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An electrical connector for conducting high frequency sig-
nals includes a number of input and output terminals that are
interconnected by a pair of metallic lead frames that are
mounted on a dielectric spring block. The lead frames are
identical to each other and comprise several flat elongated
conductors, each conductor terminating 1n a spring contact
at one end and an insulation-displacing connector at the
other. The lead frames are mounted on top of each other and
their conductors are all generally parallel and close to each
other. Only three of the conductors of each lead frame are
arranged to overlap each other; and this occurs 1n a desig-
nated crossover region without electrical contact being made
because of a reentrant bend 1n the conductors 1n the cross-
over region. As a result, crosstalk between specific conduc-
tors can be reduced by judiciously choosing the location of
the crossover and the particular crossover pattern.

14 Claims, 5 Drawing Sheets
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HIGH FREQUENCY ELECTRICAL
CONNECTOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

This invention relates to an electrical connector, and more
particularly to an electrical connector having reduced
crosstalk between wire-pairs.

BACKGROUND OF THE INVENTION

Information flow has increased substantially 1in recent
years, and networks have evolved to accommodate not only
a greater number of users but also higher data rates. An
example of a relatively high speed network 1s the subject of
ANSI/IEEE Standard 802.5 which provides a description of
the peer-to-peer protocol procedures that are defined for the
transier of information and control between any pair of Data
Link Layer service access points on a 4 Mbit/s Local Area
Network with token ring access. At such data rates, however,
wiring paths themselves become antennae that both broad-
cast and receive electromagnetic radiation. This 1s a problem
that 1s aggravated when station hardware requires multiple
wire-pairs. Signal coupling (crosstalk) between different
pairs of wires 1s a source of interference that degrades the
ability to process incoming signals. This 1s manifested quan-
titatively as decreased signal-to-noise ratio and, ultimately,
as increased error rate. Accordingly, crosstalk becomes an
increasingly significant concern 1n electrical equipment
design as the frequency of interfering signals 1s increased.

Crosstalk occurs not only 1n the cables that carry the data
signals over long distances, but also 1n the connectors that
are used to connect station hardware to the cables. ANSI/
IEEE Standard 802.5 discloses a Medium Interface Connec-
tor having acceptable crosstalk rejection at the frequencies
of interest. This Connector features four signal contacts with
a ground contact, and 1s hermaphroditic 1n design so that two
identical units will mate when oriented 180 degrees with
respect to each other. This Connector 1s available as IBM
Part No. 8310574 or as Amixter Part No. 075849. Crosstalk
rejection appears to result from short connector paths,
ground shields, and the selection of particular terminals for
cach wire-pair. As might be expected, such connector
arrangements are relatively expensive and represent a depar-
ture from communication plugs and jacks such as specified

in Subpart F of the FCC Part 68.500 Registration Rules and
used 1n telecommunication applications.

L.

For reasons of economy, convenience and standardization,
it 1s desirable to extend the utility of the above-mentioned
telecommunication plugs and jacks by using them at higher
and higher data rates. Unfortunately, such plugs and jacks
include up to eight wires that are close together and
parallel-—a condition that leads to excessive crosstalk, even
over relatively short distances. Attempts to improve this con-
dition are complicated by the fact that an assignment of par-
ticular wire-pairs to particular terminals already exists which
1s both standard and non-optimum. Indeed, in ANSI/EIA/
TIA-568 standard, the terminal assignment for wire-pair 1 1s
straddled by the terminal assignment for wire-pair 2 or 3. It
the electrical conductors that interconnect with these termi-
nals are close together for any distance, as 1s the case in
present designs, then crosstalk between these wire-pairs 1s
particularly troublesome. Accordingly, it 1s desirable to
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2

reduce crosstalk 1n electrical connectors such as the plugs
and jacks commonly used 1n telecommunication equipment.

SUMMARY OF THE INVENTION

In accordance with the invention, an electrical connector
for connecting an ordered array of input terminals to an
ordered array of output terminals 1s improved. The connec-
tor includes at least four conductors that are spaced apart
from each other and make electrical interconnection
between the mnput and output terminals. The conductors are
generally parallel to each other along a portion of the inter-
connection path and are arranged to change the relative
ordering of terminals, between input and output, from the
ordering that would result 11 all conductors were confined to
the same plane.

In an 1illustrative embodiment of the mmvention, the input
terminals of the electrical connector comprise insulation-
displacing connectors, each having a pair of opposing con-
tact fingers which functions to make electrical and mechani-
cal connection to an insulated wire inserted therein. Further,
the output terminals of the electrical connector comprise
wire springs. Two lead frames, each comprising an array of
conductors, are mounted on a dielectric block. Each conduc-
tor terminates, at one end, 1n a wire spring and, at the other
end, 1n an msulation-displacing connector. Selected conduc-
tors of the lead frames cross over each other when they are
mounted on the dielectric spring block, but are prevented
from making electrical contact with each other at the point of
crossover—one of the conductors includes an upward reen-
trant bend and the other includes a downward reentrant
bend. Advantageously, the two lead frames are 1dentical, but
are reverse-mounted on the spring block 1n the left-to-right
direction. The front side of the spring block includes a pro-
jection which fits into one end of a jack frame and 1nterlocks
therewith. Together, the spring block and jack frame com-
prise a standard modular jack of the type specified in the
FCC Registration Rules.

BRIEF DESCRIPTION OF THE DRAWING

The mvention and 1ts mode of operation will be more
clearly understood from the following detailed description
when read with the appended drawing 1n which:

FIG. 1 discloses the use of a modular connector to inter-
connect high speed station hardware with a communication
cable:

FIG. 2 shows the jack contact wiring assignments for an
8-position, telecommunications outlet (IT3568B) as viewed
from the front opening;

FIG. 3 1s an exploded perspective view of a high fre-
quency electrical connector 1n accordance with the present
imnvention;

FIG. 4 discloses a top view of the lead frame used in the
present invention and 1ts associated carrier;

FIG. 5 discloses a side view of the lead frame and carrier
of FIG. 4;

FIG. 6 shows a top view of a portion of the spring block
used 1n the present invention illustrating the region where
crossover of the lead frames takes place;

FIG. 7 discloses a partial cross sectional view of the
spring block of FIG. 6 1n the region where crossover of the
lead frames takes place;

FIG. 8 shows frequency plots of near end crosstalk
between different wire-pairs of an electrical connector;

FIG. 9 shows frequency plots of near end crosstalk
between different wire-pairs of the same electrical connector
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used i FIG. 8 after improvement by the teachings of the
present invention; and

FI1G. 10 1s a top view of the lead frames shown in FIG. 3,
alter assembly, illustrating the crossover of certain conduc-
tors 1n region II.

DETAILED DESCRIPTION

Most communication systems transmit and receive elec-
trical signals over wire-pairs rather than individual wires.
Indeed, an electrical voltage 1s meaningless without a refer-
ence voltage—a person can’t even get shocked unless part of
his body 1s 1n contact with a reference voltage. Accordingly,
the use of a pair of wires for electrical signal transmission 1s
merely the practice of bringing along the reference voltage
rather than relying on a local, fixed reference such as earth
ground. Each wire 1n a wire-pair 1s capable of picking up
clectrical noise from noise sources such as lightning, radio
and TV stations. However, noise pickup 1s more likely from
nearby wires that run 1n the same general direction for long
distances. This 1s known as crosstalk. Nevertheless, so long
as each wire picks up the same noise, the voltage difference
between the wires remains the same and the differential sig-
nal 1s unaffected. To assist each wire 1n picking up the same
noise, the practice of twisting wire-pairs in various patterns
emerged.

FIG. 1 discloses an interconnection between high speed
station hardware 200 and cable 70 which comprises a num-
ber of wire-pairs. Electrical interconnection between the sta-
tion hardware 200 and cable 70 1s facilitated by the use of
standard telecommunications connectors that are frequently
referred to as modular plugs and jacks. Specifications for
such plugs and jacks can be found 1n Subpart F of the FCC
Part 68.500 Registration Rules. Assembly 100 1s adapted to
accommodate the use of modular plugs and jacks and com-
prises connector 30, jack frame 20 and wall plate 10 which
interlock together to provide a convenient receptacle for
receiving modular plug 50. Inserted into opening 25, on the
front side of jack frame 20, i1s the modular plug 50 which
communicates electrical signals, via cable 60, to and from
station hardware 200. Inserted into the back side of jack
frame 20 1s electrical connector 30 which 1s constructed 1n
accordance with the principles of the mvention. Wires from
cable 70 are pressed into slots located on opposite side walls
of connector 30 and make mechanical and electrical connec-
tion thereto. Four identical slots (not shown) are symmetri-
cally positioned on the opposite side of connector 30. Wall
plate 10 includes an opening 15 that recerves and interlocks
with jack frame 20.

Terminal wiring assignments for modular plugs 50 and
jacks 20 are specified in ANSI/EIA/TIA-568-1991 which 1s
the Commercial Building Telecommunications Wiring Stan-
dard. This Standard associates individual wire-pairs with
specific terminals for an 8-position, telecommunications
outlet (1568B) 1n the manner shown by FIG. 2. The Stan-
dard even prescribes the color of each wire and Near End
Crosstalk performance 1n the frequency range 1-16 MHz.
While the color assignment does not lead to difficulties, the
pair assignment does—particularly when high frequency
signals are present on the wire-pairs. Consider, for example,
the fact that wire-pair 3 straddles wire-pair 1, as 1llustrated in
FIG. 2, looking into opening 25 of the jack frame 20. IT the
jack frame and connector 30 (see FIG. 1) include electrical
paths that are parallel to each other and are in the same
approximate plane, there will be electrical crosstalk between
pairs 1 and 3. As 1t turns out, many electrical connectors that
receive modular plugs are configured that way, and although
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the amount of crosstalk between pairs 1 and 3 1s 1insignificant
in the audio frequency band, 1t 1s unacceptably high at fre-
quencies above 1 MHz. Still, 1t 1s desirable to use modular
plugs and jacks of this type at these higher frequencies
because of connection convenience and cost.

FIG. 3 discloses an exploded perspective view of high
frequency electrical connector 30 and jack frame 20 showing
their assembly 1n greater detail. Flectrical connector 30
comprises spring block 330, metallic lead frames 320-1,
320-2, cover 310, and labels 340 joined together as indi-
cated. Referring briefly to FIG. 4. Lead frame 320 comprises
four flat, elongated conductive elements 322 that terminate,
at one end, 1n 1msulation-displacing connectors 323. Periph-
eral support structure 321 holds the conductive elements 1n a
fixed relationship with respect to each other so that the lead
frame can be easily handled; however, 1t 1s removed during
assembly. Lead frame 320 1s shaped into a desired electrical
interconnection pattern which 1s, illustratively, stamped
from 0.015 inch metal stock and gold plated 1n region I.
During assembly, region I 1s bent around spring block 330
(see FIG. 3) to become the spring contacts within a modular
jack. Because a portion of the lead frame 1s used as a spring
contact, the entire lead frame itselt 1s made from a resilient
metal such as beryllium-copper although a variety of metal
alloys can be used with similar results. Conductive elements
322 are parallel to each other and reside 1n the same plane. In
order to reduce crosstalk between conductive elements, a
technique 1s disclosed in which certain of the conductive
clements are made to cross over each other i region II. Such
crossover 1s not apparent in FIG. 4, but can be clearly seen 1n
FIG. 3 where two 1dentical lead frames 320-1, 320-2 are
installed on top of each other, but reversed from left-to-right.
Each of these lead frames 1s identical to the one shown 1n
FIG. 4. Although a number of techmques can be used to
clectrically 1solate the lead frames from each other, particu-
larly 1n the region of the crossover, the preferred embodi-
ment achieves electrical 1solation by introducing a re-entrant
bend 1n region II of the lead frame. This 1s most clearly seen
in the side view of lead frame 220 shown in FIG. 5. Thus,
when a pair of lead frames 320 are reversed from left-to-
right and laid on top of each other, the conductive elements
322 bulge away from each other 1n region II. Another wy to
achieve electrical 1solations 1s to insert a dielectric spacer,
such as mylar, between the lead frames. Although this tech-
nique avoids the need for a reentrant bend 1n the lead frame,
an additional part 1s required.

FIG. 10 discloses a top view of a pair of lead frames after
assembly in accordance with the invention, illustrating the
crossover ol certain conductors in region II. FIG. 10 1s

intended to clarify the way 1n which the conductors 322 of
lead frames 320-1 and 320-2 (see FIG. 3) cross over each

other. The top lead frame (designated 320-2 in FIG. 3) 1s
shown with shading 1n FIG. 10, and the bottom lead frame
(designated 320-1 1n FIG. 3) 1s shown without shading 1n
FIG. 10. Note that there 1s no electrical connection between
any of the conductors, particularly in region II where the
crossover occurs; note also that the top and bottom lead
frames are 1dentical to each other, but reversed from left to
right.

The positioning of region II where the crossover occurs
has been empirically determined. Distance “d,” indicated in
FIG. §, 1s located at the approximate mid-point of the signal
path between the locations where electrical connections are
made at the ends of the conductive paths. Since each conduc-
tive path has a different length, different crossover points are
required for optimum results. Nevertheless, substantial
crosstalk reduction 1s achieved in easy-to-manufacture lead
frame 320 where the entire lead frame 1s creased along a
single line.
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Referring again to FIG. 3, lead frames 320-1, 320-2 are
positioned on the top surface 336 of spring block 330 which
includes grooves having the same pattern as the lead frame
itself. Heat 1s, then, selectively applied to the grooves, via
ultrasonic welding, in order to deform the thermoplastic
material from which the spring block 1s made to perma-
nently join the lead frames and spring block together.
Insulation-displacing connectors 323 are folded down the
sides of the spring block while the conductors 1n region I of
lead frames 320-1, 320-2 are wrapped around tongue-like
protrusion 331 of the spring block 330. Thereatter, cover 310
1s joined to the spring block to create a unitary structure. In
the present embodiment, spring block 330 cover 310 and

jack frame 20 are all made from a thermoplastic material
such as Polyvinyl Chloride (PVC).

After the msulation-displacing connectors 323 of the lead
frame are folded around each side wall 337 on opposite sides
of the spring block, the spaces between the opposing contact
fingers that form the insulation-displacing connectors are
aligned with wire-receiving slots 333 of the spring block so
that a wire may pass therebetween. Side walls 337 are sub-
stantially parallel to each other and perpendicular to the top
surface 336 of the spring block. Furthermore, when cover
310 1s joined with spring block 330, its slots 313 are aligned
with the spaces between opposing contact fingers of the
insulation-displacing connectors 323. As a result, the
insulation-displacing connectors are sandwiched between
the spring block and cover, and protected from the possibil-
ity of an inadvertent electrical short between adjacent con-
nectors. After the cover 1s joined to the spring block, pins
334 1in the spring block protrude through two of the holes
314 in the cover. These pins are heated and deformed, via
ultrasonic welding, to permanently join t he cover to the
spring block. Cover 310 includes four symmetrically-
positioned holes 314 so that 1t can be interlocked with the
spring block 1n either of two positions. Flectrical connector
30 may now be 1nserted into jack frame 20 which includes
latch 26 that cooperates with shoulder 316, molded into the
top of cover 310, to interlock the two together. Note that jack
frame 20 shows numbers 1 and 8 on 1ts front face that estab-
lish a numbering convention for the positioning of terminals
within the jack frame 1n accordance with option B of the
ANSI/EIA/TIA-568 standard. Wiring labels 340 also
includes number 1-8 that identity which slot 313 1s intercon-
nected to each specific terminal. Such labeling 1s particularly
uselul 1n the present invention where crossovers made by the
conductors of lead frames 320-1, 320-2 change the relative
ordering of wires from the ordering that would result 11 all
the conductors were confined to the same plane.

Referring now to FIG. 6 there 1s provided a more detailed
view ol the top surface 336 of spring block 330 1n the region
that 1s mserted into the jack frame. In particular, the pattern
of grooves 1n the top surface are shown 1n detail to demon-
strate the manner 1n which crossover between conductor
paths 1s accomplished. Grooves 332-1 . . . 332-8, molded in
the top surface 336, are approximately 0.03 inches deep and
0.02 inches wide to accommodate a lead frame which
includes conductors whose cross-section 1s generally square
(0.015x0.015 inches( that are inserted therein. Dielectric
walls separate the grooves to provide electrical 1solation for
the conductors of the lead frame. However, certain of the
dielectric walls, for example the wall between grooves 332-1
and 332-2, are discontinuous in the region were crossover
occurs. Furthermore, the grooves are, illustratively, 0.05
inches deeper in this region. This 1s shown in the FIG. 7
cross-sectional view of the spring block. The purpose of the
deeper groove 1s to accommodate the reentrant bend 1n the

10

15

20

25

30

35

40

45

50

55

60

65

6

lead frame where crossover occurs. By thus crossing over
the conductors of the lead frame, crosstalk between other-
wise parallel electrical paths 1s substantially reduced and the
ability to use such telecommunication jacks at higher fre-
quencies 1s made possible. Indeed, crosstalk reduction 1n the
order of 15 dB 1s possible at the higher frequencies.

The improvement offered by the present invention is dra-
matically illustrated in the frequency plots of FIG. 8 and
FIG. 9. FIG. 8 shows frequency plots of near end crosstalk
(NEXT) between different wire-pairs of the electrical con-
nector shown m FIG. 3 1n which lead frames 320-1 and
320-2 are replaced with a single 8-conductor lead frame
without crossovers. Frequency 1s plotted logarithmically in
the horizontal direction as an exponent of the base 10. For
example 1.00 corresponds to 10'=10 MHz. At this
frequency, the signal power communicated to wire-pair 3
from wire-pair 1, designated (1,3), 1s 48 dB below the signal
power on wire-pair 1. As might be expected (1,3)=(3,1). The
results are the far right-hand side of this frequency plot show
crosstalk between the various wire-pairs 1 the 16 MHz
region (i.e., 10> MHz=17.7 MHz).

FIG. 9 shows frequency plots of NEX'T between different
wire-pairs of the electrical connector shown 1n FIG. 8 where
three crossovers are used 1 accordance with the invention. A
decrease 1n the amount of crosstalk between one set of wire-
pairs often leads to an increase in the amount of crosstalk
between another set of wire-pairs. For example, the crosstalk
at 10 MHz between wire-pair (1,3) 1s 65 dB below the actual
signal power which corresponds to an improvement, when
compared with FIG. 8, of 17 dB for wire-pairs (1,3);
however, crosstalk 1s increased between wire pairs (1,4) by
the present invention. Nevertheless, the net effect 1s particu-
larly desirable because the worst case crosstalk 1s so
improved to the degree that the subject telecommunications
jack is [not] rnow suitable for use in connection with the

IEEE 802.5 token ring.

Although a particular embodiment of the imvention has
been disclosed, various modifications are possible within the
spirit and scope of the mvention. In particular, 1t 1s under-
stood that crossovers between different conductors will
result in different amounts of crosstalk between the different
wire-pairs. As illustrated, decreasing the amount of crosstalk
between specific wire-pairs sometimes results 1n increasing,
the amount of crosstalk between other wire pairs.
Furthermore, changing the location where crossover takes
place influences the amount of crosstalk. These consider-
ations are a matter of design choice. Crossover may be
achieved using a double-sided printed wiring board and the
use of metal staples or plated-through holes to achieve elec-
trical connection. Finally, the principles of the present inven-
tion may be incorporated in numerous connectors including
modular plugs and jacks as well as connecting blocks.

We claim:

1. An electrical connector including a plurality of input
terminals, a plurality of output terminals, and interconnec-
tion apparatus for electrically interconnecting the input and
output terminals, the interconnection apparatus comprising
at least four non-insulated conductors that are spaced apart
from each other and mounted on a dielectric surface, said
conductors being generally parallel to each other along a
portion of the interconnection path between input and output
terminals, the interconnection apparatus further including
means for crossing the path of one of the non-insulated con-
ductors over the path of another one of said conductors with-
out making electrical contact therewith; whereby crosstalk
of electrical signals between conductors 1n an electrical con-
nector 1s reduced.
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2. The electrical connector of claim 1 wherein each input
terminal of the electrical connector comprises a pair of
opposing contact fingers that function to make electrical and
mechanical connection to a wire inserted therein.

3. The electrical connector of claim 1 wherein the output
terminals of the electrical connector comprise resilient
WIres.

4. The electrical connector of claim 3 wherein the dielec-
tric [block] surface includes a projection which fits into an
opening in one side of a jack frame, and wherein the resilient
wires wrap around the projection to form spring contacts for
engaging an e¢lectrical plug serted into an opening 1n the
opposite side of the jack frame.

5. The electrical connector of claim 1 wherein the inter-
connection [means] apparatus includes first and second lead
frames, each containing a plurality of the conductors that
individually interconnect one predetermined input terminal
with one predetermined output terminal, said lead frames
being mounted on top of each other on the dielectric [block]
surface.

6. The electrical connector of claim 5 wherein the first
lead frame 1ncludes a conductor that crosses over the path of
a conductor on the second lead frame, the conductor on the
first lead frame including a reentrant bend at the point of
crossover that precludes 1t from touching the conductor on
the second lead frame.

7. The electrical connector of claim 6 wherein all of the
conductors on the first lead frame includes reentrant bends
along a line that extends from left-to-right across the lead
frame.

8. The electrical connector of claim 7 wherein the first and
second lead frames are identically constructed but are
reverse-mounted on the dielectric [block] surface in the left-
to-right direction.

9. In combination:

a first metallic lead frame comprising a plurality of {flat
clongated conductors for communicating electrical
signals, each of said conductors terminating at one end
in a resilient wire and at the other end 1n an insulation-
displacing connector;

a second metallic lead frame comprising a plurality of flat
clongated conductors for communicating electrical
signals, each of said conductors terminating at one end
in a resilient wire and at the other end 1n an insulation-
displacing connector;

a dielectric block having a top side surface with slots for
recerving conductors therein, the first and second
metallic lead frames being positioned on the top
surface, at least one of the conductors of the first lead

frame crossing over a conductor of the second lead

frame:; and

means for precluding the conductors on the first and sec-
ond lead frames that cross over each other from making
electrical connection therewith.

10. In combination:

a plurality of flat elongated conductors for conveying
clectrical signals along an interconnection path that
extends from one end of the conductors to the other end
thereof;

a dielectric block including top and front side surfaces, the
top surface having slots that are generally parallel to
each other and receive the conductors therein; and

means for changing the relative positioning of a first and
second of the conductors so that along one portion of
the path the first conductor 1s positioned on the right of
the second conductor, and along another portion of the
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path the first conductor 1s positioned on the left of the
second conductor; whereby crosstalk between conduc-
tors 1s reduced.

11. The combination of claim 10 wherein the front surface
of the dielectric block includes a tongue-like projection
around which the conductors are folded, said projection
being shaped for insertion into an opening 1n a jack frame;
whereby an electrical plug having reduced crosstalk 1s
formed.

12. The combination of claim 11 further including a
dielectric jack frame having front and back surfaces and an
opening that extends therebetween, the opening in the front
surface being adapted to receive an electrical plug inserted
therein, and the opening 1n the back surface being adapted to
receive the projection of the dielectric block; whereby an
electrical jack having reduced crosstalk 1s formed.

13. An electrical jack comprising a conductor array, a

spring block and a jack frame,
the conductor array comprising:

a plurality of generally co-planar electrical conductors,
cach being terminated 1n a resilient wire at one end and
in an nsulation-displacing connector at the other end;

a first conductor 1n the array being positioned on the left
side of a second conductor along one portion of a path
that extends between their ends, and being positioned

on the right side of the second conductor along another
portion of the path;

the spring block comprising;

a dielectric structure including a tongue-like projection
having top and bottom surfaces, the conductor array
being positioned on the top surface of the dielectric
structure with 1ts resilient wires folded around the
tongue-like projection forming spring contacts; and

the jack frame comprising:

a dielectric structure having front and back surfaces and
an opening that extends therebetween, the opening 1n
the front surface being adapted to receive an electrical
plug mserted therein, and the opening 1n the back sur-
face recerving the tongue-like projection in the spring
block.

14. An electrical plug comprising a conductor array, a

spring block and a cover,

the conductor array comprising:

a plurality of generally co-planar electrical conductors,
cach being terminated 1n a resilient wire at one end and
in an nsulation-displacing connector at the other end;

a first conductor 1n the array being positioned on the left
side of a second conductor along one portion of a path
that extends between their ends, and being positioned
on the right side of the second conductor along another
portion of the path;

the spring block comprising;

a dielectric structure including a tongue-like projection
having top and bottom surfaces, the conductor array
being positioned on the top surface of the dielectric
structure with its resilient wires folded around the
tongue-like projection; and

the cover comprising:

a dielectric structure having left-side and rnight-side walls
that are parallel to each other but perpendicular to a top
surface that structurally joins the side walls, the cover
being joined to the spring block 1n a manner such that
the conductor array 1s captured between the cover and
the spring block.
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