield 26. One such method
is illustrated in FIGS. 44-46. The signal conductors 22 use
a compliant contact 1030A as described above. The ground
contacts 1030B are elements of a clamp 1280 that is secured
around the cable shield 26. The clamp 1280 is stamped from a

sheet of conductive material, typically metal. The elongated
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body 1282 has wings 1284 that bend around the cable shield
26.

Contact appendages 1286 extend from the wings 1284 at the
outer sides of the shield 26. The ground contacts 1030B are
formed from the appendages 1286. The contact body 1288
extends from the appendage 1286. A spring finger 1290
extends outwardly at an angle from the body 1288. The angle
is within a range that results in a differential impedance of
100+£5 ohms, with a preferred angle of approximately 140°.

The spring finger 1290 is shaped like a truncated cone. The
tip 1294 of the spring finger 1290 is bent, as at 1296, to
form a curved contact point 1298 in order to reduce wear on
the device 2.

The signal contacts 1030A are attached to the exposed
signal conductors 22 as described above and the clamp 1280 is
secured around the exposed shield 26. The cable 20 is placed
on the clamp body 1282 between the wings 1284, as in FIG. 45,
and the wings 1284 are bent around the shield 26 to secure
the clamp 1280 to the shield 26, as in FIG. 46. It is
necessary to make sure that the ground contacts 1030B are
aligned properly with the signal contacts 1030A.

As with most stampings, the clamp 1280 has a burr on one
side. The present invention contemplates using the burr to
more securely attach the clamp 1280 to the cable 20. The
wings 1284 are bent such that the cable 20 is placed on the
burr side of the clamp body 1282. When the wings 1284 are
bent around and secured to the shield 26, the burr digs into
the shield 26 slightly to provide additional grip to the
attachment.

Optionally, the clamp 1280 can be more securely attached
by the use of adhesives, welding, soldering, or the like.

The present invention contemplates several refinements to
the clamp design of FIGS.44-46. 1In the design of FIGS.47-49,
a membrane 1304 is installed on the cable shield 26 prior to

installing the signal contacts 1030A and the clamp 1280. The
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membrane 1304 is a flexible sheet with or without a plurality
of through holes 1306. The membrane 1304 is composed of an
electrically-conductive material, for example, conductive
metal or metal mesh, conductive rubber, EMI foam, and
conductive tape. The membrane 1304 can be used to distribute
the clamping forces and to increase the contact surface area.

Before installing the membrane 1304, the cable 20 sheath
28 is trimmed back such that the length of exposed shield 26
is at least that of the length of the membrane 1304. This is
to prevent the membrane 1304 from overlapping the sheath 28
when installed. The membrane 1304 is wrapped around the
exposed shield 26. The signal contacts 1030A are attached to
the exposed signal conductors 22 as described above and the
clamp 1280 is secured around the membrane 1304. The cable 20
with the membrane 1304 is placed on the clamp body 1282
between the wings 1284 and the wings 1284 are bent around the
membrane 1304 to both secure the clamp 1280 to the membrane
1304 and to secure the membrane 1304 to the shield 26. It is
necessary to make sure that the ground contacts 1030B are
aligned properly with the signal contacts 1030A.

In the design of FIGS.50-52, the clamp 1280 is covered by
a conductive or non-conductive polymer using injection insert
molding. The assembly comprised of the cable 20, compliant
signal contacts 103027, and clamp 1280 are clamped by two die
halves and molten plastic is injected around the entire
assembly. The plastic molding 1308 adds strain relief, but
also protects the mechanical joint between the clamp 1280 and
shield 26 from external forces and from corrosion. The
molding 1308, if conductive, can also strengthen the
electrical connection between the clamp and shield 26. In
FIGS. 50-52, the molding 1308 is shown with the cable 20 and
clamp 1280. The molding 1308 can also be used with the
membrane 1304. The molding 1308 can also be used with
compliant ground contacts 1030B instead of the clamp 1280.
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As described above, the housing 1018 of both
configurations of the second embodiment includes an anchor
block 1012, a cap 1014, and a collar 1016. The anchor block
1012 is composed of an electrically nonconductive material
and, together with the cap 1014 and collar 1016, holds the
compliant contacts 1030 and cable 20 in the desired
orientation to the device 2. The illustrated anchor blocks
1012 and caps 1014 are designed for the fourth contact
configuration 1034, but is well within the ability of a
person of skill in the art to adapt them for the wvarious
other contact configurations described above.

The anchor block 1012 has a device surface 1070 that
abuts the electrical device 2 and a cap side 1072 opposite
the device surface 1070. The cap side 1072 has a cable tray
1074 to which the cable 20 is secured by the cap 1014 and
collar 1016. The two configurations differ in how the cap
1014 is attached to the anchor block 1012, as described
below.

The anchor block 1012 has a front wall 1076 and a back
wall 1078. Between the front wall 1076 and back wall 1078
are two sides 1080, 1082 that are designed so that anchor
blocks 1012 can be placed next to each other without the need
for an inordinate amount of spacing.

A cable tray 1074 extends rearwardly and upwardly at an
angle 1084 from a depression 1068 in the anchor block 1012.
The angle 1084 of the cable tray 1074 depends on the desired
angle of the cable 20 to the device surface 1. In the
illustrated design, the angle 1084 is about 52°, but may be
more or less depending on the particular application. For a
twinax cable, the upper cable surface 1086 is designed to
maintain the cable’s differential impedance, typically 95 =+
10 ohms. The cable surface 1086 is curved in the lateral
direction, as at 1088, such that the cable 20 fits
longitudinally into the cable surface 1086.
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At the bottom end of the cable surface 1086 within the
depression 1068 is a flat cable stop 1090 generally
perpendicular to the angle of the cable surface 1086. The
free edge 1092 of the stop 1090 has a notch 1094 for each of
the signal conductors 22. At each side of the stop 1090 is a
notch 1096 for a drain wire 30.

Fach notch 1094, 1096 has a floor 1100 at approximately
the same angle to the device surface 1070 as the cable
surface 1086. Walls 1102 extend perpendicularly from the
floor 1100. The width of the notch 1094, 1096, that is, the
distance between the notch walls 1102, is the approximately
same as the width of the contact 1034 at the tines 1050, as
explained below.

Each signal notch 1094 extends downwardly into a signal
contact aperture 1110 and each drain wire notch 1096 extends
downwardly into a ground contact aperture 1112. The
apertures 1110, 1112 are through openings to the device
surface 1070. The apertures 1110, 1112 are at approximately
the same angle to the device surface 1070 as the cable
surface 1086. The spacing between apertures 1110, 1112
depends on the spacing between the corresponding signal
conductors 22 and drain wires 30.

Fach aperture 1110, 1112 has an opening 1114 in the
device surface 1070. The opening 1114 extends in the
direction from the back wall 1078 to front wall 1076, as seen
in FIG. 59, and is longer and wider than the spring finger
1038 of the contact 1034.

Extending upwardly and forwardly from the apertures 1110,
1112 to the front wall 1076 is a cap wall 1106, which forms
the front of the depression 1068. The cap wall 1106 is at
approximately 90° to the cable surface 1086, but this angle
is not critical and can be within a wide range.

The device surface 1070 of the anchor block 1012 has
spacing feet 1120, 1122 that maintain a spacing between the

device surface 1070 and the device. A preferred value is
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0.005 inch. 1In the present design, there are two front feet
1120 in the corners of the device surface 1070 adjacent to
the front wall 1076 and a back foot 1122 in the center of the
device surface 1070 near the back wall 1078. The present
design uses three spacing feet 1120, 1122 because three
points define a plane. This ensures the anchor block 1012
will seat appropriately on device 2 regardless of its
curvature. A different number of feet may result in rocking.

The cap 1014 clamps the cable/contacts assembly to the
anchor block 1012. The cap 1014 fits into the anchor block
depression 1068. The cap 1014 has a cable clamp 1128 that
complements the cable tray 1074 of the anchor block 1012.

The bottom surface of the cable clamp 1128 is the cable clamp
surface 1130 and is curved in the lateral direction, as at
1140, in the same manner as the cable tray cable surface
curve 1088.

Below the cable clamp surface 1130 is the contact clamp
surface 1132, which is a flat surface that is the length of
the notches 1094, 1096. When the cap 1014 is installed on
the anchor block 1012, the contact clamp surface 1132
encloses the notches 1094, 1096.

Extending upwardly and forwardly from the contact clamp
surface 1132 is an anchor block surface 1134 that abuts the
cap wall 1106 of the anchor block 1012.

To assemble the termination 10 to a cable 20 to form the
termination assembly 1008, the cable 20 is trimmed back. The
signal contacts 1030A are attached to the signal conductors
22 and the ground contacts 1030B are attached to the drain
wires 30 as described above.

The collar 1016 is slid over the end of the cable 20.

The collar 1016, shown in FIGS. 62-64 and FIGS.76-78, is a
circular ring composed of a rigid material, typically a
metal. The inside edge 1146 is optionally beveled to

facilitate installation.
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The contacts 1034 are inserted into the notches 1094,
1096 and the cable 20 is laid in the curve 1088 of the cable
tray cable surface 1086, pushing the cable 20 into the anchor
block 1012 until the cable dielectric 24 is against the cable
stop 1090, as in FIG. 65. At this point, the contact tines
1050 are wedged into the notch 1094, 1096 between the walls
1102,as well as the contact tines 1050. The resulting
assembly adds pull strength to the cable 20. The contact
spring fingers 1038 are extending along the aperture openings
1114 and from the device surface 1070, as in FIG. 55.

At this point, the cap 1014 is installed on the anchor
block 1012. As mentioned above, this is how the two
configurations 1010A, 1010B differ.

In the first configuration 1010A, the anchor block 1012
has a lateral hook groove 1108 in the cap wall 1106 and the
cap 1014 has a lateral hook ridge 1136 in the anchor block
surface 1134. The cap 1014 is installed by placing the cap
1014 in the anchor block depression 1068 with the hook ridge
1136 against the cap wall 1106, as in FIG. 66. The cap 1014
is pushed downwardly into the depression 1068, as at 1150,
until the hook ridge 1136 snaps into the hook groove 1108.

At this point, the cable clamp surface 1130 is laying on the
cable 20 and the contact clamp surfaces 1132 are covering the
notches 1094, 1096, as in FIG. 57.

In the second configuration 1010B, the front of the cap
side wall 1320 is notched, as at 1322, and forms a shoulder
1324 that 1is perpendicular to the anchor block surface 1134.
The side wall 1326 of the anchor block depression 1068 has a
complementary shoulder 1328. The cap 1014 is installed by
placing the heel 1144 of the cap anchor block surface 1134
against the cap wall 1106 of the anchor block depression
1068. The cap 1014 is pushed into the anchor block
depression 1068 toward to cable 20, as at 1332 in FIG. 80,
until the cap shoulder 1324 snaps into the depression

shoulder 1328. At this point, the cable clamp surface 1130
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is laying on the cable 20 and the contact clamp surfaces 1132
are covering the notches 1094, 1096, as in FIG. 71.

The collar 1016 is slid down around the cable tray 1086
and cap cable clamp 1128 until the collar 1016 snaps under a
lip 1098 at the upper edge of the cable tray 1086 and a
corresponding lip 1138 at the upper edge of the cap cable
clamp 1128. Because the collar 1016 is rigid, it does not
deform to snap under the lips 1098, 1138. The nature of the
construction of the controlled-impedance cable 20 causes it
to compress slightly as the collar 1016 is sliding over the
lips 1098, 1138, thereby providing the deformation need to
assemble the termination. Optionally, the cable tray cable
surface 1086 and the cap cable clamp surface 1130 are
textured to provide friction against the cable sheath 28 to
act as a strain relief.

FIGS. 81-85 show an embodiment of how four termination
assemblies 1008 of the second embodiment can be attached to a
device 2. FIG. 81 shows a section of the device 2 with
signal pads 4 and a ground plane 9 for attachment by four
adjacent twinax termination assemblies 1008.

The termination assemblies 1008 are removably attached to
the device 2 by a frame 1200 that is comprised of a lattice
1202 and a cover 1204, as shown in FIG. 83. The lattice 1202
has a generally rectangular body 1210 and pegs 1214. The
lattice 1202 attaches to the device 2 via through-hole solder
joints between the pegs 1214 and peg holes 7 in the device 2.
Alternatively, the pegs 1214 can have an interference fit in
corresponding peg holes 7 in the device 2.

The lattice body 1210 has a rectangular cutout 1212 into
which the termination assemblies 1008 are inserted. The
cutout 1212 is positioned such that the termination
assemblies 1008 are in the correct position over the pads 4.

The cover 1204 attaches to the ends of the lattice 1202,
as described below, to hold the termination assemblies 1008

against the device 2 in the direction of compression 3. As
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shown in FIG. 82, the cover 1204 is composed of a body 1220
that spans the termination assemblies 1008 and a spring set
1224. The spring set 1224 has an elongated body 1226 and a
cantilever spring 1228 extending from and curled under the
body 1226 for each termination 1008. The spring set 1224 can
be a stamped metal part. The spring set 1224 can be insert-
molded into the body 1220. Alternatively, the cover spring
1224 can be mechanically attached to body 1220 using
interference fits.

The ends of the cover 1204 include slots 1222 that slide
onto the pegs 1214 extending upwardly from the lattice 1202.
The attachment can involve an interference fit between the
pegs 1214 and the slots 1222, but can also use other vertical
or horizontal joining methods such as snap clips or dovetail
joints.

Each spring 1228 pushes its corresponding termination
assembly 1008 against the device surface 1 in the direction
of compression 3 perpendicular to the device surface 1, as
shown in FIG. 85. The spring 1228 pushes down on the spring
surface 1142 of the cap 1014.

The through-hole solder Jjoining process can result in
uneven seating of the frame 1200 on the device 2. 1In
addition, the device 2 can be warped or thin and not rigid.
The stroke of the spring 1228 is designed to be long enough
Lo overcome these imperfections. The compression force
provided by the spring 1228 is designed to overcome the
combined spring force from all of the contacts 1034 with some
margin to account for external forces, moments, vibration,
and shock exerted on the cable 20 during normal operation.

The terminations 1008 have independent compliance,
meaning they are spring-loaded from above so that a change in
relative seating height from termination 1008 to termination
1008 in the device 2 due to device manufacturing

imperfections or imperfect seating of the frame 1200 on the
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device 2 does not impact the differential impedance of the
interconnect.

The terminations 1008 are not permanently attached to the
frame 1200. They can be attached and detached and moved to
different locations. Further, the frame 1200 at one location
does not have to be the same shape as the frame 1200 at other
locations. This approach makes the design of the present
invention more versatile than other commercially available
connectors because the frame 1200 can be any shape or size.

Furthermore, final testing of the termination 1008 will
always involve only four instrumentation ports because only
one differential channel needs to be tested at a time. Other
commercially available connectors have a multitude of
permanently-attached cables, so each unit needs four
instrumentation ports per cable for testing.

FIGS. 86-97 show an embodiment of how eight termination
assemblies 1008 of the second embodiment can be attached to a
device 2. FIG. 86 shows a section of the device 2 with
signal pads 4 and a ground plane 9 for attachment by eight
twinax termination assemblies 1008 arranged in two offset
rows of four termination assemblies 1008. Peg holes 7
provide for alignment, as described below.

The termination assemblies 1008 are removably attached to
the device 2 by a frame 1340 that is comprised of a lattice
1342 and a cover 1344. The lattice 1342 is generally
rectangular and has cutouts 1350 into which the termination
assemblies 1008 are inserted. Each cutout 1350 accepts an
assembly 1008 through an opening 1352 in the top and the
cutout 1350 is sized such that the assembly 1008 fits snuggly
within the cutout 1350. The compliant contacts 1030 extend
through an aperture 1356 in the bottom 1362 of the lattice
1342. The cable 20 extends along the top 1358 of and out one
side 1360 of the lattice 1342. The cutouts 1350 are arranged

such that the compliant contacts 1030 are aligned over the
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pads 4 and ground plane 9 when the frame 1340 is attached to
the device 2.

Alignment pegs 1348 extend from the bottom 1362 of the
lattice 1342.

The cover 1344 secures the assemblies 1008 in the lattice
1342. The cover 1344 is generally flat so that it can lay on
the assemblies 1008. Optionally, the cover 1344 has channels
1364 for the cables 20.

The cover 1344 has posts 1366 extending from the bottom
1368, each of which is aligned with a cutout 1350. A coil
spring 1370 sits on the post 1366 and, when the cover 1344 is
installed on the lattice 1342, pushes against the cap spring
surface 1142 of the assembly 1008 to bias the assembly 1008
against the cutout floor 1354 so that the compliant contacts
1030 extend from the floor apertures 1356.

The cover 1344 attaches to the lattice 1342 by clips 1374
extending from the corners of the lattice 1342. The clips
1374 are L-shaped digits with a right-angle finger 1376 and
that can flex outwardly. The cover 1344 has a flange 1378
within a notch 1384 at each corner. FEach flange 1378 has a
beveled lower surface 1380 and a flat upper surface 1382.

To install the cover 1344 on the lattice 1342, the cover
1344 is placed on the clips 1374 so that the clips 1374 are
aligned with the flange notches 1384. As the cover 1344 is
pushed into the clips 1374, the beveled lower surface 1380 of
the flanges 1378 force the clips 1374 outwardly. The notches
1384 maintain alignment between the lattice 1342 and the
cover 1344. As the flanges 1378 pass the clip fingers 1376,
the clips 1374 snap inwardly so that the flat bottom surface
1382 of the fingers 1376 abut the flat upper surface 1382 of
the flanges 1378, thereby preventing removal of the cover
1344, The cover 1344 can be removed by manually pulling the
clips 1374 away from the flanges 1378.

The frame 1340 is removably attached to the device 2 by
clips 1390 mounted to the device 2, as in FIG. 92. The clips
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1390, shown in FIG. 95, are generally L-shaped with a base
1392 against the device 2 and an arm 1394 extending
approximately perpendicularly away from the base 1392. At
end of each arm 1394 is a finger 1414 that curves inwardly
and downwardly to a free edge 1416. The clip base 1392 has
two or more fingers 1410 bent at right angles to the base
1392. The fingers 1410 go into plated through holes 1412 in
the device 2 and are soldered to the plating. The through-
hole solder joining process takes advantage of existing pick
and place equipment and reflow ovens to easily and quickly
install components like these clips 1390 onto the device 2.
Since the clips 1390 are not part of the termination 10, they
can go through the reflow process without exposing the cables
20 in the termination 10 to excessive temperatures.

The cover 1344 has a rail 1400 within an elongated notch
1402 at each short end 1398. Each rail 1400 has a beveled
lower surface 1404 and an upper surface 1406 that is angled
slightly upwardly away from the cover 1344.

To install the frame 1340 on the device 2, cover 1344 is
placed on the clip arms 1394 so that the clip arms 1394 are
aligned with the rail notches 1402 and the alignment pegs
1348 are aligned with the peg holes 7. As the cover 1344 is
pushed into the clips 1390, the beveled lower surface 1404 of
the rails 1400 force that clip arms 1394 outwardly. The
notches 1402 maintain alignment between the frame 1340 and
the device 2. As the rails 1400 pass the clip fingers 1414,
the clip arms 1394 snap inwardly so that the free end 1416 of
the fingers 1414 abut the upper surface 1406 of the rails
1400, thereby preventing removal of the frame 1340 from the
device 2. The slight angle of the upper surface 1406
prevents the clip finger 1414 from slipping off of the rail
1400. The frame 1340 can be removed by manually pulling the
clip arms 1394 away from the rails 1400.

Thus it has been shown and described a compliant cable

termination. Since certain changes may be made in the
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present disclosure without departing from the scope of the
present invention, it is intended that all matter described
in the foregoing specification and shown in the accompanying
drawings be interpreted as illustrative and not in a limiting

sense.
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CLAIMS

1. A controlled-impedance cable termination for
removably attaching a controlled-impedance cable (20) to a
device (2) having a surface (1), the cable (2) comprising at
least one signal conductor (22) with an axis (1060), a
dielectric (24) surrounding the at least one signal conductor
(22), and a ground shield (26) surrounding the dielectric
(24), the termination (1010) comprising a compliant signal
contact (1030A) adapted to extend away from the end of the
signal conductor (22) to a signal spring finger (1038) with a
signal contact point (1046) at a tip (1042), the spring
finger (1038) adapted to temporarily attach to the device (2)
by compression motion (3) perpendicular to the device surface
(1) .

2. The controlled-impedance cable termination of claim
1 wherein the signal contact point (1046) is formed by a bend
(1044) in the tip (1042) of the signal spring finger (1038).

3. The controlled-impedance cable termination of claim
1 wherein the controlled-impedance cable (20) has two signal
conductors (22), and the cable termination (1010) includes a
compliant signal contact (1030A) adapted for each of the two
signal conductors (22).

4. The controlled-impedance cable termination of claim
1 wherein the compliant signal contact (1030A) further
comprises a signal contact body (1036) from which the signal
spring finger (1038) extends.

5. The controlled-impedance cable termination of claim
4 wherein the signal contact body (1036) includes a
perpendicular fork (1054) adapted for attachment to the
signal conductor (22).

6. The controlled-impedance cable termination of claim
1 wherein the controlled-impedance cable (20) has at least
one drain wire (30) extending from the ground shield (26),
and the cable termination (1010) further comprises a
compliant ground contact (1030B) adapted for each of the at
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least one drain wire (30), the compliant ground contact
(1030B) adapted to extend away from the end of the drain wire
(30) to form a ground spring finger (1038) with a ground
contact point (1046) at a tip (1042).

7. The controlled-impedance cable termination of claim
1 wherein the controlled-impedance cable ground shield (26)
is exposed, and the cable termination (1010) further
comprises a ground clamp (1280) adapted to clamp around the
ground shield (26), the ground clamp (1280) comprising an
elongated body (1282) with wings (1284) adapted to bend
around and clamp to the ground shield (26), at least one
compliant ground contact (1030B) extending away from the
clamp body (1282) to form a ground spring finger (1038) with
a ground contact point (1046) at a tip (1042).

8. The controlled-impedance cable termination of claim
7 wherein the ground contact point (1046) is formed by a bend
(1044) in the tip (1042) of the ground spring finger (1038).

9. The controlled-impedance cable termination of claim
7 wherein the ground clamp (1280) comprises two compliant
ground contacts (1030B), one extending from each wing (1284).

10. The controlled-impedance cable termination of claim
1 further comprising a housing (1018) adapted to maintain the
cable (20) at a desired angle (1084) to the device surface
(1) when attached to the device (2).

11. The controlled-impedance cable termination of claim
10 wherein the housing (1018) includes an anchor block (1012)
and a cap (1014), the anchor block (1012) having a device
surface (1070) and a cable tray (1074), the device surface
(1070) having apertures (1110) through which the signal
spring fingers (1038) extend, the cable tray (1074) adapted
to maintain the cable (22) at the desired angle (1084), and
the cap (1014) adapted to clamp the cable (20) to the anchor
block (1012).
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12. The controlled-impedance cable termination of claim
10 wherein the anchor block (1012) is composed of an
electrically nonconductive material.

13. A controlled-impedance cable assembly for removably
attaching a controlled-impedance cable (20) to a device (2)
having a surface (1), the assembly (1008) comprising a
controlled-impedance cable (20) having at least one signal
conductor (22) with an axis (1060), a dielectric (24)
surrounding the at least one signal conductor (22), and a
ground shield (26) surrounding the dielectric (24), and a
compliant signal contact (1030A) attached to and extending
away from the end of the signal conductor (22) to a signal
spring finger (1038) with a signal contact point (1046) at a
tip (1042), the signal spring finger (1038) adapted to
temporarily attach to the device (2) by compression motion
(3) perpendicular to the device surface (1).

14. The controlled-impedance cable assembly of claim 13
wherein the signal contact point (1046) is formed by a bend
(1044) in the tip (1042) of the signal spring finger (1038).

15. The controlled-impedance cable assembly of claim 13
wherein the controlled-impedance cable (20) has two signal
conductors (22), and the controlled-impedance cable assembly
(1008) further comprises a compliant signal contact (10302)
attached to each of the two signal conductors (22).

16. The controlled-impedance cable assembly of claim 13
wherein the compliant signal contact (1030A) further
comprises a signal contact body (1036) from which the signal
spring finger (1038) extends.

17. The controlled-impedance cable assembly of claim 16
wherein the signal contact body (1036) includes a
perpendicular fork (1054) attaching the compliant signal
contact (1030A) to the signal conductor (22).

18. The controlled-impedance cable assembly of claim 13
wherein the controlled-impedance cable (20) has at least one

drain wire (30) extending from the ground shield (26), and
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the cable assembly (1008) further comprises a compliant
ground contact (1030B) for each of the at least one drain
wire (30), the compliant ground contact (1030B) attaching to
the drain wire (30) and extending away from the end of the
drain wire (30) to form a ground spring finger (1038) with a
ground contact point (1046) at a tip (1042).

19. The controlled-impedance cable assembly of claim 13
wherein the controlled-impedance cable ground shield (26) is
exposed, and the cable termination assembly (1008) further
comprises a ground clamp (1280), the ground clamp having an
elongated body (1282) with wings (1284) clamped around the
ground shield (26), at least one compliant ground contact
(1030B) extending away from the clamp body (1282) to form a
ground spring finger (1030B) with a ground contact point
(1046) at a tip (1042).

20. The controlled-impedance cable assembly of claim 19
wherein the ground contact point (1046) is formed by a bend
(1044) in the tip (1042) of the ground spring finger (1038).

21. The controlled-impedance cable assembly of claim 19
wherein the ground clamp (1280) comprises two ground contacts
(1030B), one extending from each wing (1284).

22.. The controlled-impedance cable assembly of claim 13
further comprising a housing (1018) adapted to maintain the
cable (20) at a desired angle (1084) to the device surface
(1) when attached to the device (2).

23. The controlled-impedance cable assembly of claim 22
wherein the housing (1018) includes an anchor block (1012)
and a cap (1014), the anchor block (1012) having a device
surface (1070) and a cable tray (1074), the device surface
(1070) having apertures (1110) through which the signal
spring fingers (1038) extend, the cable tray (1074)
maintaining the cable at the desired angle (1084), and the
cap (1014) clamping the cable (20) to the anchor block
(1012).
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24. The controlled-impedance cable assembly of claim 22
wherein the anchor block (1012) is composed of an

electrically nonconductive material.
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